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THE DISTRIBUTION OF GAMMARUS
SPECIES IN ESTUARIES. PART I

By G. M. Spooner, M.A.
Zoologist'at the Plymouth Laboratory

(Text-figs. 1-7)

Editor's note. This paper and that by Dr S. G. Segerstrale (this Journal pp. 219-44),
independently bringing forward certain new ideas on the taxonomy of Gammarus zaddachi
and G.locusta, were received for publication simultaneousiy. As this paper is a report of work
largely carried out before the war, of which summarized results have already been referred
to in print (e.g. Report of Council in this Journal, Vol. XXIV,.pp. 444, 691; Huxley, The
Modern Synthesis, p. 315), it is given precedence. The authors have since consulted each
other over matters in which their contributions overlap, in particular over the taxonomic
status of the new forms they distinguish and regarding the names to be applied to them.
Dr Segerstr:He has kindly consented to adopt the two new names introduced by Mr Spooner.
In this paper, where appropriate, footnotes giving cross-references to Segerstr:He's paper
have been inserted. '
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2 G. M. SPOONER

INTRODUCTION

The work of which an account is here given was largelycarried out from the
autumn of 1937 to the spring of 194°, when it was interrupted by the war.
In taking it up again (in July 1945) while, facilities for field work are still
limited, the author feels it useful to publish results as they stand and indicate
where further work is considered advisable.

In examinationsof the free-swimmingbottom fauna of the Tamar and other
estuaries, attention was inevitably drawn to the populations of Gammarus
species, which make up the greater bulk of it. Before quantitative observa-
tions were planned, some interesting points came to light with regard to the
qualitative compositionof populations. This aspect lent itself more readily to
study and, though by no means a new fieldfor exploration, soon proved worth
examining in greater detail than previous workers had attempted.

The broad fact of a replacement of one Gammarusspecies by another in
passing up an estuary was well enough known, though exact knowledge for
the British Isles only starts from the time when G. zaddachi Sexton was
recognized as a regular member of the upper estuarine fauna of the Tay
(Bassindale,1933;Alexander,Southgate &Bassindale,1935)and of the Deben
(Serventy, 1935):This species proved to be the main brackish-water species
overlapping with the marine G. locusta(L.) near the seaward end, and with
the fresh-water G. pulex (L.) at the river end (or 'head') of the estuary. The
status in estuaries of two other brackish-water species, G. duebeniLillj. and
G. chevreuxi Sexton, remained obscure. It has usually been suspected that
salinity conditions,arethe critical feature of the environment which limits the
range of a species in a given area; but Serventy suggested that exclusion
through competition limits G. zaddachi to the middle reaches of estuaries,
while there are known instances, and growing evidence of others, of one
species having varying salinity tolerance in different parts of its geographical
range. Such problems clearly demanded further study.'

Much depends on accurate knowledge of the systematics of the genus.
Thanks to the work of Sexton in this country, workers are now in a strong
position to identify British material. Yet, as will become clear in the pages
which follow, there were (and,are) still facts to be added, and confusions to
be rectified.' <

There are several advantages in the choice of Gammarusas a subject for
ecological study, some of which have only become fully appreciated during
the course of the present work. (I) They are among the more abundant of
estuaririeanimals. (2) Beingadaptable to varied surroundings and not limited
to specializedecologicalniches, they do not show gross patchiness of distribu-
tion within their habitable range: for example, a continuous population
occupying the whole length of an estuary or lagoon can usually be found,
even though the proportions of species represented change from oneendtoI
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the other. (3) Furthermore, it can be said that they are indifferent to the
nature of the substratum to a remarkable degree. Provided there is some kind
of object which can provide them with cover or shelter, it matters riot whether'
the bottom is 1p.uddyor stony, the water turbid or clear. Almost any kind of
organic matter provides detritus on which they can feed. This means that,
in so far as inanimate environmental factors limit distribution, affect growth
rate, or produce any difference between two populations, these are mainly to
be sought amongst the more elementary properties of the environment, such
as temperature, salinity, and oxygen concentration~ (4) ;rhe brackish-water
species, at least, can be reared in the laboratory and subjected to controlled
experimentalconditions. .

, METHODS

',Theuse of a box sieve makes.collectinga simple matte~, and overcomes the'
difficulty of samples getting fouled with mud. The sieve actually used is
similar to that designed for handling mud samples, as described by Spooner
& Moore (1940). It forms a cube of I ft. each way, the bottom made of
perforated zinc, the sides of wood, and the top open. A window of perforated
zinc in'one of the sides facilitatesoutflowof water. Suitable handles are fitted
on each side at the top.

In estuaries, clumps of weed or any other suitable objects, collected from
the ground in the intertidal zone or from the bed of the river channel, are
placed in the sieve and well shaken in water, the sieve held three-quarters
submersed. The larger o:bjectsand fragments are shaken out and discarded in
turn. The macrofauna which had been contained in them accumulates at the
bottom of the sieve with a mass of small fragments and debris. This is well
washed by lifting the sieve in and out of the water, and transferred as desired
to collecting jars. It is easy to perform these operations without injuring the
animals, though care must be taken when gravel or small.stones accumulate
in the debris. When working in ditches or pools it is often.useful to make the.
collections of weeds, etc., ina strong fine-meshed net, but the net contents
should alwaysbe sieved, as this is the only effectivemethod of removing mud
and.of concentrating the catch.

A final washingof the samplesmay be necessaryon return to the laboratory,
so that when they are placed in bowls (in appropriate mixtures of sea and
fresh water) the contents are free from turbidity. Normally gammarids will
comprise the greater bulk of the catch. Animals are killed by addition of
strong formalin solution, and preserved in 5 % neutral formalin in sea water.
Samples were always examined as soon after killing as possible, while the
normal colours remained unimpaired. .

Examining live, or freshly killed, specimens enormously facilitates rapid
diagnosis. Sometimes colour characters, lost after preservation, are valuable
taxonomically-the most spectacular example, perhaps, being the orange
pigment spots in G. locusta immature (see p. 14). In other respects, also,

I-2



4 G. M. SPOONER

characters seem more easily assessed in fresh specimens, while the tissues still
retain their transparency. It is clear that if amphipodists generally were able
to concentrate more on fresh material, some of the existing taxonomic diffi-
culties and confusions might never have arisen.

As a preservative, formalin is far superior to alcohol, in which specimens
often become very opaque, hard and brittle. The formalin should, however,
not be dissolved in water of much lower osmotic concentration than that of
the body fluids; otherwise, swelling of soft tissues is apt to occur. A solution
of 5 %formalin in sea water is perfectly suitable for marine and brackish-water
organisms, and, as far as I have tested. it, for fresh-water Crustacea as well.
Specimens so preserved can always without harm be placed temporarily in
tap water for examination.

Microscope mounts of limbs, etc., are conveniently made in a chloral
medium, e.g. Faure's Solution, as useq by entomologists. No preparation is
necessary; the chitin is cleared of soft matter in a short time; the medium
hardens sufficiently to make ringing the mount optional; and the preparations
normally keep .indefinitely. Also if at any time remounting is considered
desirable, the mount is simply dissolved in water. Slides intended,for more
temporary use can be mounted as rapidly as in water, with the advantage that
they do not dry up and can be kept permanently if subsequently desired.

Apart from collectionsmade personally,various material collected by other
zoologists has been examined, and I am particularly indebted to Mrs E. W.
Sexton, Mr G. I. Crawford, the late Dr K. Stephensen (Copenhagen), Prof.
A.D. Hobson, Dr L. C. Beadle,Mr R. Bassindale,Mr R. Elmhirst, and Mr H. P.
Moon, for the loan or presentation of material. It is a pleasure to record my
thanks to Mrs Sexton for her constant interest and for the ready loan of her
specimens and literature. Mr G. I. Crawford has sent me material from the
British Museum, including samples collected by himself after leaving Ply-
mouth; his earlier collections (see Crawford, 1936, 1937) were available for
examination at the Plymouth Laboratory. Mr R. Bassindale's interesting
series of samples from the Severn Estuary has already been recorded and
commented on in the ' Studies on the Biologyof the Bristol Channel' publica-
tions (Bassindale,1941,1942a, 1942b,1943).Prof. Hobson's material included
collections from the Inner Hebrides, from streams flowing on to the shore,
of which an account is published by Beadle & Cragg (1940).

I wish further to .thank Dr Sven SegerstnUe for his most helpful co-
operation before our respective papers were finally printed.

TAXONOMIC OBSERVATIONS

It was not possible to proceed far with ecologicalobservations without first
going rather thoroughly into the taxonomic aspects of the species under
consideration. The chief reasons for this were as follows.
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(I) Species of Gammarustend to, differ in a number of minor characters
in addition to any major differenceswhich may exist. These were repeatedly
examined, not only to obtain knowledgeof their constancy or variability, but
for the more immediate purpose of detectmg atypicalpopulations. Sometimes
differences, though small, prove remarkably constant and reliable, and are
invaluablewhen specimensare atypical,for somereason or other, in important
respects (for example, as a result of stunted growth, inhibited maturity, or
regenerating limbs), or with parts missingas a result of damage. It is needless
to emphasize that the larger the number of characters available, the stronger
is the position of the investigator. .

(2) It was very desirable to determine reliably, not merely adult males, for
which alone, as a rule, detailed descriptions are available, but individuals of
both sexesat all ages. This aspect had to be given specialattention, and some
original observations are reported below. It was gratifying to find that
reasonable characters exist to separate the immature of all species which are
liable to occur together in Britain, even down to the smallest growth stages
of which account has been taken. The necessity for dealing with specimensof
all sizes also demanded closer recognition of the changes which take place
during the course of life, particularly during the late immature and early
maturity stages. Characters of animals whose development is gradual an~
whose growth continues throughout life are profitably studied in their four- .

dimensional aspect.
(3) Even with adult males of British species it was soon apparent that some

existing descriptions were still not complete, and that the true value of some
diagnostic characters had still to be adequately assessed. It was also possible
to separate G. zaddachi into two readily identifiable subspecies, which, in
addition to their morphological differences, have very different salinity optima.

(4) Most character-differences are comparative. It was intended at least
to make a~start in expressing some of them more precisely in numerical and
statistical terms.

Note on the numbering of the peraeopods

It is necessary to emphasize that one change in descriptive terms has
been adopted. Sexton (e.g. I9I2, I942) and Sexton & Spooner (I940) still
follow Sars (I895) and Stebbing (I906) in numbering the peraeopods from
peraeon segment 3 onwards, so that the limb of segment 3 is peraeopod I
and of segment 7 is peraeopod 5. Hoping that this confusing habit will soon
be abandoned altogether, I propose to follow the more logical and (by now)
more general practice of giving the limbs the same number as the segment
(as in Chevreux & Page, I925). Thus the gnathopods, which are the limbs
of peraeon segments I and 2, are the modified peraeopodsI and 2;
the first unmodified limb, or 'leg', is peraeopod 3; and the hindmost
limb, that of peraeon segment 7, is peraeopod 7. The term' peraeopod'

/



6 G. M. SPOONER

simply mems the limb of n perneon segment and has no functional implica-
tion, whereas the terms' gnathopod' and 'leg' are functional and denote
special forms of peraeopod: It is unfortunate that authorities like Sars and
Stebbing have used the terms' leg.' and 'peraeopod' in exactly the reverse
sense.

Species in estuarine and associatedfaunas

The following species have occurred in faunas examined in this work:

Marinogammarus marinus (Leach, 1815).
M. obtusatus (Dahl, 1938);
M. finmarchicus (Dahl, 1938).
M. stoerensis (Reid, 1938).
Gammarus locusta (L. 1758) G. O. Sars, 1895, sens.str.
G. zaddachi Sexton, 1912, typical subspecies, as here designated.
G. zaddachi salinus, subsp.nov.
G. chevreuxi Sexton, 1913.
G. duebeni Lilljeborg, 1851.
G. (Rivulogammarus) pulex (L. 1758).

"

Marinogammarus species

The taxonomy of these essentially marine littoral forms has already been.
dealt with (Sexton & Spooner, 1940). At the same time a list of the material
examined up to the summer of 1940 was included. Stephensen (1940) also
gives descriptions and locality records, especially from Norway. Certain
additional British material has since been examined; for example, collections
made in 1942and 1943on the shore near the Millport Laboratory, where five
of the species occurred (see Scottish Marine BiologicalAssociation, Annual
Report, 1942-3, pp. la-II).

In estuariesM. marinusalonehas been encountered in abundance, extending
well into the mid-estuarine reaches. It is, however, much concentrated near
high-water levels, and does not enter into the low;.,wateran<.\mid-channel
populations to which main attention is subsequently given. More will be said
later, from an ,ecologicalaspect, about the upward limit of penetration into
estuaries, a point which is fairly easily determined by inspection in the
field.

M. olivii (M.-Edw.), of which a description wasincluded in our 1940paper,
had not at that time been recorded from Britain. Almost simultaneously,
however, Reid (1940)reported it from the River Avon in South Hants, where,
at Keyhaven, it was living in water which was fresh to slightly brackish (see
also Goodhart, 1941).This species,however, is not a widelyspread inhabitant
of estuaries and is probably extremely local.
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Gammarus locusta (L.) G. O. S~rs, sens.str. .

This abundant marine species has been well enough recognized from
descriptions in standard works (e.g. Sars, 1895; Della Valle, 1893; Stebbing,
1906; ChevrelD.'& Fage, 1925)so long as purely marine faunas were under
examination. In the seas of western Europe ~ere seems to be no specieswith
,whichit is liable to be confused. But in estuarine and brackish faunas it has.
been much confused with G. zaddachi salinus(pp. 20-1). Existing descrip-
tions are still in ~eed of amplifying to emphasize certain 'characters which have I

proved important in distinguishing typicallocusta from other known species,
and to indicate more clearly what variation occurs amongst genuine locusta
populations.

It is necessary to emphasize that this account applies only to the locustaof
the temperate eastern Atlantic and the North Sea (and apparently also to the
western Mediterranean). I have recently been able to satisfy myself that the
form occurring in northern waters (west Norway, Iceland, Greenland, New-
foundland and Arctic coasts) differs in so many respects that it i~ quite
separable.l It is possible also that the form of the species which inhabits
the western Baltic in much lower salinities than are tolerated, for example, in .
Britain, may genuinely be less easily separated from G. zaddachi in that area. 2

A fuller treatment of the charactersof G. locustain its whole range is deferred
for a later occasion.The description here, however,is valid for the form which
seems to be generally accepted as the type of locusta,followingthe drawings
by Sars (though his description by itself is not critical enough).
Adult male

In addition to the descriptions in standard works, Sexton (194~,pp. 600-1,
pI. iii, figs. 19-24) gives a list of characters useful for comparison with related
species, as well as new drawings of the head, antennae and gnath,opods. Only
certain comments need be made. In antenna I the long accessory flagellum
is a valuable diagnostic character, especially if consideration is given to the
allometric changes which occur during growth. At the onset of maturity it
has 7 or 8 segments which increase to 13 or 14 in the largest and oldest
individuals. At the start it is about I t times the length of peduncle segment 2,
but it soon attains twice the length of that segment, and in the end is about
2! tirp.esas long. As compared with G. zaddachi salinus,young males have
about 2 segments more, the oldest abOut5. In antenna I peduncle the length
ratio of 3 :2 :I for the first three segments is always closely approached.3 In

1 In essential respects these northern animals seemed much closer to zaddachi. Segerstr:Ue
(pp. 223 et seq.) has independently shown that they are to be included under that species.
The description of zaddachi has only to be modified in minor respects to include this
form, whereas that of locusta would need to be drastically revised.

2 But see comment on p. 18. .
3 Precise micrometer measurements give ratios of 142-153: 100:45-49 for the three

. segments, segment 3 being consistently rather less than half segment 2.
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other species segment 1 is alwaysless than the combined length of the other
two, and the 3rd is often longer than half the 2nd. Gnathopodhands. Once
the fully mature adult stage has been reached, the form and arrangement of
the palmar spines of both gnathopods are diagnostic and easily recognized.
This character should, as always, be given primary weight in critical
determinations. The gnathopods are well figured for the first time by
Sexton (1942, pI. ill). (N.B. Sars's drawing, 1895, pI. 176, fig. 1 p26', is
inaccurate, and was probably taken from a specimen of the northern form.)
Gnathopod2 hand. The exact shape of this segment is somewhat variable,
though it is normally in some sense longer or narrower than in zaddachi and

h // ~
_/'

m.I.,.~.- -v - ~) ,.-
\ / ,.,
\ /
{I

/ \

p.a.s. \
\ \ '

\
\

\

B

A

c
1mm.

Fig. I. Gammarus locusta sens.str., male gnathopod 2 hand, distal part, with hairs omitted,
to show the arrangement of the palmar spines. A, young mature male, Saltash, River
Tamar, 5. iv. 38, showing the median palmar spine (m.p.s.) still separated from the palmar
angle spines (p.a.s.). B, larger and fully mature male from same sample. C, large male,
25 mm., Plymouth Sound, 12. xi. 06. In B and C all the spines tend to form a continuous
row with graded intervals.

duebeni.While both the dorsal border and the palm are relatively long, the
ventral border is less so; thus the palm tends to approach the length of the
ventral border, especiallyin larger and older animals. The ventral border may
diverge somewhatin an apicaldirection, or at least remain straight and parallel
with the dorsal border: only infrequently is it rounded towards the palmar
angle in a manner-typicallyfound in zaddachi. More significantis the arrange-
ment of the palmar spines (Fig. I). The median palmar spine is succeeded,
towards the palmar angle, by a regular series of spines graded in respect to
size and distance between successivespines. This arrangement contrasts with
a condition more freque~tly met in Gammarusspecies (including G. zaddachi,
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and the earliest mature stages of locusta itself, Fig. I A), where an isolated
median spine is separated by a marked gap from a cluster of spines arising
quite close together at the palmar angle. Only G. duebeni (p. 37) shows a
graded series at all comparable. It is important to appreciate that the true
locusta pattern is not finally attained until two or three growth stages after
maturity have been reached. Another important characteristic of mature locusta

. hands is seen in the truncate tip and bulbous base of the median palmar spines,
and of the larger of the angle spines, which thus become almost' flask-
shaped' (those of duebeniretain their original simple shape). Peraeopods6
and 7 (examplesof Pp. 7 in Fig. 2): in these limbs the more apical segmen~s
are often provided with some long, stiff, outstanding setae, arising singly or
in sparse tufts, particularly noticeable on the middle part of the pre-apical
segment (propodite). The posterior border of the basal segment, however, is
at most sparsely furnished with short setules. The hair pattern can thus be
distinguished from both subspeciesof G. zaddachi(p. 23 and Fig. 4). A1llimbs
tend to be somewhat elongate and slender compared with other speciesof the
genus, with the exception of G. wilkitskii Birula, in which they are more
extremely so, and of G. zaddachiwhich differsve:J;'ylittle. Peraeopod 7 shows
this tendency at least as much as other limbs, and hasbeenselectedfor standard
measurements. The length (a) of the carpopodite has been compared with
(b) its width at the first proximal spine group, and with (c) the length of the
basal segment. The ratio of a:b is 4'0 to 4'5; of a:c is 0'75 to 0,80. The last
ratio is lower in other speciesconsideredhere; the firstlowerin allbut zaddachi.
The telson,in conformity willi the limbs, is also relatively elongate. In adult
males the length of one arm is 2'4-2'5 times its greatest width (in immatures
and very young males it is still of more normal proportions with the ratio at
about 2'0). Uropod3 inner ramusis typically subequaJ.in length to the outer
ramus: more precisely, it is typically 96-99% the length of the first segment
of the outer ramus. No other marine or brackish water Gammarusin British
waters showsthis condition, and only occasionallargespecimensof G. zaddachi
salinus even approach it (p. 29). But some populati,ons, especially those
subjected to reduced salinity, have an appreciably shorter inner ramus, which
may remain as low as 85%in well-developedadults. This variation, whether
genetic or environmental, is best thought of as an arrest of the differential
growth of the inner ramus; since the latter starts much shorter than the outer
ramus and normally steadilycatchesup on it, or nearlyso,during the immature
phases. The urosomesegmentsdorsally are characteristicallystrongly raised and
laterally compressed in the median line. The elevationsare angulate, those on
the first two segments forming a right anglein contour, or nearly so (90-noO).
In no otherformare theseelevationsso pronounced. .

In practice the relatively long accessory flagellum, the proportions of
antenna I peduncle segments, the form of the hand of gnathopod 2, the dorsal
elevations of the urosome, and the long uropod 3 inner ramus, together or
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ltmm.

A

B

c

, Fig. 2. Gammarus locusta sens.str., peraeopod 7 of male (coxopoditeomitted). A, Saltash,
River Tamar, 5. iv. 38 (larger specimen than in Fig. I). B, Plymouth Sound, 12. xi. 06
(same specimen as in Fig. I), middle segments omitted. C, variety from the Fleet,
Dorset, near Langton Herring, 14. xi. 37.



DISTRIBUTION OF GAMMARUS SPECIES IN ESTUARIES II

even individually provide quick means of identification.The sparsenessof the
hairs on antenna I peduncle ventrally provides a critical distinction from
G. zaddachi. Good specific characters also show in the shorter head, the
sharply angulate ventral corner of its lateral lobe, the elongate anterior coxal
plates, the deep and subrectangular ventraJ.portion of coxal plate 4, and the
much produced and pointed inferior angles of epimera 2 and 3. In fresh
material the presence of orange pigment spots on the mesosome segments
(see below) is also diagnostic, though in larger adults these may be reduced,
or absent, or obscured by dense epidermal pigmentation.

Adult female

Most of the characters given for the adult male apply equally to the female.
The description has only to be modified in respect to (I) characters which are
directly concerned in sexual dimorphism, e.g. the presence of brood-plates,' .

and the structure of the gnathopod hands; and (2) characters which involve
appreciable allometric changes during early maturity, and which remain closer
to the immature condition in the more conservative female. .

The size attained is much less than in the male: in south-west England a
maximum of 20 mm. length (head to apex of telson) contrasts with 28 mm.
maximum in the male. The accessoryflagellum of antenna I in the very largest
individuals has I I segments, when it is 2'2-2'3 times the length of peduncle
segment 2. More usually the larger specimens in samples are of the order of
15 mm. body length, and these have an accessory of 8 or 9 segments' arid of
length about twice, or slightly less, that of peduncle segment 2: On antenna 2
the flagellum lacks calceoli. The gnathopod hands, though much less specialized
than in the male, have still some taxonomic value: the hand of gnathopod 2
is unusually elongate, its dorsal and ventral borders very straight and
parallel to each other, and its length always more than twice its distal width
(in no other form is a ratio of 2'0 exceeded; in G. zaddachi it is 1'65 to 1'8).
The median palmar spine is lacking. On peraeopod 3 the hairs are sparser than
in the male. The limbs are less slender than in the male adult: in peraeopod 7
the carpopodite is 3'5-3'9 times as long as broad proximally, and only 0,66-
0'70 the length of the basal segment. The telson length attains only 2'25 the
greatest width of one arm (though this is still longer than in related species
except G. wilkitzkii), The urosome elevations are not quite so pronounced as
in the male, The body pigmentation, though variable, is usually heavier, a deep
blackish blue colour, with pale bands on the antennae, being common. The
eggs are relatively small (see below), and the numbers in one batch relatively
large: as many as 235 have been taken from a specimen of 20 mm. length, and
230 from one of 16 mm.

In mixed samples the female iocusta is at once distinguished from zaddachi
by its sparse antennal hairs, its more elevated urosome segments and its
elongate gnathopod '2 hand, .
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TABLE I. DIMENSIONS OF EGGS IN GAMMARUS LOCUSTA AND ZADDACHI

Gammarus /ocusta

Length n=no. of Mean Calculated
of female Size of eggs length (l) x width (w) volume

Sample mm. brood measured mm. x 10-1 CU.mID. X 10-2

Newly laid and early development stages

b 8 23 22 4'429 x 3'691 3'16
b 8 If 13 4'848 x 3'632 3"35
b 8'5 22 22 4,669 X3'822 3'57
b 8'5 25 23 4'810 x 3'791 3'62
b 10 44 4° . 4'678 X3'792 3'52
m 16 23° 40 4'502 x 3'668 3'17
e 13'5 57 4° 4'632 x 3'786 3'48
e 15 163 25 4'614 x 3'981 3'83
d - 68 4° 4'63° x 3,938 3'76
d 12 84 . 83 4'735 x 3'916 3,80
b 10 29 23 4,842 x 3'958 3'97
b 10 12 9 4'96 X3'91 3'97
j 10 24 23 4'797 x 3'617 3'29
m 13'5 135 5° 4'746 x 4'018 4'01
b 9'5 28 28 4'857 x 3'986 4'°4
b 10 29 27 4'836 x 4'003 4'06

Intermediate development stages

e 13'5 ,106 4° 5'138 x 3'946 4'19
e 16 219 80 4'728 x 4'123 4'21
/ - 38 3° 4'995 X'4'I60 4'53

Embryos advanced

d 13 80 25 5'3°2 x 4'416 5'41
e - 46 45 5'3°7 x 4'484 5'59
b 12'5 31 15 5'355 x 4'437 5'52
b 9

I}
8 5'420 x 4'500 5'75b 9'5

Young well-formed or ready to hatch

b 9 ' c.27 8 5'7° x 4'55 6'18
b 9 14 6 5'68 x 4'83 6'93
d - 78 25 5'661 x 4'618 6'32
d 12 65 25 6'045 x 4'781 7'23
j 10 32 25 5'907 x 4'656 6'71

Index to samples from which females were taken:

a, River Tamar, Thorn Point, 22. vi. 39.
b, River Tamar, Thorn Point, 9, x. 45,
c, River Tamar, Ernesettle, 1. iii. 38.
d, River Tamar, Henn Point, 5. iv. 38.
e, River Tamar, St John's Lake, 5. v. 38.
j, River Plym, Laira Bridge, 23. xi. 46.
g, River E.i:me, near mouth, 8. ii. 39.
h, River Avon (South Devon), 16. v. 38.
i, River Avon (South Devon), 8, i. 39.
j, River Avon (South Devon), 20. v, 46.
k, Kingsbridge Estuary, Blank's Mill Creek, 22. i. 39.
/, Kingsbridge Estuary, Salcombe, viii. 45.
m, Brancaster, Norfolk.



. .
DISTRIBUTION OF GAMMARUS SPECIES IN ESTUARIES 13

* All specimens belong to subspecies salinus (see p. 20).

Measurements of eggs

A number of measurements of batches of eggs from females of locusta and
zaddachi salinus are given in Table I to show the contrast between the two
forms. Individual measurements were made ill units of 0'008 mID. From the
greatest (I) and narrowest (w) diameters, a value representing the volume has
been calculated from the formula I x W2x t7T. It will be observed that the
volume is about 0'55-0'6 that of G. zaddachi eggs at comparable stages of
development. If there is any increase in size of egg with size of parent, this
must be very small and negligible compared with other sources of variation.
On the other hand, as is well known, the average number of eggs in one batch
tends to increase with the size of th~ parent. The young at extrusion are
correspondingly smaller than in G. zaddachi.

TABLE I (continued)

Gammarus zaddachi *

Length n=no. of Mean Calculated
of female Size of eggs length (1)x width (w) volume

Sample mm. brood measured mm. x 10-1 cU.mm. x 10-2

Newly laid and early development stages
a - 12 8 5'42 x 4'44 5'59
a - 19 17 5'393 x 4'659 6'13
c II 44 44 5'573 x 4'720 6'50
C 10'5 20 20 5'720 x 5'080 7'73
c 12 22 21 5'989 x 5'067 8'05
c II 22 20 5'856 X 5'120 8'04
i 10 32 32 5'680 x 4'725 6'64
h 13 62 25 5'594 x 5'005 7'34
k 9 20 19 5'726 x 4,855 7'07
k 9'5 22 22 5,855 x 4'800 7'06
k 9'5 31 ',,29 5'639 x 4'935 7'19

Intermediate development stages
a - 7 3 5,84 x 4'96 (7'52)
h 7 14 II 6'044 x 4'909 7'63
i 10 33 32 5'898 x 5'065 7'92
i C.IO 29 19 5'924 x 5'040 7'88
i - 32 28 5'880 x 5'286 8,60
g - 14 10 6'347 x 5'184 8'93

,
Embryos advanced or young well formed

i - 37 7 6'24 x 5'51 9'92
h 7 I4 8 6'52 x 5'30 9'59
h 10'5 45 35 6'421 x 5'518 10'23
i 11'5 42 34 6'506 x 5'544 10'47
h 13'5 - 5 6,88 X 5"52 (10'98)
h 9'5 25 20 6,872 x 5'740 11,86

Young about to hatch
c 11'5 31 13 7'92 x 5,60 c.13'O

14 40 10 7'120 x 5'944 13'17
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Immature

Almost from the time of hatching a small cluster of reddish orange pigment
globules is present on several of the peraeon segments. These are situated
on segments 2-7 in the body wallnear the base of each limb (Fig. 3). Similar,
usually more elongate and more diffuse, patches occur on the metasome, but
these are common to several speciesof Gammarusand Marinogammarus.The
presence of these coloured spots on the peraeon is diagnostic of Gammarus
locusta. As the young and immature are otherwise colourlessand translucent,
the spots are very obviousin living and freshly preserved specimens. Though
after maturity these pigment spots may be reduced or obscured, they are
almost constantly present during immaturity, and provide an excellent means
of identifyingfresh material, particularly in sorting, for example,mixed popu-
lations of locustaand zaddachi.This is at).example of a character which might

Fig. 3. Gammarus locusta sens.str., body in side view, semi-diagrammatic, to show the position
of the orange pigment patches in the body wall. The patches on peraeon segments 2 to 7,
which are diagnostic of this species, are shown as rounded black spots.

be thought to be of low ~onomic grade, ~ut which has proved very reliable
in practice.

By the time the immature phase is about half-waythrough, locustacan be
distinguished from other speciesby various structural features. Already there
are indications of a relatively long accessoryflagellum,raised urosome eleva-
tions, and produced epimera. The inner ramus of uropod 3 is long enough to
distinguish it readily from that of a Marinogammarus. Gammarusduebeniis
already isolated by the conspicuousproduced posterior angles of peraeopod 7
basal segment. The main structural differencefrom zaddachiat this stage is in
the hairs on the ventral surface of the antennal peduncles, which in zaddachi
are by now longer and more numerous.

While male character~ are developing in the maturing animal, until the
stage at which the fully mature form is reached (two or three stages after
functional maturity), the.hand of gnathopod 2 is still of a somewhatgeneralized
type (Fig. rA). The median palmar spine has appeared, but, as in other species
at this stage (and in most throughout life), it is still separated by a gap from



DISTRIBUTION OF GAMMARUS SPECIES IN ESTUARIES IS-
the spines at the palmar angle, I,Uldis not fully truncated distally. Other
heterogonic changes are going on at this time, and in very young males com-
parative measurements may not yield ratios found to be characteristic of the
full adult. For example, values nearer those of the female are found for the
relative lengths of carpopodite 7. and the telson.. In the female the relative
length of the gnathopod 2 hand increases from 2'0 to about 2'3 during the
first stage of maturity. .

Notes on variation within the species

Apart from adult body pigmentation and averagesize, the character which
perhaps varies most noticeably in normal populations concerns the develop-
ment of hairs on the limbs. This variation, however, is usually only evident
after closeinspection, and its range is limited. It seemsto apply most to those
limbs and side-plates where the total number of hairs is at best never large.
For example, a sample from the north Norfolk coast near Brancaster is
uniformly hairier, on all peraeopods and on the pleon, than Devon popula-
tions. But often within a single population quite noticeable differencesoccur
between individuals of comparablestagesof development. Though this matter
deserves closet study, the general fact is clear enough, and shows that locusta
is no exception to the rule that the development (i.e. number in a cluster, and
length of individual hairs) is alwayssubject to variation in a Gammarusspecies,
perhaps sometimes as a more or less direct effectof environmental factors or
nutrition, though such an effect has still to be demonstrated experimentally.

Among marine populations an interesting variation has been observed in a
sample collected by Mr G. I. Crawford in Whitsand Bay, November' 1934,
by .dredging in shallow water offshore. In one sample (s. xi. 34) the males
have very dense setation on antenna 2 and peraeopod 3, and the longer hairs
are much curved. Except that the elevations of the urosome segments are
somewhat rounded and less compressed than usual, other characters are
typical of the species. In a second sample of over 300 (dredged in weed,
16. xi. 34), which contained adults of all sizes, actively breeding, the same
features are shown, but the niale hairs are not quite so dense and only some .
of the hairs are curved.

It is, however, among populations living under recognizableatypical con-
ditions that variations are most frequently observed. Some exampleS'from
brackish waters can be given. . '

At. the limit of penetration into estuaries, particularly if conditions are
deteriorating, as with the onset of winter, animals seem subject to inhibition
of growth. Maturing individuals are smaller than usual, and often have a
somewhatshortened uropod 3inner ramus (retention ofanimmature character).
It appears, however, that they soon die off as the salinity drops, and do not
survive long enough to produce a persistent modified population. In the
continuously habitable parts of estuaries popuiations resemble those from the
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sea. Those living in turbid water or on muddy bottoms are usually deficient
in epidermal pigment, and tend to retain the immature translucent
appearance.

In some localities where the species is established in water of permanently
reduced salinity, persistent atypical characters may be shown. Two instances
have come to notice: in the Fleet, Dorset, and New England Creek,
Essex.

The Fleet is a shallow stretch of water separating the Chesil Beach from the
mainland (see Tansley, 1939, chapter XLII,pIs. 155, 156), receiving sea water

.by tidal action through its narrow connexionwith Portland Harbour and fresh
water by land drainage. Apparently a fairly s.teady salinity gradient is main-
tained through its 9-mile length, the incessant fluctuations characteristic of
estuaries being largely lacking. At Langton Herring the water is salt enough to
support G. locusta (in November it measured 260/00 at low water). Samples
collected here on 14. xi. 37 and 27. iii. 38 show the following' characters.
(i) Uropod 3 inner ramus short, in adult males only 80-9°% of outer ramus
segment I; (ii) hairs unusually dense, especially in the male on antenna 2
pedupc1e and on hinder peraeopods (Fig. 2 C), the length and number of the
stiff outstanding hairs on the latter being particularly noteworthy; (iii) the
spines on ventral border of epimera 2 and 3 unusually strong; (iv) side-plates
and basal segments of peraeopods (Fig. 2 C) notably narrow ; (v) other segments
of peraeopods slender, e.g. carpopodite 7 nearlY,5 times as long as wide
proximally; (vi) average size of adults below normal. All other features are
quite characteristic of locusta; the male gnathopod 2 is in fact rather an extreme
locusta type. The orange spots on the peraeon were well developed.

The population from New England. Creek, Essex, where the fauna and
environment were carefully studied by Howes (1939), is still more aberrant.
Mr Howes kindly sent me his Gammarus for examination, and my report on
their characters is given in his paper (p. 414). It is definitely a dwarfed popula-
tion of locusta, presumably surviving from the time the creek was cut off from
the sea by a dam. Ample diagnostic features are shown in the elevated urosome
segments, the form of the male gnathopods, the deep vent~al portion of coxal
plate 4, the produced angular corner of the lateral lobe, the lack of long hairs
on basal segments of peraeopods 6 and 7 (though the rest of these limbs is
unusually hairy), the sparsity of hairs on antenna I, etc. Atypical features
recorded were as follows: (i) uropod 3 inner ramus relatively short, between
80 and 9° % of segment I of outer ramus; (ii) hairs unusually dense, even
more so than in the Fleet population; (iii) the spines on the ventral border
of epimera 2 and 3 in some specimens notably strong; (iv) size much reduced,
correlated with which the number of segments in the accessory flagellum did
not exceed 8, 7 being a frequent number; (v) in one sample containing the
most extreme dwarfed and hairy specimens there was a strong tendency for
the hairs on the male antenna 2 to become curled.
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It will not escape notice that the variations of these two brackish popula-
tions are of a very similar kind. One is tempted to ask whether reduction of
salinity alone has not brought about like results in two widely separated
localities. It would be very instructive to test the constancyof the characters
of populations as these, by rearing in the laboratory under controlled
conditions.

Two samples from the shore at Traigh Mor, Barra, Outer Hebrides (coll.
K. M. G. Fleming), varied from the normal in the following respects:
eye notably broad; hinder peraeopods with long spinose setae; female
gnathopods and fore-peraeopodsmore densely hairy; and body sizesomewhat
reduced.

Material examined

(Samples involved in population analyses to be dealt with later are marked
with an asterisk. Abbreviations: colI., collected by; ColI., collection.)

England and Wales. E. CORNWALL:Whitsand Bay, 5. xi. 34, 16. xi. 34,
samples dredged in shallow water by G. I.. Crawford. E. CORNWALLand
S. DEVON: Plymouth Sound, including Cawsand Bay, various samples on
different ()ccasions, including a lary sample of well-grown adults from a dense
'swa~' in the open water of the Sound, 12. xi. 06 (plymouth Laboratory
Coll.); Estuary of R. Tamar and branches, numerous samples, * from the
Hamoaze and St John's Lake upstream to Weirquay and Bere Ferrers.
S. DEVON:various samples* from the seaward end of the estuaries ofR. Plym,
R. Yea1m, including the Cofilete branch, R. Erme and R. Avon; from the
shore at Wembury; from the Kingsbridge Estuary; and from the estuaries of
R. Exe and R. Axe. DORSET:The Fleet, at Langton Herring, 14. xi. 37,
27. iii. 38, numerous amongst Zostera hornemanniana in water of reduced
salinity; Lulworth Cove, 26. xiii. 37. S. and N. SOMERSET:Bristol Channel
coast at Kilve and Weston (Severn Estuary survey, by R. Bassindale, etc., see
references given on"p. 39). S. ESSEX:New England Creek, dwarfed popula-
tion in brackish water (Howes, 1939). N. NORFOLK:sample from Brancaster
district, colI. C. F. A. Pantin. NORTHUMBERLAND:Blyth, ditch from 'salt pans,
4. vii. 34, coll. Prof. A. D. Hobson, adults, breeding (with G. zaddachi salinus).
DURHAMand N.E. YORKS: River Tees Estuary, Tees Survey materia1*
(Alexander et al., 1935), several from tidal Zone and in tow-nettings. ISLEOF
MAN: Port Erin, shore and 4-5 fathoms, Port St Mary, in weeds near L.w.,
ix. 38, coll. G. I.. Crawford.

Scotland. PERTHSHlREand FlFESHlRE:R. Tay Estuary, Tees Survey
material,* one male from tidal zone of Section XL CLYDEISLES:Cumbrae,
Kames Bay, R. Elmhirst Coll., 6. iv. 34, a few adults. ARGYLLSHIRE:.Clachan
Strand, under weed, Prof. A D. Hobson Coll. INNERHEBRIDES:S. Rona,
vii, viii. 37, Prof. A. D. Hobson ColI., 'Dry Harbour', 10fathoms, 4<:3'<:3',1imm.,
'Big Harbour', shore, small <:3'and~,I imm.; Raasay, viii. 37, A. D. H. ColI.,"'

JOURN. MAR.BIOL. ASSOC.vol. XXVII, 1947 2
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Churchton Bny, 2-3 fnthoms, n number, 'Stephenson's Bay', I J (with
G. zaddachi); Isle of Muck, A. D. H. Coll., in eight samples, from
Gallanach, 1. ix. 36, 17.viii.39, Port Chreadhair, vii. 38, Rudha Caem na
Caraich, 3°. vii. 38, 16.viii. 39, etc. OUTERHEBRIDES:Barra, colI. K. M. G.
Fleming, vii. 36, 37, Traigh Mhor, L.W.S.T.,two samples with adults of small
average size. '

Belgium. Ostende,Bassinde Chasse,c. 9°° ~~, 870 <i2<i2and 4°° imm., in
71 samples (in collectionsidentified for the Brussels Museum in Jan. 1939).

Gammarus zaddachi Sexton

This is an important species in the economy of estuarine and other brackish
waters, being very widespread in spite of the discontinuity of its habitats, and
usually plentiful provided there is adequate cover of some sort and, apparently,
an adequate oxygen concentration. It is one of the dominant members of the
fauna in those' parts of estuaries where the salinity fluctuations are greatest,
and so most' rigorous' to life.

The confusion over this species in the past has been considerable. Even
after it had been described (Sexton, 1912), British material was still being
overlooked and recorded as duebeni in fresher habitats, or as locusta in more

saline waters. Coptinental authors have not helped matters, either from
attempts to sink the species, or, sometimes, in their failure to appreciate its
most reliable diagnostic characters. ,

Sexton (1942)has followedup her carefuloriginaldescription with a further
detailed account which emphasizes (I) the differencesbetween zaddachi and
related specieswith which it may possiblybe confused, and (2) the differences
between the two extremes of variation, i.e. between a very hairy' fresh-water'
form inhabiting the lower reach~s of the Elbe and Weser, and a sparsely
haired, more spiny," true brackish water' form living in estuaries and along
th~coast of East Prussia. The 'fresh-water' form is figured for the first time.
Th,e presence of intermediate forms linking the two extremes is stressed.
A complete and very valuable summary of the past literature referring to
the species is also given. Those who wish to study G. zaddachi from any
aspect are fortunate in having Sexton's admirable descriptive papers as a
background. '

There should no longer be any reason for confusions which have invalidated
species identifications in the past, at least as concerns Britain. I have to concede
that systematists may have a more difficult task in some other parts of Europe.
For ~xample, it is now clear that G. 'locusta' in west Norway mainly belongs
to a northern race which, though larger, is very close to G. zaddachi in its
body proportions and gnathopod characters (see below); while, judging from
published data on Gammarus populations from the west Baltic, I can only
conclude that populations of G. locusta which occur there in low salinities fail

/'

.' .
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to showsomeof the marked characteristicsfound in the typical form inhabiting
the North Sea, etc.t

The need for giving yet further attention to the taxonomic characters of
G. zaddachiarises from severalcauses. (I) Sexton's descriptionsand drawings
are based primarily on German material: the extent to which they strictly
apply to British populations had to be examined. (2) The descriptions are
mainly devoted to adult male characters: more complete knowledge of ~e
female and immature had to be acquired, and a clearer picture obtained of
heterogonic changes which take place during early maturity. (3) Most
important of all, the variation which occurs within the species, at least some
aspects of it, demanded attention; and one result has been to show that the
species can be split into two well-defined types, as was apparent at an early
stage in this investigation.

In erecting two subspecies, I am anxiousto be able to refer to type specimens
and type localities. Since no type of the species has ever been designated,
it is necessary to rectify this omission first. Sexton's original description
(1912) covers the species as a whole: selection must therefore be made from
the samples she examined and described. For various.reasons I choose the
samples of the Hamburg 'fresh-water' population to designate the type of the
species (Sexton, 1912, p. 660, 'Hamburger Wasserleitung', 5 specimens;
HamburgerWas$erleitung, Samuelson,71 specimens; Hamburg Mus. Coll.).
These automatically become the types of the relatively 'hairy' subspecies,
namely, G. z. zaddachi, which is now recognizedas embracing a widespread
form which colonizes brackish waters of low salinity, as well as fresh waters
to a much more limited extent. Sexton's' pure brackish water form' becomes
subspeciessalinus,with the type from the estuary of the RiverWeser: 'Bremer-
haven, Herr Klie; Alterhafen,x. 19II'(Sexton, 1912,p. 660, pIs. lxxiii,
!xxiv). G. z. salinusis a characteristicestuarine form in west Europe, intolerant
both of full-strength sea water and of water which is fresh or very weakly
"brackish. It is possible that further investigationwill show that the so-called
, locusta' from northern waters,! though essentiallya marine form, should be
included within zaddachi as a third subspecies. 2

t Segerstrale (pp. 219-44) has now made it quite clear why there has been so much
confusion between locusta and zaddachi in Scandinavia and in the Baltic. His newly-defined
(z.oceanicus) is in some ways intermediate between zaddachi salinus and locusta sens.str.

1 Excluding G. setosus Dement., which is clearly a separate species. See also the footnote
on p. 7.

2 This is precisely the conclusion to which Segerstrale comes(pp. 223 et seq.). The northern
marine subspecies occurs also in the Baltic as well as salinus, and I find that some of Sexton's
original' brackish water' form belong to it, as do also some British specimens from
Scotland which I had formerly included under salinus.

2-2
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THE DIFFERENCES BETWEEN THE TWO SUBSPECIES

Peraeopods 6 and 7
(setation)

Urosome and telson
(setation)

Epimera 2 and 3

G. z. zaddachi

Figures in Sexton, 1942: fig. la,
pl.i (figs. 1-7), pI. ii(figs. 10-14)

,
Absolute differences

With denser and longer setae:
those on the posterior margin of
the basal segment of peraeopod
7 are more numerous and much
longer (a difference can even be
seen in the larger immature).
The long projecting hair tufts
on the more distal segments are
very conspicuous, especially in
the adult male (Fig. 4 A, B; see
also' Sexton, 1942, pI. ii, figs.
10-12 for extreme form)

Similarly with longer and more
numerous hairs (Sexton, 1942,
pI. ii, fig. 13)

Posterior distal angles a little less
acutely produced (Fig. 6 A).
Epimeron 2 posterior margin

.with a row of several short
setules (in adult male at. least)

G.z.salinus

Figures in Sexton, 1912, 1913,
and 1942: fig. I b, pI. i (figs.
8-9), pI. ii (figs. 15-18)

Much more glabrous, the more
distal segments with only a few
moderately long hairs at most,
and the basal segment posterior,
margin with short setules. Con-
spicuous tufts on distal seg-
ments lacking. Spine' groups
more evident owing to sparsity
of hairs and to greater average
length of spines (Fig. 4 C; see
also Sexton, 1942, pI.. ii, figs.
15-17)

With a few shorter hairs only,
-which are rarely. longer than the
spines with' which they are
associated (Sexton, 1942, pI. ii,
fig. 18)

Angles rather more acutely pro-
duced (Fig. 6 B). Posterior mar-
gins of both epimera with not
more than one or two setules

N.B. The characters given below regarding the length of the accessory flagellum and of
uropod 3 inner ramus may provide absolute distinctions if animals from the same region are
compared. .

Average differences

General body colour
of adult

Antenna I accessory
flagellum

U ropod 3 inner
ramus

Body pigment, when normally
developed, distinctly dull green-
ish (with darker bands marking
the boundaries of the segments) ;
never infuscated

On average with one segment less
(4-7 segments, according to age,
in adults) ; somewhat shorter
than peduncle segment 2, or at
most about equal to it in,older
adults (see pp. 26-7)

Relatively' shorter; in majority
(90 %) of British animals it is
0'67-0'76 length of segment I
of outer ramus (see pp. 28-30)

.....

Body pigment, when developed,
less greenish and more brown-
ish (with obscurer banding);
sometimes much infuscation
may be found in the females
(as in G. locusta)

On average with one segment
more (5-9 segmen~s, according
to age); at maturity about same
length as peduncle segment 2,
becoming distinctly longer in
older adults (see pp. 26-7)

Relatively longer; mainly (95 %)
0'78-0'89 length of segment Iof
outer ramus (Fig. 6 D)
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THE DIFFERENCES BETWEEN THE TWO SUBSPECIES (continued)

Urosome dorsal
spines

G. z. zaddachi
Lower average number (see pp.

30-2). Average pattern in
samples from south-west Eng-
land:

Telson spines

2'2 2'0 2'2

2'5 2'0 2'5
2'°5 2'0 2'05

(total: 19'5)

On average fewer; the subapical
spine nearly always missing, and
most frequently only two apical
spines

Peraeopod distal
segments

In mature adults on average a
little broader relative to their
length, e,g. carpopodite of
peraeopod 7 (in male) usually
3'1-4'0 as long as wide near its
proximal end

Normally a little .more rounded
and broader

Hairs on antennae (Fig. 5),
peraeopods 1, 2, 4, etc., on
averagelonger and denser (more
tufts and more hairs per tuft)

Inhabits the upper end of
estuaries (roughly about the top
third of the estuarine zone) and
brackish waters oflow salinities.
In some areas can maintain
itself under pure fresh-water
conditions. Thus its salinity
tolerance is lower

Gnathopod 2 hand
of male

General setation

Habitat

G. z. salinus

Higher averagenumber . Average
pattern in samples from soutlJ,-
west England:

3'15 ,2'4 3'15
3'25 2'1 3'25
2'5 2'0 2'5

(total: 24'3)

On average more; the subapical

spine typically present, and
apical group nearly always with
three

In mature adults somewhat more
slender, as in G.locusta. Carpo-
podite of peraeopod 7 ratio
(in male) typically, 4'1-4'4

Normally a little more elongate
and parallel-sided

On average sparser and shorter
(but rather variable particularly
as between different localities)

Salinity tolerance higher. In-
habits the middle reaches of
estuaries where the salinity
fluctuation is greatest, mingling
with G. locusta at the seaward
end, and with G. z. zaddachi
towards the river end. Cannot
tolerate fresh water

General setation

The typical subspecies tends generally to be more 'hairy' than salinus, both
with regard to number of tufts, numbet of hairs in each tuft, and to the length
of individual haiJ;s. (On any given limb or somatic plate one of these features
may be more relevant than the others.) It is now a matter of experience that
'hairiness' within a species of"Gammarus is subject to local variation (e.g. the
examples given for G.locusta, pp. 15-17, and similar behaviour in G. duebeni
could be quoted), some of which may well be phenotypic, though this has
still to be demonstrated experimentally. Indeed, there are some interesting
variations within both subspecies of zaddachi, as here delimitated, more
especially as between different areas or habitats. It is therefore necessary, on
a priori grounds, to be especially cautious in attributing too great a taxonomic
significance to differences in setation. On the other hand, the degree to which
variation occurs in well-defined species appears to be subject' to distinct

,
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limitations, and the general pattern and other features of the setation may
provide useful diagnostic characters. This statement is necessary in view of
Sexton's suggestion (e.g. 1942, p. 576) that characters affecting epidermal
outgrowths should be treated in a different category from' structural' cha-
racters (in which is included the shape of different parts and their relative

. proportions). From a purelymorphologicalstandpoint there seemsno necessity
for this opinion; while from a taxonomic approach it is enough to treat
characters on their merits. By this is meant that when setation characters are
found to present constant differences, these are of equal value with so-called
, structural' characters which show differences of comparable degree; while;
conversely, both' structural' and setation characters may equally be subject
to a degree of variation which renders them unreliable taxonomically.

The variation in general' hairiness' in G. zaddachi is known to be great,
decidedly greater than in related species. But the range of habitats is also
unusual, especiallywith regard to salinity. Sexton(1912,1942)has emphasized
the close correlation between the development of hairs and the salinity
of the habitat, the hairiest examples having been found in fresh water,
and the most glabrous in estuaries or brackish lagoons. Her interesting
observations serve at least as a warning that variation in hairiness may be
mainly phenotypic.
, However, new light has been thrown on this subject by detailed study of
zaddachi populations from Britain, where the difference between the more
extreme hairy and hair-deficient~dividua1s is comparable with that found on

, the continent. For the first time field study has been supplemented by experi-
mental data. Present conclusions can be summarized as follows. (1) The
variation in hairiness is not strictly continuous" but centres round two main
types-representing the two subspecies as here defined. (2) The setation of
the hinder parts of the animal shows a strong discontinuity between the two
types, and provides a safe absolute means of separating them. (3) Estuarine
populations of each subspecies, considered separately, fail to show any grading
of hairiness correlated with the salinity gradient. (4) Since, also, the two types
each retain their essential setation characters when reared at different salinities,
the variation must be far from wholly phenotypic. (5) Since the two types are
incapable of cross-breeding with each other, there is genetic difference between
them; and on this genetic difference part of the variation in hairiness, observed'
in the species as a whole, must depend.

The use of certain setation characters has thus proved justified. At the
same time it is necessary to be more precise than to consider hairiness of the
animal as a whole. Variation in the setation of the hinder peraeopods, especially
of the 5th, of the urosome, and of the telson, shows the greatest discontinuity,
and is of special taxonomic value. This will be described in the next section.
By contrast, the setation of the antennae (see Fig. 5), gnathopods, peraeopods 3
and 4, etc., while on the'averageshowingfewerand shorter hairs in salinus,is
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too variable in different populations of each subspecies to be of comparable
taxonomic value; though of potential importance in distinguishing some
geographicalor habitat forms. It is possible, for example,that the pure fresh-

, water populations may always be recognizable by a maximum development
, of hairs at the base of antenna 1 flagellum. '

Setation of peraeopod 7, urosome and telson

Sketches of peraeopod 7 for adult males of both subspecies are given in
Fig. 4. The essential features which, separate the two forms are as follows:

G. z. zaddachi. (1) Basal segment with a row of hairs posteriorly, often of
varying lengths, but with at least half of them distinctly long, often several
times longer than the intervals between successive hairs. The number increases
with the growth of the limb, but at comparable sizes this is somewhat greater
than that of the short setules in salinus. (2) The hair-tufts on the mero-, carpo-
and propodites are very conspicuous in the length and density of the hairs:
the longer hairs in each tuft are at least twice the length of the longest spines
of the associated group, and each tuft (excludiIig a few of the smallest) has at
least 5 hairs, usually 8 or more. The posterior tufts on thepropodite are at
least half the length of the propodite itself.

G. z. salinus. (1) The posterior margin of the basal segment is provided
only with short setules. These may be very short, or about as long as the
interval between successive setules, usually distinctly shorter than the intervals.
Normally they are more sparsely distributed than the hairs in the typical
subspecies. (2) On the more distal segments the spines are more evident,
partly because they tend to be somewhat longer, but chiefly because they are
not overshadowed by the hair tufts. The latter are much sparser, reduced to
1 or 2 hairs (at most 3 or 4), of which only a single hair here and there may
appreciably exceed the length of the associated spines. The posterior tufts on
the propodite are similarly reduced, usually to 1 or 2 short hairs, but when
less reduced the longest hair does not exceed one-third of the length of the
propodite itself.

The spines in salinus have been noted as longer, as a rule, but it is doubtful
whether the average number per group is greater.

Within each subspecies there is a limited amount of variation, as already
indicated. For example, in G. z. zaddachi, both the length of the hairs and
the density of the tufts appear to be at a maximum in the Hamburg fresh-water
population described by Sexton (1912; 1942, pI. ii, fig. 12), but these can be
matched by the 'hairiest' specimens found in British brackish waters. In
Britain the populations from the Tay and Tees estuaries are on the whole
distinctly' hairier' than those from South Devon estuaries. The hairs of the
latter, however, cannot be still further reduced by rearing in water of increased
salinity. It seems that in them the limit of variation towards reduction of hairs
in G. z. zaddachi has been reached.
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Fig. 4. Gammarus zaddachi, peraeopod 7 (coxopodite omitted). A, subspecies zaddachi, male
(no. 52), Comete creek, River Yealm, South Devon, 3. vi. 46 (from moult). B, female of
same, from the same sample (from moult). . C, subspecies salinus, male, 18 mm., River
Avon, South Devon, 14. v. 46.
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Fig. 5. Gammarus zaddachi, peduncle- of male antenna I; A-C, subspecies zaddachi, D-E,
subspecies salinus. A, St John's, River Tamar, 28. iii. 40, 18 mm. B, River Tees, 21 mm.
C, Coffiete creek, River Yealm, South Devon (from moult). D, River Severn, 23. vi. 39,
21 mm. E, River Avon, South Devon, 14. v. 46, 18 mm. F, River Tay, section IX. All
viewed from inside, except B, in which the .bases of the ventral tufts are shown as though
seen through the thickness of the segments. (Note, in F, that segments 2 and 3 are
relatively short compared with segment I, and the ventral hair tufts, of which there are
only two on segment I, are relatively sparse.t)

t This compares with the northern subspecies described by SegerstriHe on p. 226.
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Altogether the variation within each type.is not great, and would require
rather detailed statistical'smdy to demonstrate adequately. On the other hand,
there is a clear distinction between any adult individual of G. z. zaddachi and
any of G. z. salinus. For practical purposes the sketches illustrate the contrast
as well as any description can attempt.

In females the difference is comparable, but not so striking, as that described
for adult males, since the density of the' hairs in G. z. zaddachi (Fig. 4 B) is
not so great. But even in the youngest fen1ales and in the more advanced
immature stages a difference is perceptible. During later immaturity the
appearance of the first few hairs (which are short at this stage) on the posterior
margin of the basal segment is the first. character to distinguish the typical
subspecies from salinus.\

Peraeopod 6 shows very similar characteristics to peraeopod 7, but has been
less closely studied. There seems, however, to be rather more variation in its
setation, and it is certainly not so useful in separating the two subspecies among
younger animals.

As regards the urosome and telson, there is a comparable absolute dis-
tinction between the two subspecies, at least when the two parts are considered
together. In G. z. zaddachi the urosome dorsal spine groups each produce
a tuft oflong hairs which are at least half as long again as the spines themselves.
In each group there are at least two hairs for every spine present, often more.
In the telson the hairs are similarly long and numerous; the subapical spine
is nearly always absent and replaced by 2-5 long hairs; the apical hairs protrude
well beyond the spines and are usually numerous enough to be difficult to
count. In G. z. salinus the hairs are shorter and quite sparse: on the urosome
there are not more than one for each spine present, often less, and these do
not exceed the spines in length. On the telson only one or two of the apical
hairs -are apt to protrude a little beyond the spines. Elsewhere it is shown that
salinus tends to have more urosome spines (pp. 30-2). The same is true of
the telson. In a sense, then, spines tend to replace hairs on these body parts.

Accessory flagellum

To illustrate the small, but significant, difference in the number-of segments
in the accessory flagellum, some samples were counted from the Plymouth
area, and the results are given in Table II. The specimens are grouped in
2 mm. lengths, and the two subspecies compared. In each size group salinus'
shows an excess, which averages about 0'8, or nearly I segment more. The
difference is perhaps better expressed as a ratio between the means, this being
about 1'15:1. Thus young mature mal~ salinus have an average excess of 0'6,
and the largest of at least I'q.

A similar contrast has been observed in samples from other parts of the
British Isles. In G. z. zaddachi a total of seven segments is the usual
maximum, while a total of nine is not rarely attained in large salinus.

\



Difference in the number of segments is reflected in difference. in length,
which can be made relative to another part of the body, and which is thus a
more serviceable character. The accessory flagellum is conveniently compared
with peduncle segment 2 (reference may be made to Fig. 5). In salinus the
two are of about equal length at the onset of maturity, but when the animal
is fully mature the flagellum is 25-35 % longer (as shown by micrometer
measurements). In the typical subspecies the flagellum is distinctly the shorter
at onset of maturity, and increases' only to 96-105 %, or so, with age. At the
start, in British brackish-water animals, it is some 75-85 %, soon increasing
to the region of 100 %; but in four well-grown fresh-water males from Ham-
burg and Bremerhaven (E. W. Sexton ColI.) values fall between 59 and 80%
only, while comparably short flagella were observed in a sample from Swine-
miinde, Prussia (Copenhagen Mus. ColI.). It is possible therefore that a
greater contrast in this character difference may be found on the continent.

In females the contrast is very much less, at least in Britain. Those of
G. z. salinus seldom have an accessory flagellum appreciably longer than
peduncle segment 2.

"'---
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TABLE II. NUMBER OF SEGMENTSIN MALE ACCESSORYFLAGELLUM

G. z. zaddachi
, A

No. of segments
Size Mean ( ----A---

group length Mean Total
(mm.) (mm.) 4 5 6 7 no. specimens

20 19'7 - - I 2 6'7 3
18 18'1 - - 5 5 6'5 10
16 15'9 - 2 4 4 6'2 10
14 13'7 - 9 23 - 5'7 32
12 12'2 7t 19 5t - 4'9 32
10 10'0 16t 8 t - 4'4 25
8 8'4 3 - - - 4'0 3

lIS
G. z. salinus

-/-
No. of segments

Size Mean (
A

\

group length Mean Total
(mm,) (mm.) 4 5 6 7 8 9 no. specimens

20 19'5 - - - - 2 I 8'3 3
18 18'3 - - - 2 6 - 7'8 8
16 15'7 - - I 10 I - 7'0 12
14 13'8 - - II is I - 6'4 27
12 II.8 - 12 25 4 - - 5.8 41
10 10'1 I 31t 6t - - - 5'1 39
8 8'4 5t 8 - It - - - 4'7 IS

145

N,B, Half-values are given when right and left sides are different, or when a segment is
nearly but not completely divided.
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Uropod 3 inner ramus

In British populations there is normally a visible difference in the relative
, length of the inner ramusof uropod 3, whichtends to be longerin salinus.

It is convenientlycompared with the length of segment 1 of the outer ramus.
In the data quoted, the uropods weremounted in chloralmedium and measured
with a micrometer in units of 1/75 rom. The standard end-points of the
measurements are shown in Fig. 6 D. The length of the outer ramus of

A D

,

c

B

Fig. 6. Examples of the posterior distal angle of epimeron 3, right side, in (A) Gammarus
zaddachi zaddachi, (B) G. ,zaddachi salinus and (C) G. locusta sens.str. (D) G. zaddachi
salinus, male uropod 3, with setae omitted, showing the end-points of measurements on
the inner ramus (l.R.) and the first segment of the outer ramus (O.R. seg. I).\

segment 1 gives an absolute length measurement which (unless the limb is
regenerating) is a close index of the size of the animal: it averages 1/7'5 the
bQdylength (measured from head to apex of telson). The length of the inner
ramus is expressed as a proportion of it.

In Taple III the total results for adult males from south-west Devon are
compared. The G. z. zaddachi animals were taken from samples from the
Rivers Tamar, Tavy, Plym, Erme, and their branches; the salinus animals
from the Avon, and from the Tamar and its branches. Only animals in which
the outer ramus segment 1 was at least lIO units (1'47 rom.) are included.

~~
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TABLE"III. RELATIVE LENGTH OF DROPOD 3 INNER RAMus.
G. ZADDACHI FROM SOUTH-WEST DEVON

Ratio length of inner ramus to that of outer ramus segment I

G. z. zaddachi
G. z. salinus

0,66 0'67 0'68
239

0'69 0'70 0'71

3 9 13

0'72 0'73

16 14

0'74

15

G. z. zaddachi
G. z. salinus

0'75
3

0'76 0'77
I

0'780'79 0,80 0.81 0.82 0.83

10 5

II

G. z. zaddachi
G. z. salinus

0'84 0'85 0'92

G. z. zaddachi
G. z. salinus

The ~ean for the typical form, 71'8%, compares with 83'0% for salinus.
The overlap is small, and is smaller still when specimensof the same size are
compared, as there is a tendency for the ratio to increase slightly \Vithage.

If the data in Table III are split up according to localities,good uniformity
in the component samples is shown. There is no significantdifference in the
localities involved in each set (Table IV).

TABLE IV. INNER RAMus RATIOS

Maturing males, represented in size groups 78-109 units, show a com-
parable difference, though, owing to the heterogony taking place at this stage,
the ratio is somewhat lower in each, and the variation is greater (Table V).

TABLE V. INNER RAMus RATIO IN MATURING MALES

G. z. zaddachi
G. z. salinus

,n

28

56

Mean

0'7°0
0.808

S.D.

:t 0'0367
:to'0465

The degree to which, after maturity, the ratio 'mayalter with increased size
is indicated by the figures in Table, VI. There is a definite trend for a small
increase which is not altogether negligible.

2 I I I
I 5 4 II 17 8

0,86 0.87 0,88 0'89 0'90 0'91- - - - - -
6 4 4 6 - I

Total Mean S.D.

93 0'718 :t 0'0272
93 0'830 :to'0316

Localities for Localities for
G. z. zaddachi n Mean G. z. salinm n Mean

R. Tamar, St John's 25 0'723 R. Tamar, Weirquay 7 0.824
R. Plym 29 0'716 R. Tamar, Cargreen 26 0.831
R. Erme 22 0'710 R. Tamar, Tamerton Lake 21 0.829
Misc. (R. Tavy, Tamar, 17 0'727 R. Tamar, Emesettle 19 0'824

Yealm) R. Avon 20 0.836
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TABLE VI. INNER RAMus RATIO AT DIFFERENT SIZES

Among other measurements on British G. z. zaddachi are the following.
Ten specimensfrom the River Char at Charmouth, Dorset, all in the 135-159
group, give a mean of 0'726, conforming with the South Devon samples.
A somewhat higher mean of 0'749 is given by a sample of 15 (of various sizes)
from Appledore, North Devon. Too great stress is not laid on the exactvalues
of the means, which may well vary a little in different areas: the significant
fact is that an appreciable difference is maintained between G. z. zaddachi
and G. z. salinus.

The contrast, however, may be appreciably less on the continent. From
ten males of the fresh-water population of G. z. zaddachi(nine from Hamburg
Wasserleitung and one from Bremerhaven), whose uropods were mounted by,
Mrs Sexton, the following results were obtained:

Size group n Mean ratio
I6o-I99 4 0'794
I35-I59 2 0.802
rro-I34 I 0'76
96-I09 3 0'758

I also observed that some of the specimens of G. z. zaddachi from Denmark
(Copenhagen Mus. Coll., kindly lent by Dr K. Stephens en) appeared to have
a longer inner ramus than is usual in British material. There is no evidence
that salinus gives a comparably higher value.

Urosome dorsal spines

The pattern of the spine groups on the dorsal surface of the three urosome
segments is usually given in descriptive works as a 'spine formula', in the
form of the following example:

3: 2: 3
3:2:3
2:2:2

where the top row represents the number of spines in the left, centre, and
right groups of segment I, the second row those of segment 2, and the third
of segment 3. The example given is that recognized as rather characteristic
of'G. zaddachi (e.g. Sexton, 1942,p. 600).

The above numbers are good central values for the species, but there is a
marked variation in both directions for most of the groups. Even if full

Size group
(length outer ramus G. z. zaddachi G. z. salinus
segment I in I/75

mm. units) n Mean n Mean
Over 200 I (0'73) - -
I6o-I99 I7 0'728 I4 0'842
I35-I59 29 0'729 28 0,836
rro-I34 46 0'709 5I 0'825
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allowance is made for loss of spines through damage, there is frequently a
differencebetween the numbers on the two sides of the body. As will be seen,
the formula given above is virtually a minimum for G. z. salinus, and a
maximumfor G. z. zaddachi. .

For G. z. zaddachi counts have been made on 81 males from the following
localities: River Tavy, South Devon (8); RiverPlym, South Devon (47); River
Char, Dorset (10); River Severn (16). The average values for the different
groups tend to be similar in the four component samples, and there is no
appreciable change with the size of the animal, so the total averages can be
taken as representative. These are:

2'15 : 2'01 : 2'15
2'50: 1'99: 2'44
2'05: 1'98: 2'05

The centre groups of all three segments and the lateral groups of segment 3
have nearly a constant number of 2 spines, quite rarely I or 3, The lateral
groups of segment I have usually 2, sometimes 3; and for segment 2 there.
are 2 or 3 about equally frequently: either may rarely have I or 4. .

The total number of spines ranges from 13 to 23, 80% ofindividualsh~ving
18 to 21. The mean value for the sample is 19'4.

By contrast, G. z, salinus shows a strong tendency to increased values, but
individuals vary much. A sample of 20 from the River Avon, South Devon,
gave the following averages:

3'1 : 2'3 : 3'15
3'05 : 2'1 : 3'4
2'4 : 2'0 : 2'5

Total spines: range 21-28, most frequently 22-25; mean value 24'0.

One of 16 from the Severn Estuary gave: .

3'23 : 3'08 : 3'23
3'38 : 2'38 : 3,62
2'69 : 2'00 : 2,62

Total spines: range 20-34, most frequently 23-28; mean value 26'3.

The Severn population has the spines noticeably well developed, and the
averages are probably higher than usual. The Avon sample appears to be
more typical of salinus as a whole, judging from notes which have been made
on other samples. .

In salinus the central groups are usually not uniformly 2-2-2, as in the
typical form, a constant value of 2 being found only for the third segment. The
second segment centre group, though most often 2, is sometimes 3; while the
anterior group is more frequently 3 and may be as high as 5. The lateral groups
show a still greater average difference: segment I has most often 3, sometimes 4,

..
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rarely 2 or 5 (as against usually 2, sometimes 3); segment2 has much the
same, except 4 is more frequent (as against 2 or 3 equally frequent); segment 3
values of.2 and 3 about equally frequent (as against a nearly constant value
of 2). The total number of spines ranges between 20 and 34 (compared with
13-23), but relativelylowvalues, such as 22 and 24, are common. The mean
of 24 compares with 19.4 in G. z. zaddachi. .

This character difference appears to be shown equally in both sexes, and
to hold for both British and continental material.

Presence of calceoli in the female

The peculiar organs known asca1ceoli,which occur on the more pr.oximal
segments of antenna 2 flagellum(see, for example, Sexton, 1942,p. 598, and
pI. i, figs. 2, 3), are present in many Gammarusmales. For example, they
occur in the males of G. locusta,G. sp. (northern' locusta'), G. setosus,G. wil-'
kitzkii, G. zaddachi,G. duebeniand G.pulex; but they are absent in G. tigrinus
and G. chevreuxi.The presence of ca1ceoliseems usually to be a male charac-
teristic; though Sextonhas not regarded it as such in G. zaddachi,and recently
the writer has observedca1ceoliin femalesof G. setosusand G. wilkitzkii
(probably a constant feature in these two species).

The position in G. zaddachiproves to be unusual, for ca1ceolimayor may
not be present in the female. The organs are, indeed, often developed in
females of G. zaddachi salinus, though they may not begin to appear until
after maturity; and they may be completely lacking, even in the largest and
oldest individuals. On the other hand, in G. z. zaddachi,no females bearing
ca1ceolihave so far been observed. While this feature seems to merit further
investigation, it is probably safe to say that there is a significant difference
between the tw.o subspecies in the tendency for the females to bear
ca1ceoli.

Habitat

The rather pronounced differencein the optimum environment and limits
of range can be expressed quite satisfactorily in terms of salinity.. Detailed

. discussion is deferred until the full ecologicaldata have been presented. To'
. summarize briefly, G. z. salinus,hi Britain, inhabits brackish waters of various

intermediate salinitieswith a general mean value of about 170/00.The middle
reaches of estuaries which do not show too steep a salinity gradient provide
habitats where the densest British populations have been found. It is here
that the greatest range of salinity fluctuation in the estuary occurs, both
diurnal, between high and low water, and periodic, between spring and neap
tides; and it is here that the variety of the fauna is at a minimum. But daily
fluctuation on its own is not an essential factor, as may be witnessed by the
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flourishing population towards the mouth of the River Severo. In Britain it -
is difficult to find brackish lagoons comparable with, for example, Frisches
Haff, in Danzig Bay, and no British populations from a habitat of this kind
have been observed. The limits of range have therefore to be defined in terms
of estuarip.econditions.

At the seaward limit of its range it persists so long as there is an appreciable
lowering of salinity at high water. It seemsnot to tolerate a mean high-water
salinity of more than 310/00' even though the low-water value is much less.
At the other end, it disappears when there is too much fresh-water influence
at low water, that is when the mean low-water salinity is between I and 40/00.

G. z. zaddachi has an optimum where the low-water salinity is quite fresh
or below 10/00' but where a marked rise of salinity occurs at high water. Its
estuarinelimitis roughlydefinedby a meanlow-watersalinityof 50/00' with
a mean high-water salinity of 10to 150/00' At the river end, it may penetrate
for severalhundred yards, or evenmiles, into permanent fresh water, but here,
in most British rivers and streams, it fails to reproduce. On the other hand,
in some areas (e.g. north Irish lakes, River Elbe) it is capable of breeding
and flourishing in pure fresh-water environments. The species as a whole
show~a marked preference for waters with good currents, and is clearly riot
so tolerant of stagnant water as is G. chevreuxiand G. duebeni.

The localitieswhich provide conditions suitable for G. z. salinus(in Britain
very largely limited to estuaries of rivers) are less numerous than for G. z.
zaddachi. Nearly every river (and most streams flowing on to the shore)
provides, at the head of its estuary (or near high-water mark at its inflow),
a region in which G. z. zaddachi can exist. On the other hand, in the tidal
zone of streams, or in the estuaries of some rivers, the mean salinity gradient
may be too steep to provide living space for salinus. Under these conditions

, population samples show G. locustagiving place to G. z. zaddachi with. a
narrow zone of overlap in which the Gammarus population is sparse.

Constancy of character differences

The separation of the tWo subspecies, as described above, is justified on
morphological grounds alone, since individuals can always be "placedin 'one
or other category. It is important, however, to be able to present confirmatory
evidence from experimental data. This can be done. Laboratory observations
will be described in necessary detail in a later section of this work, but some
main results may be summarized at this stage. In one set of experiments, the .

effect has been tested of rearing G. z. zaddachi in salinitieshigher than those
of its normal habitat, e.g. 14,17'5,240/00'etc. If anyof the characterdifferences
found between G. z. salinusand the typical subspecies are simply the direct
effect of differences in the environment, it is in salinity differences that the
major effects can orily be sought, as indeed Sexton has strongly suggested.
Even the mere difference between the equable laboratory environment and

JOURN. MAR.BIOL. ASSOC.vol. XXVII, 1947
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the fluctuating conditions of the natural habitat might alter characters. The
results so far obtained show complete absence of such effects.The FI genera-
tion retains the same degree of hairiness, etc., possessed by its parents, even
when reared at 240/00salinity. Even an F2animal, reared to late immaturity in
pure sea water, as were its parents, was found to retain characters diagnostic
of its type. These results are consistent with the field observations that the
two forms.retain their type characters in the zone where their populations
overlap; and that within the range of each of them there is no evident gradation
of lesser variations from the fresher to the salter end. It is also noteworthy
that G. z. salinusfrom the Baltic coast of Germany, living at more or less
constant salinitiesof 7-8 0/00' or less, shares the same type characters as those
from British estuaries with salinity fluctuating around 170/00' and laboratory-
reared animals kept at a constant salinity of 27 0/00. It is clear that phenotypic
variation due to salinity differences can at best be of very limited extent.
Results obtained by Hafken (1937) with G. zaddachi from the West Baltic
had already pointed to this conclusion.

Intersterility
A further, and most significant, piece of experimental evidence comes from

breeding experiments which were at first designed to test the genetic relations of
the two types by crossing. Results obtained in 1938 have been amply con-
firmed by a more extensive and detailed experiment carried out in 1946. It is
conclusIvely shown that, under conditions in which both subspecies breed freely
and normally (e.g. in 140/00 salinity in bowls), they are incapable of producing
fertile eggs with one another, whichever way the cross is made. They also mate
(i.e. form pairs) less readily with each other than with their own kind. This
(a) shows that there is important genetic difference between the two types, to
which their character differences must be attributed, at least in some measure; ,

(b) explains completely how it comes about that the populations remain dis-
tinguishable in nature even in the zone where individuals of both mix freely.

The question immediqtely arises whether sterility may not be prevalent
among different populations of the same subspecies, in view particularly of
the isolation which occurs between populations of neighbouring watersheds.
So far as present information goes, there is no evidence for this, though tests
with animals from widely separated areas have yet to be made. For instance,
G. .z. salinus from the River Avon, South Devon, breed normally with those
from the River Tamar. G. z. zaddachi from Weymouth, Dorset, proved fertile
with others from the River ErmeandRiver Yealm, South Devon; while others of
this subspecies from several South Devon localities have been bred together.

Genotypic versus phenotypic variation
The r~sults obtained up to now in the study of variation in Gammarus

zaddachi thus contain an element of surprise. From the evidence brought
forward in existing literature, it was at least to be expected that evidence of
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environmental variation would be quickly forthcoming, and that no taxonomic
division of the species would prove possible. Yet positive proof has been found
for genetical differentiation, in that there are (at least) two main intersterile
subdivisions of the species; whereas no positive evidence for phenotypic
differentiation can yet be given.

It seems that more attention must be given to the possibility of different
genetic types within the species, and that where differences are found in the
characters of two populations these are not necessarily, or even probably,
phenotypic:, even if they show correlation with some definable environmental
factor. In Britain two main well-differentiated genetic types have been d~mon-
strated. Elsewhere there may be more than two of such' major types', equally
incapable of crossing with the typical subspecies and with salinus. If another.
such form exists, there is little chance that it would be absolutely distin-
guishable morphologically, and much closer statistical study might be necessary
to recognize it. If it happened to bridge the gap between G. z. zaddachi and
salinus an impression of continuous variation might be obtained; or if it closely
overlapped one of them, it might escape detection Until tested by breeding.

It would be useless to try completely to reconcile the picture presented by
Sexton with the present viewpoint, until the former is supported by the
necessary experimental observations. However, it is scarcely reasonable to
suppose that conditions in the River Elbe, for example, are essentially different
from those'in British rivers. It has yet to be proved, that, if re-examined in
the light of the character differences which hold good for British populations,
two major types cannot equally well be separate,d in Germany, even if the
variation within each is somewhat greater. The mystery of the' intermediates'
Sexton records is largely resolved by the discovery that these include G. z.
zaddachi with somewhat less dense hairs than in the Hamburg 'fresh-water'
population, especially on antenna I flagellum, but which characterize the. bulk
of the G. z. zaddachi population of south-west England.l Until proved
to the contrary it can only be assumed that the 'fresh-water' form plus
most of the' intermediates' of Sexton fall within the typical subspecies, while
the 'brackish water' form includes salinus.

The alternative possibility that the salinus types completely intergrade with
the typical form towards the more eastern part of the species' range, whereas
westwards, in Britain, they have ~ecome quite separate and genetically isolated,
provides an attractive solution to the problem. Though improbable, this may
yet be partially true and would not be without parallel among other animals.
But this conclusion would be of too great theoretical interest to be accepted so
long as the crucial experimental data for the continental populations is lacking.

1 According to Mrs Sexton, who has recently been kind enough to look over some of my
material, a large proportion of British G. z. zaddachi would be classed, in her original
terminology, as 'fresh-water intermediates', a few as the' fresh-water' form, or very nearly so,
and others as grading between the two. .

3-2
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t

Taxonomic status

The two major genetic types into which G. zaddachi has been divided
(without prejudice to the fact that others may exist or even that further sub-
division may be necessary),behave, for all practical purposes, as two distinct
species. Ecologicallythey can profitably be treated as such. The reasons for
not giving them specificrank are briefly as follows:

(r) Though separable on good visible differences in the development of
spines and hairs, supported by average differences in various other respects,
the twoforms are identical,or very closelysimilar,in structures whichnormally
show diagnostic specificcharacters, particularly the gnathopods, coxal plates,
relative size of antennal segments, etc. Also both have the diagnostic pattern
of hair tufts associatedwith G. zaddachi. Taxonomically, therefore, they are
closer than other species of the genus are to each other. If they were made
separate species, a dangerous precedent might be set for wholesale splitting
in other species.

(2) Some uncertainty still remains on the relation betWeenthe salinusand
typical forms in the eastern part of the range of zaddachi. Until this matter
is clearer, it is advisable to proceed cautiously.t
Separation from related species

G. z. salinushas been liable to confusion with G. locusta (sens.str.),with
which it mixes near the mouths of estuaries. They are very easily separated
in mixed samples, however, by the longer accesspry flagellum of locusta, its
relatively short segments 2+ 3 of antennar peduncle,whichhas verysparse
hairs, the more spreading and less graded hair-tufts of antenna 2, the more
greatly elevated urosome segments, the deeper and m9re rectangular ventral
half of coxal plate 4, the long uropod 3 inner ramus, etc. In adult males the
dia~ostic gnathopod 2 hands are alone sufficient. In adult females the hand
of gnathopod 2 of locustais notably elongate, easily more than twice as long
as broad (except in the youngest individuals), whereas in zaddachi it is easily
less than twice. Immatures of all sizes can be readily separated, if examined
when freshly killed, by the presence of reddish pigment spots on the peraeon
segments of locusta(absent in zaddachi); otherwise the more numerous hairs
on antenna r peduncle ventrally in zaddachi become evident at least by the
time the immature are half-grown.

G. z. zaddachi is further"distinguished from locustaby the abundance of
hairs on the hinder parts of the body (though the hairs on the distal segments
of peraeopod 7 are usually longer and more numerous in locusta than in
G. z. salinus).The habitats, however, are usually well separated.

It is, however, to G. duebenithat G. z. zaddachibears the closest superficial
resemblance, as older determinations often bear witness. Their habitats are

t This uncertainty has been largely removed by Segerstclle (pp. 236-40), who, all the
same, independently decided that zaddachi should not be split into separate species.
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liable to overlap, and mixed populations are collectedin somelocalities. Adult
males are at once separable on the form of the gnathopods: in duebenithe
hand of gnathopod 2 is scarcely longer than that of gnathopod I, while the
median palmar spine and the angle spines of gnathopod 2 form a continuous

~

I'-

Fig. 7. Gammarus duebeni, from Chelson ditches, near Plymouth, male gnathopod 2 hand.
One figured complete, and the distal part of six others with setae omitted, to show the
arrangement and form of the .palmar spines.

row (Fig. 7). All sizes of duebeni, particularly the immature and younger
adults, are separable at once by the shape of the basal segment of peraeopods
6 and 7 ;,theposterior distal angle protruding and lacking spines, though this
feature tends to be less evident in larger adults. In duebeni, moreover, the
setation of antenna I peduncle is sparser, that of antenna 2 more concentrated,
inbrush-like tufts; coxal plate 4 has a more rounded and U-shaped ventral
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expansion; the angles of theepimera are more nearly right angles; and the
whole body is distinctly less slender. Immatures can be satisfactorily dis-
tinguished, to the smallest sizes, on the strength of the produced distal angle
of peraeopod 7 basal segment.

G. chevreuxi, which is liable to occur in company with G. z. zaddachi, having
a very similar salinity tolerance, is readily distinguished by its smaller size,
the pronounced dense curled hairs of the male antenna 2, and the sparser,
less graded, antennal hairs of females and immature, and the sparsity of hairs
on the hinder part of the body. The shorter segment 2 of antenna I peduncle
is also quite evident.
Material examined

Samples marked by an asterisk will be reported on in greater detail sub-
sequently, when population analyses are discussed. Most of G. 1. Crawford's
collections (up to 1937), which have been kept at the Plymouth Laboratory,
refer to records published by Crawford (1936, 1937).

Abbreviations:E. W. S., Mrs E. W. Sexton; G. 1.c., G. 1. Crawford;
A. D. H., Prof.~. D. Hobson;colI.,collectedby; ColI.,collection.
G. Z. ZADDACHI

England and Wales. WESTCORNWALL:Gannel Estuary, 20. xi. 37, creek
at head of estuary, in saltingszone,mated pairsunder stones. EASTCORNWALL:
Camel Estuary, 5. v. 35, colI.G. J. c., Egloshayle,in river, with G. chevreuxi;
28. i. 4°, Trewornan, ~ in salting pool with G. chevreuxi. EASTCORNWALL
and SOUTHDEVON:Estuaries of Rivers Tamar, Lynher, and Tavy. River
Tamar, main channel; various samples* at different times, from the limit of
estuarine influence at Weir Head downstream to North Hooe, exceptionally
at Thorn Point; abundant at Weir Head, 3. vii. 38, but not breeding, and even
present in the river above the Weir where the water is permanently fresh;
from about CalStockdownwards overlapping with G. z. salinus. Whitsame
Creek, 12.vii. 35, and Kingsmill Lake, 2. viii. 35, colI. G. 1. C. Tamerton
Lake, 24. xi. 37, 28. iv. 38, 2. v. 38*; in upper half of main channel of creek,
mixing with G. chevreuxi, and towards middle overlapping G. z. salinus.
River Tavy, 19. v. 38, 19.vi. 38*; in main channel from Maristow Ford. up
to extreme ~imit of tidal influence, abundant, mixing with G. chevreuxi;
Maristow and Lopwell areas, main chann~l and adjacent brackish creeks,
3. vii. 35, coll. G. 1. C. River Tavy, Gnatham, 1937, E. W. S. Coll., some
large adults in a pool at about extremeH.w.level; Gnatham Creek, 28.vii. 38*,
in stream flowinginto tidal zone of estuary, mixing with G. chevreuxiin tidal
zone, and alonein fresh water abovetidal influence. St John's Lake,at extreme
upper end, in tributary stream by the road bridge, 18.xii. 37, 5. v. 38,
28. iii. 4°, 12.xi. 46*, plentiful when adequate cover available, mixing with
G. chevreuxi; sparingly further down channel in estuarine zone, meeting.
G. locusta. River Lynher: near St Germans, 25. vi. 38, coll. E. Percival,
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several, with two G. duebeni;SheviockWood, south end, 18. ii. 38, a number
in stomach of a sea-trout, colI.P. H. T. Hartley. SOUTHDEVON:River Plym:
in main channel at upper end of estuary, 2. vi. 38, 1. viii. 38*, from extreme
upper part of Laira Lake to the river above Marsh Mills, numerous, though
water milky with China Clay, mixing with Go'chevreuxi and overlapping
G. z. salinus. River Yealm, CoffieteCreek,at headof creeknear Spriddlestone,
19. xi. 37, 3. vi. 46*, plentiful, penetrating into fresh water and mixing with
G. pulex. River Erme, 1. i. 38, 18. ii. 39*, in main channel opposite Holbeton
and in three stations down the estuary, overlapping G. z. salinus; also in
brackish ditch behind an embankment. River Avon, 16.v. 38, 14.vi. 38,
8. i. 39, 1:4.v. 46*, in main channel from about half a mile below Aveton
Gifford up to near limit of estuarine influence, abundant, overlapping G. z.
salinus. Kingsbridge Estuary, Blapk's Mill Creek, 22. i. 39*, in three stations,
overlapping G. z. salinusin middle of creek, and G. pulex in fresh water of
stream above tidal influence. Dawlish, 21. vii. 35, colI. G. I. C:, in Copen-
hagen Mus. Coll., a number of dwarfed adults, breeding~ River Exe: 'Exeter',
R. Elmhirst ColI.,6 00 and I ~; CountessWeir, 21.vii.35, colI.G. I. c.,
several in main stream, 3 00 in tidal ditch; Powderham, brackish pond,
21. vii. 35, colI. G. I. c., numerous, mixing with G. duebeni; Topsham, tidal
zone of estuary, 24. x. 38*, several adults, overlapping G. locusta (G. z. salinus
absent). River Axe, 21. xi. 38*, in main channel above Axmouth, overlapping
G. z. salinus. NORTHDEVON:Torridge Estuary, 14. iii. 38, in brackish ditch
near Appledore, large sample. Taw Estuary, Caen River,. colI. G. I. c.,
3 specs. DORSET:River Char, 21. xi. 38*, in river just'above its fall over the
beach, large adults. The Fleet, 27. iii. 38, in brackish ditch near Langt{)n
Herring. River Weyand Radipole Lake, 2-10. ix. 38*, in several stations,
plentiful, though of small average size, in open water and in ditches, crowding
amongst tubes of Mercierella enigmatica and at rpots of Phragmites; Lodmoor,
Weymouth, ditches near sea sluice, iv. 28, sample of large adults, 26. xii. 37,
14. xi. 37, sparingly. HANTS:River Test, Totton Br., 7. xii. 35, colI. G. I. c.,
in British Mus. Coll. [1936.2. 12.95-99]. SEVERNESTUARY:In various
samples from the upper reaches of the main estuary, coll. R. Bassindale, as
reported in the' Studies on the Biology of the Bristol Channel' series, nos.
IV, VII, VIII and XI (Bassindale, 1941, 1942a, 1942b, 1943), recorded as
'zaddachi, typical variety, Spooner (in lit.)', corrected to 'Form C Sexton'; 1

in main channel and tidal zone of estuary from Aust (summer) or Sharpness
(winter) to Ashleworth Ferry, also at Kilve where a tributary fresh-water
stream flows over the tidal zone; overlapping G. z. salinus at Sharpness
(summer) and from Aust to Sharpness (winter), while above Epney showmg

1 The correction in Bassindale (1942b, p. 314), which was added when the writer was away
on war service, is now seen to have been superfl~ous. 'Typical variety' was the provisional
name given to G. z. zaddachi; and 'saline variety' to G. z. salinus, which in the Severn can .
be incompletely divided into two forms, A and B (see p. 42). The statement that intermediate
forms occur between Forms A and C (i.e. between the two subspecies) was incorrect.
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signs of inhibited growthanddevelopment,especiallyin winter. Essm{~
Benfleet,8. iii. 36, in two places,coll. G. 1. C. [British Mus. Coll., 1938.2. 16.
52-59]. Leigh-on-Sea, 28. vi. 36, colI. G. 1. C. [British Mus. Coll., do.].
NORFOLK:Stiffkey, 29. ix. 35, coll. G. 1. C. [British Mus. Coll., 1936.2. 12.
95--99]. DURHAMand NORTH-EASTYORKS:River Tees, Tees Survey collec-
tions (Alexanderet al., 1935),various samples from sections I, II, III, IV and
VIII, in main channel or tidal zone. See pp. 46, 51. CARMARTHENSHIRE:
,River TOWy,25.viii. 35, coll. G. 1. c., 'open stream through salting among
Enteromorpha', 9 ~~, 2 ~~, 8 imm., 'above a sluiceamong grass', 10~~, 9 ~~,
15imm. MERIONETHSHIRE:Aberdovey,at head of estuary, coll. E. E. Watkin,
,several~~. ANGLESEY:Lake Maltreath, brackish water, 27. iii. 4°, coll. J. B.
Cragg, 6 ~~, 1~. ISLEOFMAN: Castletown, Silver Burn, 7. ix. 38, colI.
G. 1. c., near mouth of fresh-water stream; flowibg into the sea, in three
stations, dwarfed. WESTMORLAND:River Gilpin, Sampool Br., 16. v. 38,
colI. P. H. T. Hartley, 7 ~~, 6 ~~, 12 imm., averagesize small.

Scotland. FIRTHOFTAY:River Tay, Tees Survey collections (Alexander
et al., 1935),identified from sections I, II, III, IV, VI, VIII, IX, X (see pp.
47-8, 52), small-sized from higher sectionswhere salinity very low or mainly
fresh water, in the'two lowest Sections overlapping G. z. salinus. AYRSHIRE:

, Fairlie Sands, 7. vi. 4°, colI.R. Elmhirst, in stream flowinginto tidal zone of
shore, overlapping G. duebeniat the fresh-water end, and G. z. salinusat the
seaward end of its range (see Scottish Marine BioI. Assoc., Annual Report,
1942-3, pp. n-I2). ARGYLLSHIRE:Oban district, coll. H. P. Moon: Gylen
Castle, I. viii. 39, 'stream flowingover beach, just above Enteromorphazone',
9 imm., with G. duebeni;Slatroch Bay, 12.viii. 39, 'stream across shore, about,
middle of bay, amongst Enteromorpha,associated with ephemerid Baetis',
2 ~~, 19 imm. INNERHEBRIDES:Skye, Kyleachin, 31. vii. 33, coll. R. Elm-
hirst, 'in shallowstagnant inlet of sea', ~~, ~~, imm., various sizes; 23.viii.39,
coll. H..P. Moon, 'point where stream flowsover beach, and into Enteromorpha
zone', 7 imm., in both samples mixed with G. duebeni. Isle of Muck, Port
Mor, A. D. H. Coll., in fresh-water stream on shore, 29. vii. 38, 3 ~~, I imm.
South Rona, vii and viii. 37, A. D. H. Coll., ill three streams flowingover the
shore, in tidal zone but not above mean H.W.(see Beadle & Cragg, 194°, as
zaddachi 'hairy' variety), mostly small sizes. Raasay, viii. 37, A. D. H. Coll.,
in stream flowing over shore, above H.W.,small ~ and imm.; Oskaig Salt
Marsh, 2 ~J, 6 imm., with G. duebeni.Mull, Kilbrenan Waterfall, 12.viii. 39,
coll. H. P. Moon, 'tidal pool at foot of waterfall, Pelvetia zone', 2,YOung~~,
23 imm.; Enteromorphazone" I young ~, 3 imm. OUTERHEBRIDES:South
Uist, 1.viii. 32, R. Elmhirst ColI., Loch Bee, several, mostly males, not fully
mature and dwarfed. North Uist, R. Elmhirst Coll.~18.vii. 33, Loch Obisary,
brackish, several small-sized adults; 24. vii. 33, Sollas, stream from Loch
Sandary, I imm.; 28. vii. 33, Loch an Sticar, adults and imm. Harris, near
Tarbert, coll. H; P. Moon, 72. viii. 39, Glen Lingadale Burn, Enteromorpha
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zone, 10 33, 3 Sj2Sj2(breeding), 3 imm.; 20. viii. 39, Laxadal~ River, Entera-
morpha zone, 17 33, mostly young, 24 young Sj2Sj2 and imm. ORKNEYS:
R. Elmhirst CoIl., 'W. of Douglas Hill, upstream, amongst green alga and
stonefly larvae, fresh water', 8 imm., including 2 developing 3 characters.

Ireland. SOUTHKERRY:Kenmare, 23.vii. 38, coIl.G.I. c., small brackish
stream,233, I Sj2 (withoneG.z. salinus).Glenbehy,21.vii.38,colI.G. I. C.,
brackish ditch, among Fucus, 6 33, I imm., in Enteramarpha,a number of
smaller sizes (with G. duebeni). DUBLIN:River Liffey, at Kingsbridge,
17. vii. 38, coIl. G. I. C., just below limit of tidal influence,S 33, 16 Sj2Sj2and
imm. (with G. duebeni). COUNTYDOWN:The Kinnegar, Holyw;ood,coIl.
R. Macdonald, 'from a large drain inside the embankment', 6 33, 4 Sj2Sj2,
10 imm., of very small size (E. W. S. CoIl.); 3 and Sj2,12. i. 36, same locality
and captor (Copenhagen Mus. CoIl.).

Belgium. Schelde Estuary, below Antwerp: Lillo, 'stream along road
from Stabroeck', 15.v. 36,4 33; Liefkenshoeck; 15.v. 36,4 33, 9 Sj2Sj2,2 imm.;
Copenhagen Mus. CoIl. (ex Brussels Mus. ColI.). .

Germany. RIVERELBE:Hamburg Wasserleitung (conduits connected with
former water supply), E. W. S. CoIl., series of mounted parts of three males,
and mounts of uropod 3 of six others, typical' fresh-water' form, teste E. W. S.
RIVERWESER:Bremerhaven, 12. v. 94, E. W. S. CoIl., series of mounted parts
oflarge 3, 'fresh-water' form; 10. xi. 12, R. Elmhlrst CoIl. (ex E. W. S. CoIl.),
large 3. (Examples of original material described by Sexton, 1912, 1942.)

. PRUSSIA:Swinemiinde,5 33, Copenhagen Mus. CoIl. (from Prof. A. Schellen-
berg, Zool. Mus. Berlin), 'Gammarus lacusta f. zaddachi, typische form:
A. Schellenberg det.' E. PRUSSIA:Danzig, Messina See, brackish water,
3 and Sj2,Copenhagen Mus. CoIl. (R. Lucks, Marienburg, cal. et ded.).

Denmark. Samples from Copenhagen Mus. ColI. WESTJUTLAND:Aagab
(Holmsland), Ringkobing Fjord, coIl. K. O. Leith, 7. vii. 42, one smallish 3.
Vondaa, between Heager and Kloster, coIl. K. O. Leith, 27. vii. 42, 8 33,
7 Sj2Sj2,2 imm., breeding, abnormally dwarfed. SOUTH-WESTJUTLAND:Maade,
3 km. east of Esbjerg, 24. iv. 43, colI. E. Pedersen and K. O. Leith, Sj2 and imm:
NORTH-EASTJUTLAND:Randersfjord, Uggelhuse, near Bridden Thor, 19. v. 17,
I imm. NORTH-WESTZEALAND:Lammefjordssoen, to 3 m., 3.v. 23, I 3
(Dansk. BioI. Sta. ded.).

G. Z. SALINUS

England and Wales. EASTCORNWALLand SOUTHDEVON:Estuary of
River Tamar, and its tributaries River Lynher and River Tavy. River Tamar,
main channel, various samples* from Saltash upwards to Calstock, over-
lapping G. lacusta from Saltash to Cargreen (winter) or from Junction of
Tavy to above Weirquay (summer), and at the upper end of its range over-

. lapping G. z. zaddachi from near Weirquay upwards (winter) or from near
North Hooe upwards (summer); absent from St John's Lake. Tamerton Lake,
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28. iv. 38, 2. v. 38*, in main channeJ, overlapping G. locusta, G. z. zaddachi
ang. G. chevreuxi. River Lynher, Sconner Creek, coIl. G. 1. c., 6. vi. 35,
young .cJand imm. River Tavy, 19.v. 38, 28. vii. 38, from junction with the .
Tamar to Maristow Ford, in open part of estuary, overlapping G. locustaand
G. z. zaddachi. SOUTHDEVON:River Plym, 2 and 28. vi. 38, 17. i. 46, in
main channel and tidal zone, from near south end of Laira Lake to below
Marsh Mills road bridge, plentiful, overlapping G. locusta, G. z. zaddachi
and G. chevreuxi;Chelson Sluice, 23. xi. 45, 2 ~~. River Yealm, in estuary
near Steerpoint station, iV.4°, overlapping G. locusta (apparently absent
Coffiete Creek). River Erme, I. i. 38, 18. ii. 39, 5. iii. 39, from near estuary
mouth to just below Holbeton, in main channel and tidal zone, plentiful,
overlapping G. locustaand G. z. zaddachi. River Avon, 16.v. 38, 16.vi. 38,
8. i. 39, 14. v. 46, in main channel and tidal zone from near Bantham to a
little below Aveton Gifford, abundant, especially in clusters of fucoid algae,
as usual overlapping G. locustain one direction and G. z. zaddachi in the
other, with a long stretch of 'pure' population in the middle of its range.
Kingsbridge Estuary, Blank's Mill creek, 22. i. 39, in channel and tidal zone.
River Axe, 2I. xi. 38, above Axmouth, overlapping G. z. zaddachi. DORSET:
River Frome, Wareham, coIl. G. 1. c., 2. ix. 35, 2 imm. SEVERNESTUARY:
In various samples from Bristol Channel coast and Severn Estuary, colI.
R. Bassindale(see referencesgiven on p. 39 and the attached footnote), from
at least Blue Anchor (winter) and Kilve (summer) upwards to Sharpness;
the population tending to be dimorphic, the recorded ' Variety A' agreeing
with G. z. salinusfrom other estuaries, while the more abundant 'Variety B',
distinguished by its small eyes, and its unusually long hairs and spines, has
been observed only from this estuary; the two varieties not alwayscompletely
separable, and occurring throughout the range of the subspecies; occurrences
correctly reported in Bassindale (1941); as elsewhere, overlapping G. z.
locustaat the seaward end of its range (Blue Anchor to Weston) and G. z.
zaddachi at the other end (Aust to Sharpness). LINCS:River WeIland, near
Holbeach, main dyke running into the river near Holbeach, 20. vii. 39, colI.
M. L. Rothschild, 2 cJcJ,2 imm. NORTHUMBERLi\ND:Blyth, 'ditch from salt-
pans', 4. vii. 34, A. D. H. CoIl., 3 n, breeding, with G. locusta. Wansbeck,
9. iv. 35, A. D. H. ColI., 'below railway bridge, among Fucus in stream',
9 cJcJ,10 n, 3 imm. .

Scotland. AYRSHIRE:Fairlie Sands, 7. vi. 4°, colI. R. Elmhirst, in stream
flowing over tidal zone of shore, overlapping G. z. zaddachi (see Scottish
Marine BioI. Assoc;, Annual Report, 1942-3, pp. rr-I2). CLYDEISLES:
Cumbrae, east of Keppel Pier, near Lion Rock, shore near L.W., 16. ii. 43,
2 large cJcJ. ARGYLLSHIRE:Clachan Strand, 2. vi. 35, 'under weed',
A. D. H. CoIl., young cJ (with G. locusta and M. marinus).

Ireland. SOUTHKERRY:Kenmare, 23. vii. 38, colI. G. 1. c., small brackish
stream, I cJ (with G. z. zaddachi).
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Germany. RIVERWESER:BremerIiaven,Alter Hafen, Dec. 19II, Herr Klie;
E. W. S. Coli., series of mounted parts of young adult, figured by Sexton,
1912, and a few immature specimens (types).

Denmark. SOUTHZEALAND:Stege Nor, opposite Kirkegrund, 25. vii. 29,
I young 6, Copenhagen Mus. Coli. (E. Poulsen deJ.).

The following examples, originally identified with salinus, are separable
on characters of the antenna I peduncle (Fig. 5F), and by the somewhat
more angularly elevated urosome segments. Apart from their relatively
small size, they approach very close to the northern G. 'locusta'.t Amongst
them is a female specimen, from Raasay, which is unusually large for a
British zaddachi (21'mm.). Amongst characters shared with salinus are. all
those in which the latter differs from zaddachi typical. It is possible that
the Cumbrae specimens recorded above should also be included in this
category.

Scotland. FIRTH OF TAY: Tees Survey collections (Alexander et al.,
1935), in sections IX and X of the estuary (see pp. 48, 52). INNER
HEBRIDES:South Rona, vii and viii. 37, A. D. H. Coli., in stream flowingover
shore, well below H.W.,6 and imm. -(Beadle & Cragg, 194°, as 'zaddachi,
hairless var.'). Raasay, vii and viii. 37, A. D. H. Coli., in stream flowingover
shore between tide-marks, 6 66, I ~, II imm.

Germany. EASTPRUSSIA:Rauschen, Konigsberg, series of mounted
parts of adult 6 and ~, E. W. S. Coli. (see Sexton, 1912, 1913).

REVISION OF PUBLISHED IDENTIFICATIONS

Fauna of Tamar and Lynher (Percival, 1929)

The faunistic survey o(the Tamar estuary, and its branch the Lynher, carried
out by Percival in 1928, has been frequently quoted in comparisons with other
estuaries. It is necessary that his statements concerning the Gammarus fauna
(Percival, 1929, pp. 92-3, 1°3) should be corrected in the light of present
knowledge.

A small reference collection was left by Percival in the Plymouth Laboratory.
This, unfortunately, was unknown to Crawford (1936, 1937), and overlooked
by Sexton (1942).

. Percival did not submit his Gammarids to a specialist for confirmation.
This might have seemed unnecessary, as at the time the choice of species
apparently lay simply between G. locusta and G. duebeni. As a result
G. zaddachi was completely overlooked, and G. chevreuxi (at the time known
only from Chelson Meadows ditches) missed.

G. locusta. Though no specimens were preserved, it is quite dear, as
Crawford suspected, that Percival included G. zaddachi salinus in this category.

t Both are now to be included in Segerstrale's third subspecies of zaddachi (pp. 223 et seq ).
This form would appear to replace salinus in north Scotland, and so raises a new problem.
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The upper limit at Morwell Rocks is in fact rather higher than the point
. reached by salinus in June 1938, but might well represent the extreme upper

limit of that form in a dry summer. The true upper limits of locusta are found
to be at the bend above Weirquay in an average summer, and at Cargreen in
the winter. This applies to the region of low water: the species penetr~tes a
little higher in the upper half of the tidal zone. '-

G. duebeni. This species is not a normal inhabitant of the main stream of
the estuary, but is virtually confined to backwaters and side channels, e.g. pools
near high-water level fed by fresh-water seepage~ salting pools, ditches
separated from the river by sluices, etc. The form recorded as 'duebeni' by
Percival in the Tamar 'from Cothele Woods to Weir Head' is really G. z.
zaddachi. Its summer range is thus quite accurately described, and, as Percival
noted, it swarms amongst moss at Weir Head. Similarly this is the form which
frequents the Lynher 'from Sheviock Wood to Tideford', as is proved by a
preserved sample, labelled' G. duebeni, R. Lynher,near St Geqnans, 25. vi. 28 '.
This sample contained 8 66, 5 ~~ and I imm. G. z. zaddachi, as well as one
large 6 and one small ~ G. duebeni.

No comment is necessary on the range of M~rinogammarus marinus, there
being good agreement with later observations. , It should be emphasized that
the population of this species is concentrated in the region of high-water
neaps, and usually the species is quite absent from the low-water region,
unless the gradient of the intertidal zone is steep.

Amongst other crustaceans in Percival's samples which have been examined
are the following:

Sphaeroma serratum F. Wyvlescombe Lake, River Lynher, 22. viii. 28,
confirmed correct. .

SphaeromarugicaudaLeach. River Tiddy and Marsh, 25. vi. 28. 5 66,
5 ~~, confirmed correct. \

Jassa falcata (Montagu). R. Lynher, 20. vii. 28, 2 66 of. form with
large gnathopod hands. Hamoaze, 19. vii. 28, on no. 15 Buoy, 2 66, 2 ~~
(recorded as Podocerus odontonyx Sars).

Cyathura carinata (Kroyer). As Crawford (1936, p. 37) rightly suspected,
Percival's records for Anthura gracilis Montagu really refer to this species.
Specimens from Rat Island, 3°. viii. 28, were preserved.

Collections by G. 1. Crawford and others

Subsequent to the discovery of G. zaddachi in Britain, estuarine collections
of gammarids have been given deserved critical attention. Recent records
from the south-west, published by Serventy (1935), Crawford (1936, 1937),
Milne (1940), Spooner and Moore (1940), require no further qualifications,
except in one respect. In the various records of G. zaddachi distinction has

. to be drawn between the two subspecies.
Serventy (1935) first recorded the occurrence of the species in the Tamar,
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from collections made at Pentillie Quay, Whitsam, and at a point one mile
below Calstockin March 1934.Two tubes of Serventy's specimenshave been
examined: one labelled Pentillie Quay, and the other without locality label.
Both contain G. z. salinus,the former 6 ~~, 5 ~~ and 7 imm., the latter many
of various sizes.

Mr G. l.' Crawford added much to our knowledge of the distribution of
Amphipoda in the west. Most of his preserved collections remain at the
Plymouth Laboratory, and it has been possible to re-examine nearly all the
G. zaddachi he records (Crawford, 1936,p. 102; 1937, pp. 650-60). .

From Rivers Tavy, Tamar and Lynher (p. 650), the following records refer
to G. z.salinus: ..

Rat Island, low water, 31. v. 35, 2 imm. amongst G. locusta.
Neal (or Nellie) Point, 2. viii. 35, on buoy, a number, mostly nand imm.
Crosspark Wood, 3. ix. 35, among Obelaria gelatinosa at low water, small ~

and imm. "
Lynher, Sconner Creek, 6. vi. 35, west bank among Fucus, young ~ and

several imm.
I

'The following refer to G. z. zaddachi:
St Budeaux, open creek. Kingsmill Lake, creek above sluice. Whitsam

and Haye creeks. All samples from the River Tavy in the region of Blaxton,
Mt Jessop and Lopwell, in main channel and creeks.

The G. zaddachi recorded from the upper estuarine zone of the River Exe
(p,.652), River Taw (p. 654), River Camel (p. 654) and River Towy (p. 655),
are all G. z. zaddachi. The sample from a pond on the Powderham Estate,
River Exe region, contained many G. duebeni mixed with the zaddachi.
Two immatures from the River Frome at Wareham, Dorset (p. 102), are
G. z. salinus. . .

In his investigation of the fauna of buoys in the seawat;d part of the Tamar
estuary, Milne (1940) again found G. zaddachi present on Neal Point Buoy,
and'his specimens proved to be G. z. salinus.

Tees Survey Material

The first comprehensive survey of a British Estuary was carried out on the
River Tees, supplemented by observations on the River Tay. The results
were published in three parts (Water Pollution Research, Technical Papers,
no. 2, 1931; no. 5, 1935; no. 6, 1937). In the analysis of fauna of the
estuarme zone in Part II (Alexander et al., 1935, p. 44 onwards), five species
of Gammarus sens.lat. are recognized from the two rivers (p. 55). At the time
of the survey, however, the status and distinguishing features of G. zaddachi
were still not widely appreciated, and the species into which Marinogammarus
marinus auctt. has recently been separated were still unknown.
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.Fortunately representative samples of the fauna were deposited at the
Plymouth Laboratory, and it has been possible to revise identifications and
to make some important corrections. A list of the preserved samples is given
in the Appendix.

River Tees

Gammaruspulex L. Penetration into section I of the estuary, at Yarm, is
confirmed, in shore and shrimp-trawl collections. Here it mixeswith the more
abundant G. z. zaddachi (see below). Casual specimens may well occur
further down the estuary in the plankton in winter, but the statement' occa-
sional in plankton down to [section]VII' should be taken with reserve, as two
out of five samples labelled' G. pulex' from other stations were, in fact,
G. zaddachi.

G. zaddachi Sexton. This was entirely overlookedin the Tees. The typical
subspecies, abundant in the upper half of the estuary, was wrongly attributed
to, G. duebeni(sometimes to G. pulex). All statements under th~ heading of
'duebeni', as affectingthe River Tees, should be transferred to G. z. zaddachi.
Samples have been confirmed from the following sections: J, overlapping
G. pulex, but more numerous; II and III, where evidently abundant, and the
only species; IV, in the tidal zone under Fucus, where occurred a mixed
population of this and duebeni;and in several tow-nettings~ Another sample,
labelled' G. duebeni',proved to be exclusivelyG. z. zaddachi. Unfortunately
no s~mples survive from the main stream or low-water region of sections
IV-VII, but it may be assumed that all the' G. duebeni'recorded from here
are the typical subspecies of zaddcichi. Had G. zaddachi salinusoccurred in
this region, it would presumably have been recorded as 'G. locusta', as in the
Tay. No evidence can be found for the existence of salinusanywhere in the.
Tees, arid it is significant that the centre of its expected range coincides with
the polluted zone between Stockton and Middlesbrough, where a wide-and
quite abnormal-gap occurred in the Gammaruspopulation.

G. duebeniLillj. This speciesmay be expected to occur sporadicallyin the
tidal zone where fresh-water streams or seepage make permanent pools of
more or less brackish consistency. Ithas been confirmed only from the tidal
'region in section IV, where a number were taken under Fucus vesiculosusin
companywiththe precedingspecies. .

G.locusta (L.). The range as given, sectionsXIII and XII intertidally, and
in tow-nettings up to IX, is probably entirely correct, as these zones fall well
within the anticipated range (up to IX or X in summer and X or XI in winter).
One sample tube labelled' G. locusta' contains this species only. There are
also several in a sample of mixed amphipods from section XIII; and others
in tow-nettingslabelled 'TZIB', 'Tz3' and'Tzs'. .

Marinogammarusmarinus(L~ch). There is no opportunity of confirming
the species of this genus, except for some true marinus from section XIII.
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f However, the reported distribution of marinusfrom XIII to X intertida1ly
may be taken as correct. The bottom records for XIII to XI and in S XII
are more likely to refer to M. finmarchicusDahl (see below).

It will subsequently be shown that the revised picture of distribution of the
different species conforms with results obtained from other British estuaries,
though the Tees presents one outstanding peculiarity which clearly demands
a special explanation. This is. the complete break in the continuity of the
Gammaruspopulation between sections VII and X. In a normal river this
gap would be bridged by a slight upward extension of G. locustaand by the
dominant presence of G. zaddachi salinus,which appears to be completely
absent. (The last, if present, should overlap G. z. zaddachi about up to
section VI.) M. marinusshould occur intertidally at least to section VII. The
argument that the poverty of the fauna in this region of the Tees is due to
pollution, if otherwise unproved, would have been very strongly reinforced
by this further analysis of the Gammaruspopulations.

This point is worth further emphasis. It is now established that Gammarus
populations remain dense throughout the length' 9f an estuary, and numbers
are not affected by the rigorous conditions of the mid-estuary region which
reduces the variety of animal forms to a minimum. This is possible because
a successionof forms (speciesor subspecies), each adapted to a specialsalinity
range, and each overlapping its neighbours, occupies the whole stretch from
the fresh-water river to the sea. The only natural limiting factor which may
effectively reduce numbers is absence of suitable cover. But almost any
ava~lablecover is made use of, varying from growing weeds to decomposing
rubbish, and is never so lacking as to eliminate gammarids altogether. In the
middle region of the Tees there is evidently, from accounts, sufficientcover
to support a population of Gammarus,and absenceof the latter indicates some
effectivepolluting agency. Furthermore, since gammarids are not eliminated
by contamination of waters with sewageor rubbish, it could be concluded that
industrial effluents ,containinga significant concentration of some toxin was
causing pollution. Poisoning was in fact found to be due to cyanides.

River Tay

G. pulex. Amongst material which Mrs Sexton has kindly shown me is-a
pair of G. pulex from tJ1eRiver Tay near Elcho, 21. i. 32. This localityis near
the limit of tidal influence in the main rivet',.but well awayfrom the influence
of brackish water. So far as we know the species is uncommon in the soft
waters of Scottish rivers. It is not recorded in the Survey Report from the
River Earn, which was chosen for followingthe conditions at the very upper
limit of tidal influence.

G. zaddachi. This species.was correctly recognized in some samples, but
only the typical subspecies in the upper part of its range. G. z. zaddachi was
correctly recorded from the bottom and tidal zones of sections.I-IV. But it
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occurs equally in samplesfrom various other sections down to X. Here again
. there was confusion with G. duebeni,but the latter species occurred inter-
tidally with greater frequency than is usual (see below). In the upper part
of its extensive range in the Tay, i.e. in sections I-IV, or Bridge of Earn to
Newburgh, it was colonizing fresh water or water rarely greatly raised in
salinity. This tendency is now known to be a usual feature. Characteristically
too~the animals from these sections are of a small size and appear to show
inhibited development: they were probably not reproducing.

In sections IX and X, in which G. z. zaddachi was becoming scarcer,
examples of a 'saline' or 'non-hairy' form of G. zaddachi occur.t These
had presumably been recorded as G. locusta, since none of the latter was
found in samples higher than section XI, which represents indeed the pre..
dictable upper limit. The .seaward limit of G. zaddachiin the Tay cannot be
determined, through paucity of preserved specimens from XI, and their
absence from XII and XIII.

G. duebeniLillj. This species,as willbe shown elsewhere,does not normally
form a member of the estuarine succession,but occurs on the edge of the tidal
zone and intertidally where special conditions exist-e.g. marked fresh-water
seepage from the land. It appears, however, to have been genuinely more
plentiful in the Tay estuary than is usual. Recorded as 'abundant between
tidemarks from sectionsV-X', it has been confirmed in the followingsamples:
V [tidal zone], a number of well-grown adults; VI, tidal zone, large sample
in which G. z. zaddachi was mixed; VII, tidal zone, large sample in which
G. z. zaddachi was nearly as plentiful; IX, high-water level, a number of
adults (but none low-water level); X, mid-tide level, 39 well-grown adults.
The record for the bottom in VI should be referred to G. z. zaddachi (four
samples are entirely of this species).

G.}ocusta (L.). As pointed out above, the occurrence in sections IX and X
should be referred to G. zaddachi. It genuinely occurs, however, in
section XI, at least at near high-wat~r level. Unfortunately the surviving
samples from this zone are scanty, and there are none preserved from sections
XII and XIII. The species,however, may be assumed to inhabit the seaw~d
end of the estuary from XI onwards.
. Marinogammarus marinus (Leach). The correct range was originally given,
and the speciesappears to be normally plentifUlin the upper part of the tidal
zone, up the estuary to section VIII. It was also well distributed down to
low water in sections'IX-XI. In' section XI, however, the next species was
found mixed up with it.

M. finmarchicus(Dahl), a species unknown at the time of the survey, can
be added to the fauna of the Tay Estuary, as already reported (Sexton &
Spooner, 1940). It was, indeed, in revising the Tay material that the writer

t Not the true G. z. salinus,but a form with a more sparsely-haired and shorter antenna
II peduncle: se~ p. 43.
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first recognized the occurrence of this distinct species in the British Isles,
though it has proved easy to collect it below the Plymouth Laboratory.
Normally marine intertidal, with the centre of its distribution in the lowerhalf
of the tidal zone, it does not appear to extend very far into estuaries, but a
stony ground may be essential to it. In the Tay section XI appears to be its
upper limit.

The revised picture of distributions again agrees in essential respects with
those from estuaries in the south of England. It is incompleteat the lowerend,
but it would appear that the zone in which a 'saline' form of Gammarus
zaddachi forms 100% (or nearly so) of the Gammaruspopulationis quite
narrow. But it is important to remember that the summer and winter dis-
tributions are not distinguished. Special features are provided by the
unusual abundance of G. duebeni in the tidal zone, by the penetration of
Marinogammarusfinmarchicusup to, or even beyond, the limit of Gammarus
locusta,and by the apparent replacement of G. z. salinus by a form more
closely akin to the northern G. 'locusta' (see p. 43). The dominance of
G. z. zaddachi for such a long stretch in the upper parts of the estuary is
noteworthy, but quite in keepingwith its habits elsewhere.It wouldbeinterest-.
ing to know how far it succeeds in reproducing above the levelof Newburgh.

Certain difficultiesencountered by Bassindale(1942a, p. 138 et seq.)in his
attempt at comparing the zones occupied by different Gammarus spp. in
several rivers, are now disposed of.1 In the Tay G. locustaappeared to pene-
trate further up river than usual, but this was only because the 'saline' form
of G. zaddachi had been overlooked, and even in section XI of the river
G.locusta has only been confirmedfrom the high-water zone. G. z. zaddachi
had also been overIookedfrom sections V to X, so that G. duebenifinds its
proper place as a colonizer of the intertidal zone, and not as an interloper
in the main locusta-zaddachi-pulex.succession. .
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APPENDIX

Tees Survey Collections: Samples Examined

Section of River Tees
river Label on tube Revised naming Remarks

I A. Yarm, 17. ix. 31, G. pulex, 3
shore G.z. zaddachi,9: 5 crcr,2 , 2 imm.

I A. Shrimp trawl, G. pulex,1verylargecr
8.x.31 G.z. zaddachi,5 crcr,3 , I2 imm.

II B. White House and G. z. zaddachi, large no. adults and
Barwick, shore, imm.
17. ix. 31

II B. Shrimp trawl, G.z. zaddachi, 13: 5 crcr,4,4imm.
8.x.31

III C. Above Preston G. z. zaddachi, 34: 26 iJcr, 7 ,
Hall, shore, 1 imm.
17. ix. 31

III C. Shrimp trawl, G. z. zaddachi, several crcr,with 1
8. X. 31 and' 2 imm.

IV Among Fucus vesicu- G. duebeni, 19 :12 crcr,7 , robust Intertidal
losus, 'Gammarus specimens
duebeni' G. z. zaddachi,5: 4 crcr, 1 , large

IV D. Shrimp trawl, G.z. zaddachi,8: 2 crcr,3 , 3 imm.
8.x.31

? ' Gammarus pulex. .. G. z. zaddachi,severallarge.crcr
duebeni', from 8

? 'Gammarus duebeni' G. z. zaddachi,9: 6 crcr, 2 , 1 imm.
? Tow-netting, 9 G. z. zaddachi, cJ
? Tow-netting, 7 G. z. zaddachi, large with eggs
? Tow-netting,7B G. z. zaddachi,6: 5 crcr, 1 ,

breeding
? Tow-netting, Q II G. z. zaddachi, very large cr
? Tow-netting, T21b G. locusta, young cr
? Tow-netting, T23 G. locusta, 2 young crcr,5 , several

imm.
? Tow-netting, T25 G. locusta,6: 2 crcr,3 , I imm.

(XI-XIII) 'Gammarus locusta' G. locusta, several
XIII 'Gammarus marinus Gammarus locusta, 13

Leach' Marinogammarus marinus, 7
Amphithoe rubricata, I
Melita palmata, 2

? 13. xii, 12. v. 30 G. pulex, several
'Gammarus pulex'

? 0.1. 26. vi. 29 G. pulex, two
'Gammarus pulex'

? B 9. 10. ii. 30 G. pulex, 8
'Gammar;; pulex'

? A6. 18. xi. 29 G. z. zaddachi, 3
, Gammarus pulex'

? A56. 23. x. 29 G. z. zaddachi, 3 cr, I
, Gammarus pulex'

4-2
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IX

IX'

X

X

XI

XI

XI

G. M. SPOONER

River Tay

Revised naming
G. z. zaddachi: adults and imm.,

dwarf

G. z. zaddachi, 49: 37 cJcJ,4 ~~,
8 imm., dwarf

G. z. zaddachi: adults and imm.,
dwarf

G. z. zaddachi, several, dwarf
G. duebeni,a number of well-grown

adults

G. duebeni, large sample, mainly
well-grown adults

G. z. zaddachi, 6: 5 cJcJ,I imm. (one
cJ dwarf) ~

G. z. zaddachi, 7 imm.
G. z. zaddachi, II: 2 cJcJ,2 ~~,

7 imm., dwarf
G. z. zaddachi, several, maturing

and imm., dwarf
G. z. zaddachi, dwarf, ~ and 4 imm.
G. duebeni,67: 32cJcJ,32 ~~, 3 imm.;

large
G. z. zaddachi, 42: 19 cJcJ,13 ~~,

IO imm., very variable in size,
some large, some dwarf

Marinogammarusmarinus, 3: 2 cJcJ,
I ~

G. duebeni, a number of adults
M. marinus, I

M. marinus, a number
G. z. zaddachi, I cJ
G. zaddachi, 'saline' form, 5 cJcJ

G. duebeni, 39: 20 cJcJ, 19 ~~, well
grown

G. z. zaddachi, 6: 4 cJcJ, I ~, I imm.
G. zaddachi, 'saline' form, 5: 4 cJcJ,

I ~
Marinogammarus marinus, a number

Gammarus loctista, I cJ
Marinogammarus marinus, 3
M. finmarchicus, I ~

M. marinus, numerous
M. finmarchicus, I cJ

M. marinus, many
M. finmarchicus, 2 cJcJ,2 n

Remarks. .
Recorded as:
'G. zaddachi'

»

»

»

, G. duebeni'

"

»

"
»

»

»

»

»

, G. marinus'

'G. duebeni'
'G.marinus'
, G. marinus'
'G. duebeni'
, G. locusta'
, G. duebeni'

'G. duebeni'
, G. locusta'

, G. marinus'
, G. locusta'
, G. marinus'

»
, G. marinus'

»
'G.marinus'

»

Section of
. river Label on tube

I Sect. I

II Sect. II

III Sect. III

IV Sect. IV
V Sect. V

(tidal zone)
VI Sect. VI, tidal zone

., Sect. VI, 13. Bottom
» Sect. VI, 14. Bottom

" Sect. VI, 15. Bottom

" Sect. VI. Bottom
VIII Sect. VIII. Tidal

zone

Sect. IX. High-tide
level

Sect. IX. Low-tide
level

Sect. X. Mid-tide
level

Sect. X. Low-tide
level

Sect. XI. High-tide
level

Sect. XI. Mid-tide
level

Sect. XI. Low-tide
level
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OBSERVATIONS ON FLOUNDERS PLEURO-
NECTES FLESUS L. MARKED IN THE

ESTUARIES OF THE TAMAR
AND L YNHER

By P. H. T. Hartley
From the Plymouth Laboratory

INTRODUCTION

In the winter of 1937-8 just over a thousand flounders (Pleuronectesflesus L.)
were caught, marked and released in the estuarie~of the rivers Tamar and
Lynher which flow into the west end of Plymouth Sound. The objects of this
marking experiment were three. First, to discoverthe distribution and migra-
tions of the adult flounders which had spent the years of immaturity in the
estuaries. Secondly, to obtain observational, as distinct from inductional,
data upon the growth of the species.Thirdly, to study changesin the distribu-
tion of the stock of immature fish within the estuaries.

The first object of the investigation was not fulfilled.There was but a very
small number of returns from the open sea: this may be in part due to the
great limitation of fishing along the south coasts of England which resulted
from the outbreak of war some 18 months after the marking was completed.
The two returns from localitiesat a distance from Plymouth do no more than
hint at possibilities. The information obtained on growth gave proof that the
individual variation in growth rates observed by Cunningham (1896) in
captive fishwasalso to be found in the wild, and showedthat there is relatively
little growth in the winter months. The 152 recoveries of flounders within
the estuaries have shown the existenceof seasonalmovements and redistribu-
tions.ofthe fish of the immature stock. It is highly improbable that any more
marked fish will be returned, and the results obtained are now summarized.

THE MARKING EXPERIMENT

The flounders were caught with a 'Saltash Tuck-net' (see Hartley, 1940).,
On the grounds around Saltash, 659 fish were marked in thirteen netting
expeditions between 23 September and 26 November 1937, most of the work
being done at night. At Sheviock Wood, on the Lynher, 327 fish were marked
in three days' work on 21 and 24 September and 20 October 1937. On the
night of 7-8 October 1937, 12 flounders were marked on the West Mud
ground. In addition, on 24 February 1938, 41 flounders were marked at
Saltash with disks taken from fish already returned. A map of the area will
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be found in Hartley & Spooner (1938). Two places mentioned in this paper
are not shown on the map. They are Cotehele, 2 miles up the Tamar above
Halton Quay, and Calstock,which lies a mile upstream from Cotehele. Sand-
acre, also not marked on the map, is a spit of shoal ground in the Lynher
below Forder Creek.

The flounders were kept in shallow baths of salt water until the strength
of the tide put an end to fishing. Then each fish in turn was measured from
the tip of the closed jaws to the end of the longest caudal ray, marked and at .

once released. There were no transplantation' experiments. All the fish were
released on the grounds where they had been caught and within an hour or
two of the time of capture. The measurementwasaccurate to within :t 0'5 em.,
this being the margin of error resulting from the measuring of a lively fish
by the light of a hurricane lamp in an open boat on a winter's night. The
marks were circular vulcanite disks of two sizes, IS and 7'5 rom. in diameter.
Two disks of the same.diameter were used to mark each fish, a black disk to
lie against the white under surface and a white disk, stamped with the initials
PH and a serial number, to lie on the upper side. The white disk was placed
with the numbered surfaceoutwards. The disks were linked with a silver wire
thrust through the dorsal musculature in the middle of the fish's length and
about I em. belowthe baseof the dorsalfin. .Alittle' play' wasallowedbetween
the disks and the fish's flank, and in no case was any suppuration or necrosis
of tissue found around the mark of a recovered specimen.

Printed posters were circulated to the watersidevillagesand to fishingports,
offering rewards for the return of marked fish.

148 flounders were returned between the beginning of marking and 5 May
194°, n6 of those marked at Saltash, 31 of the Sheviock fish and one from
West Mud. Several marked flounders caught by Saltash fishermen were
brought alive to the slip at that town. These fish were measured by
Mr J. Gould and released a second time: seven were recovered again at a
later date, and one was caught three times. Details of all recoveriesare given
in tabular form in the Appendix.

I am happy to be able to express my gratitude to Mr J. Gould for his help
with the work of marking and the recording of recovered fish.

RECOVERIES AT SEA

Of the four flounders recaptured in the sea two male fish, nos. PH 179 and
314 were found in 20-3° fathoms of water on the Looe-Eddystone ground,
a known spawning area of the species a few miles south-west of Plymouth.
A female fish, no. PH 497, was caught off Sharkham Point, south Devon,
some4° milesby sea to the east of Plymouth, and an unsexed fish, no. PH 815,
was recovered 2 miles south of Brighton. This latter fish had made a journey
of about 200 miles to the eastward.
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Ehrenbaum (1908) found that flounders marked in the Elbe moved west-
ward or south-westward-along the coasts of the Low Countries, and had but
one recovery from water more than 4° m. in depth. Redecke (19°7) recorded
the recoveryof flounders,marked in the Zuider Zee, on the coasts of Belgium
and France as far west as the mouth of the Seine, The two west-country
flounders which had moved to a distance from Plymouth (if it be at all per-
missible to speculate on the import of evidence so small) had travelled in an
opposite direction-'-to the eastward.Yet the emigrationsof the floundersfrom
the three areas had this in common, that they were all in the direction of
relatively shallow water. Cunningham (1896) has remarked that this species
is rarely found in more than 3° fathoms of water, and in the Baltic,Ehrenbaum
(I9II) observed that spent flounders moved away from the BornhoIm Deeps
to the shallowsof the Pomeranian coast.

GROWTH

Some 80% of the flounders recovered were caught in the first 6 months after
they had been marked, that is in the 'winter' period of October to March.
Only a few of these fish had made good any appreciable growth in this period
(Table I) within which the fast of the immature members of the stock also
occurs (Hartley, 1940).

TABLE1. PLEURONECTES FLESUS) THE FLOUNDER. GROWTH OF MARKED
FLOUNDERSSHOWINGAPPRECIABLEINCREMENTIN LENGTHDURINGTHE SIX

WINTERMONTHS(OCTOBERTO MARCH) IMMEDIATELYAFTERMARKING

In Table II are shown'the increasesin length of all marked flounders which
had been at liberty for more than 6 months, with the average increment per
month of liberty and also the averageincrement per month of liberty between
the months of April to September inclusive. These are the months of regular
feeding and higher 'condition' (Hartley, 1940), and it may be inferred both

When a fraction of a month is to be considered, 16 days or more are counted as a complete
month, 15 days or less are not counted.

Mean
increment

Length at Length at 'Increment Months in length
No. Date of marking Date of recovery in length since per month
PH marking (em.) recovery (em.) (em.) marking (em.)

Females

9 21. ix. 37 24'2 3°. xii. 37 25'8 1,6 3 0'53
328 3. xi. 37 27'0 3. ii. 38 28'0 1'0 3 0'33

Males

115 6.x. 37 22'5 I. ii. 38 25'2 2'7 4 0.675
193 13. x. 37 19'6 7.ii.38 20'6 1-0 4 0'25
337 12. xi. 37 20'5 12. ii. 38 21'5 1-0 3 0'33
371 12. xi. 37 21'6 19. ii. 38 23'3 1'7 3 0-57
893 12. xi. 37 19'6 9.ii.38 21'2 1-6 3 0'53



TABLE II. PLEURONECTES FLESUS THE FLOUNDER. GROWTH OF ALL MARKED FLOUNDERS WHICH HAD BEEN AT V>
0\

LIBERTY FOR MORE THAN SIX MONTHS, WITH INCREMENT IN LENGTH PER MONTH OF LIBERTY, AND ALSO INCREMENT

FOR EACH' SUMMER' MONTH (APRIL TO SEPTEMBER) AFTER MARKING

When a fraction of a month is to be considered, 16 days or more are counted as a complete month, 15 days or less are not counted.

Mean Mean
increment increment in
in length length per

per month 'Summer' 'summer'
Length at Length at Increment Months since months month since

No. Date of marking Date of recovery in length since marking since marking
PH marking (em.) recovery (em.) (em.) marking (em.) marking (em.)

Females

4 2I. ix. 37 35'4 II. ix. 38 36'2 0,8 12 0'067 6 o'I3 ;c
61 24. ix. 37 36'4 7. viii. 38 36'5 O'I IO O'OI 4 0'025 ::r:65 24. ix. 37 36'6 26. vi. 38 36'6 0 9 0 3 0
76 24. ix. 37 27'4 12. ix. 38 3I'2 3.8 12 0'32 6 0'63 :-iII2 24. ix. 37 18'6 IO. vi. 38 2I'2 2.6 9 0'29 3 0'87

::r:236 13. x. 37 19'I 8. viii. 38 25'4 6'3 IO 0'63 4 I'57
272 15. x. 37 20'3 3. vi. 38 2I'0 0'7 8 0'09 2 0'35 >
276 15. x. 37 20'I 17. v. 38 20'6 0'5 7 0'07 2 0'25
296 20. x. 37 36'6 15. x. 39 39'75 3'I5 24 o'I3 12 0'26 ..,
298 20. x. 37 37'5 12. ix. 38 38'6 I'I II O'I 5 0'22 t""'
321 22. x. 37 26'2 17. v. 38 29'0 2,8 7 0'4 2 I'4 t:r:I
363 12. xi. 37 2I'2 2.X. 38 30'6 9'4 II 0,85 6 I'57
380 12. xi. 37 19'8 29. vi. 38 23'2 3'4 8 0'425 3 I'I3
391 25. xi. 37 20'0 5. v. 040 37'7 17'7 29 O'61 13 I'36

Males

57 24. ix. 37 26,6 14. viii. 38 29'4 2,8 II 0'25 5 0'56268 15. x. 37 19'I II. ix. 38 22'0 2'9 II 0'26 5 0'58280 15. x. 37 20'9 3. vi. 38 22'4 I'5 8 O'I9 2 0'75
445 25. xi. 37 23'0 2. v. 40 30'3 7'3 29 0'25 13 0'56
479 25. xi. 37 20'0 29.vi. 38 23'2 3'2 7 0'46 3 I'07
496 26. xi. 37 33'0 26. viii'. 38 33'0 0 9 0 5 0
525 2I. ix. 37 16'3 II. ix. 38 24'6 8'3 12 .0'69 6 I'38
535 2I. ix. 37 16'4 25. v. 38 16'9 0'5 8 0'06 2 0'25
619 6. x. 37 16'8 29, vi. 38 19'o 2'2 9 0'24 3 0'73
788 20. x. 37 II'8 14.viii.38 18'2 6'4 IO 0'64 4 I.6
888 12. xi. 37 'I7'7 II. ix. 38 25'0 7'3 IO 0'73 5 I'46



OBSERVATIONS ON FLOUNDERS 57

from this fact and from the observed lack of growth in fish recaptured in their
first winter that these are also the months when most, if not all, of the increase
in size is made.
. There is obviouslygreat individualvariationin both sexes,and it is not

possible to make generalizations ftom these data, though it may be pointed
out that the swiftest growth rates are shown by some of the smallest fish.
Two flounders marked in Poole Harbour made growths of 8'5 cm. from a
length at marking of 21'S cm., and of 5'5 cm. from a length at marking of
24'5 cm., between 9 October 1925 and the end of May 1927 (Buchanan-
Wollaston, 1933). The mean length increments per month of the two fish,
0'425 and 0'275 cm., and the mean increments per 'summer' month of 1'06
and 0'69 cm. are of the sameorder as thosefoundin floundersfrom the estuaries
of the Tamar and Lynher.

There is individual variation not only in the growth rates but also in the
maximum lengths attained. Among the female fish, nos. PH 61 and 65 had
reached their full growth of 36'4 and 36'6 cm. at the time of marking.
Nos. PH 4 and 298 grew by 0,8 and 1'1 cm. in a year from lengths at marking
of 35'4 and 37'5 cm., and no. PH 296 grew by 3'15 cm. in 2 years, although
she was already 36'6 cm. in length when she was marked. Only one fully
grown male fishwasrecovered,no. PH 496which made no growth in 9 months
from a length at marking of 33'0 cm.

MOVEMENTS WITHIN THE ESTUARIES

Flounders marked on the Saltash Grounds

Of the fish marked in the autumn on the Saltash grounds the greater number
remained in the immediate vicinity through the winter. Those which did
move away went short distances downstream to'the shores of the Hamoaze.
From the end of March onwards recoveries from the upper reaches of the
estuaries, especially around Cotehele, began to come in suggesting a move-
ment of part of the population upstream. It is generally believed by the local
fishermen that there is such a spring movement away from the sea of those
fish which will summer in the rivers, and the recaptures in the first summer
after marking give concrete evidence of its existence. A female flounder,
no. PH 240, for example, was marked at Saltash on 15 October 1937, recovered
at the same place on 12 December and again released, to be taken a third time
at Cotehele Quay on 7 April 1938; another female flounder, no. PH 272, also
marked at Saltash on 15 October was l)ecaptured and liberated again at the
place of marking on 3 February 1938, and caught once more on 3 June 1938,
at Cotehele Quay. It must, however, be pointed ~)Utthat there is a great
increase in the amount of netting in the upper reaches of the estuaries after
the opening of the salmon season on I March and it is not certain that all the
fish taken after that date well above the place of marking had but recently
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movedawayfrom the seawardgrounds. Recoveriessuch as those of nos.
PH 24° and 272 suggest that the redistribution of the stock does not ta~e place
until the spring, but do not prove it. The arithmetic mean length at the time
of marking of the flounders which had moved downstream from the place of
marking was 22'5 cm., and the arithmetic mean length of the fish which had

,gone upstream was 19'93 cm. The difference between these mean lengths is
statistically significant, and confirms the existence of a reassortment of the
stock before the breeding season, the larger fish going downstream to the sea,
the smaller fish up the river to the more brackish stretches.

Only two flounders were recovered in the Tavy, a male fish no. PH 619
taken at Maristow on 29 June 1938, and a spent female no. PH 391 from Bere
Ferrers in May 194°. The latter fish must have been down to the sea at least
once to spawn. The two male flounders, nos. PH 268 and 888, marked at
Saltash and recovered at Sheviock Wood may have been down to the sea to
spawn, for both were large enough to have been mature fish.

Flounders marked at Sheviock Wood

Of the fish marked at Sheviock Wood a number moved downstream to the
Hamoaze or to the last reaches of the Tamar at Saltash. Three of the fish
which went downstream, a female no. PH 112 and two males, nos. PH 38 and
535, were recovered well up the Tamar in the spring and early summer after
marking. All three were under 19 cm. long at the time of marking, and it is
probable that they had taken part in the spring-time movement upstream
from the Saltash marks. One fish, no. PH 14, was recaptured at St Germans,
It miles upstream about 3 weeks after it was marked on 21 September 1937.

There is relatively little netting at Sheviock Wood and it was scarcely to be
expected that there would be as many recoveries at the place of mat:king as
were made at Saltash. A male fish, no. PH 59, was marked at Sheviock on
24 September 1937, and recaptured. there on 20 October of the same year:
by II January 1938, it had moved downstream to Petre's, in the Hamoaze.
Two other male fish, no. PH 525 marked on 21 September 1937, and no.
PH 788, marked on 20 October 1937, were recovered at Sheviock on
II September 1938, and 14 August 1938 respectively. An unsexed flounder,
no. PH 765, was marked at Sheviock on 20 October 1937, and recaptured
there on 14 August 1938. The other flounders marked at Sheviock Wood and
recovered on the same ground, or farther upstream, had probably been down
to the sea and returned again.

SUMMARY

1°39 flounders were marked with numbered yulcanite disks in the estuaries
of the Tamar and Lynher.

148 flounde~s were recaptured and of tbese seven fish were recovered a
second time after one recovery and release, and one fish was recaptured on
three occasions after two previous recoveries and releases.
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Only two fish were recoveredat a distance from Plymouth. Both had moved
eastward, up the English Channel.

There was little or no growth in the winter months.
Individual growth rates were found to vary greatly.
The flounders living in the last reach of the Tamar near Saltash tended to

remain-in one limited area during the winter months, save for a drift down-
stream of some of the larger fish. In the spring there was an upstream move-
ment of the smaller, immature fish.

Flounders which had gone down to the sea to spawn might return to the
river in which they were marked, or to the other river of the two which join
to form the Hamoaze, or they might move right away from the area where
they were marked.
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APPENDIX

Recoveries of flounders marked in the estuaries of the rivers Tamar and Lynher

1937 and 1938

At marking Recoveries Length
,------A--. r A

\ at
No. Date Length Where Upstream of Downstream of Other recovery
PH Sex (1937) (em.) marked marking place marking place localities (em.)

Marked at Saltash, river Tamar. 53 23.ix. 22'S IS, x. 37 - - - -
(Secondrecove) 6.xii.37 - - - 22'S

54 - 23.1X. 21'9 - - Keyham - -
Creek
28.xi. 37

115 6.x. 22'5 - - ,Keyham - 25'2
Creek
I. ii. 38

122 - 6.x. 18'7 15.x. 37 - -
124 - 6.x. 20'8 13.xi. 37 - - - 20'8
126 6.x. 18'1 - Eastern

Ground
7.x.37

(Second recovery after c. 3°. xii. 37 - - - 18'5
release at Saltash)

13° - 6.x. 19'3 - - Rats Island
14.x.37

(Second recovery after 14. x. 37 - -
release at Saltash)

133 6. X. 21'2 24.x. 37 - - - 21'4
136 6. x. 19'6 7. ii. 38

(Second recovery) 9. ii. 38
(Third recovery) 26.ii. 38 - - - 19'8

137 6.x. 21'8 - - WestMud - 22'7
c. I. ii. 38

153 - 6.x. 19'4 15.X. 37
173 - 13.x. 26,6 18.xi. 37
179 13.x. 24'9 - - - Looe- 25'6

Eddystone
Ground

I. iii. 38
183 - 13.x. 22'4 - - Weston Mill

Lake
23. xi. 37

188 13. x. 22'7 25. xi. 37 - -
(Second recovery) 24.i. 38 - - - 22'5

189 13. x. 18,8 3°.x. 37 - - - 18,8
193 13.x. 19'6 7.ii. 38 - - - 20.6
196 - 13.x. 23'1 I. ii. 38 - - - 23'8
213 - 13.X. 22'2 9.i. 38 - - - 22'8
216 13, X. 20'1 12. xi. 37 - - - 20'1
221 13.x. 20'3 13.i. 38 - - - 19'5
229 - 13.x. 18'4 8. ii. 38 - - - 18,6
232 13. x. 19'0 7. ii. 38 - - - 18'9
234 - 13.x. 18,8 3. ii. 38 - - I - 18'5
236 13.x. 19'1 - R. Tavy - - 25'4

8.viii.38
24° 15.x. 25'8 12.xii.37 - - - 25'8

(Second recovery) < - Cotehele - - 25'5
Quay
'7. iv. 38
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At marking Recoveries Length
r---"------. ( , -. at

No. Date Length Where Upstream of Downstream of Other recoveryPH Sex (1937) (em,) marked marking place marking place localities (em.)
250 - IS.X. 26'7 9. ii. 38 - - - 27'7
264 CjJ IS, x. 21'6 2. xi. 37 - - - 21'S
267 - IS. x. 23'9 IO.i. 38 - - - 24'0268 IS.X. 19'1 - - - SheviockWd. 22'0

R. Lynher
II. ix, 38

270 - IS.x. 24'4 9. ii. 38 - - - 25'4
272 CjJ IS, x. 20'3 3. ii. 38 - _0 - 20'7

(Second recovery) - Cotehele - - 21'0
Quay
3. vi. 38.

276 CjJ IS. X. 20'1 - Cotehele - - 20'6
. Quay

17. v. 38
277 CjJ IS.X. 19'5 I2,xi. 37 - - - -
280 IS.X. '20'9 - Cotehele - - 22'4

Quay
3. vi. 38

283 - IS,x. 21,8 28.x. 37 - - - 22'0
287 IS. x. 21'7 - Cotehele - - 22'1

Quay
12.)iii. 38

319 - 21. X. 26'2 21. i. 38 - - - 26,6
321 CjJ 22.X. 26'2 - Cotehele - - 29'0

Quay
17. v, 38

328 CjJ 3. xi. 27'0 - - Petre's - 28'0
3. ii. 38

334 CjJ 12. xi. 19'8 10. ii. 38 - - - 20'0
337 12. xi. 20'5 - - Weston Mill - 21'S

Lake
12.ii. 38

343 - 12. xi. 21'7 23. ii. 38 - - - 23'5
362 CjJ 12. xi. 24'8 5. ii. 38 - - - 2S'4
363 CjJ 12. xi. 21'2 - -' Cove Rock -

39:6
2.X. 38

37° CjJ 12. xi. 21'4 - - Brill Point - 21'4
21. xi. 37

371 12. xi. 21'6 9. ii. 38 - - - 23'3
377 - 12. xi. 22'2 9.i. 38 - - - 22'4
380 CjJ 12. xi. 19'8 - Cotehele - - 23'2

Quay
29. vi. 38

391 CjJ 25. xi. 20'0 - BereFerrers, - - 37'7
R. TaVy
s.v. 40

4°9 25.xi. 3°'2 - - Henn Point - 29'7.
21. v. 38

434 25. xi. 23'2 - - Lower Petre's - 23'5
4, i. 38

435 - 25. xi. 24'2 12. xii. 97 - - - 24'3
437 25. xi. 27'3 25. xii. 37 - - - 27'9
44° 25. xi. 23'1 - - Petre's - 23'5

13.i. 38
442 - 25.xi. 22'3 12. xii. 37 - - - 22'3
445 25. xi. 23'0 - Hole's Hole ' - 3°'3

2. v: 40
448 CjJ 25. xi. 25'S 12. xii. 37 - - - 25'4
455 CjJ 25. xi. 22'S 3°. xii. 37 - - - 22'5
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At marking Recoveries Length
,------A------, ( , --. at

No. Date Length Where Upstream of Downstream of Other recovery
PH Sex (1937) (em.) marked marking place marking place localities (em.)
460 - 25. xi. 21.8 23.i. 38 - - - 22.6
472 rJ 25. xi. 23'5 3°. xii. 37 - - - 23"4
475 - 25. xi. 22.6 3°. i. 38 - - - 22.8
479 rJ 25. xi. 20'0 - Neill Quay - - 23'2

26. xi.
29. vi. 38

483 rJ 22'4 16.xii. 37 - - - 22'4
488 c;2 26. xi. 23'6 3°. xii. 37 - - - 23'3
496 rJ 26. xi. 33'0 - Neill Point - - 33'0

26. viii. 38
497 c;2 26. xi. 27.8 - - - Sharkham Pt, 27.8

S. Devon
24. iii. 38

568 c;2 23. ix. 12'9 30.i. 38 - - - 13'0
616 - 6.x. 18.8 3. ii. 38 - - - 19'1
619 rJ 6. x. 16.8 - Maristow, - - 19'0

) R. Tavy
29 vi. 38

621 - 6.x. 16.6. 15.x. 37 - - - -
626 rJ 13. x. 19'5 28. x. 37 - - - 19.8
628 c;2 13. x. 16'7 - 2 miles below - - 17'3

Calstock
23. iii. 38

630 - 13. X. 19'1 C.2.X. 38 - - - 25'3
636 rJ 13. x. 18.6 26.i. 38 - - - 18'6
645 c;2 13. x. 18'5 5. ii. 38 - - - 18'9
650 rJ 15. X. 13'1 - Cotehele - - 13'6

29. iii. 38
652 rJ 15:x. II'3 26. ii. 38 - - - II'9
656 - 15. x. - 13.xi. 37 - - - -
668 c;2 15. x. 19'5 26. ii. 38 - - - 19'7
677 c;2 15. x. 19'5 28.x. 37 - - - 19'6
682 rJ 15.x. 19'1 12. xii. 37 - - - 18'9
685 c;2 15. x. 19'3 - - Eastern Gd. - 19'4

27. i. 38
698 - 15. X. 19'2 21. i. 38 - - - 20'1
7°° - 15. x. 20'0 28.xi. 37 - - - 20'1
706 c;2 15.x. 19'2 28.x. 37 - - - -
7°7 c;2 15. x. 21'0 II. xii. 37 - - - 20.8
7II c;2 15. x. 20'3 - - West Mud - 20'9

17. i. 38
800 - 21. X. 21'0 28.x. 37 - - - 21'1
815 - 22.x. 19'4 - - - 2 miles south 28'0

of Brighton
10. iii. 39

821 - 22.x. 19'0 1.ii. 38 - - - 19'2
830 - 22. X. 17'0 2. ii. 38 - - - 17'4
845 c;2 22. X. 12'0 25. xii. 37 - - - 12'5
869 c;2 3.xi. 19'2 24.xi. 37 - - - -
888 rJ 12. xi. 17'7 - - - Sheviock Wd, 25'0

R. Lynher
II. ix. 38

893 rJ 12. xi. 19'6 9. ii. 38 - - - 21'2
897 rJ 12. xi. 17'9 4. ii. 38 - - - 18'5
9II - 12. xi. 18'5 9.i. 38 - - - 18,6
912 rJ 12. xi. 17'2 30.i. 38 - - - 17'5
919 rJ 12. xi. 18.6 7. ii. 38 - - - 18'7
920 - 12. xi. 17'0 10. ii.' 38 - - - 17'2
929 c;2 25. xi. 19'2 26. xi. 37 - - - 19'2
931 rJ 25. xi. 19'3 28.i. 38 - - - 19'2
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At marking Recoveries Length
,------A-, r- A --, at

No. Date Length Where Upstream of Downstream of Other recovery
PH Sex (1937) (em.) marked . marking place marking place localities (em.)
947 \2 25. xi. 21'0 18. xii. 37 - - - 20.8
948 - 25. xi. 19'4 26. i. 38 - - - 19'2
949 \2 25. xi. 20'6 27. ii. 38 - - - 20'5
962 - 25. xi. 17'3 9. ii. 38 - - - 17'1
963 \2 25. xi. 21'0 12. xii. 37 - - - 21'4
980 IS 26. xi. 19'7 I I. xii. 37 - - - 19'6
983 - 26.xi. 18'7 8. i. 38 - - - 19'0
987 - 26. xi. 18'0 7.ii. 38 - - - 18'2
216/2 \2 26. xi. 22'5 25. xii. 37 - - - 22'3

(1938)
59/2 \2 24. ii. 21'5 - Cotehele - - 22'1

Quay
23. v. 38

37°/2 - 24.ii. 18'5 - Cotehele - - -
14.iii. 38

448/2 \2 24. ii. 17'5 - 2 miles below - - 17'2
Calstock
23. iii. 38

592/2 \2 24. ii. 13'7 27. ii. 38 - - - 13'6

Marked at West Mud
(1937)

160 - 7.x. 17'2 Recovered at Sltash, 27. x. 37.

Marked at Sheviock Wood, River Lynher
4 \2 21. ix. 35'4 II. ix. 38 - - - 36'2
5 - 21. ix. 22'6 24. ix. 37 - - - 22'6
9 \2 21. ix. 24'2 - - Weston MilL - 25'8

Lake
3°. xii. 37

14 - 21. ix. 23'6 - St German's
Quay
15.x.37

20 - 21. ix. 19'4 24. ix. 37 -
38 IS 21. ix. 18'9 - - - Hole's Hole, 17'8

R. Tamar
20. iv. 38

57 IS 24. ix. 26,6 14. viii. 38 - - - 29'4
59 IS 24. ix. 23'5 20.X. 37 - - - -

(Second recovery) - - Petre's - 23'9
Il.ii. 38

61 \2 24. ix. 36'4 7. viii. 38 - - - 36'5
65 \2 24. ix. 36'6 - - Henn Point - 36'5

26.vi. 38
74 - 24. ix. 24'3 - - Saltash - 25'0

9. i. 38
76 'i2 24.ix. 27'4 - St German's - - 31'2

Quay
12. ix. 38

86 IS 24. ix. 25'1 - - Saltash - 25'0
8. xi. 37

102 IS 24. ix. 23'2 - - Cove Rock - 23'7
ILL 38

112 'i2 24. ix. 18.6 - - - Halton Quay, 21'2
R. Tamar
10. vi. 38
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At marking , Recoveries Length
r-- , A , at

No. Date Length Where Upstream of Downstream of Other recoveryPH Sex (1937) (em.) marked marking place marking place localities (em.)
288 - 20.X. 35'1 - - Eastern - 35'2

Ground
3°. xii. 37

293 - 20.X. 35'2 - - Saltash - -
3. vi. 38

296 20.X. 36'6 - - Saltash - 39'75
I5.x. 39

298 20. x. 37'5 - St German's - - 38'6
Quay
12.ix. 38

310 0' 20. x. 24'4 - - Henn Point - 24'6
4. ii. 38

314 0' 20.X. 27'3 - - - Looe- 3°'2
Eddystone
Ground

'
23'6

15. ii. 38
317 - 20.X. - - Rat's Island

25. xi. 37
513 - 21. ix. 16,6 24. ix. 37 - -
525 0' 21. ix. 16'3 II. ix. 38 - - - 24'6
535 0' .21. ix. 16'4 - - - Cotehele 16'9

Quay,
R. Tamar
25. v. 38

558 21. ix. 15.8 - - Sandacre
I. x. 37

592 0' 24. ix. 15'1 - - Keyham - 15'1
Creek
13. i.. 38

758 - 20.x. 17'6 - - CoveRock - 17'5
24.i. 38

765 - 20.X. 17'9 17. xii. 37 - - - -
775 20.X. 19'1 - - West Mud - 19'3

4.i. 38
788 0' 20.X. II.8 14. viii. 38 - - - 18'2

A number of the flounders marked by Ehrenbaum (1908) showed an
apparent decrease in length between the times of marking and recovery similar
to that shown by several of the fish from the Tamar and Lynher.
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INTRODUCTION

Large shoals of mackerel collect each spring in the waters to the south of
Ireland and off the western entrance to the English Channel. In 1936, at the
instance of the Ministry of Agriculture and Fisheries, the Marine Biological
Association of the United Kingdom started an investigation of the biology of
this mackerel population of the Celtic Sea.

One of the aims of the investigation was to determine the duration and
locality of spawning of the mackerel and the distribution of the pelagic young
stages. To this end, a survey of the plankton and hydrology of the area was
carried out during a series of cruises in the years 1937, 1938 and 1939. Joint
co-operation in the programme of cruises by the Fisheries Departments of

jOURN. MAR. BIOL. ASSOC. vol. XXVII, '947
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Eire and France, was agreed at a meeting of the Mackerel Sub-Committee of
the International Council for the Exploration of the Sea held at the Plymouth
Laboratory in December 1937 (Le Danois, 1939a, b). The following cruises
were made:

12-20 April
27-3° May
20-22 July

1937

S.S. George Bligh (United Kingdom)
Steam drifter B.T.B., L.T. IIS3 (U.K.)
Steam 'trawler Elk, M. 36 (U.K.)

1938

S.S. Quentin Roosevelt(France)
S.S. Quentin Roosevelt(France)
S.S. Muirchu (Eire)
S.S. GeorgeBligh (U.K.)
S.T. Elk (U.K.)
S.T. Elk (U.K.)

23 March-s April
6-9 April
7-12 April
7-18 April
31 May-s June
19-24 July

,
IS-I8 March
16-27 April

, 17-21 April
2-7 June

1939
S.T. Elk (U.K.)
S.S. GeorgeBligh (U.K.)
S.S. Muirchu (Eire)
S.T. Elk (U.K.)

Some of ,the results of this programme of research have already been
published. Farran (1939) has described the distribution of mackerel eggs and
young stages taken in April 1938 to the south of Ireland by the Irish Fishery
Cruiser Muirchu. Extensive data resulting from the two cruises made in

,March and April 1938 by the French Research Ship Quentin Roosevelt have
been fully reported by Furnestin (1939a), and an introductory account of
the distribution of mackerel eggs and young stages in the area covered by
the Plymouth cruises is included in preliminary reports of the work of the
investigation at Plymo~th (Steven & Corbin, 1939; Marine Biological
Association, 1940a, b). The distribution of phosphates in the area in April
1938 has been described by Hiekling (1938), and the phytoplankton distribu-
tion of the 1939 cruises has been examined in detail by Mare (1940).

In addition to the distribution of mackerel eggs and young stages in the
Celtic Sea in 1937-9, the present paper gives an account of the spawning of
the pilchard 1 and the distribution of certain zooplankton indicators-the
Sagitta species of the area and Muggiaea atlantica. Temperature and salinity
conditions are also described briefly; further detailed treatment of the hydro-
logical data will be published at a later date.

The courses of the cruises and station numbers 2 are shown in Figs. 1and 2.
Details of station times and positions, and of numbers of organisms per haul
are given in the Appendix (Table VI; pp. 124-32). For data of the French
cruises, see Furnestin (1939a). .

1 Furnestin's paper (I94S) on the biology of the Atlantic pilchard was received at the
Plymouth Laboratory after completion of the present paper.

2 In the text and figures, the station numbers of the Muirchu cruises are shortened by
omitting the first two figures of the station number. Thus, Station SR 2872 reads SR 72. Full
station numbers are given in Table Vr with the last two figures printed in heavy type.



SPAWNING OF MACKEREL IN THE CELTIC SEA 67
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Fig. 1. 1937 and 1938 cruises; station positions. Stations worked by the Muirchu have the
prefix SR; those worked by the Quentin Roosevelt have the prefix F. Only the first six
stations (F I-F 6) of the first cruise of the Quentin Roosevelt are shown; all stations
(F IOI-F II9) of the second cruise are shown. () dawn; 0 day; C) dusk; . night.
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Fig. 2. 1939 cruises; station positions. Stations worked by the Mui1"chu have the prefix SR.
f) dawn; 0 day; C)dusk; . night.
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COLLECTION AND EXAMINATION OF MATERIAL

Throughout the cruises made from Plymouth and Eire, plankton was collected
by half-hour oblique hauls of the 2 m.stramin ring-trawl. The method of
fishing was the same as that described by Russell (1930,1935 a), but a slightly
greater dept~ of water was sampled, the marks on the warp being at 10,20,35,
5° and 7° fm. (18, 36, 63, 91 and 126 m.) (Le Danois, 1939a). The use of a
standard method of collection permits some degree of quantitative comparison
of the results of different cruises and different years, but no more than broad
comparisons can be made since stations were worked both in daylight and-
darkness during the cruises. On the Quentin Roosevelt cruises, hauls were
made horizontally (15 min. at surface) or vertically (25-0 m. and SoLo m.)
with a 33 cm. 'petit filet type Boulogne' or aIm. 'grand filet Schmidt'
(Furnestin, 1939a). The data are therefore not quantitatively comparable with
those obtained by the oblique hauls of the 2 m. stramin ring-trawl, but are
valuable as qualitative records. Water samples and temperature readings were
taken with the Nansen-Petterson water-bottle.

All young fish caught in each haul were picked out for counting and identi-
fication. The fish-eggs in each haul were also picked out for counting and
identification, or, in hauls where they were very numerous, the number was
estimated by sampling.l The same methods were also used for the indic~tor
species. The eggs were identified largely by inspection; the number dealt with
was far too great to permit of identification of individual eggs by measurement
of the diameter of the egg and of the oil globule. Inspection alone may perhaps
be considered a somewhat uncertain means of identification, but it proves
reliable after some experience in the recognition of different species of fish
eggs has been acquired, and especially when used in combination with the
certain identification characters provided by the chromatophore pattern of the
embryo and the oil globule in the later development stages of the mackerel egg
(Buchanan- Wollaston, 19II; Holt, 1893).

GENERAL RESULTS

The Spawning of the Mackerel and the Distribution of the
..Pelagic Young Stages and the Spawning of the Pilchard

Before discussing the results of the present investigation, it will be of value to
recall the existing records concerning the spawning of the mackerel in the seas
around the south-west of the British Isles.

Matthias Dunn (1893) is remarkably accurate in his observations on the
subject. He writes: ' . . .the period of spawning. . .as a rule is in May and

1 All totals obtained by sampling are indicated in Table VI by * after the number (e.g.
2450*); totals without this notation are exact counts.
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June.. .and the spawninggrounds.. .are in those waters covering the plateau
of ground within the two hundred mile limit of our western and south-
western shores.' Of the mackerelin the English Channel, he observes: 'They
generally spawn late in June, but. . .I have known their spawning deferred so
late as the lOthof August.' Allen (1897),summarizingthe records of Cunning-
ham (1890,1892) for the Plymouth area, and of Holt (1892, 1893)and Green
(1894) for the south-wes,tcoast of Ireland, gives the following as the chief
spawning periods:

South-west of England (off Plymouth). End of May to end of July.
South-west of Ireland. May and June.

/ .

The records of mackerel young stages from Plymouth waters in the years
1906, 19°8-9, 1913-14, 1917 and 1919 (Allen,. 1917; Lebour, 1918; Clark,
1914, 1920) also led Clarke to observe that spawning in the area takes place
from May to July, but he notes that, , . . .a later spawning period has been
observed for some years, vide Lebour (1918) for the record of post-larvae in
September 1917', and he concludes by giving the spawning period as May-
August (Clark, 1920). Ehrenbaum (1923) quotes Allen, Cunningham, Holt and
Green. Lissner (1939) gives the spawning period in the Channel and North
Sea as (May), June and July, and for Ireland as (April), May, June and July.
From records of the occurrence of mackerel young stages in the 2 m. .ring-
trawl plankton collections made throughout the year at Plymouth, Russell
(1930, 1935a, 1936.b, 1937, 1938 b, 1939a, 1940) classifies the mackerel as a
summer-spawner in Plymouth off-shore waters, noting however that' the main
spawning region is probably considerably further to the westward' (1926).
Farran (1939) records very intense spawning to the south of Ireland in April
1938. Le Gall (1939) states: 'Des Mars, aux accores du Plateau Continental
Atlantique, on constate la presence d'reufs de maquereaux dans Ie planctov.. . ..
La ponte du maquereau debute done vers mi-Mars a l'entree occidentale de la
Manche. Elle s'intensifie en Avril et en Mai (maximum), se poursuit en Juin,
en Manche Occidentale. Nous avons pu l'observer jusqu'a la fin d'Aout en
Manche Orientale.' In a preliminary report of the present investigation,
Steven & Corbin (1939) also state that spawning lasts from March until July
or August, with a maximum from mid-April to mid-May, and occurs within
the area of the Continental Shelf but mainly off-shore. This observation was
based on a detailed examination of the 1937 material of the Plymouth in-
vestigation, together with a preliminary inspection of the plankton collections
of 1938 and 1939. A full examination of all the material has now been com-
pleted and has revealed in considerable detail the locality and period of
spawning of the mackerel population of the Celtic Sea in 1937-9. Probably the
most outstanding feature of the survey is the similarity in each year of the
numbers and locality of mackerel eggs and young stages, and of the sequence
of changes with time in these .two components of distribution.
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Spawning begins in about the second week of March and continues until the
end of July and into August. It increases very rapidly in. intensity after the
start and by mid-April reaches a peak which lasts until May. Thereafter it
decreases more gradually, until by,the end of July it is only very sligh~. This
changing intensity of spawning is shown in Fig. 3 and Table I.

TABLE I. AVERAGE FOR EACH CRUISE OF THE TOTAL OF MACKEREL EGGS

AT ALL STATIONS WHERE MORE THAN roo WERE TAKEN

The number of stations from which the averages are obtained is shown in parentheses

Spawning takes place throughout the Celtic Sea during the period March to
July. In the English Channel, and also in the Irish Sea, it is known to continue
until August and probably in some years even until September, well after the.
main activity has finished in the Continental Shelf area. At the beginning of
spawning in mid-March, the area is small and is situated well to the south-
west of Ireland in the waters overlying the edge of the" Continental Shelf
(Fig. 8). By the mid-April peak, it has spread eastwar4s over th~ whole of the
Celtic Sea, as far as the mouth of the English Channel and the entrances of the
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Fig. 3. Variation in intensity of spawning of the mackerel (data in Table I).

March April May-June July
1937 No cruise 7659 (14) 2127 (10) 135 (I)
1938 No cruise 6003 (42) 4485 "(23) 571 (7)
1939 lI8.(1) 7802 (38) 5660 (26) No cruise

Mean 1937-9 lI8 7154 4090 353
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St George's and Bristol Channels. There is little evidenceth!lt it extends into
open oceanic waters beyond the 100 fm. line. The number of eggs, however,
varies greatly in different parts of the area, and spawning is concentrated in
two centres-to the west and south of the Celtic Sea. Of these, the outer
western centre lying to the south of Ireland is the more extensive and con-
tains the higher density of eggs. The inner southern centre covers a smaller
area to the west of the Brest Peninsula and has a lower egg density. The two
centres are shown in Figs. 4A, SA and 9A by the contour enclosing all stations
at which over 5°°0 mackerel eggs were taken. Between the centres spawning is
not so intense, and outside them and the area immediately between them it is
of still lower intensity, the number of mackerel eggs seldom exceeding 5°° per
haul. In April 1938 and 1939, there was a small isolated concentration of eggs
off the mouth of the Bristol Channel; the intensity of spawning was lower than
that of the two main centres but noticeably greater than in the surrounding
areas. As the season advances, the locus of spawning moves farther east and
north, and by the end of May there is very little spawning in the original
locality of the outer April centre. But the continuation of it, shifted consider-
ably north-eastwards, can be recognized in the spawning which occurs to the
north-west of the Scilly Isles, between the north Cornish coast and the south-
east coast of Ireland. The inner spawning centre of April is still present and
has shifted only slightly to the north-east-towards the middle of the mouth of
the English Channel. Its density of eggs in contrast to that of the outer centre
is somewhat increased (Figs. 6A, 9A). Le Gall (1928 a) draws attention to the
gradual eastward and northward shift of spawning during April and May from
the region south of Ireland, and he remarks on the presence at the end of May
of two spawning areas towards the east-at the entrance to the St George's
Channel (510 18' N., 70 °3' W.) and some distance to the west of Ushant
(4803"3' N., 50 50' W.). The decrease in intensity of spawning and the east-
ward shift continue, and by mid-July no eggs are present to the west of Scilly.
Their maximum numbers are little more than 1000 per haul in contrast to over
99,000 and 45,000 in April (1938,1939). The occurrence of the larger hauls in
the eastern part of the July spawning area indicates that the movement of
spawning eastwards along the Channel and northwards into the Irish Sea still
continues (Figs. 4 C, 7A). In this connexion, Scott's records from the Irish
Sea are especially valuable as they cover a considerable period of years. He
found mackerel eggs only once in the northern area (south-west of the
Isle of Man) during the years 19°7-13. Farther south they were more
numerous and he states that' the eggs are not uncommon in the Cardigan Bay
plankton at the beginning of July and it is possible that the majority of
fish that arrive in the central area spawn on the way up from the south'. In
support of this, he found that mackerel caught off Walney (north Lancashire)
early in July (19°1-12) were invariably in a spent condition (Scott, 1913,
1914a, b).



... ,...,
,\~, '.. i
Apr.37

SPAWNING OF MACKEREL IN THE CELTIC SEA

Mackerel

0 ()

e.
0 '.
.

B

73

D
Pi!chard

0

" '""'.
J " ... I

0

Fig. 4. Distribution of mackerel eggs (1-1000, IOOI-5000, 500I-IO,000, > 10,000) and
young stages (blue areas) (A, B and C), and pilchard eggs (1-5000, > 5000) (D, E and F)
in the Celtic Sea in April, May and July 1937. Figures refer to the numbers of eggs and
young stages at each station, The broken line in this and succeeding figures indicates the
100 fm. contour.
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April 1938. Figures refer to the numbers of eggs and young stages at each station.
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1939 a).
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The changes in numbers and distribution of mackerel young stages 1 in the
Celtic Sea are very similar to those of the eggs. None occurred in March
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Fig. 6. Distribution of mackerel eggs (I-IOOO, IOcn-sooo, SOOI-IO,OOO,> IO,OOO)and young
stages (blue area) (A), and pilchard eggs (I-Sooo, > sooo) (B) in the Celtic Sea in May-
June 1938. Figures refer to the numbers of eggs and young stages at each station.

1939, and there appear to be no previous records of any being taken in the area
as early as March. In the third week of April, small numbers oflarvae and post-

1 The material consists of 22,203 specimens; the largest measures 21 mm. (including tail)
j and may be regarded as past the post-larval stage since there is silvery pigment over most of the

body and the finlets are developed on the caudal peduncle. .
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larvae are present in the plankton of the outer margin of the area-beyond the
main spawningcentres and towards the western and south-western edge of the
Continental Shelf (Figs. 5A, 9A). The numbers caught in April 1938and 1939
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Fig. 7. Distribution of mackerel eggs (r-lOoo, roor-5000) and young stages (blue areas) (A),
and pilchard eggs (r-5000, > 5000) (B) in the Celtic Sea in July r938. Figures refer to the
numbers of eggs and young stages at each station.

in this region were almost all under 100 per haul. Le Gall (1928a) records
young stages in April to the south of Ireland in the region of 50° 50' N.,
10° 00' W., (18-26 April 1927). They do not occur, or are present in very small
numbers only, on the landward side of the spawning centres-in the central,
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northern and eastern areas of the Celtic Sea. In April 1939, three specimens
were taken close to the small concentration of eggs off the' mouth of the
Bristol Channel. By the end of May and beginning of June, they are present
throughout the Celtic Sea and are particularly abundant in the central area
stretching from south-west Ireland to the Brest Peninsula (Figs. 4B, 6A,
loA). The largest haul contained 8239 specimens (St. 25, June 1938, day haul).
They are less numerous towards the edge of the Continental Shelf, and also
eastwards towards the English Channel and northwards towards the entrance
to the Irish Sea. They are only occasionally taken at Plymouth in May but
occur regularly there in small numbers in June (Allen, 1917; Lebour, 1918;
Clark, 1914, 1920; Russell, 193°, I935a, et seq.), and Clark (I9i4) observes
that 'it is highly probable that the early stages occur in greater numbers much
further out than the area investigated'. The area of abundance of young stages

Ct

0

. .
0 Ct :~)

Mackerel
Mar.39.

Fig. 8. Distribution of mackerel eggs in the Celtic Sea in March 1939. Figures refer to the
number of eggs at each station. No young stages were taken.

bears the same relationship to the spawning centres at this time of year as did
the area of occurrence of young stages in April. It is situated beyond them-
towards the edge of the Continental Shelf. By July they are much less
abundant, even fewer than in April. Their continued move to the north and
east is still evident and they are no longer present in the central area of the
Celtic Sea to the west of8° W. where previously, at the beginning of June, they
were so numerous (Figs. 4 C, 6A). Table II shows the average total of mackerel
young stages taken on each cruise. The maximum at the end of May and
beginning of June stands out clearly. At Plymouth, Russell (i930, 1935a, et
seq.)finds a maximal occurrence of young stagesin July. They continue to be
present in the plankton in August in the majority of years, and even until
September (Lebour, 1918and Russell, 1935a; records in September 1917 and
193°, 1931 and 1932). The figures in Table II show that the average for the
July cruises (1937, 6; 1938,2'8) is in close agreement with the July monthly
average at Plymouth (period 1930-9; July average, 9).

.
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TABLE II. AVERAGE FOR EACH CRUISE OF THE

TOTAL OF MACKEREL YOUNG STAGES
..

The number of stations at which they occurred is shown in parentheses

Among the plankton collected during 1937-9, some of the hauls contained
pilchard eggs. These were counted in order to obtain information on the
spawning area of the Cornish pilchard. Lebour (1921) records that the pilchard
spawns some distance off shore in the Plymouth area-particularly in the
region of the Eddystone, and that spawning lasts from mid-March until
October, probably continuing into November, with a maximum from June to
August. Le Gall (I928b) states that spawning takes place within the area:
Scilly-Ushant-Cap de la Hague-Start Point. Furnestin (I939a) found eggs at
the end of March and beginning of April, 1938, in the Channel mouth, to the
south of the Scilly Isles and to the west of the Brest Peninsula as far as
8° 14' W., and he concludes that spawning occupies a fairly wide area over the
Continental Shelf. The distribution of pilchard eggs observed during the
present investigation confirms this (Figs. 4-7, 9 and 10). Spawning takes place in
the mouth of the English Channel and over a considerable area to the west as
far as 8° W. In April 1939, it extended to 9° W. North of the Scilly Isles it is
confined to the area along the Cornwall coast. It does not appear to occur to
any great extent to the south and south-east of Ireland; a single egg was taken
to the south-west of Ireland in March 1938 (50° 42' N., 10° 00' W.; St. 9;
Furnestin, I939a) and twenty-'seven were taken off the south coast in April
1939 (Sts. 42 and SR. 23). The eastern limit of spawning is not indicated by the
1937-9 recordS and it is possible that spawning may occur throughout the
length of the Channel and in the southern North Sea. Furnestin (I939b)
observed considerable spawning from May until August (1931-4), with a
maximum in June, in the region of the Sandettii lightship in the northern
entrance to the Straits of Dover (51° 13' N., 1° 53' E.). He also obtained
numerous eggs in three plankton hauls taken to the east of Beachy Head
(0° aS' W., 50° 40' N.) in mid-June (loth-12th, 1938). He concludes that
these spawning areas are probably continuous with that at the western end of
the Channel. The southern limit of spawning was not conclusively determined
on the 1937-9 cruises, but it seems very unlikely ~hat it lies beyond the edge of
the Continental Shelf. The lack of stations inside the Channel mouth prevents
as comprehensive a survey of the distributioll of pilchard eggs throughout
each year as was possible with mackerel eggs. It is, however, evident that the
main pilchard spawning area lies at the western entrance of the English

March April May-June July
1937 No cruise 3(3) II2 (10) 6 (13)
1938 No cruise 14 (II) 575 (29) 2 (21)
1939 Nil 33 (26) II8 (27) No cruise

Mean 1937-9 Nil 17 268 4
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Channel, although intense spawning activity also takes place farther to the
.west, beyond the Channel mouth. "In June 1938 and April 1939 two small
concentrations, in which eggswere quite as numerous as in the main spawning
area,occurredoutsidethemouth.ofthe Channel(Figs.6B,9B).The distribu- '

tion of pilchard eggs at the end of May and beginning of June, and in July,
indicates that the spawning area does not extend in these months quite so far
west as in April. Its western limit lies nearer to 7° W. than to 8° W. The
average for each cruise of the total of pilchard eggs at -allstations where more
than 100were taken is shown in Table III.

TABLE III. AVERAGE FOR EACH CRUISE OF THE TOTAL OF

PILCHARD EGGS AT ALL STATIONS WHERE MORE THAN rOO WERE TAKEN

The number of stations from which the averages are obtained is shown in parentheses

1937
.1938
1939

Mean 1937-9 ,

April
4957 (12)
4474 (14)

lo,6u (22)
7542

May-June

934 (4)
8687 (6)

34,9°9 (5)
21,798

July
2508 (6)
6895 (10)
No cruise

6895

The 1937 averages show a maximum in April and a minimum at the end of
May. In 1938 and 1939, however, the maximum occurred on the May-June
cruise each year. It is possible that the irregularity of the 1937 averages may to
some extent be due to the use of a smaller net on the May cruise and to the
fact that only the fringe of the pilchard spawning area was worked. Pilchard
eggs. have been a constant and especially marked feature of the Plymouth
plankton catches. They occur each year from April to November, with records
in March in 1936 'and in.December in 1931, 1938 and 1939 (Russell, 1935a,
1936b, et seq;). These records have a maximum in June which Hickling (1945)
has shown to be coincident with the maximum occurrence of spawning fish
and with maxima in gonad weight, feeding activity and growth of the adult
fish. Hickling's samples were obtained in the years 1936-8. This evidence
strengthens the probability that the 1938 and 1939 averages are the truer
reflexion of the changes in intensity of spawning and that the figures for
1937 are not representative.

The relationship of the mackerel and pilchard spawningareas is apparent in
Figs. 4-7, 9 and 10. In April the main pilchard spawning in the Channel
mouth takes place in an area containingfew or no mackereleggs(Figs. 4, 5, 9).
As the season advances, the north-easterly shift of the mackerel spawning
c:entresbrings them nearer to those of the pilchard, and by the end of May
and early June, there is cbnsiderable overlapping. This was particularly
evident in May-June of 1938when the spawning centres of the two species
occupied the same a~eas(Fig. 6). The continued movement of the spawning of
the mackereleventuallycompletes the overlapping of the total spawning areas
.JOURN. MAR. BIOL. ASSOC. vol. XXVII 1947 6
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of the two species-not merely of the centres. This can be seen from the
distribution of mackerel and pilc~rd eggs in July 1937'and 1938 (Figs. 4C,
F, 7). The overall spawning areas were identical and it is noteworthy that the
largest hauls of mackereleggswere taken to the eastward in exactlythose areas
of maximal pilchard spawning activity.

Comparisonof the distribution of phytoplankton in 1939(Mare, 194°)and of
mackerel and pilchard eggs givesno indication of any close relationship. In
March, there was very little phytoplankton in the region where mackerel
spawning was just starting. In April, both mackerel spawning centres were
situated in areasof medium phytoplanktondensity. In May-June, the northern
spawning centre was in an area of particularly sparse phytoplankton, while the
southern centre lay in the region of greatest phytoplankton density. It must
be noted, however, that in May-June phytoplankton production was very low
throughout the area of the cruise and at its highest approached only the lower
values of April. -The main pilchard spawning areas in April were located
largely in areas of dense phytoplankton, whereas in May-June, they were in
an area of sparse phytoplankton. Far more data are required for further
examination of the possibility of any correlation between the spawning of
either the mackerel or pilchard and the distribution of phytopla¥ton.

The salinity and temperature observations of the 1937-9 cruises provide
opportunity for examining the possibility of a relation between these factors
and the distribution of the spawning centres of the mackerel and pilchard. Le
Gall (1939) writes of the mackerel: 'Les deplacements des banes it l'entree
occidentale de la Manche et it l'entree sud de la Mer d'Irelande paraissent se
faire principalement suivant les axes transgressifs caracterises par une tem-
perature et une salinite elevees.(salinite superieure a 35%0 et temperature
variant de 10°a 15° suivant l'epoque de"l'annee). La ponte se fait egalement
dans les eaux transgressifes: les reufs et les larves de maquereaux etant
nettement plus abondants dans les peches planctoniques faites dans ces eaux.'
Furnestin (1939a) also notes: 'la presence d'reufs et de larves de maquereaux
semble etre strictement limitee aux regions OUse manifestent les trois grandes
poussees transgressives'; and further, that it was only at stations of salinity
near to or above 35.50%0that mackerel eggs and young stageswere taken on
the Quentin Roosevelt cruises in 1938. Farran (1939) on the other hand
observesthat at the western stations of the Muirchu cruise of April 1938where
salinities exceeded 35"60%°' the numbers of mackerel eggs were low, in
contrast to their particular abundance farther east in water of lower salinity.
Of the spawning area of the pilchard Furnestin (1939a) remarks that it is 'en
rapport etroit avec Ie mouvement general de la transgression atlantique sur Ie
Plateau Continental. En effet, les differentesstations OUnous avons trouve des
reufs de sardine sont situees sensiblement dans l'axe de la transgression.
Ailleurs, dans les eaux continentales,nous n'en avons pas trouve'. According
to Fage (1920), the spawning and larval development of the pilchard in the
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English Channel require a temperature of above 12° c.r and below 15° C. and
he records a mean salinity of 35'27%0 during the spawning period, May-
November. Le Gall (1928b) notes, however, that at one of the Thor stations2

in the northern half of the ChaImel mouth, pilchard eggs were taken in a
surface haul in water of 9'90° c., and he concludes that the pilchard in the
Channel mouth area certainly spawns in temperatures below 12° C.

Table IV shows the mean temperature and salinity of the upper 25 m. of
water in the mackerel and pilchard spawning centres in 1937-9 (means of all
stations at which more than 5°°0 eggs were taken). Since there were indica-
tions of marked thermal stratification at 25 m. in May-June 1939 and July
1938, temperatures at surface and 5 m. only have been included; salinity
means, however, include the values at 25 m. as vertically homohaline condi-
tions extended to this depth. Mackerel spawning was much reduced (maximum,
1600 eggs) by July in 1938, although pilchard spawning was still very intense
(maximum, 38,600 eggs); in order therefore to obtain as valid a comparison as

T~LE IV. MEAN TEMPERATUREAND SALINITYOF THE UPPER 25 M. OF
WATER IN THE MACKERELAND PILCHARDSPAWNING CENTRES

The number of stations from which the means have been calculated is shown -in parentheses

Salinity °/00 Temperature ° C.
"-- - .A

Depths and number of stations as in Table IV above

Salinity °/00 Temperature ° C.
"- A

1 Le Gall (1928b, p. 23) erroneously quotes this as 14° C.
2 Fage (1920, p. 36); St. 31,7 May 1906,49° 45' N" f 42' W.; 20 pilchard eggs.

6-2

Mackerel Pilchard Mackerel Pilchard

April 1937 35'36 35'18 10'50 9'51
5, 25 m, (4) 5, 25 m. (2) 5, 25 m, (4) 5, 25 IIi. (2)

April 1938 35'35 35'36 10'27 10'°7
0, 5, 25 m. (12) 0, 5, 25 m, (4) 0, 5, 25 m, (12) 0, 5, 25 m. (4)

April 1939 35'50 35'34 II '44 10'86
0, 5, 25 m. (14) 0, 5, 25 m, (5) 0, 5, 25 m. (14) 0, 5, 25 m. (5)

May-June 1939 35'15 35'26 14'63 II '42
5, 25 m, (7) 5, 25 m. (I)' 5 m. (7) 5 m. (I)

July 1938 35'18 35'22 15'52 15'70
0, 5, 25 m, (3) 0, 5, 25 m. (5) 0, 5 m. (4) 0, 5 m. (6)

TABLE V. TEMPERATURE AND SALINITY RANGES IN THE

MACKEREL AND PILCHARD SPAWNING CENTRES

,---
Mackerel Pilchard Mackerel Pilchard

April 1937 35'35-35'38 35'°3-35'43 10'30-10'62 9'42- 9'71
April 1938 35'25-35'49 35'30-35'39 9'95-II'12 9'73-10'29
April 1939 35'33-35'58 35'10-35'52 10'49-12'30 10'27-II,80-
May-June 1939 34'51-35'49 35'26-35'27 13'22-15'42 II '42
July 1938 35'06-35'36 35'06-35'36 14'16-16'3° 14'16-16'30
Extreme range all cruises:

34'51-'35'58 35'03-35'52 9'95-16'3° 9'42-16'3°



84 P. G. CORBIN

possible of the conditions in the spawning areas of the two species, the means
of temperature and salinity for July 1938 have been calculated from the values
at all stations where more than 100 mackerel eggs and more than 500 pilchard
eggs were taken.. Table V shows the ranges of temperature and salinity
occurring in the spawning centres of the two species.

'Considering first the means, it is apparent that as the season advances,
conditions of reduced salinity and increased temperature are encountered in
the mackerel ~pawning centres. In the pilchard spawning centres, salinities
remain almost constant from April to July, with an indication of a slight
diminution during this period, while temperatures rise from rather lower to
slightly higher values than in the mackerel spawning centres. As a corollary
to the above, the range of salinity throughout the period April-July, as well as
the range in each month, is noticeably greater in the mackerel than in the
pilchard spawning centres, while the greater temperature range occurs in
the pilchard spawning centres. It has previously been noted th~t mackerel
spawning in July is much diminished. In making any inference from the above
figures, it would. therefore be more correct to exclude from consideration the
conditions pertaining in July in the mackerel spawning area. This was, however,
exactly coincident with the pilchard spawning area, so that in fact, the July
conditions were common to the spawning areas of both species. Moreover,
the above remarks apply if the July conditions in the mackerel spawning area
are discounted. .

In-April 1937, the mackerel spawning centres were entirely confined to
water of salinity >35'3%°' but it must be noted that this cruise was
not as extensive as the April cruises of 1938 and 1939. In April 1938, an
intrusion of salinewater (> 35'5%0) laybetween the outer.andinner spawning
centres, where the intensity of spawning was only moderate by comparison
with that of the centres. In April 1939, the two mackerel spawning centres
were largely situated in water of salinity> 35'4%0. In May-June 1939,
the sout:4ern mackerel spawning centre occurred in salinities varying
between 35'26%0 and 35'49%°' while the values in the northern"centre were
all lower than 35'2%°' These figqres show the very considerable range of
salinity in which intense mac~erel spawning activity occurs and point to the
somewhat doubtful value of ascribing salinity' limits' to the spawning areas of
the mackerel. It is evident that the shift of spawningduring the seasonbrings
about the extent of this range to a greater degree than actual changes in
salinity itself at one place.

The Distributionof the Sagitta speciesand of Muggiaea atlantica
in Relation to Hydrological Conditions

Before discussing the distribution of some of the zooplankton indicator
species observed during the present investigation, it will be convenient to
examine briefly the hydrological data obtained on the cruises of April 1937,

"
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1938and 1939,June 1939and July 1938. Further detailsare givenon pp. 109-
II7. In April 1937, 1938 and 1939 salinities were vertically homohaline
generally. The disposition of the isohalines in April and July 1938 and in
April and June (upper 25 m.) 1939 is in general agreement with the con-
ception of an anti-clockwise or cyclonic circulation of the waters in the
eastern part of the Celtic Sea, as described by Matthews (1914), Harvey
(1925, 1929, 1930), Lumby (1925) and others. Medium salinity water
(35'3-35'4 %0), probably derived from the salt water (> 35'5%0) lying on the
edge of the Continental Shelf to the west of the Brest Peninsula, extended
northwards across the mouth of the English Channel and continued through
the Land's End-Scilly Channel. Travelling along the north Cornish coast, it
was turned west by the course of the circulation in the region of the Bristol
Channel, then south-west and finallysouth, having now become considerably
diluted and indistinguishabl~in salinityfromthe lowsalinitytongue ( < 35'2%0)
forming the outer western south-flowing component of the circulation. In
April 1937conditions were rather different from the above. Very low salinity
water «35'1%0) extended from Ushant to the southern tip of the Cornish
Peninsula, blocking the Channel mouth and separating medium salinitywater
(> 35'3%0) in the neighbourhood of Plymouth from water of similar salt
content to the west of the Channel mouth.

Attention has been drawn to the bearing of this circulation on the biologyof
the south-western area and its importance as a distributing agent of plankton
organisms by the work of Gough (1905), Russell (1935b, 1936a, c, 1939b), .
Mare (1940), Corbin & Panikkar (1942).-

The distribution on the 1937-9 cruises of Sagitta elegans, S. setosa,
S. serratodentata and S.lyra, and of the siphonophore Muggiaeaatlantica is de-
scribed on pp. 97-109. Russell (1935b, 1936a, c, 1939b) has shown the value
of plankton organisms, partiCularly Sagitta elegaris, S. setosa and S. serrato-
dentata, as indicators of water movements in the Celtic Sea. He found
that S. setosa is associated with Channel water, S. elegans with mixed oceanic
and coastal water in the area of the cyclonic swirl, and that S. serratodentata,
a purely oceanic species, occurs in typical elegans water in years of strong
Atlantic in-flow into the Channel. Water also enters the Channel mouth from

the south-west. It may be warm and of purely oceanic origin with a character-
istic macroplankton indicator community, which does not, however, carry any
Sagitta species (Russell, 1935b, 1939b), or it may be low salinity water
entering close round Ushant (Poole & Atkins, 1929). The 1937-9 records
clearly show the predominance of S. elegans ill the central area of the Celtic
Sea. Equally evident is the predominance of S. serratodentatain the outer
area along the edge of the Continental Shelf, and of S. setosa in a small area off
the mouth of the Bristol Channel and in parts of the English Channel mouth.
S. lyra was nowhere the dominant species but its occurrence was noticeably
limited to the edge of the Continental Shelf (Figs. II, 12). These distributions

.;
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are in agreement with Russell's findings. Of the distribution of S. elegansin
the Celtic Sea, he remarks: 'We do not know how much further this area
extends to the south. It may perhaps str,etch right across the mouth of the
Channel, or it may be reasonably expected that the area changes and lies in
fact in the regIon of the cycloniccirculationknown to exist at the mouth of the
Channel south of Ireland.' He notes that only S. serratodentataoccurred in
the smallarea of the Bayof Biscay(centred on 47° 00' N., 7° 40' W;) which the
ResearchExpedition investigatedin 1904(Russell, 1935b). No S. eleganswere
taken beyond the 100fm. line at the southernmost stations of the Quentin
Rooseveltcruise of April 1938; S. serratodentataonly were present (Furnestin,
1939a). The distribution of S. elegansto the westward in April 1938 and
March and April 1939 also indicates that the species does not extend far
beyond the western edgeof the Continental Shelf. These records show that the
distribution of S. elegansto the south-west of the British Isles is confined to
the Continental Shelf area of mixed oceanic and coastal water (see Russell,

. 1939b,fig. 5, p. 182). It is of interest to compare the above records with the
findings of Redfield &Beale(1940)and Clarke, Pierce & Bumpus (1943)in the.
western Atlantic area of the Gulf of Maine and Georges Bank. In.the shallow
water (under 100m.) over Georges Bank there. is an anticyclonic eddy
carrying a permanent population of S. elegansin which no other Sagitta
speciesare endemic, although S. serratodentata,S.lyra, S. enfiata,S. maxima
and Eukrohnia"hamatahave been recorded in the area as immigrants from the
deeper waters,of the Glllf of Maine to the north and the Atlantic to the east.
Clarke et al.(1943) state: 'The area of relativelyhomogeneouswater overlying
the central portion of GeorgesBankwas found to change in extent from cruise
to cruise, but to' be sharply delineated from the surrounding stratified water
masses",and has been designated as the "Mixed Area".' They also observe
that'S. serratodentataand S. enfiata,whichweretaken chieflyin the September
cruise, occurredentirely outside the margin of the Mixed Area.' In the detailed
account of the distribution of the Sagitta speciesobserved during the present
investigation, it is noted that S. eleganswas most numerous in the southern
half of the English Channel mouth and to the west of the Brest Peninsula,
particularly in April of each year and to a less marked degree in May-June of
1938and 1939. In July 1937and 1938,it was scarcegenerally. Indications of
another area of abundance to the south of Ireland in April 1938and 1939rest
almost entirely on the evidence from night hauls and cannot therefore be
regarded as conclusive, more especially in view of the fact that a small area
immediately to the south was devoid of Sagitta of any species. The water in
the area of the Channel mouth was particularly rich in phosphates in April
1938 (Hickling, 1938)and had a high density of phytoplankton in April 1939
(Mare, 1940). Without further data, it would, however, be premature to
correlate the abundance of S. eleganswith these conditions since the species
was not outstandingly numerous at the westernmost stations and in the region

~~
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off the Bristol Channel mouth where rich phosphate values (April 1938) and
dense phytoplankton (April 1939) also occurred.

Gough (19°5) gives a comprehensive account of the distribution of Muggiaea
atlantica over the south-western area in 19°4. From the region of Ushant, it
spread progressively into the English Channel, the Bristol Channel area, the
southern part of the Irish Sea and along the south coast of Ireland. He
emphasizes the need for care in drawing conclusions as to water movements
from the distribution of an epiplanktonic organism which may be subject to
the effects of wind drift in the surface waters and which is capable of rapid
asexual reproduction. The hydrological data, however, led Matthews (1909) to
agree with his statement that the migrations of M. atlantica afforded' evidence
as to the direction of currents during that year'. Russell (1935b)also stresses
the requirement of caution before including M. atlantica in his list of indi-
cators of 'south-western' water. In discussing the occurrence of indicator
species at Plymouth in the years 1930-4, he writes: ' . . .it is noticeablethat the
" south-western" water indicators seem usually to follow the disappearance of
"western" water. Itappears almost as though we might have here a seasonal
phenomenon rather than an indication of water movement, the warm water
species increasing when the water is sufficiently warmed.' Evidence from the
occurrenceof other planktonanimalsand fromhydrologicalobservationsis, .

however, contrary to this interpretation, and he continues: 'There is thus an
indication from the plankton observations of a pulse of "western" water
entering the Channel, with its maximum about May. This pulse retracts
as the pulse of Atlantic water entering the North Sea from the north
increases; and this is followed by a pulse of "south-western" water into the
Channel.'

In April 1937, Muggiaeaatlantica was plentiful in the vicinity of Ushant
and its distribution extended northwards to the Scilly Isles and westwards
from Ushant. It was absent from stations closest to the south coast of Devon
and Cornwall (Fig. 13A). Its numbers decreasedprogessivelynorthwards and
westwards from Ushant, pointing to a centre of distribution in that region. It
has previously been remarked that a tongue oflow salinitywater occupied the
Channel mouth in April 1937. Comparison of the spread of this fresh water
and the distribution of M. atlantica leaves little doubt that it carried the
M. atlanticawith it. A single specimenof M. kochil was found about 20 miles
north of Ushant (St. 5). In this connexion, it should be noted that Russell
(1938b) records the occurrence in the first half of 1937 of several planktonic
speciesunusual to the Plymouth area~ In May and July 1937,no stations were
worked in the Ushant area, but M. atlanticawas present in the ~orthern half
of the Channel mouth (incJtidingstations nearest the coast), and in the Land's
End-Scillyarea (Figs. 13B, C). It was considerably more numerous than in
April. But this fact ~d the abundance of the speciesat Plymouth in the late

1 I am ind~bted to Mr F. S. Russell for confirming the identification of this specimen.

..
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s~er andautumn(Russell,1938b)CMlIlot,in viewof Russell's and Gough's
cautionary remarks, be taken as evidence of continued transport from the
Ushant area. The April invasion of the Channel mouth, however, appears
to have been definitely associated with the low salinity inflow from
Ushant.

In April 1938, M. atlantica was absent from the southern half of the
Channel mouth and the region of Ushant. It only occurred in the coastal
waters around the Cornish Peninsula (Fig. 13D). Low salinity water was
present in the U shant area close to the west coast of the Brest Peninsula and '

round the north-west coast. It was narrowly confined to the coastal region
by a warm salt tongue lying farther off the coast. This penetrated from the
south-west towards the southern half of the Channel mouth and, judging
from the indications of water mixing in the mouth of the Channel, con-
tributed considerably to the higher salinities there. In May-June 1938, all
stations were well to the west of Ushant (about 100 miles) and tlle Channel
mouth. M. atlantica was present from north of Scilly to the southermost
station-some no miles west by north of Ushan~ (Fig. 13E). In July 1938,
the distribution of M. atlanticawas similar to that of April. It was confined
to the coastalwaters closeto the Cornish Peninsula (Fig. 13F). It is probable
that this distribution continued for the greater part of the year since it
occurred at Plymouth in every month of the year although in rather low"
numbers (Russell, 1939a).

In April 1939,M. atlanticaoccurred in the southern half of the mouth of the
Channel. It extended northwards from Ushant to about half-way across the
Channel towards Scilly,and eastwards for somelittle distance along the north
coast of the Brest Peninsula (Fig. 13G). The numbers taken were small, but
their disposition with a maximum at the Ushant station, indicated both the
origin and direction of spread of the species. Salinity conditions in the area
were similar to those of April 1937. Low salinitywater which wasfairly warm
in the deeper layers, flowednorthwards closeto the French coast past Ushant.
It spread about half-way across the mouth of the Channel and also along the
north coast of the Brest Peninsula. To the west and closelyhemming it in to the
Ushant coast,was a tongue of slightlymore salinewater. This extended north-
wards across the Channel mouth to Scillyand was evidently derived from the
salt water beyond the edge of the Continental 'Shelf. As in April 1937 there
seemsto be a closecorrelationbetween the distribution of M. atlanticaand the
low salinity inflowround the Brest Peninsula. In May-June 1939, M. atlan-
tica occurred well out to the so:uth-west in more saline water than in
April. It wasnot found in ~e northern half of the mouth of the Channel. No
stations were worked near the Brest Peninsula. The invasion foreshadowedin
April did not take place and it was' remarkably scarce' at Plymouth that year
(Russell, 1940). \

The distribution of M. atlantica in 1937-9 throws some light on its value as
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. an indicator speciesand also on the problem of the origins of the water in the
western Channel mouth. In particular, the April records together with the
hydrological cQnditions and the yearly observations at Plymouth on other
planktonic speciesappear to relate to the incursion of' south-western' water,
which itself may be derived from water masses from more than one source
(Russell, 1939b).

In April 1937, an invasion of M. atlantica into the Channel mouth was
associatedwith a strong inflowof low salinitywater from Ushant. The oceanic
Sagitta serratodentatawas also more extensivelydistributed in the area than in
April of the other two years, although no strongly salineconditionswith which
it is usually associatedwere found in the region of the Channel mouth or to
the westward. In the first half of the year at Plymouth, seve:t;'alinfrequently
recorded planktonic organisms were taken (Discomedusalobata, Pelagia
noctiluca)and also one speciesnew to the area (Rhincalanusnasutus)(Russell,
1938b).

In April 1938, Muggiaea atlantica occurred in the northern half of the
Channel mouth only where apparently it had remained 'resident' since the
previous autumn when it was numerous (Russell, 1939a). Low salinity water
lay to the south ofUshant but did not enter the Channel. It was closelycon-
fined to the west coast of the Brest Peninsula by an inflowof salinewater from
the south-west. This spread eastwardsinto the Channelmouth restraining any
northward flow of the fresh water.

In the region of the saline incursion, there was a break in the distribution
of Sagitta serratodentata, separating a small community of the species
round the north-west coast of the Brest Peninsula from the main population
farther to the west along the edge of the Continental Shelf. No unusual
planktonic species occurred at Plymouth in the first half of the year (Russell,
1939a).

In April 1939,fresh water from the Ushant area spread half-way across the
Channel mouth carrying with it small numbers of Muggiaeaatlantica.To the
west of this was a more saline intrUsionnorthwards across the mouth of the
Channel, similar to that of April 1938. It did not, however, spread so far east-
wards into the Channel and was less saline. In the region of its entry from the
south it again appeared to split the distribution of Sagitta serratodentata.No
unusual planktonic specieswere recorded at Plymouth and Muggiaeaatlantica
was remarkably scarce throughout the year (Russell, 1940).

These records present something of a paradox. There is litde doubt that the
low salinity inflow of April 1937 carried with it both the M. atlantica and
certain plankton species not usually taken at Plymouth. These, including
M. atlantica, are generally considered to be 'oceanic' (Russell, 1938a) and
would be expected to occur in saline conditions, and not in the low salinities
recorded. But in 1938and 1939,when the April incursion of salinewater into
the Channel mouth from the south-west was considerable, there was a

.
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lack of (oceanic' species. Their appearance in early I937, when the area
was filled with water of particularly low salinity, suggests that the fresh
water on its way to the Channel mouth, had flowed alongside a body of
, oceanic' water containing the M. atlanticaand the unusual species, and had
gathered them into itself in sufficient quantity to transport them across the
Channel.

M. atlanticathus transported, was able successfullyto maintain a breeding
population in an alien locality for a period of at least twelve months (April
1937-8), probably longer, without recruitment or re-seeding from its original
stock, and in a considerablesalinityrange. Without previous records therefore,
its presence is unlikelyto be of great valuein determining the history or origin
of the water in which it occurs.

The lackof' oceanic' speciesin the saline incursions of April 1938and 1939,
when hydrological conditions would seem to have favoured their occurrence,
may be compared with the general lack of plankton in the 'Biscay water'
observed offUshant by Russell in July 1935 (Russell, 1936a).

Attempt at more detailed identification of the above records of planktonic
species with specific water masses would be little more than groundless
speculation. The need, however, for a further extensive series of data in the
Channel mouth and to the south-over the edge of the Continental Shelf-is
only too apparent. Unt:jlthis can be achieved,the present records continue to
emphasize the acknowledged complexity of the water movements in the
Channel mouth and the varied origins of the water masses entering the area.

REsULTS OF THE CRUISES

The Distribution of Mackerel Eggs

1937

12-20 April (Fig. 4A).

Spawning was intense in the west and south-west of the area of the cruise.
With the exception of Sts. 2 and 22 where less than 100mackereleggsper haul
were taken, none occurred in the eastern half-in the region of the Channel
mouth and to the north of Scilly. The greatest density of eggs was present

. alongthe southernline of stations(Sts. 9-15),and their numbersdecreased
from south-west to north-east of the area. The maximum haul of 32,3°0 eggs
was taken at the westernmost station (St. -14). In the south-west, where
spawning was generally intense, there was a concentration (over 18,000 eggs
per haul) in the neighbourhood of 49° 3°' N., 8° 4°' W. (Sts.13-15) and an
indication of a second lesser concentration (over 8000 eggs per haul) at
48° 5°' N., 6° 30'W., some60 miles east south-east of this and about 60 miles
south south-west of Scilly (Sts. 9 and 10).
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27-30 Mayl (Fig. 4B).

Mackerel eggs were taken at all stations on the cruise, indicating that
spawning activity had extended farther to the north-east towards Land's End
since April. But a decrease in the intensity of spawning was evident from the
fact that the largest haul contained only 8875 eggs (St. 8) compared with
32,300 in April.2 It was -alsoshown by the smaller numbers of eggs farthest to
the south-west (S18.5, 6 and 7). The gradation from large numbers of eggs at
the westerly stations to few eggs at the easterly stations was again noticeable.

20-26 July (Fig. 4 C).

The numbers and distribution of mackerel eggs in July revealed that the
main spawning to the westward of the Channel mouth had completely finished.
No eggs were taken to the west ofthe~Scilly Islands (Sts. 3-13) and only Vf~ry
diminished spawning activity continued inside the Channel mouth. The
maximum haul, containing only 135 eggs, was made 'aJ the easternmost
station off Plymouth (St. 18), and catches at other stations were very con-
siderably less than this.

6-18 Apri/3 (Fig. 5A).
Mackerel eggs were present over nearly the whole area of the Celtic Sea.

They were absent from the extreme marginal regions of the area: from the
two westernmost Stations (Sts. 18A and SR 89), from the north-eastern area
off the Bristol Channel and the St George's Channel (Sts. SR 72, 41 and 43-
47), from the northern half of the mouth of the English Channel (Sts. 1,2,
52-56 and 62), from the area of Ushant and the west coast of the Brest
Peninsula (Sts. 5, 6, 58, F 101-F 104, F 118 and F 119), and from the
southernmost region (Sts. F 107-F III). Two centres of veryintense spawning
activity were evident. The larger outer centre was situated to the south of
Ireland between 9 and 10°W. and covereda considerablearea from 49° 20' N.
to 50° 10' N. (Sts. 16,21,22, SR 82, SR 85 and SR 86).The smallerinner one
was centred on 49° 05' N., 7° 15' W., some 60 miles south-south-west of the
ScillyIsles (Sts. 10-12). In the outer centre, the maximum haul contained the
very large number of 99,333 mackerel eggs (St. SR 86) and catches at other
stations in th~ area ranged from over 6000to over 19,000. In the inner centre
hauls contained between 5000 and 20,000 eggs. The two centres of spawning

I938

1 On this cruise, plankton was collected by oblique hauls (usual method of working) with
a I m. stramin net. It has been estimated that the fishing capacity of the I m. stramin net is
t x that of the 2 m. stramin ring-trawl. Actual numbers of fish eggs, etc. taken on this cruise
have therefore been multiplied by four so that compt1risons witl;1the results of other cruises
may be of the same order.

2 Station 8 (May 1937) was about 10 miles east of Stations 13 and IS (April 1937) where
18,570 and 20,500 mackerel eggs were taken.

3 See also Farran (1939) and Furnestin (1939a). A single mackerel egg was taken on
29 March 1938, to the south of Ireland (Furnestin, 1939a; St. 12; 50° 22' N., 9° 55' W.).
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activity were noticeably localized and the density of mackerel eggs outside
them was seldom greater than 400 per haul, except at stations immediately
between them (Sts. 13-15, 23 and SR 78) where larger hauls of 1000-3090
eggs occurred. At Station 48, off the mouth of the Bristol Channel, 2020
mackerel eggs were taken.

31 MaY-5 June (Fig. 6A).

Mackerel eggs were absent from the westernmost area (Sts. 18-22), but
were taken at all other stations on the cruise. Two dense concentrations of
eggs were present. The smaller of these lay to the west and north of the
Scilly Isles (Sts. 12 and 30; 18,280 and 6075 eggs). The larger was situated to
the south of Scilly, outside the mouth of the English Channel (Sts. 3-6;
5320-31,110 eggs). To the west of the two concentrations and between them,
mackerel eggs were considerably less numerous. The southern spawning
centre of this cruise can be identified with the inner centre of April. The
density of eggs was of the same order although slightly larger catches showed
an increase of spawning activity since April. Moreover it was situated in the
same latitude, having shifted only slightly eastwards from the April position,
so that the western station overlapped the position of the eas'tern station of the
April concentration. Mackerel eggs were few or did not occur at all in the area
occupied by the large outer spawning centre of April.

19-24 July (Fig. 7A).

Spawning was very diminished in intensity compared with that of April and
May-June, and no longer occurred in the Celtic Sea to the westward of Scilly.
Eggs were present inside the mouth of the Channel as far west as Scilly, and
slightly beyond this-to 7° W.-in the area to the north of Scilly. They were
absent from the westernmost stations (Sts. 9-12, 21 and 22) and the northern-
most station off the Bristol Channel mouth (St. 15). The spawning area had
shifted nearly 200 miles eastwards since May-June; the western limit which
was then between 9 and 10° W., now lay between 6 and 7° W. The maximum
haul of 1600 eggs was taken at the easternmost station (St. 3) and catches were
smallest at the westerly stations.

15-18 March (Fig. 8). 1939 .

Small numbers of mackerel eggs occurred in a restricted area at the western
edge of t4e Continental Shelf, about 70 miles south-south-west of Ireland
(Sts. 5-8, 16 and 17). The maximum haul contained u8 eggs (St. 8). The area
of distribution lay between 10 and 12° W. and did not extend farther north
than 51° N. The southern limit was not determined.

16-27 April (Fig. 9A).

Spawning had greatly increased both in intensity and extent since the third
week in March. Mackerel eggs were distributed throughout the area of the
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cruises, except in the northern half of the mouth of the English Channel
(Sts. I, 2, 33, 37, 56-58, 61 and 62), at the mouth of the Bristol Channel
(Sts. 46 and 47), and at single stations closeto Ushant (St. 4), off the southern
Irish coast (St. SR 13)and in the central area (St. SR 17). As in April 1938,
there were two centres of intense spawningactivityto the west and south. The
outer centre was situated to the south of Ireland between 9 and 1I0 W. and
extended southwards from 51° 00' N. to the edge of the Continental Shelf
(Sts. I7-~, 22-26 and SR 26-SR 29). The largest hauls, containing between
5950 and 45,025mackereleggs, were taken in this centre. In the smaller inner
centre, lying some 90-100 miles west of the Brest Peninsula and centred at
about 48° 30' N., 8° 00' W. (Sts. 9, II and 12), spawningwas less intense and
catches did not exceed 10,000eggs per haul. The southern boundaries of the
two centres were not determined, but it seems probable that they were con-
tinuous as one area along the southern edge of the Continental Shelf. Outside
the centres, hauls usually contained fewer than 500eggs. At Station 49, off the
mouth of the Bristol Channel, 1250 eggs were taken. It has already been
mentioned that a similarly isolated large haul of mackereleggs (2020)occurred
in this area in April 1938.1 .

2-7 June (Fig. loA).
Mackerel eggs were taken at all stations on the cruise and were concentrated

in two centres. The northern centre in which the lesser intensity of spawning
occurred (maximumhaul, 12,075eggs; St. 22) lay between the south-east coast
of Ireland and the north coast of Cornwall (Sts. 13 and 21-26). The southern
centre in which spawning was more intense (maximum haul, 28,500 eggs;
St. 3) was situated immediately outside the Channel mouth (Sts. 3,4, 17, 19
and 28). To the westward of the centres, in the region of the outer April
cenu,.e,few eggs were present. Comparison of the positions of the two centres
with those of April shows the extent of the north-eastward movement of
spawning. In the northern centre which wasalmost certainlya continuation of
the outer centre of April, a considerablediminution in spawningintensity had
taken place. While the southern centre, which from its position was clearly
identifiable with the inner April centre, showed, as in 1938, an increase in
intensity of spawning since April.

The Distributionof Mackerel Young Stages

12-30 April (Fig. 4A).

It was originally stated that no mackerel young stages were taken in April
1937 (Steven & Corbin, 1939). This record requires correction since the
identification of eleven young fish, which in the earlier examination could not
be determined with certainty, has now been established. A careful comparison

1 St. 48, April 1938, 50° 55' N., 5° 50' W.; St. 49, April 1939, 50° 48' N., 5° 53' W.

1937
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of the specimens with the abundant material of later cruises leaves no doubt. \

that they are young mackerel. Ten specimens were taken to th~ westward of
the area of the cruise (Sts. IS and 29) and a single specimen was taken to ,the
south of the Lizard (St. 35). Elsewhere on the cruise no mackerel young
stages were taken.

27-3° May 1 (Fig. 4B).

Considerable numbers of young stages were caught on this cruise and the
main, area of their distribution lay to the south-west (Sts. 4-II) where mackerel'
eggs were generally most numerous. Small numbers were also taken between
Land's End and Scilly (Sts. I and IS). The largest haul, containing 568
specimens, was recorded to the westward (St. 8, day haul) where the greatest
number of eggs was taken.

20-22 July (Fig. 4 C).

Young stages were very much less numerous than in May and were absent
from the westernmost area (Sts. 6-10) where previously they had been
numerous. They occurred at the easterly stations where spawning still con-
tinued, as 'well as at a number of stations farther west where no mackerel eggs
were recorded. The largest catch (20 specimens, St. 16, day haul) was taken to
the south of the Lizard, in the eastern part of the area of distribution of the
young stages.

1938

6-18 Apri12(Fig. SA).
The distribution of mackerel young stages was confined to the extreme

western and south-western margins of the area, towards the edge of the
Continental Shelf and beyond the two main spawning centres (Sts. 16-20,
SR 86, SR 88, SR 89, SR 91, SR 92, F 1°7 and F I09-F II4). They were
absent from the central, northern and eastern areas, on the landward side of
the spawning centres. The majority of hauls contained fewer than 20 speci-
mens, although 69 were taken in one night haul (St. 17).

31 MaY-5June (Fig. 6A).
In comparison with the numbers taken in April, mackerel young stages

were exceedingly numerous. They were present throughout the area of the
cruise except off Land's End (St. I). Their distribution had shifted very con-
siderably north-east since April and they p.owoccurred in the central area of
the Celtic Seawhere previouslythey werenot recorded. They reachedmaximal
abundance (over 500per haul) in a 1?roadbelt extending across the area of the
cruise from north-west to south-east (Sts. 4, 9, 10, 16 and 24-26), in the
centre of which the very large number of 8239 specimens was recorded in
a daylight haul (St. 25). Station 4 wasthe onlynight haul in the areaofmaximal

1 See note I, p. 91. 2 See also Farran (1939) and Furnestin (1939a).



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

SpAWNING OF MACKEREL IN THE CELTIC SEA 95

abundance. To the west and south, and more markedly to the north-east of
this area, their numbers progressively decreased. It has been noted that in
April the young stages occurred beyond the centres of spawning.This wasalso
evident in May-June.

19-24July (Fig. 7A).

Young stages were present in very small numbers (maximum, 6). They
occurred at all stations except the two westernmost (Sts. 10 and II) and three
stations in the middle of the Channel mouth (Sts. 5,6 and 8). As in July 1937,
their distribution extended farther west than that of the eggsand it had shifted,
very considerably eastwards and slightly northwards since May-June. The
western boundary on this cruise lay along about 7° 20' W., while on the May- '

June cruise it was to the west of 10° W.

1939

15-18 March.

No mackerel young stages were taken on this cruise.

16-27 April (Fig. 9A).

The distribution of mackerelyoung stages was similar to that of April 1938.
They were taken at the westerly and southerly stagons, mainly beyond the
spawning centres, although this tendency was not so marked as in April 1938.
They were also slightly more numerous than in April 1938 (maximum 174,
St. 22, day haul). The 1939 cruise was about a week later than in 1938, and
in consequencethe records probably represent a later stage in the distribution
of the young mackerel, when more had hatched into the plankton and their
spread north-eastwards from the edge of the Continental Shelf was more
extended. Singlespecimenswere taken offUshant (St. 3) and off the mouth of
the English Channel (St. 31), and three occurred near the mouth of the Bristol
Channel (Sts. 47 and 48), close to the isolated concentration of eggs (St: 49).

2-7 June (Fig. loA).
Young stages were present throughout the area except near the Lizard

(St. I). They were more numerous than in April and were most abundant
(maximum 634, St. 7, day haul) in an arealyingto the westwardofthe spawning
centres and extending from the south-west of Ireland towards the Brest
Peninsula (cf. May-June 1938).Their numbers progressivelydecreasedto the
north and east of the area of maximalabundance, and small catchesat some of
the westernmost stations (Sts. 6, 8, II and 12), showed that beyond it they
were also becoming fewer. Off the mouth of the Bristol Channel (St. 26, day
haul) 59 specimenswere'taken, dose to the position of the small concentration
of eggs which occurred there in April.
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The Distribution of Pilchard Eggs

12-20 April (Fig. 4D). 1937

Spawning occurred in the northern half of the Channel mouth and extended
to the west and south-west of Scilly as far as 8°W. The centre of spawning was
situated inside the mouth of the Channel, off the south coast of Devon and
Cornwall (Sts. I, 2 and 3S; over 10,000 eggs per haul). No eggs were taken in
the southern half of the mouth of the Channel (Sts. 3-8, 10, 21 and 22), at the
westernmost stations (Sts. 13-16 and 18) and to the north-west of Scilly
(Sts. 27-32). .

27-30 May! (Fig. 4E).

Pilchard eggs were taken in the Land's End-Scilly region (Sts. 1-3, 14 and
IS); they were absent from the western area (Sts. 4-13). Catches were small
(maximum 2800, St. I) but of the same order of size as those of April from this
area. No stations were worked inside the mouth of the Channel where the
April concentration was situated.

2-22 July (Fig. 4F).

No pilchard eggs were found to the west of Scilly (cf. May 1937) and the
spawning area was identical with that of the mackerel (Sts. I, 2 and 14-18).
The largest hauls were taken to the eastward, in the region. of the April
spawning centre (maximum 10,000 eggs, St. 17).

6-18 April2 (Fig. SB).

Pilchard eggs were present in a broad area extending from the north coast of
Cornwall south-westwards across the entrance to the Channel. The centre of

spawning was situated, as in April 1937, in the northern half of the Channel
mouth (Sts. 2, 3, 29 and 30), where hauls containing from 7680 to 24,120 were
taken. No eggs were present in the western and northern parts of the Celtic
Sea nor in the southern half of the mouth of the Channel and off the Brest
Peninsula.

1938

31 May-s June (Fig. 6B).

The distribution of pilchard eggson this cruise was similar to that of April,
extending from north of the ScillyIsles southwards across the mouth of the
Channel (Sts. 2-6, 12 and 30). Only the western limit of distribution was
determined, since no stations were worked inside the mouth of the English
Channel. They were absent off Land's End (St. I) and from the western area

J See note I, p. 91. .
2 See also Furnestin (1939a). A single pilchard egg was taken on 24 March 1938, to the

south of Ireland (Furnestin, 1939a; St. 9; 50° 42' N., 10° 00' W.).
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beyond about 70 30'.W. The largest hauls were made to the west of:Sdlly
(St. Ii; 20,606 eggs) and about 7° miles farther south outside the Channel
mouth (St. 5; 25,320 eggs). .

19-24 July (Fig. 7B).
Pilchard eggs were numerous at the easterly stations. They were absent or

scarce to the west of Scilly and towards the southern half of the mouth of the
Channel. The main concentrations were situated similarly to those of May-
June, off the north coast of Cornwall (Sts. 16 and 17; 95° and 38,600 eggs) and
inside the Channel mouth in the northern half (Sts. 1,2 and 23-26; 2100-
22,45° eggs).

15-~8 March. 1939
No pilchard eggs were taken on this cruise.

16-27 April (Fig. 9B).
Pilchard eggs occurred at all stations in the Channel mouth and to the west-

ward as far as 9° W. This was considerably farther west than on previous
cruises. They were absent from a small area immediately to the north of
Ushant, from the westernmost stations and also the area to .the north of the
Scilly Isles, except for the occurrence of 27 eggs off the south-east coast of
Ireland (St. 42, I egg; St. SR 23, 26 eggs). Three, spawning centres were
present. The largest of these occurred inside the middle of the Channel mouth
'(Sts. 2, 57, 58 and 61; 13,100-39,°75 eggs).' The two smaller centres lay
farther to the west. One was situated immediately outside the middle of the .

Channel mouth (Sts. 37 and 55; 23,5°0 and 92,925 eggs); the other occurred
farther to the south, about 9°-100 miles west of Ushant (Sts. 10 and II;
14,5°0 and 22,975 eggs) in an area immediately adjoining the smaller inner
concentration of mackerel eggs.

2-7 June (Fig. loB).

Pilchard eggs were found in the easternmost area of the cruise, near Scilly
and the tip of the Cornish Peninsula (Sts. 1-3, 19,20,27 and 28); elsewhere to
the west and north-none was taken. No stations were worked inside the mQuth
of the Channel. They were very numerous to the south of Land's End and the
Lizard, a~d the exceptionally large haul of 121,95° eggs was taken in this area
(St. r). . .

The Distribution of Sagitta elegans Verrill

12-20 April (Fig. I I A). 1937

No Sagitta spp. were taken at Stations 1,25 and 3°. S. eleganswas taken at
all other stations and was the dO,minant species over the whole area with the
exception of the two westernmost stations (Sts. 13 and 14) where S. serrato-
dentata was more numerous. The numbers per haul show very considerable
variation due to diurnal vertic;:alpligration, but a general tendency for the

JOURN. MAR. BIOL. ASSOC.vol. XXVII, I947 7
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species to be less abundant towards the west is noticeable. The largest haul was
taken about 20 miles west of Ushant (4610 specimens, St. 7, day haul).

,
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Fig. II. Areas of dominance of Sagitta elegans1111, S. setosa and S. serratodentata iEoil in
the Celtic Sea in 1937 (A, Band C) and 1938 (D, E and F). 0 S. lyr9 present.

27-3° May! (Fig. IIB). .

No Sagitta spp. were taken at Stations 3, 8-II, 13 and 14. S; elegans was
recorded at all other stations and was the dominant species throughout the

1 See note I, p. 91.



SPAWNING OF MACKEREL IN THE CELTIC SEA 99

area, although very much less numerous than in April (maximum 300, St. 5,
night haul).

20-22 July (Fig. I I C).

The species was taken at all stations on the cruise and was dominant in the
whole area with the exception of two separate stations, off Land's End and
east of the Lizard, where S. setosa predominated (Sts. I and 17). Numbers
had increased very considerably since May, but were not so great as in April
(maxima, 1560 (day) and 2800 (night); Sts. 8 and 13).

7-18 April1 (Fig. IID). 1938

No Sagitta spp. were taken at Stations 1,24,25,42,54, SR 78, F 101, F 113-
F II5. S. eleganswas distributed over almost the whole area of the Celtic
Sea; it was absent from certain marginalareas (St. 42 in the north; Sts. I8A,

I 19 and SR 89 in the west; Sts. 16, F I06-F IIO and F II3-F II5 in the south;
Sts. I, 29, 54 and 59 in the northern half of the Channel mouth) and from one
station (St. 36) adjoining the central patch in which no Sagitta spp. occurred
(Sts. 24, 25 and SR 78). The majority of the large catches of S. elegans were
taken at night stations (see Table VI), and for this reason the greatest reserve
is required in pointing out any particular concentration within the distribution
of the species. It seems probable, however, that an area of abundance was
present in the vicinity of Ushant (Sts. 4 and 5 (night), 2950 and 3270 speci-
mens; Sts. 6 and 7 (day), 287 and 900 specimens) where both day and night
hauls were noticeably larger than those of the surrounding stations. Several
large catches were made to the south of Ireland (Sts. 21, 22, 39, SR 73-SR 75
and SR 8I-SR 83; 600-5200 specimens) but all occurred at night stations and
cannot therefore be considered as representing a true concentration of the
species. A large qaylight haul was also taken about 30 miles south-west of
Valencia (St. SR 93; 1405 specimens). S. eleganswas the dominant species in
the central area of the Celtic Sea from southern Ireland to the approach to
Ushant. At the western and south-western stations it was outnumbered by
S. serratodentata, and in the areas off the entrance to the Bristol and English
Channels S. setosa was the predominant species.

31 MaY-5 June (Fig. IIE).

S. elegans was taken at all stations. It was the dominant species throughout
the area of the cruise except in the region off Land's End past Scilly in which
S. setosa predominated (Sts. I and II). In the area west of the Channel
mouth, very large catches were taken in day and night hauls (Sts. 2, 7, 8, 10,
II, 24 and 25 (day), 600-5820 specimens; Sts. 3 and 4 (night), 7040 and
29,340 specimens). At the westernmost and northernmost stations numbers
were generally lower.

1 See also Fumestin (I939a).

7--2
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19-24 July (Fig. I I F).

No Sagitta spp. were taken at Stations 12, 14 and 16. The area of distribu-
tion of S. elegans lay to the west of the Channel mouth and extended slightly
to the north of the Scilly Isles. A single specimen was taken at the northern-
most station (St. IS) and four occurred off Plymouth (Sts. I and 26). The
species was very much less numerous than in April and in May-June (maxima:
St. 9 (day), SOOspecimens; St. 21 (night), 1000 specimens). .

1939
. IS-18 March (Fig. 12A).

The species occurred at all stations except the two westernmost (Sts. 8 and 9)
and was present in considerable numbers (maxima: St. I (day) 700 specimens;
St. 20 (dusk) 28so specimens). It was the dominant species from the area of
Scilly westwards to. about 10° W. Farther west, S. serratodentata was the
most numerous species.

16-27 April (Fig. 12B).

No Sagitta spp. were taken. at Stations 26, 28, 37, 39, 43, 48, 49, SR'13,
SR 20, and SR 28. With the exception of the above stations and also
Stations 22, SR 21, SR 23 and SR 3°, S. eleganswas distributed over the whole
of the Celtic Sea and was taken in particular abundance at the southern half of
the mouth of the English Channel in both day and night hauls (Sts. 2-8 and
36; maxima, 6240 (day) and 11,44° (night)). Large catches were also taken in
the area to the south of Ireland and west-north-west of Scilly and, although the

. majority occurred at night stations, two daylight hauls in the area contained
considerably greater numbers than at surrounding stations (Sts. 31, 4°, 41,
S2 and SR IS-SR 19; maxima, 90S (day) and 10,87S (night)). A central
patch in which no Sagitta spp. occurred (Sts. 26, 28, SR 20 and SR 28) was
situated a little to the west of th.ebarren patch of April 1938. S. eleganswas the
dominant species throughout the greater part of the Celtic Sea, including the
mouth of the Bristol Channel and the southern half of the mouth of the
English Channel. In the northern, half of the Channel mouth it was replaced
as the dominant species by S. setosa, and by S. serratodentata in the western
area and at some of the southern stations.

2-7 June (Fig. 12C).

No Sagitta spp. were taken at Stations 14 and 17. With the exception of these
and a single station close to Land's End (St. 28), S. elegans occurred through-
out the area of the cruise. It was dominant over almost the whole area except
at the westernmost station and the southernmost station where S. serrato-
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dentata was more numerous (Sts. 6 and 12), and in the Land's End-Lizard
area where S. setosa predominated (Sts. I and 28). It was most abundant in

A

B

Apr. 39

c

I
I
I
I,

I
I

\~~, ' t~,- \'-~
\-J\,

Jun. 39

Fig. 12. Areas of dominance of Sagitta elegans 1111, S. setosa and S. serratodentata!illi~'B\i in
the Celtic Sea in 1939. 0 S. lyra present.

the area to the west of the Channel mouth (Sts. 3, 4, 5 and 19; 2100, 95°
(day), 1125,2175 (night)).
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The distribution of Sagitta setosa J. Maller

12-20 April (Fig. II A). I937

S. setosa was present from the Channel mouth westwards to 80 W. It was
absent off the south coast of Devon and Cornwall (Sts. I and 34) and from the
~rea north of Scilly (Sts. II, 13, 15-17 and 23-25). It was very much less
numerous than S. elegans. The largest hauls were taken close to pshant'in
daylight (Sts. 6 and 7; 166 and 130 specimens); elsewhere numbers were
almost all well below 30 per haul. Nowhere was the species dominant.

27-31 May1 (Fig. lIB).

Twenty specimens only were taken, at two stations in the Land's End-
Scilly Channel (Sts. I and 15).

20-22 July (Fig. I I C).

The distribution of S. setosa extended westwards from Plymouth to Scilly;
west of this it was not taken. It was the dominant species close to Land's End
(St. I) and also to the east of Lizard Head (St. 17). Catches were very much
smaller generally than S. elegans (maximum 89, St. I).

6-18 April2 (Fig. II D).

S. setosa was widespread in the northern and south-:eastern areas. It was
absent from the western and south-western stations, from a small area in the
northern half of the Channel mouth (Sts. I, 2 and 54-57) and from the region
to the south ofUshant (Sts. F Ior-F 103, F lIS and F II9). It was consider-
ably less numerous than S. elegans (maximum 520) and was particularly
sca:rce(maximum 8) in the area to the south ofIreland and westwards to 100 W.
Large catches were taken in day hauls near Ushant (Sts. 6 and 7; 345 and 520
specimens) and in night hauls in the area outside the mouth of the Bristol
Channel (maximum, 400 specimens, St. 47). Off the mouth of the Bristol
Channel, S. setosa was dominant at some stations (Sts. 46, 50A and 51) and
present in the same quantity as S. elegansat others (Sts. 38,47,48 and 50). It
was also dominant in a narrow f- shaped area in the mouth of the English
Channel (Sts. 3, 6,29-31 and 62).

3 I MaY-5 June (Fig. I I E).

S. setosa occurred in the south-eastern half of the area only. Numbers were
very small, generally below 100 per haul, at all stations, with the exception of
a large haul of 2300 specimens taken to the west of Scilly in daylight (St. II).
It was the dominant species at this station and off Land's End (St. I).

I938

See note I, p. 91. 2 See also Farran (1939) and Furnestin (1939a).
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19-24 Jury (Fig. II F).

The species was taken in small numbers (maxima: 46 (day), St. 20; 49
(night), St. 18) at the easterly stations, both north of the Cornish Peninsula and
in the Channel mouth. It did not occur to the west of Scilly (Sts. 6-14 and 16).
It was dominant off the mouth of the Bristol Channel (Sts. 15 and 17) and
inside the mouth of the English Channel to the east (Sts. 1-4 and 24-26).

15-18 March (Fig. 12A). :£939
One specimenof S. setosawastaken about 25 miles south-east of the Fastnet

Lighthouse (St. 14).

16-27 April (Fig. 12B).
The area of distribution wasrestricted to the Bristol Channel mouth and the

mouth of the English Channel and did not extend westwards of 6° W., with
the exception of three specimens taken immediatelywest of Scilly(Sts. 32 and
52) and a single specimen off the Channel mouth (St. 8). It was also absent
from a small area inside the Channel mouth (Sts. 2, 58 and 59). It did not
occur as far west as in April 1938either outside the Channel mouth or to the
south of Ireland. In comparison with the large catches of S. elegans,it was
scarce (maxima: 38 (day), St. 3; 185 (night), St. 62). It was the dominant
species in the northern part of the Channel mouth (Sts. 56,57 and 62). It was
not, however, dominant at the entrance to the Bristol Channel as in April
1938, although at one station in this region it occurred in numbers equal to
those of S. elegans(St. 48; both species, five specimens). At one station
immediately south-west of Scilly(St. 32) it also appeared to be dominant; this
is, however,probably not significantas the total of Sagitta spp. taken was only
three specimens-two setosaand one elegans.

2-7 June (Fig. 12C).

The specieswas taken in smallnumbers (maximum, 300(day), St. 3) in the
eastern half of the cruise-to the west of the Bristol Channel mouth and the
English Channel mouth as far as 8° W. Beyond this it did not occur. It was
the dominant species close to Land's End and the LiZard although very few
specimens occurred here (Sts. I and 28; 8 and 2 specimens).

The Distribution of Sagitta serratodentata Krohn

12-20 April (Fig. II A). x937

The area of distribution of the species was continuous from the southern
half of the mouth of the English Channel, along the southern liIie of stations to
the western stations both north and south of Scilly. It was absent from
the northern half of the Channel mouth (Sts. I, 2 and 34-36) and from an area
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extendingsouth-westw!lrdsfrom Lsnd's End to some 50-60 miles south-west
of Scilly (Sts. I7, I9, 23-25, 32 and 33). These two areas were nearly cut off
from one another in the vicinity of Land's End by a tongue of S. serratodentata
(Sts. 20-22) which extended northwards between them across the Channel
mouth to within I5 miles of Land's End. The specieswas dominant at the two
westernmost stations (Sts. I3 and I4) and was slightly more numerous
generally than S. setosa(maxima: 262 (day), St. 8; 285 (night), St. 26). -Large
catches were made at three day stations in the region of Ushant (Sts. 6-8;

. 233,225 and 262 specimens).

27-3° May1 (Fig. IIB).
Very small numbers (maximum 8, St. 6 (night)) were taken in the south-

western area only (Sts. 4-7). .

20-22 July (Fig. I I C).

Catches were also small on this cruise (maximum 58, St. 8 (day)) and the
species occurred only to the west of the Scilly Isles (Sts. 3, 6-9 and II-I3).

6-I8 April2 (Fig. IID).

S. serratodentata was widely distributed over the western area of the Celtic
Sea from the edge of the Continental Shelf eastwatds to about 7° W. It also
occurred in the southern half of the mouth of the English Channel and off the
Brest Peninsula. It was not taken outside the Bristol Channel (excepting
three specimens at St. 47) and the entrance to the St George's Channel, nor in
the northern half of the mouth of the English Channel and outside to the south
of the Scilly Isles. In the south-eastern area it was absent from several stations
(Sts. 8, 9, F I, F 3, F IOI, F I03, F I05 and F II2b-F II9) disposed rougWy
in the shape of a cross ( + ), the arms of which separated four quarters in which
S. serratodentata occurred. From a comparison of the distribution in April
I939, it seems probable that the' north-south break in distribution was a true
discontinuity while the east-west break was not. The numbers per haul of
S. serratodentata were about equal to those of S. setosa except off Ushant
(St. 7) where the large catch of 227° specimens was taken in a day haul. It was
the dominant species at this station, over the whole of the south-western
marginal area, and at one station in the central area (St. 36), although here only
three specimens were taken and no other Sagitta spp. were present.

3I MaY-5 June (Fig. II E).

The species was irregularly distributed over the western half of the cruise
and did not occur to the east of 7° W. Very small numbers were taken
(maximum 3° (night), St. 7) and it did not predominate in any part of the area.

1938

1 See note 1,p. 91. 2 See also Fumestin (1939a).
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,.

19-24 July (Fig. I I F).

. One specimen only of S. serratodentata was taken outside the Channel
mouth (St. 8, day haul).

15-18 March (Fig. 12A). 1939

S. serratodentata was present at all except the two easternmost stations
(Sts. 8 and 9). The eastern limit of its distribution lay along 8° W. and it was
the dominant species to the west of 10° .W. Numbers per haul were about
equal to those of S. elegans (maxima: 850 (day), St. 8; 2310 (night), St. II).

16-27 April (Fig. 12B).

S. serratodentata was present in the western half of the Celtic Sea and along
the southern margin. In the western area, its distribution did not extend east-
wards of 9° 30' W.; it was absent from the area south of the entrance to the
Sf George's Channel and off the Bristol Channel. In the east it was ~bsent
from the northern half of the mouth of the English Channel and to the west
and south of Scilly. Along the sou$ern margin its distribution was dis-
continuous. There was a break in the neighbourhood ofUshant (6° W.) which
separated a small body of S. serratodentata in the southern half of the Channel
mouth (Sts. 2-5, 36 and 59) from the western population. This distribution
shows a close resemblance to that of April 1938 but, owing to the lack of
stations, it was unfortunately not possible to determine the southward extent of
the break. The species was most numerous towards the edge of the Continental
Shelf. It was dominant in the area west of 10° W., and to the south of Ireland,
where an eastward extension of its area of dominance reached as far as 9° 30' W.
It was also dominant at the southernmost stations (Sts. II, 12 and '14). It
occurred in greater numbers than S. setosa but was not so numerous as
S. elegans (maxima: 1510 (day), St. 21; 1305 (night), St. SR 33).

2-7 June (Fig. 12C).

The area of distribution extended over the western part of the cruise (Sts.
4-12, 15 and 18), from south-west of the Fastnet Light to the region well to
the west of the Brest Peninsula. It was entirely absent from the area south of
Ireland and outside the Channel mouth. Catches were not so large as in April
(maxima: 75 (day), St. 8; 600 (night), St. 5) and it was dominant at the
westernmost station (St. 12) and the southernmost station (St. 6) only. It was
considerably more numerous than S. setosa.

The Distributionof Sagitta lyra Krohn

S. lyra occurred in very much smaller numbers than any of the foregoing
three speciesof Sagitta. It was not dominant in any of the areas in which i~
occurred.
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12-20 April (Fig. I I A). 1937

The species was taken along the southern line of stations from Ushant
westwards (Sts. S-9, II, I3-IS and 18; maximum 16, St. 7, day haul).

27-30 May.
None was taken on this cruise.

20-22 July (Fig. I I C).

A single specimen occurred at Station 8 (day haul).

6-18 April (Fig. II D).

The species was present in the neighbourhood of Ushant (Sts. S-7 and 33)
and at some of the westernmost stations (Sts. 16, 17, I8A (maximum 20,
dawn haul), 20 and SR 88).

31 May-s June, and 19-24 July.

No S. lyra were taken on these two cruises.

1938

IS-I8 March (Fig. I2A). 1939

S. lyra occurred in the neighbourhood of 10° W. (Sts., 6, II-I3 and IS-I8).
It was absent from the westernmost stations (Sts. 7-10) and did not occur very
far east of 10° W. It was noticeably more numerous in night hauls (maximum
So, St. IS) than in day hauls (maximum 14, St. 12).

16-27 April (Fig. I2B).

The species occurred at a considerable number of stations along the edge of
the Continental Shelf from the south-west of Ireland to Ushant. With the

exception of a large catch (I I S specimens) taken in daylight at the westernmost
station (St. 21), no hauls contained more than 18 specimens.

2-7 June (Fig. 12C).

The species was present at the southernmost (Sts. 6-8) and westernmost
stations (Sts. II and 12). The largest haul contained 28 specimens (St. 6, night
haul).

The Distribution of Muggiaea atlantic~ Cunningham

12-20 April (Fig. I3A). 1937
M. atlanticaoccurred in the eastern part of the area of the cruise. It was

most numerous in the neighbourhood of Ushant where 7S, 127 and 107
specimens were taken (Sts. S-7, day hauls) and its distribution extended
thence across the mouth of the Channel in lessening numbers as far as the
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Land's End-Scilly Channel and westwards to 7° W. It was absent off the
south coast of Cornwall (Sts. 1,33 and 34) and from the western and north-
western region outside the Channel mouth (Sts. 10-18 and 25-32). A single
specimen of M. kochi was taken about 20 miles to the north ofUshant (St. 5),

A

May 37

c
Fig. 13. Distribution of Muggiaea atlan-

tica in the Celtic Sea in 1937 (A, B
and C), 1938 (D, E and F) and 1939
(G and H)'. None occurred in March
1939. Figures refer to the number of
specimens at each station. One speci-
men of M. kochi was taken at the
station marked.. ccc, numerous; cc,
moderate numbers; c, few.

J"'y 38

27-3° May1 (Fig. I3B).

The species was taken in the eastern half of the area of the cruise. The
western limit of distribution occurred to the west of Scilly at 7° W. No
stations were worked to the east of Land's End, inside the mouth of the
Channel. It was most numerous in the region of the Land's End-Scilly
Channel (Sts. I and 2; 144 and 144 specimens; day hauls) and catches here
were rather larger than the maximum of April. It was absent from the
western stations (Sts. 5-13).

1 See note I, p. 91.
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20-22 July (Pig. 13C).

The species .was taken in the northern half of the Channel mouth and to the
west ~s far as 7° W. No stations were worked iri the southern half of the
Channel mouth, and the eastern limi~ of distribution was not determined as
the cruise did not extend eastward of 4° W. The largest hauls occurred off the
south coast of Devon and Cornwall (Sts. 16, 17 (day hauls) and 18 (dawn
haul); 24°, 33° and 180 specimens). It was absent from the westernmost
stations (Sts. 5-13).

7-18 April (Fig. I3D).

M. atlantica was exclusively confined to the coastal waters around the tip of
the Cornish ~eninsula and the Scilly Islands (Sts. 2,28,29,49 and 53-55). It
did not occur in the southern half of the mouth of the Channel nor to the west

of Scilly. The largest catch was taken at night between Land's End and Scilly
(St. 53; 94 specimens).

. ';
31 MaY-5 June (Fig. I3E).

M. atlantica-was taken in the easterh half of the area of the cruise (Sts. 1-6,
10-12 and 30). Its distribution extended westwards to about 7° 3°' W. and
from north of Scilly to the southern margin of the cruise (48° 50' N.; St. 5).
It had spread farther south and slightly farther west since April. The southern
and eastern limits of distribution were not determined. It was more numerous
than in April, and three large hauls were taken in the area to the south-west of
Scilly (Sts. 3,4 (night hauls) and II (day haul); 189,332 and 5°° specimens).

19-24 July (Fig. 13F).

The area of distribution was similar to that of April; it was confined to the
area around the Cornwall Peninsula (Sts. I, 16-19 and 24-26) and did not
occur in the southern Half of the Channel mouth or to the west of Scilly.
Numbers were generally slightly less than in May-June (maximum 200,
St. 25, day haul).

15-18 March. 1939
No M. atlantica were taken on this cruise.

1938

16-27 April (Fig. 13G).

Very small numbers (maximum 17, St. 4, day haul) were taken inthe south-
eastern area only-in the southern half of the mouth of the English Channel
(Sts. 3-5, 3°, 35 and 59) and at two stations some distance to the west of the

Brest ,Peninsula (Sts. 10 and 12).

2-7 June (Fig. I3H).

The species was pre.sent in the south-western area between 7° W. and
go 30' W. (Sts. 5-'-9).This was considerably farther to the west than on previous
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cruises. It was absent from the northern and north-western areas and also
from the eastern area off the Channel mouth. No stations were worked in the

southern half of the Channel mouth, where it occurred in April. Considerably
greater numbers were taken than.in April (45°, St. 5, night haul).

Hydrological Conditions, Temperature and Salinity

No hydrological data were obtained on the cruises of May and July 1937,
May-June 1938, and March and June 1939.

12-20 April. I937

Water samples were taken at 5,25 and 5° m.l
Salinity (Fig. 14A). Salinities were vertically homohaline. Water of fairly

high salinity (35'31-35'48%0) lay to the westward of the Channel mouth. It
was separated from water of similar salinity inside the ChanneF-offPlymouth-

A
. . .

.. .

Apr.37

Fig. 14, April 1937; sa~inities(A) and temperatures (B) at 5 m,

by a broad tongue of low salinity « 35'10%0) which extended northwards
from Ushant across the Channel mouth as far as the Lizard. North of the
Scilly Isles, salinities were also low (35'09-35'21%°' total range, all depths;
Sts, 32 and 33), but were probably not continuous with the Ushant tongue
which appeared to be retained by an eastward extension of slightly more saline
water past Scilly to Land's End (35'22-35'30<:>/0°'total range, all depths;
Sts: 23 and 24).

Temperature (Fig. 14B). Temperatures w~re homothermal at all depths. At
Station 23, noticeably high values were recorded, which are however, almost
certainly attributable to inshore conditions. The station was less than two
miles from the coast of Land's End, in adepth of 20t fins. (37'5 m.). .

1 Salinity and temperature data of the April 1937 cruise have been published in the
Bu~letin Hydrographique for the year 1937 (1939), \
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6-18 April.

Water samples were taken at 0, 5, 25, 50 m. and bottom on the GeorgeBligh
cruise,1 at 0, 10, 20, 40, 60, 100, 14°, 200 m. and bottom on the Muirchu
cruise,2 and at 5, 5°, 100 m. and bottom on the Quentin Roosevelt cruise.3

1938

.

.
~

.

.

. .

. .
Apr, 38

Fig. IS. April 1938; salinities at sm. Muirchu stations were sampled at 10 m.; there was very
little difference between salinities at this depth and at surface,

Salinity (Fig. 15). Conditions were homohaiine at all depths. Low salinity
water « 35'20%0) was present in the south-eastern area-close to the Brest
Peninsula, and also in the northern area-from the south coast of Ireland to
the mouth of the Bristol Channel. Fairly high salinity water (35'3°-35'4°%0)
occupied the northern half of the mouth of the Channel and the region to the

1 Salinity and temperature data of the George Bligh cruise of April 1938 are to be published
in the Bulletin Hydrographique.

2 Salinity and temperature data of the Muirchu cruise of April 1938 have been published in
the Bulletin Hydrographique for the years 1938 and 1939 (1944).

3 For salinity and temperature data, see Furnestin (I939a). Data of the first part of the
Quentin Roosevelt cruise (23 March-s April 1938) are not included in the above account
owing to their slightly earlier date than the George Bligh and Muirchu observations; data of the
second part of the cruise (6-9 April 1938; Sts. F IOI-F II9, this paper; IOI-II9, Furnestin
(I939a)) are included.
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south of Sc{lly. High salinities (35'40-35,600/00) prevailed at the western and
southern stations. The northern area of low salinity gave rise to two separate
tongues of water of salinity below 35'300;0°' The first extended southwards
along 7° W. to some 35 miles south-west of Scilly (St. 34). The second tongue
lay farrher to the west and extended in a south-westerly direction between
8 and 10° W., as far south as the latitude of Scilly.- The high salinity water
along the margin of the Continental Shelf made three incursions into the less
saline areas. There was an easterly directed penetration in the area to the south
ofIreland. A central one extended northwards along 8° W. to about 50° 30' N.
The close approach of the tips of these two tongues narrowly constricted the
root of the western outflow of low salinity water which extended south-west-
wards between them. The third penetration of saline water, extending north-
wards towards the mouth of the English Channel, layoff the Brest Peninsula..
It confined the low salinity water in the vicinity of U shant very closely to the
French coast. The medium salinities (35'350;00) in the Channel mouth were
probably in part derived from this last penetration since small isolated lacunae
of higher salinity (35'39-35'51 %0) than ,the surrounding water were found at
varying depths (5 m. to bottom) as far east as Station I off Plymouth. At two
of the southernmost stations (Sts. F 108 and F 109), salinities were slightly
lower (35'48 and 35'44%0) at 200m. than in the upper layers and at stations
immediately to the north (35'52-35'S9<Y/oo). '

Temperature (Fig. 16). Temperatures at 5 m. and bottom are shown.

19-24 July.

Water samples were taken_at 0, 5, 25 and 50 m.l
. Salinity (Figs. 17A, B). In the surface waters (0 and 5 m.), low salinities
were present throughout the area. The maximum value of 35'34%0 was
recorded at one station only to the south of Land's End (St. 23, 5 m.), and to
the north-West of Scilly, salinities were below 35'10%°' In the deeper layers
(25 and 50 m.), slightly more saline water (35'30-35'46%0) occupied the area
of the Channel mouth and extended, to the west and north of Scilly, particu-
larly at 50 m. It 'did not, however, penetrate eastwards into the Channel,
where the lower salinities were present at all depths.

Temperature (Figs. I7C, D). Marked thermal stratification occurred over
the greater part of the area at 25 m. or just above this depth.

6-18 4pril. . 1939
Water samples were taken at 0,5,25,50 m. and bottom on the George Bligh

cruise and at 0, 10,20,40,60 m. and bottom on the Muirchu cruise. I .

Salinity (Fig. 18). Homohaline conditions prevailed at all depths. Water of
very low salinity ( < 34'800;00)was present off the mouth of the Bristol Channel

1 Data to be published in the Bulletin Hydrographique.
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and along the south coast of Ireland. With slightly increased salinity (to
35' IO%0)' it extended south-westwards from the mouth of the Bristol Channel
as far as\the latitude of the Scilly Isles and to the west of them (St. 3I). With a
further slight rise of salinity (to 35' 3° %0), its influence was traceable as a tongue
of considerable breadth lying to the west of Scilly and reaching as far south as

A

... .
Sm.

B

.

. .
.75

.

350
50 m. '" . J
July 38

.

c

.
.

. . . .
IS.O

D

.

Fig. I7, July I938; salinities (A and B) and temperatures (C and D) at 5 and 5° m,

490 N. Low salinities ( < 35'20%0) were also present in the vicinity of Ushant
and occupied the southern half of the mouth of the English Channel. Between
these two regions oflow salinity, a slightly more saline tongue (35'30-35'38 %0)
extended northwards along 60 W,-across the mouth of the Channel'as far as
Scilly. It was evidently derived from'the higher salinity water (> 35'50%0)
which was present farther to the south at the edge of the Continental Shelf.
This saline water occurred in the western and southern areas, and in addition

JOURN. MAR.BIOL. ASSOC.vol. XXVII, 1947 8
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to the' extension of its influence across the mouth of the English Channel
referred to above, there was an easterly directed penetration to the south of
Ireland.

Temperature(Fig. 19). Temperatures at 5 m. and bottom are shown.

4

Apr.39
.

Fig. 18. April 1939; salinities at 5 m. Muirchu stations were sampled at 10m.; there was very
little difference between values at this depth and at surface.

2-7 June.

Water samples were taken at 5, 25 and 5° m.l
Salinity (Fig. 20). Very low salinity water «34'77%0) was present at all

depths to the south of the entrance to the St George's Channel (St. 25). In the
upper 25 m., its influence extended sou~wards as a tongue of low salinity
( < 35'20%0) as far as 49° 2O' N., and westwards off the coast of Ireland as far
as the Fastnet Light. Below 25 m., it did not reach farther south than
50° 2O' N., nor very far west along the Irish coast. At the western and south-
western stations saline water (> 35'4°%0) occurred at all depths, and in the
upper 25 m. it extended northwards across the Channel mouth to Scilly
(35'59%0,5 m., St. 27, 20 miles north of Scilly) .At 5° m., this northerly flow
was checked by slightly fresher water (35'2-35'3%0)' which extended west-
wards from the mouth of the Channel, also blocking at this deeper level the
southward flow of low salinity water from the St George's Channel region.

Temperature (Fig. 21). Temperatures at 5 and 5° m. are shown.
I

1 Data to be published in the Bulletin Hydrographique.
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Fig. 19. April 1939; temperatures at 5 m. (A) and bottom (B). Muirchu stations were sampled
at 10 m.; there was very little difference between values at this depth and at surface.
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SUMMARY

The distributions of mackerel egg§ and young stages, pilchard eggs, the
siphonophore Muggiaeaatlantica and the chaetognaths Sagitta elegans,S. se-
tosa, S. serratodentataand S. lyra in the Celtic Sea in March 1939, April,
May-June 1937, 1938 and 1939 and July 1937 and 1938 are described,
together with notes on the hydrological conditions in April 1937, 1938 and
1939,May-JUne 1939and July 1938.

Mackerel spawning started in mid-March, rapidly reached a maximum in
mid-April, declined gradually through May and June and was very slight at
the end of July.

The changesin intensity of spawning are accompanied by a continuous shift
eastwardand slightlynorthward of the locus of spawning. In March spawning
occurred in a small area at the western edge of the Continental Shelf only. In
mid-April it was spread over the greater part of the Celtic Sea, with the main
activity concentrated in tw9 centres-to the south of Ireland and to the west of
the mouth of the English Channel. By'May-June it had shifted farther to the
east and occupied the central area of the Celtic Sea. In July there was no
spawning to the westward of the Scilly Isles.

'[he spawning area of the mackerel appears to be confined to the shallow
waters over the Continental Shelf.

No mackerel young stages were found in March. Small numbers occurred
in April (maximum 174).They were abundant in May-June (maximum 8239),
and very scarce in July (maximum 20). '

The distribution of young stages closelyfollowsthe movement of spawning
during the season. In April" they were present to the westward of the
spawning centres, along the edgeof the Continental Shelf. In May-June, they
occurred in greatest abundance to the westward of the spawning centres, but
were distributed throughout the Celtic Sea. In July, they did not occur
farther to the west than 8° W.

No pilchard eggs were taken in March. Spawning was observed in April,
May-June and July, with a maximum in May-June. It occurred in the area of
the Channel mouth and westward to about 8° W., and also along the north
coast of Cornwall. The main spawningcentre was situated in the mouth of the
Channel. No spawning took place in the,north-western areaof the Celtic Sea
and it does not appear to extend southwards beyond the edge of the Conti-
nental Shelf.

At the westernend of the English Channel, spawninglasts from March until
. December (Russell). It probably occurs throughout the length of the English

Channel (Furnestin).
Muggiaea atlantica was not taken in March. It occurred mainly in the

mouth of the Channel from April to July. There is evidence that in April 1937
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and 1939it was carried into this area with an inflowoflow salinity water from
the Ushantarea. .

Sagitta eleganswas the dominant Sagitta specks throughout the central
area of the Celtic Sea on all cruises. Its area of distribution did not appear to
extend beyond the Continental Shelf. There was evidence of a centre of
abundance in April and May-June to the north-west of Ushant immediately
outside the Channel mouth.

Sagitta setosaoccurred mainly in the eastern part of the Celtic Sea. It was
dominant in parts of the English Channel mouth and off the entrance to the
BristolChannel. .

Sagitta serratodentata was distributed over the western and southern areas.
It was the dominant species along the edge of the Continental Shelf.

Sagitta lyra occurred along the edge of the Continental Shelf. It was more
restricted to this area than S. serratodentata.

I am greatly indebted to the late Dr E. J. Allen, C.B.E., F.R.S., who was
Director of the Plymouth.Laboratory when the mackerel investigationbegan
in 1936, for his advice and warm encouragement to a new worker; and to his
successor, the late Dr S. W. Kemp, F.R.S., for generous encouragement and
help during the work. My sincere thanks are due to the present Director and
staffof the Plymouth Laboratory fortheir interest, encouragementand practical
help throughout the work,particularlyto Mr G. A. Stevenwho wasin chargeof
the investigation. I am much indebted to Mr G. P. Farran of the Fisheries
Branch of the Department of Agriculture and Fisheries, Eire, for his kindness
in allowing me to examine the complete collections made by the Fishery
Cruiser Muirchu in April 1938 and 1939and for his generous permission to
use these extensive data. ~ am indebted to Mr P. H. T. Hartley aild to the late
Mr P. R. Crimp, for valuable help in the work of some of the cruises. My
thanks are also due to Captain W. H. Stewart, lately of the ~esearch Ship
GeorgeBligh (Ministry of Agriculture and Fisheries), to Mr B. Moore, lately
Master of the Lowestoft Steam Drifter B.T.B., to Mr W. H. E. Nichols of
Plymouth, lately Master of the Steam Trawler Elk, and to the members of the
crews of these ships for the great care and interest they showed in the work of
the cruises. Part of the preparation of this report was done during tenure of
a Leverhulme Research Grant, for which I owe acknowledgement to the
Trustees of the Leverhulm~ Research Fellowships. .
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TABLE VI. NUMBERS OF MACKEREL EGGS, MACKEREL YOUNG STAGES, PILCHARD EGGS AND INDICATOR SPECIES PER I HR. OBLIQUEHAUL
OF THE 2 M. STRAMIN RING-TRAWL.

* denotes figure obtained by sampling. Nt, night haul. Dn, dawn haul. Dk, dusk haul. .

Mackerel Sagitta
Station number Time of haul Mackerel young Pilchard Muggiaea Sagitta Sagitta serrato- Sagitta

(date in parenthesis) Station position (G.M.T.) eggs stages eggs atlantica elegans setosa dentata lyra'
.

:1937
12-20 April. S.S. George Bligh

I (12) 50° 01' N., 4° 21' W. 17.25-17.55 .. .. 12,000*
2 (12) 49° 42' N., 4° 32' W. 20.53-21.27 Nt 6 .. 30,000* I 25 I
3 (13) 49° 23' N., 4° 41' W. 00.13-00.45 Nt .. .. .. 14 2,680* 3 I
4 (13) 49°05' N., 4° 51' W. 03.41-04.06 Nt .. .. .. 21 975* 20 29
5 (13) 48° 46' N., 5° 01' W. 06.54-07.27 .. .. .. 75 225* 21 48 4

(I M. kochi)
6 (13) 48° 31' N., 5°09' W. 10.25-10.55 .. .. .. 127 800* 166* 233* 4
7 (13) 48° 38' N., 5° 32' W. 13.08-13.38 .. .. 107 4,615* 130* 225* 16
8 (13) 48° 46' N., 6° 05' W. 17.03-17.32 440* .. 4 471 31 262 I
9 (13) 48° 54' N., 6° 34' W. 21.05-21.36 Nt 8,610* .. 17* 2 645* 10* 20* I

10"(14) 49° 03' N., 7° 01' W. 00.25-00.55 Nt io,080* .. .. 1,575* 2 60 ..
II (14) 49° 10' N., 7° 28' W. 04.03-04.35 Nt 4,680* .. 80* .. 480* .. 2 3
12 (14) 49° 18' N., 7° 58' W. 07.53-08.22 7,012* .. 115* .. 12 . I 3 ..
13 (14) 49° 27' N., 8°26' W. 11.27-11.56 18,575* .. .. .. 5 .. 6 I
14 (14) 49° 32' N., 8° 58' W. 15.53-16.23 32,300* .. .. .. 12 I 93 13
15 (14) 49°40' N., 8° 30' W. 19.34-20.04 20,500* I .. .. 341 .. 9 2
16 (14) 49° 44' N., 8° II' W. 22.59-23.29 Nt 1,786* .. .. 350* .. 30
17 (15) 49° 51' N., 7° 37' W. 02.24-02.54 Nt 1,470* .. 675* .. 270* .. ..
18 (15) 49° 33' N., 7° 35' W. 05.43-06.12 Dn 150* .. .. 350* 6 14 3
19 (15) 49° 19' N., 7° 15' W. 09.09-09.38 640* . . 5* 2 25 5 ..
20 (15) 49° 28' N., 6° 20' W. 15.52-16.20 2 .. .. I 2,550* 14 II
21 (15) 49° 28' N., 5° 56' W. 18.09-18.38 .. 9 1,775* 34 127
22 (15) 49° 46' N., 5° 48' W. 21.17-21.46 Nt 75* .. 485* 3 22 2 I
23 (18) 50° 02' N., 5° 44' W. 11.54-12.21 .. .. 915* 6 275* I
24 (18) 49° 51' N., 6° 10' W. 15.14-15.42 .. .. 1,500* 2 32 I
25 (18) 49° 45' N., 6° 38' W. 18.07-18.36 .. 760* .. ..
26 (18) 49° 56' N., 7° 03' W. 21.18-21.48 Nt 412* .. 630* .. 1,062* .. 285*
27 (19) 50° 08' N., 7° 29' W. 00.42-01.13 Nt' 14 .. .. .. 1,127* .. 22
28 (19) 50° 19' N., 7° 55' W. 03.58-04.27 Dn 9 .. .. .. 2,425* .. 4
29 (19) 50° 31' N., 8° 20' W. 07.04-07.33 577* 10 .. .. 15 .. 2
30 (19) 50° 30' N., 7° 16' W. 12.57-13.25 .. .. .. .. .. .. ..
31 (19) 50° 30' N., 6° 45' W. 15.50-16.20 .. .. .. .. 3 .. 2
32 (19) 50° 30' N., 6° 15' W. 19.05-19.34 Dk .. .. .. 1,870*
33 (20) 50° 01' N., 5° 58' W. 01.49-02.19 Nt .. .. 232* 4 138
34 (20) 49° 55' N., 5° 16' W. 06.12-06.39 .. .. 271 .. 57
35 (20) 49° 45' N., 5° 18' W. 08.19-08.49 .. I 11,902* .. 48 2
36 (20) 49° 19' N., 5° 07' W. 12.30-13.00 .. .. 2 2 342 3



27-30 May.t Steam drifter B.T.B.
I (27) 49° 59' N., 5° 42' W. 07.48-08.23 36 4 2,800* 144 76 8
2 (27) 49° 48' N., 6° 08' W. 11.20-II.51 60 .. 16 144 244
3 (27) 49° 37' N., 6° 35' W. 14.20-14.52 1,240 .. 336 24
4 (27) 49° 25' N., 7° 00' W. 18.13-18.44 2,780* 244 .. 4 36 .. 4
5 (27) 49° 13' N., 7° 27' W. 19.24-19.56 Nt 276 56 .. .. 300* .. 4
6 (28) 49° 02' N., 7° 52' W. 00.47-01.19 Nt 880 II2 .. .. 264 .. 8
7 (28) 49°12'N., 8°17'W. 03.53-04.23 408 52 .. .. 76 .. 4
8 (28) 49° 33' N., 8° 17' W. 07.20-07.52 8,875* 568
9 (28) 49° 54' N., 8° 18' W. 10.33-II.12 2,770* 8

10 (28) 50° 12' N., 8° 18' W. 13.45-14.17 2,750* 68
II (28) 50° 08' N., 7° 48' W. 16.43-17.15 752 4
12 (28/29) 50° 05' N., 7° 21' W. 19.30-04.30 Nt:j: 56 .. .. .. 88
13 (29) 50° 20' N., 7° 02' W. 12.10-12.41 544 .. ..
14 (30) 50° 25'N., 6° 40' W. 08.29-09.00 68 .. 300* 12
15 (30) 50° 06' N., 6° 19' W. 11.31-12.02 16 4 200* 132 28 12

20-22 July. Steam trawler Elk

I (20) 49° 57' N., 5° 44' W. 12.20-12.45 15* 3 2,000* 80* 24 86
2 (20) 49° 45' N., 6° 12' W. 15.15-15.45 35* 4 600* 40* 17 6
3 (20) 49° 33' N., 6° 37' W. 18.10-18.40 .. 15 .. 42 280* I 9
4 (20) 49° 22' N., 7° 03' W. 21.20-21.50 Nt .. I .. 12 40* .. ..
5 (21) 49° 10' N., 7° 29' W. 00.22-00.52 Nt .. I .. § § § § §
6 (21) 48°59'N., 7°56'W. 03.45-04.15 Nt .. .. .. .. 1,700* .. 18
7 (21) 49°09' N., 8°22' W. 06.45-07.15 .. .. .. .. 31 .. 3
8 (21) 49°30'N., 8°22'W. 10.02-10.32 .. .. .. .. 1,566* .. 58 I
9 (21) 49°51'N., 8°23' W. 13.II-13.41 .. .. .. .. 7 .. 2

10 (21) 50° 10' N., 8° 23' W. 16.34-17.04 .. .. .. .. 2 .. ..
II (21) 50° 02' N., 7° 54' W. 19.30-20.00 Dk .. 5 .. .. 92 .. 2
12 (21/22) 49° 55' N., 7° 25' W. 22.35-23.05 Nt .. 3 .. .. 240* .. I
13 (22) 49° 47' N., 6° 56' W. 01.35-02.05 Nt .. 10 .. 2,800* .. I
14 (22) 49° 38' N., 6° 28' W. 06.02-06.32 I 2 350* 20 10 I
15 (22) 49° 30' N., 5° 54' W. 10.00-10.30 5 2 18 73 27
16 (22) 49° 48' N., 5° 01' W. 13.08-13.38 25* 20 400* 240* 180* 20*
17 (22) 49° 54' N., 4° 37' W. 16.02-16.32 35* I 10,000* 330* 6 38
18 (22) 50° 07' N., 4° 15' W. 19.10-19.35 135* II 1,700* 180* 18 1

t See note I, p. 91. .
:j: Metre-net attached to foot rope of mackerel drift-nets which were fishing during the night.
§ Haul lost owing to enemy action before these organisms were counted.



TABLE VI (cont.)

Mackerel Sagitta
Station number Time of haul Mackerel young Pilchard Muggiaea Sagitta Sagitta serrato- Sagitta

(date in parenthesis) Station position (G.M.T.) egg stages eggs atlantica elegans setosa dentata lyra

7-18 April. . S.S. George Bligh
1938

I (7) 50° 02' N., 4° 22' W. 13.16-13.53 .. .. 1,100*
2 (7) 49°43'N., 4°32'W. . 17.18-17.48 .. 24,120* I I 3
3 (7) 49° 24' N., 4° 42' W. 20.10-20.40 135* .. 7,680* .. 31 36
4 (7/8) 49° OS'N., 4° 50' W. 23.52-00.22 Nt 42 .. .. .. 2,950* 350* 33
5 (8) 48°48'N., 5°00' W. 04.19-04.50 Nt .. .. .. .. 3,275* 72 62 3
6 (8) 48°31' N., 5°06' W. 09.20-09.50 .. .. .. 287 345 67 2
7 (8) 48°39'N., 5°34'W. 12.39-13.09 6 .. .. 900* 525* 2,270* 3
8 (8) 48° 45' N., 6° 02' W. 16.00-16.30 230* .. 755* .. 8 6
9 (8) 48° 53' N., 6° 30' W. 19.09-19.39 155* .. 20* .. 230* ..

10 (8) 49° 02' N., 6° 58' W. 22.27-23.00 Nt 12,500* .. 1,940* .. 480* 5 14
II (9) 49° 10' N., 7° 27' W. 01.54-02.24 Nt 20,310* .. 465* .. 105* .. 7
12 (9) 49° 18' N., 7° 57' W. 05.11-05.41 Dn 5,920* .. 30* .. 4 .. 2
13 (9) 49° 18' N., 8° 27' W. 08.38-09.08 1,717* .. .. .. 27 .. 46 \

"

14 (9) 49° 25' N., 9° 00' W. 12.02-12.33 3,650* .. .. .. 2 I 20
15 (9) 49° 22' N., 9° 34' W. 15.22-15.52 3,090* .. " .. I .. 21
16 (9) 49° 20' N., 10°07' W. 18.40-19.10 6,580* I .. .. .. 6 2
17 (9) 49°18'N., 10°42'W. 22.06-22.36 Nt 125 69 .. .. 325* .. 500* I
18 (10) 49° 37' N., 10° 43' W. 01.35-02.06 Nt 32 21 .. .. 27 .. 51 ..

18a (10) 49° 53' N., 11°03' W. 05.21-06.16 Dn. .. 4 .. .. .. .. 63 20
19 (10) 50°07'N., 10°39'W. 13.27-13.57 79 3 .. .. .. .. 9 ..
20 (10) 50° 18' N., 10° II' W. 18.11-18.41 156 7 .. .. 13 .. 74 2
21 (10) 50°14'N., 9°39'W. 22.56-23.26 Nt 12,650* .. .. .. 925* .. 26
22 (II) 50°07' N., 9°10'W. 03.30-04.00 Nt 19,755* .. .. .. 3,150* .. 125*
23 (II) 49°48'N., 8°41' W. 07.33-08.03 1,000* .. .. .. 9 2 I
24 (II) 50° 06' N., 8° II' W. 11.21-11.51 435
25 (II) 50° 13' N., 7° 38' W. 14.51-15.21 203
26 (II) 50° 21' N., 7° 08' W. 18.18-18.52 12 .. .. .. 420* 100* I
27 (II) 50° 10' N., 6° 42' W. 22.27-22.58 Nt 100* .. .. 62 I
28 (12) 49° 46' N., 6° 24' W. 04.09-04.39 Nt 30* .. 300* 13 24 10
29 (12) 49° 33' N.,6° 03' W. 07.31-08.02 10* .. 10,030* II .. 2
30 (12) 49° 20' N., 5° 40' W. 11.02-11.32 25* .. 16,200* .. 5 40
31 (12) 49° 01' N., 5° 36' W. 14.23-14.53 41 .. 30 .. 7 31
32 (12) 49° 09' N., 6° 06' W. 17.42-18.12 123 .. 332 .. 4 I
33 (12) 49° II' N., 6° 37' W. 21.01-21.31 Nt 316 .. 6 .. 1,675* 150* .. I
34 (13) 49° 26' N., 7° 01' W. 00.26-00.56 Nt 483 .. 97 .. 240* .. ..
35 (13) 49°35'N., 7°33'W. 03.48-04.18 Nt 233 .. .. .. 70* .. 2
36 (13) 50° 25' N., 7° 35' W. 10.52-11.22 315 .. .. .. .. .. 3
37 (13) 50° 41' N., 7° 16' W. 14.58-15.36 36 .. .. .. 80 52 7
38 (13) 50° 58' N., 6° 57' W. 18.36-19.06 26 .. " .. 92 93 2
39 (13) 50° 57' N., 7° 20' W. 21.50-22.20 Nt 14 .. .. .. 2,360* 154 8



4° (14) 50° 18' N., 7° 3°' W. OI.16-oI.46 Nt 60* .. .. .. >161 35 9
41 (14) 51° 33' N., 7° II' W. °4.39-05.°9 Dn " " " 62 14 I
42 (14) 51° 5°' N., 6° 55' W. 08.07-08.37 30* .. .. .. ., ..
43 (14) 51° 38' N., 6° 36' W. II.22-1I.54 .. .. .. .. 52 10
44 (14) 51° 14' N., 6° 24' W. 14.56-15.26 .. .. .. .. 71 22

44a (14) 51°IS' N., 6°18'W. 17.42-17.55 .. .. .. .. 88 24
45 (14) 51°17'N., 5°55'W. 20.12-20.42 Nt .. .. .. .. 360* 300*
46 (14) 51° 19' N., 5° 25' W. 23.29-QO.OONt .. .. .. .. 31 36
47 (IS) 50° 58' N., 5° 19' W. 02.40-03.10 Nt " " " 400* 400* 3
48 (IS) 50° 55' N., 5° 5°' W. 06.04-06.34 Dn 2,020* .. .. II8 II2
49 (IS) 50° 31' N., 5° 52' W. 10.00-10.3° 10* .. 80* 27 76 62
50 (IS) 50° 43' N., 6° IS' W. 13.18-13.48 IS .. .. .. I I

5° a (IS) 50° 45' N., 6° 5°' W. 16.33-17.°3 3 .. .. .. 72 92
51 (IS) 50° 3°' N., 6° 49' W. 19.56-20.26 Dk 1°7 .. .. 34 55
52 (16) 50° 17' N., 6° 14' W. 00.33-oI.°3 Nt .. .. 960* .. 200* 150* I
53 (16) 50° °4' N., 5° 54' W. °3.54-04.24 Nt .. .. 17 94 38 7
54 (16) 49° 5°' N., 5° 3°' W. °7.31-08.02 .. .. 6 18 ..
55 (16) 49° 5°' N., 5° 00' W. n.58-12.28 .. .. 3,360* 14 31
56 (16) 49° 34' N., 5° 06' W. 15.43-16.14 .. .. 13,000* .. 13
57 (16)t 49°IS' N., 5°12'W. 18.25-18.55 .. .. .. .. 68
58 (17)t 48°51'N., 4°51'W. 01.27-01.57 Nt .. .. .. 248
59 (I8)t 49°49'N., 3°37'W. 12.22-12.52 .. .. 328* .. 12

7-12 April. Fishery cruiser Muirchu
SR 2872 (7) 51° 4°' N., 8° 00' W. 18.°7-18.4° " " " 164 6 4
SR 2873 (7) 51° 20' N., 8° 00' W. 21.20-21.55 Nt 50* .. .. .. 650* 9* II*
SR 2874 (8) 51° 00' N., 8° 00' W. 00.25-01.00 Nt 25 .. .. .. 1,285* 4° 24
SR2875 (8) 50° 4°' N., 8° 00' W. 03.39-Q4.I5 Nt 81 .. .. .. 5,200* 8* 136*
SR 2876 (8) 50° 20' N., 8° 00' W. 06.40-07.15 461 .. .. .. 22 4 I
SR 2877 (8) 50° 00' N., 8° 00' W. 09.30-10.°5 138 .. .. .. 8 2 5
SR 2878 (8) 50° 00' N., 8° 3°' W. 12.22-12.55 1,220* .. .. .. ..
SR'2879 (8) 50° 00' N., 9° 00' W. 15.10-16.00 15,380* .. .. .. I
SR 2880 (8) 50° 20' N., 9° 00' W. 18.35-19.°9 13,350* .. .. .. 4 I
SR 288I (8) 5°°:4°' N., 9° 00' W. 21.54-22.28 Nt 8,130* .. .. .. 2,174* 6* 69*
SR 2882 (9) 51° 00' N., 9° 00' W. 01.°5-oI.39 Nt 8,380* .. .. .. 1,037* 4 53
SR 2883 (9) 51° 20':N., 9° 00' W. °4.42-05.16 Dn 487* .. .. .. 1,670* 8 12
SR 2884 (9) 51° 14' N., 9° 43' W. 10.58-II.31 1,850* .. .. .. 24 I 3 2
SR 2885 (n) 50° 56' N., 9° 55' W. II.00-II.34 6,180* .. .. .. 285 I 35
SR 2886 (II) 50° 36' N., 9° 55' W. 14.°7-14.4° 99,333* 23 .. .. 21 I n4
SR 2887 (II) 50° 16' N., 9° 55' W. 17.18-17.51 2,730* .. .. .. 3 ., 4
SR 2888 (II) 50° 16' N., 10°26' W. 20.26-20.49 Dk 126 9 .. .. 17 .. 40 I
SR 2889 (II/12) 50° 16' N., 10° 57' W. 23.48-00.22 Nt 3 .. .. .. .. 59
SR 2890 (12) 50° 36' N., 10°48' W. 03.n-03.45 Nt 780* .. .. 33 .. 23
SR 289I (12) 50° 56' N., IOo48' W. 06.39-07.12 840* 6 .. .. 5 .. I
SR 2892 (12) 51° 16' N., 10°48' W. °9.46-10.20 321 17 .. .. 4* .. 28*
SR 2893 (12) 51° 33' N., 10°48' W. 12.53-13.27 136 .. .. .. . 1,405* .. 181

t Owing to bad weather, a I m. stramin net was used; it was fished over the side while the ship drifted. Counts have therefore been multiplied by 4.



TABLE VI (cont.)

Mackerel Sagitta
Station number Time of haul Mackerel young Pilchard Muggiaea Sagitta Sagitta serrato- Sagitta

(date in parenthesis) Station position (G.M.T.) eggs stages eggs atlantica elegans setosa dentata lyra

31 MaY-5 June. Steam trawler Elk 1938

1 (31) 49° 56' N., 5° 33' W. 15.55-16.25 2(?) .. 14 7 85

2 (31) 49° 40' N., 5° 51' W. 19.44-20.14 870* 1 2,030* 37 1,000* 90*

3 (31) 49° 23' N., 6° II' W. 23.03-23.33 Nt 5,320* 41 440* 189 7,040* 170*
4 (I) 49° 06' N., 6° 30' W. 02.40-03.10 Nt 31,110* 898 600* 332 29,340* 30*
5 (I) 48° 50' N., 6° 49' W. 04.48-05.18 Dn 12,200* 307 25,320* 4 55 5

6 (I) 49° 00' N., 7° 18' W. 09.08-09.38 8,010* 141 20* 12 4
7 (I) 49° 08' N., 7° 48' W. 16.28-16.58 157 128 .. .. 5,820* 30* 30*

8 (2) 49° 17' N., 8° 15' W. 04.06-04.36 Dn 700* 120 .. .. 1,140* 10*

9 (2) 49° 28' N., 7° 48' W. 07.37-08.07 3,120* 1,219 .. .. 390* ..
10 (2) 49° 39' N., 7° 20' W. 10.46-11 .16 921 672 .. 63 1,200* 3
II (2) 49° 50' N., 6° 53' W. 13.31-14.01 136 369 500* 600* 2,300*

12 (2) 50° 04' N., 7° 16' W. 16.55-17.25 18,280* 56 20,600* 10 9 4 I

13 (2) 50° 19' N., 7° 37' W. 19.54-20.24 748 20 .. .. 70 .. 2

14 (2) 50° 33' N., 7° 59' W. 23.09-23.39 Nt 542 63 .. .. 120 .. 8

15 (3) 50° 34' N., 8° 31' W. 02.40-03.20 Nt 30430* 214 .. .. 260* .. ..
16 (3) 50° 35' N., 9° 03' W. 06.00-06.30 2,570* 659 .. .. 10 .. .. ..
17 (3) 50° 36' N., 9° 33' W. 09.16-09.46 72 21 .. .. 81 .. ..

18 (3) 50° 19' N., 9° 52' W. 12.17-12.47 193 .. .. 196 .. I

19 (3) 50° 07' N., 9° 28' W. 15.30-16.00 2 (?) 245 .. .. 290* .. 2

20 (3) 49° 48' N., 9° 28' W. 18.50-19.20 .. 277 .. .. 78 .. ..

21 (4) 49° 30' N., 9° 44' W. 00.00-00.30 Nt .. 94 .. .. 33 .. 10

22 (4) 49° 24' N., 9° 15' W. 04.12-04.42 Dn .. 173 .. .. 28 .. ..
23 (4) 49° 17' N., 8° 45' W. 07.21-07.51 219 352 .. .. .. 4
24 (4) 49° 39' N., 8° 46' W. 10.30-11.00 1,050* 10429 .. .. 1,050* I 2

25 (4)
' 50° 00' N., 8° 47' W. 13.35-14.05 2,075* ' 8,239 .. .. 1,525* .. 25*

26 (4) 50° 01' N., 8° 15' W. 16.43-17.13 3,300* 520 .. .. 3 I ..

27 (4) 50° 02' N., 7° 44' W. 19.53-20.23 587* 209 .. .. 150* I 4
28 (5) 50° 37' N., 6° 54' W. 01.35-02.05 Nt 334 I .. .. 270* ..
29 (5) 50° 42' N., 6° 24' W. 04.43-05.13 Dn 1,237* II 18 3
30 (5) 50° 25' N., 6° 17' W. 08.35-09.05 6,075* 18 2,837* 50* II ..

19-24 July. Steam trawler Elk

I (19) 50° 01' N., 4° 00' W. 13.34-14.04 50* I 18,350* 10 3 10

2 (19) 49° 42' N., 3° 52' W. 16.40-17.10 300* 4 7,320* .. .. 9

3 (19) 49° 22' N., 3° 42' W. 19.34-20.04 1,600* 6 3,620* .. .. 26

4 (19). 49° 19' N., 4° 12' W. 22.39-23.12 Nt 20* 5 460* .. .. 5



S (20) 49° 15' N., 4° 42' W. 01.53-02.23 Nt 12 .. .. .. 15 2
6 (20) 49°II' N., 5° 12'W. 05.25-05.55Dn 18 .. 46 .. I ..

.... 7 (20) 49° 06' N., 5° 41' W. 08.27-08.57 49 I 19 .. I I
0

8 (20) 49° 03' N., 6° 13' W. 11.29-12.00 III .. .. ..
9 (20) 49°06'N., 6°43'W. 18.03-18.34 .. I .. .. 500*

10 (21) 49°42'N., 7°23'W. 00.42-01'12 Nt I .. 55 .. 180*
II (21) 50° 03' N., 7° 23' W. 03.48-04.20 Nt .. .. .. .. 160*

'" 12 (21) 50° 33' N., 7° 09' W. 07.32-08.02 .. I 5
13 (21) 50° 47' N., 6° 56' W. 10.44-11.15 5 3 I
14 (21) 51° 00' N., 6° 32' W. 13.54-14.24 5 3 ..

0 15 (21) 51° 13' N., 6° 08' W. 17.06-17.36 I I 19
r 16 (21) 50° 56' N., 5° 50' W. 20.39-21.11 Dk 300* 3 38,600* 100* .. ..
?- 17 (21/22) 50° 37' N., 5° 58' W. 23.44-00.16 Nt 200* 5 950* 27 .. 32

.

18 (22) 50° 17' N., 6° 09' W. 02.03-02.33 Nt 69 4 41 20* 29 49
19 (22) 50° 03' N., 6° 16' W. 05.10-05.40 Dn 12 5 69 60* I 7
20 (22) 50° 02' N., 6° 48' W. 08.33-09.04 II 4 .. ..

..
21 (24) 49° 42' N., 6° 48' W. 01.06-01.36 Nt I 1,000* 46<> .. " ..

:!J 22 (24) 49° 43' N., 6° 17' W. 05.00-05.32 Dn I .. ,. 7
23 (24) 49° 44' N., 5° 45' W. 08.35-09.05 50* I 2,100* 2 I

24 (24) 49° 45' N., 5°13' W. 11.50-12.20 600* I 8,300* 50* .. 6
25 (24) 49° 59' N., 4° 50' W. 15.23-15.55 200* 2 3,950* 200* ., 10

26 (24) 50° 02' N., 4° 22' W. 17.49-18.19 800* 6 22,450* 50* I 29
1939

15-18 March. Steam trawler Elk

I (15) 50° 00' N., 6° 55' W. 11.44-12.18 .. .. .. .. 700*
2 (15) 50°03'N., 7°40' W. 17.09-17.40 .. .. ., .. 600*
3 (15) 50° oS' N., 8° 29' W. 21.45-22.15 Nt .. .. .. .. 1,950* .. 67
4 (16) 50° 07' N., 9° 17' W. 02.16-02.46 Nt .. .. .. .. 2,725* .. 95
5 (16) 50° 09' N., 10° 00' W. 06.42-07.12 4 .. .. .. 175* .. 44
6 (16) 50° 10' N., 10°29' W. 09.48-10.18 I .. .. .. 13 .. 225* I
7 (16) 50° 12' N., 10°57' W. 12.48-13.18 118* .. " .. I .. 350*
8 (16) 50° 13' N., 11°31' W. 16.01-16.32 7 .. .. .. I .. 850*
9 (16) 50° 14' N., 12° 12' W. 19.20-19.50 Dk .. .. .. .. .. .. 50*

10 (16) 50°34'N., 11°34'W. 23.18-23.48 Nt .. .. .. .. .. " 300*
II (17) 50° 52' N., 9° 03' W. 04.14-04.44 Nt .. .. .. .. 39 .. 2,310* 42
12 (17) 51° 10' N., 10°23' W. 08.40-09.10 .. .. .. .. 4 .. 185* 14
13 (17) 51°10'N., 9°35'W. 13.05-13.35 .. .. .. .. I .. 150* 4

. 14 (17) 50° 52' N., 9° 03' W. 16.23-16.53 " .. .. .. 78 I 435* ..
15(17) 50°43' N., 9°47'W. 20.40-21.10 Nt .. .. .. .. 700* .. 750* 50
16 (18) 50° 33' N., 10° 33' W. 00.34-01.04 Nt 4 .. .. .. 109 .. 700* 43
17 (18) 50° 03' N., 10°29' W. 04.45-05.15 Nt 6 .. .. .. 354 .. 690* 42

<> 18 (18) 49°49'N., 9°46' W. 10.05-10.35 .. .. .. .. 80 .. 52 I
19 (18) 49°52'N., 8°58'W. 14.32-15.02 .. .. .. .. 31 .. 14
20 (18) 49° 55' N., 8° 12' W. 18.45-19.22 Dk .. .. .. .. 2,850* .. I



TABLE VI (cont.)

Mackerel Sagitta
Station number Time of haul Mackerel young Pilchard Muggiaea Sagitta Sagitta serrato- Sagitta

(date in parenthesis) Station position (G.M.T.) eggs stages eggs atlantica elegi:ms setosa dentata lyra

1939
16-27 April. S.S. George Bligh

I (16) 49° 50' N., 4° 21' W. 20.12-20.45 Nt .. .. 2,080* .. 420* 24
2 (17) 49° 18' N., 4° 41' W; 01.41-02.II Nt

,.
13,150*, II,440* -2.. .. ..

3 (17) 48° 50' N., 4° 54' W. ' 06.45-07.14 2 I 3 10 6,240* 38 III
4 (17) 48° 31' N., 5° 05' W. 10.15-10.45 .. .. .. 17 2,480* 20* 45 I
5 (17) 48° 39' N., 5° 30' W. 13.49-14.19 17 .. ", 12 2,700* .. 49
6 (17) 48° 47' N., 5° 58' W. 18.07-18.37 1,825* .. 50* .. 925*
7 (17) 48° 53' N., 6° 27' W, 22.24-22.52 Nt 797* .. 63* .. 1,203*
8 (18) 49° 00' N.; 6° 55' W. 02.21-02.51 Nt 180* .. 510* .. 6,480* I I
9 (18) 48° 40' N., 6° 48' W. 06.04-06.35 Dn 9,000* 9 700* .. 32 .. I

10 (18) 48° 20' N., 6° 40' W. 09.40-10.10 2,725* 15 14,500* 6 63 .. '20 I

II (18) 48° 16' N., 7° 07' W. 15.16-15.46 1,625* 24 22,975* .. 15 .. 46 4
12 (18) 48° 10' N., 7° 35' W; 22.14-22.44 Nt 9,850* 74 25* I 400* .. 575* 4
13 (19) 48° 32' N., 7° 38' W. 02.06-02.37 Nt 8,025* 24 200* .. 525* .. 85 18
14 (19) 48° 53' N., 7° 45' W. 05.49-06.19 Dn 775* I 25* .. 4 .. 14
IS (19) 49° 19' N., 7° 47' W. 09.24-10.01 55* . . 440* .. 18 .. I
16 (19) 49° 10' N., 8° 20' W. 13.46-14.17 195* .. 20* .. 14 .. 4 I
17 (19) 49° 06' N., 9° 05' W. 20.20-20.50 Nt 21,425* 7' 125* .. 850* .. 150* "
18 (20) 49° 05' N., 9° 53' W. 00.47-01.17 Nt II,950* 7 .. .. 42 .. 20 I
19 (20) 49° 05' N., 10°26' W. 04.24-04.55 Dn 15,225* 7 .. .. 18 .. 21 .1
20 (20) 49° 21' N., 10°48' W. 07.59-08.29 105 38 .. .. 3 .'- 184 15
21 (20) 49° 40' N., IIo 10' W. II.05-11.35 375* 33 .. .. I .. 1,510* II5
22 (20) 49° 44' N., 10°39' W. 16.27-16.57 33,025* 174 .. .. .. .. 30 5
23 (20) 50° 01' N., 10° 18' W. 19.58-20.28 Dk 12,000* 64 .. .. 35 .. 46
24 (20) 49° 47' N., 9° 57' W. 23.25-23.55 Nt 45,025* 4 .. .. 175* .. 125*
25 (21) 49° 36' N., 9° 30' W. 02.45-03.15 Nt 5,950* .. .. 175* .. II ,I

26 (21) 49° 28' N., 9° 04' W. 06.04-06.34 Dn 10,300* 5 200* .. .. .. .. ..
27 (1) 49° 55' N., 9° 10' W. II.25-11.57 4,050* .. .. .. .. .. I I
28 (21) 49° 51' N., 8°40' W. 14.49-15.27 2,275* .. .. ..
29 (21) 49° 47' N., 8° 10' W. 18.29-18.59 1,260* .. 20* .". 2 ..
30 (21) 49°42' N., 7° 42' W. 22.10-22.40 Nt 29 .. 2 .. 1,250* ..
31 (22) 50° 02' N., 7° 42' W. 02.12-02.42 Nt 260 .. .. .. 5,525* .-.-
32 (22) 49° 48' N., 6° 43' W. 07.04-07.34 9 .. 49 .. I 2
33 (22) 49° 46' N., 6° II' W. 1O.42-II .12 .. .. 710* .. 27
34 (22) 49° 45' N., 5° 40' W. No haul
35 (22) 49° 25' N., 5° 40' W. 18.49-19.19 70* .. 130* 2 3
36 (22) 49° 07' N., 5° 37' W. 22.47-23.17 Nt 98 .. 2 2,500* 5 43 .'-

37 (23) 49° 15' N., 6° 24' W. 05.54-06.24 Dn I 23,500* .. ..
3? (23) 49° 25' N., 7° 08' W. 12.06-12.36 87* .. 275* .. 67
39 (23) 49° 45' N., 7° 14' W. 16.17-16.47 290* .. 10* ..
40 (23) 50° 15' N., 7° 22' W. 21.35-22.05 Nt 245 .. .. .. 1,850*
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17-21 April. Fishery cruiser Muirchu
SR 2913 (17) 51040' N., 8° 00' W. 12.00-12.30
SR 2914 (18) 51020' N., 8000' W. 12.30-13.00
SR 2915 (18) 51° 00' N., 8000' W. 15.35-16.05
SR 2916 (18) 50° 40' N., 8° 00' W. I8.30-t9.00
SR 2917 (18) 50020' N., 8° 00' W. 21.45-22.15 Nt
SR 2918 (19) 50000' N., 8000" W. 01.10-01.35 Nt 0 2
SR 2919 (19) 50° 00' N., 8032' W. 04.25-04.50 Dn II
SR 2920 (19) 50° 00' N., 9000' W. 07.35-08,00 88
SR 2921 (t9) 50° 20' N., 9° 00' W. ro.40-I1.IO 54
SR 2922 (19) 50° 40' N., 9° 00' W. 13.50-14.20 9
SR, 2923 (19) 51000' N., 9° 00' W. 16.50-17.20 28
SR 2924 (19) 51° 20' N., 9° 00' W. 19.42-20.12 Dk 23
SR 2925 (19) 51° 14' N., 9042' W. 23.25-23.55 Nt 694
SR 2926 (20) 50° 56' N., 9° 55' W. 02.45-03.15 Nt 9,570*
SR 2927 (20) 50° 36' N., 9° 55' W. 06.10-06.40 38,958* II
SR 2928 (20) 50° 16' N., 9° 55' W. 09.20-09.50 33,000* 120
SR 2929 (20) 50° 16' N., 10° 26' W. 12.40-13.10 II,700* 95
SR 2930 (20) 50° 16' N., 10° 57' W. 16.10-16.40 1,092* c 13
SR 2931 (20) 50036' N., 10°48' W. 19.24-19.54 480 73 . . . . 6*
SR 2932 (20) 50° 56' N., 10048' W. 22.24-22.54 Nt 14 6 . . . . 60*
SR 2933 (21) 51° 16' N., 10°48' W. 02.00-02.30 Nt 5 41 . . . . 91
SR 2934 (21) 51033' N., roO48' W. 04.55-05.25 Dn 10 10* . . . . 84*

t Owing to bad weather, the net was fished over the side while the ship drifted.

37*
II
2

37
386
905*

2,626*
6,660*

493*

21
26

135
700*

I

50
8
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I
5
6
5

I

3
3

2

I
2
6

12
2*

14

0,2
35

I I
1
1
9*

2
1,024*

7

I
29

194*
467*

1,305*
384*

5

20*
12*
1

41 (24) 50° 44' N., 7° 30' W. 02.48-03.18 Nt 98 .. .. .. 10,875*
42 (24) 51° 14' N., 7° 38' W. 08.10-08.40 451 I .. II

43 (24) 51034' N., 7° 37' W. 12.08-12.38 100*

44 (24) 51° 31' N., 6046' W. 17.05-17.35 125* .. .. .. 9
45 (24) 51028' N., 5° 54' W. 21.52-22.22 Nt 40* .. .. .. 162
46 (25) 51028' N., 5° 22' W. 01.33-02.03 Nt .. .. .. .. 1,100*
47 (25) 51° 08' N., 5° 22' W. 05.05-05.35 Dn 2 .. .. 20

48 (25) 50° 48' N., 5° 22' W. 08.30-09.00 50* I .. .. 5
49 (25) 50° 48' N., 5° 53' W. 12.15-12.45 1,250*
50 (25) 50049' N., 6° 24' W. 16.16-16.46 32
51 (25)t 50° 28' N., 6° 40' W. I9.47-;W.I7 Dk 65* .. .. 76
52 (25)t 50° 04' N., 6031' W. 22-36-23.06 Nt 70* .. 150* .. 1,575*
53 (26)t 49° 38' N., 6° 48' W. 01.53-02.24 Nt 65 .. 9 .. 800*
54 (26) 49° 33' N., 6° 19' W. 05.48-06.18 Dn 75* .. 1,700* .. 3
55 (26) 49° 20' N., 6° 00' W. 13.55-14.25 75* .. 92,925* .. 2
56 (26) 49° 40' N., 5° 00'"W. 17.50-18.20 .. .. 1,350* .. 2

57 (26) 50° 00' N., 4° 38' W. 21.35-22.05 Nt .". .. 13,100* .. I

58 (27) 49° 26' N., 4° 24' W. 02.50-03.20 Nt .. 22,050* .. 168

59 (27) 48° 50' N., 4° 10' W\ 07.45-08.15 20* . . 10* 2 350*
60 (27) 49° 02' N., 3° 16' W'o 13.53-14.23 325* .. 4,175* .. 90
61 (27) 49° 32' N., 30 29' W 18.52-19.22 .. .. 39,075* " 8

62 (27) 50000' N., 3° 45' W. 22.20-22.50 Nt .. .. 60* .. 58*



TABLE VI (cont.)

Mackerel Sagitta
Station number Time of haul Mackerel young Pilchard Muggiaea Sagitta Sagitta serrato- Sagitta

(date in parenthesis) Station position (G.M.T.) eggs stages eggs . atlantica elegans setosa dentata lyra

1939
2-7 June. Steam trawler Elk

I (2) 49° 50' N., 4° 57' W. 04.12-04.42 Dn 825* .. 121,950* .. I 8

2 (2) .49° 29' N., 5? 33' W. 08;34-09.04 3,825* 20 12,475* .. 75* Few
3 (2) 49° 08' N., 6° 07' W. 13.02-13.32 28,500* 52 675* .. 2,100* 300*,
4 (2) 48° 47' N., 6° 43' W. 17.22-17.52 6,100* 337 .. 950* .. 103
5 (2) 48° 26' N., 7° 18' W. 22.00-22.30 Nt 2,475* 440 450* 1,125* .. 600*

6 (3) 40° 05' N., 7° 53' W. 02.30-03.00 Nt 1,250* 57 50* Numerous .. 350* 28

7 (3) 48° 32' N., 8° 18' W. 07.23-07.53 3,225* 634 .. Numerous II2* .. 50* 17
8 (3) 48° 58' N., 8° 45' W. 12.15-12.45 425* 43 .. Moderate 150* .. 75* I

9 (3) 49° 25' N., 9° 10' W. 17.05-17.35 225* 148 .. Few 325* .. 62*

10 (3) 49° 50' N., 9° 35' W. 21.30-22.00 Nt II 178 .. .. 150* .. Few
I I (4) 50° 17' N., 10°00' W. 02.20-02.50 Nt 89 45 .. .. 425* .. 287* I
12 (4) 50° 42' N., 10°25' W. 07.43-08.13 1,350* 45 .. .. 2 .. 31 7
13 (4) 51° 06' N., 9° 27' W. 13.55-14.25 9,525* 167 .. .. 17
14 (4) 50° 40' N., 9° 02' W'. 18.50-19.20 4,950* 40 .. ..
15 (4) 50° 14' N., 8° 36' W 23.20-23.50 Nt 650* 284 .. .. 100* .. 2
16 (5) 49° 49' N., 8° 12' W 04.15-04.45 Dn 1,850* 27 .. .. 325*
17 (5) 49° 23' N., 7° 46' W 08.55-09.25 5,900* 183 " ..
18 (5) 49° 07' N., 7° 30' W'. 16.15-16.45 4,350* 134 .. 250* I 4
19 (5) 49° 35' N., 6° 39' W. 22.24-22.54 Nt 10,725* 227 450* .. 2,175* I
20 (6) 50° 00' N., 7° 04' W. 03.15-03.45 Nt 1,800* I 25* .. 81
21 (6) 50° 25' N., 7° 29' W 07.43-08.13 6,760* 7 .. .. 7
22 (6) 50° 50' N., 7° 55' W 12.15-12.45 12,075* 3 .. .. II6
23 (6) 51° 14' N., 8° 20' W. 16.15-16.45 8,550* 65 .. .. 9
24 (6) 51° 14' N., 7° 32' W. 21.00-21.30 Dk 8,750* 9 .. .. 25 I
25 (7) 51° 15' N., 6° 47' W. 01.20-01.50 Nt 8,700* 6 .. .. 825* I
26 (7) 50° 45' N., 6° 38' W. 05.50-06.20 6,000* 59 .. 2 2

27 (7) 50° 16' N., 6° 29' W II.08-11.38 2,250* 7 50* .. 10 ..
28 (7) 49° 58' N., 5° 47' W. 14.32-15.02 6,150* 3 73,050* .. .. 2
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SOME NOTES ON PARASITIC COPEPODA

By Robert Gurney, D.Se.

(Text-figs. 1-2)

DEVELOPMENTAL STAGES IN THE FAMILY LERNAEOPODIDAE

The Lernaeopodidae are a highly specialized group of parasitic Copepoda
,presumably derived from a Caligoid stem, and some clue to their systematic
position should be found in their development. Some stagesare known in ten
genera, but it is only in Achtheres,Salmineola,and Clavellathat the whole, or
nearly the whole, series of stages has been described. There is a very strong
tendency to suppress the nauplius as a free stage though, when so suppressed,
there 'may be moults corresponding to nauplius and metanauplius (Zandt,
1935). In some species there is certainly a free nauplius, but it probably
moults into the copepodid in a very short time.

With free nauplius
AchtherespercarumNordmann

Hatching as copepodid

Achtheres ambloplitis Kellicott (normally)
A. pseudobasanistes Zandt

[Syn. Basanistes coregoni Neresh.]
Salmincolasalmonea (L.)
Salmincola mattheyi Dedie
Salmincola edwardsi Olsson
Basanistes huchonis (Schrank)
Epibrachiella impudica (Nordmann)

Tracheliastes polycolpus Nordmann

Clavella uncinata (Muller)
Charopinus dalmanni (Retz.)
Lernaeopoda galei Kroyer

I am indebted to Miss Lebour for larvae of Lernaeopodagalei hatched in the
laboratory at Plymouth (Fig. 1). In this species there is a nauplius, but it
probably moults almost at once into the copepodid as all the appendages of the
latter can be seen under the skin, and the head filament is quite distinct. One
interesting feature of the nauplius is the possession of a mandibular appendage,

since in all other species in which a nauplius has been d~scribed this apPfndage
is absent altogether. In this species. the appendage is, at the time of hatching,
empty of tissues, but it is distinctly biramous, with three long setae bn the
exopod and two on the endopod. '-Both pairs of antennae have long setae, but
they are not feathered, and it may well be that the nauplius does not actually
swim.

The copepodid (0'85 rom. long) is slender, but of the usual form. The
filament of attachment is fully formed, running backwards to the region of the
maxillipede, where it is thrown into a double coil and then runs forwards again
to just below the attachment disk. The mouth cone is large, consisting of a
bifid lower lip and an upper lip quite distinct from it. The lower lip has a fringe
of delicate hairs at the tip, but it is not easy to see, and it may actually be
a finely striated membrane. The mandibles lie outside the cone and are simple



134 ROBERT GURNEY

stylets, but I have seen a minute papilla at the base which may be a vestige of
an exopod. The maxillule has two lobes with two and thIee spines respectively.
Maxilla and maxillipede are powerful prehensile organs, the former with
a slender claw and the latter with a more massive curved claw, in this respect
quite unlike Clavella and Epibrachiella, and more resembling Salmineola.
Nothing is known about later stages. -

Fig. 1. Lernaeopodagalei. A, B, nauplius; C, mandible of nauplius; D, copepodid; E, head
region of copepodid,ventral view; F, antenna of copepodid; G, maxillule of copepodid;
H, left furcal ramus" ventral view. '

There have been three recent papers dealing with the development of '

Lernaeopods (Zandt, 1935; Dedie, 1940; Friend, 1941) and it is remarkable
that there are apparently very great differences in the series of stages. According
to Zandt there are no less than six moults"and seven stages in all, which is one
more moult and stage than in the development of the free-swimming copepods.
Throughout these moults no new appendages are acquired, and the animal
remains throughout at the same developmental grade as copepodid I of normal
free-swimming Copepoda. ,

In Table I the seriesof stages in four speciesare summarized, and it will be
seen that there is a progressive shortening of development. In S. salmonea,
according to Friend, there are only thIee moults, and the female has a stage
during which she is attached to the host, only by the grasping maxillipedes.
In Clavellathere appear to be not more than three moults, and it is possible
that the female has a very brief period of freedom after loosing from the head
filament and before attachment by the bulla or maxillary disc.
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TABLE 1. DEVELOPMENTAL STAGES IN FOUR LERNAEOP'ODS

Achtheres pseudo-
basanistes Zandt

Observer: Zandt, 1935
Stage I Copepodid I:

free, later
attached by
head filament

II Copepodid 2 :
attached by
head filament,
legs reduced

III Filament detached
from head and
grasped by
maxillae

DittoIV

V Ditto
(Legs still traceable)

VI Approaching adult
form; sexes
distinct; still
fixed by filament

Male free, female
fixed by bulla.
No further moult

VII

Salmincola
mattheyi Dedie

Dedie, 1940
Copepodid I:
the same

Metamorphosed;
filament de-
tached from
head and grasped
by maxillae

Ditto

Ditto'

Sexes distinct;
female fertilized,
still attached by
filament

Female attached
by bulla

Salmincola
salmonea (L.)
Friend, 1941

Copepodid I :
the same

Clavella
uncinata Miiller

Gurney, 1934
Copepodid I:
the same

Filament de- Copepodid 2:
tached from legs reduced,
head and grasped attached by
by maxillae head filament

Metamorphosed;
1st stage female
free, clinging by
maxillipedes

2nd stage female,
attached by
bulla

Metamorphosed;
attached by fila-
ment and skin
of copepodid

Sexes distinct,
female attached
by bulla

THE COPEPODID STAGE OF THE EYE-MAGGOT OF THE SPRAT

LERNAEENICUS SPRATT AE (SOWERBY)

Leigh-Sharpe (1935) has recorded the occurrence of this species in the spring
of 1934 on about 3 % of the sprats caught at Hole's Hole in the river Tamar
near Plymouth. On 10 April of the same year I found the same percentage of
infection on sprats from Hole's Hole, young herrings taken in the same place
being entirely free from the parasite. Leigh-Sharpe does not give the actual
date of his catch, but it is remarkable that, while his specimens were mature
and bearing eggs, not one of mine was full-grown or bore eggs. In no instance
was more than one parasite found on one fish. In one specimen a hole was seen
in the eye, but no parasite emerging, and on dissection the chitinous remains of
an adult specimen were found embedded in a cyst in the eyeball. Sproston &
Hartley (1941) found a very much lower percentage of infection of sprats in the
Tamar during 1935 and 1936, namely 0'655 % among 1376 fish taken through-
out the year.

The youngest stage found corresponded to the free-swimming adult stage
of Lernaeocera branchialis (L.), and was about 3 rom. long, with a part of the
abdomen projecting from the hole in the fish's eye, and the head embedded in
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the tissues at the back of the eye. It is to be presumed that the specimen
figured (Fig. 2) is actually the earliest stage in which the fish is attacked. It
would seem probable that it does not pierce the eyeball until the abdomen is

Imm.

&-

Fig. 2. Lernaeenicus sprattae Sowerby. Young specimen from eye of sprat.

long enough to project through the hole made while the head reaches to the
back of the eye. The proportion of length of abdomen to cephalothorax is
about the same as that in some specimensof L. branchialisstill attached to the
gill of a flounder. While the animal is sufficientlyprovided with organs of
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prehension, the circlets of spinules at the base of the mouth cone may also
assist in fixation.

I have not found any earlier stages on the body, fins or gills of the sprat, but
the number examined is very small and, in view of the rarity of the copepod,
the possibility that the early stages are passed on some part of the same host
cannot be excluded. I have found none on the gills of a flounder which bore
large numbers of larvae of L. branchialis.

While it is easy to follow every stage of development on the sprat from the
time of attachment to the eye,nothing is at present known about the copepodid
stages.
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THE ANTHEROZOIDS OF DICTYOPTERIS

. By T. Johnson
. Dublin

I should like to place on record the circumstances under which I saw for the
first time that the male .cells of the Dictyota family were not non-motile
spermatia but ciliated motile antherozoids.

With the 4elp of a grant from the Royal Society I spent two long vacations
(in 1885 and 1886) investigating the marine algae of Plymouth Sound and
district, thanks to the facilitiesprovided for such work by the Marine Biological
Station at Plymouth. It was usual to spend the morning collecting material
by dredging or shore work, sorting it out in the afternoon, and returning for
microscopic examination of selected material in the evening. Dredging off
the Eddystone yielded male plants of Dictyopterisand examination of one
piece showed an ai1.theridiumin course of breaking up. The contents scattered
ip all directions as motile bodies starting at the lower right corner, as looked
at, and passing gradually to the upper left corner. I never saw anything more
clearly under the microscope. I put material in.absolute alcohol for further
exarn1nationbut unfortunately did not keep the microscopic specimen or fix
the antherozoids with iodine. When I showed my chlef (Dr D. H. Scott) my
account of the discovery he expressed the opinion, to which I naturally
deferred, that it would be incautious to publish anything so startling, based
on one observation, and, in consequence, in the published account I spoke
of indications that the male cellswould prove to be motile. Later on my former
pupil Williams (19°4) proved the bi-ciliated nature of spermatozoids in the
Dictyotales by using material kept in a moist chamber.
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THE POR~UGUESE MAN-OF-WAR, PHYSALIA
PHYSALIS L., IN BRITISH AND' .

AD JACENT SEAS

By Douglas P. Wilson, M.Sc., F.R.P.S.
Zoologist at the Plymouth Laboratory

(Plates I-III and Text-figs. 1"':5)
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THE OCCURRENCE OF PHYSALIA ON THE ATLANTIC
COASTS OF EUROPE

PAST RECORDS

The occurrence of the SiphonophorePhysaliaphysalisL. (PortugueseMan-of-
war) in large numbers offour south-western shores in the stimmer and autumn
of 1945 was an event almost without parallel in the records for British seas.
A search of the literature for the last 100 years or so has produced only the
recorded occurrences listed in Table I in which are included strandings on
the northern and western coasts of France and of Belgium. The list also
includes some hitherto unpublished records preserved at the Plymouth
Laboratory; these are discussed in detail below.
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TABLE 1. LIST OF STRANDINGSOF PHYSALIA ON THE SHORESOF THE BRITISH

ISLES, NORTHERNAND WESTERNFRANCEAND BELGIUM

Season
Year or month Locality Number Wind Reference

1834 March Ardmore, Co. One - Thompson (1835)
Waterford

1852 - La Rochelle Several, at least S.-S.W. De Quatrefages
persistent (1854)

1862 Aug. Isle of Wight Hundreds After gale Rogers (1862)
1862 Summer Torbay, S. Devon Three - Gosse (1865)
1884 Sept. Dunkerque One dead After storm Thery (1887)
19°7 May Valentia One - Delap (1924)
1907 Aug. At sea, 50° 16' N., One - Stelfox (1936)

n° 27' W.
1912 March Roscot! One - de Beauchamp (in

. Caullery, 1912)
1912 April Boulogne Dozen After westerly Caullery (1912)

gales
1912 April Knocke (Belgium) Three After westerly Lameere (1912)

gales
1912 March- Seaford, Rye, etc. Thousands After strong This paper

April to llfracombe south to
south-westerly
winds

1913 Feb.- Bjgbury Bay, Several After strong This paper
April Plymouth Sound, south to

Looe, and west winds
Aberystwyth

1919 - Guethary Numerous - Perez (1929)
1921 Jan. Bantry, Co. Cork Great shoal - Delap (1924)
1934 Oct.- Perranporth to " Several After strong This paper

,Nov. Polzeath, south to
N. Cornwall west and

north-west
winds

1934 Autumn Hook Tower One - Stelfox (1936)
Lighthouse, Co.
Wexford

1934 Nov. Tragumina, Co. One - Stelfox (1936)
Cork

1935 Oct. Hook Tower .One - Stelfox (1936)
Lighthouse, Co.
W exford

1935 Oct. Mullion Cove, One After westerly This paper
S.W. Cornwall winds

1935 Nov. Newquay, One After strong This paper
N. Cornwall westerly winds

1945 July- Cornwall, Devon, Large shoals Fully dis- This paper
Oct. S. and N. Wales, cussed below

Eire
1945 July- Roscot! Several - Bocquet (private

Oct. communication)
1945 Aug.- Concarneau Large numbers - Bouxin & Legendre

Sept. (1946)
1945 Dec. Mousehole, Three After S.W. This paper

Cornwall gale
1946 Jan. Whitsand Bay, A few After S.W. This paper

Cornwall and gale
Penzance

1946 July- Guethary to La Enormous - Weill (1946)
. Sept. Rochelle swarm



Only in 1862 and 1912 does there appear to have been anything comparable
with the strandings of 1945. On 7 August 1862 hundreds of Physalia were
washed ashore on the Isle of Wight (Rogers, 1862) but data for other p~rts of
the coastline do not exist apart from three specimens seen near Torquay that
summer (mentioned by Gosse, 1865, p. 256). For 1912 there are very few
published data (Caullery, 1912 and Lameere, 1912) but whilst ~ndeavouring
to check a reference to strandings under this Laboratory (Plymouth Marine
Fauna, 1931, p. 84) I found some correspondence relating to the occurrence
of Physalia in great abundance that year. They were seen at points along the
south coast westwards from Rye Bay to the Isles of ScilIy and northwards to
Aberystwyth during the months of March and April. With the correspondence
was the typescript of an unpublished article by Professor J. H. Orton, then a
naturalist on the staff of this Laboratory. There were also a few further
records for strandings in 1913 and these are listed below together with those
for 1912.

TABLEII. RECORDSOF STRANDINGSOFPHYSALIAON THE SHORESOF

ENGLAND AND WALES IN 1912 AND 1913
Locality Number

A. SOUTHCOASTSERIES

Isles of Scilly
Plymouth Sound

PHYSALIA PHYSALIS

1912

? March
.9 and 10 March

12 March Bigbury Bay, Devon
? March Looe, Cornwall

23 March and subsequently Seaford, Sussex

Thousands

Very many

3 April Rye Bay, Sussex One
B. WEST COASTSERIES

Thurlestone Sand, .near Several
Aberystwyth, Cardigan

Cardigan Bay, One
Ilfracombe, N. Devon Many

17March

20 March
2 and 3 April

1913
10 Feb.
17 March
23 March
25 March-2 April

Looe, S. Cornwall Several
Aberystwyth, Cardigan One
Bigbury Bay, S. Devon Several
Plymouth Sound Several
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Observer

Mr Ritchie
Mr (now Professor)
J. H. Orton

Mr F. Chandos-Pole
Mr C. H. Drew
Mr S. F. Maurice
Dauncey

Mr F. Slade

Mr C. L. Walton

Mr H. J. Fleure
Mr E. S. German

Dr A. Adams
Mr C. L. Walton'
Mr F. Chandos-Pole
Mr (now Professor)
J. H. Orton

Credit for several of the records in 1912 is due to Mr W. R. Adams of
Camberwell, London, who wrote to several of his friends on the coast and
thereby produced the records for Seaford, Rye and Ilfracombe. On 3 April
1912 he received in London twenty-four living Physalia from Ilfracombe;
although battered they were placed in the sea-water aquarium of the Horniman
Museum where they survived a short while. Mr Adams also got one of his
friends to search at Dover but no Physalia was found there. He mentions in
aletter dated 6 April 1912 that,a correspondent writing to Country Life stated
that the species was washed up at Bognor.
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The records for 1934 have not previously been published. They refer to
several specimens stranded between Perranporth and Port Isaac on the.,north
coast~of Cornwall from 3° October to 12 November. 'Some of the specimens
were sent to the Plymouth Laboratory for. identification.

TABLE III. RECORDSOF STRANDINGSOF PHYSALIA
IN NORTH CORNWALLIN 1934

1934

30 Oct.
3 Nov.
5 Nov.

First week Nov.
12 Nov.

Locality
Perranporth
Polzeath
Padstow district
Newquay
Port Isaac

Number
One
Several
Several
One
Two

Observer
Mr N. Light
Mrs B. C. Peirson
Mr, A. G. Blaydes
Mr F. S. Russell
Mr R. A. Todd

On 18 October 1935 a specimen picked up at Mullion Cove was sent to
this Laboratory by Miss E. M. L. Hendriks and on 3 November in the same
year another one was seen on Fistral Beach, Newquay, by Mr F. S. Rllssell.

. Both these records are here published for the first time; they are included
in Table I. . , .

The 1945 records are listed in Table IV and discussed in detail below.
Since their occurrence Weill (1946)has recorded an enormous swarm of large
Physaliaon the beaches.pf south-west France ftom Guethary to La Rochelle
from the end 9f July to the end of September 1946. So far, as I have been
able to ascertain there are no English records for this period.

In addition to the above definite records there are a few other references toI

be noted, De Quatrefages (1854) obtained specimens at La Rochelle which
enabled him to make his extensive studies on the organization of Physalia.
Gosse stated (1865,p. 255) that 'scarcely a seasonpasses without one or more
of these lovely strangers occurring in the vicinity of Torquay'. Perhaps they
were more ff€fquentin his day than they :,Irenow. In a note to Thery's paper
(1887) Giard states that Beltremieux in his Fauna de la Charente lnferieure
indicates that Physaliais found very rarely at La Rochelle and tha~Lafont has
seen it at Arcachon, but no dates are given. VanhOffen(1906)says that Owen
saw it on the coast of Cornwall and McIntosh at Southport and the Hebrides,
but gives no references and I have not been able to find them.

It is evident from the abovethat Physaliamay be expected to reach French
Atlantic and English shores from time to time after absences of several years,
but that strandings in great abundance are only likely to take place three or
four times in a century. They can arrive in any season of the year. Thosewho
have recorded the presence of Physalia have generally referred to stormy
weat;her or to strong or persistent winds from the south to west. quadrant
preceding the strandirigs,and this question will.be discussed ina later section.,
. Two pointsmaybe madenow. If the datesfor the mainoccurrencesthis
century be examined there is a suggestion of an II-year periodicity, I9I2,(no
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records for 1923),1934,1945, close to the sun-spot minima. The remainder of
the records, particularly those for the nineteenth century, however, do not
seem to bear this out, they do not have a similar periodicity or correspondence
with sun-spot activities.,

Anoth~r feature to be noted is the frequent occurrence of Physalia, generally
in smaller abun~nce, the year following a main invasion; thus 1946 after
1945, 1935 after 1934, 1913 after 1912. It suggests that an abundance, one
year is likely to be followed by further, though fewer; specitiiens the next.

THE 1945-46 RECORDSFOR THE.BRITISH ISLES

On 31 July 1945 there appeared in The Times a letter from Professor J. H.
Orton recording the capture of a Physalia at Trevone, north Cornwall and
requesting'the forwarding to him of any further specimens that might be' .
found. On the same day we received at the Plymouth Laboratory a preserved
specimen from Major A. A. Dorrien Smith, Tresco, ISles of Scilly taken by
him a few days previously; he stated that he first saw the species floating at sea
on 2 July. On 3 August we received from him a living specimen in first-class
condition; this specimen was kept alive for several days enabling a series of
photographs to be taken, three of which are reproduced on the plates accom-
panying this paper. A set of photographs and an article were'despatched on
7 August to The Illustrated London News with the aim of calling attention to
the presence of Physalia in our waters and reinforcing Professor Orton's appeal
for specimens and records. The article was not pu\;>lisheduntil 1 September
but it had the effect of re-stimulating interest just as the response to The Times
letter was dying down. Both Professor Orton,and I received numerous letters
anq several specimens and he has very kindly handed all his correspondence'
over to me and I am therefore able to deal with the observations as a
whole. .

This is probably the first time that such a complete set of records of the
strandings of a subtropical organism on our shores has been got together.
Whilst 6bviously many must have gone unrecorded, for not everyone sees
the particular newspaper and periodical mentioned, or would take the trouble
to write had they done so, it can, I think, be safely assumed that the records
do give a fair sampling of the distribution of the Physalia and that with the
exception of Eire an absence of reports does indicate a real absence of the
siphonophore~ On that basis the reports will be discussed.

Below is 'a list of records in order of dates of finding as closely as the
correspondents gav~ them together with their own estimate of the numbers
involved: Few gave an estimate of size but from those who did, and from the
specimens sent, it is obvious that the pneumatophore length varied from about
2 in. to about 9 in. (5-23 em.). There is n9 doubt at aU that apart from damage
due to stranding'the Physalia were in excellent condition and those seen at sea
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TABLE IV. LIST OF STRANDINGSOR SIGHTINGSAT SEA OF PHYSALIA

DURINGTHE SUMMERAND AUTUMN OF 1945 AND EARLY1946

Date (1945)
2 July

Early July
End of first week

6 July
14 July
Mid-July
20-3° July

22 July
24 July
25 July
28 July
28 July
29 July

3° July
31 July and pre-
vious four days

31 July
31 July
Last week in July
. 1 Aug.

1-7 Aug.
2 Aug.
3 Aug.
3 Aug.

5 Aug.

5 Aug.

6 Aug.

Beginning of Aug.

6 Aug.
7 Aug.
7 Aug.

13 Aug.
20 Aug.
23 Aug.
24 Aug.
25 Aug.
25 Aug.
Last week of Aug.

28 Aug.

29 Aug.
31 Aug.

1 Sept
2 Sept.
2 Sept

Locality
Isles of Scilly
Sennen Cove, Cornwall
Sennen Cove, Cornwall
Isles of Scilly
Polzeath, Cornwall
Isles of Scilly
Porthgwarra, near Porth-

curno, Cornwall
St Ives Bay, Cornwall
Trevone, Cornwall

" Isles of Scilly
Isles of Scilly
Trevose Head, Cornwall
Crantock Beach, near New-
quay

Port Isaac, Cornwall
St Ives, Lelant Beach,

Cornwall
Penzance, Cornwall
Polzeath, Cornwall
Isles of Scilly
St Ives, Cornwall

Isles of Scilly
Near the Bishop Light
Isles of Scilly
St Ives, Cornwall

Godrevy Beach, St I ves,
Cornwall

Crantock Beach, Newquay, One
Cornwall

Carbis Bay, St Ives, Corn- Two
wall

Nevin, N. Wales

Number
One
One
One
One
One
Several
Five

One
One
One
One
One
One,

Two
One

}Six
Many
One
Several hundreds'
Three, but numerous in

district
Seen daily, several
Quite eight or ten
One
Five, but there were a

number of others
One

Two

Perranporth, Cornwall One
St Ives, Cornwall One
Lundy Cove, Portquin Bay, Four

Cornwall
Isles of Scilly
Trevone, Cornwall ,

Watergate Beach, Cornwall
Sennen Cove, Cornwall
Croyde ~ay, Devon
Westward Ho, Devon
Nantrum end of Croyde

Bay, Devon
Seven Stones, Isles of Several

Scilly
Off Wolf Lighthouse
Wolf Rock .

Tenby, S. Wales
Tenby, S. Wales
Isles of Scilly and to west-
ward

Two
Two
One
Two
One
Three
Three

One
One (four or five the
previous day)

Two
Several
Quite a number

Observer
Major A. A. Dorrien Smith
Mr G. L. Norris
Mr W. Finsbury
Mrs Wakefield
Mrs Robert Fraser
Major A. A. Dorrien Smith
Mr Donald Boyd

Mrs Mary Riley
Prof. J. H. Orton
Major A. A. Dorrien Smith
Major A. A. Dorrien Smith
Miss H. J. Wilkins
Miss D. M. Wilde

Mr P. W. S. Andrews

Mrs Denise M. Hinckley
Prof. Hugh Sellon
Mrs Robert Fraser
Mr John Craxton
Mr A. Naysmith

Cadet H. Wakefield
Major A. A. Dorrien Smith
Major A. A. Dorrien Smith
Master Oliver Hinckley

Mrs V. Alport

Miss D. M. Wilde

Miss Phyllis M. Angove

Honours Student of Prof.
Brambell

Mr Bernard D. Burch
Mrs V. Alport
Miss Rosalind Fraser

Major A. A. Dorrien Smith
Mr Edward M. James
Miss Mary Stokes
Captain A. Carter
Mr A. A. N. Gardener
Master G. A. Young
Mr G. H. Jenkins

Major A. A: Dorrien Smith

Mrs Wakefield
Mr P. H. T. Hartley

Lieut. J. N. Atkinson
Mr B. R. Symes
Major A. A. Dorrien Smith



Date (1945)
Early Sept.
Early Sept.
Second week

Sept.
Week prior to 16

Sept.
Week before 17

Sept.
Mid-Sept.
Second and third
week Sept.

15 Sept.
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Locality
Caldy Island, S. Wales
Tenby, S. Wales

of Bigbury Bay, S. Devon

At sea, near Dartmouth

St Mawes, S. Cornwall

Land's End, Cornwall
Lizard, S. Cornwall

TABLE IV (cant.)

Number'
One
Six
Two

One

Several

Numerous
Several

Porth Nanven, near Land's Two
End, Cornwall

17 Sept. Mill Bay, near Land's End Scores
On or about 17 Mousehole, Penzance A number

Sept.
17 Sept.

18 Sept.

19 Sept.
19-23 Sept.

< 23 and 24 Sept.

23 Sept.

24 Sept.
24 Sept. .
Sept.
25 Sept.
25 and 26 Sept.

25 and 27 Sept.
About 25 Sept.
26 Sept.
26 Sept.

27 Sept.
27 Sept.
28 Sept.
3° Sept.
End of Sept.
End of Sept.

4 Oct.

10 Oct.
Mid-Oct. to late

Oct.
31 Oct.
20 Dec.

1946
12 Jan.

13 Jan.

Druidston, near Haverford- One
west, Pembroke

Manorbier, Tenby, S.
Wales .

St Anthony, S. Cornwall Three
Annestown, near Tramore, Considerable numbers

Co. Waterford
Woolacombe Bay, Devon

Widemouth Bay to Hart-
land Bay, Bude Bay

Croyde Beach, Devon One
Porth Headland, near New- Four

quay, Cornwall
Bude, Cornwall
Land's End, Cornwall
Combe Martin and Hed-

don's Mouth, Devon
Borth, Cardiganshire
St Bride's Bay, ~embroke
Borth, Cardiganshire
Trevone, Cornwall

Rhosneighr, Anglesey
Cheyne Beach, Ilfracombe
Westward Ho, Devon
Fistral Bay, Newquay
Bude, Cornwall
Perranporth, Cornwall
Gwenver Beach, near
'Land's End, Cornwall

Isles of Scilly
Ballyteige Burrow, S.

Wexford .

Rhosneighr, Anglesey
Mousehole, Cornwall,

One

145

Observer
Dr' Colin Mathieson'
Dr Colin Mathieson
Lieut.-Com. E. G. Beazley

Mr. W. J. Wallis

Mr V. Heather

Prof. Hugh Sellon
Miss G. M. Puyer

Mr P. H. T. Hartley

Mr Lawrence Leith
Miss Ruth Adams

Mr A. N. Grace

Miss Gladys Flynn

Mr E. C. Richards
Miss M. A. Walker

Twenty-seven, and must Mrs Evelyn J. H. Pollard
be others

Very many Mr C. D. Barrett

Mrs E. L. Balmer
Mr R. S. Funnell

Several
Still coming ashore-
One at Coombe Martin,
two at Heddon's Mouth

Many
One
Three
Five

Ten or so
Two
Two
Four
Several
Hundreds in the sea
One

Mrs Elsie E. Sampson
Prof. Hugh Sellon
Mr J. Hobart

Mrs A. M. Nicholson
Dr Colin Mathieson
Mrs M. Franks .
DrR.M.BoveriandMrW.M.
Lindley

Mr. P. M. A. Plews
Mr A. S. Cutcliffe -
Col. G. H. Y_oung
Mr F. S. Russell
Mr E. G. Ricketts
Mrs M. Stuart
Mr P. H. 'T. Hartley

Several Major A. A. Dorrien Smith
Fairly plentiful, one Mr W. J. Scallan
every t mile or so

Two Mr P. M. A. Plews
Three Mrs E. Pearce

WhitsandBay, S.CornwalI, One
near Plymout4

Gwenver Beach,. Penzance A few

]OURN. MAR.RIOL. ASSOC.vol. XXVII, 1947

Mrs Hawkes

Mr T. G. Wm. Fowler

10
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in full health and vigour and not feeble or dying. Several persons were
severelystung, somewhilst bathing, and bore testimony to the pain inflicted.
Miss M. A. Walker, who in addition to' writing to me published her observa-
tions, has an amusing note (Walker, 1946)that the 'local people at Annestown
were convinced-that the balloon-likefloats of Physaliahad poison gas in them
and gave them a very wide berth'. Whenever they were stranded in any
numbers they aroused much interest among the general public who were
attracted by the brilliance and beauty of the colouring.

METEOROLOGICAL CPNSIDERATIONS

Physalia is blown along by the wind which seems to have a greater influence
on its movements and distribution than the ocean currents. It is to the winds
that we should first look in attempting to account for the recurring invasions
of our seas by these oceanic organisms of lower latitudes.

Past Records

The references to past strandings have generally been accompanied by
mention of strong winds from south to west. Thus de Quatrefages (1854) says
that his specimens collected at La Rochelle in 1852 arrived after persistent
winds from the south or south-west. In 1862 Rogers refers to a 'terrific gale'
and Thery (1887) to 'quelques jours d'un vent assez violent' in September
1884. .

For 1912 we have Caullery's statement that preceding the strandings in
April'l'hiver et Ie debut du printemps dernier se sont signales sur nos cotes
de la Manche par des tempetes d'ouest repetees' and Orton, in the unpublished
article already referred to says: 'There can be little doubt that the presence of
Physalia on the south coast of Erigland in March and April 1912was due to
t,he ahnost continuous southerly to south-westerly winds indicated in the
eastern part of the Atlantic in the Meteorological Reports for the early part of
that year.' This I have checked from the Daily Reports for 1912; they show
a great preponderance of strong (Beaufort Scale 4-7) south to w:est winds
throughout the last three weeks of February and most of March in the region
of Scilly. From the end pf March and in early A:pril the winds were mainly
west to north and again strong. From about 12: April for the rest of the
month the winds were mainly light with an easterly component between south
and north and with north-east and south-east winds frequent. Probably this
change of wind was responsible for the disappearance of Physalia from the
area after the first few days of April. Orton goes onto say: 'It is interesting
to note that at the end of March northerly winds set in in the eastern part of
the English Channel. This circumstance probably explains why Physalia and
Velella were driven on to the French side of the Straits of Dover.'

The 1913 strandings, which were nothing like as numerous and extensive
as were those of 1912, similarly occurred after strong winds mainly from the
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south and west. The Daily Weather Report shows that in the region about
Scilly there was nearly a foitnight of mainly strong west to south winds
preceding the stranding at Looe on 10 February. A period of mainly variable
south-east to north-east winds followed until the last two days of the month
when the wind was light and northerly. On 2.March strong westerly winds
set in and were blowing on most days until the strandings at Bigbury on
23 March. Between that date and 2 April (the last date given in Orton's
unpublished data for strandings in Plymouth Sound) the wind was often
strong but variable in direction, often easterly or from the south or the north-
west. Easterly and northerly winds continued for some days.

The 1934records are for the short period from 3° October to 12November.
The Daily Weather Report shows that at the Scilly Isles strong south to west
winds (Beaufort Scale 4-7) were blowing from 20 to 27 October after which
the winds went to the west to north quadrant immediatelypreceding the first
stranding at Perranporth on 3° October and remained there until 2 November
when they shifted towards the south. On 4 and 5 November the wind was.
blowing strongly from the north-east and thereafter varied mainly between
north and west until the final stranding on 12 November which was followed
by a period when strong to light north to north-east winds predominated.
Physaliaat seamay have been blown out of the district by the change of wind,
but as no special search was made for them this cannot be established. The
few records available for this year arise solely from a few interested persons
sending along for ide~tificationwhat were to them strange specimens. There
may have been others of which we know nothing.

The 1935 specimens were stranded after winds from a westerly direction.
The second half of September in that year was characterised by strong winds
at Scilly mainly from between south-west and north-west and except for a
few days these winds persisted throughout October and well into November.

The 1945-46 strandings and the influence of the wind

For the period in question Monthly Weather Reports have been published
by His Majesty's Stationery Officewhich givesummarized data for frequencies
of wind force and direction at different stations for the British Isles; those for
direction are utilized below. I am greatly indebted to the Meteorological
Officeof the Air Ministry for this and much other information including daily
wind speed and direction for the Scilly Islands and special investigations into
the origin and route of various air masses. The Meteorological Service,
Dublin, have also been most helpful in supplying wind direction .frequencies
for Roches Point and Valentia.

The area in which strandings of Physalia occurred, or in which it was
observed at sea, covers the western approaches to the English Channel
and the St George's and Bristol Channels. Leaving aside for the time
being the question of the more distant origin of the swarms of Physalia, and

10-2
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considering only what happened to them once they had arrived within that
area, we can obtain a fairly good picture of the air movements which drove
them to and fro therein by combining the wind direction frequencies for the
seven stations St!fum's Head, Pembroke; St Athan, Glamorgan; Plymouth,
Devon; The Lizard, Cornwall; St Mary's, Scilly Isles; Valentia, Co. Kerry;
Roches Point, Co. Cork. For the first four stations I have utilized the data for
°9.00 hr. G.M.T.as given in the Monthly Weather Report; for Scilly the wind-
rose data from the Summary for the Year 1945,and for Valentia and Roches
Point the data for °7.00 hr. G.M.T.sent to me from the MeteorologicalService,
Dublin. There are no outstanding differences between any of these stations
and by combining them in this wayan averagedirection frequency is obtained
which can be relied on to represent with sufficientaccuracy wind conditions
throughout the area. Unfortunately, the data do not permit wind force to be
combined with the averagedirectional frequencies, but someidea of the force
can be obtained from the wind roses for Scilly published in the Monthly
Weather Reports, and from the daily records from the Scilly Islands
considered below.

Whilst in Table V it is obvious that in June south-west and west winds
, predominated, winds favourable to the arrival of Physaliafrom the west, and

that in November easterly and unfavourable winds.prevailed, a clearer picture
can be obtained if all favourablewinds be grouped together and considered as
a whole, and all unfavourablewinds grouped in a similar way. Beforethis cap.
be done, however, it is necessary to consider which winds can be classed as
favourable in the sense of blowing the siphonophores once in our area on to
our shores,and whichunravourableinthat theywillblowthem backintothe open
ocean. A map shows that the ScillyIslands are directly exposed to the Atlantic
over an arc extending approximatelyfrom the south to the north-west. Winds
from all po41ts embraced by this arc can therefore be expected to favour the
stranding of Physalia on our shores once other conditions farther out in the

Atlantic have brought them as far east as about 10°W. anq north to about
48° N. Thus of the eight-point groupings, south, south-west, west and
north-west winds can be considered as being favourable, especially the last
three so far as strandings on the north coast of the Devon and Cornwall

L

TABLE V. AVERAGE FREQUENCY OF WIND DIRECTION FROM EIGHT POINTS FOR

SEVEN STATIONS TO THE NEAREST WHOLE FREQUENCY

1945 N. N.E. E. S.E. S. S.W. W. N.W. Calm
June 2 01 1 1 3 &, & 4 I
July 5 2 I 2 5 5 5 4 2
Aug. 4 3 3 3 2 4 6 3 3
Sept. 2 3 5 2 3 6 4 3 2
Oct. I 3 7 3 4 4 4 I 4
Nov. I 3 10 6 2 I I 1 4
Dec. 2 I 2 4 4 5 6 5 I
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peninsula are concerned. On the other hand, the north, north-east, east and
south-east windsare unfavourable,they blowfloatingobjectsawayand towards
the open sea, though the north wind would favour the stranding on the north
coast of Devon and Cornwall of Physaliawhich happened to be in the Bristol
Channel, and therefore, rather iike the south wind is somewhat neutral in its
effect. Table VI shows the eight-point wind frequencies from all seven
stations grouped and averagedto the nearest whole frequency in this manner.
They have been calculated directly from the original data and not com-
piled from Table V which is itself an average. .

From Table VI it is clear that in June the winds were almostwhollyfavour-
able on 20 out of 3° days, blowing from between the south-west and north-
west. The Monthly Weather Report for June 1945states that 'southerly and
westerly winds were frequent and the month was windier than usual on the
whole in England'. In July 14 days were wholly favourable as against 5 days
unfavourable. There were 5 days of winds from the south and 5 days from the
north; as will be shown later the north winds were mainly confined to the last'
week of the month so that the first 3 weeks of July continued the favourable
weather of June and the winds from the south to the north-west were often
strong during that period.

TABLE VI. AVERAGE WIND DIRECTION FREQUENCIES FROM EIGHT POINTS AT

. °9.00 HR. G.M.T. GROUPED INTO FAVOURABLE AND UNFAVOURABLE WINDS
FOR STRANDING ON THE ASSUMPTION THAT PHYSALIA TRAVELS DIRECTLY.

BEFORE THE WIND

Favourable Unfavourable
, (

S.W., W. N.E., E.
1945 and N.W. S. Total Calm and S.E. N. Total
June 20 3 23 I 3 2 5
July 14 5 19 2 5 .5 10
Aug. 13 2 15 3 9 4 13
Sept. 13 3 16 2 9 2 II
Oct. 10 4 14 4 13 I 14
Nov. 4 2 6 4 19 I 20
Dec. '16 4 20 I 8 2 10

In August the winds continued on the whole to be favourable although there
were more occasions on which the wind would tend to move the Physalia out
to sea. Probably to this is to be attributed the slackening of arrivals during that
month. The Monthly Weather Report for August 1945 states that 'the month
was less windy than usual. Winds from between north and east were more
frequent than the average'.

September showed a somewhat similar balance of favourable and unfavour-
able Winds to that of August, though~ the daily records reveal that the un-
favourable winds were confined mainly to the first 9 days of the month and
that thereafter westerly weather with strong winds was frequent and could
well account for the abundant strandings during the latter half of the month.
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In October there were relativelyfew strandings and.we note that winds from
north-east to south-east were more frequent than south-west to north-west
winds. In November l.infavourablewinds greatly predominated; there are no
records of strandings for this month. December saw a reversal of these
conditions and associatedwith this some Physaliawere driven back again and
there is one record of strandings for late December and two for the first half
of January.

So far we have assumed that Physalia sails more or less directly before the
wind and that the currents have relatively little effect on its directional
movements. It is almost certainly true that ordinary slow currents have less
effect on the distribution of Physalia than have winds of moderate strength
and that for present purposes they can be ignored. We cannot, however, ignore
the fact that Physaliamost probably travels at an angle to the wind. On this
point the only definite evidence is that of Woodcock(1944)who states that in
the northern hemisphere Physalia 'is so orientated physically that it is
consistently driven by the wind about forty-five degrees to the left of the
direction in which the wind is blowing'. The few specimens which I had and
which were well enough preserved to show the typical asymmetry of the crest
agreed fairly well with Woodcock's figure for northern hemisphere animals
(compa:remy photograph in Plate II with his fig. 46 left-hand side) and we
may therefore accept as a working hypothesis his contention that movement
will alwaysbe to the left of the wind direction in the northern hemisphere and
to the extent of about 45°. Perhaps the extent of the deviation varies with
wind strength, a fair breeze giving the full 45° to the left, a storm tending to
drive the siphonophore more directly before it. AcceptiJig,however, 45° we
can regroup the wind frequencies as in Table VII. West to north winds are
now the favqurable ones with east to south unfavourable. North-east winds
will move the siphonophore in a southward direction and are on the whole
unfavourable,whilst south-west winds moveit north and favour its appearance
in the sea area under consideration.

TABLE VII. AVERAGE WIND DIRECTION FREQUENCIES FROM EIGHT POINTS AT

°9.00 HR. G.M.T. GROUPED INTO FAVOURABLE AND UNFAVOURABLE .wINDS
FOR STRANDING ON THE ASSUMPTION THAT PHYSALIA MOVES IN A

DIRECTION AT 45° TO THE LEFT OF THAT OF THE WIND

Favourable Unfavourable
, A ,

W.,N.W. E.,S.E.
1945 andN. S.W. Total Calm dS. N.E. Total

June 14 8 22 I 6 0 6
July 14 5 19 2 7 2 9
Aug. 14 4 18 3 8 3 II
Sept. 9 6 15 2 10 3 13
Oct. 7 4 II 4 13 3 16
Nov. 4 I 5 4 17 3 20
Dec. 13 5 18 I 10 I II
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It will be seen that grouping in this way.makes little difference to the
conclusions already reached on the basis that Physalia travels directly before
the wind. Favouring winds in June are not quite so strongly marked as before
but still greatly preponderate. July is hardly affected,whilst August becomes
a little more favourable. September is a little less favourable than before but,
as we have already seen, the unfavourable winds are mainly confined to the
beginning of the month. October is more unfavourable than before and there
were few strandings that month. November is as markedly unfavourable as
before and again conditions are reversed in December, though not quite so
noticeably. Thus for the main purpose of this investigation it matters little
whether Physalia moves directly down wind or at some angle to the left. If
a similar table be constructed on the assumption that the siphonophore would
move at 45° to the right a very similar set of figures is obtained and the main
conclusions as to the favourability of any particular month are unaffected.

The dates of the actual strandings are known to within a dayor two and have
already been givenin Table IV. They ~re all plotted at weeklyintervals on the
four charts (Text-figs. 1-4). It is instructive to compare them with the daily
records of wind force and direction, for otherwise it is difficult to understand
how apparently southerly and south-westerlywinds would drive the organisms
ashore on the north coast of Devon and Cornwall. For this purpose the
Meteorological Officeof the Air Ministry supplied me with the mean hourly
wind speed an~ direction for the hour ending 09.00 hr. G.M.T.at Scilly.
These figures should be fairly representative for the south-western area as
a whole, although naturally the farther away the strandings are the less
accurate are any conclusionsbased on them.

The first arrivalswere noted at the ScillyIslands and at Sennen Cove at the
extreme south-west tip of the Cornish peninsula during the first week of July.
During the preceding May' southerly and south-westerly winds were rather
more prevalent than usual' (Monthly Weather Report for May 1945),whilst
June had been a month of strong south-west to north-west winds with few
winds from other directions. The last few days of June and the first week of
July had strong winds from these directions, and it was these winds that
brought in the first specimens to reach our shores. On 14 July the first
Physaliarecorded on the north coast of Cornwallwas stranded at Polzeath; on
that day there was a moderate breeze (Beaufort Scale4) from the south-west,
but the day before there had been a similar breeze of Scale4 from the north-
east, and it may have been this wind that brought inshore a specimen which
had been travelling up th~ Bristol Channel. The Trevone specimen of 24 July
came ashore on a light north-west wind and the north Cornish ones of
28-31Julywerefoundwhenthe windwasfrom the north. The other records for
this period are for the ScillyIslandsand the extremesouth-west tip of Cornwall.
The strandings at Penzance on 31 July do not fit quite sowell into the picture
and can only be ascribed to local conditions. The records of large numbers

"
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near Scilly for the end of July !ltld the firgt week of August might ;ust
possibly be for specimens which had in mid-July been blown up the
St George's Channel and were then travelling back before the northerly winds

Text-fig. I. Distribution of Physalia in July. 0 1-7 July; @ 8-14 July; 0 15-21 July;
IQl22-28 July; <) 29 JulY-4 Aug. Figures and letters indicate number seen. H, hundreds;
M, many; N, a number; S, several. Meteorological stations underlined.

which were' blowing from about 26 July to 9 August. Colour is lent to
this suggestion by a record for Nevin on the Lleyn Peninsula, Camarvonshire,
for the beginning of August. This is an observation by a zoology student at
Bangor University College passed on to me by Professor F. W. Rogers Brambell

-= -
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who is convinced, after careful questioning, that the student had indeed seen
Physalia stranded there at that time. If we accept this observation it does add
to the suppositio~ that a shoal of Physalia was blown towa.rds the Welsh

<J;,,,<
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Text-fig.2. Distribution of Physaliain August. 0 5-IIAug.; @ 12-18 Aug.; D 19-25Aug.;
12126AUg.-l Sept. Figures and letters indicate number seen. S, several. Meteorologicalstations underlined.

coasts by the strong south and south-west winds of mid-July. However, we
must not lose sight of Woodcock's statement that Physalia travels to the left
of the wind in which case a north wind would blow the organisms in a south-
easterly direction and the large nUmber seen at the( Scilly Islands in late July
and early August could then have come direct from the Atlantic by skirting the
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southern shores of Eire. There is always the possibility that the Nevin
specimens came through the North Channel though this seems most unlikely
in the absence of records farther north. Perhaps a few specimens were carried

Text-fig. 3. Distribution of Physalia in September. 02-8 Sept.; @ 9-15 Sept.; D 16-22 Sept.;
lEI23-3° Sept. Figures and letters indicate number seen. H, hundreds; M, many;
N, a number; S, several; VM, very many. Meteorological stations underlined.

up the St George's Channel in mid-July, the vanguard of the main shoal which
came in from the Atlantic later.

There are a number of records for 5-7 August, generally of single specimens,
on the north coast of Cornwall west of Lundy Cove, Portquin Bay to St Ives.
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The wind was mainly from the north and the north-west during this period.
Apart from the single observation of two at Scilly on 13 August no more
were reported until 20 August. There was a spell of easterly winds (Beaufort

@d;-;-.~I~1S
Sci1l;y.

Text-fig. 4. Distribution of Physalia in October. 0 4 Oct.; @ Mid to iate Oct.; 0 31 Oct.
Figures arid letters indicate number seen. M, many; S, several. Meteorological stations
underlined.

Scale 3-5) from' II - 14 August which doubtless accounts for, the scarcity of
records during the middle of the month. Moderate westerly to southerly
winds then set in for 3 days after which the wind shifted again to the north
and another two specimens were recorded at Trevone on 20 August. On that
day a westerly wind was blowing which freshened toa north-west to west gale
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on 21 and 22 August and was still blowing strongly from, the west and south-
west from 23-25 August. Further strandings took place in north Cornwall
and for the first time in. north Devon at Croyde Bay and Westward Ho on
25 August. For the rest of the month the winds varied mainly between the
east and south and were followed by strandings at Tenby in south Wales
during the first few days of September. There are no more records of strandings
on the north coast of the Devon and Cornwall peninsula until late in September.

North and east winds of moderate strength (Scale 3-4) characterized the
first 9 days of September. Apart from the south Wales strandings 'and
the sighting of a number of individuals Oatsea off and to the westward of the
Scilly Islands, none was reported until in the second week when we had for the
first time a number of observations for the south coasts of Devon and Cornwall
as far east as at sea off Dartmouth. These came following a change of wind on
10 September to the south and west. The wind strength increased until in the
middle of the month it was blowing strongly from the south-west. At this
time numerous individuals were .~tranding in the Land's End district. On
17 September the wind went to the south. and east, there is another record for
Tenbyon 18 September and records for Penzance and Falmouth about the
same time. Most interesting of all for this period are the strandings at
Annestown, Co. Waterford in Eire following strong south-east to south-west
winds (Walker" 1946). These strandings occurred between 19 and 23 Sep-
tember when the wind there veered to the north and no more were seen.

A disturbed period of strong west to north winds reaching gale force locally
occurred from about 21 to 25 September and these resulted 'in the most
numerous and most widespread' strandings so far reported. They occurred
principally on the north coasts of Devon and Cornwall and on the coasts of
west Wales from Pembrokeshire to Anglesey and the quieter weather which
followed the storms, with light wmds from between west and north, still
brought many ashore until the end of the month.

On the last day of September the light wind went to the east and stayed
there well into October. Only near Land's End and th,e Scilly Islands were any
more Physalia found until about the third week in October when a good
number were reported from Ballyteige Burrow, Co. Wexford, Eire. The
winds (at Scilly) had been from the east and were strong (up to Scale 7)
from 15 to 19 October and it may have been these winds which had blown the
Pl:Jysaliaremaining in the area away to the westward, stranding some of them
on the coasts of Eire. Except for two seen on Anglesey on the last day of the

.month no more were reported until the end of the year. The easterly winds of
November put an end to the visitation except for the few 'stragglers which
.came back again on the strong south-westerly winds of December and early
January.

Thus by considering the strandings in relation to the wind direction we
perceive, in broad outline, the manner in which the shoals of this floating
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, siphonophoreas theyarrivein ourareaare drivento andfroby the shiftsand
changes of the surface air streams, scurried first one way and then another
until eventually they either perish by stranding on a l~e shore, or are,blown

, \
back into the ocean. whence they came.

ORIGIN OF THE PHYSALIA SWARMS
/

Physalia is a normal inhabitant of the tropical and subtropical Atlantic.
Chun (1897) records it as being abundant in the early months of the year at
the Canary Islands and states that it is not infrequently blown into the
Mediterranean. During the cruise of the Michael Sars in 1910 (Murray &
Hjort, 1912)Physalia with Velellawas frequently seen while steaming west-
ward' from the Canaries to the Azores and on to almost 50° W. in latitudes
between 28° N. and 39° N. On the eastward passagehigher than 45° N. none
was seen. The normal northern limit seems to be about 40°N., but that from
time to time the speciescomesmuch farther north, sometimes in swarms, is
already obvious. Why should this be?

The ready answer to this question is, of course, that it is blownby the wind,
that unusual meteorological conditions out in the Atlantic blow it farther
towards the north-east than is usual. Unfortunately, an examination of the
weather charts for the whole North Atlantic for April, May and June 1945does
not showanything out ofthe ordinary,exceptpossiblythat tb.erewereno marked.
easterly winds between the Azores, Bay of Biscay and south-west England,
such as are often, but not invariably, present at that time of year. However,
Physaliahas not appeared in our waters every time,easterly periods have been
rare. Thus in 1943 there were no easterlies to speak of and only one week
(14-21 May) in 1944. (I am much indebted to a friend, Mr B. C. V. Oddie of
the Meteorological Office,for the meteorologicalinformation recorded in this
paragraph.)

In a letter from the Meteorological OfficeI have received tIie information
that in normal years during the months of May, Jime and July 'the pressure
gradient over the Azoresregion is normally favourablefor winds from between
W.N.W. and N.W., exceptfrom the 5th to the 29th ofJune, when the direction
is between W. and W.S.W. Over the Canaries or off the coast of Portugal the
direction is from between N.W. and N.E. through N.' Assuming that
Physalia travels at 45° to the left of the direction in which the wind is blowing
specimens in the Azores region would travel towards the east or north-east

. under the influence of these winds and then on nearing Portugal would tend
to be diverted southward again. Provided that an abundance of .Physalia
happened to be present ~ the Azores region during May and June it would
not need a very great change in the normal wind direction to carry them
towards our shores. Incidentally the surfacecurrent charts(M.O. 466,,1945)for
these months showthat currents northofaboutlat. 45°N. flowpredominantly

.'
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in our direction' whereas off the coast of Portugal and the Canaries,
where the winds are also generally unfavourable, they flowin general south-
ward. It seemsmore probable therefore that the source of an invasion of these
waters by Physaliais somewherein the mid-AtlanticAzoresregion rather than
in the region of the Canaries to Gibraltar. The latter cannot, however, be
entirely ruled out.

The MeteorologicalOfficehas kindly examined the pressure distributions
for occasionswhen the air arriving off the south-west of the British Isles could
be traced back more or less directly, (a) to the mid-Atlantic Azoresregion, and
(b) to the area contained by the Azores, Lisbon and the Canaries. There were
three occasions in June and six occasions in July when air originated from
north to north-west of the Azores (mainly south of lat. 45° N. and west of
long. 20° W.). The time taken by the air to cover this distance varied 'from
about It to 3 days and it is not conceivable that the Physalia themselves

, travelled at that rate though the resultant effect of the air stream would, in the
absence of easterlies, have been to push them along in our direction. Air from
the Azores, Lisbon, Canaries triangle arrived in June on several occasions
during the first 10 days (a period when air also arrived from the Azores
district) and during two short periods in July. I feel, however, that these data
are too inadequate for conclusions to be based on them.

At the moment it seems impossible to trace these occasional visitations
right back to their source. They originate possibly in the first instance
through the production of an unusual abundance of individuals brought
about by conditions exceptionally favourable for development of the eggs
and-young. This might take place well to the south and should it coincide
with meteorological conditions that drive many farther north than usual, and
should they then be caught up in streams of air flowing strongly towards the
north-east they will eventually reach the south-westward approaches to these
islands, where they will then be driven hither and thither by our local winds
as has been shown in the preceding section.

ASSOCIATED ORGANISMS

A number of other Atlantic organisms came ashore with the Physalia. The
records for these are not at all complete and can only be regarded as an
indication of what might have been found had the whole of the north Cornish
coast in particular been under observation by competent naturalists.

Lep'as fascicularis and L. p'ectinata

On 3° September 1945the Director of this Laboratory, Mr F. S. Russell,
found stranded on the Fistral beach at Newquay, along with Physalia, several
living specimensof the floatingbarnacle, Lep'asfascicularisEllis and Solander,
and brought back a number to Plymouth. They varied in sizefrom quite small
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to specimens with capitula 4 em. long. They were generally attached to floating
strands of FUCUf,but the larger groups were mainly buqyed up by their
gas-bubble floats. With them were a few Lepas pectinata Spengler.

L. fascicularis has been recorded from time to time before; thus Orton &
Rawlinson (1934) report it (with L. pectinata) from Trevone, near Padstow, I

in August 1933and Professor Orton, in a private letter, tells me that he had it
again in September 1944 at the same place. MrO. D. Hunt (unpublished
record) had one specimen, to which were attached three individuals of
L. pectinata Spengler in the mouth of the River Yealm, S. Devon, in
September 1934, the same month and year as Orton & Rawlinson's record.
In the museum of the Laboratory there are two small specimensof L. fascicu-
laris which were found with L. anatifera drifting in Wembury Bay, near
Plymouth, in June 1937, and a few L. pectinata from a floating buoy in
November 1935.

Perhaps both these species would be found in the south-west more fre-
quently than is at present realized were it possible for competent naturalists
to keep a constant watch for them along the whole of the coast-line. As it is,
Orton & Rawlinson found only seven or eight records of the appearance of
L. fascicularis'on the south coasts of England and the same number for the
west and north of Ireland'. They also state that' L. pectinatahas been recorded
only about five times since 1803 from the coasts of the British Isles'. Their
paper should be consulted for the references. It has been stated (see Murray
& Hjort, 1912) that L. fascicularisregularly invades the northern North Sea
through the Faroe-Shetland channel along with other oceanic forms from the -'
Atlantic and that immense swarms 9f it are to be found there in May and June.

Velella

Along with the Lepas fascicularis and the Physalia Mr Russell also found
many Velella skeletons; there were no living Velella. Miss Walker (1946) also
found one Velella float with the many Physalia near Tramore in late September
1945. Professor F. W. Rogers Brambell also informs me that he identified
a living specimen of Velella which was picked up at Llanbeddr, Merioneth, on
II June 1945 and that on 21 June numerous floats, denuded of tissue, were
found among the flotsam at high-water mark in Malltraeth Bay, Anglesey.
These are the only records I have been able to collect for 1945; it seems most
unlikely that had many living Velella been stranded at the same time as the
Physalia their bright colours would not have attracted attention and specimens
been sent to this Laboratory along with its larger relative. There is not the
slightest hint in any of the correspondence that Velella was also stranded at
the same time and it seems reasonable to conclude that only a relatively few'
living specimens at most could have been present along With the Physalia.

I do not propose to discuss past Velella records here. They are much more
numerous than are those for Physalia. Unfortunately it is not always clear
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whether the records refer to living specimens or only to the skeletons of the
floats which survive for a long time after the death of the living tissues. Future
recorders would do well to be clear on this point.

Turtles

Three young Loggerhead Turdes,Caretta caretta (L.), were sent alive to
the Laboratory in August. 1945. They are listed below (Table VIII).

There is no doubt that they were true Carelta caretta (L.) and not Colpo-
- chelys kempi Garman (see Deraniyagala, 1939). No. I had some growths of

livinghydroids on the plastron and neck. They seemed to agree with Clytia
johnstoni (Alder) and Obeliageniculata (L.). No.2 was clean, probably because
although found on 10 August it was 24 August before we actually received it.
NO.3 had some hydroids on the paddles: apparently Obelia geniculata (L.)
and a Gonothyrea sp. It was stated to have had a cluster of ship's barnacl~s
(Lepas) several inches long attached to the plastron; unfortunately they had
been removed and were not seen by us. On the carapace were tufts of an
alga identified as the American Ectocarpus Mitchellae Harv. (see Appendix,
p. 171). A photograph of this turtle appears in illustration of an article by
Parker (1946).

TABLE VIII. LOGGERHEAD TURTLES FROM NORTH CORNWALL, AUGUST 1945

Locality
In the sea off Hayle
Ashore on Gwithian

Sands, Hayle
Ashore on Crooklets
.Beach, Bude

Carapace
, "----.

Max. Max.
length width
(cm.) (cm.)

r8'5 r6'5
20'0 r6'5

Finder

Mr S. J. Thomas
Master Richard Buckner

20'0 r8'0 Mr A. E. Jewell

Stendall (1945)records a specimen of Carelta carettawith a carapace 13 in.
long found swimming in the River Bann near Castlerock,Co. Londonderry,
on 8 August 1945. Freeman (1946)records two small speciniens of the same
species washed ashore on Sherkin Island, Co. Cork, during a storm in late
December 1945. One seen had a carapace7! in. long; the other was of about
the same size. Mr H. W. Parker of the British Museum (Na~ral History)
informs me that he receivedthree specimensof C"caret{astranded as follows:

(I) Collister Beach, west side of Unst, Shetland, 13 December 1945.
(2) Oxwich Beach, Glamorgan, 7 February 1946.
(3) North Uist (west side), Hebrides, 13 February 1946.
Records of strandings of Loggerhead Turtles are fairly frequent in the

literature (e.g. Parker, 1939)but in view of the findings of Deraniyagala (see
his 1939 paper for references) some of the earlier identifications may have

Specimen
no. Date

r 7. viii. 45
2 ro. viii, 45

3 25. viii. 45
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confused the species and some of the Loggerheads previously recorded may
have been Kemp's or Ridley's Loggerhead which breeds only, so far as is
known for certain, on the American side. The Loggerhead occurs, of course,
on both sides.of the tropical and subtropical Atlantic but in a recent' popular
article Parker (1946)discusses the occurrencesof both speciesof turtle on our
coasts and inclines to the opqnon that they may possibly originate in the
Caribbean whence they are started on their journey across the Atlantic by
violent local storms. If this be so-the idea is now strengthened by the
occurrence of the American Ectocarpusin one of the turtles mentioned
above-then the turtles stranded with the Physaliain 1945,and possibly also
those stran'dedin early 1946,may have been half-wayacrossperhaps near the
Azores region in the spring or summer of 1945. They would there be caught
up by the same conditions that favoured the passage to our shores of the
shoals of Physalia, for like the latter, they are surface organisms and, for
much of the time at any rate, expose considerable areas of their bodies above
the surface of the water.

Lampris luna

One other possibly associat~doccurrence should be mention~d. This was
the capture in Bigbury Bay, S. Devon, on 2 August 1945of a Moon-fish or
Opah, Lampris luna (Gmelin). It was taken by holiday-makers whilst
struggling, half-stranded, in shallow water, on a falling tide. It was a male
over 3 ft. long and weighed 60 lb. The stomach and intestines were opened by
Miss Nora G. Sproston; she found the beaks of forty-one cuttlefishes which
appeared to have been eaten quite recently and, in addition, the recognizable
remains of four sand-eels, two pilchards and other organisms not possible to
identify.

Norman &Fraser (1937)state that L. lunais widelydistributed inthe warmer
parts of the Atlantic and that it is 'a not infrequent visitor to the coasts of the
British Isles during the warmer months'. They go on to say that 'it probably
spends a good deal of its time close to the surface)but there is no doubt that
at times it descends into deeper water'. If the Eigbury specimen had been
spending much of its time at the surface it is just possible that it too had come
under the influence of winds and surface drift that favoUred its passage
towards our south-west coast. On the other hand, it is equally likely that its
appearance at -the same time as the Physaliaand turtles was pure coincidence.

GENERAL CONSIDERATIONS

The occurrence of a number of other organismsfrom the warmer parts of the
.Atlantic along with the swarms of Physalia in 1945might be held to indicate
a drift of Atlantic water into the approaches to the Channel. Tp.eorganisms in
question, however, should, on the whole, be regarded as wind-borne types

JOURN. MAR.BIOL. ASSOC.vol. XXVII, 1947 . II
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rather than water-borne and it does not seem reasonable to consider them
as reliable indicators of water movements in the way that some wholly
submerged plankton organisms can be so regarded. Unfortunately, oWingto
the lack of a suitable vessel it was not possible at the time to make a proper
search for any such indications at sea.

Stephen (1938), Russell (1939) and others have referred to the northward
spread during the 1930'S of warm-water organisms in the North Adantic
corresponding to a rise in temperature of the northern surface waters of that
ocean and its branches such as the North Sea. Such a rise, if maintained"
might well be a factor in assisting the penetration northward of an organism
such as Physalia,enabling it perhaps to breed in latitudes higher than is usual,
perhaps thus favouring the formation of shoals of the adult in a region
whence the winds blow mainly towards our shores. However, Dunbar's
recent investigations (1946)into the temperature records for the west Green-
land current hav~shown that whereas a warm period appears to have reached
its peak in the middle of the 1930'S,more recent years, particularly 1942-4
have shown a cooling due to a weakening of the Adantic influence. If this
return to colder conditions be general for the North Atlantic, Physaliaand the
other organismspenetrated northward in 1945in spite of rather less favourable
temperatures than had perhaps aided their predecessors in 1934. The facts,
indeed, once again point to the wind as being the main factor responsible for
these occasional visitations of animals from southern regions, water move-
ments playing only a minor role in their distribution.

THE CAPTURE AND DIGESTION OF PREY

HISTORICAL

The virulence of Physalia stings and the strange manner of digestion of its
relatively large prey have often been described and yet, as Gudger (1942)
truly remarks, 'only a few students of marine life have seen Physaliacatch and
eat fishes, and their accounts are widely scattered in scientific books and
journals'. He does a real serviceby gathering together the few such accounts
of any importance which are available, and he gives a number of references
not quoted here. A.ccordingto him the earliest first-hand recorded observation
of the fish-eating activitiesof Physaliais by Quoy & Gaimard (1824). Bennett
(1837) describes the tentaculaas 'capable of being coiled up within half an
inch of the bladder and then darted out with astonishing rapidity to the
distance of 12 or 18 feet'. Food seized by them is rapidly conveyed to the
mouths. Years later Bennett (1860)gavea short but graphic description of the
seizure and digestion of little fishes. Lesson (1843)often saw small Physalia
kill fish as strong as aherring and stated that flying-fishesare its principal food.
He briefly describesthe absorption of the products of digestion by the siphons.
De Quatrefages (1854)saw a dead fish, 8-10 em. long, held by a Physalia. It
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was surrounded by thick mucilaginous matter and in about an hour was
almost entirely dissolved. A large siphon had partially engulfed the tail. With
a lens he followedthe digested matter passing up the siphons. Collingwood
(r867) and Wallich (1869)both have interesting observationson Physaliaseen
at sea. The former gives a graphic account of the effect of the stings on a
seaman and mentions having seen an albacore swallow a Physalia and its
accompanying shoal of commensal fishes (Naucrates).Wallich wound off the
tentacles 'in ,the same way that one may wind off a skein of silk', stretching
them from 3 to 6 in. to 8 or 10 yards. Mortimer (1877) also has observations
on the stinging properties of the tentacles and their contractility. Bigelow
(1891) gives a fairly detailed account of experiments with living Physalia at
Woods Hole in July and August 1889 when the organism was abundant in
Vineyard Sound' and he was able to keep a number of specimens alive in the ,

tanks for a week or more. He well describes the capture of small fishes and
their subsequent digestion by the siphons and he gives a rough sketch 'of the
manner in which the latter attach themselves to the prey. This is the only
figure I have been able to find which shows this remarkable feature of the
alimentary system. Mercier (1924) reported some effects of the stings on
human beings. Parker (1928)givesa popular account of the habits of Physalia
stating that' it is not unusual to find. . .the remains of several partly digested
fishesstill held to the underside of the float. Sooner or later these are cast off.'

In ~932 the same author gave a detailed description of the structure of the
dactylozooidsand showed that their rhythmic contractions are neuromuscular
in nature. He stated that they may reach a length of over 9 m. and shorten to
one-seventieth of their maximum length. Richet & Portier (1936) describe
experiments, performed on frogs and other animals, of the toxicity of the
poisons injected by the nematocysts and discuss the phenomenon of ana-
phylaxis.

Few photographs of living Physalia appear to exist. Bouxin (1936)repro-
duces photographs of two battered pneumatophores from which most of the
polypoid persons were missing. Woodcock (1944) gives a figure from a
photograph of what seems to have been a recently killed specimen. Buchsbaum
(1938) has a fine photograph supplied by the New York Zoological Society, of
a specimen eating a small fish. In a private letter to me he has confirmed
that the photograph was from life. Unfortunately, only the tail-end of the
fish can be seen and the detail of the manner in which it is held is not
clear. Photographs of a model appear in Parker (1928), Gudger (1942) and
elsewhere. . .

OBSERVATIONS AT PLYMOUTH

The living Physaliawhich wasreceived on 3 August 1945.andwhich had been
taken from the sea in the neighbourhood of the ScillyIslands and forwarded
to Plymouth by Major A. A. Dorrien Smith enabled me to make a number

II-2
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of observations on feeding anp.other habits. Most of these confirm earlier
writers, whose papers incidentally I did not see until after my notes had been
made..

The Physalia reached the Laboratory on the evening of 3 August. It was
in a large Kilner jar partly filled with sea water and was in fresh condition

, although its movements were few and slow. It was immediately placed in a
clean tank arranged fQr photography and some records were taken of it at
once. The pneumatophore was at this time sausage-shaped with an overall
length of about 9 in. (23 em.).and with the crest a crumpled ridge along the
top. The dactylozooidsall hung down to the bottom of the tank, for a time
almost motionless. The Physaliagradually increased its activities, rolling the
pneumatophore from side to side, and the dactylozooidsQeganto show rather
irregular elongations and contractions. In this condition it was left for the
night, a board being placed as a cover over the tank. On raising the board the
followingmorning it was seen that the crest was depressed as on the previous
evening, but on splashing sea water over the pneumatophore the crest slowly
rose. Whether this was due to the drops of water simulating sea spray, or
whether the action produced a 'wind' to which the pneumatophore reacted
it is not possible to say. Bigelow (1891) produced erection of the crest by
blowing on it with bellows. The crest was depressed and raised two or three
times more, but subsequently it remained up for most of the period the
Physalia was still alive. With the raising of the crest the pneumatophpre
shortened to about 7 in. (18 em.).

The rolling action of the pneumatophore continued from time to time, the
,wholething rolling slowlyover first to one side and then to the other, dipping
the crest in the water. Plate II shows the pneumatophore over on its right
side (regarding the free end of the pneumatophore as anterior) whilst the crest
was being slowly raised again after immersion under the surface. It will be
noted how the bases of some of the polypoid persons are lifted above.the
surface; the pneumatophore may have been the more easilyable to do this by
being in contact on its left side with the background sheet of ground glass.
Bigelow (1891) states that his specimens always tended to lie over in this

. position and never on their left sides. The specimen I had generally went over'
alternately from side to side, especiallywhen it was floating in a much bigger
tank than that in which it was photographed. My impression was that the
action was directed towards keeping the surface of the pneumatophore wet,
perhaps a necessary precaution in the tropics in calm weather when no spray
is flying. Wallich (1869) observed this, or an almost identical action, taking
place at sea., He saw Physalia turning slowly over on one side as it came
'abreast of the bows of the ship, the state of depression continuing until it is
abreast of the stem'. He had 'repeatedly witnessed this wonderful occurrence
in moderately calm weather, at distances varying from a few feet to thirty and.
even fiftyyards' and he wasincli,nedto attribute it to somevibratory influence
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from the passage of the ship, although the depression often took place
'apparently quite beyond the reach of the surface-disturbance of the water,
which causes a series of advancing.waves ahead of the ship'. Specimens
placed on cardboard immediately after capture continued this slow rolling
movement until the wall of the pneumatophore had actually shrivelled with
the heat. De Quatrefages (1854)and Huxley (1859) both refer to the somer-
saulting activity of the float consequent upon the raising up out of the water
of the pointed end. This raisingup of the pointed end wasseenin the Plyinouth
specimen when it was blown gently acrossa large tank. Huxley stated that he
watched the trembling action of the float' going on with great vigour in a dead
calm' when it could not be a reaction to wind..This appears to confirm my
suggestion that it may, at least partly, b~ a wetting action.

The activity of the pneumatophore is indeed astonishing to those seeing it
for the first time. Major A. A. Dorrien Smith in a letter to me relates how
'it has the power to lever itself by the cap of the gas bladder out of a bucket I

when. the water is say, an inch or so from the top'. The crest itself is rarely
static, varying its shape and height slightly the whole time whilst raised.

The colouring was vivid' and of great beauty, it has often been described
and my notes do not add to it in detail. It is sufficient to record that in the
Plymouth specimen the float was pale blue shot with pink, the crest pink. The
polyps were blue and purplish, the long dactylozooids mainly a deep dark blue.
Some colour photographs were taken. and may subsequently be published
elsewhere, Unfortunately, the colours, are not truly rendered in the photo-
graphic transparency, the pink especially not being re<;orded at all well.

The dactylozooids were continually elongating and contracting, some
shortening as others were lengthening. They extended down to the bottom of
the tank which was relatively shallow, and at times trailed a little on the
bottom. The deeper the tank the' more they elongated, but the deepest tank the
specimen was placed in was much too shallow to allow the dactylozooids full play.

An opportunity to judge of their stinging power occurred when a small
wrasse (Ctenolabrus rupestris), 4 in. long, inquisitively investigating, came into
contact with one of them. The fish gave an lmmediate and violent kick which
only brought it into contact with yet others; it was unable to get away. Soon
several dactylozooids were festooned about the unfortunate wrasse (see PI. I)
which was hauled up by them towards the gastrozooids that extended with
active squirming movements to meet it, some quickly fastening on to it. At
this stage the movements of the fish were spasmodic and violent and it
succeeded in breaking away from the gastrozooids for a time and from some
of the dactylozoo.ids. I am not sure that this may not have been due to partial
exhaustion of oxygen in the water by the violent activities of both captor and
captured. They were at the time in a restricted space in my photographic tank
from which the sea-water inflow had been turned off whilst photographs were
being taken. On resuming the water supply the Physalia, which had secreted
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Text-fig. 5. Key to PI. III. d, dactylozooids; g, gastrozooids attached to the fish; gl, a gastrozooid whose main body passes down behind
the tail and bends round to spread its lips on this side; g2, gastrozooids broken across during the struggles of the fish; gu, unattached
gastrozooids; p, pneumatophore; r, gonozooids; w, water surface.
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a fair quantity of mucus, recovered from its temporary exhaustion and this
time properly secured the fish, which incidentally was turned round in the
process. Many gastrozooidsgot a firm hold and an hour after it had first been
caught the wrasse died. The fisheswhich Bigelowfed to his Physaliaalso took
an hour to die. The gastrozooidsspread their lips over the wrasse until it was
completely or almost completely covered by them. PI. II shows the dead fish
held by the gastrozooidsonly, the dactylozooidshad released themselvesfrom
it and were trailing again. This photograph was taken about an hour after that
in PI. I. PI. III shows in more detail, and with differently arranged lighting,
the attachment of the gastrozooids; it was taken about half an hour after PI. II
when digestion had been proceeding for some time. A key-drawing to this
photograph is provided so that the main points of interest can be referred to. .

In all about thirty gastrozooids can be distinguished as being definitely -
attached to the fish, most of them on the side facing the camera: Others are

ttached on the other side and are out of sight, probably in all fifty to sixty
~ 'rozooids are fixed to it. Of these two had th~ir stems broken acrossduring
the early struggles of the fishbut still cling tightly to its back (Text-fig. 5,g2).
The stems of two or three gastrozooidspass down one side of the fishand curl
round to spread their lips on the other side. An example of this is seen at gl.
The mouths spread out in trumpet-shaped fashion until the edges of the lips
touch one another, or even overlap to some extent. This is most clearly seen
on the tail and mid-region of the body. It was found impossible to light the
subject so that all details showed with equal clarity at one and the same time,
and as the fish was swinging slowly with movement imparted to it by the
contractile activities of the various polyps it was not easy to foretell what the
effect would be at the instant of exposure. All exposures were by foil-filled
flash bulbs so that the light by which the photograph was taken was not that
by which it was being observed. Thus the gastrozooids on the head region
have not been picked out by the lighting as well as are those on the tail,
though to the eye they showed up just as clearly. By the time the plate had
been developed and examined the Physalia was releasing the remains of its
victim so that it was not possible to obtain another picture.

The gastrozooids were very transparent and pardy digested particles from
the skin of the fish could be seen passing up inside them. These are visible
as dark granules in a number of gastrozooids seen in the photograph (dotted
in diagram, Text-fig. 5). About an hour after digestion had begun the fish
was released and dropped away; much of its surface layer had .beendigested.
Sea-water circulation to the tank was running at the time so that this action
does not appear to have been the result of shortage of oxygen. Probably it is
normal with a relatively large fish, only a portion being utilized for food.

The gastrozooias covered almost all the surface of the fish except possibly
a portion of the dorsal fin, which in the photograph looks to be uncovered on
this side. A considerable quantity of mucus is sticking to its posterior lobe.

'I
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Ih the photograph IIl!lD.yunattached gastrozooids(gu)canbe observedand
two bunches of gonozooids (r) as well as dactylozooids (d) of various sizes.

The Physalia lived for about 5 days when it was killed with formalin and
preserved. By that time it had lost most of its polyps, the gonozooidsdropped
off about the second day and the dactylozooids broke off, especially when
they trailed to the bottom of the tank and caught up against rocks and sea-
anemones. Another small Ctenolabruswhich rushed out to bite at a fragment
of tentacle, spat it out immediately and retreated under a rock with very
marked discomfiture. Towards the end the pneumatophore had become very
sluggish, though it kept the crest atleast partly erect most of the time.

NOTE ON THE SPECIFIC NAME

Recent authorities are of the opinion that there is only one cosmopolitan
species of Physalia, an opinion with which Mr A. K. Totton of the British
Museum (Natural History) tells me that he concurs. In the Plymouth Marine
Fauna 193~ the name is given as Physalia (sp.?) arethusa (Browne). It appears
that Browne's name is pre-Linnean and that the correct name is Physalia
physalis Linnaeus.
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SUMMARY

The occurrence in the summer of 1945 of a swarm of Physalia physalis L. off
the south-west coast of the British Isles has initiated a survey into records
of its appearance on the Atlantic' coasts of Europe during the past 100 years.
Unpublished records for 1912, 1913, 1934 and 1935 were discovered and are
listed with those already known. The 1945strandings are considered in detail in
conjunction with meteorological data for the period involved. It is concluded
that winds, rather than water movements, are the main factor in transporting
the swarms towards the British Isles and it is considered likely that the swarms
come from the Azores-mid-Atlantic region rather than from the Canaries-
Gibraltar district.

Associated with the Physalia were Lepas fascicularis and L. pectinata, some
Velella, a few turtles (Caretta caretta), and possIbly an Opah fish (Lampris
luna), all of them, with some reservation respecting the last-named, surface
organisms that would come under the same meteorological influences as the
Physalia.

A living specimen of Physalia gave an opportunity to observe the method
of feeding of which few previous first-hand accounts exist. The capture of the
prey by the dactylozooids and its subsequent digestion by the gastrozooids is
illustrated by photographs from life and is described in some detail. It is
suggested that the rolling of the pneumatophore from side to side, dipping the
crest in the water, is a calm-weather habit directed to keeping moist the upper
surface exposed to the air..
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EXPLANATION OF PLATES I-III

PLATEI

Physalia physalis L. catching a Ctenolabrus rupestris (L.). xi approx. The dactylozooids are
wrapped about the fish which is still alive. Flashlight photograph from life.

PLATEII

Physalia physalis L. eating the Ctenolabrus rupestris (L.). xi approx. Gastrozooids are
attached to the dead fish whilst the dactylozooids are detached and trail freely. The
pneumatophore is heeled over on one side with the crest towards the camera. Flashlight
photograph from life about I hr. after that shown in PI. 1.

PLATEIII

A close view of the gastrozooids of Physalia attached to the fish. x It approx. An explanatory
key is given in Text-fig. 5. Flashlight photograph from life about half an hour after that
shown in PI. II.

APPENDIX

Dr M. Parke of this Laboratpry and Miss C. T. Dickinson of the Kew
Herbarium have kindly identified for me the Ectocarpusfound growing on
Turtle NO.3 (see p. 160), and they have supplied me with the following
note:

The Ectocarpusspecies growing on the carapace of Turtle NO.3 was
identified as undoubtedly a form of E. MitchellaeHarv. Plants bearing both
unilocular sporangia and meiosporangia were present but none bearing
megasporangia.The material approachedmost closelythe varietyE. Mitcheltae
Harv. var. parvus Taylor, but was taller and slightly more robust than the
type as described by Taylor (1921, p. 254). This variety was recorded by
Prof. Taylor from southern Massachusetts, growing affixed to. the carapace
of a marineturtle andto floatingtimbers, and fruiting in summer (1937,p. II2).

The materia~was sent to Prof. Taylor (by C.T.D.) for verification; he
replied saying the material was certainly E. Mitchellae Harv., and if his
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var. parvus was a true variety it would apply as he thought there was no
significant discrepancy in the measurements.

Although E. Mitchellae Harv. is now recorded by many workers as
occurring in Europe, the European plant was first given the manuscript
name of B. virescens by Thuret and was published as a nomen nudum only
by Flahault (Thuret in Flahault, 1888). Owing to the similarity between the
Atlantic-American and the European material many phycologists have classed
them as one species and have therefore used Harvey's name, E. Mitchellae
(the 9lder name), for the European records, E. virescens Thur. being given
as a synonym.

There still seems to IDesome doubt as to whether the Atlantic-American

plant is identical with the European plant. B0rgesen (1926, pp. 18-23) and
Sauvageau (B0rgesen, 1926) keep them separate. Sauvageau, who at first
considered they were the same species, later decided that it would be more
prudent to maintain the two species separately in spite of their close
resemblance. .

Geographicaldistribution. E. Mitchellae Harv. is recorded from: West
Indies, Bahamas, Texas, Florida, Bermuda, North Carolina, Rhode Island,
southern Massachusetts and Nantucket. E. virescens Thur. is recorded
(sometimes as E. MitchellaeHarv.) from Great Britain to the Canary Islands.

C.T.D.
M.W.P.
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THE INTERTIDAL ECOLOGY OF
SELECTED LOCALITIES IN THE
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Department of Zoology, University College of Wales( Aberystwyth
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INTRODUCTION

The importance of surf action, both as a presence or absence factor and as
a modifying influence on the nature of littoral distribution, has been demon-
strated during a survey of intertidal conditions in Cardigan Bay (Evans, 1947).
The coast of mid-Wales, however, is comparatively smooth in outline, and
offers little variation in exposure to or shelter from wave-action; consequently
it was decided to confirmand amplifycertain features of the previous study by
the investigation of a much more irregular coastline in the neighbourhood of
Plymouth. Here (see Fig. I) the nature of the coastline is such that localities
exposed to maximum wave action and localities almost.completely sheltered
from surf both occur within a short distance of each other. The extent to
F'hich wash, splash~and spray, resulting from heavy surf, may modify the
vertical ranges of intertidal plants and animalsis known in a general wayonly;
it is here proposed to treat this problem with more attention than it has
hitherto received, and to record, if possible, the actual extent to which such
modificationsmay be observed. It is known that splash and spray, by raising
the effective(in distinction to the predicted) level of tides, both tend to raise
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the upper limit of certain specieswith regard to predicted tidal levels. Moore
(1935a) has shown that surf also has a 10weriJ?geffect on the lower limit of
Balanus balanoides,but whether similar effects may be distinguished ~
other speCies remains uninvestigated, and it is proposed to consider this
possibility.

Furthermore the existenceof' critical levels' willbe examined. It wasfound
(Evans, 1947)that such levels in Cardigan Bay appear to be rather different in
position from those described by Colman (1933)as being critical for specieson
Church Reef, Wembury, and before a true comparison could be made it was
decided that this latter area must be restudied more extensivelythan Colman's
traverse-method made possible. Moreover, the position of such critical levels
under different local conditions (e.g. of surf action and rock-configuration)is
likely to prove interesting.

Finally, by making an extensive study of Church Reef, and comparing the
results wifu those obtained by Colman (1933),it willbe possibleto obtain some
idea of the extent to which the study of a few detailed traverses can give an
average pictUreof distribution in such an area. .

The work was carried out in the summer of 1946; twelve localities in the
Plymouth region were selected, and the distributions of some of the common
plant and animal specieswere examined and described at each locality.

LIST AND DESCRIPTION OF LOCALITIES VISITED

These are all shown in the map (Fig. I), with the exception of Fort Charles
and Bolt Head, which lie in the Salcombe estuary, almost 20 miles to the east
of Plymouth Sound.

Bolt Head. This lies on the west of the entrance to Salcombe estuary and is
open to winds and waves from any quarter between east and west. Even when
the wind is not strong the swell is appreciable, and the wash, splash, and spray
zones are quite extensive. The cliff face is high and the rocks slope steeply
down to low water, these slopes generally facing south-south-west and re-
ceiving both maximum surf and maximum illuinination. Near low-water
mark the steep faces tend to flatten out horizontally in some places. Very little
loose material occurs, except for a few large boulders or slabs which are
occasionally found wedged in narrow crevices.

Blackstone Point. Just east of Gara Head (see Fig. I), this is open to the sea
from west to east-south-east, with some little protection on the east from
Revelstoke Point and other points on the peninsula. High jagged ridges of
Dartmouth Slate slope almost vertically to low water, sometimes from a height
of over 5° ft. above chart datum. Deep fissures, running approximately
north-south, occur between the slate laminae, which present almost sheer
faces to the east and west. Here again considerable surf action is experienced.

Reny Rocks. This group of rocks, on the east side of the entrance to Plymouth
Sound, is exposed to winds between west and east-south-east. Moreover,
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Rame Head lies some distance away on the west, and its sheltering effect is
small; the same is true of Gara Head and the Mewstone on the east and south-
east. The locality is almost as fully.exposed, therefore, as Bolt Head or Black-
stone Point. Reny Rocks consists of a group of irregular, steep-sided peaks,
rising to over 40 ft. above low water, and separated from the mainland by
a low-lying stretch of boulders which dries out at mean low water of neaps.
(Owing to the inaccessibility of the Rocks except at low water, this area was
not investigated as thoroughly as the other localities.)

QueenerPoint. Rame Head itself was inaccessibleowing to the presence of
anti-invasion defences, consequently Queener Point, on its north side, was
chosen for investigation. This is less exposed than Rame Head itself or than
Bolt Head, BlackstonePoint, or Reny Rocks, being open to the sea only from
south to west-north-west. However, the rocks are steep and jagged, rising to
30-40 ft. above chart datum, and running approximatelynorth-east to south-
west; and since the swell is usually heavy, a considerable amount of wash,
splash, and spray is experienced. Large pebbles and boulders occur in the
gullies between the rocky promontories, and on the north and north-west
sides of the Point the steep rock levels out to a horizontal stretch just below
mean tide level.

Plymouth Breakwater. An artificial structure, lying across the entrance to
the Sound, at approximately 2 miles from the mainland, this is composed of
limestone blocks,with large massesof rough concrete in front. These concrete
masses are cubical blocks, 10-12 ft. square, with their bases at low water.
They are separated from each other by approximately 6 yards, and from the
south slopeof the Breakwaterby about 15yards of a fairly levelstretch of loose
limestone blockswith boulders wedged between them. The whole Breakwater
is described in detail by Lysaght (1941). An area in the centre was chosen for
investigation, including about 30 yards of the south and north slopes, the top,
the sheltering blocksand the level area behind these. The localityis open from
south-west to south-east, with some protection outside this quadrant from
P.enleeand Reny Points. Wave action is strong on the south slope, but the
protecting blocksafford some shelter to the lower part of this slope. The north
side is, in comparison, fairly sheltered.

Tinside to West Hoe. Here the rocks are of limestone, broken and fissured
and generally descending rather steeply to low water. The surface is pitted
with the holes of boring' organisms (e.g. Saxicava rugosa),and depressions
and rock pools are frequent. Caves and inlets occur along the front, and the
natural line of the rocks is interrupted by artificially built concrete walls,
steps, quays, etc. Pebbles and boulders are present in coves and channels.
The Breakwater,lying about 2 miles offshore,givescomparativelylittle shelter
and a heavy swell is common in the-waters of the Sound when the wind is in
the south. This, combined with the steep slopeof the Tinside rocks,makes for
fairly heavy wave shock, but the area is less exposed than those previously
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described. Towards the east end, in the Fisher's Nose region, the shelter of
Mount Batten breakwater (about a quarter of a mile south) begins to be felt,
also the shore is less steep here, and the surf is mitigated to some extent.

ChurchReef, Wembury. Colman (1933) studied only the landward portion
of this locality,but the present survey alsoincludes the steep seawardreefsand
ridges. The area is very irregular, the angle of dip of the rocks is generally
steep and the slopes face seaward, but this is variable. High ,peaks,which are
not completely submerged evenat high springs, occur on the south and south-
east, but on the north, north-west and north-east corner the general lie of the
shore is lower and more regular. The centre of the Reef is occupied by high
peaks (e.g. Colman's' Central Rock'}. Pools, inlets, and channelsare frequent,
often containing shingle and gravel, but large boulders are not common. At
the top of the shore the cliff face is low and is footed by shingle on the west,
but on the east the shingle disappears and a mass of steep rocks occurs
(through which runs Colman's 'Traverse D'). As a whole Church Reef may
be described as moderately exposed to surf, receiving some shelter on the
west from Reny and Wembury Points, on the south-west'from the Mewstone,
and on the east from Gara Head. Local variationin waveactionisexperienced;
the south faces of-thelow-tide reefs are battered by heavy surf, but t:4eycreate
some shelter for the more landward portion of the area.

North Point. This lies just east of Kingsand village on the west side of
Plymouth Sound, and the area faces almost due south-east. The rocks are
felsite, weathering into rounded contours, with few deep fissures, unlike the
Mica-schists of Bolt Head, for example. The beach is much more regular'
than it is at any of the other stations, and the slope is fairly even, while no
peaks or high ridges are present, and verticalfaces are occasionalonly. Gravel
and shingle are present in pools and gullies. Penlee Point, on the south,
provides some shelter, so does Reny Point on the east-south-east, but North
Point is open to the sea between these two headlands. It may be described as
moderately exposed to surf, and the regularity of the rock formation reduces
the range of variation in shelter and surf action.

Jennycliff Bay. This is an area on the east side of Plymouth Sound, between
Rum Bay on the north and Ram's Cliff on the s04th. The strata of Staddon
Grits weather into small but steep headlands, with intervening areas of lower
rock. In these low-lying areas occur boulders and small loose masses from the .
cliff face, while sand and gravel are present locally. The general dip of the
rocks is seaward, but this varies. Though actually enclosed from the open
sea on all sides, Jennycliff Bay is not very sheltered; the west side of the
Sound and the Breakwater both lie some distance away, and surf action is
strong when the wind is in the south, west or south-west. Local variation is
again experienced; the level areas are protected by the headlands, and the

, south and south-west aspects of higher rocks receive the maximum of wave
shock. In general, the area may again be considered as moderately exposed.
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Fort Charles, Salcombe. This lies just south of Salcombe village on the west
side of Salcombeestuary, and faces almost due south. Two distinct areas were
investigated here; Fort Charles east and Fort Charles west. On the east side
(i.e. Fort Charles east) the high cliff face descends steeply to a narrow shingle
beach which, a few yards further seaward, rises sharply to a high mass of rocks
on which stands a ruined fort. In front of this ruin the rock steps irregularly
down to about high-water neaps level, then drops perpendicularly to low
water. Offshore, a few small reefs oflower rock occur. On the west side (Fort
Charles west) the cliff descends to a jumbled mass of loose rock, passing into
a zone of low-lying ledges with scattered boulders, which continues about
5° yards to low water. Here there are no peaks or steep-sided rocky masses of
any size. The whole of the Fort Charles locality is open to the sea only between
south-south-west and south-south-east; moreover, the shallow estuary and
large sandbanks also tend to reduce the violence of surf. However, the high
steep rocks of Fort Charles east are more subject to wave shock than the
comparatively level shore of Fort Charles west.

Wilderness Point. This is an area just east of rl1:eCremyll landing stage,
facing slightly east of north. The rock is a continuation of the Plymouth
limestone, and similar to it in texture. The shore is backed by a high stone
wall, and the upper beach just below this consists of rocky peaks, 4 or 5 ft. '

high, surrounded by shingle. Proceeding down the beach shingle becomes less
abundant and the rocks flatter and more regular. The area is enclosed from the
open sea on all sides, and neither surf nor swell is experienced to any appreci-
able extent. The water is laden with suspended material brought down the
Hamoaze, and fucoids tend to trap and filter this, and to lay a deposit of fine
silt over the rocks of Wilderness Point.

Warren Point. This area lies on the nortli bank of the river Yealm, about
a mile east of Church Reef, and faces south. The cliff face is very lpw and drops
to a stony beach with patches of mud and silt. In places rock ledges protrude
through the shingle to as low as extreme high-water neaps level, but usually the
rock is covered by shingle from above this level down to low water. The locality
is enclosed from the open sea on all sides, and wave action is at a minimum;
although the beach is stony, the pebbles are' not liable to much movement,
and are sufficiently stable to support several plant and animal species.

In addition to the foregoing localities which were studied in detail, notes
were also taken at other points on the shor~, e.g. in Wembury Bay, at Cremyll,
at Newton Ferrers, etc.

It is unfortunate that there exists no adequate means of measuring the degree
of exposure to wave action to which various localities may be subjected. Moore
(1935 a) has attempted to do this on a basis of' the number of days per hundred
days in which any wind blows into the exposed aperture of the locality in
question'. While this may give some indication of the maximum exposure
which can be expected at a given station on the coast, there exists, ,within each
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locality, such a degree of variation that the method becemes impracticable in
a survey such as the present one: Within an irregular formation of rock such as
Church Reef, for instance, some rock faces (e.g. the south faces of the seaward
reefs) will be as exposed to surf almost as heavy as that experienced at Bolt
Head, while other stretches in the same locality (e.g. flat rocks to the leeward
of high ridges) will be as sheltered from the full force of the waves as the shore
of Wilderness Point, for example. So many factors combine to produce this
variation that it is impossible to derive any satisfactory expression of relative
wave-exposure on a given surface. Taking into account the orientation of the
rock with regard to the waves and :the direction of the prevailing winds, the
angle of slope, its proximity to sheltering masses, and its position with regard
to tidal levels (see later), it is, however, possible to form some idea of the
exposure to which a small area is likely to be subjected. The twelve localities

- listed above are arranged in order of increasing shelter, the list given in Table I

TABLEI. LIST OF STATIONSNUMBEREDIN FIGs. 3-12 ARRANGEDIN
. ORDER OF DECREASING EXPOSURE TO WAVE ACTION'

1. Bolt Head. Vertical south face
2. Reny Rocks. Vertical south face
3. Blackstone Point. Vertical east and south-east faces
4. Queener Point. Vertical south face
5. Blackstone Point. 50° slope facing east
6. Church Reef. South face of seaward reefs
7. Breakwater. South slope
8. Bolt Head. Horizontal rocks
9. Queener Point. Horizontal rocks

10. Blackstone Point. North-west face
11. Bolt Head. North-east overhang
12. Church Reef. North face of seaward reefs
13. Jennycliff Bay. Vertical south and south-west faces
14. Tinside. Vertical south face
15. Blow-h?le in Wembury Bay
16. ChurcH Reef. Landward rocks
17. Church Reef. Protected south face
18.. Church Reef. Flat rocks on north-east
19. North Point. .East end
20. Jennycliff Bay. 70° slope, facing east
21. Breakwater. North face
22. Tinside. 40° slope, facing south
23. Fort Charles. East

24. Jennycliff Bay. North face and overv.angs
25. Bolt Head. Cave
26. Jennycliff Bay. Flat rocks
27. Fort Charles. West
28. Breakwater. Corner on north face
29. Tinside, Horizontal rocks'
3°. Tinside. Fisher's Nose region
31. North Point. West end
32. Wembury Bay. Sheltered south face
33. Wembury Bay. North face
34. Cremyll
35. Wilderness Point

,36. Warren Point
37. Newton Ferrers

}

}

}

'V ery ~xposed'

'Exposed'

, Semi-exposed'

, Sheltered'

}
'Very sheltered'

12-2
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,

includes all the areas .quoted in the paper and indicated by number (e.g. [26])
in Figs. 3-'12; these also are arranged in order of decreasing exposure (based on
the considerations cited above), and, for convenience, have been classified into
five categories, 'very exposed', 'exposed',.' semi-exposed', 'sheltered', and
'very sheltered'.

CLIMATIC FACTORS, TIDAL LEVELS, AND METHOD OF INVESTIGATION

The climate of Plymouth is mild, and typical of south-west England in
general. According to Lysaght (1941), on an average 33 % of the winds blow
from between south-west and south-east, i.e. from the Channel and from the
open Atlantic. Thus, as in Cardigan Bay, the main exposure is from a southerly
direction, but from personal observation it is confirmed that such headlands as
Bolt Head, Blackstone Point, Reny Point, and Queener Point, are very much
more surf-beaten than any locality in the middle of Cardigan Bay. On the
other hand, both Wilderness and Warren Points receive far more shelter from
waves than any locality on the coast of mid-Wales.

Tidal data are taken from those given for Devonport in the Admiralty Tide
Tables, Sect. A, Pt. I, and values for extreme springs and neaps are means for
the 10 years 1937-46. The Devonport figures are taken as applicable for all
loCalities except Bolt Head and Fort Charles; for these, the corrections for
Sa1combe tides are applied. Table II gives the tidal scales for both Plymouth
and Sa1combe localities, but in the following text-figures the zonations at Bolt
Head and Fort Charles are interpolated (with the necessary corrections) on the
Plymouth scale, for purposes of comparison. All heights are given as feet
above or below Chart Datum which, at Devonport, lies 8'42 ft. below
Ordnance Datum.

.../

TABLE II. TIDAL SCALES

(Heights are given as feet above or below Chart datum)

Plymouth Salcombe
(ft.) (ft.)

17 17'3
15'7 16
12'3 12'6

.10 10'3
8~ 8~

5'7 6,6
4'6 5'5
0'2 1'1

- 1.6 -0'7

Tidal level
E.H.W.S.
M.H.W.S.
M.H.W.N.
E,H.W.N.
M.T.L.
E.L.W.N.
M.L.W.N.
M,L.W.S.
E.L.W.S.

The species selected for attention are those studied in the Cardigan Bay
survey (Evans, 1947), but Himanthalia lorea (de la Pyl) and Balanus perforatus
Brugiere are additional. Sabellaria alveolata (L.), which is not general in the
Plymouth neighbourhood, is omitted.
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Methods similar to those adopted in the previous survey were followed,
i.e. tidal levelsweremarked by observationof the water-levelat different times
between high and low water, and zonation was studied by walking along the
shore and taking notes, parallel to the water4ine, first at one level and then at
another as the tide ebbed. In view of the limited period availablefor the work
one innovation was introduced; advantagewastaken of an earlyperiod of calm
weather to mark reference levels at as many stations as possible, the time of
marking of the water-level being noted and its height being calculated by
using Supplementary Table I of the A.T.T., Sect. A, Pt. 1. This procedure
has the following advantages. (a) Providing that all the localities are marked
during one day or during days of similar conditionsof wind ,andtides, then any
error-in the height of the marked levels will tend to be a constant one, for
comparative purposes. The Breakwater,Queener Point, North Point, Wilder-
ness Point, and Jenny<;liffBay were all marked during one calm day, and
Tinside in the late evening of the same day. Reny Rocks, Church Reef and
Warren Point were visited on the following day. A break in the weather
delayed the marking of Blackstone Point until a fortnight later, while Fort
Charles and Bolt Head were marked on suc<::essivedays at the same period.
(b) Having once established such reference points during calm weather, the
areas could be studied even when the condition of the sea was not ideql; the
actual height of the tide, at the calculated time when it should arrive at the
mark, could be checked with reference to this mark, and an approximate
estimate of any error due to wind or swell could be made.

The efficiencyof this method of assessingvertical heights on the shore and
the zonation of speciesmay be judged by comparing results obtained for the
zonation of the algaeon Church Reefwith similarfiguresobtained from a study
of the same area from detailed levelled traverses by Colman (1933). This
comparison is made in Fig. 2; it should be noted that the writer has deducted
Colman's 'splash allowance' of 2 ft., and has also based the zonation on the
tidal scale given in Table I (i.e. using ro-year means for extreme neaps and
springs). There is a surprising measure of agreement, though certain points
demand comment. While my limits for the 'zones of abundance' of Pelvetia,
Fucus spiralis,and Ascophyllumnodosumagree closely with Colman's' mean
limits' of distribution (1933,p. 454, table IV), my absolute limits of distribu-
tion are more extended than the latter's 'extreme limits'. Especiallyis this so
for Pelvetia and Fucusspiralis,both of which, it should be noticed, are zoned
by Colman on one traverse only (Traverse D); for Ascophyllumand Fucus
serratus,which he zoneson two traverses, the differencesare less marked. This
appears to be the natural result of a more extensive and broader survey; but,

.allowingfor this, the direct observationalstudy of tide levelsand the basing of
vertical zonations on this would seem to be at least as accurate as aIiymethod
based on the detailed examination of surveyed traverses. This is further
indicated by the general consistency of the results which the writer has
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obtained in different areas, both on the coast of mid-Wales and in the
Plymouth locality. Thus, if the necessary precautions with regard to calm
conditions are observed, the method appears to be fully justifiable, and
possesses .undoubted advantages, for this type of survey.

-4
Fig. 2. Comparison of algal zonation on Church Reef, Wembury, with results obtained by

Colman (1933). E, present results; C, Colman's data.
Note. In Figs. 2-14 inclusive the same scale is used for vertical heights above or below chart

datum.

RESULTS

The general features of the horizontal distribution of the species studied (with
the exception of Himanthalia lorea and Balanus perforatus) as they occur in
Cardigan Bay have been fully discussed in my earlier paper, together with the
effects of wave action and other factors on this distribution. The present
investigation confirms many of these observations, which it is unnecessary to
repeat here, except where any significant differences have been noted.

Flora

Pelvetia canaliculata Dcne. & Thur. This is entirely absent from Bolt/Head,
and represented only as occasional and very stunted plants at Blackstone, Reny,
Queener, the Breakwater, and Tinside. A sparse and scattered Pelvetia zone
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mayberecognizedonthelandwardrocksofChurchReef; this improveson
the more regular rocks of North Point, and is fairly good at Jennycliff, Fort
Charles west and Wilderness Point. Under the very sheltered conditions of
Warren Point the zone is excellent, the growth is thick, the plants are robust,
they are not confined to the deeper cracks in the rock surface, and are easily
detached by hand. Fig. 3A summarizes the vertical distribution of the alga,
and the loweringof the Pelvetiazonewith increasein shelter (i.e. from Church
Reef [16] to Warren Point [36]) is marked. At most of the localities the
presence of shingle and other loose material is obviously unfavourable to
Pelvetia, but at Warren Point wave action is so reduced that the pebbles are
not moved to any appreciable extent, and the adverse effect of shingle is not
felt to the same extent.

FucusspiralisL. is entirely absent not only from Bolt Head, but also from
Tinside, and is less frequent than Pelvetia at Reny, Queener, and Blackstone
Points. Like the latter alga, however, Fucusspiralisfirst occurs as a recogniz-
able zone on Church Reef, and improves with increasing shelter to Warren
Point, Cremyll, etc. Again the effectof wave action on the height of the zone
may be recognized. Comparing Figs. 3A and 3B there is an obvious correla-
tion between the upper limit of F. spiralisin quantity and the lower limit of the
Pelvetia zone. Where both algae grow thickly, very little mixing occurs, but
where the algaeare thin and sparse then a certain amount of mixing may occur.
Similar conditions are found in Cardigan Bay.

AscophyllumnodosumLe Jol is absent from Bolt Head, Blackstone, Reny,
and Queener Points, from the Breakwater and Fort Charles east, and is very
occasional only at North Point, Fort Charles west, and Tinside. Under
shelter in the Hamoaze (e.g. at Cremyll and Wilderness Point) and in the
Yealm (e.g. at Warren Point and Newton Ferrers) Ascophyllumis excellently
developed, forming a mid-beach community of robust and long-fronded
plants. In Jennycliff Bay and on Church Reef the species is locally well
represented, but is poor or absent on exposed rocks, and it is clear that con-
siderable shelter is required before a thick carpet of Ascophyllum can be
developed. The restriction of the alga to rocks and larger boulders is very
marked, and except at Warren Point the speciesis normally replaced by Fucus
vesiculosuson smaller stones. On Church Reef Ascophyllumis best developed
on levelareasand isgenerallypoor on steep faces,yet at Newton Ferrers it grows
thickly on steep slopes,and in the Hamoaze (e.g. at Admiral's Hard) the weed
can exist on vertical quay walls. Tolerance of steep slopes increases as shelter
increases, but even on horizontal rock a certain amount of shelter is required
by the alga (e.g. the flat rocks of North Point are not carpeted by a thick
growth of Ascophyllumas surf is still too strong here). The vertical zonation of
the alga lies between M.H.W.N.and M.L.W.N.,generally speaking (Fig. 3C),
but the upper limit is again higher under conditions of moderate wave action
(e.g. Church Reef, Jennycliff Bay) than under conditions of extreme shelter
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(e.g. Newton Ferrers). There is a correlation between the upper limit of
Ascophyllum and the lower limit of Fucus spiralis, especially where both zones
are thick (e.g. Warren Point, Cremyll, etc.), but where the shore rock is
irregular this demarcation is not nearly so obvious. The lower limit of Asco-
phyllum varies, but the alga appears to be capable of existing at least as low as
M.L.W.S.+ 2 ft., though it is generally abundant only above M.L.W.N.Gish~n
(I930) describes the species as extending lower in sheltered and unclean
waters, possibly this explains its low lower limit in the Yealm estuary.

Fucus vesiculosusL. Though not entirely absent from any of the stations
visited, this alga is extremely poorly represented at Bolt Head, Blackstone,
Reny, and Queener Points, and on the south face of the Breakwater. At all
these localities F. vesiculosusis found only as occasionaland tattered plants in
cracks on the exposed slopes. On Church Reef the alga is generally less well
developed than Ascophyllum, but it often tends to replace the latter on the
steeper slopes. At Fort Charles west and in parts of Jennycliff Bay Fucus
vesiculosusmay form a fairly pure (i.e. unmixed with Ascophyllum)community
on the less regular stretches of rock and boulders, but -at Wilderness and
Warren Points it is definitelydominated by Ascophyllum. As in Cardigan Bay,
Fucusvesiculosusis more tolerant of broken ground, of boulders, of steep faces,
and of surf than Ascophyllum,and peaks and boulders lying in a thick carpet of
the latter alga may be dominated by Fucus. The writer has suggested pre-
viously (Evans, I947) that the general infrequency of a thick, pure community
of F. vesiculosusmay be due to the rather sharply set optimum of surf con-
ditions necessary for this; where surf action is too strong the alga occurs
merely as isolated plants and clumps, where shelter is pronounced then
Ascophyllum is developed and competes successfully against Fucus for
dominance. Generally F. vesiculosusis not found much above M.H.W.N.
(Fig. 3D), but may occur above this under the influenceof splash. It tends to
occur to higher levelsthan Ascophyllum,however,which is the reverse of what
has been described in Cardigan Bay. The lower limit of abundance lies
generally in the region OfE.L.W.N.to M.L.W.N.,but where the Fucusserratus
zone is well represented F. vesiculosusmay be dominated by this alga from
E.L.W.N.down. The presence of a stony lower beach at Warren Point prevents
both this speciesaIid Ascophyllumfrom being anything more than occasional
from E.H.W.N.down at this locality, but isolated plants of Fucus vesicUlosus
have been taken here as low as M.L.W.S.+0'5 ft.

Fucus serratus L. As described by most workers, this species requires
horizontal or gently sloping rock and a fair amount of shelter from surf, but
when shelter is pronounced it may occur on steep slopes, and it may be absent
even from a level beach where surf is too violent. The F. serratuszone is well
represented on Church Reef (except on the seaward slopesof the outer reefs),
at Tinside, North Point, Jennycliff, and Fort Charles west; and it achievesits
maximum development at Wilderness Point, but the stpny lower beach at
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Warren Point is againunfavourable.The lower limit of distributionat all
localities lies below M.L.W.S.,bu~ the lowest level to which the writer has taken
the species lies in the region of M.L.W.S.- 1 ft. (at Church Reef, Jennycliff,
North Point, and the Breakwater). The absolute upper limit of distribution
under optimum conditions (e.g. in the Fisher's Nose region of Tinside [3°]
and at the west end of North Point [31]) is E.H.W.N.,but the upper limit of
abundance is variable. From Fig. 3E it will be seen that the upper limit of the
F. -serratus zone is very markedly affected by the intensity of surf. At Bolt
Head and BlackstonePoint no distinct zone can be recognized; on the south .

Breakwater slope [7] the zone extends up to M.L.W.S.+ 3 ft. only, but with
increasing shelter at different localities this upper limit moves up the shore
until, at North Point west end [p] (for example) it is as high as M.T.L.
Further reduction in wave action, and in the height of wash and splash, results
in a subsequent lowering of this upper limit (e.g. at Wilderness Point [35]).
The ten localities figured in Fig. 3E are chosen from a large selection of data
all showing the same general principle, i.e. that with decreasing surf
F. serratus is enabled to exist higher and higher up the shore, but after a certain
optimum is reached, further reduction in wave action results in a slight
lowering of the upper limit.

Himanthalia larea Lyngb. This occurs in,much more wave-beaten localities
than any of the other fucoids, and as Rees (1935), Gibb (1938), and others
state, it is characteristic of moderately wave-beaten situations. Himanthalia is
well represented at Bolt Head, Blackstone, Reny, Plymouth Breakwater, and
Church Reef; at North Point it is less frequent; at Fort Charles and Wilderness
Point it is occasional only. Fischer-Piette (1936) comments on the paucity of
the species in bays such as Lyme Bay, and notes its abundance on projecting
headlands with deep off-shore water. He suggests that this may be due to the
generally heavy sedimentation of bay water, resulting in a poor penetration of
light. This would explain not only the scanty development of Himanthalia at
Fort Charles and Wilderness Point, but also its absence from Cardigan Bay,
for the species can exist much further north than this (Kitching, 1935).
Himanthalia appears to favour fairly gentle slopes (e.g. on the level stretch
behind the protective blocks of the Breakwater there occurs an excellent zone
of this alga). On Church Reef, characteristic fringes of Himanthalia are found
at the bases of exposed 45° slopes which are thickly covered with barnacles
and bare of all other fucoids. Kitching (1935) agrees that the species can
inhabit slopes up to 80° but that it usually prefers more level ones, and it was
only occasionally found on vertical landward faces and on steep gulley banks.
Gibb (1938) describes a Himanthalia zone between that of Fucus serratus and
the Laminarians, but in the Plymouth neighbourhood such a zone is best
observed where F. serratus is poor or absent. Thus, on the south face of the
Breakwater [7], Himanthalia is definitely the dominant alga up to 1 ft. above
the Laminarian zone. On the other hand, where the Fucus serratus com-
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munity is well developed (e.g. at Jennyc1iff and North Point), Himanthalia
mixes with this alga, and no separate belt can be distinguished. The species is
common to below E.L.W.S.and its upper limit lies in the region of M.L.W.N.
(see Fig. 4A), though occasional plants were taken on a north-facing, shaded
slope as high aSE.L.W.N. at Bolt Head [1]. The upper limit of abundance is
highest on Church Reef [6] and in Jennyc1iff Bay [13], while under the extreme
exposure of Bolt Head [1] the alga is not common above M.L.W.S.+I ft.
(though it is occasional to E.L.W.N.),and the height of the Himanthalia zone,
like that of Fucus serratus, appears to be limited by the degree of surf action.

M.L.W.S. '0

E.L.W.S-:'2

Fig. 4. Upper limits of Himanthalia larea (A) and Laminaria digitata (13).'"'

While adult plants are not usual above M.L.W.N., vegetative' buttons' may be
found much higher, e.g. up to M.T.L. or above 'on the Breakwater blocks, or
even to E.H.W.N.under a thick carpet of fucoids. .

Laminaria digitata Lamour. This occurs in quantity at all the stations
visited, except on the stony beach of Warren Point, and is tolerant of a wide
range of conditions of surf. The absolute upper limit of distribution lies just
below M.L.W.N.(see Fig. 4B), but the alga is not common (i.e. the'Laminarian
zone' does not commence) much above M.L.W.S.This zone may begin as high
as M.L.W.S.+ 2 ft., e.g. on the flatter rocks on the west side of Queener Point
where, although surf ac~ionand wave crash a.fenot excessive, there is generally
a heavy swell and a broad wash zone. Under conditions of extreme exposure it
may not extend much above M.L.W.s. + I ft.; on the other hand, where shelter
is very pronounced L. digitata may not be common above M.L.W.S.Thus the
relation between the upper limit of distribution and the intensity of surf,
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which was demonstrated for Fucus serratus and Rimantlzalia, holds good for
Laminaria digitata also. The effect of slight shelter in allowing the alga to
ascend above M.L.W.S.has been noted by Rees (1935), who states with regard
to L. digitata (p. 93): 'With increasing shelter this alga is no longer confined to
channels but spreads out af; a belt on the top of the sublittoral, beginnjng on
fiat ledges but later, with increasing shelter, occurring as a zone above
Laminaria Cloustoni.on surfaces that do not slope too steeply.'

Laminaria saccharina Lamour. As is'general in Cardigan Bay and elsewhere,
this species is intolerant of excessive exposure to wave action, and it is confined
to pools and channels at Bolt Head, Church Reef, Reny, etc. It was never
found as commonly as L. digitata at any of the stations visited. At Warren
Point a few washed-up specimens were taken, measuring up to 2 yards long,
but attached to stones only a few inches in diameter, which is a further
evidence of the effect of extreme shelter on the stability of such a substratum.

Corallina-lithothamnia association. On steep faces at exposed points such
a community may exist in the lower Balanoid zone, in the absence of all
other weed associations. Under slightly more sheltered conditions this may
be invaded by Gigartina stellata.

Gigartina stellata Batt. This alga is well represented in the lower Balanoid
zone on the west side of Queener Point, and on the exposed reefs of Church
Reef. It is a common constituent, too, of the undergrowth of the Fucus
serratus zone, while on parts of Church Reef where a typical belt of the latter
fucoid is developed, it is common to find steeper faces and protruding ledges in
this zone shunned by Fucus and colonized by Gigartina. It is also more
frequent than fucoids on the stony beach at Warren Point. Its upper limit
under Ascophyllum or Fucus serratus may lie as high as E.L.W.N., but little
occurs in the open at this level. The lower limit lies beyond E.L.W.S.

Laurencia pinnatifida Lamour. Like Gigartina and Corallina, this is often
common in the undergrowth of a zone of Fucus serratus, but also occurs on
rocks too exposed for fucoid growth. It is common in patches on rocks
thickly encrusted with barnacles, and such Laurencia-Balanus communities
normally occur above a lower zone of Gigartina and barnacles. The upper limit
of Laurencia at Queener Point lies above M.T.L., but at Bolt Head the alga is
restricted to lower levels. It is generally patchily distributed, and does not' .

seem to form a 'continual carpet' such as Rees (1935) describes at Lough Ine. .\

Porphyra umbilicalis (L.) J.G. Ag. is extremely haphazard in its distribution,
occurring from conditions of extr,eme exposure to those of extreme shelter,
and is apparently unaffected by either. Steep, barnacle-encrusted reefs, and
smooth boulders are equally well colonized by Porphyra, and it is also com-
monly epiphytic on fucoid algae. Cotton (1912) remarks with regard to the
Porphyra association: 'Doubtless surf and spray are largely responsible. . . this
does not account for all the differences that have been noted.' Though the alga
occurs sporadically from the Laminarian zone to above E.H.W.S.on exposed
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peaks, it often tends to form well-definedbands of growth on such peaks and
slopes. Thus on steep faces at Bolt Head a band was noted in the M.H.W.S.-
E.H.W.S.region; on the south face of the Breakwater two such bands were
observed, one between M.H.W.N.and M.H.W.S.,the other at about M.L.W.N.,
with practically no Porphyra in between. The reason for this is not clear.

Lichina pygmaeaAg. The distribution of this lichen in the Plymouth area
has been described by Naylor (1930), and the present survey confirms the
major part of her observations. L. pygmaeais best developedon steep exposed
slopes, with rough or barnacle-encrusted surfaces (e.g. at Bolt Head, Black-
stone, Reny, etc.). Yet, provided water movement is strong enough, the
lichen is not restricted to vertical faces, but occurs quite thickly on gentle
slopes (e.g. at North Point). It was not taken under the sheltered conditions

of Warren and Wilderness Points, nor, as Naylor (1930) describes, is it present
in Jennycliff Bay. The lichen is normally thickest and most extensive on slopes
facing in a southerly direction, but it is commonly well developed even on
rough landward faces where these are covered with barnacles; it also occurs in
caves and overhangs when these are exposed to strong water movement, and
the restriction of L. pygmaea to brightly illuminated surfaces as Naylor (1930)
remarks is not at all marked. Similar results have been obtained in Cardigan
Bay, and the writer is inclined to believe, despite the absence of the lichen from
the shaded shore of JennycliffBay, that L. pygmaea is primarily dependent on
surf action and rough rock, and that no simple light effect can be distinguished.

Naylor (1930) states that the lichen never extends above the Pelvetia zone,
and generally achieves its lower limit around M.T.L. Only occasionally in the
present survey was it taken as low as M.L.W.N.,and its lower limit (see Fig. 5) is
variable, with no clear relation to surf or any other factor. Where Lichina and

Lichina pygmaea

f,.C.D. Very exposed Semi.exposed Sheltered
22 A

,

(1) [2] [3] [4] [6] [19] [23] [31]
zo

18

E.R.W.S.:t I16".R.W.S.
14

I
I

I

".R.W.N'+jZ
I

t

E.R.W.N.+l0

M.T.L.-I- -8

6

".L.W.N.tE.L.W.N.
4

Fig. 5. Zonation of Lichina pygmaea.
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Pelvetia are both present (e.g. on the landward rocks of Church Reef, at
North Point, and at Fort Charles) the lichen always occurs below the alga
(compare Figs. 3A, 5), but with increasing exposure to waves the Pelvetia
zone disappears and the upper limit of Lichina rises until (e.g. on the seaward
peaks of Church Reef) it extends to above E.H.W.S. At semi-exposed localities
the upper limit lies in the M.H.W.N.-M.H.W.S.region: The high upper limit of
the lichen on the seaward reefs of Church Reef [6] is worth noting: though not
quite so exposed to surf as Bolt Head, for example, the low position of these
reefs 6n the shore results in them receiving splash and spray even at low water
on rough days.

Discussion on the Distribution of Algae

The correlation between the intensity of wave action and the distribution of
littoral algae is as well marked in the Plymouth area as it is in Cardigan Bay and
on British coasts generally. In the course of the present survey it was possible
to trace the gradual improvement of weed cover, from the typical' barnacle
areas' of Bolt Head, Blackstone, etc. to the' fucoid areas' characteristic of
sheltered localities (e.g. Wilderness Point). It is a significant fact that this
transition, with decreasing intensity of surf, appears to follow a definite
pattern, i.e. the process involves a definit~ invasion of the mid-beach Balanoid
zone by fucoids. This invasion proceeds both from low water and from high
water towards the centre of the beach, until finally the barnacle belt is more or
less obliterated, and a complete scheme of weed zonation (Pelvetia, Fucus
vesiculosus, Ascophyllum, Fucus serratus, and Laminaria) is achieved. Thus
(except where it is due to some peculiarity in rock configuration resulting in
shelter for the middle of the beach only) one never finds a well-developed
fucoid carpet in mid-beach with a barnacle zone above and below it. On the
other hand, a mid-beach Balanoid zone passing into fucoids above and below is
quite general in semi-exposed situations. Thus at Bolt Head a,nd Blackstone
Point, the entire beach from M.L.W.S.upward is occupied by Balanus and
Chthamalus, merging into a zone of Littorina rudis and L. neritoides at high-
water mark, and in such areas there are no intertidal fucoid communities
whatsoever. Under slightly more sheltered conditions (e.g. on the west side of
Queener Point), not only does the Laminaria digitata belt creep up from
M.L.W.S.but also Corallina, Gigartina and Laurencia tend to invade the lower
part of the Balanoid zone. The next stage is the appearance Qf a belt of
Himanthalia above the Laminarian zone, when surf action decreases to the
extent it does on the Breakwater and on the seaward parts of Church Reef.
Still more sheltered conditions lead to the appearance of Fucus serratus as
a zone at low water, and the upward extension of this zone, as the intensity of
surf decreases, has already been demonstrated (Fig. 3E). Under slightly less
sheltered cOilditions than those required by F. serratus, first Pelvetia and then

Fucus spiralis make their appearance at the t?P of the shore, and the down-
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ward extension of the zones of these algae has also been noted (Figs. 3A, B).
This is the typical state found in semi-exposed localities, and may be sum-
marized thus: Littorina zone, Pelvetia, Fucus spiralis, barnacles (with scattered
plants of F. vesiculosus), F. serratus, Laminarians. F. vesiculosus has been
present from an early stage in the transition, but as occasional and tattered
plants only; now, as shelter improves, the alga becomes more frequent and the
individuals more\ robust. Still further reduction in the intensity of surf
allows Ascophyllum to appear; this soon becomes dominant, and where surf is
reduced to a minimum (e.g. at Wilderness Point, Newton Ferrers, etc.) the
Ascophyllum community occupies the mid-beach to the complete exclusion of
the Balanoid zone.

Such a process cannot, however, be ascribed to the decreasing energy of surf
action alone; were this so, one would expect to find the Fucus vesiculosuszone
the first to appear, since individual plants ofIhis alga are apparently extremely
tolerant of surf. The writer would suggest that not only is the actual force of
wave shock important with respect to the algae, but that the relative frequencies
with which different shore levels are subjected to wave shock must also be
taken into consideration. Stephenson (1941) mentions a suggestion made by
D. P. Wilson that the frequency and duration of wave action may determine
the upper limits of distribution of low-tide algae, and this certainly appears
to be true for Fucus serratus, Laminaria digitata, etc. (see Figs. 3E, 4B).
At the level of M.L.W.S.the shore is comparatively seldom exposed to breaking
waves, for during most tides such levels remain submerged; similarly M.H.W.S.
and levels above this are only relatively occasionally reached by surf. At
M.T.L.,however, direct wave shock is experienced twice during every complete
tide, and the same is true at all levels between E.L.W.N.and E.H.W.N. From
both these levels, proceeding towards low water and high water respectively,
there is a progessive decrease in this frequency factor. ,Both (a) the actual
force of wave shock, and (b) the frequency of this effect will act adversely on the
fucoids, and it is reasonable to suggest that the reduction in one of these will
mitigate, to some extent, the combined adverse effect of both. Thus, reduction
in the factor of intensity of wave force enables Fucus serratus (for example) to
withstand the frequency factor to a greater degree, and so to exist higher up
the. shore. (The frequency remains comparatively unaltered, though the
intensity of surf will also tend to determine the width of the zone affected by
the breaking waves to some extent.) For Pelvetia and Fucus spiralis at the top
of the shore the same argument applies, though since such algae are more
limited in their potential depth of zonation than F. serratus, the downward
extension of these algae with increasing shelter is not so marked as the upward
extension of F. serratus. Still further reduction ip. the intensity factor results
in still greater tolerance of the frequency factor, and in still further extension
of such algae towards mid-beach. Finally the actual force' of wave shock
becomes so much reduced, (e.g. at Wilderness Point)' that the frequency with
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which different shore levels are subjected to breaking waves has little effect,
and the entire beach is favourable to fucoid growth.

The presence of weed-free zones in mid-beach has been noted by various
workers, and attributed to different causes. Grubb (1936) describes a 'bare
zone' between the F. spiralis and the Laurencia-Corallinaassociations at
Peveril Point, Dorset, and suggeststwo possible causes. She points out that in
this region of the beach (M.H.W.N.to M.L.W.N.)there occurs the maximum
fluctuation in periods of submergence and emergence, and that any alga
colonizing such levels would need a very adaptable physiology. Secondly,
Grubb (1936)remarks that the 'bare zone' is coveredor uncovered during the
third and fourth hours of tidal flowor ebb, when the rate of water movement is
greatest, and that (p. 409), 'this comparatively rapid movement may have
something to do with the absence of vegetation here' . Yet the same worker
also states (p. 409) that: 'In the sheltered places at Peveril Point.. .Fucus
serratusmay growin this region, but for the most part the rocks are too exposed
for this species, or for Ascophyllum,and since no other specieshas taken their
place, they remain bare.' The 'presence of Fucusserratusin the 'bare zone' at
Peveril Point when shelter is experiencedis significant,and it appears that this
is only another exampleof what has alreadybeen described. Indications of the
same phenomenon werenoted in Cardigan Bay,but in this localitythe rangein
conditions of exposureand shelter is not wide enough to enable one to describe
the process of algal invasion of the mid-beach with the clarity with which it
can be seen on the more irregular coastline studied in the present survey. To
summarize then, both the actual intensity of wave shock and the frequency
of this factor must be taken into account when considering surf effects.

Various opinions have been expressed with regard to the relative tolerance
to surf exhibited by the fucoids, especially by Ascophyllumand Fucus vesi-

, culosus. Both Bl1Jrgesen(1908) and Zaneveld (1937) appear to hold that the
former alga can withstand greater intensity of water movement, but most
workers (e.g. Cotton, 1912;Kitching, 1935,and others) take the opposite view.
Both David (1941)and the present writer have found F. vesiculosusto be the
least affectedby surf in Cardigan Bay. Cotton (1912)arranges the algae in the
following order of decreasing tolerance: F. spiralis,F. vesiculosus,Pelvetia,
Ascophyllum. Gislen (1930)gives the series as: Fucusvesiculosus,F. serratus,
F. spiralis, Ascophyllum; while Kitching (1935) gives: Fucus vesiculosus,
Pelvetia, Fucus spiralis, Ascophyllum~ From observations in the Plymouth
locality the writer would arrange the algae studied in the following order:
'lithothamnia', Porphyra umbilicalis, Corallina, Fucus vesiculosus, Himanthalia,
Laminaria digitata, Laurencia pinnatijida, Gigartina stellata, Pelvetia, Fucus
spiralis, F. serratus, Ascophyllum. This series demands some comment, in view
of what has just been said' with regard to wave shock and wave frequency.
(I) Fucus vesiculosusnot only exists under conditions of extreme surf intensity,
but also at levels where the frequency of waves is at a maximum, and this
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species must be considered as exceptionally tolerant of the adverse effects of
surf. It exists, ev.en, on slopes too exposed for the appearance of Himanthalia,
Laminaria, Laurencia or Gigartina above M.L.W.S. (2) The apparent intolerance
of Ascophyllum may be largely due to its position in mid-beach. This would
explain a phenomenon previously commented on in the Cardigan Bay investi-
g!ltion, i.e. the presence of solitary and very battered plants of this alga on'low-
level reefs. Yet it is obviously less tolerant than any of the other fucoids to the
factor of wave shock alone, even allowing for the frequency factor. (3) Pelvetia
exists in a few localities where Fucus spiralis is absent, and though its zone is
slightly further from the zone of maximum wave frequency (i.e. E.H.W.N.to
E.L.W.N.)than that of the latter alga the difference in frequency cannot be very
great, therefore Pelvetia appears to be the more tolerant of the two species.
(4) Both Fucus spiralis and Pelvetia are more frequent in local shelter at
exposed points than is Fucus serratus, which therefore appears to be the least
tolerant of these three. Here, however, a further complication is introduced.
While Pelvetia and Fucusspiralis spend most of their. time above water level,
F. serratus (and low-level algae in general) is, for the greater part of the time,
submerged, and though actual wave crash may not be experienced during the
whole of the time of submergence, the effects of back-wash, currents, tidal
drag, and swell are likely to be important. (5) Laminaria digitata occupies
levels which are not often exposed to breaking waves, and it may be argued that
its apparent high degree of tolerance of wave shock is due to its low zonation,
and that actually it is no less susceptible to this factor than is Fucus serratus.
But the sharp demarcation between a profuse Laminarian zone and a zone bare
of F. serratus, which may be observed at many exposed points, does not favour
this suggestion, for the factor of wave frequency is not likely to change so
sharply within such a narrow vertical range to account for this. Furthennore,
the strong holdfast, the leathery and much-divided fronds, and the supple
stipe of Laminaria digitata would seem to indicate that this species has a very
high degree of tolerance of surf. (6) The same is true of Himanthalia but,
judging from its rather more frequent appearance than Laminaria above
M.L.W.S.,it would appear to be slightly more tolerant than the latter. (7) The
ability with which species like lithothamnia, Corallina, Porphyra, Gigartina
and Laurencia appear above M.L.W.S.under conditions of extreme exposure
indicates that these are extremely tolerant both of the actual force of wave shock
and of the frequency of this factor.

Fauna

Barnacles. Three species of Cirripedes are considered, Balanus perforatus
Brug., Balanus balanoides (L.), and Chthamalus stellatus (poli). The last two
thrive best at exposed points, and constitute the 'Balanoid zone' characteristic
of such localities; Balanus perforatus is commonly found under rather more
sheltered conditions and will be considered later.

]OURN. MAR. BIOL. ASSOC.vol. XXVII, 1947 13
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Fischer-Piette (1933) and Moore & Kitching (1939) describe the distribu-
tions of Balanus balanoidesand Chthamalusstellatusalong British coasts; and

. it appears that Plymouth lies in an intermediate position on the south coast.
Further west, towards Cornwall, Balanus dies out until Chthamalus only is
left; further east, towards the Isle of Wight, it is Balanus which becomes
increasingly dominant, and Chthamalus eventually disappears. In the
Plymouth neighbourhood, however, both species occur freely, Chthamalus
being dominant on the upper beach and Balanus on the lower beach. The
effect. of surf on the state of development of the Balanoid zone, and the'
negative correlation with fucoids have already been considered in this paper;
various, other general features are discussed in the work on Cardigan Bay, and
here it is necessary only to consider the features of vertical distribution of the
two species.

The upper limit of barnacles in quantity, or the ' Chthamalus-line', usually
best marked on steep exposed surfaces, varies in height in relation to the
intensity of surf experienced (see Fig. 6A), and so does the absolute upper limit
of Chthamalus. The outer reefs of Church Reef are thickly encrusted with this
barnacle to above E.H.W.S.,which is a refiexion not only of the exposure to
strong surf but also of the low position of these reefs on the shore: they receive
splash on a rough day even from low tides. Elsewhere the upper limit of
barnacles in quantity varies from just above M.H,W.S.(at Bolt Head [1], etc.)
to just above M.H.W.N.(e.g. on sheltered north faces at Jennycliff [24]). When
shelter increases still further no distinct line can be recognized, and barnacles
are reduced over the whole beach.

The lower limit of the barnacle belt, too, is frequently marked as a line on
exposed vertical faces, i.e. the' Balanus-line'. In general this is less well
marked than the Chthamalus-line, and is distinct only on steep faces at low-
tide levels, but in places (e.g. at North Point), even when the rocks are hori-
zontal, it is possible to recognize a fairly definite limit, below which barnacles
in quantity die out. It is difficult to choose definite localities at which both the
Chthamalus- and Balanus-lines are clearly recognizable, and at which the
intensity of exposure is approximately equivalent at the top and the bottom of
the shore, but an attempt is made to do this in Fig. 6A. It will be seen that,
with increasing shelter, the lower limit of the Balanoid zone rises from M.L.W.S.
to the region OfM.L.W.N.; Fig. 6B gives a more comprehensive picture of this
process. The same feature has been described in the Isle of Man by Moore
(1935 a). At many localities (e.g. North Pomt) it would appear that this
raising of the lower level of the Balanoid zone is caused by the upward extension
of the lower-shore fucoid belt, and this may be partially true. However, surf in
itself also seems to have a more direct effect on the lower limit of barnacles in

quantity. It is common to find protruding rocks near low-water level with a
well-marked Balanus-line on their seaward face just above M.L.W.S.,and with
nothing below this line but a thin sheet of calcareous algae; obviously here



A. BalaIJusbalanoides and Chthamalus stellatus
ft.C.D.

26 Very exposed

[1] [3] [;] [6f [7]

Sheltered
,-A-...
[24] [25]

t
' Chthamalus

line'

M.L.W.S. --0

24

Semi.:xposed

(16] [19] [20] [22]

22

20

18

ft.C.D.
12

M_T.L.-rs

E.L.W.N: ~6

M.L.W.N..

....
w

I
'"

B. Balanus balanoides (lower limit)
Very exposed Exposed

~
[8] [9] [13]

Se:mi.exposed
~
[17] [18] [20]

Sheltered
~
[24] [25]

~ - -- ,

[1] [3] [4] [5] [6] [7]
10

I 11111IIII j I

i

Fig. 6. Zonation of barnacles. (A) The vertical width of the Balanoid zone at different localities;
(B) The lower limit of the Balanoid zone under different degrees of exposure to wave action.

......

Z
>-j
t:r:1
:;0
>-j
......
t)
>
l'
t:r:1
(')
0
l'
0
Q
><:

...
\0Vt



196 RONALD G. EVANS

fucoids are not limiting for the lower limit of Balanus. Moreover, on a similar
vertical face to landward of the first (Fig. 7), there may be no fucoids again,
but the Balanus-line is now no lower than M.L.W.N.;thus there appears to be
a direct correlation between the intensity of surf and the lower limit of the
barnacle zone. Moore (I935a) suggests that the lowering of this limit by surf
is partially due, at least, to the increased aeration of the water to greater depths,
by wave-crash and backwash.

~ .Sea
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61-Balanoid
zone

Balanoid
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4

2

Fig. 7. Diagrammatic vertical section through reefs in Wembury Bay to show the effect of
shelter on the lowerlimit of the Balanoid zone.

In the Balanoid zone Chthamalus is dominant on the upper shore, and
Balanus balanoides lower down, but considerable overlapping of the zones of
the two spdcies occurs. Thus Chthamalus can persist as low as M.L.W.S.+ 2 ft.,
and BalanJs as high as M.H.W.N.or, when splash effects are introduced, as
high as M.kw.s. Generally speaking, however, M.L.W.N.is about the lowerI

limit of Chthamalus, and M.H.W:N.is the upper limit of Balanus balanoides. In
mid-beach then, there is a competition for space between the two species.
From figures given by Moore (I93Sb) it would appear that, in the Plymouth
region, the transition from Chthamalus-dominance to Balanus-dominance
takes place betweenM.T.L. and E.H.W.N.Without making a detailed analysis of
the barnacle population at different points it is impossible to be certain, but
the writer has gained the impression during this survey that the intensity of
wave action may be a modifying factor in this respect. In Jennycliff Bay and on
the north face of the Breakwater the transition occurs in the region of M.T.L.,
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but on steep, exposed slopes at Bolt Head and Blackstone Point Chthamalus
may be dominant as low as E.L.W.N. .

Summarizing, then, intense wave action tends (a) to raise the upper limit of
the Balanoid zone; (b) to lower the lower limit of the Balanoid zone;
(c) possibly to lower the level at which the transition from Chth{lmalus-
dominance to Balanus-dominanceoccurs. -

BalanusperforatusBruguiere. . Unlike the other two barnacles studied, this
species is not overfond of strong surf, yet it favours a certain amount of water
movement. Fischer-Piette (1936) has noted its scanty development on pro-
jecting headlands such as Start Point, and its-improvement at wave-beaten
positions in bays. It is obviousfrom the present survey, too, that B. perforatus
is characteristicof semi-exposed'situations;thus it wasnot found at Bolt Head
or Blackstone, and is only occasional under extreme conditions of shelter
(e.g. at Wilderness Point). In moderately exposed localities (e.g. Jennycliff
Bay, Church Reef, North Point) the species is common in cracks, fissures,
overhangs, etc., where surf is not too strong, and in such positions it may be
the dominant barnacle over a smallarea of rock surface. On the flatterrocks on
the west side of Queener Point, and on parts of the West Hoe rocks B. per-
foratus is very well representedand commonlyassociatedwith patches of .
Mytilus edulis. Mussels do not always occur where the barnacle is profuse,
however, and the association, th9ugh frequent, is probably purely coincidental,
as Fischer-Piette (1936) suggests.

Balanus perforatus extends to below M.L.W.S.in quantity, and its upper
limit lies in the region of E.H.W.N.; though on north-facing overhangs
on the outer reefs of Church Reef this may be raised by splash as high as
M.H.W.N.

Littorina neritoides (L.).. In the Plymouth locality, as in Cardigan Bay, this
species is best represented on steep, rough, and very exposed surfaces, and is
especially abundant at Bolt Head:, Blackstone, and Queener Points. In semi-
exposed localities (e.g. Jennycliff, Church Reef landward rocks, etc.), it is
reduced in numbers; at North Point it is comparatively infrequent on the
horizontal rocks; at Wilderness Point only very occasional specimens were
found; while at Warren Point it was not taken at all. This agrees with the
results of Lysaght (1941), who finds that L. neritoides is favoured by a barnacle-
covered substratum but disfavoured by excessive development of weed. Both
Lysaght (1941) and Colman (1933) discuss the tropic reactions of this snail,
and. Colman concludes that its restriction to cracks ,and crevices above high
water is prompted by its need for shelter from wave shock. Yet, at Queel).er
Point for example, it is common to find literally hundreds of individuals
congregated on steep exposed surfaces in mid-beach, where the intensity and
frequency of surf action are both high. It is probable that the adhesive
powers of the snail are considerably stronger when it is wet than when it dries
out, for L. neritoides above M.H.W.S.'level can be easily blown off the rock.
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The species is usually described as inhabiting levels above high-water
mark, and, while it is admittedly most characteristic of such levels, occasional
specimens were taken in Cardigan Bay as low as M.L.W.N. Lysaght (1941)
records it to below M.T.L.on the Plymouth Breakwater, and reports the finding
of mature snails on piles permanently submerged for at least a year. This being
so, it is likely that Colman's (1933) lower limit, which he confesses is 'some-
what uncertain', is considerably too high. During the course of the present
survey the species was definitely taken to below M.T.L.even on the landward
portion of Church Reef, while at Blackstone Point it was found occasionally
down to M.L.w.s.+2ft.(Fig. 8A). Although it was found to M.L.W.N. in
Cardigan Bay, L. neritoides is never common much below M.H.W.S.in the
region; in the Plymouth region, however, the writer has found dense congrega-
tions of the species in the M.T.L.-E.L.W.N.region (e.g. at Bolt Head, Reny,
Blackstone, and Queener Points). Such groups are inevitably restricted to
steep, rough faces, with a thick barnacle cover; on neighbouring flatter
surfaces at the same shore level L. neritoides may be very occasional only.
From Fig. 8A it can be seen that the intensity of surf raises the upper limit of
distribution, and lowers the lower limit.

Littorina rudis (Maton). This species favours less exposed situations than
L. neritoides, and is generally inferior to it in numbers at places such as Bolt
Head, Blackstone, and Reny Rocks. On barnacle-covered slopes, L. rudis is
largely confined to the shelter of empty barnacle shells. At North Point,
JennycliffBay, Wilderness Point, and other semi-exposed or sheltered localities
the species is more frequent than L. neritoides, occurring in large numbers
among the sparse zones of Pelvetia and Fucus spiralis and 'at heights above
these; but at Warren Point it is most abundant on shingle and boulders, and
does not appear to favour the thick weed cover met with here. Littorina rudis
is fond of somewhat irregular and broken rock, with plenty of pools, cracks,
crevices, etc., while boulder areas (e.g. at Sandhill Point in the Sa1combe
Estuary) are usually well colonized by the snail. Vertical,surfaces, unless
deeply fissured and not exposed to excessive wave action, are not generally as
popular as more level rock.

The upper limit (Fig. 8B) is lower than that of L. neritoides but may be raised
by splash. The species is usually not very common much below M.T.L.,and the
intensity of surf does not appear to have any marked modifying effect on the
lower limit of distribution. On the Breakwater, L. rudis was not taken below
E.L.W.N.,but on Queener Point specimens were found as low as M.L.W.S.+ 1 ft.;
Moore (1940) also describes the lower limit of this species as variable.

Littorina littorea (L.). This is even less tolerant of surf than L. rudis, and no
specimens were recorded at Bolt Head, Reny, Blackstone, or the Breakwater,
while at Queener Point it is occasional only in sheltered gulleys. At North
Point, and in Jennycliffand Wembury Bays it occurs very commonly on level
broken ground where weed is not too profuse. In the Yealm estuary L. littorea
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is abundnnt on the stony beach in the neighbourhood of Warren Point, and
may be the dominant animal specieson such a substratum. Its habit of con-
gregating,on boulders, on isolated weed clumps, in shallowpools, etc., is well
marked, and leads to a somewhatlocal distribution. Curiously, L. littoreawas
not found, even in local shelter or on suitable ground, in the Tinside-West
Hoe region, and was only occasionallyrecorded at Wilderness Point, both of
which are limestone areas.

The upper limit of distribution (Fig. 9A) isvariable,and appears to be raised
by splash. The lower limit is not well defined either; the snail generally
occurs lower on stones (e.g. at Warren Point) and in gulleys than it does

A. Littorina littorea

ft.C'Ps" Semi-exposed Shel. V.she!.r "--..

M.B.W,S...cl [16] [19] [26] [~6]

B. Littorina littoralis

S.expo She!. Verysheltered
, '-------

[18] [26] [35] (36)

1+

M,B.W.N.-q2

E.B.W.N.-+10

M.T.L.~

E.L.W.N...6
M.L.W,N..

M.L.W,s.-".o

Fig. 9. Zonation of Littorina littorea (A) and L. littoralis (B).

when the lower shore is densely covered by fucoids. It is most abundant
above M.L.W.S.+2 ft., but at Warren Point []6] it is common as low as
M.L.W.S.-0'5 ft.

Littorina littoralis (L.). As usual, L.littoralis is confined to fucoid areas, and
was found to be most abundant in weed zones at Church Reef, Wilderness
Point, Warren Point, and Jennycliff. Yet at Fort Charles west, where the
Fucus vesiculosus belt is good, Littorina littoralis is surprisingly poorly repre-
sented. In its vertical distribution, too, L. littoralis is influenced by the
distribution of fucoids. Thus the scarcity of weed on the stony lower beach at
Warren Point (Fig. 9B []6]) results in the occasional presence of the snail.
Generally speaking the zone of abundance of L. littorea lies between M.H.W.N.
and M.L.W.N.(Fig. 9B), but occasional specimens have been taken as high as
M.H.W.N.+ I ft. and as low as M.L.W.S. In moderately exposed and sheltered
localities (e.g. JennycliffBay and Warren Point) L.littoralis occupies a some-
what higher zone on the beach than L. littorea.
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Osilinus lineatus (da Costa). Osilinus is intolerant of excessive exposure to
surf, and was not found at Bolt Head, Blackstone, on the south face of the
Breakwater, or on the outer reefs of Church Reef. At Queener Point the
species is entirely confined to the shelter of gulleys and channels. It was not
'taken at Tinside, and only a single specimen was discovered, after prolonged
search, at Wilderness Point; Moore (1940) also records its absence from Rum
Bay, which is another limestone ~rea, yet on the Staddon Grits of Jennyg.iff
Bay, a short distance away, Osilinus is quite common. The favourite habitat
of the species is the same as it is in Cardigan Bay, i.e. fairly sheltered level rock,
or areas of boulders and shingle, especially when these occur in gulleys. On
such ground the snail is common in Jennycliff Bay, and very frequent along the
shore ofWembury Bay to Church Reef. On Church Reef, it is local in distribu-
tion on the landward portion, but is not as restricted in its horizontal distribu-
tion as Colman (1933) describes. At Warren Point, though Osilinus does occur
under weed, it is much more abundant on shingle areas, and an 'Osilinus zone'
may be recognized at the top of the stony beach here, as in many places in
Cardigan Bay. On steep faces, when these are very sheltered, the snail is
occasional, but it was never found on overhanging surfaces.

Colman (1933) describes a very narrow vertical range for Osilinus, between
M.H.W.N.and E.H.W.N. In Cardigan Bay the species has been found to occupy
a much wider range, from above M.H.W.N.to M.L.W.N.,while Moore (1940) has
described a similar range at Wembury. Fig. loB shows that its general
zonation lies b~tween high and low water neaps at the four localities at which it
occurs in numbers. It would appear that here, again, splash is effective in
extending the upper limit. The low lower limit at Warren Point []6] may be
due to the stony lower beach, which is an ideal habitat for Osilinus. Above
E.H.W.N.the snail is frequent on open rock surfaces; below this level it is con-
fined to gulleys, though not necessarily to gulleys'with a fresh-water influence
as Walton (1915) suggests. Possibly this restriction of the species to gulleys at
levels below E.H.W.N.may be due to the frequency of wave shock at such levels.

Gibbula umbilicalis (da Costa). At Bolt Head, Blackstone and Reny,
G. umbilicalis is confined to pools and crevices; and while it is intolerant of
excessive surf action, it is rather more tolerant of this factor than Osilinus or

Littorina littorea. However, it favours similar ground to the last two species,
i.e. flat, fairly sheltered rocks, boulders and stones, etc., though it is more
commonly associated with fucoids than is Osilinus. Lithothatnilia-encrusted
pools often contain a few Gibbula umbilicalis, and on exposed points the species
may be entirely restricted to such pools. This species, again, is poor on the
limestone of Wilderness Point, and very occasional from Tinside to West Hoe.
Yet it is fairly common on the limestone blocks of the Breakwater and in the
holes and cracks between these blocks.

G. umbilicalis is slightly lower in its vertical distribution than Osilinus (see
Fig. 10C); its upper limit lies generally between E.H.W.N.and M.H.W.N.,but
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may be raised by splash. In the M.L.W.N.-M.L.W.S.region the species tends to
die out in numbers, but it may often be found as low as M.L.W.S.,or slightly
lower than this.
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where it commonly occurs under the stones. Specimenshave also been taken
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on rock under weed, e.g. in the Laminarian zone at Fort Charles, and in the
Himanthalia zone on the Breakwater.

From the sublittoral Gibbula cineraria extends up to about 3 ft. above C.D.,
while occasionally it was found to M.L.W.N. Except for a single specimen
found in a crack as high as 6 ft. above C.D., on the south face of the Break-
water, the species was not recorded above M.L.W.N.anywhere (Fig. IOD).

Nucella lapillus (L.). Nucella, though it is not tolerant of heavy surf, may be
quite common even on exposed headlands provided local shelter is available;
thus at Blackstone Point the snail is present in appreciable numbers in the
deep crevices between the steep ridges of slate. Yet, at North Point, where surf
action is considerably less intense than it is at Blackstone, the species is not at
all common; presumably this is due to the smoother contours of the rock and,
the absence of deep cracks and fissures in the felsite strata. Normally Nucella
is not over-fond of a thick cover of wee9- (e.g. at Warren Point), possibly
because of the paucity of barnacles (one of it~ main articles of diet) in such
areas, yet at North Point it is curious to find a larger number of the snails
under clumps of weed than on neighbouring bare rock. It appears that the
shelter afforded by weed, on such a level beach as North Point, may be
important. Except in sheltered conditions Nucella is not favoured by steep or
vertical faces, but is frequently found in groups on such faces when they face
away from the sea; and as the writer has already suggested in Cardigan Bay,
there is some indication that, at the top of its distribution, Nucella may seek
such surfaces partly at least because of their shade. This species, again, is poor
on the Tinside-West Hoe limestone rocks and on Wilderness Point, though in
the latter case the paucity of barnacles may be partially responsible. It is not
particularly well represented in Jennycliff Bay either, though barnacles and
local shelter are both available here.

The vertical zonation of Nucella is depicted in Fig. loA. The upper limit
of the species in quantity lies between E.H.W.N.and M.H.W.N.at most places,
but in cracks and fissures on the landward faces of the low-tide reefs at
Wembury [12] it occurs up to between M.H.W.N.and M.H.W.S.in numbers. At
Warren Point []6], with decreased splash, Nucella is common as high as
E.H.W.N.only, but even here it is occasional to M.H.W.N.The lower level of
abundance lies in the M.L.W.N.-M.L.W.S.region, except at Blackstone Point []];
here the rock configuration changes in the neighbourhood of E.L.W.N., and
below this level local shelter (crevices, etc.) is infrequent, so that Nucella too is
infrequent. Moore (1938) states that Nucella extends to below low water, and
it has been definitely recorded to below M.L.W.S.at Church Reef and Warren
Point. Comparing Figs. 10A and 6A it will be noted that the zone of abundance
of the gastropod lies, in all instances, within the Balanoid zone.

Patella vulgata L. One of the most ubiquitous animals on the shore, this
species ranges from conditions of extreme exposure to those of extreme
shelter from surf. Yet it does not particularly favour the thick weed zones of

to
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sheltered localities, and where weed is profuse limpets are generally most
numerous on bare protruding peaks and ledges. Hatton (1938) describes
a denser settling of Patella on exposed faces than on sheltered ones, and it is
possible that the filtering effect of the algal fronds is important in this respect
during the tUne of settling. Moreover, whert~weed is thick (e.g. at Wilderness
Point), the underlying rock is frequently coated with a layer of silt, smaller
algae, sponges, and hydroids, forming a dense mat. Such a substratum is
shunned by Patella, which is res:tricted to areas of barer-rock. On very wave-
beaten slopes (e.g. the seaward peaks of Church Reef), the competition between
Patella and barnacles for space is often very noticeable. Where barnacles
extend over practically the whole of the available space (even over the limpet
shells themselves) Patella is almost invariably represented by small individuals
only; larger shells are found only where barnacles are less dense. This, too, is
commented upon by Hatton (1938) who, in addition, has observed a denser
settling of limpet larvae on bare or artificially-denuded surfaces, than on those
thickly covered with barnacles. The same worker describes experiments which
demonstrate that the size of Patella is limited by the density of the surrounding
barnacle population. With regard to rock slope and texture, P. vulgata is very
tolerant; it occurs on the roughest rocks and on smooth pebbles; it is frequent
on all angles of slope, including overhangs, and may even exist on very small
stones where these are not subject to much movement (e.g. at Warren Point).

P. vulgata definitely persists to below M.L.W.S.,but does not appear to reach
E.L.W.S.; however, it occurs lower than the lower limit of 2 ft. above C.D.de-
scribed for it by Colman (1933). Just above M.L.W.S.there is some evidence
of its dying out in numbers, and Patella athletica becomes the dominant limpet
on exposed rocks at such levels. With regard to the upper limit of P. vulgata,
Orton (1929) considers that the orientation of the rock surface, the height of
splash, the latitude of the locality, and the epoch of the day at which low
springs occurs, are all important. Within the geographical limits of the present
survey the last two factors are constant, and variations in the upper limit of the
species can be ascribed to variations in the first two influences. It is often
difficult to disentangle these two effects, for usually south-facing surfaces
receive both maximum splash and maximum illumination, one factor tending
to raise, the other to lower, the upper limit of distribution. In Fig. II is
presented a selection of data arranged to illustrate the effects both of splash
and shade. On south faces at Warren Point [36], on sheltered south faces at
Jennycliff, and on similar rocks in Wembury Bay [32], P. vulgata occurs only
to just below M.H.W.N.in the open, and is common only from E.H.W.N.down.
These localities are represented in the centre of the text-figure. Proceeding to
the left of this figure, all the localities are south-facing, and the illumination
factor is therefore constant. Exposure to wave action, and the amount and
height of splash are increasing; however, and it is obvious that the upper limit
of P. vulgata is rising, until, on the seaward reefs of Church Reef [6], the
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species is common to above E.H.W.S.This is the effect of splash on fully
illuminated s~aces. On the right-hand side of the figure surf action and
splash are agai¥ decreasingfrom left to right but at all these localities P. vul-
gata is either situated on a shady aspect or is covered by weed. Here again
the upper limit is influenced by splash. The effect of shade may be seen by
comparing ill~inated and s4ady surfaces at the same locality. Column [3] in
Fig. I I represepts the zonation on a south-east-facingrock at BlackstonePoint,
i.e. a surface receiving both maximum sunlight and maximum wave action;I .

column [10] the zonation on the north-west, and therefore shaded and
sheltered, fac

~
.of the same peak. P. vulgataextends almost 4 ft. higher on this

north-west fac , i.e. the absence of splash is more than compensated for by the
reduction in . umination. The highest re'cord of P. vulgata made during the
survey was in a narrow vertical shaft or 'blow-hole' in Wembury Bay [15];

water rushes tlfrough this with considerable force, and splash is experienced to
great heights, moreover the sides of the shaft are almost perpetually shaded,
and limpets were found here as high as 8 ft. above E.H.w.s. Generally speaking,
then, the upper limit of P. vulgata in the Plymouth neighbourhood, lies in the
region of M.Ht.N., but it is liable to be raised by shade, weed-cover, and
splash. .

Patella depr !sa Pennant. This limpet, though commonly taken during the
survey, is less tolerant of sheltered conditions than P. vulgata, and is best
represented at

~

BOltHead, Reny, BlackstonePoint, Queener Point, and on the
outer reefs of Church Reef. In semi-exposed localities such as Jennycliff,
North Point, e c., it is more restrjcted in its distribution, occurring locally on
vertical, exposed rock faces. At Wilderness and Warren Points it was not

recorded. Fis9her-Pie~e (I935) also remarks on its need for exposure to surf.
The speciesI occupies much the same levels (Fig. I2A) in the Plymouth

locality as it was found to occupy in Cardigan Bay; it extends up to M.H.W.N.
on the Breakwfiter's south face [7], at Tinside, and in Jennycliff Bay, but at
Bolt Head [1]

E
s upper limit is raised by splash to E.H.W.S.The lower limit is

vague, P.depr ssa does not extend below M.L.W.S.anywhere, and it dies out in
numbers betw en M.L.W.S.and M.L.W.N.in most places. On the south face of
the Breakwater [7] it is only occasional from E.L.W.N.down, as the protective
blocks in front

~

tend to exercisesome sheltering influenceon the lower part of
this slope. A usual P. depressais a common inhabitant of lithothamnia-
encrusted poo s at exposed points, and in such pools it may be common to
above E.H.W.S.

Patella athletica Bean. This species, too, is best on wave-beaten reefs and
headlands, and was not taken at either Warren or Wilderness Points. How-
ever, it is rath~k more frequent than P. depressa at Fort Charles; moreover, it i~
generally found on less steep rocks than the other, giving the impression that
here, as in Cardigan Bay, it is somewhat less demanding of surf than

P. depressa. tscher-Piette (I935) is inclined to adopt the opposite view.
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P. athletica is characteristic of exposed reefs on the lower shore, where fucoids
are poor or absent and Corallina is the. chief alga, but it has also been found
in shaded overhangs. In lithothamnia-encrusted pools it is common to above
high water, and in such pools it is usually more frequent than either Patella
vulgata or P. depressa. '

Whenever it occurs, P. athletica is common down to the lowest level
examined. The upper limit (Fig. 12B) is again affected both by splash and
shade; on very exposed surfaces it may reach almost to M.T.L., on more
sheltered reefs it extends as high as M.L.W.N.only, while under overhangs it
was occasionally taken above M.T.L.as in Cardigan Bay.

A. Patella depressa
ft.C.D. Very exposed

B. Patella athletica
S.exp.

M.T.L

E.H.W.S

M.H.W.S

M.H.W.N

E.H.W.N

E.L.W.N
M.L.W.N

M.L.W.S

Fig. 12. Zonation of Patella depressa (A) and upper limit of P. athletica (B).

Discussion on the Distribution of the Fauna

It has been shown that, for algae, surf acts chiefly, (a) as a presence or
absence factor, and (b) as a modifying influence on the extent and position of
algal zones. Much the same is true with regard to the fauna:

(1) As a presence or absence factor, wave action determines the density of
the population of Chthamalus, Balanus balanoides, Littorina neritoides, Nucella
lapillus, Patella vulgata, P. athletica, all of which species favour somewhat
exposed conditions. The effect of surf on such animals may be directly con-
cerned with transport of food, larvae, oxygen, etc. (as is probably true for
barnacles); or it may be concerned in that it determines the height and fre-
quency of splash and spray (e.g. for Littorina neritoides). With Patella vulgata,
Hatton's (1938) experiments have shown that heavy surf favours a denser
settling of larvae; the same is probably true for P. depressa and P. athletica,
though for these two limpets there appears to be an additional effect re-
stricting them to exposed localities. The nature of this influence is' unknown.
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. For Nucella the effect of surf is indirect, in that it provides an abundant
barnacle population which the gastropod can utilize for food; for barnacles
themselves, too, surf has an indirect as well as a direct effect, in that it tends to
remove algal competition. For Littorina littoralis this effect is reversed, i.e.
surf, by discouragingfucoids, alsodiscouragesthe snail. The adverse influence
of excessivewave action on free-living gastropods such as Osilinus,Littorina
littoreaand Gibbulais, in all probability, a purely mechanical one, tending to
knock such animals off the rock and damage their shells.

(2) As a modifying factor on vertical zonation, exposure to surf raises the
upper limits of Balanus balanoides, B. perforatus, Chthamalus stellatus, Littorina

neritoides, L. rudis, L. littorea, Osilfnus, Gibbula, Patella vulgata, P. depressa
and P. athletica. It also lowers the lower limit of Balanus balanoides

(probably a direct effect in increasing the oxygenation), of Nucella (an indirect
effect correlated with the lowering of the barnacle limits) and of Littorina
neritoides. In addition, there is a possibility that surf may have some influence
on the level of the Chthamalus-Balanus transition.

(3) Furthermore, intense surf action may impose a limit on the size of
individuals. Thus, on exposed slopes, Littorina rudis is represented by small
individuals only; small enough to shelter in empty barnacle shells, i.e. a direct
effect. With regard to Patella on exposed slopes, its reduction in siz~ is an
indirect reflexion of the influence of surf on the density of the barnacle
popula1!ion. .

GENERAL DISCUSSION

The relation of intertidal species to percentage exposure to the air

The figures of Colman (1933, table VI, p. 456) for percentage exposure to the
air at different shore levels are here taken as applicable; these are based on the
1930 tides, but are not likely to vary greatly from year to year. For com-
parison with Cardigan Bay I have chosen the landward portion of Church
Reef. This locality represents intermediate conditions between the extreme
exposure of Bolt Head and Blackstone Point, for instance, and the extreme
shelter of Warren and Wilderness Points; as nearly as can be judged, the
exposure to surf here is roughly equivalent to that experienced on the
Cardiganshire coast; moreover, the results can be compared with those of
Colman (1933). Fig. 13 summarizes the zonation of the various species studied
on Church Reef, with the percentage-exposure curve superimposed. Table III
compares the percentage-exposure limits of the species: (I) on Church Reef
(present survey); (2) on Church Reef (according to Colman, 1933)-again
the 'splash allowance' has been deducted, and the figures are based on
Colman's 'extreme values' (1933, p. 454, tables IV and V); (3) in Cardigan
Bay. In addition, (4) the extreme limits to which the species were found
anywhere during the South Devon survey are also figured.
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Comparing columns (1) and (2), the advantage of a wide-scale survey over
a detailed but local traverse survey is obvious; for practically all the species,
excepting Fucus serratus, Littorina littorea, L. littoralis, and Gibbula cineraria,
were found to have a wider distribution on Church Reef than appeared from
Colman's traverses. Fucus serratus and the two species of Littorina are similarly
zoned by both surveys, but Gibbula cineraria was recorded much higher by
Colman than by the present worker; and the same is true of the upper limit of
Lichinapygmaea. ' .

ico
'E
Q)
0:
"0:

'J::
ft.C.D. ~

~
24

2.2

20

IS

t I

E.H.W.S..

M.L W'S'''''o

M.H.W.S.. .16

M.H.W.N'~12

E.H.W.N-+IO

M.T.L."",S

E.L.W.N.. .6

M.LW.N,.4

10 20 30 40 50 60 70' 80 90 100

Fig. 13. Zonation of species on the landward portion of Church Reef, Wembury. The
curve representing the percentage exposure to the air at different tidal levels is
superimposed.

It appears, from a comparison of columns (1) and (4) that, with few excep-
tions, the plants and animals on Church Reef do not occupy the whole ranges
possible to them. Here, however, the factor of exposure to wave action and
splash is introduced, and it is obvious that at places like Bolt Head the vertical
ranges are widened by this factor. .

Comparing columns (3) and (4) it will be seen that, generally speaking,
there is a fair degree of similaritybetween the zonation of littoral speciesin the
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TABLE III. PERCENTAGE EXPOSURE TO THE AIR OF SPECIES IN CARDIGAN BAY,

ON CHURCH REEF, AND IN THE PLYMOUTH NEIGHBOURHOOD

(I) (2) (3) (4)
Church Reef Church Reef Cardigan Plymouth

(1946) (Colman) Bay neighbourhood
~~~~
Upper Lower Upper Lower Upper Lower Upper Lower
limit limit limit limit limit limit limit limit
(%) (%) (%) (%) (%) (%) (%) (%)

77 25 75 30 71 15 83 10
83 3 80 5 83 0 96 0

100 17 100 20 100 28 100 10
58 0 60 0 I 56 0 58 0
93 60 90 70 96 55 94 56
69 16 63 8 83 5
29 . 0 40 0 21 0 33 0

.~ 0 ~ 5 ~ 2 ~ 0
25 0 20 0 26 0 39 0
15 0 - - - 41 0
18 0 12 0 20 0 25 0
54 0 60 0 56 0
87 30 97 52 100 22 100 33
85 2 87 7 81 4 85 2
83 6 85 8 71 7 93 I

100 38 100 90 ICO 20 ICO 13
100 12 ICO 60 100 8 100 7
~ 4 ~ 8 ~ 0 ~ 0

90 30 75 60 82 22 93 24
42 0 45 0
92 0 100 0

100 0 100 0
100 87 ICO 65

35 0 47 0

210

Species.-
Ascophyllum nodosum
Balanus balanoides
Chthamalus stellatus
Fucus serratus

F. spiralis
F. vesiculosus
Gibbula cineraria
G. umbilicalis
Gigartina stellata
Himanthalia lorea
Laminaria digitata
Laurencia pinnatijida
Lichina pygmaea
Li ttorina Iittoralis
L. ,littorea
L. neritoides
L. rudis
Nucella lapillus
Osilinus lineatus
Patella athletica
P. depressa
P. vulgata
Pelvetia canaliculata
Rhodymenia palmata

RONALD G. EVANS

98
100
44

98
98

12
86

0

85
0

Plymouth neighbourhood and in Cardigan Bay. The following exceptions are
worth noting:

(a) Pelvetia appears to be able to exist at lower levels in South Devon, but
only at 'Wilderness and Warren Points of the localities investigated in the
present survey (see Fig. 3A). It seems probable that its lower limit in
Cardigan Bay and at exposed or semi-exposed localities near Plymouth is
raised by surf (i.e. the combined effects of strength of wave shock and fre-
quency of wave shock) as already described. Conditions as sheltered as those
at Wilderness and Warren Points are not met with anywhere on the part of the
Cardiganshire coast investigated. Moreover, the effect of splash in raising the
effective height of tides is important; thus the level of M.H.W.N.at Bolt Head
may be almost as damp as E.H.W.N.at Warren Point, and if the lower limit of
Pelvetia is determined by some iiI-effect of immersion then the effective (as
opposed to the predicted) height of tides will be important. At Church Reef,
it should be noted, -the lower limit of the alga is very similar to that in Cardigan
Bay, and here surf effects are more or less equivalent.

(b) The algae Rhodymenia, Gigartina and, to a lesser extent, Laminaria
digitata; the barnacle Balanus balanoides,and the limpets Patelladepressaand
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P. athletica, all have higher upper limits in the Plymouth neighbourhood than
they do in Cardigan Bay. Littorina neritoides and Ascophyllum have lower
lower limits. Yet, comparing the semi-exposed locality of Church Reef with
the coast of West Wales, the discrepancies are less marked. It has already been
shown that surf exerts an elevating effect on such upper limits (and a depressing
effect on the lower limit of Littorina neritoides), and the differences are probably
tlue to the extreme exposure to surf encountered at Bolt Head, Blackstone, etc.,
which is unparalleled anywhere in Cardigan :Say. The same is possibly true
with regard to the upper limits of Fucus vesiculosus and Ascophyllum. While
these are only able to tolerate a certain maximum of surf, which is often
exceeded in Cardigan Bay, it is possible to discover their existence in local
shelter (fissures, etc.) at exposed points near Plymouth, where they receive
more splash, and their environment is considerably damper, than it is any-
where on the Cardiganshire coast, at an equivalent level.

(c) The lower limit of Chthamalus is interesting. Moore & Kitching (1939)
describe how, proceeding eastward along the south coast" and northwards
along the west coast of Britain, this barnacle not only tends to die out in
numbers, but becomes less tolerant of conditions on the lower beach. This,
these workers suggest, is due to the fact that, as certain factors (lack of
Atlantic water?) become critical for the barnacle, it becomes less tolerant of the
ill-effects of immersion. This explains the difference in lower level of Chtha-
malus in Cardigan Bay from that in the Plymouth neighbourhood.

Apart from these exceptions, the zonations of Fucus spiralis, F. serratus,
Laurencia pinnatifida, Littorina rudis, L. littoralz'sand Patella vulgata, are very
similar in both localities. Thus, out of twenty-two species common to the two
surveys, no fewer than sixteen are either similar in their zonation at both
places or the differences can be explained by the known facts of surf effects,
while the differences for Chthamalus are also explicable. The exceptions are:
Osilz'nus,Nucella, Gibbula umbilicalis, G. cineraria and Littorina littorea. All
these appear to be somewha! more tolerant of exposure to the air in the
Plymouth neighbourhood than they are in West Wales, and since ilie differences
in the upper limits of these species are also manifested under the semi-
exposed (to surf) conditions of Church Reef, splash effects can hardly be held
to account for this. No satisfactory.explanation or suggestion can, as yet, be
put forward. .

Critical Levels

Cerrain levels have been shown (Evans, 1947) to be more critical than others
in connexion with the distribution of intertidal plants and animals in Cardigan
Bay. These are: .

(1) Between M.L.W.S.and E.L.W.S.,where the majority of intertidal species
achieve their lower limits.

(2) Between M.L.W.S.and M.L.W.N.,which marks the lower limits of certain
other intertidal species. .

14.-2
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(3) Just above M.L.W.N.,where several sublittoral species reach their upper
limits of penetration into the intertidal zone.

(4) Just below M.H.W.N.,marking the upper limit of one set of intertidal
(species.

(5) Between M.H.W.S.and E.H.W.S.,where a further set of intertidal plants
and animals achieve their upper limits.

These were compared with levels described by Colman (1933) as critical for
a similar set of species on Church Reef, and the points of difference were
discussed. During the present work the writer has attempted to recognize
such levels, not only on Church Reef, but also at the other localities studied.
However, at many stations (e.g. Bolt Head, Blackstone, Reny, etc.) so many
species are unrepresented or occur very infrequently that such localities are

, best omitted from the discussion. Sufficient data are available for North
Point, Queener Point, Jennycliff Bay, and Wilderness Point, and since these
Qisplay a fair range in .conditions of shelter and exposure to surf, the dis-
cussion will be based on these. The method used by Colman (1933, p. 463)
to elucidate critiCal levels has been followed, i.e. the number of upper and
lower limits occurring between - 2 ft. .and + 1 ft. C.D., between - 1 ft. and
+ 2 ft. C.D..,between 0 and + 3 ft. C.D., etc., was calculated for each station.
Graphs were drawn in the way that Colman describes, and the peaks of such
graphs were taken to mark critical levels. The results are summarized in
Fig. 14; the brackets embrace the levels (e.g. +2 ft. and +6 ft. C.D.)between
which the various maxima occur. The Cardigan Bay results are included in the
same figure, also results achieved by interpreting Colman's (1933) data for
Church Reef (without a splash allowance). The numbers (1) to (5) are
equivalent at all localities.

It will be observed that levels (1) and (2), which are separate entities in
Cardigan Bay, at Church Reef, North Point and Wilderness Point, are not
distinguishable from each other at either Queener Point or Jennycliff; neither
do they appear as separate levels from <;:olman's survey of Church Reef. At
the first two localities in Fig. 14 (i.e. Cardigan Bay and Church Reef), these
levels mark the lower limits of the following intertidal species.

LEVEL(1): Patella vulgata, Balanus balanoides, Littorina littoralis, L. lit- .
torea, Gibbula umbilicalis, Nucella lapillus.and Fucus serratus.

LEVEL(2): Littorina rudis, Chthamalus stellatus, Lichina pygmaea, Asco-
phyllum nodosum, Fucus vesiculosus, and Osilinus lineatus. (In Cardigan Bay,
Littorina neritoides also ends within this region, at Church Reef it ends slightly
above it.)

At Queener Point there is a single maximum, marked on Fig. 14 as (1 and 2).
Within the levels enclosed by this bracket all the species represented in levels
(1) and (2) of Cardigan Bay achieve their lower limits, with the exception of
Littorina'littorea, L. littoralis, Ascophyllum, Fucus serratus and Osilinus, all of
which are either totally absent from Queener Point or occur too infrequently
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to zone. Thus the merging of (1) and (2) into a single critical level at this
locality is due to the lowering, by intense surf action, of the lower limits of
'Chthamalus, Littorina rudis and L. neritoides; so that the two separate critical
levels cannot be distinguished, and there occurs a single maximum between
- 1ft. and + 3 ft. C.D. - I

At North Point we appear to have what is an intermediate stage between
Cardigan Bay and Queener Point. Here, (1) and (2) overlap; again due to the
depression of the lower limits of Chthamalus and Littorina rudis, and also of
Osilinus; but Littorina neritoides achieves its lower limit higher up.

South Devon aud Cornwall
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Fig. 14. The position of' critical levels ' in Cardigan Bay and in localities in South Devon and
Cornwall. For ,explanation, see text.

From the four examples: Cardigan Bay, Church Reef, North Point, and
Queener Point, then, it would appear that heavy surf action, by permitting
certain species to extend their lower limits of distribution, leads to the
appearance of a single critical level marking the lower limit of intertidal.
species instead of two such levels.

In Jennycliff Bay, however, level (1) does not represent a combination of
(I) and (2); here the lower limits of Littorina rudis, L. neritoides, and Osilinus
are raised by shelter, Lichina is unrepresented. Moreover, though Asco-
phyllum and Fucus vesiculosusend in the M.L.W.N.region, the number oflimits
becomes spread out, and no clear maximum can be recognized except the one
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just aboveM.L.W.S.,i.e. level (r). Thus, in JennycliffBfty,critical level (~) is
unrepresented.

At Wilderness Point an overlap occurs, due to the raising (by shelter) of the
lower limits of Littorina rudis, Chthamalus, Ascophyllum, and Fucus vesiculo~us,
and to the absence of Osilinus and Lichina.

With regard to the lower limit of intertidal species, then, either two maxima
or one may be recognized; but the M.L.W.N.-M.L.W.S.region is definitely
critical for such species, unless a few are permitted to penetrate beyond
M.L.W.S.under the influence of strong surf action.

Level (3) in Cardigan Bay marks the upper limit of sublittoral species such
as Laminaria digitata, Gibbula cineraria, Rhodymenia and Gigartina. In the
Plymouth neighbourhood the last two species may extend up beyond this
level, but an additional species, Himanthalia lorea is introduced. This level is
fairly constantly placed, at all localities, in the M.L.W.N.to M.L.W.N.- I ft.
region.

Levels (4) and (5) in Cardigan Bay include the upper limits of distribution
of the following species:

LEVEL (4): Osilinus, Balanus balanoides, Littorina littorea, L. littoralis,
Ascophyllum, Fucus vesiculosus, Gibbula umbilicalis, Nucella, Laurencia and
Fucus serratus (also of Mytilus edulis, which has not been studied, and of
Sabellaria alveolata, which is infrequent, in the Plymouth neighbourhood).

LEVEL(5): Patella vulgata, Lichina pygmaea, Pelvetia canaliculata, Chtha-
malus, Fucus spiralis, and Patella depressa.

On Church Reef (1946), though ChthamaluS and Pelvetia extend above
E.H.W.S.,Patella vulgata, Lichina and Fucus spiralis do not exist to as high
a level as they do in Cardigan Bay; consequently this single critical level at
Church Reef (1946) consists oflevel (4) plus part oflevel (5) of Cardigan Bay.

At Queener Point the two levels are distinct, and are equivalent to (4) and
(5) of Cardigan Bay, with the following exceptions: Osilinus, instead of being
included in (4), is nowin (5); Chthamalus achieves its upp~r limit higher than
(5); and Littorina littorea, L. littoralis, Ascophyllum and Fucus serratus are
absent due to the violence of surf experienced at Queener Point.

The upper critical level at North Point does not include the upper limit of
Chthamalus, which ends above it; of Fucus vesiculosus,F. serratus or Laurencia,
which end below it; or of Ascophyllum, which is too infrequent to zone at this

. locality.Thus it representsparts of (4)and parts of (5).
. The same is true of the singlelevel in JennycliffBay. Chthamalusand
Pelvetia end above it; Laurencia ends below it; while Lichina is unrepresented.

At Wilderness Point the two levels are equivalent to those of Cardigan Bay,
with the following exceptions: Osilinus is absent; Littorina littorea is infrequent
and was not included in the results, neither was Laurencia; L.littoralis (under
the cover of Pelvetia) extends upshore to end in (5) and not in (4); the upper
limit of Littorina rudis is lowered by the sheltered conditions, and cbmes to lie
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in (5) instead of well above it as it does in more exposed localities. However>
the levels are more or less equivalent, and have been numbered accordingly.

Summarizing these results, it would appear that, while generalizations can
be made with regard to certain levels on the shore being more critical than
others for intertidal plants and animals, any arbitrary method of graphing
specific limits and deriving critical1evels from these graphs (as Colman, 1933,
and the present worker have done) will inevitably yield somewhat incon-
sistent results at different localities. Both the number and type of species
studied will be important; and any local modifications 0+ variations in en-
vironmental factors are likely to have varying effects on the upper and lower
limits of different species, and so to cause variation in the position of critical
levels at different localities. The factor of exposure to wave action is obviously
of great importance in this respect; there is often a considerable difference
between the 'predicted' height of tides and their' actual' or 'effective' height,
which is determined by the amount of. wave action and splash. Zoning
species on a basis of predicted tidal levels will inevitably yield different results
at different localities; and the difficulty is to evolve some method of assessing
the actual, effective height of tides at localities exposed to varying degrees of
surf action. Other modifying factors which may upset the scheme of vertical
zonation and displace the .criticallevels are: rock slope, the presence of shading
influences, the presence of thick algal cover, etc. Nevertheless, despite the
discrepancies in the positions of critical levels at different places along the
coast, certain generalizations can be made:

(a) The region between M.L.W.S.and M.L.W.N.is critical in the sense that the
majority of intertidal plants and animals reach their lower limits here. Often
two sets of such species may be distinguished: (I) those for which the
neighbourhood of M.L.W.S.is critical, and (2) those which reach their lower
limits in the M.L.W.N.region.

(b) While certain sublittoral species may succeed in penetrating into the
littoral region, these generally' extend only as high as a level just below M.L.W.N.

(c) Levels between E.H.W.N.and M.H.W.S.are critical for intertidal species in
the sense that many of them reach their upper limits here; though some>
normally limited in the M.H.W.N.-M.H.W.S.region, may be elevated by splash
to above this.

(d) It is very clear, at all the localities without exception, that the region of
the shore between E.L.W.N.and E.H.W.N.is the least critical for intertidal plants
and animals. Here, not only are the relative times of submergence and
emergence (together with the change in environmental conditions correlated
with these states) regular, but the factor of' non-tidal' exposure to the air is
not introduced.

Colman (1933) and Chapman (1941) both discuss the significance of critical
levels on the shore and the possible factors which may account for them. It
would appear that far too little is known of the requirements of individual
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species(e.g. the relative periods of submergence.and emergencewhich they
require, or are able to withstand), and a study of these, correlated with the
analysis of tidal data, is likely to prove the most promising approach to the
problem. .

SUMMARY

The work includes an investigation oC the intertidal distribution of several
species previously studied in Cardigan Bay. Twelve localities in the neighbour-
hood of Plymouth were selected for study, showing a range from conditions of
extreme exposure to surf action to conditions of maximum shelter. The main
features of rock configuration and surf action at the different localities are
briefly described. .

The method of investigation is described, and results obtained for the
zonation of the fucoids on Church Reef are compared with the resuits of
Colman (1933). It is concluded that the method of survey adopted in the
present work yields results of a high degree of accuracy.

The horizontal and vertical distributions of the flora are described and

related to the intensity of surf action. This is followed by ? discussion of the .
effects of wave intensity and wave frequency on the distribution of algae in
general. The importance of the frequency of wave shock in the mid-tidal
region of the shore, and its influence on algal colonization, is stressed. An
attempt is made to arrange the algae studied in order of decreasing tolerance of
surf.

The distribution of the selected species of animals at the different localities
is described; and a discussion follows on the effect of wave action as a presence
or absence factor in horizontal distribution, and as a modifying factor on
vertical zonation. The effect of surf on the size of individuals of certain species
is also commented upon.

The relation of the plant and animal species to different percentage ex-
. posures to the air at'different shore levels is discussed. Results obtained from
an extensive survey of Church Reef,Wembury, are compared with those
obtained from Colman's (1933) traverse survey of the same area, and with the
Cardigan Bay results. The per~entage air-exposure limits of species in the
Plymouth neighbourhood are also compared with similar limits in Cardigan
Bay. It is concluded that there is a great degree of similarity in intertidal
zonation at the two localities, though certain species appear to be more
tolerant of exposure to the air in South Devon than they are on the Cardigan-
shire coast.

The existence of' critical levels ' (or intertidal species in Cardigan Bay and at
five localities near Plymouth is investigated. It is shown that the position of
such levels changes in relation to local variations in surf action, rock con-
figuration, illumination, etc.; nevertheless the existence of critical tevels is an

.. actuality. Generally speaking, the following regions of the shore may beI
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described as more critical than others for littoral plants and animals: (a) from
M.L.W.S.(or just below this) to M.L.W.N.; (b) just below M.L.W.N.; (c) from
E.H.W.N.to M.H.W.S.The least critical levels on the shore are between E.L.W.N.
and E.H.W.N.

The writer wishes to thank Prof. T. A. Stephenson for his help and criticism
of the manuscript, and to acknowledge a grant from the Royal Society which
made the work possible.
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NEW OBSERVATIONS ON THE DISTRIBUTION
AND MORPHOLOGY OF THE AMPHIPOD,

GAMMARUS ZADDACHI SEXTON,WITH
NOTES ON RELATED SPECIES
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Soc. Scient. Fennicae, Helsinki-Helsingfors, Finland

(Text-figs. I-7)

Editor's Note. This paper and that by Mr G. M, Spooner (this Journal, pp. I-52), indepen-
dently bringing forward certain new ideas on the taxonomy of Gammarus zaddachi and
G. locusta, were received for publication simultaneously. As Mr Spooner's paper is a report
of work largely carried out before the war, of which swnmarized results have already been
referred to in print (e.g, Report of Council in this Journal, Vol. XXIV,pp. 444, 691; Huxley,
The Modern Synthesis, p. 315), it is given precedence. The authors have since consulted
each other over matters in which their contributions overlap, in particular over the taxonomic
status of the new forms they distinguish and regarding the names to be applied to them.
Dr Segerstrale has kindly consented to adopt the two new names introduced above by
Mr Spooner, and to make considerable alterations to his original manuscript.
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INTRODUCTION

As is well known, the species Gammarus zaddachi, established by E. W. Sexton
in I9I2 on material from European brackish and fresh-water localities, has
caused great confusion among zoologists, as the characteristics distinguishing
it from various related species, particularly Gammarus locusta, G. duebeniand
G. pulex, have been very frequently disregarded. This confusion still persists
to-day-that is amply' shown ,by the material received for the present investi-
gations from various museums.

In view of the drawbacks brought about by this confusion, not the least on .

account of the fact that G. zaddachi has been accepted as a typical salinity
indicator in ecologicalwork while, on the other hand, G. locustais a favourite
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object for physiological investigations on osmotic regulation in water animals,
zoologists are deeply indebted to Mrs Sexton for a paper, published in
this Journal in 1942, the aim of which was to clear up the problems that
have arisen around G. zaddachi. In this paper the author discussed the whole
literature on the subject, and was in many cases able to correct previous errors
by re-examining the original material. In addition,. the author gave a new
detailed description of the two forms of the species, the 'saline' and the
strikingly hairy' fresh-water' one, accompanied by numerous excellent figures.
Finally, the paper contained a comparison between G. zaddachi and the species
with which it has most often been confused.

The main differences between zaddachi and locusta mentioned, and as a
rule depicted in Sexton's paper,lreferto the setosearmature of the peduncle of -
antenna I (in zaddachi, numero(us clusters of well-developed hairs present; in
locusta, the peduncle almost glabrous); to the shape of gnathopod 2 (in locusta, .

narrower proportionately, etc.); to the shape of side-plate 4 (in zaddachi,
inferior margin almost semicirchlar; in locusta, lower portion deep and almost
rectangular); to the epimeral dlates 2 and 3 (in zaddachi, hind-corners sub-
acute; in locusta, acutely prodJced); to the pleon segments 4-6 (in zaddachi,
dorsal humps only slightly raisbd; in locusta, elevated and prominent); etc.

A characteristic referring to the head sinus should be added to these prin-
cipal points of difference. In Izaddachi the sinus is much deeper than in
locusta. Sexton says that both the species have a slight sinus, but in her figures
(I and 19) the divergence is clearly seen. The deep head sinus in zaddachi has
been correctly depicted already by Stephensen (1940, fig. 4°, I, II, p. 317),
in connexion with the description of an atypical form of locusta, occurring in
his material from northern Norway and adjacent waters; as seen below, it is
in reality identical with G. zaddachi. To show the difference in shape of the
epimeral plates of both species Fig. I may be given (cf. also Sexton's text-
fig. I). Fig. 2 illustrates the differences between zaddachi and duebeni, men-
tioned in Sexton's paper.

A historical remark may be added here. Oddly enough, it seems probable
that the species nowadays regarded as the true locusta is not identical with the
form found by Linnaeus in 1741 on the seashore at Gothland and named by
him (in 1745) Cancer macrourus coeruleus, and later on (1761, etc.) C. locusta,
but rather that he bad had to do with Gammarus zaddachi. The famous
naturalist points out in hisl description that the last pair of legs had the inner
ramus shorter than the outer. As the difference in length is very small in the
'modern' G. locusta, but in G. zaddachi constitUtes one of the most striking
characteristics, and, furthermore, as zaddachi occurs very commonly together
with locustaon the shores of Gothland (seebelow, pp. 236-9), it appears definitely
more probable that the amphipod observed by Linnaeus belonged to zaddachi.
A similar view has already been expressed by the Swedish zoologist Liljeborg.
In his account of the Scandinavian species of the genus Gammarus (1855) he
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emphasized that the speciesmeant by Linnaeus was obviouslynot G. locusta
M. Edwards (in which the rami of the last uropods are, as in the locustaof the
present day [depicted by Sars etc.], 'presque egaux entre eux' [M. Edwards,
1840, p. 45]). He therefore gives this species the name mutatus and regards
the' locusta'found in the Balticby Zaddach (1844,1878), i.e. the same which
in 1912 was called G. zadda,chiby Sexton, as Linnaeus's species. In the
diagnosis of the two species Liljeborg especiallypoints out the differencesin
the relative length of the inner ramus of the last uropods, giving for mutatus
'rami pedum spuriorum ultimorum circiter aequales' and for locusta 'rami

~

loco

.

.

zadd.

Fig: I. Second epimeral'plates of Gammaruszaddachi and G. locusta(tWoof each; males),
to show the differencein shape of hind~comer. Setae and spines omitted. Material from
the Baltic.

pedum spuriorum ultimorum insigniter inaequales, interior exteriore saltem
tertia parte minor'.

The fact that already Liljeborg separated the two forms of Gammarus
mentioned above into distinct species, may, if only the priority of the nomen-
clature suggested by him is taken into consideration, m9tivate changing of the
names locusta and zaddachi, used nowadays, into mutatus and locustarespec-
tively. But in view of the great new confusion which no doubt would be the
consequence of this change, the present author has the decided opinion that
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the modern names should be retained as 'nomina conservanda'. This idea is

supported by the fact that Liljeborg erroneously listed the independent
species G.duebeni as synonymous to G. locusta, thus making the value of the
diagnosis of this species somewhat doubtful.

In connexion with studies on rhe Gammarus fauna carried out in):he Finnish
coastal waters since 1941, the present author has obtained results wluch cast
a new light on the distribution and ecological character of the saline form of

£7

dueb. '-

zadd.

P.7

Fig.2. Segments 2-4 of the peraeopods 6 and 7 of Gammarusduebeni and G. zaddachi fresh-
water form (= ssp. zaddachi, according to Spooner; see p. 5), to show the difference
between these species in the shape of the postero-distal angle of the basal segment.
In the former species this is much more produced (especially in the 6th peraeopod)
and lacks the strong spines present in the latter. (From Segerstr:Ue, 1946.)

G. zaddachi and which also complete our knowledge of the morphology of
this and the fresh-water form of the species in essential points. These results
which, I hope, may considerably facilitate the recognition of G. zaddachi, are
dealt with in the present paper. In connexion. with this subject the relationship
between G. zaddachi and the closely allied species G. setosus and"G. wilkitzkii
will be discussed.
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The author feels deeply indebted to Mrs E. W. Sexton (Marine Biological
Laboratory, Plymouth) for her most valuable and kind help in sending
material and discussingin letters questions concerning the'subject. He-is also
indebted to the late Museumsinspektor K. Stephensen, of the Museum of
Copenhagen, for his kindness in repeatedly supplyingcollectionsof Gammarus
from Danish and Arctic waters. The other museums from which material was
received for the present investigation, with the names of those to whom the
author's thanks are similarlydue, are as follows: BergenMuseum, Conservator
H. Tambs-Lyche; British Museum, Dr Isabella-Gordon; State Museum
of Natural History, Stockholm, the late Prof. Dr Sixten Bock; Zoological
Museum, Berlin, Prof. Dr Adolf Schellenberg. In addition, Mr D. M. Reid
(Harrow) and Cand. phil. Erik D~hl (Lund) have kindly sent samples of
various forms of Gammarus.

In total the material available embraces collections from the northern
Atlantic and the Arctic (Massachusetts, Labrador, Greenland, Iceland,
Norway, Spitsbergen, Murman Coast, Novaya Zemlya), the North Sea
(Heligoland, coast of Denmark), the Cattegat, the waters around the Danish
Isles, and the Baltic.

As mentioned already by Spooner, in his paper in ~s Journal, pp. I-52
(see Editorial note, p. 219), the results obtained by him and by the present
author partly overlap. Thus we have both distinguished Sexton's' fresh-water
form' from two other types of zaddachi and have described it. Thanks to the
good offices of the Editor we have had the opportunity of going through our
papers reciprocally before publication. The. name G. zaddachi subspecies
zaddachi given by Spooner to the above-mentioned form will be used also in the
present paper. Another form found by both of us and designated subspecies
salinus by Spooner will also be quoted here under his name. The third form
which has been studied mainly by the present author will be described below
as subspecies oceanicus.

The author wishes to present his thanks to Mr Spooner for most valuable
comments and suggestions in letters.

SURVEY OF THE RESULTS CONCERNING THE DISTRIBUTION AND MORPHOLOGY

OF GAMMARUS ZADDACHI

The distribution of the saline form.1 The saline form of G. zaddachi (also
formerly called the brackish-water form by Sexton) has hitherto been recorded

I As shown by Spooner, Sexton's' saline form' of zaddachi embraces the ,subspecies
salinus, erected by him, as well as the subspecies oceanicus, described for the first time in this
paper. The' saline form', spoken of here, refers to the latter subspecies.
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only from waters with reduced salinity (the southern coast of the Baltic and
the estuary of the Elbe, etc.), and has consequently been regarded as a typical
brackish-water ariimal. In reality, this form is, however, mainly marine as,
besides being distributed in brackish water, it is also widely found in the
northern Atlantic and the Arctic (Fig. 4). In the samples from these waters,
labelled locusta,the saline form is extremelycommon, whereasthe true locusta
is almost entirely lacking (besides zaddachi the Arctic samples of 'locusta'
frequently contain the species G.setosusand G. wilkitzkii). Structurally the
form in question agrees strictly with the saline one living in the Baltic in all
essential characteristics, the only difference being its size, which is much
larger (body length up to 38 mm.).1

The northernmost localitiesfrom which records of the true locustaoriginate
are situated on the north-east coast of Iceland (Bakkafjordur; Cop. Mus.)
and northern Norway (Loppa, c. 70tON.; Stephensen, 194°, p. 318). Thus,
the speciesdoes not penetrate as far north as does the salineform of zaddachi.
Locusta also does not nearly attain the same size as this form (maximum
observedlength of locusta29 mm.; Stephensen, 194°,p. 318; a cleardifference
seen also in the Baltic).'The previous literature records of Arctic specimens
of G. locustagreater than c. 3° mm. might consequently refer to the saline
form of G. zaddachi(or to the likewisevery large allied species G. setosusand
G. wilkitzkii which alsohitherto havefrequentlybeen determined as G.locusta).
The saline form of G. zaddachi is very euryhaline; in this 'respect it distinctly
surpasses G. locusta(for details, see pp. 236-8).

The existence in the northern marine areas of a very zaddachi-likeform of
G. locustahas already been realized by Stephensen. In the above-mentioned
important paper on the Amphipoda of northern Norway and Spitsbergen
with adjacent waters (1940), he points out that the material of G. locusta(by
him named G. locusta locusta) included, besides the typical form, also a
deviating one which was much more common in the collections, and which
in certain respects agreed with G. zaddachi, particularly in the shape of the
4th side-plate. As the collections used for the present investigation contain
a number of samples from Stephensen's material, the author has had the
opportunity of examiningthem. The form discussedby Stephensen is a typical
G. zaddachi,salineform. Stephensen's including it in the speciesof locustais
partly accounted for by the incorrect records of the head sinus in G. zaddachi
given in previous literature.

The morphologyof the saline and the fresh-waterform. As is well known,
the setose armature of the two forms differs greatly, as it is much more
developed in the fresh-water form, especially on the hinder peraeopods, the
pleon segments 4-6, the telson, and the uropod 3. It is, however, striking
that the difference in hairiness between the 1st antennae of both forms,

1 The author's determination of the Baltic saline form has kindly been confirmed by
Mrs Sexton.
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although generally quite distinct, has not been observed,so far.l This may
probably be explained by the aim of the descriptions of zaddachi mainly
having been to point out the characteristics which separate the species from
locusta;with respect to the 1st antenna, namely,both forms of zaddachiclearly
differ from this species. But, on the other hand, the comparatively poor
hairiness of the antennae in typical saline specimens of zaddachi obviously
gives it a resemblance to locustagreat enough to cause confusion with this
species. The difficultyof identificationhas been augmented by the shortness
of the peduncle of the 1st antenna in the saline form, a characteristic which
has also been overlooked.

The above-mentionedinequalityin length of the peduncle of the 1stantenna
shows that the view prevailing nowadaysof the differencesbetween the saline
and the fresh-water form being confined to the strong hairiness of the latter
is not correct as the structure of the two forms also differs. In addition, the
present investigation has -revealeda second structural disparity, viz. in the
relative length of the 2nd antenna in the fresh-water form being, in spite of
the longer peduncle of the 1st antenna, distinctlygreater than in the salineone.

Furthermore, the study of freshly captured animals from Finnish waters
has shown that the body colour differs in the two forms of zaddachi.
The difference is mainly caused by the existence in the fresh-water form
of a pattern of transverse and longitudinal bands on the dorsal part of
the body; in the saline form there is no pattern. Mrs Sexton's not having
observed the divergence is due to the fact that her material consisted only of
preserved animals; in alcohol and formol the pattern is completely deleted.2

Finally, the fresh-water form is smaller in size,even in comparisonwith the
Balticsalineform which livestogetherwith the former; if the largeArctic saline
formissubjectedtothe comparisonthe differenceisofcoursemuchmoremarked.

It may be added that the investigation of the comparatively extensive
material available to the present author, containing among others the large
Arctic specimens, has considerably widened the variation range for certain
characteristics (number of spines on pleon segment 4-6, number of spines
and setae on the telson, number of joints on the flagellaof the antennae).

The' combined'form. Transitional forms between the salineand the fresh-
water forms of G. zaddachi have previously been found by several authors,

1 Sexton (1942, p. 597) states: 'In all the animals, saline as well as freshwater, both peduncles
and the flagella carry on the under margin dense tufts or clusters of long stiff outstanding
setae, some of each cluster extending far beyond the rest.' Strictly, however, the records
given (on pp. 597 and 600) of the number of hair clusters on the peduncle of antenna I, as well
as of the length of the peduncle, hold good only for the fresh-water form.

I can now add that Spooner, too, has noted differences in setation of the antennae between
the fresh-water and those 'saline' animals which are here called oceanicus.

2 As Sexton mentions (1942, p. 593) that 'the chitinous cuticle varies in the two forms,
being thick, strong and opaque in the freshwater, thin and transparent in the brackish water
specimens'; this difference, according to records kindly given by Mrs Sexton to the present
author in a letter, is obviously not real, but due to different preserving methods.

JOURN. MAR.BlOL. ASSOC.vol. XXVII, 1947 IS
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mainly in the Baltic (Sexton, 1912, 1913; Schellenberg, 1934; Hafken, 1937;
Dahl, 1944).1 Specimens of this type are common also in the material from
brackish areas available to the present author. Hafken emphasizes that these
forms are not properly transitional, but combine characteristics of the saline
and the fresh-water form (called py him G. locusta and G. zaddachi). This
agrees with Dahl's statement that the specimens in his material from. the
Baltic, more or less intermediate between both forms (by him determined
G. locusta f. locusta and f. zaddachi), have rather setose antennae (=fresh-
water characteristic) but otherwise are very sparsely provided with hairs
(=saline characteristic). In the collections from the Baltic examined by the
present author this peculiar combined type is abundant. It has proved to
be identical with Spooner's subspecies salinus.

In the following account details will be given of the morphology and
distribution of the different forms of zaddachi, as observed in the material
studied (distribution records from other areas included).

As will be shown, the combination of the following characteristics is
diagnostic of the new subspecies G. zaddachi oceanicus: (I) the shortness and
sparse setation of the peduncle of antenna I; (2) the sparse setation of the
hinder peraeopods, the pleon segments 4-6, and the telson. (In the description ~
a characteristic from the last peraeopod and the telson has been chosen as
indicator of the hairiness of the hinder parts of the body. With respect to this
character, oceanicusshows almost complete agreement with salinus.)

Unless otherwise stated, the descriptions refer to the male (the female has
been less thoroughly studied; most characteristics are somewhat less marked
in this sex). The ,records given refer to specimens of at least c. 8 rom. in length
(in smaller animals the characteristics are mostly not fully developed). All
measurements are taken from the tip of the rostrum to the insertion of the
telson.

In the list of synonyms an asterisk designates that the author has had the
opportunity of examining specimens used for the paper concerned.

I

Gammarus zaddachi Sexton subsp. oceanicus subsp.nov.
SYNONYMS

Sexton, 1912, 1913, 1942; G. zaddachi; brackish-water or saline form in part.,
cf. footnote, p. 223.

*Stephensen, 1917: G. locusta var. Zaddachi, in part.; intermediate form
between G.locustaand G.locusta var. Zaddachi (inpart.). 194°: G.locusta
locusta,inpart. .

't

1 Also the form, found by Poulsen in Danish waters and determined G. zaddachi (Poulsen,
1932, p. 6 and fig. 3), seems to belong to the intermediate type. According to Spooner (p. 35),
in reality the animals regarded as intermediates by Sexton generally belong to the fresh-water
form (= subsp. zaddachi SP.ooner).
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*Hellen, 1919: G. locusta, in part.
*B1egvad, 1922: G. locusta, in part.
*SegerstnUe, 1933: G. locusta (in part.). 1944: G. locusta f. typica.
*Schellenberg, material sent to the author: G. locusta.
*Val()virta, 1935: G. locusta f. typica.

H6fken, 1937: G. locusta.
*Suomalainen, 1939: G. locusta (in part.).
*Dahl, 1944: G. locusta f. locusta.

MORPHOLOGY

Maximum size. Male: Arctic 38 mill. (Stephensen, 194°, pp. 318, 320;
north' Norway), Baltic 26 mill. (Schellenberg, 1934, p. II, records a
'G. locusta', captured near Kid and measuring 32 mm.; probably a male of
G. zaddachi oceanicus). Female: Arctic 28 mill. (Stephens en, 194°, p. 319;
north Norway), Baltic 22 mill.

Body colour (studied in fresWy captured specimens from Finnish waters).
Greyish, yellowish, or greenish brown, semi-transparent; usually darker in
the female. No dorsal pattern nor, usually, red spots of oil globules on the
sides of pleon segments 1-3.

Setose armature of peraeopods,pleon segments 4-6, telson, and uropods. Weak
development of the setae; as seen in Sexton's figures (1942, saline form).
Peraeopod 7, longest seta in subapical cluster on hind margin of segments
4 and 5 not surpassing tip of spines in the same cluster (Fig. 3 g in the present
paper).1 Telson, longest apical seta shorter than distance from its insertion
to tip of subbasal spines (Fig. 3 e, f).2 In marine specimens the telson setae
may be comparatively long and partly feathery (Fig. 3f).

Lengthof antenna2 in percentagesof antenna I, from 18 males, length
13-20 mill., from the Baltic, Iceland and Labrador; specimens with broken
or regenerating flagella excluded: 68-77, average 73 %.

Maximum num~er of segments in the flagella (body length in brackets)":

Male Female

Antenna 1: primary flagellum 57 (31 rom.) 38 (25 rom.)
accessory flagellum 10 (31 mm.) II (25 mm.)

Antenna 2 21 (33 mm.) 22 (25 rom.)

Length of peduncle segments of antenna I (Fig. 3 a-d; segment I measured
from tip of the rostrum to distal end of the segment). Ratio of length of
segments 2 and 3 combined to that of segment I, from 1'0: I to 1'3: I, generally
c. 1'1: 1. Length of segment 3, 0'4-0'5 of that of segment 2. The end of the

1 The difference in hair development between z. zaddachi, on'th~ one hand, and z. oceanicus
and z. salinus, on the other, is more marked on the posterior than on 'the anterior margin of the
hinder peraeopods.

2 This method for measuring the seta concerned has been chosen instead of comparison
with the corresponding spines in order to reduce the inaccuracy of results arising from the
variability of the spine length.

15-2
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Fig. 3. Gammarus zaddachi (male). a-g, z. oceanicus; h-j, z.zaddachi. a-d, peduncle of lIst
antenna (right, from the inner side; in b-d only segments 2 and 3 depicted): a, south-west
Finland (body length 16 mm.); b, north Norway (27 mm.); c, north Greenland (31 mm.);
d,. north Norway (27 mm.). e-J, telson: e, north Norway (26 mm.); J, Massachusetts
(26 mm.). g, peraeopod 7, distal part of segment 5 and proximal part of segment 6,
west Greenland (27 mm.; the arrow shows the cluster used as a characteristic in
the diagnosis; the specimen depicted has comparatively long setae on the anterior
margin of segment). h, peduncle of 1st antenna, south Finland (16 mm.). i, peraeopod 7
(for part depicted and arrow, see above), south Finland (19 mm.; the specimen has
unusually short setae; for maximum length, see Sexton 1942, fig. 12). j,1telson, south
Finland (18 mm.).
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peduncle (when stretched forward, to continue the dorsal line) reaches at
least as far as to the end of segment 4 of antenna 2 and at most to somewhat
less than half the length of segment 5, generallyto about a quarter of this joint.

Number of hair clusterson the under-marginof pedunclesegments2 and 3 of
antenna I (includingapical cluster) (Fig. 3). Segment 2, 3-5, generally 4,
clusters; segment 3, 1-2.

Pleon segments 4-6, spine formula:
4th segment
5th segment
6th segment

3-6 : 2 : 3-6
3-5 : 2 : 3-5
2-3 : 2 : 2-3

T elson, number of spines and setae:
Spines Setae

Apical 3-4 1-5
Subapical 0-1 0-2
Subbasal 1-3 0-2

Uropod3 innerramus,length about three-quarters that of the outer, excepting
in large marine specimens in which it may be up to seven-eighths.1

ADDITIONAL NOTE

The following differences between z. zaddachi and salinus observed by
Spooner, have proved to exist also between the former subspecies and
oceanicus(material from Finnish waters).
.As does salinus, oceanicus differs from z. zaddachi in the following respects:

(I) accessory flagellum, number of segments and length somewhat greater;
(2) gnathopod 2, a little narrower and hinder margin clearly bulging (in
z. zaddachi almost straight); (3) epimeral plate 3, posterior distal angle
distinctly more acutelyproduced (epimeralplate2,differencelesspronounced);
(4) distal segmentsoflast peraeopod, somewhatmore slender; (5) last uropod,
inner ramus a little longer. The measurements-certainly few in number-of
characteristics 1,4 and 5 fall within or very near the variation limits given by.
Spooner for z. zaddachiand salinus.2

DISTRIBUTION

The form in question is widely spread in the northern Atlantic (material
from waters south of the North Sea not available) and in the Arctic, but occurs
abundantly also in the brackish water of the Baltic (observed minimum salinity
in places of capture c. 2' 50/00) (see map of the Baltic in Fig. 6; for details
see p. 236).3 Depth records: 0-25 m.

1 It is a common feature in the amphipods that the inner ramus of the last uropods increases
with age, as is well known. .

2 The author has not found calceoli in the (mature) female of z. .zaddachi. These organs
were lacking also in the examined females of oceanicus (Spooner mentions that he often found
calceoli in the female of z. salinus but not of z. zaddachi).

3 Spooner has now shown (p. 43) that the subspecies in question occurs also in northern
Scotland.
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Fig. 4. The distribution of Gammarus zaddachi oceanicus according to the material investigated
(samples not available from waters south of the southernmost localities seen in the map).
Large open rings: more thoroughly studied areas (for details, see p. 236). Small open
rings: record of locality not exact or insufficient (' Massachusetts', 'Labrador', 'North
Greenland, Norsovak', 'Iceland', 'Spitsbergen, Kobbe Bay', 'Finmarken ').

Gammarus zaddachi Sexton subsp. zaddachi Spooner 1947.
SYNONYMS

Hoek, 1889: G. locusta, var. A.I
Sexton, 1912, 1913, 1942: G. zaddachi, fresh-water form.
Tesch, 1915: G. locusta, var.1

*Stephens en, 1917: G. locusta var. Zaddachi (in part.); intermediate form
" between this form and G. locusta (in part.). 1927: G. duebeni (at least

in part.).
*Hellen, 1919: G. locusta (in part.); G. duebeni(in part.).

Tesch, 1922: G. locusta, Hoek's var. A.

1 This form, which already Sexton (1942, p. 582) has regarded as belonging obviously
to zaddachi, seems to be identical with z. zaddachi, owing to the presence of long setae on
pleon segments 4-6 and telson (Hoek's figs. IIi and II", pI. X) and of red spots on the
pleon; the extremely low salinity in some of the recorded localities is also a favourable
indication.

The two specimens, described by Tesch (1915) from the southern part of the North Sea
and regarded by him as closely related to Hoek's var. A, might also belong to z. zaddachi. Their
occurrence in the open sea was due presumably to transport from adjacent coastal waters with
reduced salinity;
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Gurjanova, 193°: G. zaddachi.l
Dementieva, 1931: G. 'Setosusf. baltica.2
.Schijfsma, 1931: G. locusta, Hoek's var. A.

*Poulsen, 1932: G. duebeni. 1933-36: G. duebeni (in part.).
Oldevig, 1933: G. locusta (in part.).

*SegerstnUe, 1933: G. locusta (in part.). 1944: G. zaddachi.
*Schellenberg: G. locusta f. zaddachi (determination of samples, Helsinki

Mus.).
Serventy, 1935: G. zaddachi.l

*Valovirta, 1935: G. locusta f. zaddachi.
Lucks, 1937: G. locusta-zaddachi.
Hafken, 1937: G. zaddachi.

*Reid, 1939: G. sarsi. 1945: G. ochlos nom.nov. (=G. sarsi).3
*Suomalainen, 1939: G. locusta (in part.).
*Dahl, 1944: G. locusta f. zaddachi, G. locusta f. setosus.

MORPHOLOGY

Maximum size. Male 22 mm., female 15 mm.
Body colour (studied in freshly captured Finnish specimens). Ground

colour distinctly lighter than in oceanicus: pale greyish green, sometimes
greyish yellow. On the dorsal parts of the body a darker pattern, pale or
darker brownish green in colour (Fig. 5). This pattern, the colour intensity
and extension of which varies considerably, is composed of a system of trans-
verse and longitudinal bands.4 Transverse bands. Present on the posterior
margin of head and of all body segments, excepting pleon segments 4-6 (the
colour effect of these bands is augmented by the partial intervention of each
segment into the preceding one; on that account these portions seem especially
dark). On account of the bands the body of the animal is distinctly transversely
striped. On the anterior margin of head, the first peraeon segment, and all
pleon segments, transverse bands also occur. Finally, there are median bands
on the peraeon segments (excepting the 1st) and on pleon segments 1-3
(the pleon bands are comparatively strongly developed). The median bands

1 In view of the very low salinity in the locality, where Gurjanova captured' zaddachi'
(' almost fresh' water, in the estuary of the Sewernaja Dvina), she very likely had to do with
z. zaddachi. The same conclusion holds good for the specimens caught by Serventy at the more
inland stations in the estuary investigated (River Deben, England).

2 The comparatively slight head sinus depicted by Dementieva (fig. 10) is conceivably due
to somewhat inaccurate drawing or may refer to a specimen of the true locusta; the telson
figured is of typical z. zaddachi shape.

3 The author has found no essential differences between this very smail form (length
c. 6 mm.), described on material from the brackish Loch of Stennes, Orkney, and mature
specimens of G. z. zaddachi of the same size from the Baltic (material kindly sent by
Mr Reid).

. Palmer (1933, p. 65) observed brown transverse bands on the body segments and on the
appendages of a form of G. zaddachi, captured in brackish water on the English coast; it was
probably z. zaddachi or z. salinus.
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are frequently more or less reduced, sometimes missing, even on the pleon.
Longitudinalbands. A median band, more strongly developed on the pleon

~;.,.~ ~..'."".,"?,J,>j,~"".,.-

Fig. 5. The pattern in Gammarus z. zaddachi. (Material from the south coast of Finland;
males.) Three specimens (partly) depicted, to show variation. I a, anterior part of
body; I b, pleon segments 1-3 of the same animal. II a and III a, pleon segments 1-3
of tWo other animals, from the side;.II b and III b, the same segments from above.
The black oblong patches show the position of the red spots of oil globules.

IIa

lIb Ib

~~~

III b

but sometimes even here strongly reduced (see Fig. 5), runs along the whole
length of the body. As a rule it is accompanied on both sides by a band,
more developed on the peraeon. The colour pattern is observed also on the
antennae (peduncle, flagella),on the peraeopods (especially on segments I,
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3, 5-6), uropods and telson, and, weakly, on the side-plates. A pattern
resembling the one just mentioned has been described by Sexton (1939) in
G. tigrinus.

On the sides of pleon segments 1-3 there are almost invariably red spots of
'red oil globules', known from various other species of the genus Gammarus
and mentioned in G. zaddachi by Sexton (cf. also Palmer, 1933).These are
shown in Fig. 5. The pattern and the red spots disappear in preserved
animals.

Setose armature of peraeopods,pleon segments 4-6, telson and uropods. Strong
development of the setae, as seen in Sexton's figures (1942, fresh-water form).
Last peraeopod, longest seta in subapical cluster on hind margin of segment 5
surpassing end of the segment (Fig. 3 i in the present paper). Telson,.1ongest
apical seta longer than distance from its insertion to insertion of subbasal
spines (Fig. 3j). Number of telson setae, see below.

Length of antenna 2 in percentages of antenna I, from 17 males from the
Baltic and the Danish lake Lammefjordssoen, length 13-20 mm.: 78-89,
average 84 %.

Maximum number of segments in the flagella (body length in brackets):
Male Female

39 (21 mm.) 31 (IS mm.)
8 (20 mm.) . 6 (IS mm.)

19 (20 mm,) 14 (IS mm,)

Antenna I: primary flagellum
accessory flagellum

Antenna 2

Length of peduncle segments of antenna I (Fig. 3 h; for measuring method
see p. 227). Ratio of length of segments 2 and 3 combined to that of segment
I, from 1'3: I to 1'7: I, generally c. 1'5: 1. Length of segment 3, 0'5-0'7 of
that of segment 2. End of peduncle reaching at least to about one-fifth, as a
rule to somewhat less than half the length of segment 5 of antenna 2.

Number of hair clusters (including apical cluster) on the under-margin of
peduncle segments 2 and 3 in antenna I (Fig. 3). Segment 2, 5-9 clusters,
generally 6-7; segment 3, 3-5, generally 4.

Pleon segments 4-6, spine formula:

4th segment
5th segment
6th segment

2-3 : 2 : 2-3
2-3 : 2 : 2-3
2-3 : 2 : 2-3

T elson, number of spines and setae:

Apical
Subapical
Subbasal

Spines

1-3
0-1

I

Setae

4-17
1-2
2-4

Uropod 3 inner ramus, length about three-quart~rs that of the outer.
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DISTRIBUTION 1

Brackish al1d, locally, fresh water in north and west Europe (highest
salinity recorded c. I4-I8°! 00).2 In the Baltic district found practically only in
brackish water (the only exception being the record from the Danish Lake
Lammefjordss6en, see below).3

Great Britain: see the numerous records given by Spooner. To them may be
added Loch_of Stennes, Orkney (brackish water, locality for Gammarus
ochlos (sarsi)=G. z. zaddachi; see p. 231).

Ireland: Lakes Lough Nadarragh, Lough Keenaghan, Lough Awaddy,
Lough Tullynabour, Lough Erne (Sexton, 1912).

France: Nantes and Belle-Ile-en-Loire (Sexton, 1942, p. 583).
Belgium: see Spooner. .

Netherlands: mouth of the Rhine and the Waal, Zuiderzee (Hoek, 1889;
Tesch, 1922;and Schijfsma,1931:G. locustavar.A). .

Germany: see Spooner.
Denmark: Lake Lammefjordss6en (north-west Sealand; Copenh. Mus.);

for marine localities see below. Spooner also gives several records
from Danish waters.

Norway: Bolstadfjorden (near to Bergen; Bergen Mus.).
Baltic: all over the area, throughout the Gulf of Bothnia and the Gulf of

Finland, to the Danish waters (for details see pp. 236-8).
? White Sea, mouth of the Sewernaja Dvina (see p. 231, footnote r).

Gammarus zaddachi Sexton subsp. salinus Spooner 1947

As mentioned previously, in the Gammarus material studied by the author
from the Baltic, a form of zaddachi was often found to which a peculiar
combination of characteristics of the forms now named z. zaddachi and
z. oceanicus is typical. The peduncle of antenna I is about as setose and
elongate as in the former subspecies, whereas the hinder peraeopods, the pleon
segments 4-6, and the telson are almost glabrous, as in the latter.

The opportunity given to the author of reading Spooner's manuscript and
our reciprocal examination of British and Finnish material respectively has
made it clear that the' combined' Baltic form is identical with Spooner's
subspecies salinus. -

As this 'combined' type was captured only in waters where also z. zaddachi
and oceanicus occurred, it seemed possible to the author at the first sight that
it represented a curious result of crossbreeding between these two forms. Now,

1 In order to make the list more useful it has been completed by references to Spooner.
2 Tesch, 1922, Zuiderzee (Hoek's var. A).
3 Compare Gammarusduebeni,which, in this area, is confined to brackish water, though

in western Europe, etc. it is found also in fresh-water Idealities (cf. Segerstrale, 1946).
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however, Spooner's interesting statement of salinus and z. zaddachi being
incapable of producing fertile eggs with one another has given evidence of the
genetical independence of the former type, and thus has motivated the
establishing of it as an independent subspecies.

As already indicated the separation of salinus from zaddachi is easy,
whereas the limit between the former subspecies and oceanicusmay sometimes
appear to be vague, owing to the partial overlapping of the main distinguishing
characteristics, viz. the length and setation of the peduncle of antenna 1. As
to the latter characteristic which is more useful in practice, it is typical that
salinus has at least six tufts on the under-margin of peduncle segment 2,
against four tufts in typical oceanicus. But the range of variation of both
subspecies also includes the tuft number of five, and this number seems to be
comparatively common in salinus. As pointed out previously, the number of
tufts on the last peduncle segment might, in such instances, be a reliable
distinctive characteristic. In oceanicus, from purely marine localities, where
the brackish salinus is not to be expected, more than two tufts have practically
never been found by the author, whereas salinus 6 typically has at least three.1
Specimens with five tufts on the second peduncle segment and three on the
third might consequently belong to salinus, not to oceanicus.' In freshly
captured animals also the colour will, presumably, prove to be a good
distinctive characteristic. The examination of a number of such specimens of
typical salinus from Finnish waters showed that they all had the pattern which
is found in z. zaddachi (p. 231), though it was generally much less distinct than
in that form (the red spots were also present in many specimens). Further
observations on more extensive material are necessary, but the foregoing
statements seem at any rate to make it very likely that the colour will
prove an additional characteristic which reliably distinguishes salinus from
oceanzcus.

In the material from the Baltic specimens have also been observed in which
the setationof the last peraeopods, or of the telson (the two characteristics
chosen as indicator of the hairiness of the hinder parts of the animal), or of both,
is somewhat more strongly developed than in typical oceanicus. The setose
armature of antenna 1 in these specimens is never as sparse as in typical
oceanicus. The author is inclined to suppose that these varieties belong to
salinus. -

Details of the distribution of salinus in the Baltic, as well as in Danish waters,
are given in the following section. Regarding the occurrence of the subspecies
outside this district, see Spooner (pp. 41-3).

1 The only exception refers to a couple of specimens observed in the material from Heligo-
land. They bear three hair clusters on the segment in question, and the length of the last
peduncle segment compared with the length of the second segment is 0'6, against at most two
and o.5 respectively in the typical marine form. It does not seem quite impossible that these
specimens have been transported to Heligoland from adjacent brackish waters on the
continental coast (cf. the assumed transport in another case, p. 230, note r).
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THE DISTRIBUTIONOF GAMMARUS ZADDACHI AND G. LOCUSTA IN
CERTAIN WATERS

The Baltic and Denmark (excluding Randers Fjord and RingkObing Fjord)

Material. Number of samples investigated (abbreviations of Museum names:
Cop. =Copenhagen, Hels. =Helsinki-Helsingfors, St. =Stockholm): Finnish waters,
c. 23° (Hels., 'and the author's collections); the archipelago from Stockholm to Kalmar,
12 (St.); coast of Blekinge, 4 (St.); Gothland, 20 (St.); Bornholm, 5 (St., Cop.);
Danzig, 1 (St.); east of Rugen, 2 (Cop.); Rugen-Danish Isles, 12 (Cop.); The Sound, 3
(Cop., St.); Falster-Sealand, 6 (Cop.); Great Belt, 6 (Cop.); Little Belt and adjacent
southern waters, 3 (Cop.); Ise Fjord, 2 (Cop.); Cattegat, 10 (Cop.); west coast of
Denmark, 5 (Cop.).

Regarding the literature records, the surveys by Stephens en (1928, 1929), Oldevig
(1933) and Schellenberg (1942) could not be used, as the differences between G.locusta
and zaddachi are here not recognized. But the data published by Poulsen (1932) and
Dahl (1944), though not correct in the species determinations, can be reinterpreted
in the light of the samples of these authors' material available to the writer. From the
south coast of the Baltic G. zaddachi oceanicus has been recorded (as saline form) by
Sexton (1912, 1913) who also records, and figures, locusta from these waters.

Gammarus zaddachi oceanicus. This form is the main Gammarus in the

Baltic and around the Danish Isles. It is lacking only in the 'innermost'
parts of the Gulf of Bothnia and of the Gulf of Finland (Fig. 6; in the Gulf
of Bothnia, which has been studied less thoroughly, the northernmost record
of oceanicus is c. 630 3°' N.) and other strongly diluted localities. In the Gulf
of Finland the 'innermost' records (Virolahti: Kiuskeri and Pien Kalastaja)
lie at the isohaline of c. 2'50/00 salinity (surface, year average). On the south
coast of Finland, from which area a great quantity of material has been investi-
gated, the form in questiQn greatly outnumbers z. zaddachi in the outer parts
of the archipelago, at least as far eastward as in Pellinge, and even in a sample
from the island Peninsaari (near Lavansaari, at 2802' E.) oceanicus is clearly
predominating (lI5 oceanicus against 4 z. zaddachi). On the Finnish coast
oceanicusis especially common in the Fucus vegetation (cf. Segerstrale,1944;
oceanicushere called G. locusta f. typica). The bulk of the materiaJ of oceanicus
originates from a depth of a few metres, but there are also a number of
samples from the open sea between .Riigen and the Danish Isles with depths
of c. 20 m.

In the samples from the Cattegat oceanicus is sparsely represented and
entirely lacking in the material from the Darlish west coast.

Gammarus zaddachi zaddachi is represented in the material from the very
end of the Gulf of Bothnia and the Gulf of Finland to the Sound (Isle Hven).,
In the 'innermost' parts of the Gulfs (Fig. 6) and other strongly diluted areas
it is the only abundant Gammarus (in addition G. duebeni occurs here locally;
cf. Segerstraie, 1946). The author found the amphipod in great numbers
inhabiting the vegetation of Phragmites in estuarine localities. The animal is
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Fig. 6. The occurrence of Gammarus zaddachi zaddachi (1), G. zaddachi oceanicus (2), and G. locusta (3) along the north coast of the
Gulf of Finland and in the south-west Finnish waters. The black dots show the origin of the material investigated. Localities for
G. locusta indicated by rings. As seen, there' are three Gammarus zones: (a) in the innermost part of the Gulf only G. z. zaddachi
occurs, (b) westward from here to near the mouth of the Gulf oceanicus also is found, (c) the south-west waters are inhabited, in
addition, by G.locusta. In addition, G, z.salinus occurs in the area, having about the same distribut.ion as does oceanicus. Broken lines
represent isohalines CO! 00)'
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common also in the Finnish archipelago, but, as mentioned above, less
numerous than oceanicusin the Fucus vegetation of the outer zone. However,
it generally occurs considerably more frequently than does oceanicus in very
shallow water (with a maximum depth of half a metre or so) in this zone.
From the Swedish waters represented in the material, i.e. the coast from
Stockholm to Blekinge, and the coast of Gothland, there are numerous finds;
also Dahl frequently captured z. zaddachi (for synonymy, see p. 231) in the
latter waters. From deeper Baltic waters there is only one sample containing
z. zaddachi taken east of Rugen, in 21 m. depth. The Danish material includes
some samples containing z. zaddachi; they all refer to a depth of at most a few
metres (Ore Strand: Sliphavnskrogen, Isefjord: Hovvig). But from this district
there are also records given by Poulsen (1932), who captured the form in the
waters between Sealand, Moen and Falster (for synonymy, see p. 231).

Gammarus zaddachi salinus. The subspecies shows, on the whole, the same
limits of distribution in the area as oceanicus, but it is not present in the
material from localities outside the Danish Isles. The type in question is found
in most Gammarus samples, generally in small numbers, but locally it
occurs in striking abundance. This phenomenon is observed in localities of
quite different natures, viz. on the one hand in parts of the Finnish archipelago,
which are not exposed to the open sea, and on the other in the open waters
between Rugen and the Danish Isles and on the coast of the Great Belt (at
Nyborg). -

Gammarus locusta. Mos,t of the previous records of this species from the
Baltic area actually refer to G. zaddachi, mainly to subsp. oceanicus (for
synonymy, see p. 227).1 But G. locusta is also widely distributed in the Baltic
district, though it is not as a rule so abundant as zaddachi and does not
penetrate as far into the more diluted waters. Thus locusta on the Finnish
coasts is confined to the south-west waters with a minimum salinity of
c. 5-60/00 (see Fig. 6). G. locusta is also missing in the Swedish samples from
the waters off Stockholm to Kalmar. The depth in the places of capture
generally does not surpass a few metres; in the material from the open and
comparatively deep waters between Rugen and the Danish Isles, where zad-
dachi oceanicusand salinus occur commonly, the species is practically missing.

The samples from the Cattegat contain locusta in much greater numbers
than zaddachi, and in the collections from the west coast of Denmark only
the former species is present.

Summary of the Gammarus fauna of the Baltic. The forms treated above
are the only common species of Gammarus of this area. Besides them the area

1 The Danish collections include, amongst other, the material used by Blegvad for his
investigation on the biology of G. locusta (1922). Of c. 210 specimens from this collection,
examined in connexion with the present investigation, c. one-third (70 specimens) proved
to belong to this species, the rest being G. zaddachi oceanicus, and salinus. This result
is by no means surprising in view of the confusion prevailing especially in earlier years. Blegvad
also observed that the specimens studied by him varied greatly., . ,
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seems to harbour only G. duebeni, which is confined to very shallow water
and to speciallocalities (it occurs mainly in brackish rockpools and similar small
basins on the shore of islands, exposed to the sea; see Segerstrale, 1946).
There is no evidence for the occurrence of G. setosus Dement. Dementieva's
G. setosus f. baltica and Dahl's G. locusta f. setosus from Baltic localities are
attributed to G. z. zaddachi (see synonyms, p. 231).

Randers Fjord

A comparatively large collection of Gammarus, made by Johansen and
Ussing during their investigations of the invertebrate fauna. of this water,
situated on the north-east coast of Jutland in Denmark and.interesting because
of the decreasing salinity from the mouth to the more inland parts, is discussed
in Stephensen's paper of 1917. He records the following species and forms
from the area: G. locusta, G. locusta var. Zaddachi, an intermediate form
between G. locusta and this form, as well as G. duebeni and G. pulex. Later
on, in 1927, Stephens en identifies some of the intermediates between G.locusta
and G. locustavar. Zaddachi as G. duebeni.The material concerned was deposited
in the Museum of Copenhagen, and all of it, excepting that of G. pulex and
G. duebeni, was kindly sent by Mr Stephens en to the author, who has thus
had the opportunity of going through it.

The results are as follows. Most specimens labelled G. locusta are correctly
determined (one being an intermediate between the subspp. oceanicus and
zaddachi of G. zaddachi). The form called G. locusta var. Zaddachi is mainly
G. z. zaddachi, whereas the' intermediate form between G .locusta and G .locusta
var. Zaddachi' includes all three subspecks of G. zaddachi; in addition, there
are some G. locusta and one G. duebeni (this species. captured at St. 9, depth

- 0 m.). In a number of samples of G. zaddachi, the subspecies could not be
determined, on account of the very small size of the animals. The study of the
material has given the following ranges of distribution:

G. zaddachi zaddachi: St. 2 (salinity from 1-2 to 120/00)
oceanicus: St. 8-10 (salinity from 5 to at least 240/00)

G. locusta: St. 10 (salinity from c. 17 to at least 240/00)'

As seen from the above records the subspecies of zaddachi, as well as
locusta, follow one another in the same order as in the Baltic area. The salinities
at the most inland localities for z. oceanicus and for locusta, are higher in
Randers Fjord than in the Baltic, but this phenomenon is obviously due
to the comparatively scanty material from the Fjord.

RingkObing Fiord

This water, located on the west coast of Jutland, is connected with the
North Seathrough onlya narrow opening.The water is consequentlybrackish,
the (surface) salinity averaging in the main part of the area c. 4-80/00, The



24° SVEN G. SEGERSTRALE

Gammarus fauna has been treated by Poulsen (1933-6). He records the
following species: G.locusta, occurring only in the very opening of the Fjord;
G.duebeni, common everywhere, excepting in the saltest part, and observed
also in the lowermost course of the river Vondaa; G. zaddachi, found only in
a small basin, which is segarated both from the Fjord and from the North
Sea.

Fortunately, the collection received for the present investigation from the
Copenhagen Museum includes about forty samples of the Ringkabing Fjord
material (~he determination, however, is not given on the labels), thus enabling
the author to check the records which were given by Poulsen and of which
some appeared doqbtful.

The results are as follows. (1) The main Gammarus of the Fjord is not
duebeni, but zaddachi. All the specimens of this species, which are large
enough to be identified, belong to z. zaddachi. G. duebeni is certainly present
in the material, but occurs only in a few samples, all taken in very shallow
water(o-o'5 m.). The localities are: the mouth of the River Vondaa; near the
bridge in this river; off Gammelsogns Malle; on the shore c. 200 m. east of
the mouth of the River Falen; Gjadel Canal, near the bridge at Lanne Klit.

(2) G. z. zaddachi occurred in different parts of the Fjord, from the
shore to open areas with depths of c. 3 m. (maximum depth of the area
c. 6 m.). In addition, one sample has been collected in the mouth of the
River Vondaa, near the bridge (3 July 1921).

(3) The true locusta was found only in one sample (Sandre Dyb, 3'5 m.).
Poulsen records the species from the saltest parts of the Fjord. These samples
are lacking in the material available to the present author, but as the charac-
teristics given for this species by Poulsen are quite correct there is no reason
to doubt these determinations.

(4) The' G. zaddachi' mentioned in Poulsen's paper seems not to be
included in the preserved material, but the illustrations given suggest that the

. form of the species in question is oceanicus.

THE RELATIONSHIP BETWEEN GAMMARUS ZADDACHI AND THE SPECIES

G. SETOSUS ANDG. WILKITZKII

In the material from the Arctic there are numerous samples containing the
large species G. setosusand G. wilkitzkii (many of the samples are labelled
G. locusta), thus enabling the author to compare them with G. zaddachi.

G. setosus (material: about thirty-five samples from Arctic Canada, Green-
land, Iceland, Spitsbergen, east coast of Murman, Novaya Zemlya, Kara Sea,
the Arctic Sea off Siberia). This species was separated from G. locusta and
established as an independent species by Dementieva (1931), mainly on
material from Arctic waters (the amphipod regarded by this author as a
Baltic form of setosus is obviously identical with G. z. zaddachi). Stephens en
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(1940) records it as G. locusta subsp. setosus, and gives the first accurate
description of the form.

The examination of the specimens in the present material showed that
the species is as little allied to the true locusta as js zaddachi, but there is a
close relation between setosus and the last-mentioned species, especially
subsp.oceanicus. As in zaddachi the head sinus is deep, the 4th side-plate has
the same semicircular lower margin, the pleon epimera show no difference. in
shape, the last uropods have the inner ramus of the same relative length,
and as to the relative length of the peduncle of antenna 1 there is a strict
agreement with zaddachi oceanicus.

The main differences are as follows. (1) The common occurrence of plumose
setae in setosus,particularly on peraeopods 5-7 (segments 4-6), pleon segments

a b

1$

c d

Fig. 7. Second gnathopods of Gammarus zaddachi oceanicus (a, b) and Gammarus setosus (c, d)
(males) to show variation in shape. a, oceanicus, typical (Murman Coast, body length
3° mm.). b, oceanicus, approaching.typical setosus (Spitsbergen, 25 mm.). c, setosus, typical
(east Greenland, 32 mm.). d, setosus, approaching typical oceanicus .(the Arctic Sea off
Siberia, 26 mm.). In band d the setae are omitted.

4-6, and the telson; here practically all the setae are feathery (cf. Stephens en,
194°, fig. 41). In addition the apical hairs on the telson are markedly longer
than in z. oceanicus (in the male about three times as long as the corresponding
spines (or longer), against at most about twice the length in z. oceanicus).
(2) The 2nd and 3rd peduncle segments of antenna 1 bear hair clusters, on the
under side, from 5 to about 7, and 2-3 respectively, whereas z. oceanicus has
3-5 and 1-2 respectively. (3) The eyes are generally distinctly smaller in setosus.
(4) The 2nd gnathopod in this species is as a rule considerably stouter and
its hind margin much more bulging; besides, the gap between the mid-
palm spine, present in the male, and the palmar-angle spine-row is usually far
less pronounced (Fig. 7) (in addition, in the female the latter spine group
occupies a greater part of the palma in setosusthan in z. oceanicus).

According to the author's observations only the characteristics mentioned
above under (1) always separate setosusfrom zaddachi oceanicus,whereas, when
comparing the former species with large specimens of oceanicus, the other

JOURN. MAR. RIOL. ASSOC. vol. XXVII, 1947 .16
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characteristics may overlap more or less (Fig. 7). Even in the occurrence of
feathery setae there may be some transition, oceanicusoccasionally having
single plumosehairs on the last uropods, pleon segments, and telson (Fig. 3f),
but the differenceis nevertheless very marked. .

Besides G. setosus, the very large Arctic species G. wilkitzkii (length up to
48 mm.; Gurjanova, 1930) is closely allied to zaddachi. It has even been
reported by some writers, amongst others Stephens en, as possibly being
identical with this species. In fact, the differences between z. zaddachi and
wilkitzkii are small.! They seem~ however, to be great enough to justify
retaining the latter as an independent species, as suggested by SextDn (1942).
The same conclusion appears to hold good regarding setosus. If these two
forms were considered subspecies of zaddachi, the still closer relation between
the subspecies zaddachi, oceanicus, and salinus would not be so clearly seen.
But it seems natural to let them constitute-possibly together with some
other species, less thoroughly known by the author-an independent group
within the subgenus of Gammarus proper, and naming this group after the
species zaddachi is suggested. Most of the principal characteristics which
distinguish the members of this group from G. locusta are the same as those
summarized on p. 220; to them should be added the differences in the shape
and spin05e armature of gnathopod 2.
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THE STRUCTURE, TADPOLE AND BUDDING
OF THE ASCIDIAN PYCNOCLAVELLA

A URILUCENS GARSTANG

By N. J. Berrill
From the Plymouth Laboratory and McGill University, Montreal

(Text-figs. 1-3)

Pycnoclavella aurilucens was. recorded and briefly described by Garstang in
1891 from a limited locality in the Plymouth area, and has not been found with
certainty of identification from any other region. There has been a tendency to
subordinate it as a species of Clavelina, but the dissimilarities are greater even
than the original description implies and this procedure is not justified. The
genus is accordingly retained, and a more detailed account of the colony, with
the first description of the tadpole larva and process of budding, is presented.

Colonies are usually found growing on gorgonians, large hydroids and
calcareous algae at depths of 25-3° m. associated with coarse shell gravel and
polyzoa such as Lepralia. It is known to occur only in the Plymouth region,
unless the form known as Clavelina nana reported from Roscoff and Banyuls
(Giard, 1873, Lahille, 1890) turns out to be identical with it. The external
appearance of the colonies and of the constituent zooids has been well described
by Garstang in the second volume of this Journcd. In brief, the colonies are
encrusting, the thoracic parts of the small delicate zooids extending freely
from a greenish matrix in which the abdomens are embedded. The endostyle
and peripharyngeal bands are picked out in yellow or white pigment and
are very striking;. the zooids are very contractile. ,..

STRUCTURE OF THE ZOOID, '

The zooids (Fig. I) in general structure are much like those of Clavelina. They
are much smaller and consequently have a less elaborate branchial sac, there
being seven rows of gill'-slits, rarely eight or nine. The endostyle is com-
paratively massive, as noted by Garstang, and the siphons independent and
without lobes as is in other members of the Clavelinidae. Dorsallanguets,
corresponding in number to the rows of stigmata, occur along the dorsal line
of the branchial sac. The oesophagus is long, the stomach squarish in cross-
section as in Clavelina and leading into a typical post-stomach, the latter in
turn connected with the intestine proper bya vertically' aligned mid-intestine.
The rectum opens into the atrial cavity level with the most posterior row of
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Fig. I. A, mature zooid of Pycnoclavella, with ventral stolon incomplete and embryos de-
veloping within oviduct. B, zooid undergoing resorption after end of sexual breeding
phase, with large' trophocytes' accumulating in test. C, distal end of ventral stolon
showing separation of ampullary bud chambers and fragmentation of stolon stem.
D, isolated buds from another part of colony. e, endostyle; em, embryos; J, faeces
trapped in resorbing intestine; ht, heart; ms, 'muscle fibres in ventral stolon; mt, mid-
intestine; 0, ovary; st, stomach; t, testis; tr, trophocyte.
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gill-slits. The heart lies posterior to the loop of the digestive canal, and is
virtually straight. The epicardium extends throughout the length of the
abdomen in a fused condition, its double nature indicated only by a shallow
bilobed condition at its posterior extremity level with the berid of the gut-
loop, and anteriorly as a pair of horns ending blindly just beneath the branchial
sac from which it arises during development. ..

As in Clavelinathere is a prolonged post-abdominal extension of the body
wall in which the longitudinal retractor musclesare included. Other structures
or organs do not extend into this stalk or stolon, so that it is not a post-
abdomen of the kind encountered in the Synoicidae. Posteriorly the stolon
tends to branch and processes may be reflected along the sides of the
abdomen.

The gonads lie posterior to the stomach alongside the posterior part of the
gut-loop. Both the sperm duct and oviduct open at the base of the atrial
cavity. The oviduct is wide and eggs are fertilized while within it, early
cleavagestages occurring near the level of the stomach and later stages up to
the mature tadpole larva being found more anteriorly.

BUDDING

The process of budding is apparently essentially similar to that of species of
Clavelina. The posterior end. of the, post-abdominal stolonic extension
branches and breaks up into ampu1lary chambers, somewhat larger fragments
arising from fragmentation of the main stalk. These pieces consist of a layer of
epidermis of irregular form, and contain mesenchymatous tissue that served
originally as part of the mesenchymatous septum separating the afferent and
efferent blood flow in the stolon. Actual separation of a united ampu1lary
cluster into isolated fragments appears to be mainly a phenomenon of early or
mid-winter, and development into new zooids never takes place while tissue
continuity is retained with the parent zooid.

Nutrition of a bud appears to be somewhat different from that of Clavelina
proper, though it is none too well known and neither is the development of the
bud itself. There is clearly some concentration of reserve food cells within the
bud fragments, but not to a comparable degree, and it is possible that the
medium of the common matrix external to the buds may become nutritional as
in DistapHa. In any event, as the zooids of a colony begin to resorb after the
close of the sexual breeding phase, cells lying within or migrating into the
thoracic and abdominal tunic become greatly enlarged and closely resemble
the trophocytes of other forms, and such cells together with other dissolution
products undoubtedly comprise the entire source of nutrition for the buds in
Distaplia colonies. The process of resorption follows an orderly course and the
reduction of structures and tissues is in general like that described for ClaveHna
by Huxley (1926).
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DEVELOPMENT AND STRUCTURE OF TADPOLE

The egg is comparatively yolky and as such is relatively small, of about
0'28 rom. diameter (Fig. 2A). Fertilization occurs at the base of the oviduct by
sperm entering from .the atrial chamber. The pattern of early cleavage is not
known, though In the equally yolky eggs of Amaroucium (Scott, 1945) the basic
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Fig. 2. Pycnoclavella, development of tadpole. A, egg. B, embryo within membrane.
C, tadpole near time of liberation, all drawn to same scale. D, cross-section through
horizontally twisted tail showing central notochord cell and lateral bands of muscle cells.
E, sensory vesicle of tadpole at higher magnification, showing absence of otolith and
presence of large mass of ocellus pigment together with two spherical lens cells.F, fully
developed tadpole drawn from living specimen. e, endostyle; ep, epicardium; g, gan-
glion; ht, heart; st, stomach. .

pattern established by Conklin (19°5) for the smaller eggs of Styela, Ciona
and Phallusia is not significantly affected. During embryonic ~evelopment
there is considerable growth, the trunk of the tadpole exclusive of the tail
having a length several times the diameter of the egg.

At the time of liberation of the tadpole the trunk is greatly distended and
the permanent ascidian structure contained within is considerably advanced.
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(Fig. 2 C). The tail is large and well developed, having a broad cuticular fin
throughout its length and extending as a blade beyond, the whole being
twisted through 90°, as in all ascidian tadpoles developing from large or yolky
eggs excepting those of the Pleurogona (Ptyochobranchia). Muscle tissue lies
on each side of the central notochord as a band three cells wide (Fig. 2D). The
notochord itself consists of about 4° cells. The free-swimming period of the
few living tadpoles studied lasted approximately I hr., a period consistent with
the very local and selective habitat of the species. At 18° C. the stroke of the
tail was 25-3° per sec. and the speed about 3 mm. per sec.

The trunk of the living tadpole (Fig. 2 F) is a dense green and the internal
organs hard to distinguish. The green colour is due to enormous n,umbers of
peculiar bladder cells congesting all internal space not otherwise occupied.
There are three typical adhesive organs at the anterior end, each with a stalk
deeply invaginated. Of the larval organs per se the sensory vesicle is unique.
While a number of ascidian tadpoles are known with only an otolith but no
ocellus, Pycnoclavella alone of those so far examined has an ocellus but
no otolith (the Thaliacean condition is not relevant to this discussion). The
vesicle (Fig. 2E) is not noticeably abnormally small, yet it contains no trace of
an otolith whi1e the ocellus itself is a little unusual. The mass of pigment is
relatively large although the associated retinal cells do not appear to, be
correspondingly numerous. The lens cells~ however, which are three in the
great majority of ascidian tadpoles, are here represented only by two.

As in most yolky ascidian eggs, the development of the, larval (tadpole)
structure is relatively retarded, probably as in other forms due to the slow
differentiation of yolk-laden notochord cells (cf. Berrill, 1935a, b). Accordingly
the permanent ascidian structure is relatively well developed within the active
tadpole, 'and lies mainly in the posterior half of the trunk with the axis vertical
to the long axis of the tadpole. The mouth is formed though not functionally
open, and the pair of peribranchial sacs that appear independently on each side
at an earlier stage are fused dorsally to form the atrial aperture. The endostyle
is short and thick. Adjacent to it on each side the peribranchial sac is per-
forated by four rows of definitive s"tigmata, with nearly the same number per
row as in the mature zooid. I~ the ventral part of the trunk, the pharynx opens
into the oesophagus and stomach, the digestive canal as a whole forffiing
a vertical U-shaped tUbe. Immediately in front of the oesophageal opening
and behind the base of the endostyle, a second outgrowth extends ventrally
from a pair of initial evaginations from the floor of the pharynx to form the
epicardium. It later loses its connexion with the pharynx. Anteriorly to the
epicardium and ventrally to the endostyle, but not connected with either,
lies the large pericardium and heart.
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POSTLARV AL DEVELOPMENT

After settling the tail is rapidly absorbed, complete absorption taking not more
than an hour. After about 12 hr. (at 18° C.) the tail consists of a compact,
more or less spherical, mass of cells attached to the posterior end of the trunk;
the adhesive organs no longer are recognizable, and at the anterior region three
large epidermal outgrowths appear (Fig. 3A). The rate of further development
is ~omewhat variable, the permanent organs still being in a non-functioning
state 3 days later, but after 5 days varying from an inactive condition to one in

tc

Fig. 3. Pycnoclavella, metamorphosis and post-larval dev~lopment (at 18° C.). A, 12 hr. after
attachment with tail absorbed and anterior ampullae growing. B, C, 3-5 days later,
showing abdominal extension, further groWth of ampullae, and formation of active gill
slits. D, individual two weeks after attachment with sheet of test substance growing over
substratum. dt, digestive tube; ht, heart; sa, stolonic ampulla; t, test substance; tc, mass
of tail cells.

, which the heart, siphons and gill-slits are all fully functional (Fig. 3B, C). At
this time the thorax has become transparent and virtually colourless, except
for a pair of prominent pigment patches, one on each side of the pharynx in
front of the most anterior row of stigmata. The abdomen is greatly elongated,
and dense with the green cells noted in the tadpole. The heart now lies at the
base of the abdomen. Of the three epidermal outgrowths, one usually con-
tinues to grow and the others shrink. At the end of two weeks (Fig. 3D) little
further change has occurred, at least under laboratory conditions, the only
obvious growth being that of a sheet of tunicin, richly impregnated with small
bJ:Owncells, over the substratum.
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ABSTRACTS OF MEMOIRS

RECORDING WORK DONE A!T THE PLYMOUTH LABORATORY

UNTERSUCHUNGEN UBER DIE EIWEISSVERDAUUNG IN VIVO UND

IN VITRO BEl EINIGEN GASTROPODEN

By Greta Horstadius, geb. Kjellstrom, und Sven Horstadius
Pubb. Staz. Zool. Napoli, Vol. 18, 194°, pp. 151-249

The digestion of proteins was -studied in some marine Gastropoda, and the
results that refer to work performed at The Marine Biological Laboratory,
Plymouth, are as follows:

In Hermaea dendritica phagocytosis was with certainty shown to occur in the
, liver' by feeding the animals with algae containing chloroplasts of different
size CBryopsis and Codium). Iil the ingested chloroplasts the characteristic
starch reaction could be demonstrated.

In Pleurobranchaea meckeli phagocytosis was proved with gold fibrin"as well
as with carmin, in Archidoris britannica with gold fibrin (visible colloidal gold
particles embedded in fibrin).

In the~carnivore Pleurobranchaea meckeli the juice in the crop hydrolyzed
casein at pH 5'5, fibrin at 7, gelatin and pepton-Witte at 7. Glycyl-glycin 'was
not hydrolyzed at pH 7' 5. Extract of the digestive diverticula (liver) hydrolyzes
the same substrates as the juice of the crop, and also glycyl-glycin. The
strength of the enzymes in the crop shows during the first 10 hr. after feeding
a maximum after 3 hr. The dipeptidases do not vary in strength. The juice is
very active on Spritblaufibr~, but the extract is inefficient, although both of
them hydrolyze casein and gelatine equally. S.H.

RESTING AND ACTION POTENTIALS IN SINGLE NERVE FIBRES

.By A. L. Hodgkin and A. F. Huxley
Journ. Physiol., Vol. 104, 1945,pp. 176-95

A technique for introducing micro-electrodes into the interior of a giant axon
from Loligo is described. The axon was stimulated electrically and direct
measurements of the action potential and resting potential were made with an
amplifier and oscillograph. Experiments with external electrodes showed that
the actipn potential was conducted for at least a centimetre beyond the tip of
the micro-electrode and that the introduction of a micro-electrode had no

effect upon the ability of the nerve to conduct impulses. The absolute magni-
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tude of the action potential and resting potential are given as about 9° and
45mV.

Measurements with external electrodes show that the action potentials of
Homarus and Carcinus nerve fibres are also much larger than the resting
potential.

These results have an important bearing on theories of nervous conduction.
They show that classical physiologists were right in thinking that electrical
changes originate at the surface membrane of a nerve fibre, but were wrong in
believing that the action potential arose solely from a break~own of the pre- .
existing resting potential. .

The experiments described in this paper were completed in 1939 but the
outbreak of war delayed publication ofa full account of the results until 1945. -

A.L.H.

THE NEUROLOGICAL BASIS OF THE LOCOMOTORY RHYTHM IN THE

SPINAL DOGFISH (SCYLLIUMCANICULA, ACANTHIAS VULGARIS).
I. REFLEX BEHAVIOUR

By H. W. Lissmann

Journ. Exp. Biol., Vol. 23, 1946, pp. 143-61

The idea that rhythmically co-ordinated movements of animalsare driven and
governed by an automatic mechanism within the central nervous system has
been steadily gaining ground. Previous research on the dogfish led to the
conclusion that the persistent locomotory rhythm, characteristic of spinal
preparations, arises from bursts of motor impulses emanating spontaneously
from the central nervous system, and is not essentiallydependent on afferent
stimulation.

The present investigationof body and finreflexesmakesit difficultto accept
this picture for the following reasons. (i) If swimming is induced in inactive
preparations through a localized eXteroceptivestimulus, the position of the
initial swimmingposttire depends solelyon the site of stimulation. (ii) Diffuse
touch to the ventral surface of a spinal preparation inhibits the swimming
movements. Some dogfish remain immobile after the inhibitory stimulation
has been discontinued, but they resume their persistent swimmingon applica-
tion of a single excitatorystimulus. (iii) Through feebletransitory stimuli any
individual swimming stroke can be retarded, temporarily arrested, reversed,
accelerated and augmented. The reaction depends on the site of stimulation
and on the momentaryphase of the swimmingmovementat which it is applied.
The rhythm emergingafter the applicationof a transitory stimulus is, as a rule,
out of phase with the rhythm as recorded prior to the application of the
stimulus. H.W.L.
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THE NEuROLOGICAL BASIS OF THE LOCOMOTORY RHYTHM IN THE

SPINAL DOGFISH (SCYLLIUM CANICULA, ACANTHIAS VULGARIS).
II. THE EFFECT OF DE-AFFERENTATION

By H. W. Lissmann
Journ.Exp.Biol.,Vol.23, 1946,pp. 162-'76

The persistent swimming rhythm, typical of a spinal dogfish, is completely
abolished as soon as all afferent excitation is cut off by severance of all the
dorsal roots. The rhythm still emerges clearly when about half the number of
the dorsal roots is transected, irrespective whether the anterior or the posterior
half of the animal be de-afferentated, or whether complete unilateral de-
afferentation is performed. Extensively de-afferentated preparations may
exhibit swimming movements only after exteroceptive stimulation or after
electrical stimulation applied directly to the spinal cord; these swimming
movements do not persist. If only a small patch of the body surface remains
sensitive, then, oti stimulation of this region, the preparation exhibits a static
reflex posture.

No evidence has been found to support the view that the locomotory waves
of the spinal dogfish result from a spontaneous and automatic activity in the
central nervous system; the experimental findings suggest that the locomotory
waves can be essentially considered as moving sites of nervous integration, and
that peripheral stimulation plays a fundamental role in this process.

H.W.L.

RELATIVEGROWTH OF THE EUROPEANEDIBLE CRAB, CANCER PAGURUS.
III. GROWTH OF THE STERNUMANDApPENDAGES

By Donald C. G. MacKay
Growth, Vol. 7, 1943, pp. 4°1-12

The results of a study of form changes in the European edible crab, Cancer
pagurus, have been analysed by Huxley's method and have been presented in
three papers of which this is the third and final one. The study was carried out
at the Marine Biological Laboratory at Plymouth during the year 1934-5.

The results of the study indicate that males and females differ only slightly
in the growth of the sternum. In male crabs, both immature and mature,
the appendages studied display positive heterogony. In females the chelae are
positively heterogonic, the walking legs negatively so. The growth coefficient is
higher for the chelae of mature males than for immature ones. Growth changes
are such as to produce larger chelae and longer legs in males than in females of
corresponding carapace length.

Altogether twenty-six body measurements were studied. The highest
growth coefficients in males were found for the chelae of immature crabs (for
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length, k=I'48; for width, k=J'40). For females the highest growth co-
efficient was found for the 4th abdominal segment of adults (k= 1'50).

In general, C. pagurus, like C. magister which had been studied previously,
shows a low degree of heterogony and consequently is able to grow to a con-
siderable size (10-12 lb.) without marked changes in the form of the body.

D.C.G.M.

THE DETERMINATION OF THE DEPTHS AND EXTINCTION COEFFICIENTS OF

SHALLOW WATER BY AIR PHOTOGRAPHY USING COLOUR FILTERS

By J. Grange Moore

Phil. Trans. Roy. Soc. Lond. A, Vol. 24°, pp. 163-217

Submerged beaches viewed vertically from the air vary in apparent brightness
with the depth and effective extinction coefficient of the water. If one be
known, the other may be calculated from sensitometric measurements on
a single air photograph taken through a suitable filter.

If neither be known, a pair of photographs is taken simultaneously through
contrasting filters; in average coastal water and with suitable photographs,
depths exceeding 20 ft. may then be determined with an error of less than
:t 10 %,by making use of a general relationship between extinction coefficients
at any two given wavelengt,hs; from these depths extinction coefficients may
then be calculated. \

The theoreticaland practical details, the limitations and uses of the method,
and the results obtained during a year's work over Cornish and Mediterranean
beaches and elsewhere,are described and illustrated. Records for.interpreta-
tion by oceanographers, marine surveyors and engineers can rapidly be
obtained over large areas of coastline. J,G.M.

~
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LABORATORY REGULATIONS

At a Council Meeting, held on 12 April 1947, the regulations with regard to
the admission of visiting workers to the Plymouth Laboratory were amended
as follows: .. ;

1. Any Governor or Founder of the Association is entitled to occupy
personally a table at the Plymouth Laboratory without payment. A Governor
or Founder shall have the privilege, upon signifying to the Director his
intention to forgo in any year the right of personally occupying a table in the
Laboratory, of nominating an eligible person to make use of a table for one
month in that year free of charge.

2. The charge for a table shall be 5° guineas a year, 5 guineas a month, and
£1. 10S. a week, to be paid in advance.

3. Members of the Association have the first claim to become renters of
tables, and shall have the privilege of occupying a table for one week in each
year free of charge. --

4. The Council of the Association may remit, in whole or in part, the pay-
ment of rent for a table in special cases.

5. Applications from Members and others desiring to occupy tables must be
made in writing to the Director, and a notice of at least seven days will be
expected before any table is ready for use.

6. The Association undertakes, so far as possible, to supply the material
required for any investigation, and such facilities for obtaining and working
with it as may be at the command of the Association. No visiting worker can
be permitted to make biological collections in the Laboratory. The Association
undertakes to supply collections. of marine animals and plants at a fixed price
to those who wish to buy them. This rule must be understood to apply only to
general biological collections. Visiting workers are at liberty to collect and
take away with them any material that is necessary for the prosecution of their
research on payment of the cost of microscope slides, cover-slips, glass tubes,
expensive reagents, bottles and packing cases necessary for its removal.

7. Visiting workers are expected to furnish the Director with a summary
statement of the published results of investigations carried on by them in
a form suitable for publication in the Journal of the Association.

8. Visitors working in the Laboratory will have free access to the tank-room,
but they are not permitted to have access to the interior of the tanks without
the permission of the Director. Facilities for conducting experiments on
a large scale will be granted as far as space permits.

9. The Director has control over the Laboratory, boats, equipment and
apparatus of the Association. Visiting workers are admitted on condition that
they accept this control, and agree to abide by the regulations drawn up by the
Council of the Association.
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MARINE BIOLOGICAL ASSOCIATION OF
THE UNITED KINGDOM

Report of the Council for 1946-47

The Council and Officers

The Council have to report with regret the death of two Vice-Presidents of
the Association during the year:Lord Mildmay of Flete, P.C.,a Vice-President
since 1939, and Sir Joseph Barcroft, F.R.S., who served for many years as
an active member of the Council and was also an Associate Member.

The following changes have been made in the Annual Governors during
the year. Mr P. D. H. Dunn, e.M.G., a.B.E., has been appointed as repre-
sentative of the Ministry of Agriculture and Fisheries on the resignation of
Mr A. T. A. Dobson, e.B., c.v.a., C.B.E. The new Prime Warden of the
Fishmongers' Company is MrBenjamin Travers, A.F.e. Admiral Sir Aubrey
e. H. Smith, K.B.E., e.B., M.V.a., has resigned as an Annual Governor
representing the Fishmongers' Company. The Council wish to record their
appreciation and thanks for the great services rendered to the Association by
Mr A. T. A. Dobson and Admiral Sir Aubrey Smith.

Four ordinary meetings of Council were held during the year, two in the
rooms of the Royal Society, one in the rooms of the Linnean Society and one
at Plymouth. At these the average attendance was 14. The Association is
indebted to the Councils of the Royal Society and the Linnean Society for
the use of their rooms.

The Plymouth Laboratory

During the year all remaining minor repairs necessary to complete the
restoration of the Laboratory have been finished, except in the centre block
of the main building for which certain materials are still awaited. The outside
tank destroyed by the bombing has been rebuilt and a new outside circulation
bench constructed. Much needed painting to the exterior of all buildings
has been done.

A grant has been sanctioned by H.M. Treasury towards the rebuilding of
the Director's House as l:;tboratory accommodation, and the work has now
been started. '

A small building on the pier at Newlyn, in Cornwall, has been rented by
the Association for use as a temporary l~boratory in which samples of fish
or material coll~cted in the research ship while cruising in the vicinity can be
dealt with. It is essential, for instance, that there should be the least possible
delay in certain chemical analyses of water samples after their collection.

JOURN. MAR. BIOL. ASSOC.vol. XXVII, 1947 17
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Aquarium

During the year the repairs to the aquarium were completed and the tank
room was reopened to the public on 5 November 1946, by the Lord Mayor
of Plymouth, the Rt. Hon. Isaac Foot, P.c. The opportunity has been taken
to re.build :the rockwork using local wave-worn boulders from the beach.
The work has been done by laboratory staff under Mr D. P. Wilson's super-
vision. The fuUshed product is generally considered to bea great improyement,
both artistically and as representative of the natural surroundings; this it
owes especially to the skill of Mr F. G. C. Ryder. Screens have also been

. erected to improve the lighting and viewing of the main tanks.
Over 4000 members of the public visited the aquarium during the first

fortnight after it was reopened, and a good attendance is being maintained.
Parties of school-children are again making use of the educational facilities
afforded. '

The Ship and Motor Boat
The 90-ft. motor fishing vessel (M.F.V. 15'64) chartered from the Ad-

miralty, and. now registered as Research Vessel Sabella, was handed over to
the Association on 29 May 1946. The vessel was built by the Wivenhoe
Shipyard Ltd. at Wivenhoe, Essex, and Mr G. A. Steven gave much time and
attention to supervising the alterations necessary to fit her for scientific
research purposes. Mr Steven was present at the trials off Brightlingsea on
28 May, and he accompanied her on the trip to Plymouth where she arrived
on I June. After a spell in harbour necessary for fitting out with research and
fishing equipment she went into service on 13 June. Since then she has been

. in contmuous commission and has proved in most respects highly satisfactory
for the work. Her captain is Skipper W. J. Creese, who before the war was
mate on the Salpa. I '

The motor boat Gammarushas worked throughout the year. In September
1946 she was given a major overhaul by the original builders. The hull and
woodwork are in excellent condition, and the boat should be fit for many
more years'--service. '

The Salpa has not yet been released by the Ministry of Transport, but the
off-survey is in progress.

Government Surplus Equipment . '

Through the help of the Development Commissioners the Associationhas
obtained a 10 h.p. Hillman army utility van. This is proving most serviceable
for carrying mat~rial from the ship and for collectingpurposes.

Full opportunity is being taken of the facilities offered by the Ministry of
Supply and other departments for obtaining equipment and apparatus from,
government surplus disposalstores. Dr W. R. G. Atkins and Mr F. J. Warren

/
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have spent much time on the selection of material and as a result the laboratory
is becoming very well stocked with electrical fittings and other equipment
useful for research purposes. The workshop is also now well equipped with
machine and other tools.

The Staff

Mr P. G. Corbin was appointed to the staff of the Plymouth laboratory as
Scientific Officer as from I January 1947. Prior to that date he had been
working at Plymouth since 7 May 1946, with a grant from the Ministry of
Agriculture and Fisheries for the completion of the mackerel 'investigations
made before the war. "

Mr H. G. Vevers, M.B.E., has been appointed Administrative Bursar on
the scientific staff of the Plymouth laboratory. He joined the staff on I June
1946, and has given very great assistance in the administrative work necessary
to put the laboratory on a peace-time footing.

Dr J. F. Danielli resigned from the post of Physiologist in the autumn of
1946 on his appointment to a Readership in Cell Physiology in the University
of London tenable at the Royal Cancer Hospital.

Mr G. A. Steven was promoted to Principal Scientific Officer as from
I October 1945; and Dr L. H. N. Cooper and Mr G. M. Spooner were
promoted to Senior ScientjjJc Officers as from I October 1945, and I April
1946, respectively. .,'

Mr A. D. Mattacola resumed his duties on the technical staff on 27 May
1946, after war service with the Royal Tank Corps.

Mr A. G. Butler, the Assistant Caretaker, retired in October 1946, after
nearly 27 years of faithful service to the Association.

Mr F. S. Russell and Dr H. W. Harvey attended the thirty-fourth meeting
of the International Council for the Exploration of the Sea at Sto,ckholmin
August 1946. . .

Members of the staff have attended a number of meetings of scientific
societies during the year, including the Joint Meetings of the Challenger
Society and Representatives of Marine Laboratories which have now been

. resumed.
Dr W. R. G. Atkins and Dr H. W. Harvey have continued their work on

'the Marine Corrosion Committee of the Iron and Steel Institute.
On 6 March 1947Mr F. S. Russell delivereda lecture to the Royal Society

on the Plymouth Laboratory; this was the first of a series of lectures to be
given at the Royal Society on British laboratories. .

During the Michaelmas term 1946, Mr. T. R. Tozer of the technical staff
spent sixweeksin the ZoologicalDepartnient at Cambridgegainingexperience
in laboratory technique.

17-2
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Occupation of Tables

The following seventy-two workers have occupied tables at the Plymouth
Laboratory during the year:

B. C. ABBOTT,London (General biology and histochemistry).
C. W. M. ADAMS,London (Study of Ascidians and Tunicates).
Dr C. AMmTHALINGAM,Ceylon (Library).
Miss E. BATHAM,Cambridge (Nerve-net of Actinozoa).
Dr ANNABIDDER,Cambridge (Digestive mechanism of Loligo).
Miss C. H. BROWN,Cambridge (Skeletal proteins of Invertebrates).
D. A. BROWN,New Zealand (Polyzoans).
Miss E. M. BROWN,London (Parasitic dinoflagellates in plankton).
Dr H. H. BROWN,Colonial Fisheries (Library).
A. BULLIARD,Paris (General zoology).
Dr M. BURTON,British Museum (Sponges).
A. T. CAMPBELL,Penzance (General zoology).
W. T. CATTON,Sheffield (Fish-blood development).
P. G. CORBIN(Mackerel investigations).
E. J. DENTON,London (General biology and histochemistry).
P. S. B. DIGBY(Planktonic Copepods).
Miss N. DUNCAN,Leicester (General zoology).
R. G. EVANS,Aberystwyth (Intertidal ecology).
J. E. FORREST,London (Nudibranch Molluscs).
Dr V. FRETTER,London (Rissoa). .

Dr A. GRAHAM,London (Prosobranchs).
Miss U. M. GRIGG,Cambridge (Molluscs).
N. Guppy, London (Library).
R. HAMOND(General zoology).
Dr J. D. F. HARDENBERG,Batavia (Library).
Dr R. HARKNESS(Measurement of hydrogen-ion concentration).
Dr T. J. HART,Discovery Committee (Falkland Islands' fisheries and ice diatoms).
P. H. T. HARTLEY,Wray Castle (Blennies).
Dr R. S. HAWES,Exeter (Gregarines of Polychaetes).
M. R. HAYWOOD,Leicester (Mechanics of the blood vascular system in Ascidiella).
M. N. HILL, Cambridge (Seismic prospecting of sea-bed).
E. HOLLOWDAY(Rotifers).
N. A. HOLME,Cambridge (Reproduction in Annelids and Molluscs).
G. M. HUGHES,Cambridge (Neuromuscular movements in Carcinus).
A. IBBOTSON(Library).
Dr M. W. JEPPS,Glasgow (Structure of sponges).
F. G. W. KNOWLES,Marlborough (Colour changes in Crustaceans).

. Fl.-Lieut. F. L. LiTCHFIELD(General zoology).
Miss J. LORCH,London (Bone formation in larval fish).
Dr A. G. LOWNDES(Density of aquatic organisms).
Dr C. E. LUCAS,Hull (Oceanography).
Miss J. MARCHANT,Birmingham (General zoology).
H. P. MOON,Leicester (Mechanics of the blood vascular system in Ascidiella).
Miss V. MOYLE,Cambridge (Excretion in Amphipods).
J. A. C. NICOL, Oxford (Nervous system of Polychaetes).
Dr A. P. ORR, Millport (General).
Dr C. F. A. PANTIN,Cambridge (Nerve physiology of Actinozoa).
Dr M. W. PARKE(Algae).

..
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A. RIFAAT,Fouad I University, Cairo (Plankton).
J. RILEY,London (Seashore Diptera).
M. f. RITCHIE,London (General biology).
Dr D. M. Ross, London (General zoology).
Miss H. G. Q. ROWETT,Plymouth (Library).
A. A. E. SAGAY,Exeter (General zoology).
Dr P. N. SARANGDHAR,Department of Fisheries, Bombay (Elasmobranchsand aqua-

rium management).
Miss M. SHARMAN,Birmingham (Systematicsof Lamellibranchs).
Dr J. E. SMITH,Cambridge (Staining of nervous,tissue of Echinoderms).
B. SPARROW(Diatoms).
Miss N. G. SPROSTON(Parasitesof marine animals). .
Miss F. A. STANBURY,Plymouth (Antifoulingresearch).
Miss M. SUTTON,London (General biology).
F. J. TAYLOR,Leicester (Phytoplankton and Algae).
Miss M. TAYLOR,Exeter (Parasites of Phascolosoma).
J. THEODORIDES,Paris (Shore entomology).
G. THOMAS,Birmingham (General zoology).
A. K. TOTTON,British Museum (Siphonophores).
Y. R. TRIPATHI,Allahabad University (Parasites of fishes).
D. W. TUCKER,Exeter (General zoology).
Miss VIDYAVATI,Lucknow University (Fish embryology).
D. R. WILKIE,London (Measurements of hydrogen-ion concentrations).
P. T. WILLMORE,Cambridge (Seismicprospecting of sea-bed).
R. L. WOOLLEY,St Andrews (Study of Sepia ,Spermatophoreby X-ray).

During this year of reconstruction a vety large number of visitors have
taken the opportunity of spending a day or two in Plymouth to see the work
of the laboratory. Among these, the following have come from overseas:

Dr. G. P. Baerends, Holland; Prof. K. N. Bahl, Lucknow University;
Dr R. Dohm, Naples; Dr Hermann' Einarsson, Iceland; Prof. E. Faure
Fremiet, Paris; Prof. Z. Grodzinski, Cracow; Dr S. L. Hora, Bengal; Prof.
J. J. Izquierdo, Mexico; Dr L. Linderstrom-Lang and Dr H. Holter, Carls-
berg Laboratory, Copenhagen; Dr A. W. H. Needler, Canada; Dr M. H.
van Raalte, Leiden; Prof. S. Skowron, Cracow; Prof. R. Sparck, Copenhagen
and Prof. H. C. Trumble, Australia.

Many workers from the Admiralty and other departments have also come
specially for discussions with members of the Laboratory staff.

The usual Easter Vacation Courses in Marine Zoology were conducted by
Mr D. P. Wilsqn and Mr G. A. Steven, and were attended by forty.,one
students from the following Universities, University Colleges and other
institutions: Oxford, Cambridge, London, Aberdeen, Bristol, Leeds, Reading,
Sheffield, South~mpton, Cardiff, Exeter, Hull, Newcastle, Nottingham, Wray
Castle and Plymouth Technical College.

Also during the Easter: vacation Mr A. H. Lewis brought eight boys from
Wellington Coll~ge.

On 29 May 1946, the Danish research vessel At/antide paid a second visit
to Plymouth on her retum voyage from the West African coast.
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Scientific Work of the Plymouth Laboratory Staff

Physics and Chemistry of Sea-water

Dr W. R. G. Atkins, in collaboration with Dr H. H. Poole, is continuing
the work with cube and other photometers, for the measurement of sub-
marine illumination and Dr Cooper has made further determinations of the
extinction coefficientusing the Pulfrich photometer. .

With the assistance of Dr M. A. Ellison, Dr Atkins has completed a survey
of the records obtained by the photo-electric daylight recorded from 1930 to
March 1941, when they ceased on account of war damage. The recorder,
which was in use in the Meteorological Section of a large R.A.F. Station from
1943 to 1945, is once more installed and working at Plymouth.

The resumption of photo-electric work necessitated the restandardization
of the cells and the examination of newer types as to their general suitability.
With the assistance of Mr F. J. Warren a counter was incorporated in the
J. H. J. Poole neon tube photometer, but its use at sea has so far been limited
on account of electrical leaks. Photo-electric apparatus required for a visitor's
researches upon the physiological effects of light was also provided.

During the war Dr Atkins served on the Sandbag Committee of the
Ministry of Home Security. It is interesting now to record that the Danish
copper naphthenate preservative, introduced to England (and subsequently
manufactured here) by net-tests at Plymouth, was used on at least 22 million
sandbags, and that the Olie ammoniacal copper sulphate method, also intro-
duced by the Plymouth net-tests, was used on over 187 million bags. The bags
thus treated had an average life of 2 years, at a cost for treatment of one
farthing each. The grease compounded by Dr AtkiD.sfor the Admiralty before
the war was adopted as the standard supply for certain largely used weapons
of under-water warfare. .

Investigations are much needed on the distribution of total dissolved
phosphorus in the sea, because the phosphate present in the water at the
beginning of each year has shown a close relation to the number of young fish
caught and the general level of plankton population during the ensuing
summer, throughout a period embracing 16 years' observations. .With this aim
Dr H. W. Harvey has been seeking a simple technique for measuring the total
phosphorus present as phosphate, as dissolved organic compounds in solution,
and in the microplankton, in samples of water. Hydrolysis at 140° C. has
proved effective in setting free phosphate from organic compounds. Its
subsequent estimation has necessitated research on the formation of molyb-
denum blue in order to attain sufficient precision to track down possible
sources of error. This in turn has necessitated the development of a photo-
electric absorption-meter. A suitable method of storing samples of sea-water
for subsequent analysis has also needed investigation, in order to overcome
the rapid growth of bacteria attached to, and the physical adsorption of



REPORT OF THE COUNCIL 263

organic phosphorus compounds on the wallsof the storagevessel. Satisfactory
results were obtained by 'baiting' the storage bottles with freshly pre-
cipitated aluminium hydroxide which was dissolved with acid .immediately
before transferring the waters to the reaction vessels.

During the early part of the year Dr Harvey completed a research on
requirements for growth by speciesof flagellatesand a Chlorella.At that time
the inshore waters lacked sufficientmanganesein solution for their continued

.growth. For vigorous growth the addition of about I mg. of this element to
a ton of sea-water wasnecessary.The results are being published in Vol. XXVI,
No. 4, of the Journal.

It has not been possible, owing to the lack of a research vessel during the
spring, to continue the regular observations on phosphate, but Dr L. H. N.
Cooper is restarting this work.

In marked contrast to the correlation between the distribution of young
fish off Plymouth and the winter maximum of phosphate it has never proved
possible to find any rel~tion whatever between biological events and the
hydrological environment as measured by salinity. This negative result has
become so definite that it can have only one meaning-the presence of waters
of similar salinity but very different hydrological and biological histories.
With these two facts in mind Dr Cooper has been surveyingall the physical
and chemical data available in the area and trying to relate them to quanti-
tative biological records. Correlations of inorganic phosphates have been
found with the landings of herrings, spurdogs and rays and skates.

For an understanding of the distribution of salinity on the continental
shelf it is essential to study the ocean waters to the west and south-west. It
would appear that there are three types of high salinity water: (a) North .

Atlantic central water, with a well-defined temperature-salinity diagram,
occupying the upper 600 m. well to the west and south-west, (b) the Mediter-
ranean Tongue between 800 and 1200 m. with a salinity in excess of 35'5 %0
and 67-70 % saturated with oxygen which may possibly under certain con-
ditions be projected on to the continental shelf, and (c) the 'shelf blanket'
formed by winter cooling of high salinity waters on the banks to the west and
south-west of Ireland with a salinity usually over 35'5 %0 and an oxygen-
content over 90 % saturated. The problems are complex, so that a number
of distinct but interlocking investigations have proved necessary, each of
which ought to be completed before a coherent account can be published.
Dr Cooper hopes to publish the results separately.under the following headings:

I. The kinetic energy of the tides of the English Channel and Celtic Sea
and its effect on turbulence, vertical mixing and stability of thermoclines.

2. A review of earlier work on the adjacent waters of the eastern North
Atlantic.

3. A review of the hydrology of the Celtic Sea including the data collected
by the mackerel investigations in 1937-39.
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4. An analytic study of the dependence of watermovementsin the area
on wind, density differences, tides and .bottom configuration.

5. The contrasted hydrological distribution in the seas of the siphono-
phores Muggiaea atlantica and M. kochi which show much promise as bio-
logicalindicators. .

6. The correlationof the seasonal,annual and geographicaldistribution of
nutrient salts with biological events, such as landings of marketable fish
and distribution of plankton and bottom-dwelling invertebrates, incorpora-
ting the results of the above five papers.

Plankton

Mr F. S. Russell has resumed the observations on the abundance of young
fish in relation to other plankton animals which had been made for many
years before the war. Collections started. in June when the research ship
became availableand they show that during summer, autumn and winter the
,conditionswere very similar to those existing immediately before the war.
Sagitta setosa was still dominant though present only in small numbers.
Muggiaea atlantica also still predominates although for the first time a few
specimensof M. kochihave occurred with it. Taking all things into considera-
tion it appears fairly certain that there has been no marked recurrence of the
rich Sagitta eleganswater off Plymouth during the war.

In connexionwith the researcheson the biologyof the mackerel population
off the western entrance to the English Channel, Mr P. G. Corbin.has now.
completed a report on the spawning of the mackerel and the distribution of
the pelagic young stages. As indicated in previous reports of the Council
(1938 and 1939-40), mackerel-spawning was observed in 1937-39 in the
continental-shelf area from mid-March until the end of July. It starts in the
west and south-west over the edge of the continental shelf, and as the season
advancesit shiftseastwardsand slightlynorthwards acrossthe area. Maximum
spawning intensity occurs from mid-April until mid-May and by the end of
July there is scarcely any spawning in the area, although it still continues
inside the mouth of the English Channel eastwardsof the line Land's End-
Ushant, and also in the Irish Sea.

The 1937-39cruises provided material for a study of the spawning of the
pilchard and the distributions of the two Sagitta species which occur at
Plymouth-So elegansand S. setosa,and of the more oceanic S. serratodentata
and S. lyra, and also of the siphonophore Muggiaeaatlantica.

Large catchesof pilchard eggs were taken from April to July at the western
end of the Channel, in'the area Land's End-Start Point-Cap de la Hague-
Ushant. This region appeared to be the main spawning'centre of the species
although eggs were found well to the westward of the Scillies.

From the above remarks, it is clear that in April the spawning areas of the
Il}ackereland pilchard are separate. By July, however, there is almost com-
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plete overlapping, b~ought about by the ~astward shift of the mackerel-,
spawmng area.

In the continental-shelf area, Sagitta elegans appeared to be the dominant
Sagitta species, while S. setosa dominated the restricted regions of the Bristol
Channel mouth and the English Channel mouth. S. serratodentata, although
occurring within the continental-shelf area, was dominant only along the
edge, above the 100 fathom line. S. lyra was entirely restricted to the edge
of the continental shelf and was never dominant.

Muggiaea atlantica occurred mainly in the mouth of the English Channel
and was seldom taken far to the west of the Scillies except in June 1939. Its
distribution in April 1937 and 1939 appeared to show a 'correlation both in
extent and numbers with an inflow into the Channel mouth of low salinity
water ( < 35'100/00) from the Ushant area. In April 1938 when there was
scarcely any inflow of fresh water into the southern half of the Channel mouth,
it was entirely absent from this region:

A paper on the distribution of the pelagic young stages of teleosteans other
than the mackerel is in course of preparation, and it is hoped that the plankton
collections will yield sufficient' material to enable the life-cycle of Sagitta
serratodentata to be worked out.

, I

Fauna of the Sea-floor

Mr D. P. Wilson has made further observations on polychaetes and has
been successful in rearing for the first time a member of the family Opheliidae,
Ophelia bicornis Sav.,which has a nelagic development lasting normally about
two weeks. The early larva is a small trochosphere with a large apical tuft, a
broad prototroch and a small telotroch. At metamorphosis it has three bristle
segments and is provided with a number of papillae which enable it to cling
firmly to solid objects such as sand grains. This seems to be an adaptation to
settlement on sand banks swept by swift tidal currents, as are those of Ex-
mouth where the species is plentiful. The adult lives in very clean moderately
coarse sand and striking results were obtained when larvae ready to meta-
morph,ose were tested with a variety of bottom deposits, natural and artificial.
Briefly it can be stated that when given sand from the normal adult habitat
larvae metamorphose readily, but much less readily, or not at all, when kept
in vessels containing deposits of a different character. They retain the ability
to metamorphose for several weeks. Further experiments to determine as
far as possible the natUre of the stimulus initiating metamorphosis will be
undertaken during the next breeding season.

Mr Wilson published, in the Journal, Vol. xXVI,NO.3, an account of the
capture of prey by Sepia officinalis L. This was illustrated by photographs
revealing a number of points not previously recorded. The paper gives a fuller
account of the hunting methods of this cuttlefish than has previously been
available in the literature. Mr Wilson's observations on the triradiate and other
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JormsofNitzschiaclosterium(Ehr.)W.Sm.formaminutissimaAllen and Nelson
also appeared in the same number of the Journal.

During the year the National Oil RefineriesLtd., Neath, asked the Associa-
tion for advice on methods of combating the ravages of Teredo,which had
appeared in abundance towards the end of the war in the piles of the jetties
and breasting blocks in their Queen's Dock at Swansea. Mr Wilson and
Mr Steven, in January 1946,went to Neath to make an inspection on the spot.

. A full report was made to the Company who were advised to try the effect of
detonating small explosive charges under water close to the piles. This was
done and samples of blasted and unblasted timber 'sent to I?lymouthshowed
clearly a very high death-rate among Teredo near the explosions, with no
damage to the wood. Blasting was, therefore, carried out on an extensive
scaleand further sampleshave shownthat the majority of the Teredohavebeen
killed throughout the dock. It is evident, however, from examinationof test-
blocksthat a source of infe.ctionstill existsand further blasting to killthe young
Teredo has been advised. Results obtained give reason to hope that Teredo
attack can be kept at negligible intensity by regular and adequate blasting.

Mr G. M. Spooner'has written up part of his studies on the distribution of
Gammarusspeciesin British estuaries, which will appear in Vol. XXVII,No. I,
of the Journal. This contribution deals mainly with the taxonomy of the
species. Apart from attempting to fill existing gaps in detailed description of
adult males, it was necessary to establish reliable means of identifying the
femalesand immatures from mixedsamples.This has been successfullyaccom-
plished. The useful, and unexpected, discovery (reported before the war)
that the variable G. zaddachi can be separated into two distinct morpho-
logical forms, with different salinity optima, has necessitated some detailed
additions to existingdescriptionsof this species.The twoformsareseparatedas
subspecies: G. z. zaddachi the more hairy form (embracing the 'freshwater'
and 'intermediate' forms of Sexton) is retained as the typical subspecies,
from which G. z. salinus ('brackish water' form of Sexton) is separated.
The variation due to environmental influences must at least be more
limited .than has preyiously been supposed. However, within G. z. zaddachi
itself there is appreciable variation in the density and length of hairs, and it is .
still possible that populations breeding in pure fresh water (e.g. River Elbe
and North Ireland) may prove to belong to a distinct race: though they cannot
be absolutely separated from the hairiest of animals living at the heads of
estuaries.

The next contribution will deal with the population samplesfrom different
estuaries. The changesin the Gammaruspopulation followcloselythe salinity
gradient, oscillating with it. between winter and summer conditions, and

, (where the tidal zone is broad) showi:i::l.gcomparable differences between the
upper part of the tidal zone and low water. The Gammaruspopulation can
therefore serve as a 'biological indicator' for salinity conditions. .
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Another aspect of the work involves experimental observations on livirig
Gammarus zaddachi in the laboratory. As reported before the war, preliminary
observations had indicated that the' brackish water form' of G. zaddachi, now
named subspecies salinus, was incapable of breeding with the typical' hairy'

~ 'form of the species.A detailed experiment to verify this'important conclusion
was carried out this year, and the summer months were devoted to this
experiment almost exclusively. The results confirm completely that the two
forms are sterile to one another, whichever way the cross is made. The eggs
may pass through the early stages of segmentation, but they never produce
embryos. An equal number of control matings were made concurrently, and
the animals were givei:1lturnsin crosses and controls. At the same time further
evidence has been obtained that the similar forms from different estuaries
are normally fertile with one another.

Further experiments in h.and are designated to test other preliminary
observations which have shown that the two subspecies retain their diagnostic
characters whatever the salinity of the water in which they are reared. "

To supplement the morphological work on British species, a useful collec-
tion of samples from northern Europe, kindly lent by the late Dr K. Stephensen
of Copenhagen, has been examined.

Mrs E. W. Sexton has continued her work on the Amphipod species Jassa
falcata (Mont.). She has traced its history from its establishment in r808,
through its many changes of name, generic as well as specific, which have
caused so much confusion. The diverse developmental forms, described by
different observers as new species, have been shown to be only the growth
stages of the one species. It is a littoral or sub-littoral species, with a wider
distribution than any other amphipod yet known to science. Its records,
ranging from the coasts of Norway to the Antarctic, havebee~ investigated,
and are given with the names of the authors responsible for them.

Mr H. G. Vevers"has started investigations on some aspects of the breeding
.biology of the Plymouth echinoderms. It is already well known that after
the breeding season echinoderm gonads in general undergo a marked atrophy
accompanied by phagocytosis, and a detailed study is now being made of the
histological changes occurring in the gonads of a number of echinoderms at
different times of the year. The present investigation and later experiments
are designed to throw some light on the factors controlling the various phases
of the breeding cycle in this group. The relationship between temperature
and the breeding cycle is still by no means clear. More attention should be
paid to other factors, e.g. chemical or nutritional, which may enter into the
problem. Concurrently with this work data are also being collected on the
sex ratio of populations of echinoderms, and here again the observations

.collected at different times of the year are being recorded separately, as
there is evidence from the work of a French author that, in at least one species
(an Echinoid), the sex ratio varies according to season.
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A review is being prepared of existing knowledge on sexual dimorphism in
echinoderms (apart from that associated with brood protection), and observa-
tions are being made on a number of species to determine whether sexually
dimorphic characters exist. Such characters are already known and easily
demonstrable in Psammechinus miliaris and Echinocyamus pusillus, and in
view of the many uses to which the genital products of echinoderms are put
in experimental work it is desirable that satisfactory methods should be found
of sexing the individuals of as many echinoderm species as possible, without
killing the animals. A fairly satisfactory method has already been found of
sexing ripe Ophiothrix fragilis without permanent injury to the animals
themselves. I .

Preliminary work is also being done on a method of administering natural
and synthetic sex hormones to Crustaceans, with a view to tracing the effect
of these substances on the morphogenesis of sexually dimorphic characters
in this group. .

Physiology of Marine Animals

Dr J. F. Danielli, who left the staff in October 1946,has been developing
new methods for cytochemistry, particularly for the cytological localization
of tryptophane, phenols, histidine and nucleic acid. These methods have been
used in the study of chromosome structure. They show that the greater part
of the nucleic acid, histidine, tryptophane and tyrosine of chromosomes is
concentrated in the chromomeres. Under his direction Miss J. Lorch has
been studying mechanisms of bone formation in fishes.

Fishes 'and Fisheries

Supplementary to his work on vertebral variation in teleostean fishes,
Mr E. Ford has been studying the variation in the form of the neurocranium
in gadoid species. The gadoid fisheswere chosen because a good representa-
tive collectionof skulls, prepared before the war, had escaped damage when
the laboratory was wrecked by bombing. Mere cursory comparison between
the skulls of the different species showed that they had much in common,
and it was thought that it would be instructive to determine whether, by
following the method of transformations suggested by D'Arcy Thompson in
Growth and Form, one could arrive at some one basic gadoid form of neuro-
cranium. There arose, however, the practical difficulty of finding a method
of orientating in space such a complex figure as the outline of a fish's skull.
The one eventually adopted was to mark dots in indian ink at what appeared
to be the natural centres of symmetry for each of the individual bones of the
neurocranium, as indicated by the radial striations and concentric growth
rings. Having done so, the dots were seen to be disposed in an orderly,
geometric network. Investigation of the geometry of this network in the cod
most strongly indicated that it conformed very well to an hexagonal system of
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symmetry. This indication has been followed up, with interesting results, on
the hypothesis that the skulls of other gadoid species conform to the same
system of symmetry as seen in the cod.

Mr G. A. Steven has been writing up the results of Mackerel Researches
carried out from this laboratory before the outbreak of the w~r. Extremely

. interesting and important information on the migrations of this fish are
emerging from the work. It has been found that mackerel of the English
Channel, Irish Sea and Celtic Sea areas have only one main spawning ground
in the open sea about 100 miles west of the Scilly Islands. After spawning
they disperse all along the shores until late autumn when they concentrate in
restricted and localized positions on the sea-floor. These concentrations take
place in the close vicinity of well-defined irregularities in the level of the sea-
bottom-e.g. acclivities caused by raised banks such as the Yergoyer at the
entrance to the Dover Straits, and declivities provided by sharp depressions
such as the Hurd Deep, in the English Channel-and are independent of
depth. Some fish therefore remam at suitable places in the English Channel,
others near the Smalls and Saltees on either side of St George's Channel.
Still more seek bottom around the many banks and deeps in th~ Celtic Sea,
and many-perhaps the great majority-concentrate along the edge of the
continental slope itself. In spring they all rise and become pelagic again and
migrate to the spawning ground. Thus fish converge on this ground from all
directions in the spring; and there is not a simple anadromous migration from
deep to shallow water to spawn as has previously been thought.

Data on age, growth-rate, and spawning habits are also being worked up.
In the course of the year two Reports, originally submitted to the Sierra

Leone Government during the war, have been partly rewritten for publication
by the Crown agents for the Colonies.

Research on Parasites

During the year Miss N. G. Sproston has continued her researches on.
marine parasites. Ichthyosporidium hoferi, the fungoid organism causing
disease in mackerel and pilchard, has received further study regarding its
effects on the fish. A decline in the mackerel fishery has restricted samples
from all sources this year; but some mackerel have been obtained from time
to time from the Torry Research Station, Aberdeen, .and a visit was made to
Newlyn where a large sample of fresh pilchard was examined. The results
from the Scottish mackerel agreed with those from locally caught fish in
showing a remission in both the intensity and the incidence of this pathogenic
infection as the season advanced; this is the first time a sustained and general-
ized remission in the endemic has been found since the disease was first noted

in mackerel at Plymouth in 1940. The similar disease in pilchard showed a
comparable remission, though the percentage of infection was not reduced
so markedly as in the mackerel.



27° REPORT OF THE COUNCIL

During the examination of these fishes the usual metrical data have been
collected, partly for analysis of the factors correlated with the disease, and
partly for the use of Mr G. A. Steven in his long-term investigations on the
mackerel stock. The data thus accumulated since 1940 have been treated
statistically by Mr G. M. Spooner who has confirmed the results of the
preliminary graphical analyses, that there is no significant change in the
condition factor of the mackerel associated with the severity of the disease:
a fact difficult to explain in view of the extensive necrosis of the vital organs
whenthe infectionisactive. In addition, there have emergedfromMr Spooner's
statistical analysiscertain other factsassociatedwith the conditionfactor of this
fish, which it is thought will have significancein the study of other species.

Investigations on the parasitic fauna of fishes have been continued, and
include the examinationof some rare visitors to these coasts. Some sea-birds
have also been examined, with a view to tracing the adults of larval parasites
occurring in fishes. During the year some sixty species of Helminth and
Crustacean parasiteshave been found which require reinvestigation,and some
of these willundoubtedly prove to be newto science.A study isnow in progress
on the phyllobothriid cestodesof selachians-up till now rather poorly repre-
sented in our fauna, but recent dissectionshave provided a wealth of material.

The long work on the monogenetic trematodes has.now been published in
the Transactions of the Zoological Society of London.

Miss Sproston left Plymouth at the beginning of March 1947, to take up
an appointment as Research Fellow in the Academia Sinici, Shanghai.

Research on Algae

Although the mass of data collected by Dr M. W. Parke has not yet been
fully worked up, many interesting facts have already emerged. The study of
Laminariasaccharinahas been completed. This is the shortest lived of peren-
nial British Laminariaceae,reaching its peakof growth during the second year
and not surviving much beyond three years.

There is evidencethat the gametophytegeneration canbe fertile throughout
the year and may itself under certain conditionsbe perennial. The sporophyte
generations can be initiated at any time of year, but under certain circum-
stances-e.g. in the exposed littoral zone-they may not persist to maturity,
nor do winter-developed sporophytes occur in the sublittoral zone. The bulk
of the population found on the shore at any time of year con~istsof spring-
developed plants.

Although the sporophyte showscontinuous growth throughout life there are
alternating periods of rapid and slow growth. Growth is most rapid from
January to July gradually increasing until March, remaining at a maximum
until Mayor June and gradually slowing down to a minimum during the
period September to December. -Rate of growth also shows variations
according to age and habitat.
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These changesin rate of growth are shown as light and dark rings in sections
of the perennial stipe and holdfast, the darker rings representihg the slow
growth. These rings form a valuable index of the age and growth of a plant.

The development of the new series of haptera in the holdfasts takes place
during the period of rapid growth, although the beginning of new meri-
stematic tissue above the old haptera can sometimes be detected as early as
November. The detachment of plants during their third year is probably
because new haptera are rarely formed in that year of growth.

The fruiting of the sporophyte appears to depend on the age of the tissue
surviving on the distal part of the frond, which must be at least 6 months old.
The age of the dist~l frond tissue appears to be controlled by the time of
initiation of the plant and the nature of its habitat.

In British waters L. saccharinaplants can become mature when eight to
nine months old, and fruiting plants can be found at all times of year with
a maximum from October to February.

The Library
The thanks of the Associationare again due to numerous foreign Govern-

ment Departments, 'and to Universities and other"Institutions at home and
abroad for copies of books and current numbers of periodicals presented to
the Library, or received in exchange for the Journal. Thanks are also due to
those who have sent books or reprints of their papers, which are much
appreciated.

'Published Memoirs

Vol. XXVI,NO.3, of the Journal of the Association' was published in July
1946, and Vol. XXVI,NO.4, is nearing completion.

The following papers, the outcome of work done at the laboratory, have
been published elsewhere than in the Journal of the Association:

ATKINS, W. R. G., 1945. Daylight and its' penetration into the sea. Trans.
Illuminating Eng. Soc. (London), Vol. x, NO.7, pp. 1-12.

Fox, D. L. & PANTIN,c. F. A., 1941. The colours of the plumose anemone Metri-
dium senile (L.). Phil. Trans. Roy. Soc. Ser. B, Vol. ccxxx, pp. 415-50.

Fox, D. L. & PANTIN, C. F. A., 1944. Pigments in the Coelenterata. Biol. Rev.
Vol. XIX,pp. 121-34. .

FRETTER,VERA,1946. The pedal sucker and anal gland of some British Stenoglossa.
Proc. Malacol. Soc., Vol. XXVII,pp. 126-30.

HALL, D. M. & PANTIN,C. F. A., 1937. The nerve-net in the Acfinozoa. V. Tem-
perature and facilitation in Metridium senile. Journ. Exp. Biol., Vol. XIV,pp. 71-8.

HARVEY,H. W., 1946. Fertility of the Ocean. Discussion on Oceanography, Linnean
Society of London, 1946, pp. 5-8.

HODGKIN,A. L. & HUXLEY,A. F., 1946. Potassium leakage from an active nerve-
fibre. Nature, Vol. CLVIII,pp. 376-7.

LEBOUR,M. V., 1946. The Oyster, I. School Science Review, Vol. XXVIII,pp. 81-6.
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LISSMANN,H. W., 1946. The neurological basis of the locomotory rhythm in the
spinal dogfish (Scyllium canicula, Acanthias vulgaris). 1. Reflex behaviour.
Journ. Exp. Biol., Vol. XXIII,pp. 143-61.

LISSMANN,H. W., 1946. The neurological basis of the locomotory 'rhythm in the
spinal dogfish (Scyllium canicula, Acanthias vulgaris). II. The effect of de-
afferentation. Journ. Exp. Biol., Vol. XXIII,pp. 162-76.

LOWNDES,A. G., 1947. Recent work on flagellar movement. Science Progress,
Vol. xxxv, pp. 62-8. .

MOORE, J. GRANGE,1947. The determination of the depths and extinction coefficients
of shallow water by air photography using colour filters. Phil. Trans. Roy. Soc.,
Ser. A, Vol. CCXL,pp. 163-217.

Ross, D. M. & PANTIN,C. F. A., 194°. Factors influencing facilitation in Actinozoa.
The action of certain ions. Journ. Exp. Biol., Vol. XVII,pp. 61-73.

RUSSELL,F. S., 1946. What is Biology? School Science Review, Vol. XXVIII,pp. 69-79.
RUSSELL,F. S., 1946. Marine Zoology. Discussion on Oceanography, Linnean Society

of London, 1946, pp. 8-10.
SANDERS,F. K. & YOUNG,J. Z., 194°. Learning and other functions of the higher

. nervous centres of Sepia. Journ. Neurophys., Vol. III, pp. 501-26.
SMITH,J. E., 1946. The mechanics and innervation of the starfish tube foot-ampulla

system. Phil. Trans. Roy. Soc., Ser. B, Vol. CCXXXII,pp. 279-310.
SPROSTON,NORA G., 1946. A synopsis of the monogenetic Trematodes. Trans.

Zool. Soc., London, Vol. XXV,pp. 185-600.
THOMAS,H. J., 1944. Tegumental glands in the Cirripedia Thoracica. Quart. Journ.

Micro. Sci., Vol. LXXXIV,pp. 257-82.
WILSON,D. P., 1946. The seashore life of the British Isles. Geographical Magazine,

Vol. XIX,pp. 264-71. .
Membership of the Association

The total number of annual members on 31 March 1947 was 351, being
27 more than on 31 March 1946. The number of life members was 61. The
number of associate members is now four, Sir Joseph Barcroft, F.R.S.,

- having died during the year.

Finance

GeneralFund. The thanks of the Council are again due to the Development
Commissioners for their continued support of the general work of the
laboratory.

Private Income. The Councilgratefully acknowledgethe followinggenerous
grants and donations for the year: .

From the Fishmongers' Company (£500), the Royal Society (£50), British
Association (£50), Physiological Society (£30), Magdalen College, Oxford
(£25), and the Cornwall Sea Fisheries Committee (£10). The following sums
have also been receivedas rentals of tables in the laboratory: the Universities
of Cambridge (£105), London (£105), Oxford (£52. 10S.), Bristol (£25),
Birmingham (£15. 15s.), Manchester (£10. 10S.),Leeds (£20), Nottingham
(£10. 10S.),Leicester (£10. 10S.),Exeter (£10. 10S.),Sheffield (£5), the Ray
LankesterFund (£20) and the Imperial College of Science and Technology
(£10).
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President, Vice-Presidents, Officers and Council

The following is the list of those proposed by the Council for election for
the year 1947-48:

President

Prof. JAMESGRAY,C.B.E., M.C., Se.D., LL.D., F.R.S.

Vice-Presidents

The Earl of STRADBROKE,KC.M.G.,
C.B., C.V.O.

The Earl of IVEAGH,C.B., C.M.G.
Viscount AsTOR -
Sir NICHOLAS WATERHOUSE,K.B.E.
Sir SIDNEY HARMER, KB.E., Se.D.,

F.R.S.

To retire in 1948
Prof. C. M. YONGE,D.Se., 'F.R.S.
Admiral Sir JOHN EDGELL, KB.E.,

C.B., F.R.S.
Prof. J. H. ORTON,D.Se.
E. BALDWIN,Ph.D.
G. P. WELLS

Col. Sir EDWARD T. PEEL, KB.E.,
D.S.O., M.C. .

The Rt. Hon. Sir REGINALD DORMAN-
SMITH

Prof. WALTER GARSTANG,D.Se.
The Rt. Hon. TOM WILLIAMS, M.P.

COUNCIL

To retire in 1949
G. E. R. DEACON,D.Se., F.R.S.
Prof. J. E. HARRIs,Ph.D.
N. A. MACKINTOSH,D.Se.
EDWARDHINDLE,Se.D., F.R.S.
R. S. WIMPENNY

To retire in 1950
H. CARY GILSON
C. F. HICKLING
MORLEY H. NEALE
Prof. LILY NEWTON, Ph.D.
Prof. J. Z. YOUNG,F.R.S.

Hon. Treasurer

Major E. G. CHRISTIE-MILLER,38 Hyde Park Street, London, W.2

Secretary

F. S. RUSSELL,D.S.C., D.F.C., F.R.S., The Laboratory, Citadel Hill, Plymouth

The following Governors are also members of the Council:
G. P. BIDDER,Se.D. C. F. A. PANTIN, Se.D., F.R.S. (Cam-'
P. D. H. DUNN, C.M.G., O.B.E. bridge University)

(Ministry of Agriculture and Fish- Prof. H. GORDON JACKSON, D.Se.
eries) (British Association)

The Worshipful Company of Fish- H. G. MAURICE,C.B. (Zoological Society)
mongers:' Prof. A. V. HILL, C.H., O.B.E., Se.D.,

The Prime Warden F.R.S. (Royal Society)
Major E. G. CHRISTIE-MILLER

Prof. A. C. HARDY,D.Se., F.R.S. (Ox-
,.ford University) . .
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CAPITALRESERVEACCOUNT:
As at 31st March 1946

SURPLUSACCOUNT:
As at 31st March 1946 ... ... ... '"
Add: Excess of Income over Expenditure for the

year ...

Less: Transfer to Buildings Reconstruction Fund

JOHN E. HARRIS}Members of the Council.O. D. HUNT

501 '7 6

50 0 0
12 '7 10

564 'S

564 15

4

4 ---

564 15

362
110

5
5

0
0

472 10

229
221

0 0

6 2

7 13 10

713 13 II

705 12 8
8

9 15 II

0
0

0

0

4

! 'GAMMARUS' REPLACEMENT FUND INVESTMENT, at
cost:

£553. 8s. 6d. Conversion Loan 3 % ...
(Market value at date £561. 14£. 6d.)

COMPOSITION FEES FUND INVE.STMENTS, at cost:
£18. 8s. 6d. 2!% Treasury Stock...
£447. 8s. 2d. Conversion Loan 3 %

(Market value at date £471. I 6s. 2d.
CASH AT BANK ANDIN HAND:

Coutts and Company
Lloyds Bank Limited
Cash in Hand

0 ~~< .-
In;.1 .,

.SUI

I.!F

-,'

3
To THE MEMBERS OF rHE MARINE BIOLOGICAL ASSOCIATION

OF THE UNITED KIN(mOM:

We report that we have exam; I) the above Balance Sheet
with the Books of the Associatiol. .d have obtained all the
information and explanations we ha' quired. Capital Expend-
iture on erection of Buildings on I held on Lease from the
War Department is excluded. Suf§<I "~h this remark we are of
opinion that the 'Balance Sheet is 1i!Q?Urly drawn up so as to
exhibit a true and correct view of th"", te of the Association's
affairs as at 31st March 1947 accordinjfto the best of our inform-
ation and the explanations given to us and as shown by the books
of the Association.

PRICE, WATERHOUSE & CO.

Prudential Buildings, George Street, Plymouth.

. 15th May, 1947.

.1

I£42,898 15 2

425 0 0

415 4 I--
1042 19 8

1879 3 9

2922 3 5

1550 0 0
1372 3 5

21688 8 2

4497 19 I ..
801 3 7

5299 2 8
1879 3 9

- 3419 18 II

£42,898 15 2

564 15 4

15 15 0
456 15 0

472 10 0

2650 3 6

547 II 5
50 15 9

3248 10 8



INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31ST MARCH 1947

To SALARIES,including Association's Contributions
to Superannuation and War Bonuses ...

" LABORATORYAND BOATS' CREWS' WAGES, in-
cluding National Insurance, Contributions
to Superannuation Scheme, War Bonuses
and Employers' Liab,ility Insl,lrance

" UPKEEP OF LIBRARY... ...
.., SCIENTIFICPUBLICATIONS,LESSSALES
" UPKEEP-OFLABORATORIESANDAQUARIUM,ETC.:

Buildings and Machinery ... ...
Electricity, Oil, Gas, Coal and Water
Chemicals and Apparatus ... ...
Fire Insurance, Tithe, Ground Rent and Rent

of Store ...
Travelling Expenses
Stationery, Postages, Telephone, Carriage

and Sundries...
Specimens ...
Architect's Fee for Plans for Reconstruction of

Buildings

"EXPENDITURE IN CONNECTION WITH R.V.
'SABELLA' ... ... ...

" MAINTENANCEANDHIRE OF BOATS:
Petrol, Oil, Paraffin, etc. ...
Maintenance and Repairs with Nets, Gear and

Apparatus... ... ... ... .
Purchase of Materials for Nets, etc. for Sale
Boat Hire and Collecting Expenses ...
Insurances .. . .. . .. .
Hire of R.V. 'Sabella'...

" BANK CHARGES
" TRANSFER TO REPAIRS AND RENOVATIONS FUND
" TRANSFER TO BUILDINGS RECONSTRUCTION FUND
" TRANSFER TO AQUARIUM SINKING FUND 00'

BALANCE,being Excess of Income over Expendi-
ture for the year

By' GRANTS:
Ministry of Agriculture and Fisheries Grant

from Development Fund
Fishmongers' Company
British Association
Royal Society ...
Physiological Society
Cornwall Sea Fisheries Committee

" SUBSCRIPTIONS{excluding Subscriptions received
in advance)... ...

"DONATIONS... ... ...
" FEES FORTESTS OF MATERIALS(less £60 for Raft)
" SALES:

Specimens ... ... ...
Photographs (less purchases)
Fish ... ... ...
Nets, Gear and Hydrographical Apparatus ...

" TABLE RENTS (including University of Cam-
bridge £105; London £105; -Oxford
£52. 10S. od.; Bristol £25; Leeds £20;
Birmingham £15. I5s. od.; Manchester
£10. IOS. od.; Leicester £10. IOS. od.;
Nottingham £10. Ios.od. ;Exeter£Io. Ios.od.;
Sheffield £5; Imperial College £10;
Trustees of Ray Lankester Fund £20 and
Ministry of Works £104)

" AQUARIUMRECEIPTS:
Admission Fees...
Donation

" INTEREST ON INVESTMENTS
" SALE OF DR M. V. LEBOUR'S BOOK
" SALE OF 'PLYMOUTH MARINE FAUNA'

BALANCE OF EXPENDITURE ON WAR DAMAGE
REPAIRS WRITTEN OFF IN EARLIER YEARS
RECOVERED FROM WAR DAMAGE COMMISSION

£

... 23"1 12

500 0
50 0
50 0

30 0
10 0

1432 9 7
95 5 5

125 II 5
276 19 "

342
I--

s. d. £ s.

0
0
0
0
0
0

1930 6 4

800 17 7

0
I

0
0

343 I 0
21 5 10-

4 17 6
7 17 6

---

[,27,377 18 4

£ s. d. £ s. d.

10308 17 5,

8243 I 2
366 14 3
612 II 0

859 5 0

499 4 I

940 18 7

86 3"
313 14 - 3

624 II 3
187 IS I

---

35" 12 2

674 9 8

173 19 7

373 3 6
349 7 5

53 14 5
331 II 0

"50 0 0
- 243 I IS II

34 12 2
50 0 0
---

343 I 0

801 3 7

£27,377 18 4 I---

....

23751 I?- 0

353 16 7
26 16 0

137 8 0
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THE GERMAN HYDROGRAPHIC JOURNAL

The Inter-allied Board of Directors of the German Hydrographic.Institute,
now functioning in Hamburg, propose soon to start the publication of a new
journal, to be known as the German Hydrographic Jourttal. It will appear
under the supervision of Dr G. Boehnecke, who is the German Director of
the Institute, and will be edited by Dr Arnold Schumacher.

The German Hydrographic Journal will be the medium for the publication
of articles on those branches of science which are the concern of the German
Hydrographic Institute. These are: coastal and open sea surveying, nautical
science, navigation, chronometry, terrestrial magnetism, ship's magnetism,
nautical technics, tides, and physical and chemical oceanography-the .latter
inclusive of reports on sea-bottom-geology and lithology. The journal will,
in effect, so far as the subjects named are concerned, take the place of the
former Annalen der Hydrographie und Maritimen Meteorologie which were
published by the German Admiralty from 1873 to 1891, and thereafter by
the Deutsche Seewarte up to 1944.

Maritime meteorology and climatology, being now the concern' of ,the
Meteorological Office for North-Western Germany, will receive attention in.
the new journal only in oceanographical connexions.

As far as possible, each issue will contain articles on a variety of the subjects
named above, and will include also notIces on hydrographic institutions and
other related matters.

In addition, notices and/or revie\ys of publications of interest to the Institute
will appear in the pages of the journal, together with a current bibliography
relating to the special fields of research enumerated. .

An ultimate aim is gradually to list all German and other publications of
relevance which have appeared since autumn 1939, though such a bibliography
cannot be compiled in proper time sequence.



THE MARINE BIOLOGICAL ASSOCIATION
OF THE UNITED KINGDOM

THEASSOCIATIONwas founded in 1884to promote accurate researches leading to
the advancement of zoological and botanical science and to an increase in our
knowledge of the food, life, conditions and habits of British fishes. The work of the
Association is controlled by a Council elected annually by its subscribing members.

Professor T. H. Huxley took the chair at the initial meeting held in the rooms of
the Royal Society and was elected the first President. Among those present were
Sir John Lubbock (afterwards Lord Avebury), Sir Joseph Hooker, Professor
H. N. Moseley, Mr G. J. Romanes, and Sir E. Ray Lankester who, after Professor
Huxley, was for many years president of the Association. It was decided that a
laboratory should be established at Plymouth where a rich and varied fauna is to be
found.

The Plymouth Laboratory was opened in June 1888.The cost of the building and
its equipment was £12,000 and, since that date, a new library and further laboratory
accommodation have been added at an expenditure of over £23,000.

The Association is maintained by subscriptions and donations from private
members, scientific societies and public bodies, and from universities and other
educational institutions; a generous annual grant has been made by the Fishmongers'
Company since the Association began. Practical investigations upon matters con-
nected with sea-fishing are carried on under the direction of the Council, and from
the beginning a Government Grant in aid of the maintenance of the Laboratory has
been made; in recent years this grant has been greatly increased in view of the
assistance which the Association has been able to render in fishery problems and in
fundamental work on the environment of marine organisms. An account of the
Laboratory and the scope of the work undertaken there will be found in Vol. xv
(p. 735) ofthis Journal.

The Laboratory is open throughout the year and its work is carried out under
the supervision of a Director and with a fully qualified research staff. The
names of the members of the staff will be found at the beginning of this number.
Accommodation is available for British and foreign scientific workers who wish to
carry out independent research in marine biology and physiology. Arrangements
are made for courses for advanced students to be held at Easter, and marine animals
and plants are supplied to educational institutions.

Work at sea is undertaken by a research vessel and by a motor boat and these
also collect the specimens required in the Laboratory.

TERMS OF MEMBERSHIP

£ s. d.
Annual Members per annum I I 0

Life Members. . . " Composition fee IS IS 0
Founders. . 100 0 0
Governors. . 500 0 0

Members of the Association have the following rights and privileges: they elect annually
the Officers and Council; they receive the Joumal of the Association free by post; they are
admitted to view the Laboratory at Plymouth, and may introduce friends with them; they
have the first claim to rent a place in the Laboratory for research, with use of tanks, boats, etc.;
they have the privilege of occupying a table for one week in each year free of charge; and
they have access to the books in the Library at Plymouth.

All correspondence should be addressed to the Director, The Laboratory, Citadel Hill,
Plymouth.
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