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The Vertical Distribution of Marine Macroplankton.
V. The Distribution of Animals Caught in the
Ring-trawl in the Daytime in the Plymouth Area.

By
F. 8. Russell, D.8.C,, BA.,

Assistant Naturalist al the Plymouth Laboratcry.

With 11 Figures in the Text.
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Ah8 F. 8 RUSSELL.

INTRODUCTION.

BeTweEN April 2nd and August 6th, 1925, a number of serial collections
were made with the ring-trawl to determine the vertical distribution of
the pelagic young of teleostean fish. The details of the young fish dis-
tribution have already been published (23), and it is with the remaining
plankton animals taken in these collections that this paper deals.

I should like to take this opportunity of expressing my thanks to
Dr. E. J. Allen, F.R.S., and other members of the staff of this Laboratory,
for much helpful criticism and advice, especially to Dr. M. V. Lebour
for assistance in the identification of many species. I also wish to thank
Capt. V. Lord and the crew of the s.s. Salpa for their unfailing help when
collecting at sea. '

MeTHODS OF COLLECTING.

The details of methods of fishing have been given in the previous paper
(23, p. 102). It is only necessary to repeat here that the net employed
was a non-closing, stramin ring-trawl (diameter at mouth, 2 metres ;
length, 6 metres), with depth-recorder attached. All the stations were
made in depths of 50 metres or over. The positions of stations, details
of fishing times, weather conditions, etc., are to be found in the Appendix
to the above-mentioned paper (28, pp. 145-151). Results of one station
made with a closing metre-net of silk (mesh, 40 strands to the inch ;
length, 2 metres 60 cm.) are also given here.

PossiBLE ERROR DUE TO THE EMPLOYMENT OF A
NoxN-crosiNGg NET.

As stated above, the net employed for these researches was not fitted
with a closing device. It is therefore necessary to obtain some idea
of the error that is likely to be met with in the catches from the deeper
layers due.to the organisms that must be caught as the net is being
hauled to the surface. I have accordingly attempted to estimate the
possible errors for the catches made on one day, July 16th, 1925. On
this occasion there were large numbers of Calanus finmarchicus taken,
and it is for this species that I have made the estimations : on this date
also the depths at which the net fished and times taken to haul it in were
most suitable for making the calculations as simple as possible.

In Fig. 1 I have given the percentage vertical distribution of Calanus
on July 16th as obtained without applying any corrections for pessible
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errors (unbroken lines) : in the same figure I have also superimposed the
vertical distribution that is given when corrections have been made for
errors due to the non-closing of the net (broken lines). It can at once be
seen that the uncorrected distribution diagram differs slightly from that
obtained after the application of corrections in that, as is to be expected,
the corrected percentages in the upper layers are slightly larger than the
uncorrected, and, conversely, slightly smaller in the deeper layers. At
the same time it is also obvious that the differences are in no degree great

METRES. METRES
0 0
10— — 10
20 —20
30 - 30
40 7 % o 1] 2a = [ 40
1 levies. RT. PERCENTAGES. |
50 50

CALANUS ~ FINMARCHICUS.

Fic. 1.—Diagram showing percentage vertical distribu-
tion of Calanus finmarchicus on July 16th, 1925.
In this figure the unbroken line (——) represents
the vertical distribution, as shown by the actual
catches, and the broken line (....) the same after
correction for possible error due to the employment
of a non-closing net. '

enough to alter the true significance of the vertical distribution, as shown
by uncorrected figures. To correct all catches for all species would, there-
fore, involve unnecessary waste of time and labour ; in consequence all
the distribution diagrams and tables are composed of the actual catches
made by the net, and I think we can safely conclude that any errors due
to the non-closing of the net are for our purposes negligible, at any rate
when the animals are fairly numerous.

I give below the method by which the corrections given in Fig. 1 were
obtained : in this case it was necessary to assume that the curves between
each depth point on a distribution diagram are straight lines.
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ACTUAL UNCORRECTED RESULTS.

Average depth at  Approximate time Total catches of Calanus caught
which hauls were taken to haul in in 10 minute hauls plus time
made, in metres. net, in minutes. taken to reach the surface.
Surface 0 minutes 157 - 0-99
4 1 5450 33-49/,
165 1. 4140 95-49,
29 %, 3420 2119,
32 R 2070 1279,
38 9 1040 6-49,,

At the surface the number caught, 157, is correct, because the haul is
exactly 10 minutes in duration and the net immediately leaves the water.

At 4 metres, however, the number 5450 is incorrect, the net having
fished for } minute over and above the 10 minutes, in the layers between
4 metres and the surface. Let x,; be the true catch. If the number of
Calanus increase in direct proportion with depth between the surface
and 4 metres, a 10 minutes’ catch in any layer above 4 metres would be

157 +-x,

2

BT+

would be taken.

in } minute ————*
2 %10 x4

i

157 4+x,"
—_ 4
Now x,=bh450 — (

= ) — 5881

The number caught, therefore, between the surface and 4 metres as the
net is hauled up is
5450—5381 =69.

Again, let xqq.; represent the true catch obtained at 16-5 metres.
The net took 1 minute to reach the surface ; it was, then, fishing approxi-
mately for § minute between 16-5 and 4 metres, and for 1 minute between
4 metres and the surface.

We have already found that in } minute between 4 metres and the
surface 69 specimens would be caught ; it is necessary, therefore, to find
now how many would be taken between 16-5 and 4 metres in  minute.

3
4

5381 4X165
This will be (J 2><;{O165)

5381 +x46
Xigg=A140 — ( Lol

= ) 2 — 69 = 3729,
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Let x,, be the true catch at 22 metres : the net took 1} minutes to
reach the surface; say—for convenience—3} minute between 22 and
16-5 m. and 1 minute between 16.5 m. and the surface. Between 16.5 m.
and the surface we saw from the previous haul that in 1 minute 4140—
3729=411 specimens were caught.

/3729 +X 9

Now between 22 and 16-5 m. in § minute (

> 3 would be taken
. 2x10 &

. (\.3 ‘;i’:{%) } — 411 — 2845,

Similarly let x,, be the correct catch at 32 m., and say that the net
on its upward journey took } minute from 32-22 m. and 1 minutes from
22 m. to the surface. Then,
2845 +xg,
T2x10

Similarly at 38 m., allowing 3 minute to haul from 38 to 32 m., the
whole period to the surface being 2} minutes, we find

X32=2070 — ) 3 — (3420-2845) = 1389.

'1389+x33) ‘

25=1040 — ( ———— )3 — (2070-1389) =: 3186.

xaae=l1060 ( ax10 )t )

So that the approximate corrected figures will be :—
Surface 157 1-1 9,
4 metres 5381 39-0 9,
165 ,, 3729 2719,
2 2845 20-6 %,
32 1389 10-0 %,
38 316 2-2 %

Fisaine DEPTHS.

The graphic depth-recorder, kindly lent by Admiralty authorities,
was employed to obtain the depths at which the net was fishing. The
records obtained on April 8th and 29th, May 19th, June 17th, 18th, and
19th. have already been published (23, p. 104, and 24, pp. 392, 393).
I give here in Fig. 2 tracings obtained on five further dates, July 1st (i.) and
(ii.), 16th, and 29th, and August 6th, 1925.

The average depths for each haul have been obtained by taking the
depths at 10 or more equidistant points along each curve and finding the
mean. In Station 26, July 29th, after haul Number VI the bucket con-
taining the catch was lost : another haul was therefore taken, but the
clock was not wound up, so that the maximum depth of the haul only
was recorded, i.e. 31 m. In the tables the average depth of this haul has
been put at about 29 metres.
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F1c. 2.—Five series of curves, obtained on the dates given, showing the path of the net
through the water for each haul. (The surface hauls are no included.) The net
enters the water on the right-hand side of each curve. The dotted lines indicate
the calculated ** average depth.” (The differences in the lengths of the curves are
due to irregularities in the speed of the recorder clock and not to errors in timing.)

ExAMINATION OF MATERIAL.

Before any sorting was undertaken each catch was placed in a tall
measuring jar and the volume noted after being allowed to settle for
24 hours. From each catch were then picked out all species that on
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account of their size, or shape, or colour, could be easily distinguished :
at the same time those species that were comparatively rare and only
occurred in small numbers were picked out as carefully as possible,
because the error in sampling might tend to obscure the true distribution
of these species when their numbers were so small. The following species
were dealt with in the above manner, and all numbers given in the tables
for these species are therefore obtained by complete counts :—

Turris pileata, Cosmetira pilosella, Saphenia gracilis, Cyanea capillata,
Auwrelia aurita, Slabberia halterata, Liriope sp., Peachia sp., Anomalocera
Patersoni, Caligus rapax, Leander sp. larve, Alpheus ruber larvee, Ponto-
philus spinosus larve, Palinurus vulgaris Phyllosoma larvee, Pagurid sp.
Glaucothoe larve, Azius styrhinchus larvae, Nyctiphanes Couchii adults
and young, Mysids, Hyperiid amphipods, Squilla Desmaresti Alima larvee,
Tomopteris helgolandica, Pecilochetus serpens larvee, Arachnactis larvee.

The remaining species were sampled by the method described in a
previous publication (22, p. 776), the catch being made up to 5000 c.c.
in a wide-mouthed bell-jar and 500 c.c. removed while the mass was
being stirred. In a few cases when the catches were unusually small
they were only made up to 2500 c.c. and 500 c.c. samples withdrawn, so
that } instead of {; of the whole catch was counted. In extremely
small catches, such as occurred at times in the surface layers, all the
organisms were counted without sampling.

GENERAL RESULTS.

I give in the last column of Tables III and IV (at end of paper)
the actual volumes of each catch obtained by allowing them to
settle for 24 hours: although very misleading on account of the
different-sized animals that compose the collections, these volumes
show on the whole the fact that the preponderance of the plankton
sampled by the ring-trawl occurred in the deeper layers, the main excep-
tions being or April 8th and May 19th (i.), when it can be seen that
the large surface volumes are caused by swarms of zoeas and megalopas of
Corystes cassivelaunus. In the last column but one of Tables I1I and
IV are given the total numbers of organisms caught on each occa-
sion, and their percentage vertical distribution is given in Fig. 11, p. 600.
These figures show clearly that generally in the daytime, at any rate
during the months of May, June, and July, the general mass of the
plankton animals sampled by the ring-trawl live in the deeper layers
around 25 to 30 metres, and that a gradual lessening in numbers is
shown from this depth towards the surface, the upper 5 or 10 metres being
very sparsely populated. At the same time there are indications that in
early April, and in August under foggy weather conditions, there are nearly
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as many organisms to be found close to the surface as in the deeper
levels ; the number of observations made at these times of the year are,
however, too few to warrant one to draw conclusions. Now this impres-
sion is, of course, that of the vertical distribution of all the animals
together, and is, in fact, the sum of a number of different types of vertical
distribution shown by the various individual species.

From the information so far obtained it is not safe to make absolutely
definite conclusions, but general indications would appear to give prob-
ability to the following statements :—

1. Some species have an optimum depth at which the majority of that
species live, while a certain vertical range of distribution is shown within
the confines of which the same species more or less keeps. These depths

may vary for different aged animals and for the two sexes in the same
species.

2. Certain species can be chosen that, when compared, will give a
gradual descending series of the region of their maximum abundance.
During May, June, and July a marked consistency is shown in the order
of this variation of depth distribution, so that from day to day the species
exhibit the same differences in the region of their maximal abundance
with relation to each other.

3. The actual depths at which the regions of greatest abundance oceur
may vary for each species from day to day. Fig. 3, for instance, shows
that Calanus finmarchicus, Upogebia larvee, and Turris pileata, had their
regions of maximum abundance confined within the limits of 6-5 and
22 metres on May 19th, 11-4 and 34 metres on June 4th, and 3 and
22-5 metres on July 16th, but at the same time the sequence shown by
these three species in the order of their depth distribution did not
vary.

4. Certain species may exhibit sudden marked changes in the depth
of their maximum abundance ; Sagitta bipunctata, while preferring the
deeper layers below 20 or 25 metres in April, May, and June, suddenly
appeared more abundantly much nearer the surface at the end of July
and beginning of August. Similarly, Tomopteris helgolandica, while
apparently living very close to the bottom during April, May, and June,
like Sagitta, came up into the upper water layers at the end of July and
beginning of August. The significance of this behaviour is not known.
The weather in July and August when the change was apparent was
extremely foggy, which very probably may have had an influence : at the
same time, with Tomopteris at any rate, there seems a possibility that
spawning may have been a factor of importance. Many more observations
of this kind are required before the behaviour can be understood.
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F16. 3.—Diagram to show the vertical distribution of the undermentioned animals on
the three dates given. The shaded ellipses show the region of maximum abundance
and the vertical broken lines the total range of vertical distribution for each species.
The depths are in metres.

A. Anomalocera Patersoni. B. Calanus finmarchicus. €. Upogebia sp. larve,
D. Turris pileata. E. Porcellana sp. zoea. F. Galatheid larvee. G, Pandalid larve.
H. Pagurid larve. 1. Cosmetira pilosella. J. Candacia armata. K. Crangonid
larvee. L. Pontophilus spinosus larvee. M. Apherusa sp. N. Tomopteris helgo-
landica.  O. Sagitta bipunctata,
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5. Other species, such as Phialidium, appear very inconsistent in their
vertical distribution, being most abundant one day at one depth and
the next day at a very different level, without any apparent important
change occurring in the external factors. Whether such signifies their
indifference to the various physical factors met with at different depths,
or whether distribution of food may control their movements remains
to be discovered.

6. The majority of the species met with in the ring-trawl collections
showed a preference for the layers from about 20 metres downwards in
sunny weather, the species that appeared to like the surface and upper
highly illumined layers being very few in number.

It is obviously not possible to put forward any scheme to cover broadly
the various types of vertical distribution shown by the different species,
dealt with in this paper, based on actual depth units, as we have seen
that these vary from day to day. InTFig. 3 I have shown diagrammatically
the vertical distribution for 15 species on three different days, May 19th,
June 4th, and July 16th. In this diagram the vertical range of any one
species is given by a broken line, and the region of maximal abundance,
as near as it can be estimated, is indicated by a shaded ellipse. From
the actual catches of certain species, e.g. Ponfophilus spinosus larve,
Crangonid larve, ete., it seems permissible to assume that the region of
maximal abundance lies below the depth at which the deepest haul was
made, and that the upper limits of its distribution alone were sampled :
in these cases I have indicated by dotted ellipses the probable depth at
which their region of greatest abundance may be located. The diagram,
then, shows very strikingly that as one goes deeper so new animals become
abundant. I have also inserted in this figure the vertical distribution
of Sagitta bipunctata, showing the apparent change that occurred in the
depth at which it was most abundant between June 4th and July 16th.
In a previous publication (25, p. 416) I gave the actual percentage vertical
distribution for ten species on June 4th, July 1st, and July 16th. In
that diagram I placed certain species in a slightly different order from
that given in Fig. 3 of this paper. The species in question were Crangonid
larve, Candacia armata, and Cosmetira pilosella ; the point is, however,
of slight importance, as from the few observations obtained it is difficult
to state whether these three species show any difference in their vertical
distribution. Careful study of the question points to the fact that
Crangonid larve probably occur slightly deeper than either Cosmetira
or Candacia when the actual numbers rather than percentages are
judged.

Although I have pointed out that one cannot base a scheme for the
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vertical distribution of different species on actual depth units, I give
below a list showing their vertical distribution with arbitrary depth units
inserted, in order to make possible an impression of the distribution of
many of the different animals taken in the ring-trawl with relation to each
other. It must, however, be firmly understood that these depths are not
fixed, and that we are here dealing only with the species captured by the
ring-trawl and the various sizes of those species that it samples, for the
months, end of April, May, June, July, and beginning of August.

Surface. Anomalocera Patersoni (but deeper on August 6th).
Corystes cassivelaunus, late zoeas and megalopas on occasion.
Leander sp. larve (as well as in deeper layers).

Abundant below 10 metres. Calanus finmarchicus.

5 U I A Upogebia sp. larvee : Alpheus ruber larve ;
Squilla Desmaresti alima larvee.

» w15 Turris pileata : Awxius styrhinchus larvee.

v SR R Porcellana sp. zoea.

5 . | Caligus rapaxz ; Galatheid sp. larve:
Pandalid larvee ; Callianassa subterranea
larvee.

; 25 Saphenia gracilis ;  Cosmetira  pilosella ;

Sagitta bipunctata (until end of July

and beginning of August); Candacia

armata ; Apherusa sp. ; Pagurid larva.

0 ., Steenstrupia  rubra ;  Tomopteris helgo-

landica (until end of July and beginning

of August); Crangonid larvee ; Ponto-

philus spinosus larvee :  Palinurus vul-

garis  phyllosoma larve; Galatheid

post-larve ; Upogebia post-larve ; Pa-
gurid glaucothoé larvee.

Occurring irregularly at all depths: Phialidium sp.; Obelia sp.;
' Pleurobrachia pileus (7).

I would emphasize again that the above scheme is not to be taken too
literally, as it is obviously extremely difficult to draw hard and fast lines
between the distributions of many species ; it is, however, in the writer’s
opinion, a fairly correct impression gained by repeated sorting of material
and careful perusal of the figures. There are, of course, many species not
mentioned above occurring in the catches, but generally in too small
numbers to draw conelusions from. Crab zoeas also are not included, as
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they comprise such a variety of species ; identification of certain species,
e.g. Ebalia, has shown that the various species that go to make up the
mass of crab zoeas have different vertical distributions, as, indeed, is
only to be expected.

No attempt is made in this paper to correlate results with the factors
that may control the vertical distribution of the animals dealt with. Tt
is merely intended as a description of the actual distribution exhibited
by the various species in this region on certain days between April and
August as revealed by catches obtained with the ring-trawl. Although
containing apparently a very large mass of information, it must be re-
membered that for each species the observations are few, being confined
mostly to two or three in each month. In 1926 a similar series of observa-
tions has been made, and it may be possible that with the combined
results of the two years, 1925 and 1926, correlations may make themselves
apparent.

One or two points are indicated, the evidence for which may or may
not, as yet, be sufficient to be significant. It is noticeable that in many
cases the deeper an animal normally lives the less change it seems to
show in its vertical distribution under changing seasonal and weather
conditions. As an example we may cite Calanus finmarchicus, Upo-
gebia larve, Pandalid larvee, Cosmetira pilosella, and Crangonid larvee.
While Calanus and Upogebia larvae show quite distinct alterations in
level under sunny or dull conditions (Figs. 5 and 9), Pandalid larve show
a much less marked change (Fig. 9), and Cosmetira and Crangonid larvee
show apparently no alterations in level (Figs. 4 and 9). The occurrence
of many species at the surface on May 19th, when a large swarm of
Corystes megalopas was in the upper layers, is also of interest.

In the succeeding pages the different species are dealt with in detail,
and short notes are also appended on the seasonal distribution of certain
species. Taken on the whole the ring-trawl collected plankton reached a
very high value on May 19th, and was then somewhat scarce until, towards
the end of July, there was a further great increase in numbers, due espe-
cially to large swarms of Calanus and Sagitta. It is interesting that these
two peaks in the abundance of plankton appear slightly before two small
increases in the phosphate content in the summer of that year.

In order to save space the actual figures for each species on the different
days are given in the Tables 2, 3, and 4 at the end of the paper. The
species caught in the metre net (Table 2) are arranged roughly in the order
in which they become abundant as the net fishes deeper, and the Table
thus emphasizes the gradual appearance of certain species in the lower
layers, which were absent nearer the surface.
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CELENTERATA.

ANTHOMEDUSZE.

STEENSTRUPIA RUBRA Forbes.

This medusa did not appear in the collections until June. From then
onwards it was not common; but oceurred as follows :—

June 4th, 20 individuals at 31-8 metres.

17th, 10 3 488
., 18th, 6 r 314
., 19th, 9 i 23-3

r

July 16th, 2at22-2m.: 1 at32-3 m. : and 1 at 38:8 m.

From the above figures it would appear that Steenstrupia was a deep-
living member of the plankton in this region, occurring always below
20 metres and generally below 30 metres, and being absent in the layers
above these depths. On July 15th and 16th, 1924, this species was also
taken mostly below 20 metres in the daytime, none being caught above
a depth of 18 m. (22, p. 781). The fact that in July, 1924, the numbers
increased at night, a phenomenon repeated during experiments made on
two nights in June, 1925 (not yet published), would suggest that generally
they were mostly distributed in deeper layers than those sampled by
the net in the daytime.

Seasonal distribution. In Tables 3 and 4 it can be seen that none of
these medusa were captured until June 4th, and that after July 1st no
more were taken. There is, however, risk in drawing conclusions for this
species, because, as indicated above, it is possible that they live mostly
in the deeper unsampled layers.

SLABBERIA HALTERATA Forbes.

This medusa occurred only once, on June 19th, when one specimen was
caught in the haul at 23-3 metres.
.

StomaToca piNeva L. Agassiz.

Only seven specimens of this medusa were obtained. On June 17th,
one af 29.8 m.; on June 19th, two at 23:3 m.; on July 1st, one at
21-3 m. and one at 27-1 m.; on July 16th, one at 4 m.; and on July
29th, one at 29 metres. This species would appear then usually to have
preferred the layers below 20 metres.
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Turris PILEATA (Forskal).

Turris pileata became abundant in the plankton in May.

From then until July 1st its region of maximum abundance on sunny
days, at position A, lay between 20 and 30 metres. It was compara-
tively rare in the hauls above 20 metres. At the Station L4, however,
which is about 4 miles nearer the shore, they were slightly higher in the
water on May 19th, June 4th, and July Ist.

On July 16th and 29th, and August 6th, they were considerably higher
in the water at position A than earlier in the year (Fig. 4). This may
have been correlated with the fact that on these days the weather was
very dull and foggy. On June 19th, 1925, nearer L4 than A, the vertical
distribution was almost identical with that on July 15th and 16th, 1924.
(See 25, Fig. 6, p. 432, and 22, Fig. 2, p. 783.)

Seasonal distribution. Turris was present on almost all the days on
which collections were made, but was most abundant in May, June, and
July and the beginning of August. The largest catches occurred on
May 19th at L4, but on the same day at A the numbers taken were very
much smaller, showing that at L4 a swarm was probably encountered.
The next largest catch occurred on July 1st. '

BouGAINVILLEA sp.

When present these meduse were very rarely caught in the water layers.
above 18 metres, the region of maximum abundance lying at about 25 to.
30 metres on June 4th and July 16th, on which days it was most numerous.

LEPTOMEDUSZE,

OBELIA sp,

The occurrence of this species, probably Obelia nigra, was somewhat.
irregular. On the occasions on which it was present it did not appear
to show any definite preference for different levels in its vertical distribu-
tion. Although from the ring-trawl collections it would appear to have.
been most numerous below 20 metres, on July 16th, when the ring-trawl
catches showed the greatest number at 22-2 metres, hauls in the same
locality with the silk closing metre net showed the largest catch at 6-5
metres, indicating that the species is not consistent in its depth distribu-
tion, unless there was size selection by the two nets, the catches of the
ring-trawl representing the largest meduse. This, however, was unfortu-
nately not noticed at the time, and the samples have since been thrown
away.
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Seasonal distribution. Swarms were apparently met with on April 22nd,
July 16th and 29th ; on the remaining days on which collections were
made few or none were caught in the ring-trawl.

PrisarLorum sp.

The vertical distribution of this species, probably mostly P. hemi-
sphericum, was very irregular, the region of maximum abundance lying
sometimes up at the 10-metre level and at other times considerably
deeper (Fig. 4). Like Obelia, this species was shown to be most abundant
below 20 metres with the ring-trawl on July 16th, and yet the largest
catch occurred at 2:7 metres with the silk metre net.

Seasonal distribution. Phialidium was present in most catches through-
out the period of collecting, but there was a very pronounced maximum
of abundance on July 16th, and the species was still very numerous on
July 29th and August 6th.

CosMETIRA PILOSELLA Hartlaub.

This medusa is evidently a deep-living member of the plankton com-
munity in this locality in the daytime. Itsregion of maximum abundance
always lay below the 20-metre level and generally deeper (Fig. 4). The
type of distribution shown by this species, which apparenﬂy lives within
a very narrow vertical range, has been discussed in a previous paper
(25, pp. 423 and 428). So consistent is this form in its vertical distribution
and so rarely is it taken in the layers above 20 metres, and then only in
very small numbers, that its existence in fair abundance in a day time
cateh in offshore waters would seem to be a very reliable indication that
the net has been fishing below 20 metres. On account of its very dis-
tinctive appearance and large size it gives a very characteristic aspect to
collections from the deeper levels.

Seasonal distribution. Cosmetira was present throughout the collecting
period, except on April 2nd and 8th.

SAPHENTA GRACILIS (Forbes and Goodsir).
This medusa was never very abundant; the majority were, however,
caught from below 20 metres (Fig. 4). '
Seasonal distribution. Saphenia was present in small numbers in almost
all the collections between April and August ; the largest cateh occurred
on July 16th. '

Aquorra ForsgaLeEs Péron and Lesueur.

Very young representatives of this species, between } and -inch in
diameter, occurred occasionally. When present they were always taken
from below 20 metres.
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TRACHYMEDUSZE.

AGLANTHA ROSEA Browne.

This species only occurred on two days, April 8th, when one was caught
at 16-5 m. and one at 25-3 m. ; and on April 22nd at 22-1 metres.

LiriorE sp.

This species appeared only in the catches on August 6th, when 8 speci-
mens were captured at 11-1 m.; one at 192 m., and one at 231 m
None were taken either at the surface or at 5 metres.

SCYPHOMEDUSZE.

CyaxEa caPiLLATA Eschscholtz.

Small specimens of Cyanea between } and 3} inches in diameter were
caught occasionally. They usually came from below 15 metres.

CTENOPHORA.

PrruroBracHIA PILEUSs Fab.

This ctenophore when present appeared rather inconsistent in its
vertical distribution, being more or less irregularly distributed from the
surface downwards. On the day on which most were caught, July Ist,
the region of maximum abundance lay apparently between the surface
and 15 metres.

Seasonal distribution. While being very scarce up till May 19th, from
June 4th onwards Pleurobrachia was relatively abundant.

ZOANTHARIA,

PracHIA sp. larve.

These larval anemones were not common in the collections. Their
distribution is probably governed by the medusw that carry them. It
1s a curious fact, however, that on May 19th 10 occurred in the surface
haul, but there were no medusz except for 5 Turris. There was, however,
at the time a very large shoal of Corystes zoeas at the surface, which
seemed to attract many other species to the surface.

Aracenacris Bourner Fowl,

These, the larvae of Cerianthus Lloydii Gosse, occurred on two or three
occasions generally below 20 metres,

NEW SERIES.—VOL. XIV. XNo0. 3, MARCH 1927, 20
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ANNELIDA.

POLYCHZETA.

ToMOPTERIS HELGOLANDICA Greef,

Tomopteris was frequent at times in the collections. Individuals
varied in size from about 4 mm. upwards in length. MecIntosh, in a recent
paper (19), discusses the specificity of the small Tomopteris found in the
North Sea. These forms, less than 12 mm. in length, are characterised by
the possession of a pair of small setigerous frontal cirri in front of the pair
normally present in the full-grown 7. helgolandica ; in all other respects
they apparently accurately resemble this latter species. MeIntosh quotes
Carpenter and Claparéde, who state that the young forms of T'. helgo-
landica possess this additional pair of small eirri, the setigerous portions
of which are thrown off when the development of the caudal region takes
place, and the tubercle remaining gradually disappears. MecIntosh
says : “ Some of the small forms, again, which were placed as undisputed
examples of T. Catherina (T. helgolandica), presented a knob or stump
on the site of the first cirrus, so that the remarks of Carpenter and Clapa-
réde rest on fact, viz. that the first eirrus may occasionally be removed,
though further investigations are necessary.” McIntosh is, however,
inclined to identify this small form with 7. kefersteini of Greef, and,
having seen an ovigerous female with two pairs of cirri, says, “ On the
whole, the evidence leans to the separation of T'. kefersteini up to date,
and it is a form widely distributed in European waters.”

When discussing the vertical distribution it is necessary to know
whether two species are being dealt with. I have accordingly examined
a large number of Tomopteris with the following result :—

With two pairs of cirri, ca. 3-10 mm. long . : . 163
With knob on site of 1st cirrug, 10 mm. and over . .38
Without first cirrus or knob, over 10 mm. . ; . 650

In view of the fact that I have never seen a specimen less than about
10 mm. in length without the additional pair of cirri, and that I have
found so many carrying small knobs or tubercles, indicating that the
cirrus is caducous, I have regarded all individuals as belonging to one
species, Tomopteris helgolandica Greef. Malaquin and Carin regard it
as characteristic of many young forms to possess this first pair of cirri
which are larval characters only in many species. They say (20, p. 4):
“ L’organe est rudimentaire et il manque chez la forme adulte d’un certain
nombre d’espéces.” And again (p. 18): * D’autres caractéres ne sont
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applicables qu’a des individus 4gés, par example la présence ou I'absence
de la premiére paire d’appendices sétigéres, . . . En effet, si le Tomoptére
étudié est suffisamment jeune on observa la premiére paire d’appendices
sétigéres, méme si le type adult n’en comporte pas.”

I only obtained Tomopteris in abundance, in the daytime, on July 16th
and 29th and August 6th : on all other oceasions it occurred either singly
or in very small numbers; most, however, were taken below 20 metres.
On July 16th, when they were numerous, the majority also occurred
below 20 metres, the maximum catch being at 32 metres. On July 29th
the maximum was at 29 m. ; the water below this depth was, however,
not sampled : on this occasion Tomopteris was far more numerous also
in the upper layers, above 20 metres, than previously (Fig. 5). It was
noteworthy that the catch at 29 metres contained many very small
specimens. On August 6th they were abundant at all depths from
33:6 metres up to 5 metres, but only one was captured right at the
surface.

From an examination of these day results one would conclude that
until July 16th Tomopteris was not abundant in the Plymouth region
at all. On the nights of June 17th-18th and 18th-19th, however, similar
series of observations were made, with the following results :—

JUNE 17th-18th. JUNE 18th-19th.
10.37 p.m.—12.46 a.m. 10.31 p.m.—12.33 a.m.
Surface . . 24 Surface . tn 25
11-2m. . gy J-2m. . . 49
5 T B3 122 ., . . 85
26 7 5w 5 12 166 ,, . ;- 61
29 ., . . 13 QU % . 49

258 . . 33

Thus, while on any day between April 2nd and July 16th the total
of six catches never exceeded 34 (i. vii. 25 (i.)) in the daylight, on two
nights in the middle of June the total numbers caught were 211 (5 hauls
only) and 280. These two catches, then, represent the same population
as the 252 caught on July 16th, 300 on July 29th, and 290 on August 6th.
This is somewhat disturbing, as it indicates that, in mid-June at any
rate, although the daytime catches showed that Tomopteris was absent
from the plankton, it was certainly present in the locality. On June 17th,
on the afternoon before the night catches of 211 were made, only 3 speci-
mens of Tomopteris were caught : on this occasion none were taken in
the deepest haul, during which the net fished to a maximum depth of
52 metres, with an average of 48-8 m., the bottom itself being at most at
about 56 metres. From these results only one conclusion can be drawn :
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that is, that, on this day at any rate, Tomopteris was either lying on the
bottom, or in the water layers immediately adjacent.

Until further observations are forthcoming then it would appear that
from April until mid-July Tomopteris helgolandica lives in the daytime
either on or very close to the bottom, and that in mid-July and August
it comes up into the midwater layers with the rest of the plankton. It
should be noted, however, that on the three days in July and August
when Tomopteris was abundant in the midwater layers the weather was
extremely dull and foggy, which may signify that the lighting conditions,
rather than the time of year, were responsible for their appearance
above the bottom. A further observation of interest is, also, that on
July 16th and 29th some of the worms were seen to be carrying eggs.
The actual numbers were :— :

16.vii.25. A. R.T. Tomopteris with eggs: 22-2 metres= 6

N, 323, =2
: o i BRE 1z D

16.vii.25. A. C.M.N. it g I e =D
0y o

29.vii.25. A. R.T. i i, AR e
o |

206 ,, =6

It may be possible, then, that this appearance in the upper layers of
Tomopteris in July is in some way connected with their spawning habits.
It is interesting to find that on July 15th and 16th, 1924, when they were
also numerous in the plankton in the daytime (22, p. 788), I had made a
note that many were carrying eggs.

For the deep waters off the Irish coast, Southern (27) says: *“ With
reference to the vertical distribution of 7'. helgolandica, there are no signs
of any correlation between its occurrence at certain depths and such
factors as temperature, hour of the day, state of sexual maturity, ete.
It has been taken at all depths from the surface to below 1000
fathoms.”

Gough (8) says that on July 1st, 1903, “ during the hottest part of the
day the bulk of the Tomopteris was found near the bottom at 70 metres,
only a very few being at 30 metres.”

Seasonal distribution. The above results are of great importance when
we consider the seasonal distribution of the species: it would appear
that it is not possible to draw conclusions from day hauls only ; these
must be supplemented by collections made at night. As stated, the species
would appear to be relatively scarce in this region until mid-July, if it
were not for the fact that night collections made in June demonstrated
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that they were in reality present here. Southern (27) states that off the
coast of Ireland collections indicated a maximum in late autumn, especially
from August to November ; he also says: “ Whilst the number of in-
dividuals varies with the season of the year, their distribution in space
remains very uniform, and there is no seasonal migration.” He abstracted
the results of the Plankton Investigations of the International Council
in the English Area, including the English Channel and the Bristol Channel,
and the results agreed with his findings in showing a maximum in the
autumn and a minimum in the spring. He states that the breeding
season takes place between May and August.

Lebour (17), for the Plymouth Sound region, says that this species
begins in the middle of June, and is very common in July and rare in
September and October.

McIntosh (19, p. 17) says, “ Autumn seems to be the period in
British waters when Tomopterids oceur most abundantly, the maximum
being in October.”

Larva or PaciLocmarus SERPENS Allen.

These polychate larvsee were never abundant. On no occasion were
any caught at the surface or in the layers above 12 metres. It would,
therefore, seem that Peecilochaetus larve normally live in the deeper
layers in the daytime.

CHZETOGNATHA

SAGITTA BIPUNCTATA Quoy and Gaimard.

From April 8th until July Ist the majority of Sagitta were captured
from the deeper layers below 20 or 25 metres at the outer station, A. At
L4, however, which is closer inshore, on May 19th, June 4th, and July 1st
they were considerably higher in the water than at A on the same
dates.

On July 16th and 29th and August 6th, all three foggy days, Sagitta
was abundant from 4 or 5 metres downwards and fairly evenly distributed
throughout the layers, except on August 6th, when they were apparently
concentrated between 10 and 25 m. (Fig. 5).

It was noted that very often the smaller stages were most prevalent
in the upper layers, and on this account measurements are being taken
of the Sagitta present in this year’s (1926) collections.

Seasonal distribution. While present in small numbers in April, May,
and June, Sagitta showed an enormous increase in the middle of July ;
on July 29th the numbers taken on the 16th were nearly doubled, while
these were again doubled by the catch on August 6th.
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CRUSTACEA.

BRANCHIOPODA.

Evapne NorpMaNNI Lovén.

Although this species is too small to be normally retained by the
ring-trawl, I have one observation on its vertical distribution that was
made with the silk closing metre net on July 16th. 02 this day (Table IT),
although it cannot be said to have been abundant, the largest catch
occurred at 25-8 metres. It was absent from the actual surface, but was
present in the catch from 27 m.

Popox inTERMEDIUS Lillj.

This species, again, like Evadne, was only obtained when the silk net
was used on July 16th. It was quite abundant on this occasion, and
showed a marked maximum at 25-8 metres, though actually it may have
been higher in the water because unfortunately there is no haul between
6-5 and 25-8 m. (Table II).

COPEPODA.

CaAvaNUS FINMARCHICUS (Gunner).

In discussing the vertical distribution of this copepod it is desirable
to know with which stages of development we are dealing. In the life-
history of Calanus finmarchicus there are 12 stages—6 larval nauplius
stages, 5 post-larval copepodid stages, and the adult—which have been
described by Kroyer, Grobben (10), Lebour (16), and With (28). It is
only the copepodid stages that concern us here, the nauplius stages being
far too small to be retained by the net used. It has already been noted
by previous workers that the younger individuals are at times higher
in the water than the older. For instance, Gran (9, p. 64) remarks :
“. .. im Sommer sind die Jungen hauptsichlich in den oberen, erwirm-
ten Schichten zu finden, wihrend die alteren oft vereinzelt in der Tiefe
umherschwimmen.” Damas (4, p. 18) says also: “ Verticalement, les
stades sont répartis de telle sorte que les individus jeunes prédominent
a la surface et les adultes vers la profondeur. Il est probable que les
Calanus gagnent vers la profondeur en avancant en dge.”

Farran (5, p. 84), for the smaller southern form, gives as an example
the following figures showing a preponderance of young forms at the
surface and adult forms deeper : the locality was on the west coast of
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Treland, 30 miles west of Cleggan Co. Galway, and the time of year,
May in 1904 :—

Stages. 39 V. IV. 111, II. 1.

Surface 2 9 &a52 27 24 6 Percentage present.
35 fathoms 73 14 6 3 1 -

22 »n

In view of these differences in vertical distribution noticed for the
various stages of development, I have made observations in order to find
out which stages are mostly caught by the ring-trawl.

On July 16th, 1925, horizontal hauls were made at six different depths
with a closing net, 1 metre diameter at mouth and silk with a mesh
of ca. 40 strands to the inch. The catches consisted of large numbers
of Calanus chiefly composed of the last three stages—Adult, V, and V.
Measurements were made of the total length (furcal sete excluded), and
of the thorax only, of 394 individuals. Similar measurements were made
of a sample of Calanus collected by the ring-trawl on July 15th, 1924.
The results are given in Table I. It can be seen that whereas the silk net
took large quantities of post-larveae of Stages IV and V, as well as adults
(VI), the composition of the ring-trawl catches was made up mostly of
adults with only a small proportion of Stage V and hardly any of Stage
IV, the percentage composition being—

Adults . . . 8489
Stage V $ . 1259
Stage IV : . 219

This agrees well with the conclusions of Paulsen (21, p. 11), who says :
“These Young fish trawl samples contain only specimens of Stage IT*
of the Juniores, younger stages pass through the meshes.” The young
fish trawl is made of the same material —stramin—as the ring-trawl.

As an example I quote some of his figures :—

a3 i 1I. 3 26 R | V. VIL

Young Fish trawl L 89 5 5 - - -

" Young Fish trawl - T 56 7 - - -
Silk net, Gauze 20 - 13 6 32 16 22 11

Silk net, Gauze 20 - 44 10 30 16 - -

I have also tested five further samples taken on April 9tk, 1926, from
five different depths, with the following results :—

Adults. Y. IV.
94-8 ?:’} 59 oﬁ s
9l ., G, o -
8T . 13 ., -
- i 9 o,

* Paulsen’s stages are numbered in the reverse order: this, therefore, corresponds to
my Stage V.
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It can, I think, then, be safely stated that the observations given
below on the vertical distribution of Calanus relate almost exclusively to
the adult stages, with also a few of the last copepodid stage.

It is, however, unfortunate that it is not possible to say which sex we

Tasre I,

Total Length. Length of Thorax,
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are dealing with. When first undertaken, this research was intended for
examination of the depth distributions of the young, pelagic stages of
fish, and the plankton was also examined in order to get a general idea
of the distribution of some of the other constituents of the animate
environment in relation to that of the young fish. It seems, however,
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desirable later that the distribution of each single species be examined
in detail.

Nevertheless I can give the vertical distribution of the two sexes for
two separate occasions, July 16th, 1925, and April 9th, 1926. The results
are given in the following table :—

Jury 167H, 1925. A. Crosing MeTrE NET.

Depth. 3 9 %3 % 9
Surface 196 6,804 11 14-1
2-7 metres 66 9,295 0-3 19-3
645 6,970 20,804 398 45-1
258 -, 3,680 3,006 212 6-2
26-8 ,, 5,240 6,541 30-0 135
41-8 ,, 1,339 1,895 76 3-8

100-0 100-0

ApPriL 9tH, 1926, A. RING-TRAWL!

Surface ) 60 0-5 0-7
2 metres 31 812 34 9-4
7 |, 55 2,456 6-1 28-0
155, 438 2,738 486 354
224 146 958 163 123
324 9225 1,047 951 142

1000 100-0

It can be seen from these figures that on both occasions there was a
difference in the vertical distribution of the two sexes, the males exhibiting
a greater tendency to avoid the surface layers than the females. This is
shown very clearly in Fig. 6. At the same time it is to be noticed that
on these two occasions the females so preponderated in numbers over
the males that the distribution of the two sexes together did not differ
essentially from that of the females alone (Fig. 6). There is therefore
a possibility that the distributions shown by my collections may depict
that of the females, if on each occasion the males formed as small a pro-
portion of the whole as they did on the two days dealt with above.

Before proceeding with an account of the actual vertical distribution
of Calanus in the daytime, in 1925, a further fact of interest shown by
Table 1 is worthy of mention ; this is the variation in actual size of the
adults. We note that while in 1925 the majority lay within the limits
of 3-025 and 3-3 mm. in length—with a maximum of 3-4—in 1924 they
were obviously considerably larger, most of them being between 3:19 and
3465 mm. in length, and one even reaching 3-685 mm. Although it is
true that the smaller adults may have passed through the meshes of the
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ring-trawl, thus giving the impression of a larger lower-limit than that
shown by the silk net, it is unlikely that the silk net would have failed to
catch the largest forms and so produce the opposite effect. It seems,
therefore, quite probable that in July, 1924, the Calanus population
sampled consisted of larger individuals than that sampled in July, 1925 ;
this is also borne out b_\_-' the fact that the few Stage V specimens retained

METRES. q- +Q METRES
0 0
10 - - 10
20 - 20
30+ - 30
A0 40
7 BVI25. 12a3-215pm  Very Dull ]
50 50
10 - 10
20 - 20
B +
230 - 30
40: - SZUI;BG nzs AM- L6 PM  Cloudless. _ a0
- CALANUS FINMARCHICUS 1
50 50

F ¢ 6.—Percentage vertical distribution of male and female Calanus finmar-
chicus on JLii\: 16th, 1925, and April 9th, 1926, showing—
(i.) The preference of the males for deeper layers than the females.
(ii.) Owing to the preponderance of females over males the combined
distribution resembles that of the females.

by the ring-trawl in 1924 were evidently of a larger size than those of
the corresponding stage caught in July, 1925.

Such variations in size in the same locality have already been noted
by Gran (9, pp. 60 and 64), who says that the sizes for each stage differ
according to season, and also that a raising of the temperature accelerates
development, but produces smaller forms.

The same has also been noted by Kraefit (15, p. 76) for the copepod
Paracalanus parvus. In view of these observations it is interesting to note
that, presuming the adult Calanus in question to have been born in the
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spring, those born in 1925 would have developed under conditions at
least 1° C. higher than those born in the spring of 1924, which might
explain the smaller size of the adults in 1925. The actual temperatures
were :—

1924. 1925.
February . : . 867°C 10-01°C
March . : . T1-90° 9-19°
April . . . 815° 9-47°
May g s S 10-3°

As regards the actual vertical distributions shown by Calanus
Sfinmarchicus (which we have seen consisted mostly of adults) during the
daytime in 1925, between the months of April and August, in Fig. 5
are given the distributions found on ten different days. The shapes of
some of these distribution figures and the apparent descent of the region
of maximum abundance between April and mid-June have already been
discussed in a previous paper (25) as regards their possible correlation
with the intensity of the light.

Calanus exhibits a very wide vertical range in its distribution, occurring
fairly abundantly at almost all depths early in April, but gradually avoiding
the actual surfacelayers as the season advances. Itwould, however, appear
to have a pronounced optimum level of abundance, which varies from
day to day. In this region, during the months in which collections were
" made in 1925, it was evidently an inhabitant of the upper more brightly
illumined layers, the region of maximum abundance lying almost always
above the 20-metre level ; the depth of the region of maximum abundance
showed a marked seasonal change descending from about 5 metres early
in April to just below 20 metres in mid-June. Daily changes in this level
were also shown, the copepods being higher in the water on dull than on
bright days, cf. April 2nd and 8th, and July 1st and 16th.

Seasonal distribution. Calanus was present in all the collections, but
showed a very great increase in numbers on July 16th, 29th, and August
6th. Whether these represent individuals transported into this area or
whether they were the 1925 brood grown to a sufficient size to be captured
by the ring-trawl cannot be said.

Farran (5, p. 85), says that the Channel is not to ** be regarded as one
of the areas in which the annual presence of vast swarms is normal. Such
an area lies, however, immediately off its mouth, and large shoals are
frequently carried into the western half of the Channel.”

ANOMALOCERA PATERsONI Templt.

The specimens of this copepod dealt with in these collections were
probably all adults, the sexes, however, have unfortunately not been
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noted. From Fig. 7 it can be seen that between April 2nd and July 1st
Anomalocera showed a decided preference for the actual surface layers
above 10 m., at the times at which cellections were made. 1t is notice-
able, however, that after July 1st a change appears to have taken place
in the way in which they were distributed. On July 16th they were
still numerous at the surface, but were. also taken in relatively large
numbers even as deep as 22 metres. On July 29th a large catch was
made at 29 m., while on. August 6th there were many taken from a depth
of 33 m., but on this date the area of maximum abundance appeared to
be in the region of 20 m.

With so few observations it is not possible to attempt an explanation
of this apparent change in behaviour. Suffice it to say that on these days
the weather was very dull ; one should also keep in mind the fact that at

METRES. METRES.
0 0
10 - 10
20 -20
30 . ~30
| 1125, j
A0 6MI25. L 40
D.
E 29 W 25. 4. 'u"l 25 (i) 16. VIL25 i6.vil25. g m and. T
S50 - 50
ANOMALOCERA  PATERSONI .
F1c. 7.—The percentage vertical distribution of Anomalocera Patersoni on the dates given.

The white spots and black circles indicate the average depths at which hauls were
taken. S=Sunshine. D=Dull. Asterisk (*)=closing metre net.

this time of year the surface layers are reaching their maximum tempera-
ture (25, p. 437).

The collections made on July 16th with the closing metre net do not
give quite similar results to those taken with the ring-trawl on the same
date : the presence in these samples of many young stages and also
the absence of a sample from between the depths of 6 and 25 m. will
probably account for this.

From a study of observations by previous workers on the distribution
of this species the general conclusion is that it is a surface living form,
though it may ocecur occasionally in deeper layers. Gough’s remark
(8, p. 336)—" A. Patersons is usually found at the surface, very rarely
descending to 10 metres. In August, however, a few specimens . . .
were found in a sample from 110 metres ”—may have some significance
in view of the fact that it is at the beginning of August that Anomalocera
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occurred deepest in my collections. Farran (6, p. 292) reports the occur-
rence of this copepod in the 100-fathom nets in the Biscayan plankton
collections ; he remarks that they . . . may possibly have been taken
while these nets were being hauled to the surface ; but they occurred more
often than might have been expected if this were the case.”

Ia 1924 in mid-July I took this species chiefly on the surface on July
15th, but at all depths down to 30 metres on July 16th ; there was a
marked massing at 9 and 16 metres at 2.50 to 4.16 a.m. on July 16th
(22, p. 795).

Wolfenden (29, p. 140) remarks : “TFor long it has been considered
that Anomalocera Patersoni was a purely surface species, but the capture
of an adult male example in a bottom scraping at 400 fathoms, in
perfect condition, shows that it can sometimes descend to considerable
depths.”

In records given by Savage (26, p. 33) for the North Sea this species
occurred only in surface hauls in July, 1922, .

Seasonal distribution. Anomalocera was never very abundant; the
largest catch was made on August 6th. The main centre of distribution
probably lies very much farther to the westward of this locality, and we
only just touch the fringe.

CANDACIA ARMATA ( Boéck. ).
This copepod, mostly adults, showed a decided preference for the layers
below a depth of 20 metres in the daytime, as indicated by collections
made between April 2nd and July 29th, 1925 ; on August 6th, however,

METRES. METRES.
0 T T T 4}
B @ 5 -
104 2 - 10
20+ 20
30+ -30
7] 4N1.25, 29.VI.25, i
40 (i) S D. 6Vil25. L 40
4.V1.25, s 1.VIL.2S. % o @ aof D.
(i} (i) 16.viL2s G o
50 = - 50

CANDACIA  ARMATA .

F1c. 8.—The percentage vertical distribution of Candacia armata on the dates given.
The white spots and black circles indicate the average depths at which hauls were
taken. S=Sunshine. D=Dull. Asterisk (*)=closing metre net.

they occurred in considerable numbers much higher up in the water, the
majority occurring at about 20 metres (Fig. 8).
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Lebour (18, p. 403) says that in the winter this copepod, which is an
important constituent of the food of Herring, is taken * usually from the
lower layers.” ;

Seasonal distribution. This copepod was present throughout the period
in which collections were made, but became more abundant at the
beginning of June : the largest catch was on August 6th.

CeExTROPAGES TYPICUS Kroyer.

This copepod, although occurring occasionally in the ring-trawl catches,
has not been counted. On account of its small size the majority most
certainly pass through the meshes, and results given by the few that are
retained cannot be relied on.

I have, however, in Table IT, p. 608, given the results of catches made
on July 16th with the silk closing net. From these numbers and a figure
previously published (25, p. 425) it can be seen that the majority occurred
in the 10-metre region on this date.

TemorA LONGICORNIS (Miiller).

As with Centropages catches of Temora obtained by the ring-trawl
cannot be relied upon. On July 16th this copepod was also numerous in
the closing net collections, and it can be seen from Table 2 and the pre-
viously published figure (25, p. 425) that the majority occurred on this
occasion below 25 metres.

Savage (26), working in the North Sea, off the mouth of the
Tyne, found in July that in the daytime the majority of this species
were in the bottom layers, and he has drawn charts showing the
distribution of Temora over a given area that bring this out in a
very striking manner.

Istas cravires Boeck.

This species only occurred in the catches made with the silk closing
net on July 16th, and then they were present only in small numbers.
The figures obtained by sampling the catches showed that none occurred
at the surface or at 2-7 metres ; at 6-5 m. there were 40 specimens ; at
25-8 m., 40 ; at 26:8 m. and at 41-8 m., 20,

MeTrRIDIA LUCENS Boeck.

This copepod only occurred occasionally in the ring-trawl ; it is possible
that it is just small enough for the majority to pass through the meshes
of the ring-trawl ; this locality is also probably far from the main area of
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its distribution which lies in deeper water farther to the west. On the
three dates on which any were found in the collections, April 22nd, June
17th, and August 6th, none were taken from above 15 metres. It was also
present in the silk metre net collections on July 16th, when it occurred
only in the three deeper hauls.

Caricus RaAPAX Milne Edwardes.

Tree-swimming males and females of this species occurred in small
numbers on each day on which collections were made. They were always
most numerous below a depth of 18 to 20 metres. In fact, between
April 2nd and June 4th none were captured in the layers above this
depth.

Seasonal distribution. Caligus rapax showed a decided increase in
abundance in the middle of June and remained abundant for the rest of
the period, during which observations were made; the largest catches
were made on August 6th.

MYSIDACEA.

Mysids live in the daytime generally either on or very close to the
bottom, and it is natural that they were very rare in my collections.
The largest catches occurred on June 4th, when 41 were taken at 30
metres and 125 at 38.

It is, however, of interest to record the presence of extremely young
mysids in the plankton, on July 16th, in the catches of the metre net.
It can be seen in Table II that while of the adults 1 was caught at
26-8 m. and 21 at 41-8 m., the very young stages were quite numerous at
25-8 and 268 m., although the majority were at 41-75 m.

EUPHAUSIACEA.

Nycrreranes CoucHir (Bell).

Both adults and young (including the later Cyrtopia stages) kept
apparently nearly always to the deeper layers below 20 metres in the
daytime. On July 16th collections made by the closing metre net gave
a definite indication that the Furcilia stages were abundant higher in
the water—up to the 6-metre level-—than the adults, although they were
also abundant in the deeper layers, the numbers being as follows :—

Surface. 2-7Tm. 6-5m. 258m. 26-8m. 41-8m.
Furcilia stages . - — 100 140 40 100
Adults . . — - - 4 25 63
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Lebour (18, p. 404) states that “ the adults and older larve all appear
to live very near the bottom in the daytime, . . . although the young
larvae seem to keep near the surface.” Also (p. 411), “ the younger larval
stages, especially the Calyptopis, were nearly always at the surface or
midwater, the post-larvee near the bottom. . . .”

A curious exception to the apparently normal behaviour of adult
Nyctiphanes occurred on June 4th, when besides being abundant below

25 metres they were very numerous right at the surface during bright
sunshine.

AMPHIPODA.,

APHERUSA sp.

There are possibly several species of Apherusa included in the collec-
tions. On account of the labour that would be involved in carrying out
the identifications they are here dealt with together. Hxamination of
a certain number has shown that besides Apherusa clevei (. O. Sars,
there were also present many A. ovalipes Norman and Scott ; in fact,
‘the impression gained was that of the two 4. ovalipes was the commoner.

These amphipods on almost all occasions were absent from the surface,
and did not become abundant until the 20-metre level was reached (Fig. 5.
On two occasions (19.v.25 (i.) and 1.vii.25 (ii.)) they occurred at the sur-
face : I am inclined to feel, however, that this may have been accidental,
as these amphipods have a habit of sticking very strongly to the material
of the net, and it may well be that they were left over on the surface of
the net from the previous deep hauls.

HYPERIID sp.

Hyperiid amphipods were very rare in the collections, and always
occurred below 19 or 20 metres when present.

DECAPODA.

DECAPOD LARVE.

In the period during which these observations were made the decapod
larvee form a very important constituent of the catches made by the ring-
trawl. The identification of many of the larval decapods is a matter of
considerable difficulty, and consequently I have assigned to the actual
species only those that are at once distinguishable even with the naked
eye, the remainder being placed together under the families or groups to
which they belong. The following scheme shows the result of the final
sorting :-

NEW SERIES.—VOL, XIV, NXNo. 3. MARCH, 1927, 2y
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MACRURA,

Paleemonidee.

Pandalidse.

Hippolytidee.
Processide.

Alpheidee.

Crangonidse.

Nephropsidze.

Palinuridze.

Galatheidse.

Callianassidse.

Axiidae.

Paguridee.

F. 8. RUSSELL.
Leander serratus.
L. squilla.

Pandalus montagucr.
Pandalina brevirostris.

2

Spirontocaris Cranchi.

Processa canaliculata. |

Alpheus ruber.

“

Crangon allmanna.
C. vulgaris. |
Cheraphalus nanus. '
C. trispinosus. J
Pontophalus spinosus.

Homarus vulgaris,
Palinurus vulgaris.

Galathea dispersa.
G. intermedia.

G. squamifera.

G. strigosa.

Upogebia stellata. |
U. deltura.

Callinnassa subterranea.
Axius styrhinchus.

Eupagurus bernhardus.)
E. cuanensis,

E. Prideauas. |
E. sculptimanus.
Diogenes varians. |
Anapagurus levis,

Grouped together as
Leander sp.

Grouped under the head-
ing : Pandalid larve (the
larvee of Spirontocaris
were very scarce).

Identified.

Grouped under the head-
ing : Crangonid larve.

Identified.
Tdentified.

Identified.

Grouped under the head-

ings : (alatheid larvee
and  Galatheid post-
larvee.

Grouped under the head-
ings: Upogebia larve
and Upogebia post-larvae.

Tdentified.

Identified.

Grouped under the head-
ings : Pagurid larve and
Pagurid Glaucothoé.
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BRACHYURA.

srouped under the head-
ings : Porcellana zoea and
Porcellana post-larvee.

Porcellanide.  Porcellana long:immis.]‘
P. platycheles. |

Leucosiidee. Ebalia Crancha. Grouped under the head-
E. tuberosa. - ings: Ebalia zoea and
E. tumefacta. J Ebalia megalopa.
Corystidee. Corystes cassivelaunus.  Identified—zoea and mega-
lopa.

All remaining brachyura (crabs) were separated into zoeas and
megalopas and grouped together : by far the most abundant are prob-
ably Portunus spp., together with Cancer pagurus, Carcinus menas,
Inachide and Maiidze.

The various decapod larve show marked differences in their types of
vertical distribution, the details of which are given in the ensuing pages.

For instance, while Leander sp. larvee were evenly distributed from the
surface downwards with a slight preference for the surface layers, Upogebia
larves had their region of maximum abundance a few metres beneath the
surface, Porcellana zoeas were slightly deeper, Galatheid and Pandalid
larvee (including the larve of Processa canaliculata) deeper still, then
Pagurid larvee, and deepest of all, Crangonid larvee and Pontophilus
spinosus larvee. Of Brachyuran larvee many zoeas frequented the surface
layers as well as greater depths, notably Corystes cassivelaunus and prob-
ably Portunus sp.: Ebalia sp. zoea, on the other hand, when identified,
were much deeper in the water.

Savage, in the North Sea, in July, 1922, as a result of one serial collec-
tion had indications of differences in the behaviour of decapod larve.
On p. 13 (26) he remarks : “ It was noted above that Portunus spp. were
the only decapod larve that were more abundant at the surface than in
other layers, and the comparative absence of these species from this
station left the surface waters practically devoid of decapod larvee.
Galathea intermedia was the most abundant form, and it had a big maxi-
mum at 25 fathoms, where 50 per cent of its total number was taken, the
majority of the remainder were below this depth. Pandalus brevirostris
and Eupagurus bernhardus were almost wholly in the bottom hauls
(35—45 fathoms) particularly the latter. Crangon allmanni was only
found between 25 and 35 fathoms.”

In this order of their depth distribution the decapod larve follow fairly
closely my own results. Savage’s results differ in the position of Crangon
allmanni, but possibly the actual numbers caught were rather low to
draw conclusions from.
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LEANDER sp. LARVE,

It is probable that these larve consist mostly of L. serratus and L.
squilla. Gurney says (18, p. 101): “ Owing to the difference in the
breeding period, any Leander larvee found off the British Coasts from
December to nearly the end of June may confidently be assigned to
L. serratus 7 ; and (ibid., p. 105), “ From then onwards the larvae probably
comprise both L. serratus and L. squilla, whose larveae probably appear in
the plankton in July.”

The stages of development dealt with here are mostly late ones : the
actual percentages of different stages in the collections are :—

Stage. ;% II1. Iv. V.
Percentage 1 35 15-5 26 54

No post-larval stages were met with.

In a previous paper (22, p. 799) I have given the vertical distribution
for these decapod larvee for July 15th and 16th, 1924, showing that on
that occasion they were more abundant in the surface layers. In 1925
they were also comparatively numerous in the upper layers from the
surface down to about 10 metres : at the same time they occurred also
in the deeper layers, so that their vertical distribution would appear to
have been somewhat indiscriminate. Between the surface and 10 m. in
the whole collections 63 individuals occurred out of 35 hauls in those
layers : between 10 and 20 m. there were 30 specimens out of 14 hauls :
between 20 and 30 m. 33 out of 19 hauls, and between 30 and 40 m.
14 individuals out of 11 hauls. So that the average numbers of specimens
per haul in the different layers were :—

Surface to 10 m. . . . 18

10-20 m. . E . . 214
20-30 m. ; ; ’ M
3040 m. : ; . . 127

This points to a fairly ever distribution with a tendency for greater
abundance between 10 and 20 m. : the numbers are, however, really too
low to be significant.

Seasonal distribution. These larva were present in fairly equal numbers
from mid-April until the beginning of August, when collecting ceased.

PANDALID LARV.E.

Included amongst these larva are mostly Pandalus Montagui* Leach,
Pandalina brevirostris (Rathke), and Processa canaliculata Leach. Larvae
* It is here necessary to point out an ervor that I made in my first paper (22,

p- 800), where I called this species by mistake P. borealis, a northern species that has
never been recorded in this locality.
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of Spirontocaris Cranchi (Leach) were also oceasionally present, but only
in extremely small numbers.

Practically all the stages captured by the ring-trawl were of stages 4
and 5 or older.

Fig. 9 shows that throughout the months April to August in 1925 these
larvee avoided the surface and upper layers, only becoming abundant
below the 15-metre level, in the daytime. It was noted that on April 2nd
only Processa larves were present. Gurney (12, p. 263) eriticises the fact
that Processa is usually placed so near to the Crangonidz ; his argument
being that the larval characters differ so markedly from those of Crangonid
larvee. It is interesting therefore to note that in their habits also the
larvee of Processa differ from Crangonid larvee. While Processa larvae on
April 2nd were present in the water layers from about 15 metres down-
wards, Crangonid larve, as always, were only abundant below 25 metres :
in this all Crangonid larve, including those of Pontophilus spinosus,
appear to be very consistent (see Fig. 9).

Seasonal distribution. These Pandalid larves were very numerous in
the plankton from the end of April to the end of July. In April they were
less numerous ; and it has been mentioned that all those examined on

~ April 2nd, and also most of those in the catches of April 22nd, proved to
be Processa canaliculata. After this date the samples were not sorted.

Larve oF ArpHEus RUBER Milne-Edwards.

These larvee were only taken in the daytime on July 29th and August
6th, 1925, when their numbers were :—

JuLy 29tH, 1925. A. R.T. Avcust 6tH, 1925. A. R.T.
Surface . .- Surface . . o—
48m. . .= J . ; . —
91 ,, - 11-1,, ; e
206, 4 19-2 ,, : . 23

258 ., 7 231 ,, . i .
29 ., 3 336 ,, . .11

From this it will be seen that they avoided the uppermost layer above
about 10 metres : both these days were, however, very dull and foggy.

CRANGONID LARVZA.

Larval Crangonids, including probably most of the local species, with
the exception of Pontophilus spinosus, and with Crangon Allmanni as
the most common, showed a consistent preference for the deeper layers
below 20 and 25 metres (Fig. 9). In July, 1924, the indications were also
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that they were deep living forms (22, p. 801). Not a single specimen was
caught above 12 metres in 1925, and only six above 19 metres, out of a
total of 1909 caught.

Seasonal distribution. Crangonid larveae were present in the catches in
greater or less numbers throughout the period of collecting.

Larva or PonToPHILUS sPINosUs Leach.

Like other Crangonid larve, Pontophilus exhibited a decided preference
for the layers below 20 or 25 metres, being practically entirely absent
above 20 metres (Fig. 9). All stages of development were represented in
the catches, though the later stages were most abundant.

Seasonal distribution. Pontophilus larvae were most numerous between
April 2nd and June 4th, after which time they were rarely caught.

Larvz oF HomMarus vuncaris Milne-Edwards.,

Only 6 of these larvae were captured : 1 on May 19th, at the surface ;
1 on July 1st, at 21-3 m.; 2 on July 16th, at the surface; and 2 on
July 29th, at 29 metres.

PayrLosoMA LARVA OF PALINURUS VULGARIS Latreille.

These Phyllosoma larvae probably mostly belonged to Palinurus vul-
garis, though there is a slight possibility that one or two Scyllarus arcturus
may have been present, as the adult of that species is occasionally, though
somewhat rarely, taken in this locality. These larve were most common
below 16 metres and very rarely occurred above 10 metres. The largest
catch, of 75 specimens, was made at 36:7 m. on July Ist. There are
indications that the region of maximum abundance may normally have
lain deeper than the net fished on most occasions, because on June 17th,
18th, and 19th in the daytime the total catches were 6, 5, and 44, while
on the two nights between these days they were 102 and 196.

Cunningham (3, p. 147) says: “. . . some hundreds may be taken in
about an hour in the neighbourhood of the Eddystone in July, with a
net whose meshes are about 2 mm. in diameter, and whose mouth is
8 feet by 6 feet area. On the two occasions on which I obtained the
larvee, T captured them only when towing the net at the surface, not
when it was sunk to some depth.” These results are opposed to mine,
but it may be that the catches were made much nearer the Eddystone
rocks, where upwelling currents might upset the normal distribution of
the plankton in more quiet waters. The exact positions were not given,
but were “ a little to the north of the Eddystone ”” and “ to the south of
the Eddystone.”
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Seasonal distribution. Itis evident that the larve were present through-
out the months April to August; I have noted, however, that up till
the end of June they were all small early stages ; on July 1st, 2 “ large
specimens were caught ; on July 16th, 1 *“ large ** ; July29th, 10 ““ large ”;
and August 4th, 4 “large.” From this it would appear that metamor-
phosis into the ““ Puerulus ” stage would occur mostly after June in
July and August, my ““ large ”* stages being stages 7, 8, and 9 of Bouvier.
This agrees with Bouvier (1, p. 191), who says that the last stage but one
(avant-dernier stade) is very common at the end of July and during the
month of August.

(GALATHEID LARV.E.

Fig. 10 shows the vertical distribution for Galatheid larve on most
of the days when collections were made between April and August.
They usually showed a sudden increase in abundance between about
15 and 20 metres, and occasionally deeper. In their distribution then
they were very similar to the Pandalid larvee. On April 2nd they were
abundant at the surface, and then the numbers decreased until below 20
metres, when they again became abundant. It is curious that on this
day many forms which usually live deeper down were present at the
surface.

Seasonal distribution. Although occurring on all days on which collec-

tions were made, Galatheid larvee were most numerous on May 19th and
June 4th.

(GALATHEID POST-LARV.E,

These post-larvee were never very abundant, but when they did occur
in fair numbers, e.g. June 4th, they were most numerous below 30 metres.
Probably the majority live still deeper in the layers close to the bottom ;
this has been indicated by the increase in numbers caught at night
(22, p. 803). It is possible that included among these may be a few post-
larvee of Porcellana before July 1st, after which date the presence of
Porcellana post-larvee was noted.

UPOGEBIA Spp. LARVE.

Larval forms of Upogebia, including probably both U. deltura
Leach, and U. stelluta (Montagu), showed a tendency to be distributed
higher in the water than most species of decapod larvee. On June 4th
they became abundant at a depth of about 15 metres below the surface
at position A, and just below 10 metres at L4. On the other days from
July Ist to August 6th they only avoided the actual surface layers, and
were found abundantly at 10 or even 5 metres (Fig. 9).
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Seasonal distribution. Upogebia larvee were practically absent from the
catches until June 4th ; at this date it was noticed that they were all in
the early stages of development without the possession of uropods. By
June 17th later stages, in which uropods were present, were caught.
Another batch of young stages oceurred on August 6th. All larvee became
very much more numerous by July 16th, and the numbers were still
increasing on August 6th. '

UPOGEBIA Spp. POST-LARV/E,

These post-larvee were very scarce in the collections; when present
they were nearly always below 20 metres. Probably this stage is almost
bottom living. The post-larvae of both U. deltura and U. stellata were
noticed.

Larva oF (ALLIANASSA SUBTERRANEA Leach.

Larvee of this decapod were most numerous below 20 metres, except
on August 6th, when they were slightly higher in the water (Fig. 9).
Like the zoeas of Porcellana, on July 1st at L4, Callianassa larvae were
extremely abundant at 36:7 m., while at all depths above they were
relatively scarce.

Seasonal distribution. Callianassa larve did not appear at all in the
collections until June 17th. The numbers were very much increased on
July 16th and 29th.

Larva oF AXTUS STYRHINCHUS Leach.

These larvae were only caught on three days in the daytime. On June
17th one at 29-8 m.; on July 1st at L4 one was taken at 27-1 m. and
3 at 36:7 m. : on August 6th two specimens were caught at each of the
following three depths respectively, 19-2, 23-1, and 33-6 metres. This
slight evidence then points to their preference for the layers below a
depth of 15 metres.

PAGURID LARVZE.

Fig. 10 shows that these larva lived generally deep down, below the
20-metre level, and from the shapes of most of the distribution diagrams
it would appear that the upper portion only of their vertical distribution
region was sampled. They thus lie slightly deeper in the water than the
Galatheid larvae, whose numbers can be seen from Fig. 10 mostly to be
decreasing in the deepest hauls.

Seasonal distribution. Pagurid larvee were present in all the collections,
the largest catch occurring on May 19th.
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(GLAUCOTHOE LARVE OF PAGURIDS.

These post-larval stages of the hermit crabs were not very numerous,
when they did occur, however, it was nearly always below 22 metres.
The largest catches were on May 19th, at L4, when 12 were taken at
23-T metres and 62 at 36-5 m.

It seems probable, however, that generally this stage lives actually
on, or very near to, the bottom in the daytime, as the numbers in the
deeper layers always increase at night, apparently indicating that the
animals have come from still deeper levels ; this occurred in July, 1924
(22, p. 805), and also again in June, 1925, but the results on this occasion
are not yet published.

PORCELLANA Spp. ZOEA.

The zoeas of Porcellana, probably P. platycheles (Pennant) and P.
longicornis (Linngeus), were very abundant at most of the stations. In
Fig. 10 it can be seen that in the majority of cases they show an increase
in numbers below 15 metres, being comparatively scarce in the upper
layers.

Itis noticeable that on May 19th at Station A there were large quantities
at the surface itself ; in this they agree with many other of the plankton
organisms on this occasion, the surface catch being characterised by a
large mass of Corystes zoeas. Worthy of note also is the catch made at
367 m. on July Ist at L4, in which the enormous number of 62,820
Porcellana zoeas were present, while at all depths above this they were
comparatively scarce.

Seasonal distribution. Porcellana zoeas were absent in the catches on
April 2nd and April 8th, but had become very numerous by May 19th,
after which date they remained abundant throughout the period of
collecting.

PORCELLANA Spp. POST-LARVZE.

Post-larval stages of Porcellana from July 1st onwards always occurred
below the 20-metre level. It is possible that like the Galatheid post-
larvee these may be more numerous in the water layers adjacent to the
bottom. Before July 1st there may possibly have been some of these post-
larvee included with those of Galathea, as it is from this date only that T
started to separate the two post-larve ; in any case they cannot have
been numerous as the numbers given for the Galatheid post-larve are
low.

CraB ZOEAS.

All the Crab zoeas are here treated together except for the later stages
of Corystes cassivelaunus, and, after June 19th, the zoeas of Ebalia sp.,
which are dealt with separately below. It can, however, be fairly safely
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said that the majority will be those of Portunus spp., these being by far
the commonest in this locality. It is likely that different species of crabs
will exhibit different behaviour, and, indeed, such is indicated by the
zoeas of Ebalia sp., and in the 1926 material there are indications that
Hyas sp. prefer the deeper layers : there is a strong possibility, however,
that the Portunus spp. zoeas will on almost all occasions be present in
such an overwhelming majority that the presence of other species may
not significantly upset the true picture of their vertical distribution :
I am not in a position to state this for certain. Of the Portunus spp.
present near Plymouth, P. depurator (Linn.) is the most prevalent.

Fig. 11 shows the percentage vertical distribution of Crab zceas through-
out the period of collecting. It will be noticed that while, usually, they
avoided the actual surface layers, they were frequently numerous right
up to within 5 metres of the surface. It is interesting to find that Savage
(26, p. 10) noted in the North Sea in July that ** Portunus spp. (princi-
pally P. depurator and P. holsatus) . . . differed from the Macrura and the
Anomura in that the greatest numbers were found in the surface hauls.”

Seasonal distribution. Crab zoeas, although numerous in all collections,
were by far the most abundant on May 19th. The very large catch of
87,060 at position A in the haul at 32-6 m. is noteworthy.

CraB MEGALOPAS.

These include all species except Corystes cassivelaunus and, after
July 16th, Ebalia sp. From a study of ¥ig. 11 it can be seen that there
is a tendency for Crab megalopas to be slightly deeper in the water than
the zoeas. On the other hand, there were occasions when they were
relatively numerous actually at the surface itself.

Seasonal distribution. These megalopa stages of crabs were most
abundant on May 19th and June 4th.

EBaLia sp. zoEa.

Until June 19th these zoeas were not separated from the main mass
of Crab zoeas. On and after this date they were identified, and it was
noticeable that they preferred the deeper layers, being absent always
above 20 metres. On July 16th many of these zoeas, which are very
small, were retained in the catches of the silk metre net, when the largest
catch occurred at 41-75 m. (see Table II).

EBALIA sp. MEGALOPAS,

These were only identified from the remaining Crab megalopas on
and after July 16th, when they occurred only in small numbers, generally
in the deeper layers.
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ZoeA oF CORYSTES CASSIVELAUNUS (Pennant).

Corystes zoeas, mostly stages 3 and 4, on the two occasions on which
they were taken appeared to show a preference for the surface layers.
On April 8th a very thick shoal was encountered, and Fig. 5, p. 578,
shows that the majority were located right at the surface. This swarm
was very visible from the deck of the ship, and we were well in the middle
of it when the first three hauls at the surface, 6-9 and 16-5 metres were
made. No swarm was, however, visible, the ship having moved out of
the area, when the deeper hauls at 25-3, 32-5, and 37-8 metres were made,
so that it might be said that there was not evidence that in the centre
of the swarm the zoeas were not just as numerous in the deeper layers
as at the surface ; the results for the upper three depths, however, when
we were well in the shoal, point to a marked decrease in numbers from the
surface downwards.

Seasonal distribution. After May 19th no Corystes zoeas were seen :
it is evident that the majority of later stage zoeas were to be found in
early April. Gurney, in 1902, observed the same. He says (11):
“ Occurring first on February 2Ist, the larvee were obtained in small
numbers fairly regularly from that time onwards. Advanced stages
occurred first on March 15th, and in considerable numbers. The tow-
net collections of April 14th, taken in the West Channel, were remarkable
for the extraordinary abundance of the zoea stages of Corystes. They
abounded on that date to the almost complete exclusion of all other
zoeas, nearly all the specimens being at an advanced stage of develop-
ment. Since April 14th the zoeas have continued to occur, but very
few have been found in the early stages.”

MEecarLora oF CORYSTES CASSIVELAUNUS (Pennant).

On April 8th one megalopa was taken at the surface, and on April 22nd
one at 51-4 metres. On May 19th Corystes megalopas were very abun-
dant : on this day two stations were made, one at L4 and the other at A.
It is interesting that at A, where they were very numerous, they were
mostly located at the surface, while at L4, where their numbers were
considerably smaller, the majority were in the deeper layers (Fig. 5, p. 578).
The actual numbers were :—

19.v.25 (1.) Surface. 43 9-9 20-8 32:6 metres.
A, 4050 3970 2110 153 1214

19.v.25 (ii.) Surface. 56 12-9 18-9 237 36-5 metres.
L4. 34 8 5 25 59 430
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It was noted that at A, where the great shoal of megalopas was located,
the diatom Rhizosolenia was extremely abundant, whereas at L4 it
was comparatively rare. Examination of stomachs, however, did not
show that the megalopas were feeding on the diatom. The presence of
many other species of plankton organisms at the surface amongst these
Corystes megalopas was marked (see Table I1T) ; certain young fish which
normally live deep down were also on the surface on this occasion (28,
p- 109). Gurney says (11, p. 464) that the megalopa does not seem
to be a pelagic form properly speaking, and was only once obtained in
the tow-net, and then within a fathom or so of the bottom, in deep
water.

Seasonal distribution. 1t is obvious from the above results that Corystes
megalopas were most abundant in mid-May ; after May 19th none were
captured.

It would be interesting to know whether this was the same shoal that
was met with on April 8th, when the Corystes were then in the later zoea
stages., It is, at any rate, an indication that the larvee must have some
considerable powers of keeping together if, when they have passed through
all the stages of their pelagic existence, they can form so large a shoal as
that met with on May 19th, 1925. Gurney (14, p. 39) says: It is not
very unusual to find swarms of the larvee of one species in different stages
of development, which seems to indicate a power of keeping together
from hatching onwards, or of collecting in a suitable locality.” He men-
tions such a swarm of Corystes zoeas at Plymouth.

STOMATOPODA.

ALIMA LARVE OF SQuiLLa DrsMmaresT Risso.

These larvae were present on two days, July 29th and August 6th, the
catches being—

JuLy 297tu, 1925. A. R.T. Avgusr 6TH, 1925. A, R.T.

Surface . : i Surface . : .=
4-8 m. ; .= d mi. : .-
91 - i I . .12
206 .. 3 192 ,, . . 18
258 ,, . . s 1| 231 ,, . . g
29 ., . . .= 336 ., . . N

Thus it is seen that the larvese, which consisted of stages 1, 2, 3, and
4 (Giesbrecht, 7) in equal numbers and of one stage 5, appeared to have
their maximum abundance between 10 and 25 metres, being absent from
the surface and 5-metre layers.
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Gieshrecht (7, p. 226), in connection with the vertical distribution of
this species in the Mediterranean, says that the pelagic larvee of Squilla
sp. (Alima) were only occasionally met with in the surface catches, most
of them occurring in the collections made with nets with 50 to 200 metres
of wire out. According to Chun (2, p. 29) Alima stages were chiefly at
a depth of 40-100 m. It is to be expected that in this region they would
be higher in the water than in the Mediterranean.

MOLLUSCA.

ECHINOSPIRA LARVE OF LAMELLARIA sp.

Echinospira larvee, when present, always occurred below a depth of
10 metres. They were never captured at levels above this depth.

PurpurA rvaPILLUS (Linnseus).

Young stages of this species occurred once in the plankton, when nine
were taken at 22-1 metres on April 22nd, at E1.

LivaciNa RETROVERSA (Flemm.).

When present Limacina were taken from depths below 10 metres.

Paulsen (21 a, p. 57) says, “ As a whole, L. refroversa is a surface-
organism, found most frequently at or near the surface of the sea. In
many cases it is common from the surface to a depth of about 50 m.”
He also gives records from greater depths, and he further remarks,
¢ When the sun is high in the sky, the species is sometimes not met with
at the surface in great quantities, but lives in a depth 5-75 m., but
when the sun is low large shoals can be taken at the very surface.”

PHORONIDEA.

ACTINOTROCHA LARVE OF PHORONIS sp.

Actinotrocha larvae occurred in the collections at E1 on April 22nd,
when 4 were taken at 22-1 m., 3 at 51-4, and 2 at 61-4 metres.

VERTEBRATA.
PISCES.

Pelagic eggs of Teleostean fishes oceurred in fair quantities, but on
account of the difficulty of identifying preserved eggs they have not been
dealt with. The vertical distribution shown by the pelagic young of
teleostean fishes has been dealt with in a previous paper (23).
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SUMMARY.

1. The vertical distribution of many species in daylight in the Plymouth
area is shown, as a result of the examination of a number of serial
hauls taken with the stramin ring-trawl between the dates April 2nd and
August 6th, 1926,

2. Tt is shown that probably the errors introduced by the employ-
ment of a non-closing net are for the present purpose negligible.

3. The indications are that most species have an optimum level at
which they live, in the daytime, the actual depth varying from day to
day according to weather and other conditions.

4. A few species appear to show no preference, being present equally
abundantly at all depths or showing marked changes in the region of
greatest abundance from day to day.

5. A provisional list is given on page 567, showing the order in which
many of the different species appear in greatest abundance from the
surface downwards.

6. The vertical distribution appears to differ for the two sexes of
Calanus finmarchicus, the males tending to avoid the surface layers
more than the females.

7. The presence of the medusa Cosmetira pilosella in fair numbers in
a catch in the daytime in the Plymouth region would seem to be a
reliable indication that the net has been fishing below 20 metres.

8. A catch of Calanus finmarchicus made by the stramin ring-trawl
consists nearly always of over 80 per cent adults.

9. No attempt has been made definitely to correlate behaviour with
external factors : more observations are to be desired.

10. Brief notes are given on the seasonal distribution of various species.
The danger of drawing conclusions about seasonal abundance from day-
light hauls only is shown by the results for Tomopteris helgolandica (p. 575).
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SHOowiNG Toran NUMBERS oF OrcaNnisms IN 10-MINUTE

July 16th, 1925.
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The Phosphorus and Arsenic Compounds of Sea-Water.
By
W. R. G. Atkins, Se¢.D., F.R.S,,
Head of the Department of General Physiology at the Plymouth Laboratory,
AND
Edith G. Wilson, B.A., Sc.B.,
Temporary Assistant Physiologist.

Tue first estimations of phosphate in sea-water, in which sufficiently
accurate analytical methods -were adopted, were carried out more or
less simultaneously by Matthews (1916, 1917) and by Raben (1916-20)
working independently. Matthews used the colorimetric method of
Pouget and Chouchak (1909, 1911), and precipitated the phosphate from
500 c.c. of sea-water by means of ferric chloride. Pouget and Chouchak
checked their method using the gravimetric method of Posternak, weigh-
ing the barium phosphomolybdate obtained. Values similar to those
obtained by Matthews were obtained in the Government Chemist’s
Laboratory, London, upon samples sent from Plymouth, and the seasonal
variation in the phosphate content of sea-water as found by one of us
(1923) is in close agreement with the analyses recorded by Matthews—
although an entirely different method was used, that of Denigés, which
is colorimetric.

Raben analysed sea-water from many sources and from various depths,
but his results and those of his co-workers are uniformly much higher
than those of Matthews and Atkins (1925, 1926) for surface water ; more-
over, these results as plotted by Brandt (1920) never indicate that lack
of phosphate may set a limit to the algal plankton, for the minimum value
found was close to 50 mg. of phosphate, as P,0; per m.3, whereas Matthews
and Atkins found the surface water to be almost entirely devoid of phos-
phate in summer. As has previously been pointed out by one of us (1926)
a serious discrepancy exists, though Raben tested his analytical methods
upon known minute amounts of phosphate in the presence of the
salts of sea-water, and his results leave nothing to be desired so far as
their accuracy is concerned and within the limits of the conditions of
his test.

Matthews, however, found that with the ammonium phosphomolybdate
precipitate a little molyhdic acid was liable to be thrown down, and he
considered the colorimetric method to be the preferable. He also found
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that after oxidising with permanganate or nitric acid larger yields were
obtained. He arrived at the conclusion that * the analyses as a whole,
however, do not allow more to be stated with certainty than that there
is a soluble phosphorus compound present other than phosphoric acid,
that it is probably not a lower acid of phosphorus, owing to the com-
parative difficulty with which it is oxidised, and that it is probably an
organic compound.” Now Raben’s ordinary routine involved evapora-
tion with nitric acid, so the results obtained are comparable rather with
Matthews’ results for phosphate plus phosphate from organically com-
bined phosphorus than for his values for phosphate alone. The writers do
not wish to deny that a portion of the phosphorus present in sea-water
may exist in an organic combination, since it is built up into such com-
pounds as lecithin (choline distearyl-glycerophosphate) and others of
similar or greater complexity. Such a body as lecithin*® is, however,
hydrolysed, and not oxidised to phosphate.

While not denying that some of the phosphorus of sea-water may be
in solution as a complex phosphate, or as some other complex phosphorus
compound, the writers are of the opinion that the results obtained by
Matthews can be equally well explained, on a qualitative basis, by taking
into account the presence of arsenic in sea-water. The quantitative
analyses available show, moreover, that arsenic, calculated as As,O,
may be present in amount equal to, or greater than, that of phosphate,
as P,0;. The suggestion is also put forward that Raben’s high values
for phosphate are due to his method of analysis (though reliable for
phosphate alone) including arsenate ; the latter would be produced from
arsenite originally present, by oxidation with nitric acid as carried out
in the course of his method of analysis.

With the object of testing these points, a study of the behaviour of
various methods of analysis of phosphate, arsenate and arsenite, was
undertaken, the results being published elsewhere (1926). It was
found that Denigés reaction for phosphates is given by arsenates also,
but not by arsenites. Values for phosphate in sea-water, thus obtained,
will accordingly include arsenate, if any; both these radicles would
therefore be quantitatively removed from surface waters in early summer.
Now alga are known to contain small amounts of arsenic, as will be men-
tioned later, so it is possible that a little arsenate is present in sea-water,
and is removed by the plankton simultaneously with the removal of
phosphate. Arsenic up to 25 mg. As,0, per m.? is, however, present in
water of the English Channel in November (Orton, 1924). This was
ascertained by the electrolytic modification of Marsh’s apparatus in the
Government Chemist’s Laboratory, London. It accordingly records

* Stoklasa (1896) showed by a culture experiment with dvena sativa in a sterile solu-
tion, to which lecithin was added as the only source of phosphorus, that the plant was
able to take up lecithin and utilise it.



PHOSPHORUS AND ARSENIC COMPOUNDS OF SEA-WATER. 611

only the presence of arsenic, without indicating its state of combination.
The arsenic, if present as arsenite, would therefore only be detected by
Denigés reaction after oxidation. Similarly it was found that Bell and
Doisy’s method for phosphates was applicable to arsenates also, but
arsenites behaved irregularly. This method is, however, less sensitive than
that of Denigés, and was not used for sea-water.

Pouget and Chouchak’s method, used by Matthews, was also examined ;
it gives with phosphates either an immediate opalescence in the cold or,
if very dilute, on standing ; with arsenates in equimolecular quantities
no opalescence is obtained in the cold—or at most a very faint opalescence,
though on warming the normal opalescence and yellow colour appear ;
with arsenites only a very faint opalescence appears on warming, due
probably to slight oxidation to arsenate. Matthews’ results obtained
after oxidation appear therefore to be, in part at least, due to the oxida-
tion of arsenite, present in sea-water, to arsenate; the irregularity of
the figures obtained, upon which Matthews comments specially, seems
to have been due to the uncertain amount of arsenate yielding the opales-
cence in a solution, not actually warmed, but probably warm from its
previous treatment, and to the difficulty of oxidising the arsenite quantita-
tively to arsenate by either nitric acid or permanganate.

Again, in Raben’s work the phosphate was precipitated as ammonium
phosphomolybdate, and by using an artificial sea-water made up from
pure chemicals Raben demonstrated that the accuracy was not impaired
by the presence of the salts. Such a mixture would, however, contain
little arsenic, though minute traces must have been present. In sea-
water, however, arsenic and phosphorus are, in winter, present in amounts
which are roughly equal or of the same order of magnitude. Arsenite
present in sea-water would certainly have been converted almost entirely
into arsenate by the prolonged evaporation with nitric acid which forms
a part of Raben’s method, and the ammonium arsenomolybdate produced
would have been precipitated and weighed with the phosphomolybdate.

Nevertheless according to Kuhn (1923) it is impossible to base a
method for quantitative estimation of arsenic upon the separation of
ammonium arsenomolybdate. Under the usual conditions for the pre-
cipitation of phosphate, Kuhn states that only a small fraction of the
arsenic will be precipitated at 75°, and even at 90° precipitation is incom-
plete, while at the higher temperatures varying amounts of molybdic
acid are precipitated according to the period of heating. Kuhn, however,
has overlooked Maderna’s (1910) method for the quantitative precipitation
of ammonium arsenomolybdate. Raben’s analyses appear accordingly
to have been vitiated by the weighing of a certain proportion of arseno-
molybdate with the phosphomolybdate. This explains why he never
obtained results indicating the complete removal of phosphate from the
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surface waters, since argenite remained in the sea-water and was recorded
as phosphate.

Pending a study of the arsenic content of sea-water throughout the
year it is of interest to note that Gautier and Clausmann (1904) record the
presence of 11 mg. per m.? of arsenic—given as element, not oxide—for
surface water 40 kilometres from the coast of Brittany. Near the Azores
they found 25 mg. per m.? at 10 m. depth, and note that the arsenic
showed much increase at greater depths. The season is not recorded.
The results were obtained by precipitation with a ferric salt and estima-
tion with Marsh’s apparatus—and it may be pointed out that Gautier
and Clausmann’s results afford direct evidence that the phosphate
precipitated by Raben also contained arsenic. The values obtained for
arsenic are quite in keeping with that found by the Government Chemist,
London, 25 mg. per m.? of arsenic, recorded as As,0,, for water near the
bottom, 70 m. depth, in the English Channel in November. Since Orton
(1924) records a considerable amount of arsenic in oysters, more, in fact,
than the amount allowed by law to be sold in foodstuffs, and since oysters
feed largely upon diatoms, it is clearly indicated that diatoms must con-
tain a certain amount of arsenic. The increase of arsenic with depth
also suggests that in the upper layers its amount has been diminished
through absorption by plants. The analyses of Jones (1922) are direct
evidence on this point, for he found that the arsenic content of eleven
species of alge varied from seven parts per million of As,0, in Chondrus
erispus to 125 p.p.m. in Laminaria digitata ; most of the arsenic is
soluble in cold water, and the arsenic content seems to run roughly
parallel to that of iodine. Comére (1909), too, has shown that potassium
arsenate can be substituted, though apparently not entirely, for phosphate
as a nutrient salt for the cultivation of Stichococeus flaccidus and Spirogyra
crassa ; of these the former resists the action of various solutions better
than the latter, and can take up much more arsenate. Similar experi-
ments showed that Edogonium capillare could not thrive on arsenate.

SUMMARY.

1. Much of what was formerly considered to be phosphorus in organic
combination, in sea-water, is in reality arsenic.

2. Certain analyses giving high values for phosphate in sea-water and
a June minimum very far from complete exhaustion of phosphate are
vitiated by the inclusion of arsenate, as arsenomolybdate, in the phospho-
molybdate precipitate.

3. Arsenic in sea-water exists mainly in the form of arsenite. The
arsenate present, if any, has hitherto been included in the results obtained
for phosphate.
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4. Since arsenic is found in algse and has been recorded as increasing
in quantity with increase of depth it seems that the arsenic present in
sea-water must undergo seasonal changes.
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INTRODUCTION

THE Summary given in the following pages is a condensed account of
a report* on a Survey of the Fal Estuary Oyster Beds carried out
by the surveyor, for the Fisheries Branch of the Ministry of Agri-
culture and Fisheries, with the permission of the Director and
Council of the Marine Biological Association, Plymouth. Thanks are
due to Mr. W. H. Lupton and Mr. F. Parkin, the respective Town Clerks
of Falmouth and Truro, and their Oyster Committees, and especially
also to the bailiffs, Mr. E. Searle and Mr. C. May, and also to many
fishermen ; all of whom materially assisted the surveyor in his work.
The survey could not have been carried out in the detailed method
adopted without the willing and valuable assistance of Mr. Stevenson,
who was courteously spared for the work by Mr. H. E. Tresidder, the
Falmouth Borough Surveyor.

# J, H. Orton. Report on a Survey of the Fal Estuary Oyster Beds (November, 1924),
with Notes on the Biology of the Oyster (0. edulis). Published by subscription at

Talmouthin 1926, (Copies can now be purchased from the Marine Biological Associa-
tion, Plymouth, at the price of 2s. 6d. per copy.)
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SECTION A.

SUMMARY.

The spatfall in 1924, as in 1923, was very slight and from the point
of view of the oyster-producer was a failure, and was little better in
1922,

The growth of oysters in the summer of 1924 was unusually great ;
this has had the effect of bringing a large proportion of small oysters
to a legally takeable size.

The dredging results have, therefore, been much better than they
were expected to be in the season of 1924-25, but the effect has been
to deplete the beds still more of reserve stocks of small.

Practically all the present stocks of small oysters are of a size between
2 and 2% inches.

With only average growth in 1925 and 1926 a large majority of these
small oysters will have attained a size which will not pass through a
21-inch ring ; hence the beds are in a dangerous state.

If, therefore, dredging continues under the present conditions, almost
the whole of the present stock of small will have grown to large oysters
and be cleared off the beds in the season of 1926-27.

It 1s shown that although oysters may grow to a size of 2} inches at
Falmouth in small numbers in three summers, yet four summers are
required before a fair proportion of spat can be expected to attain a size
of 2% inches. :

Thus, even if a great fall of oyster spat occurs in 1925, this fall will
not affect legal dredging in appreciable numbers until the season 1928-29.

As the beds will be almost cleared of existing stocks in 1926-27 if the
present conditions of oyster dredging continue, there must be, in any
case, a lean vear for oyster dredging in 1927-28.

The proportion of large to small oysters on the average in dredge-hauls
was, in October, 1924, on the Vilt grounds about 1 to 1; on the North
Bank, 1 to 2 ; on Carclase Point, 1 to 1-3. In November the same pro-
portion on the Truro banks generally was 1 to 1-6, but higher off Pill
Creek and on the South part of the East Bank, and as high as 1 to 5 on
the average on Turnaware Bar.

Hence the total stock of oysters remaining on the grounds at
the end of the season cannot be very much greater than the
total amount of large oysters present on the grounds at the beginning
of the season 1924-25. Estimates of the total stock of oysters on
the grounds were made from records of catches of sailing and rowing-
boats by dredge hauls and grabbing. It is estimated that the total stock
present on the Truro beds in April, 1925, will be about five million small
and about half a million large ; and on the Falmouth beds about one
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and a quarter million small and af least one-eighth of a million large. To
these totals can safely be added a quarter million oysters in those parts
of the channels rarely dredged, giving a total of rather more than seven
millions. The total stock on the Fal Estuary main dredging grounds in
April, 1925, is estimated at six and a quarter million small and about
five-eighths of a million large.

The rate of growth of the small oysters of different sizes and ages
in 1924 was worked out in detail, and the average growth calculated.
From this average growth of small in 1924 the average growth in 1925 is
estimated, and on these assumptions it is calculated that the following
totals may be dredged in the 1925-26 season at the given sizes of ring :—

Ring 2%. Ring 2%. Ring 2.
Truro . . 23 millions, 11 millions. S5 million,
2 4 10
Falmouth . 7 million. 14 million, 1
3} millions. 112 millions, 1+ million.

Suggestions are made for obtaining estimates of the total stock in
the future, and for obtaining returns of oysters taken from the grounds.

It is considered that the beds should be closed to reserve a minimum
stock for spawning one month after it is found that not more than 13
oysters per man per hour can be dredged under good dredging conditions.

Of the present stock of oysters about 459, are dumps, which are thick
shelled, somewhat Brazil-mut shaped oysters, apparently very slow in
growing and almost certainly very useful for spawning purposes owing
to their very good fish. These should be preserved if stocks do finally
become very low.

Various matters are also discussed, namely, the distribution of cultch
over the grounds, the mortality in 1924, pests, the improvement in
“ whiteness ” of “ fish ** in Mylor Bank oysters, weight of fish i fast-grown
oysters, and the beds of Falmouth Inner Harbour.

A relation between catching power of the grab, rowing-boat dredge,
and sailing-boat dredge on Truro grounds is calculated as 13-75 is to
2:5 is to 1. The grab was usefully employed on parts of the ground
where oysters were relatively abundant.

Biological recommendations and suggestions for the future administra-
tion of the beds are made.

Efforts are being made to obtain figures of the total number of large
oysters dredged in 1924-25 to check the estimates made, and to obtain
information of dredging results near the end of the season for the purpose

of estimating the amount of large left on the beds at the close of the
season.
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(CoNCLUSIONS.

The depleted stocks of small, which are mostly near the present legally
takeable size, should be eked out so that a maximum number may remain
on the beds to provide spawn for re-stocking the beds. Of the total
estimated stock of seven million oysters on the grounds, it is recom-
mended that two million a year for the next two years be allowed to
be taken from the beds, and the position be reconsidered at the end of
those two years.

For the 1925-26 season it is estimated that, with average growth in
the summer of 1925, about two million oysters will be dredgeable with
a “ring " of 2§ inches, and it is recommended that this ring should be
adopted for the season 1925-26. The restriction in the output in the
season 1926-27 should be regulated in accordance with the experience
gained in the season 1925-26.

Other alternative methods of securing an output of two million oysters
per year are suggested, but it is recommended that any alterations in
the hours or days of work should be so made as to favour the regular
dredgerman. The restriction in the output of oysters makes reasonable
a restriction of licences to those dredgermen who have habitually worked
on the beds in the past, but owing to the probable difficulty in effecting
such a restriction, all possible means to help the regular dredgermen should
be taken.

Power should be in the hands of the Truro and Falmouth authorities
to shorten the dredging season by one month at each end as and when
partially or wholly necessary until the beds are restocked with abundant
young oysters.

Efforts should be made to provide a spawning stock of oysters as
indicated, and to improve the beds, with a jury of dredgermen and a
“foreman.

Cultch laying of the kind indicated should be instituted at once, so
that at least tilling, as well as harvesting, is done on the beds. There
is every reason to believe that with care the beds will sooner or later
recover their former prosperity, for the present shortage is certainly
due to over-fishing, that is, taking more individuals from the beds than
nature has replaced, during the last three years, and the beds and the
oysters are in a healthy condition.

SECTION B.

I. Biorogical. RECOMMENDATIONS.

(@) Necessity of limiting the number of oysters to be taken from the beds
in the next few years to one-fourth to one-third of the present stock per annum.
Owing to the facts that on all grounds the great majority of the small
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oysters are of a size between 2 and 2} inches, and that the total number
of oysters on the beds is relatively small, it is essential that the output
of oysters by dredging be limited during the next three years, so that
no more than one-fourth to one-third of the present stock is taken per
year at least during the next two dredging seasons. Ways and means
of effecting this result are discussed in the next section.

(b) On the minimum. stock of oysters which may be expected to restock the
beds with spat, and the epoch when the beds should be declared closed. The
conclusion is reached that a practical definition of the minimum stock
which must, under the present conditions, be retained on the beds for
the purpose of re-stocking the beds with spat, may be given as follows :
the beds should be closed one month after it is found impossible to
dredge on the average more than 13 large oysters (whether with a 23-inch
or 22-inch ring) per hour, in good dredging weather, or 90 per day of
seven hours as is worked on the Truro beds, or 104 per day of eight hours
on the Falmouth beds. This recommendation would be modifiable if
a large number of big oysters could be retained on the beds by relaying
them in a central position for the purpose of providing spawn.

(¢) Large oysters dredged from the Fal beds should be relaid on a central
site on the beds for spawning purposes. It is strongly recommended that
in the immediate future efforts should be made to relay on a portion
of the Fal beds the large oysters dredged from the main beds. These
oysters might be relaid at the southward end of the East Bank, or some
other suitable place to be decided, and retained for one or more years
for the purpose of producing spawn. Suggestions for accomplishing
the desired end are made in the following section.

(d) Thinning out accwmulations of small oysters. The Truro authorities
are recommended to thin out the small oysters, which are thick on
Turnaware Bar, and also to some extent at Pill Creek, and at the southern
portion of the East Bank. This thinning out can be accomplished to
some extent in the same excellent way as was done last year, namely,
by working at low spring tides and shovelling up the oysters. But
another economical way would be to authorise the bailiff to load up
cargoes of small from dredgermen working at these places during the
present 1924-25 season, and spread them along with cultch at the same
time over the poorer parts of the grounds. In the same way the Falmouth
authority might thin out the accumulation of small at the north end
of the Carclase Point grounds ; and in both areas, if small have accumu-
lated at any other points towards the end of the season, the bailiffs should
be given authority to spread the excess on the poorer parts of the grounds.

(e) Preparation for spat-catching by laying clean cultch. A very serious
matter on the Fal Estuary oyster beds is the fact that no preparation
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and no attempt is made to catch oyster spat. So far as I know, at no
other place in Hurope where oyster-production is the chief source of
income on the beds, is the sole reliance placed on nature. It may be
argued that in the past this method has, except for certain periods, kept
the beds stocked. The reply to that is that the stock has been main-
tained by chance, and might easily have been improved in the times of
scarcity by a judicious laying of clean cultch. Indeed, if cultch-laying had
been the practice on the Fal in the years 1920 and 1921 it is quite certain
that the fishing in recent years would have been carried on with better
results and the prospects for the future would be brighter. It is true
that there are years when spat will settle on anything, at which times
cultch-laying may be—but is not necessarily even then— superfluous.
But these years of prolific fall are rare, and at other times the stock may
be increased by preparing suitable material for the baby oysters to settle
upon. The cultch in the water is, on the whole, either too dirty or over-
grown too much with living organisms of all kinds, which compete for
places on the cultch at the time the baby oysters are ready to settle.

Suggestions for the Supply of Cultch.

Any kind of clean shell, if placed on the beds at about the time the
oysters are settling, will serve :—

(1) The handiest supply of shell is the oyster-shell cultch on the
grounds ; but this must be taken out of the water and cleaned—
exposure on the foreshore is sufficient—and put back again in
suitable places at suitable times. Ways of doing this are suggested
for choice in the next section.

(2) Mussels are present in quantity in certain parts of the river; if
these could be dredged with profit, and laid on the foreshore to
clean, they would form useful cultch.

(3) Cockle shell or any other form of shell, such as limpet shell, if it
could be obtained cheaply enough in quantity, would also serve.
Local beaches might be found where limpet and other shell may
be obtained cheaply in some quantity.

(4) Slipper-limpet shell, clean and dry, is available on the east coast,
but may be too dear.

(5) Cheap supplies of oyster-shell may possibly be obtainable in the
district, and local buyers might be able to supply a certain quantity.
All sources of shell should be tapped and utilised.

(f) Time for laying cultch. The clean cultch should be laid when there
is the maximum amount of oyster-young swimming freely in the water.
This period will probably fall in July, but no actual date can be fixed,
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because the spawning, and hence the setting free of the young oysters, is
dependent on a moderate degree of warm weather. An approximate
period when the shell should be laid would be the first to the third week
in July, but if the weather continues warm throughout the summer cultch
may be laid continuously with profit from that time until well into August.
An early summer will necessitate an earlier laying of cultch, and the
earlier in the year the spat can be caught the better for the fishery. If
a lot of shell is to be laid by a few men, it is often necessary to make an
early start in order to put it out in good time. In practice it is easier to
fix the time to put out cultch from observations on dredged oysters. 1f
oysters are left in the store overnight periodically from the middle of June
it is possible to find out very nearly the percentage of female spawning
individuals, When a small percentage of oysters—as low as 1 to 59— are
found n this way to be black-sick, it is time some of the cultch was in
the water. The following figures for 1924 on an East Coast ground, where

spawning is probably quite as early as on the Falmouth grounds, are
instructive :—

Number of oysters

left in store Female spawning oysters.

1924, overnight. White-sick. Black-sick.
June 11 2900 24 0

B 4400 17 0

., 12 3200 (small) 30 0

Lo 13 2400 (small) 5] 1

. 13 2000 1 1

b 280 1300 54 15

. 26 1200 ol 16

T 900 32 29

. o0 2400 16 5
July 3 1300 15 31

These oysters were mostly small and are therefore comparable with the
stock at present available on the Fal beds.

If it 1s found impossible to investigate a sufficient number of dredged
oysters for spawning an additional rule for laying cultch can be given,
namely, that cultch-laying may begin when the body of the water in the
Estuary is approaching in temperature 64° Fahrenheit. It will probably
be found that cultch-laying can be begun earlier up the river than on
the Truro Banks,and earlier on these banks than on the Falmouth grounds.

(g) Place to lay cultch. The best place or places to lay cultch on any
oyster grounds can best be determined satistactorily by persons who
have known and observed their own beds for a long period of years. In
1924 spat fell more abundantly oft Pill and Cowlands Creeks than any-
where else, but it does not follow that these will be the best places in 1925,
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It is quite possible that the mouths of these creeks were good for spatfall
in 1924, because the fresh water from the creeks cleaned the shell there.
As the shell in the water in the river above Turnaware Point is likely to
be cleaner than shell lower down, I recommend that the cultch be laid
in 1925 on Turnaware Bar and the banks below, after consultation with
the bailiff. Certain parts of the banks may be found to have a more con-
sistent record for spatfall than others, and these places should have a
larger supply of the available cultch, but it is urged that an effort should
be made to spread culteh all over the banks in as great a quantity as can
be obtained. It is certain that the banks will take more shell than the
finances of the authorities can supply.

(k) Observations required on the reproductive capacity of dumpy oysters.
It is most important that observations should be made this summer on
the reproductive capacity of dumpy oysters. Ithas been shown that there
is a very high proportion of this kind of oyster all over the beds. Since
dumpy oysters are well fished and relatively old, it is probable that they
will give a much larger number of oyster-young per individual than the
remaining oysters. Hence, if it is necessary later to preserve a stock for
spawning, these dumpy oysters, besides being less pleasing in appearance
than the others, will probably be found to be more valuable for spawning
purposes. Definite information is, however, required and can easily be
obtained this summer.

(7) Rate of growth in 1925 required to be known. Observations should be
made this summer on the average rate of growth of oysters on the Fal
beds. This information will not be obtainable until the end of September,
when it may be too late to be applied to regulations for the opening of the
dredging season, if this occurs at the normal time ; but it would be avail-
able for estimation or regulation of the output later. It would be prefer-
able to carry out actual experiments to determine the rate of growth, so
that the experimental results can be compared with work on the beds.
An important point to be noted in this work is the extent to which the
spring shoot becomes infiltrated with a green colour—presumably an algal
growth in the shell—towards the end of the growing season.

(7) Experiments on spatfall in 1925. There can be no doubt that the
Fal Estuary is an ideal spot for oyster-production, and the lake formed
by the Mylor-Parsons and the East Banks, along with the river reaches,
together afford an excellent situation for studying the fall of spat. The
hydrographical conditions are at present unknown, but the general con-
formation of the Estuary makes it plain that a continuous grading of
conditions may be expected. Thus, if there are particular hydrographical
conditions most suitable for the fall of oyster-spat—and there can be little
doubt that there are—then suitable conditions have a good chance of
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occurring here at some points every year. If, therefore, the places where
the best conditions for the fall of spat are likely to occur could be found,
the cultch could be spread mainly in these places to the benefit of all
connected with the fishery. Thus, as is so often the case, there is in
this problem the double interest of immediate economic application of
the result sought for and the great general interest in finding out in some
detail the underlying conditions which favour a fall of oyster-spat on a
natural bed. It is recommended, therefore, that experiments be carried
out on the conditions for and distribution of the fall of oyster-spat in the
coming summer. In this branch of work it is important to realise that
spat may fall on the shells and not survive in each year in the same pro-
portion. Our information on spatfall at present is almost entirely limited
to the amount which survives each year. An early report on the nature
of the spatfall in 1925 would be useful to the bodies responsible for the
care of the beds.

II. SucersTiONs FOR FUTURE ADMINISTRATION.

1. Necessity for restriction of output. The low condition of the stocks
on the oyster beds, as well as the fact that most of the small oysters are
already 2 to 24 inches in size and the impossibility of these being replaced
in any adequate degree until 1928 at the earliest, will necessitate some
curtailment of the taking of oysters from the Fal beds, so that a sufficiency
may be retained for spawning purposes.

2. Mode of restriction a matter of arrangement to suit particularly the
dredgermen. As, however, the output of the beds can be controlled to
the same extent in several different ways, that is to say, the matter is
one of politics, it is not intended to do more here than to suggest alterna-
tive methods of attaining the same end, while at the same time indicating
the alternative which seems best to the surveyor.

3. Joint adwanistration of the Fal and Truro beds suggesied. Tt is con-
venient first to consider whether it would not be better to combine both
the Truro and Falmouth beds under one authority. There would be
many advantages in this course, namely :—

(@) The beds could be treated as a whole for administration.

(b) Supervision of the beds could be improved.

(¢) Concerted action for improvement of the beds could more easily
be taken.

(d) The public body chosen to control the fishery might be elected
upon a new basis which would give the dredgermen direct repre-

sentation, while at the same time maintaining the public character
of the beds.
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Whether the disadvantages in administration by a body of this kind
would be greater than the advantages it is probably not easy to foresee
until the matter is probed. In any event both Truro and Falmouth

authorities should adopt the same administrative methods so far as this
is possible.

4. Conference of Truro and Fal administrators and representatives of
dredgermen suggested to consider this Report. In order to arrive at a solu-
tion of the present difficulties in administering the beds, the surveyor
suggests the following procedure. A conference of representatives of the
Truro and Falmouth authorities and dredgermen should meet as soon as
possible to consider this Report. At this meeting it should be decided
whether restriction of output to about one-third of the stock per annum,
namely, about two million at 2§ inches for the next two years, should
be adopted. TIf this restriction is not adopted some statement should be
made giving the general view of the conference, which could be dealt with
according to circumstances. If the restriction is adopted, then the simplest
procedure afterwards is to find the views of the fishermen as to the best
way of meeting their needs whilst, at the same time, ensuring restriction
of output, and to apply them, whilst also paying some attention to the
needs of buyers. The dredgermen should be made to realise that the
restrictions to be put on dredging are entirely for their ultimate benefit.

The following alternatives of effecting a reduction in the output of
oysters may be summarised :—

(@) Adoption of aring of 23 inches, with powers, to be used if necessary,
to shorten the spring end of the season by one month, and to
shorten the hours of work.

(b) Adoption of a system of weekly returns of catches, and closing of
beds by one month’s notice with ring at 2} or 2§ inches.

(¢) Drastic reduction of present hours of work on beds with ring at
21 inches.

(d) As in (c), but less drastic, with reduction of licences.

(¢) In all the above cases it would probably be advisable to shorten
the season at the opening period by a fortnight, and power should
be asked for to shorten the season by as much as a month, if neces-
sary, at each end of the season.

(f) The ring could remain at 2} inches and unrestricted dredging
allowed until the minimum stock as defined remains on the beds,
but the dredgermen would suffer ultimately and th