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INTRODUCTION.

VERYfew observations have hitherto been made on the respiration of
marine c.opepods and apart from the work by Plitter (1909, 1922, 1923,
1924--25)and a single observation by Ostenfeld (1913) little is known.
Plitter used mixed plankton catches containing several species of copepods
and other organisms in addition to phytoplankton and bacteria. By
comparing the results of a number of experiments with different quantities
of plankton he was able to calculate the oxygen requirements of the cope.
pods which he divided into three groups, small, medium and large. Sub.
sequent work, however, has shown that his results are too high.

The object of the experiments recorded in the present paper was
primarily to find the food requirements of Calanus jinmarchicus. In
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2 S. M. MARSHALL, A. G. NICHOLLS AND A. P. ORR.

addition, the influence on respiration was investigated of those con-
ditions, which, in the sea, are subject to seasonal change. As a rule, the
range of variation studied was not much beyond that which actually
occurs in the sea.

Where Calanus is mentioned in this paper it should be understood
that C. finmarchicus is referred to.

METHODS.

The Calanus were taken, usually in deep water, off Garroch Head by a
stramin net and the catch, suitably diluted, brought back to the laboratory
in large glass jars. They were usually picked out at once, separated into
males, females and Stage V and put into sea-water filtered through a
coarse sintered glass filter. Males were sometimes scarce and could not
always be got in sufficient numbers. No work was done on younger
stages. The three classes can be distinguished by the naked eye and
for the majority of the experiments they were picked out by eye
examination and checked with the aid of a lens.

As a rule 120 Calanus were put in a bottle of about 170 ml. capacity
and this was fitted with a two-holed rubber stopper. Through one hole a
glass tube passed which projected just below the stopper; this was con-
nected to a large reservoir of filtered sea-water', the physical or chemical
condition of which was adjusted according to the experiment. The outlet
tube passed through the other hole in the stopper to near the bottom of
the bottle where it was covered with bolting silk to prevent the escape of
the Calanus. The bottle was filled and washed through with eight to nine
times its own volume of water and then samples for oxygen determination
were drawn off into bottles of about 50 ml. capacity. The rubber stopper
was removed and a wEll-ground glass stopper inserted, care being taken to
exclude 'air bubbles. The bottle was enclosed in a dark cloth bag and
submerged for a suitable time, usually four hours, in a tank kept at con-
stant temperature by means of a thermostat. At the end of the experiment
the bottle was well shaken and samples for oxygen determination with-
drawn by a siphon, the inlet of ~hich was covered with bolting silk.
Oxygen determinations were made, usually in duplicate, by Winkler's
method, using for the titration Nj200 sodium thiosulphate. The oxygen
consumed during the experiment is in all cases expressed as the amount
of oxygen used by 1000 Calanus in one hour.

In a few of the earliest experiments, the method adopted was to put
ten or twenty Calanus in a bottle of about 50 ml. capacity fi1ledwith sea-
water, to expose this to the experimental conditions along with a control
bottle without Calanus and, aft~ra,suitable period, to estimate the oxygen
in these bottJes. This method was discontinued because when the small

bottles were used the Calanus had to be killed after each experiment.
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The technique was altered to make it possible to use the same Calanus
several times. In addition, by using a larger number of animals, the
experimental error was reduced.

During long experiments, there were often a few Calanus lost by
death or misadventure. Where possible, allowance was made for these
in computing the results.

It was found that there was no measurable reduction in the oxygen
content of samples of filtered sea-water at the beginning and end of an
experiment so that the effect of any microplankton or bacteria passing
through the filter was negligible. Moreover the duration of the experi-
ments was too short to allow of any appreciable growth of bacteria in the
bottles containing the Calanus. Thus the reduction in the oxygen
content can be attributed to the Calanus alone.

A possible objection to the method used is that the Calanus remained
for four hours in the same body of water which was not renewed till the
end of this period. There was a progressive diminution of dissolved
oxygen and an accumulation of carbon dioxide and waste products in the
course of each experiment. Except, however, in those cases dealing
specifically with low oxygen content (page 10) and a few other cases
mentioned in the text, the oxygen used was on an average not more than a
fifth of that present at the beginning. Owing to the difficulty of making
sufficiently accurate analyses of the carbon dioxide content of sea-water
no estimations of the respiratory quotient were made.

The Calanus were not anffisthetised and the Stage V Calanus usually
swam about actively; males and females were more sluggish and remained
on or near the bottom of the bottle. It was thought, however, that it
would be desirable to obtain a value for their respiration near the normal
value in the sea rather than the basal oxygen consumption obtainable by
anffisthetising the animals. Since good duplicates could be obtained it was
felt that this was justified.

OXYGEN CONSUMPTION UNDER STANDARD CONDITIONS.

In measurements of the oxygen consumption time must be taken into
account. It is frequently found that during the first few hours after
capture the oxygen consumption is considerably above the values obtained
subsequently. This is shown in the experiments in Figure 1 and Table I.
In the March experiment (Figure 1, B) male and female Calanus were
picked out as soon as possible after capture and subjected to consecutive
four-hourly periods of experimental conditions at constant temperature
for thirty-six hours. This was followed by later estimations at 48 and 72
hours after capture. The females showed a sharp fall from the first to
the second four-hourly period, followed by a slow irregular fall up
to thirty-six hours after capture. The values remained approximately
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the same at 48 and 72 hours, and duplicate bottles of female Calanus,
not used before, gave at 30 and 73 hours after capture values not far
removed from those given by the experimental Calanus. The parallel
experiment on males was not begun early enough to show the rapid initial
fall and 'subsequent results were irregular, showing after 48 hours a rise
to a value higher than the original value found, A similar fall is shown in
an earlier experiment in February (Figure 1, A, and Table I) in both
males and females, but on this occasion there was a longer time between
capture and the beginning of the experiment and the initial rapid fall is

ML/I000/HR.
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FIG. l.--The fall in oxygen consumption with time.
A. 25-28.2.31 B. 1--4.3.32

X Males. 0 Females. ++ Control Females.

not shown. This rapid fall in respiration is most marked in females and
less marked in males while Stage V, which were used in only a few
experiments of this type, showed no fall. The fall is apparently more
definite in winter than in summer.

Two explanations for this rapid initial fall have been put forward in
similar work on respiration. In the first place the animals may have been
so much disturbed by the processes of capture and picking out that their
metabolism was greatly increased and only gradually fell again to normal
values. It is known from work on fish (Keys, 1930) that values for their
respiration are above normal for some time after they have been put under
experimental conditions. In the second place, the keeping of Calanus in
the laboratory and their exposure to varying conditions in small bottles
is injurious to them. Usually in the course of a prolonged experiment
several died, and it seems probable that the metabolism of the whole
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number, and therefore their respiration, decreases gradually. Kreps
(1929) working on the respiration of Balanus crenatus found a gradual
slight fall in the respiration from day to day and attributed this to the
unfavourable conditions of a laboratory. Calanus kept in the usual
filtered water showed no difference in respiration from others given a

TABLE 1.

FALL IN RESPIRATION WITH TIlliE.

120 Calanus in each bottle. Exposed 4 hours at 10° C.
25-28.2.31

supply of phytoplankton. This indicates that the Calanus, under the
conditions of these experiments, were not suffering from a lack of food.

A possible explanation of the fall in respiration in Calanus is that shortly
after capture they were exposed to daylight for one. or more hours. As
is shown on page 14 this has the effect of raising their metabolism con-
siderably and it might be that the observed fall is a result of initial
abnormally high consumption caused by exposure to light after capture.

" Females not used before (see text).

Males. Females.
Hours Hours
after O2 used in after O2 used in

ca,pture. ml.jl000jhr. ca,pture. ml.jlOOOjhr. Mean.
5,0 0.31 8,5 0,34 0,36

0.38
11.0 0.23 I 16.0 0.28 O':W

0.29
17-0 0.23 I 22.5 0.26 0.26

0.25
30.0 0.23 I 30.5 0.24 0.26

0.27
43.0 0.25 I 48.0 0.21 0.22

0.23
64.0 0.26 I 69.0 0.23 0.22

0.21

1 4.3.32
:\Iales. Females.

A. B.
Hours Hours Hours
ttfter 0" used in after O2 used in after O2 used in

capture. m(jlOOOjhr. capture. ml.jl000jhr. capture. ml.jlOOOjhr.
6.ii 0.34 3.0 0.73 5.0 0.62

12.0 0.27 7.0 0.44 9.0 0.41
17.0 0.27 11,5 0,39 1:3-5 0,37
22.5 0.32 16.0 0.37 18.0 0.40
28.0 0.29 20.0 0.41 22.5 0.37
34.0 0.24 24.5 0.33 26,5 0.31
49,0 0'39 29.0 0.32 :31.0 0.28
72,5 0.35 33.5 0.30 35.5 0.2ij

48.0 0.32 48,5 0.31
72.5 0.31 73,0 0.25

*29.5 0.38 *29'5 0.42
*7:3.0 0.31 *73,0 0,33



6 S. M. MARSHALL, A. G. NICHOLLS AND A. P. ORR.

There are, however, several facts which contradict this explanation.
In the first place Stage V Calanus, although as sensitive to light as adults,
show no definite fall. Secondly, Calanus whose respiration has been
increased by exposure to light show a rapid fall to normal or sub-normal
values in the dark (see page 17). Finally, in an experiment designed to
test this point, in which the fall in respiration of male and female Calanus
caught in the light and in the dark wits compared, there was no signi-
ficant difference.

THE EFFECT OF DIFFERENT ENVIRONMENTAL CONDITIONS.

Temperature.

That Calanus can survive over a considerable range of temperature was
shown by experiments in which they were subjected to gradually rising
temperatures until the lethal point was reached. The first of these
experiments was done in July, 1930, and 100 each offemales and Stage V
were used, distributed in a number of bottles of suitable size. The bottles
were immersed in the experimental tank at 17° C. in the usual way and
every hour the Calanus were examined and the temperature raised by 1°C.

All the Calanus remained quite healthy up to 22° C. when the females
began to get sluggish and did not swim even if they were shaken up. At
24° C. two of the females had folded antennre, usually a sign of distress,
and the Stage V had become inactive. .At 26° C. most of the females were
apparently dead; half of all the Calanus were taken out and allowed to
cool. At 27° C. the Stage V were apparently dead and the experiment
was stopped. By the next morning, of those taken out at 26° C., no females
and 7 Stage V had recovered and of those taken out at 27° C., 1 female
and 3 Stage V had recovered. Calanus raised suddenly to temperatures
of 21°C. and 25° C. behaved similarly to those raised gradually. The
experiment was repeated in April, 1932, with the same general results
except that the lethal temperature was about 2° C. lower. Of 50 taken
out at 24°C. and allowed to cool, 3 females and 5 Stage V recovered and
of 50 taken out at 25° C. no females and 1 Stage V re9overed. Males
were also used on this occasion but they looked unhealthy from the begin-
ning of the experiment, and all but one were dead at 24° C.

The experiments show that male and female Calanus are less resistant
to high temperatures than Stage V, and that the lethal temperature is
higher in summer than in winter. This difference is probably to be ascribed
to the difference in the temperature conditions under which the Calanus
used in the two experiments developed. Those of the April experiment
were Calanus ofthe first broodand developed when the sea was at its cold-
est while those of the July experiment, Calanus of a late summer brood,
had much warmer conditions throughout their lives.
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The lethal temperature for Calanus has also been measured by Hunts-
man and Sparks (1925). They found that Calanus taken from the sea
at temperatures of 6-10° C. died between 26.5° C. and 29.5° C. This is a
limit apparently higher than ours, but the temperature was raised rapidly
(about 1° C. in 5 minutes) and the animals may have been able to survive
such temperatures for a short time. Huntsman and Sparks do not record

M. LfOOO/HR.
1.0

0.9 MALE -,.-

FEMALE -0-

STAGE V -+-0-8

0-7
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0.4

0
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0.2 +

+

0.'

0 5 10

TEMPERATURE DC.
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FIG. 2.-The effect of temperature on oxygen consumption. 13-14.8.31.

any difference between summer and winter Calanus. Brown (1929),
however, studying Cladocera, has found that northern species and those
with spring and autumn maxima have a lower lethal temperature than
southern species and those with summer maxima.

The effect of temperature on oxygen utilisation by Calanus was
measured at intervals of 5° C. from 0° C. to 20° C. The respiration was
first measured at 10° C. or 15° C. (according to the time of year), and this
was followed by success.ive experiments from 0° C. to 20° C., the initial
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temperature being repeated to find if respiration had reached a
steady value. The results of a typical experiment (in August, 1931)
are shown in Figure 2 and Table II. The Calanus were allowed to
stand for over 18 hours before the beginning of the experiment and
the initial fall was thus avoided. The oxygen consumption at 00 C.
is only about half that at iOo C. but above this the curves rise more
rapidly and the oxygen consumption at 100 C. is less than half that at
200 C. Oxygen utilisation is higher in adults than in Stage V. In this
and in one other experiment the values for males lay on a steeper curve,
beginning lower and ending higher than those for females, but in most

TABLE II.

EFFECT OF TEMPERATURE ON RESPIRATION. 13-14.8.31.

About 120 Calanus in each bottle, exposed for 4 hrs. Two bottles used for each stage.
Males. Females. Stage V.

O2 used in O2 used in O2 used in
T. in °e. ml./lOOO/hr. Mean. ml./lOOO/hr. Mean. ml./l000/hr. )lean.

0.61 0.62 0.60 0,58 0.41 0.41
0.63 0,56 0,40

15

experiments there was very little difference between them. Above 20° C.
the Calanus were close to their lethal temperature and in one experiment
where the respiration was measured at 25° C. there was no further increase
in respiration and the Calanus were all moribund at the end of 4 hours.
Indications that evenat 200C. there may be a harmful effectwas shown
only in one experiment, in March. At these high temperatures the
oxygen consumed amounted in some cases to about a third of that initially
present. The oxygencontent of the bottle, however,wasnever so lowas
to affect the respiration of the Calanus.

Similar experiments were done at different times of the year and the
sizes of the Calanus measured. The value for the oxygen consumption
at 100 C. may vary by as much as 0.2 ml. in different experiments. The
differences show no relation to size except that Stage V Calanus, which
are always smaller than adults, have always a lower oxygen consumption.

0 0.20 0.20 0.31 0.28 0.15 0.13
0.19 0.24 0.11

5 0.26 0.26 0.35 0.31 0.19 0.17
0.26 0.27 0.15

10 0.36 0.38 0.42 0.40 0.25 0.25
0,40 0.37 0.25

15 0,59 0.61 0.60 0'57 0.45 0.46
0.62 0,53 0.46

20 0.98 0.99 0.89 0,83 0'58 0.61
0.99 0,76 0.63
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It is interesting that in the early part of the year, Stage V have about
the same weight as adults and in summer are considerably heavier (01'1',
1934; Marshall, Nicholls and 01'1',1934). In spite of this, and the fact
that they are always more active, their oxygen consumption remains
consistently lower. Moreover there is no consistent difference between
the consumption in summer and winter for Stage V Calanus, although
they are much heavier in summer than in winter.

As has been found by other workers (Ege and Krogh, 1915-16; B~leh-
radek, 1930), the increase in oxygen consumption with temperature
does not follow van't Hoff's law.

Hydrogen-ion concentration.

It is well known that changes in hydrogen-ion concentration are in
many cases of importance to animal life. The changes in sea-water are
small compared with those in fresh water, but it has been shown (Powers,
1930) that even the changes in the sea may be of importance. To find if
these changes had any effect, Calanus were put in sea-water the pH value
of which ranged from 6.7 to 8.5. The pH value was lowered by bubbling
carbon dioxide through the sea-water and raised by the addition of dilute
sodium hydroxide. After two days' exposure to pH 6.7 the Calanus were
apparently unharmed and in no experiment was there evidence of any
injurious effect at high values. Similarly it was found that the effect of
changes in hydrogen-ion concentration from pH 7.3 to pH 8.5 had little

TABLE III.

EFFECT OF pH ON RESPIRATION. 30.4.32.

About 100 female Calanus in each of the six bottles, exposed for 4 hrs. at 12° C.
09 used in

pH. mI:jlOOOjhr. Mean.
8'~ ~~ O'~

0.37

or no effect on the respiration of male, female or Stage V Calanus. In
several cases there was a small but continuous fall from the beginning to
the end of a series of experiments. When, however, separate lots of
Calanus (females) were used for measurement of the respiration (Table III)
at normal, low and high pH values, this fall was not shown, so that it may
safely be concluded that the effect of pH change on the respiration of
Calanus is negligible within the limits studied.

8,47 0.39 0.39
0.39

7.40 0.35 0.36
0.37



10 S. M. MARSHALL, A. G. NICHOLLS AND A. P. ORR.

Oxygen content.

Variations in the oxygen content of the sea may at times be quite
large. While raised oxygen content is not likely to harm Calanus, a re-
duction below a critical value will be lethal. This was demonstrated by an
experiment in August, 1931. At this time of the year the normal oxygen
content is about 6 ml. per litre. The oxygen content was reduced bypassing
through the sea-water hydrogen washed successively with alkaline lead
acetate, silver nitrate and distilled water to remove any traces of injurious
gases. That the washing was successful was shown by re-oxygenating the
water by agitation with air and leaving a number of Calanus in it for 48
hours during which time they were not harmed. An experiment was then
done in which 100 each of male, female and Stage V Calanus were used at
5° C. and 15° C. and the oxygen content lowered by stages to about 3.3,
2.5, 1.4 and (for Stage V) 0.7 ml. per litre. The Calanus were left at each
concentration for two hours and examined every hour.

Males at 15° O. Six were dead after two hours at 3.3 ml. per litre;
after an hour at 2.5 ml. per litre the rest were apparently normal, but after
two hours they were definitely sluggish and 20 more were dead. When the
oxygen was reduced to 1.4 ml. per litre, all died within an hour.

Females at 15° O. Mter two hours, even at 3.3 ml. per litre, they were
sluggish but survived one hour at 2.5 ml. per litre. After two hours at
this oxygen content nearly half were dead and only 2 survived after one
hour at 1.4 ml. per litre. These did not survive the second hour.

Stage V at 15° O. These were definitely more resistant to low oxygen
tensions. They were sluggish after two hours at 2.5 ml. per litre; most
were moribund after two hours at 1.3 ml. per litre and all were dead after
one hour at 0.7 ml. per litre.

At 5° C. the resistance to lowered oxygen content was increased.
Males at 5° O. Five were dead after two hours at 3.3 ml. per litre;

4 more were dead and the remainder were sluggish after two hours at
2.4 ml. per litre; only one survived two hours at 1.4 ml. per litre, the
remainder having died within an hour.

Females at 5° O. These became moribund at 1.4 ml. per litre but a few
were alive after two hours at this low value.

Stage V at 5° O. These were sluggish throughout but the mortality
was low until the oxygen was reduced to 0.7 ml. per litre when almost all
were dead within one hour.

A low oxygen concentration affects the respiration of Calanus directly
as is shown in Figure 3 and Table IV. This experiment was done, using the
earlier method (see page 2), on females and Stage V at 15° C. and 5° C.
With females, when the oxygen concentration fell below about 3 ml. per
litre, the consumption also fell even though at the end of four hours they
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had not used up more than about 20% of the oxygen initiaHy present.
At the end of this experiment over 90% of the Calanus were still fairly
active. At a lowered concentration (2.2 ml. per litre) the fall in con-
sumption was still more marked but towards the end of the experiment
the Calanus were dying rapidly. The final oxygen content in this experi-
ment was 1.8 ml. per litre. The Calanus were killed off completely at
an oxygen concentration of about 1 ml. per litre. The Stage V Calanus
were more resistant and their respiration was little affected even at
2.2 ml. per litre; at 1 ml. per litre, however, the majority were dead at
the end of four hours.

When the experiment was repeated at 50 C. (Table IV) the resistance of

M L/1000/HR-

0-8 FE MALE -0-
5 TAG E V-+-

0.2

0-7

0-6

0.5

0'4

0-3

0-1

0 2 4 6

OXYGEN CONTENT. M L PER LITRE.

10 12 14 16

FIG. 3.-The effect of oxygen content on the oxygen consumption of female and Stage V
Calanus, at 15° C.

both females and Stage V was greater; a larger number survived at low
oxygen concentrations and the drop in consumption was not so marked.

Raising the oxygen:content even as high as 19 ml. per litre had no effect
on the respiration. The absence of any injurious gases in the commercial
oxygen (washed with distilled water) used to raise the oxygen content was
demonstrated by estimating the respiration of Calanus in a sample of
water of which the oxygen content had first been raised to 18 ml. per litre
and then reduced to normal by agitation with air. The oxygen con-
sumption was the same as in normal sea-water.

It is apparent from these experiments that the respiration of Calanus
is unaffected by changes in dissolved oxygen concentration except at and
below about 3 ml. per litre.
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Similar conclusions were reached by Henze (1910) who states that in
cold-blooded animals with good circulation and branchial respiration the
oxygen consumption is, within wide limits, independent of the oxygen

TABLE IV.

EFFECT OF OXYGEN CONTENT ON RESPIRATION. 31.7.30-7.8.30.

Oxygen used, in m!. per 1000 per hour based on triplicate samples of about 20 Calanus.
15° C. 5° C.

Females Stage V
O2 content O2 used in O2 content O2 used in

in m!.jlitre. m!.j1000jhr. in m!.jlitre. m!.jl000jhr.
16.17 0.74 11.69 0.40
8,54 0.76 8,94 0,38
5.85 0.70 5,71 0,36
5.36 0.68 2.72 0.31
3.84 0.64 2.06 0.27
2.94 0.40 1.03 0.09
2.21 0.28
1.31 0.09

O2 content O2 used in m!.j1000jhl'.
in m!.jlitre. Females. Stage V.

2.04 0.28 0.16
1.21 0.09 0.09

tension. Hyman (1930) found the same to hold in planarians and the
oxygen tension below which respiratory activity decreased (3 ml. per
litre) was much the same as that found in Calanus.

Salinity.

Fluctuations in salinity in the sea are not very great except in coastal
waters but this is a factor of the environment which may sometimes
affect Calanus. If the salinity of the water in which Calanus are living is

100

...J
«
>

~

80 70 60

XSEA WATER

FIG. 4.-The effect of reduced salinity on the survival of Stage V C'alanus.

100 90 50 40 30
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changedin the courseof two or three hours from normal (about 340/00 for
this area) to about 66% sea-water, they die within a short time. If, how-
ever, the change is accomplished more gradually, they can become acclim-
atised. This is shown by an experiment carried out from May 24th to
June 9th, 1932. A thousand Stage V Calanus were picked out and put by
fifties into beakers. Two hundred of these Calanus were kept in normal
sea-water, the rest were then transferred at once to 95% sea-water, that

TABLE V.

EFFECT OF LOWERED SALINITY ON THE SURVIVAL OF FEMALE

CALANUS.

I 100% 90% 80% 70% 60% 50% 40% 35% 30%

_~alinity.J~~p/00 --~~~/00 ~~~2~ ~~~0 /~1O~~!~~

%
survival 81 93 72 82 79 81 69 30 22

is, to freshly drawn sea-water diluted in the correct proportions with
glass distilled water. The water was changed daily and at the same time
the salinity was reduced by 5%. The Calanus in the first four beakers
remained in normal sea-water (about 33.9%0) throughout; the Calanus
in the next pair of beakers were brought down to 90% sea-water (in two
steps) and remained at 90% for the rest of the experiment; the Calanus
in the next pair were reduced to 80% (in four steps) where they remained,

TABLE VI.

EFFECT OF LOWERED SALINITY ON RESPIRATION. 6.6.32.

About 80 female Calanusin each bottle exposedfor 4 hrs.at 15°C.

I

100% 80% 50%
8alinity. 8.=33.91%0 8.=27'16%0 8.=16'97%0----

O2 used in
ml./1000/hr.

0.37
0,37 0.38 0.25

and so on. By the twelfth day the Calanus in the last four beakers were
in 35% sea-water (S=12'00/00) and the mortality was high. It was noticed
that as the salinity was reduced the Calanus became less active. The
Calanus in two of the last four beakers were kept in 35% sea-water and
those in the other two reduced to 30% at which the majority of those
remaining died. On June 6th some of the Calanus were used for a respira-
tion experiment and on June 9th the experiment was stopped and the
survivors counted. The results are shown in Figure 4 and Table V.
There was no definite injury and the death rate was irregular and not very
high until 40% sea-water was reached. Below this the animals died off
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rapidly. The mortality at the high salinities is to be accounted for by the
long duration of the experiment.

The respiration values (Table VI) show that, whereas the Calanus in
80% sea-water (8=27.2%0) had an oxygen consumption as high as the
Calanus in normal sea-water, those in 50% (8=17 '0%0) had one which was
definitely lower. Thus Calanus can become acclimatised to salinities as
low as 12-17%0 although respiration is reduced before these values are
reached.

In several marine invertebrates (Nereis sp., Procerodes(Gunda) ulvm) a
decrease in salinity causes at least an initial increase in respiratory activ-
ity (Beadle, 1931), which is contrary to the effect found for Calanus.
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FIG. 5.-The oxygen consumption of female Calanus in bright sunshine compared with
the light intensity over the same period. 10.5.32. D= Value for respiration in
the dark.

Kreps (1929), however, working on Balanus found that although at
salinities from 12%0 to 35%0 respiration was almost independent of
salinity, below 12%0 it decreased.

L1;ght.

When exposed outside in ordinary clear glass bottles, there is no'
apparent increase in the activity of Calanus but there is a very consider-
able increase in oxygen uptake. In bright diffuse light or in sunshine,
the respiration may be even double what it is in the dark (Table IX).
The increase is not due to a rise in temperature for care was taken to keep
all the experimental bottles at a constant temperature. The light intensity
at which this increase in respiration was obtained is comparatively low.
Calanus which were exposed out of doors shaded from direct sunlight
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gave values as high as those which were fully exposed during the same
time. Similar high values were obtained also on a cloudy day. Exposure
to artificiallight* or to the diffuse light indoors in front of a north window
had no appreciable effect.

To find the effect of continued exposure to sunlight, 12 bottles con-
taining female Calanus were exposed for periods from one up to six hours
on May 10th, 1932, two bottles being removed each hour (Figure 5 and

TABLE VII.

THE EFFECT OF SUNLIGHT ON THE RESPIRATION OF FEMALE

CALANUS AT ABOUT 12° C.

Tables VII and VIII). Only 50 Calanus were put in the bottles which were
to be exposed for four hours or more so that they should not suffer from
lack of oxygen. The remainder contained 100. There were, besides,
four controls in the dark. The temperature during this experiment
was 12° C. The light intensity (measured by Anderson and Robin-
son's method (1925) ) rose during the first two hours and remained more or
less constant during the rest of the experiment. The oxygen consumption
although it fluctuated considerably showed no relation to the variations in

* The source of artificial light was a 110 V. 60 W. Phillips" Argenta" gas-filled lamp
with a parabolic reflector, at a distance of about 25 em.

t Obtained by subtracting the sum of the means for the preceding hours from the
actual consumption at any given hour.

Experiment began 6.23 a.m. G.M.T. 10.5.32.
Actual consump- tCalculated con-

Time exposed tion of O2 in 0, used in sumption in
in hours. ml./lOO Calanus. ml./lOOO/hr. Mean. successive hours.

1 0'114 1-14 1.26 1.26
0.137 1.37

2 0.254 1.27 1.26 1.26
0.247 1-24

3 0,343 1.14 1-15 0.93
0.348 1.16

4 0'543 1.36 1.31 1.57
0,501 1.25

5 0,573 1.15 1.17 0.87
0'594 1.19

6 0.667 1-11 1.16 0.81
0.723 1.21

3 (dark) 0.220 0.73
3 " 0.218 0.73 0,74
3 " 0.228 0.76
3 .. 0.216 0.72



MG. OXALIC ACID
I

30 LIGHT

10

20

......---...... - -'" , '

/'" "
0 """," ':;'".'--=-'-' - .-,-'-'-' -'- '

M / /
~ ,.--,.--~ :::-.'_-:-'-. -' "

L 1000 HR

., -7 ::::-' ,

t . . ........

0'3

STAGE V

---,-- "
/' "'--.--

/ ,
Y --~

c.-::.:::.:::-:':=:-:--. -::;::':::-:CC-, =- <:.-: .-. ~<:''<'-'
D

0'1

0'6

D

FEMALE

0'4

".

<=.'.::::-: :::::.::; '-'<:::"-"' ~~-:::."'::":-.-:
0'2

0'6
""~ ~

':", ., .
,-./ , .

/ '< .
/ '~/ ,/

., ,
/ " ,/ ", ,

/

/., '-', ,. .- ' --....
'/ / ..~_.r--: -.n :~.:r;,~,~: =.= :.:"!'..' .nn , .

MALE

0'4

D
0.2

5 10 15 20 TIME G.MT

SURFACE- 0.5 METRE--- 5 METRES-'- 10 METRES----

FIG. 6.-The oxygen consumption of Calanus at different depths in the sea and its
relation to light intensity. 13.4.32. D=Value for respiration in the dark.



ON THE BIOLOGY OF CALANUS. 17

light intensity, even at the beginning. This indicated that, beyond a
certain point, light intensity has no further effect on respiration. After
the experiment all the bottles which had been exposed to the light were
kept in the dark for three hours or (with bottles containing only 50 Calanus)
six hours, and the respiration measured. In all cases but one, the value
was much below that of the controls in the dark, suggesting that the ex-
posed Calanus had been injured by light.

It will be noticed that the value for respiration in the dark was in this
experiment unusually high (0.74 mI. at 12° C.). The Calanus were taken
in a surface tow-netting during the day and the metabolism of those living
at the surface is probably higher than that of those living in deep water.

TABLE VIII.

LIGHT MEASUREMENTS ON 10.5.32.

Time
in hours.

0.65
1.08
1-65

2.10

2.63

3.08
3,58

4.03

4,57
5,08
5.60

5.90
6.48

Mg. oxalic
acid used

per hour.

20.8

34.6
41.5
68.8

61.5

73,0

78.1
70.9
81-4

73,5

73.2

64,9
76.7

Since light must therefore have an effect under natural conditions,
Calanus were exposed at different depths in the sea to find out to what
depth its influence could be detected. The bottles were put in small wire
cages and these were attached to a buoyed and anchored rope. The sur-
face bottles were on a small float attached to the buoy.

In a preliminary experiment on males on April 5th, 1932, the dark value
was 0.28 mI., that at the surface was 0.64 mI. and that at 5 metres was
0.36 mI., showing that a slight effect may be noticed even at 5 metres.
A long experiment was then carried out to measure the variations in the
respiration of male, female and Stage V Calanus at different depths
throughout a day. Bottles were exposed at the surface, 0.5, 5 and 10
metres for five periods of about three hours from 5 a.m. onwards. Since
washing through the bottles with fresh sea-water at the beginning of each
period took a considerable time, two sets of bottles had to be used for
each depth. Thus one set was exposed from 5 a.m. to 8 a.m., 11 a.m. to
2 p.m. and 5 p.m. to 8 p.m. while the second set was used from 8 a.m.

NEW SERIES.-YOL. xx. NO. 1. FEBRUARY, 1935. B

c
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to 11 a.m., and from 2 p.m. to 5 p.m. The different sets of bottles are
indicated in Table IX by letters. The results are shown in Figure 6 and
Tables IX and X. Although the Calanus were caught on April 12th and
were left overnight after picking out, it will be seen that there is a fall in
respiration in most bottles from one period of exposure to the next.
This may be caused in part by the fall with time and in part by

TABLE IX.

THE RESPIRATION OF CALANUS AT DIFFERENT DEPTHS IN THE

SEA DURING THE DAY. 13.4.32.

the injurious effect of exposure to light. Both these factors com-
plicate the results. The light intensity, measured over the same
time, showed that there was a rapid increase up to a maximum at
11 a.m., a slight decrease at 2 p.m. and a rise to a maximum value again
at 5 p.m. after which it fell off rapidly. It will be seen that the respiration
values from 5 p.m. to 8 p.m. in all cases, and those at 5 and 10 metres
throughout the day, with one exception, can be taken as equivalent to
dark values. The exception is in males at 5 metres from 8-11 a.m. when
there was a slight increase. In all cases the maximum values at the surface
and 0.5 metre were from 5 to 8 a.m. and from 8 to 11a.m. and the two were
sometimes much the same in spite of the difference between the light

About 100 Calanus in each bottle at about 7,50 C. Secchi disc reading 5.5 m.
O2 used in ml./l000/hr.

Time of exposure. Males. Females. Stage V.
Surface.

5,05- S'05 A 0.59 A 0.36 Lost
7'50-1HO E 0.60 E 0.56 E 0.42

10'55-14'15 A 0.52 A 0.33 Lost
14,05--17,10 E 0.45 E 0.32 E 0.26
17,00-20,20 A 0,30 A O.IS D 0.20

t metre.
5-25- S.25 B 0.52 B 0.41 B 0.29
S'15-II'35 F 0.5S F 0.45 F 0.31

II.20-14.40 B 0.49 B 0.31 B 0.25
14,30-17,30 F 0.42 F 0.30 F 0.24
7,20-20,25 B 0.23 B O.IS B 0.12

5 metres.
5.35- S.50 C 0.25 C 0.2S C 0.16
S'35-ll-55 G 0.39 G 0,30 G O'IS

11-45-15'05 C 0.27 C 0.25 C O.IS
14'50-17'55 G 0.30 G 0.25 G 0.15
17,40-20.40 C 0.23 C 0.21 C 0.14

10 metres.
5,55- 9-15 D 0.26 D 0.25 D 0.20
9'00-12-20 HO.26 H 0.31 H 0.20

12,00-15,30 D 0.27 D 0.23 D O.IS
15'05-1S'20 HO.26 H 0.31 HO.20
IS'05-21'05 D 0.26 Lost E 0.12
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intensities at these depths. Figure 6 shows that the light was equally
bright from 11 a.m. to 5 p.m. but in spite of that the respiration fell off.
I t must be remembered, however, that all the Calanus were then being used
for the second time. The males showed the effect of light most clearly
and the females and Stage V showed it to a lesser degree. The light during
the brightest hours was therefore sufficient to affect Calanus at the surface

TABLE X.

LIGHT MEASUREMENTS ON 13.4.32.

Time of
exposure.

Mg. oxalic
acid used.

Surface.
9.7

27.7
25.2
27.0

5.2

Mg. per
3 hours.

5,45- 7,56
8.00--11.00

11-00--14.05
14'07-17-03
17,05-20,05

13'4
27.7
24.6
27.6

5.2

6,10- 8.27
9.25-11.30

12.30--14.40
15.40--17.30
18,30-20,30

t metre.
5.9

10.0
7.7
5.9
0.7

7.8
14.4
10.6
9.7
1.0

6,10- 8'45
8.45-11-45

1l'45-15'05
15,05-17.45
17,45-20'45

5 metres.
1.7
3,3
3.3
2.7
0.2

2.(}
3,3
3.0
3,0
0,2.

5,54- 9.00
9,00-12,15

12,15-15,25
15,25-18,15
18,15-21,06

10 metres.
0.9
1.4
2.1
1-4
0.2

0,9
1.3
2.0
1.5
0.2

and at 0.5 metre, but at 5 metres and 10 metres there was little or no
change.

Light may have an effect greater than that indicated in the above
experiments since the glass of the bottles absorbs a certain amount,
particularly the ultra-violet which according to Klugh (1929)is lethal to
Calanus (see p. 21).

All the foregoing light experiments, with the possible exception of that
on May 10th, were done on the first brood which is occasionally found near
the surface (Marshall, Nicholls and Orr, 1934). Stage V Calanus from a
summer brood were used for a similar respiration experiment in the sea in
August at the surface, 0.5, 2,3, 5 and 10 metres (Figure 7 and Table XI).
There was a marked increase in respiration at the surface and one slightly
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smaller at 0.5 and 2.3 metres while at 5 metres there was an increase but
so small that it was not much beyond experimental error.

It may thus be stated that light has no effect on respiration, or at least
none that can be measured, below 5 metres.

One might expect the influence of light on the behaviour of Calanus in
the sea to be reflected in the response of Calanus to light under experi-
mental conditions, but it is difficult to find any quantitative relation

0
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0'2 D
100
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0'6 M L/1000/HR.
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FIG. 7.-The oxygen consumption of Stage V Calanus at different depths in the sea from
10'40--14-40 G.M.T., in relation to light intensity. 22.8.32. D= Value for respira.-
tion in the da.rk.

between them. Huntsman (1925) has shown that light is injurious by
keeping numbers of Calanus on the laboratory roof in unshaded, shaded
and completely darkened jars. Those in full light all died within two or
three days and only those in the dark survived for any length of time. He
found that light had an equally injurious effect on many other marine
animals. Our experiments on the effect of light on the respiration of
Calanus lasted at most eight hours and although they were not apparently
injured yet the low value of their subsequent respiration in the dark
indicates that they were not unharmed. In October, in the course of
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another experiment, a hundred Calanus were exposed to diffuse daylight
out of doors for the greater part of the day, but after four days they all
died. Even when they were given only two hours exposure daily, the death
rate was much higher than when kept indoors. Klugh (1929, 1930) has
shown that the lethal effect is due chiefly to the ultra-violet component
of sunlight and that shallow water organisms are resistant to this.
Harvey's work (1930), besides confirming Huntsman's results, showed
that the rate of heart beat was decreased on exposure to sunlight and that
blue light was most injurious. He dealt only with the visible rays.
Klugh's results were confirmed by an experiment in which the respiration
of female Calanus in plain glass bottles was compared with the respira-
tion in bottles of Uviol glass (transparent to light of short wave length).

TABLE XI.

THE RESPIRATIONOF STAGE V CALANUS AT DIFFERENT DEPTHS

IN THE SEA FROM 10.40-14.40 G.M.T. IN BRIGHT SUNSHINE. 22.8.32.

Depth
in metres.

0

Secchi disc reading> 10 m.
0 l used in Light. Mg. oxalic

ml./l000/hr. acid used during
during exposure. exposure.

0.56 234.6
0,57

Although there was no significant difference in the figures for respiration,
the mortality was much higher in the Uviol glass bottles.

Calanus does not normally live near the surface during daylight, but an
interesting point is raised by their presence at certain times of the year
close to the surface or actually in the surface film. When exposed thus
to a high light intensity, their oxygen consumption must be greatly
increased. Such a distribution would not be expected from Huntsman's
and Klugh's results. Lepeschkin (1931) states that while excess of ultra-
violet light may be harmful, small quantities protect copepods (Para-
calanus parvus, OncaJavenusta and Euterpe acutifrons) from the lethal
effect of the visible rays.

CALANUS IN RELATION TO ITS ENVIRONMENT.

Planktonic organisms as a rule have a wide range of distribution and
Calanus finmarchicus is no exception. Its centre of greatest abundance

0'5 0.54 72.5

2.3 0.48 46,0

5,0 0,37 17.2

10.0 0.30

Dark 0,30
0.26
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is in the North Atlantic, north of 55° N. (Farran, 1911) although it has
been recorded from the Azores. It extends eastwards into the Norwegian
and North Seas and it is found in the western part of the Baltic but it is
less abundant in the southern North Sea and English Channel. In the
western North Atlantic it is common as far south as the Gulf of Maine.
It is also fairly common in the coastal waters off the west coast of North
America as far south as California. Records are lacking for the Pacific
as a whole but it has been found to the south of New Zealand and in the

Great Australian Bight. It is recorded from the waters of South Africa,
the Red Sea, the Mediterranean and the Black Sea.

Calanus normally inhabits water below 15° C. and we have seen from the
experimental results that it is killed at temperatures from 25° C. to 30° C.
That it can, however, become acclimatised is indicated by the records
of its occurrence in the Red Sea although it is apparently not abundant
there. The specimens found in warm seas are smaller than those from the
North Atlantic.

The changes in pH value in the sea are relatively small and, as has been
mentioned, are not likely to affect Calanus. In the Baltic where a large
range in pH value is found, Calanus is not present but this is perhaps
because of the low salinity.

Calanus in the laboratory is able to tolerate only a moderately low
oxygen content but the lower limit is dependent on temperature. The
fluctuations in oxygen content in the open sea are small, but in certa.in
areas very low values are met with in deep water. Loch Striven and the
Black Sea are examples of such areas. In late summer when Calanus is
abundant in the deep water of Loch Striven the oxygen content at the
bottom occasionally falls to 2 ml. per litre (Marshall and Orr, 1927).
This is near the lethal limit for Calanus as found experimentally, but
probably such low values do not persist for long. It is more surprising
to find Calanus recorded in the Black Sea at the limiting depth for plank-
ton in February where the oxygen content is below 1 ml. per litre, and the
temperature is about 7° C. (Nikitin, 1931).

According to Farran (1911) Calanus is abundant only in water where
the salinity of the sea is 35.3%0 or less. Very low salinities are encountered
in the Baltic which suggests that this factor determines its absence from
that sea. The lower limit which Calanus can tolerate in the laboratory
is about 17%0, a value lower than is found in the open ocean.

Since Calanus can always escape from the injurious effect of light by
going deeper into the water, this is not a factor which will affect its
geographical distribution, but it is possibly one of the causes of its vertical
distribution and diurnal migration. Much work has already been done on
these lines (Esterley, 1919; Russell, 1928) and it need here only be noted
that there is a striking contradiction between the fact that Calanus is



ON THE BIOLOGY OF CALANUS.

injured by strong light and that at times it swarms at the surface in bright
sunlight.

F~)QD REQUIREMENTS OF CALANUS.

Respiration gives a measure of food requirements since there is a
quantitative relation between the amount of oxygen used and the amount
of material combusted to produce energy. The lack of figures for the
carbon dioxide exchange makes it impossible to state the nature of the
material utilised.

Ostenfeld (1913)estimated the amount of oxygen used by adult Calanus
hyperboreus and found it amounted to 0.68 ml. per 1000 per hour which,
since C. hyperboreus is larger than C. finmarchicus, agrees very well with
our figures. Plitter made a long series of experiments on the respiration
of copepods (1922, 1923, 1924-25), but apparently only a few were done on
Calanus. The majority were on mixed catches of small copepods (Pseudo-
calanus, Centropages, Paracalanus, Acartia and Oithona) and the results
varied a good deal from one experiment to another. In general he found
that respiration is considerably higher in summer than in winter (at the
same temperature), and that copepods require as food from 39% (for
Calanus) to 156% (for Oithona) of their body weight daily in summer
(1924-25). This involves a very large intake offood. His calculations of the
enormous number of diatoms or other organisms necessary are well known.
His experimental methods and the assumptions on which his calculations
are based have been criticised by Krogh (1931) and from our results it
certainly appears that his values for respiration and maintenance are
exceSSIve.

For Calanus, at 17.7°C., he records a utilisation of 1.83 ml. per 1000 per
hour (1922) or roughly three times our value in the dark. From January
to March the Stage V weigh about 15 mg. per 100 individuals (Marshall,
Nicholls and Orr, 1934) and the oxygen consumption at 5° C. is about
0.17 ml. per 1000 per hour (Figure 2 and Table II). From April to July
they weigh on an average about 30 mg. per 100 individuals and the oxygen
consumption is about 0.42 ml. per 1000 per hour at 15° C. From these
figures it follows that the food requirements of Stage V Calanus in winter
lie between 0.002 and 0,006 mg. per individual per day, and in summer
between0.005and 0.013mg. The lowervalue givenis that for fat and the
higher that for carbohydrate in each case. The real value lies between
these and depends on the composition of the food utilised. These figures
indicate that for Stage V (the most abundant form) the amount of food
required daily, expressed as a percentage of the body weight (dry) of one
Calanus; lies between 1.3 and 3.6 in winter, and 1.7 and 4.5 in summer.
For adults the percentage lies between 2.2 and 2.8 in winter, and 6.2 and
7.6 in summer. These values are very much lower than that calculated
by Plitter for Calanus (38.7%).

~~,
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A comparison of the food requirements with the food available as
microplankton could be made from our knowledge of the seasonal fluctua-
tions of the latter and the analyses of Brandt (1~98) and Brandt and
Raben (1919-22). In view, however, of our very incomplete knowledge
of the composition of the different organisms used by Calanus and our
ignorance of the digestibility of these by Calanus, any attempt at a direct
relation should be deferred till further work has been done.

SUMMARY.

1. Experiments have been done to determine the oxygen utilisa-
tion by male, female and Stage V Calanus under different environmental
conditions.

2. An initial fall in the respiration of adult Calanus was observed
during the first few hours after capture. Stage V do not show this clearly.
It is found more often in winter than in summer.

3. The lethal temperature varies from 24° C. in winter to 26° C. in
summer. Stage V Calanus are more resistant to high temperatures than
adults. .

4. Respiration rises with increase of temperature from 0° C. to 20° C.
The increase does not follow van't Hoff's law. The oxygen consumption
of males and females is about the same, while that of Stage V is lower.
Above 20° C. there is a harmful effect.

5. Within the limits studied (pH 7.4-pH 8.5) change in hydrogen-ion
concentration has no effect on respiration.

6. Calanus are unaffected by an increase in the oxygen content of the
water, but are sensitive to low oxygen tensions. Below a concentration
of about 3 ml. per litre the respiration decreases. At concentrations
between 1 and 2 ml. per litre they are killed. They are more resistant
at 5° C. than at 15° C. and Stage V are more resistant than adults at both
these temperatures.

7. Calanus can become acclimatised to salinities as low as 35-40% sea-
water (S=12%0-13'6%0)' but their respiration is lowered at a salinity
of 50%.

8. Light has a striking effect on Calanus. It may increase the respira-
tion by 100% or more. This effect can be detected also in the sea, but not
below 5 metres. Continuous exposure to light is harmful.

9. The bearing of these results on the distribution of Calanus is dis-
cussed.

10. From the amount of oxygen used in respiration, calculations of
the food required are made and these are compared with the results
given by Plitter for Calanus and other copepods.
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INTRODUCTION.

DURINGthe course of some routine plankton work over the years 1931-33,
embracing collections from various parts of the Clyde sea-area, nauplii of
a peculiar appearance were noticed and many were removed for further
examination. In this way over 300 specimens were secured, which on
measurement showed five clear size groups, corresponding to five different
stages. This nauplius was identified as one of the Longipediidre (Cope-
poda), described and illustrated by Gurney (1930,p. 469) as" Genus III."
Hauls in Loch Striven in 1934 showed large numbers of this nauplius
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early in April, and many were isolated alive in an endeavour to rear them
and so trace their origin. As pointed out by Gurney they are very easily
caught on the surface film, which makes them difficult to rear in open
vessels. By placing them under a system of water circulation from which
all air was excluded it has been possible to rear them to the first cope-
podite stage. The later copepodites are easily reared in small open dishes
containing a little mud, covered with about 10 C.c. of water. Nauplii

I . .. . 1 . .. , I
.1 mm.

FIG. I.-The first nauplius of L. coronatafrom below and from the left side. The specimen
illustrated was peculiar in showing the three primary segments of the head region,
corresponding to the first three nauplius appendages. No other specimen was seen
showing this structure which must not be regarded as normal for the first nauplius
of this species.

have also been successfully reared in open glass tubes, 6"X I", which
provide a sufficient depth of water to reduce the chances of their becoming
caught in the surface film. At the second copepodite stage the animal is
definitely recognisable as a Longipedia by the elongated endopod of the
second leg (see also Gurney, 1930, p. 467). The larva has been reared
through all its stages of development and identified as that of Longipedia
coronata.

Ovigerous females of this species were obtained by using a bottom net;
and on hatching the eggs, the first nauplius, not previously seen in plankton
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FIG. 2.-The second to sixth nauplii of L. coronata,. a to e, in ventral view; j"to j, in
lateral view.
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samples, has been found. This has proved interesting in that it resembles
in shape the Longipedia nauplius described by Gurney (1930, p. 463) as
the" green form." There is no anterior projection of the head region and
this seems to be typical of the genus, modification in shape occurring only
in later stages.

In the search for the adult of L. coronata, specimens of L. scotti (not
previously recorded from this area) were obtained and these, when their
eggs were hatched, proved to have a first nauplius indistinguishable, even
in size, from that of L. coronata. In the later nauplii, however, the
posterior terminal spine shortens and the larva assumes the form of that
described by Gurney (1930, p. 464, Fig. 2) as the" pink form." All the

I, II I II " I I
.1mm.

FIG. 3.-The antennules of nauplii two to six of L. coronata.

nauplius stages of this form also have been reared and since it is less liable
to be held in the surface film its rearing does not present the same diffi-
culty.

The nauplii of L. coronata are illustrated in full. The structure of the
appendages differs in only minor details from that of the" green form"
described by Gurney.

THE NAUPLII OF L. coronata.

The nauplius was first described and figured by Gurney (1930) and is
peculiar" in the long narrow shape of the body and remarkable helmet-
shaped head. Not only is the head produced forwards and upwards but
it has also a downward beak-like projection" (p. 469). These features
can be seen in Figure 2 and the very prominent labrum, covered with
small spines and fine hairs, will be noticed. An eye is visible in fresh
material.
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The .Antennule (Figs. 1 and 3).

This has four segments, the first being unarmed; the second bears one
plumose seta'; the third, one plumose and one spinous seta. The armature
of these three segments is constant throughout the six nauplii. The ter-
minal segment is elongated and bears one spinous seta and an resthetasc
terminally, with a number of subsidiary terminal and lateral setre varying
from one in the first n8,uplius to fourteen in the sixth. A double row of
short bristles is present on the outer edge of this segment, the number
increasing from first to last nauplius. The changes that take place in
this appendage are seen in Table I.

The .Antenna (Figs. 1 and 4).

The coxopodite and basipodite are armed with strong masticatory
spines and setre; the unsegmented endopodite has rigid spinous terminal
setre and a group of lateral setre on the inner edge; the exopodite is long
and well developed with many segments, five in 'the first nauplius,
increasing by one segment with each moult to the maximum of eight in the
fourth, fifth and sixth nauplii (Table II).

TABLE I.

SEGMENTATIONAND ARMATUREOF ANTENNULE.

" A " indicates JEsthetasc.

Segment. Nauplius Stage
I II III IV V VI

1 - - - - - -

2 1 1 1 1 1 1
3 2 2 2 2 2 2
4 2+A 3+A 6+A lO+A 13+A 15+A

TABLE II.

SEGMENTATIONAND ARMATUREOF THE ANTENNA.

Stage. Coxo- Basi. Endo. Exopodite Segmenm
podite. podite. podite. 1 2' 3 4 5 6 7 8

'-v-'
I 1+1 3 2+2 1 1 1 1 2

'--y---J
II 1+1 3 2+3 1 1 1 1 1 2

'-v-'
III 1+1 4 3+4 1 1 1 1 1 1 3
IV 2+1 5 3+4 1 1 1 1 1 1 1 3
V 2+1 5 4+5 2 1 1 1 1 1 1 3

VI 2+1 5 4+5 2 1 1 1 1 1 1 3
NEW SERIES.-VOL. XX. NO.1. FEBRUARY, 1935. 0
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There is no further development of the number of setre from the fifth
to the sixth nauplius but the large masticatory spine on the coxopodite
is considerably enlarged at this moult.

.1 mm.

1
FIG. 4.-The antenna? of nauplii two to six of L. coronata.

The Mandible (Figs. 1 and 5).

There is a very small coxopodite bearing a single plumose seta. The
basipodite is more strongly armed with a number of plumose setre but the
main armature ofthis masticatory appendage is the powerful spine on the
enlarged first segment of the endopodite, which has in addition a number
of plumose setre. The terminal segment of the endopodite bears a group
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of unplumed setre. The exopodite is four-segmented in all stages and
bears rigid spinous setre, two of which are particularly long and strong.
The changes in this appendage are summarised in Table III.

The Maxillule (Figs. 2 and 6).

This appendage is represented in the first three nauplii by a single large

sJ?ine,thickly covered with small spines and in the first nauplius bearing a
number of fine hairs at the base. These hairs are lacking in the second and
third nauplii. In subsequent stages a two-segmented appendage is
present bearing large terminal spines and small lateral setre (Table IV).

TABLE IV.

SEGMENTATION AND ARMATURE OF THE MAXILLULE

Segment Nauplius Stage
I II III IV V

Endopodite l L S . 2+3 2+6
Exopodite f arge pme 2+ 1 2+3

VI

2+6
2+3

Other Appendages (Fig. 2).

The first two pairs of swimming feet present in the first copepodite are
represented in the fifth and sixth nauplii as " ridges with spines, but are
not definitely bilobed " (Gurney, 1930, p. 466). The maxiUreand maxil-
lipeds are situated just behind the maxillules but are not clearly separable
in L. coronata.

The Oaudal Region.

A pair of short, backwardly directed setre first appear in the second
nauplius in the region of the anus. To these are added in the third nauplius
one pair of short setre, upwardly directed and situated dorsal to the first
pair, and a second pair of long, spinous setre postero-ventraUy (Fig. 2,
l-j). In the fourth nauplius one pair of short spines appears just

TABLE III.

SEGMENTATION AND ARMATURE OF THE MANDIBLE.

Stage. Coxo- Basi- Endopodite Exopodite.
podite. podite. 1 2 I 2 3 4

I 1 2 1+1 4 1 1 1 2
II 1 3 3+1 5 2 1 1 2

III 1 4 3+1 6 2 1 1 2
IV 1 7 4+1 6 2 1 1 2
V 1 7 4+1 6 2 1 1 2

VI 1 8 4+1 6 2 1 1 2
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anterior to the postero-ventral pair. The single median posterior spine,
most prominent of all, is present in all stages, and characteristic of the
nauplii of the genus. The arrangement of spinules upon this spine
appears to be spiral.

THE NAUPLII OF L. scotti.

The" pink form" of Gurney undoubtedly belongs to this species and
nauplii reared from females with egg-sacs have been carried through to

;.

[
.1mm.

FIG. 5.-The mandibles of nauplii two to six of L. coronata.

the fifth copepodite, while later nauplii collected from the plankton have
been reared to the adult stage. The male has thus been obtained and will
be described later (p. 43).
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Again six nauplius stages are present, the first indistinguishable from
that of L. coronata, the later stages showing the modification of shape
peculiar to this species-namely, the broad, rounded anterior; the
square labrum; the shortening of the posterior spine; and the presence
of a tooth on the basipodite of the antenna. The patchy coloration which
develops in the later nauplii is also distinctive.

Apart from these features, mentioned by Gurney (1930, p. 467) the exo-
podite of the maxillule shows a structure different from that of the pre-
ceding species. The exopod in L. coronata bears one rigid spine and a

I, , II I I I , , I
.1 mm.

FIG. 6.-The maxillules of nauplii four to six of L. coronata.

number of shorter setffi,whereas in L. scotti the rigid spine is replaced by
a group of setffiof sub-equal length (see Gurney, 1930, Fig. 2). The tooth
on the basipodite of the antenna first appears in the second nauplius.
For the rest, the appendages resemble those figured and described for
L. coronata.

THE NAUPLIIOF L. minor.

One specimen of a small yellow nauplius in the fifth stage was obtained
from the plankton. This moulted through successfully to become an
adult female, quite clearly L. minor. An examination of the moults of
this nauplius showed that it was identical in structure with the" green
form" of Gurney. The apparent discrepancy here with Gurney's colour
description is, I think, easily explained. The depth of pigmentation
varies in different individual nauplii of a species, and when the natural
coloration is absent or greatly reduced, the yellow colour of the food mass
predominates, leading one to ascribe that colour to the nauplius as a whole
in the absence of any other. Nauplii of both L. coronataand L. scottihave
been obtained in which the usual red or pink colour has been absent, and
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the only colour noticeable has been the greenish yellow of the gut contents.
Gurney described the green form and stated that the yellow form was
"very rare by comparison." It so happens that the single specimen of
this species obtained here lacked the green pigmentation and so appeared
to be yellow. .

The maxillule in this nauplius is of the L. scotti type. A point of
interest is that in the sixth nauplius of this species the maxilla and
maxilliped are much more clearly separated than in either of the preceding
species. One further point should be noticed, namely that there are four
segments in the antennule in all three species, the proximal one being
unarmed throughout.

AVERAGE LENGTHS OF THE NAUPLII IN MM.
Nau-
plius L. coronata.
Stage. Body Spine Total SIT

I .15 .19 .34 .6
II .20 .22 .42 .5

III .26 .21 ,47 .4
IV .33 .20 .53 .4
V .40 .16 .56 ,3

VI ,45 .21 .66 ,3

L. ,Qcotti.
Body Spine Total SIT
.15 .15 ,30 .5
.19 .Il .30 .4
.24 .06 ,30 .2
,27 .07 ,34 .2
.32 .10 '42 .2
,37 ,08 ,45 .2

L. minor. *
Body Spine Total SIT
.13 .14 ,27 '5
.18 .17 ,35 .5
.19 .18 ,37 .5
.22 .19 .41 .5
.27 .18 .45 .4
,30 .18 ,48 ,4

This table gives the lengths of the body and of the spine, and the ratio
spine to total length (SIT), for all stages of the three species under
discussion. It is interesting to see that in L. coronata,while the body shows
a steady increase in length, the spine remains more or less constant and,
therefore, grows relatively shorter. In L. scotti while the body grows in
length the spine shortens considerably, giving a marked relative decrease.
In L. minor the spine shows an increase in length as the body grows, thus
showing very little relative shortening.

THE COPEPODITE STAGES OF LONGIPEDIA.

The early copepodite stages of Longipedia, showing the development of
the second leg, have been described and illustrated by Gurney (1930), and
it will suffice here to give a summary in tabular form of the number of
segments and swimming legs present in each stage. In the table below, a
segment bearing no appendages is indicated by" X " ; "r" indicates that
the limb is rudimentary; "f" stands for the caudal furcre.

Though some authors (Claus, 1863; Sars, 1911; Wilson, 1932) have
stated that the long endopod of the second leg may be used in locomotion,
and though it might reasonably appear to be useful on muddy grounds
such as Longipedia inhabits, yet during four months constant observation

* Lengths of the first four stages are taken from Gurney (1930); those of the fifth and
sixth nauplii are lengths of moults of the single specimen obtained here and agree exactly
with Gnrney's measurements for these stages.



of the living animal, kept on mud, I have never seen the endopods used
in the manner suggested by Sars. Normally the animal remains buried
beneath the surface of the mud, through which it burrows vigorously,
and if disturbed it swims actively about on its side or back, the endopods
of the second legs taking no part in the swimming but remaining folded
back along the body.

Cope-
podite
Stage.

I
II

III
IVa

~
Vr3

~
VIa

Q
.,..
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Cephalosome

pI
pI
pI
pI

Segments of Body.
4, 5 6

X xf
p4r X
p4 p5r
p4 p5 xf

7 9 102

p2
p2
p2
p2

3

p3r
p3
p3
p3

8

xf
X
p6r
X

p6
X
p6
X

xf
X

pI p2 X xfp4 p5p3 X

X X xfpI p4 p5p2 p3 X

A COMPARISON WITH THE CIRRIPEDES.

Gurney (1931, p. 80) points out that Hansen in 1899 described the nau-
pIius of Longipedia as that of an unknown copepod. He in turn refers to
the earlier work of Claus (1863) who also recognised this larva as that of a
copepod. All of these workers have remarked on the resemblance between
this nauplius and that of the cirripede, and the relationship of the family
Longipediidre has been fully discussed by Gurney (1930,p. 472). There are
one or two points of interest that have arisen which seem to stress the
possible relation between Longipedia and the cirripedes.

While the general shape of the body ofthe nauplius seen from the dorsal
view resembles that of a Calanoid (Gurney, 1930, p. 472), yet the later
nauplii of L. scotti bear a striking resemblance to that of a cirripede when
viewed from the side (see Fig. 7, d and e). A comparison of the appen-
dages in Figures 3-5 with those of the cirripede (Groom, 1894) brings out
other points of similarity in addition to those referred to by Gurney
(1930), in particular the structure of the masticatory spine on the coxo-
podite of the antenna. Moreover the nauplii of Longipedia with four
segments in the antennule occupy a position intermediate between those
of the majority of copepods with three segments and those of the cirri-
pedes with five.

Another point of considerable interest is the ;resemblancein the mode of
swimming. Calanoid nauplii have a smooth, apparently effortless type of
progression, whereas cirripede nauplii move in a laboured, jerky manner,
performing circles on their backs. This exactly describes the swimming of
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Longipedia nauplii. It may, of course, be only a mechanical effect due
to the long posterior spine present in both. Harpacticoid nauplii are not
normally pelagic and so cannot be compared, but if this apparent relation
to the cirripedes is real it would strengthen the suggestion made by

d

a b c

e

FIG. 7.-a, band c, different stages of invagination of the posterior median spine
of Longipedia nauplii. In c it is totally within the body. d and e are
nauplii of a cirripede from the plankton and L. scotti respectively, drawn
from the side to show similarity in shape.

Gurney (1930), from other considerations, that the pelagic state of the
nauplii of Longipedia is primitive.

A minor point of similarity is that in the first nauplius of the cirri pede
Lepas anatifera (Groom, 1894, p. 167, Fig. 153a) the caudal spine is
invaginated within the body. Numerous individuals of Longipedia
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nauplii have hatched with the spine partly invaginated (Fig. 7, a and b)
and one whole batch of L. scotti nauplii hatched apparently without tail
spines. Closer examination showed that the spines were entirely in-
vaginated within the bodies of the nauplii (Fig. 7, c). This is apparently
the normal condition in the developing eggs and in this case the spines
had failed to be evaginated at the time of hatching. None of this brood
of nauplii lived to become second nauplii. This state of invagination in
spines during development is not, however, restricted to these two groups.

BREEDING AND DEVELOPMENT.

It appears that having once received a spermatophore the female pro-
duces consecutive broods of eggs for the rest of the breeding season.
Active breeding had certainly begun by the beginning of April (large
numbers of nauplii and first and second copepodites were taken in the
plankton on 6.4.34) and continued (in the laboratory) until the beginning
of August. Nauplii were taken occasionally earlier in the year from
Keppel Pier and the routine hauls in Loch Striven in 1933 showed them
to be present in January. No breeding females lived beyond the beginning
of August, but before death one specimen of L. scotti had produced at
least nine batches of eggs. (It is, of course, impossible to say how many
broods it had produced before capture.) An egg-sac was present when
the specimen was caught on April 15th ; the nauplii hatched within two
days and four more broods had appeared by the beginning of June, at
intervals of five or six days and taking on the average as many days to
develop. Mter a rest of 15 days breeding began again and three more
broods appeared. A further rest of 10 days was followed by the
production of the ninth egg-sac, the nauplii taking six days to hatch.
A few days later this female died an apparently natural death.

About 14-20 nauplii hatched from each egg-sac in the early part of the
year, but of the fourth and fifth broods only one hatched from each, and
it appeared that the supply of spermatozoa might have been exhausted.
The sixth egg-sac, however, produced 11 nauplii and th~ seventh two or
three, but no nauplii were seen from either of the last two broods.

A specimen of L. coronata produced seven batches of eggs between
April 18th and July 4th after which it died. In the case of this specimen
there was clear evidence of a speeding up of reproduction as the summer
advanced and the (laboratory) temperature rose. The first three broods
took on the average nine days to develop with four-day intervals. A
thirteen-day interval followed and then a fourth brood appeared. The
remaining three broods took an average of six days to develop, with
one-day intervals.

There is no evidence of parthenogenesis in Longipedia such as has been
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recorded in Canthocamptus (Gurney, 1932, p. 109). A specimen of L.
coronata reared from the second copepodite lived for 44 days as an adult
female, with one ovary developed, but no eggs were spawned; similarly
the specimen of L. minor reared from the fifth nauplius lived as an adult
female for a similar period with well developed ovaries, but did not spawn.

Three nauplii of L. coronata hatched on June 8th became first cope-
podites on 21st and 22nd of that month, having taken 13-14 days and one
of a batch of L. scotti nauplii, hatched on May 28th, became a first cope-
podite on June 14th, taking 17 days. The time taken in development
varies, of course, with temperature and abundance of food and these
figures, therefore, cannot be regarded as more than an indication of the
normal time. At first, copepodites were kept on muddy sand similar to
that of their natural habitat; no food was added and development pro-
ceeded slowly. Later, diatoms were added and the rate increased.
Three different specimens took 27, 21 and 33 days to develop from first
to sixth copepodites (May to July).

FEEDING IN LONGIPEDIA.

An adult female of L. scotti arid a specimen of L. minor while a third
copepodite, were observed feeding on diatoms. The process was the same
in both cases. The mouth parts normally are in a state of constant
vibration, the antennules and antennre not taking part in the vibration.
The animal feeds while lying on its side or back and the current caused
by the vibration of the mouth parts brings diatoms, detritus, etc., directly
towards the mouth from the sides and front of the animal. The outgoing
current passes ventrally along the body between the swimming legs.
Diatom chains, and Phreocystis colonies were observed drifting towards the
mouth, the former being held by the antennre and passed in end on.
Phreocystis colonies were broken up by the mandibles and as much as
possible ingested. A large number of cells was lost and a fine stream of
these was observed passing away in the ventral current. Colonies were
dealt with one a~a time and if a second arrived before one had been broken
up, this was held away from the mouth parts by the antennre and passed
on at the right moment. The anterior portion of the gut was thus
gradually filled and a frecal pellet, which meanwhile had been formed from
the contents of the posterior portion, was then forcibly expelled. All
vibration ceased during this process. Vigorous peristalsis refilled the
posterior portion of the gut and feeding proceeded. In a steadily feeding
animal pellets were expelled about once an hour and food passed through
in about two hours (demonstrated by inducing a specimen to accept
some carmine granules). Longipedia when feeding is partially selective.
A pellet recently expelled was presented for ingestion, but though broken
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up by the mouth parts none of it was ingested. The carmine was ingested
in small quantities with other food.

THE MALEOF Longipedia scotti.

Though four species of Longipedia have been distinguished by Sars
in his excellent monograph on the Crustacea of Norway (1911), the male

a1

p2 p5

FIG. 8.-The antennule, second and fifth legs of the male of L. 8cotti.

of only one was included, that of the type species, L. coronata. That of
L. minor had already been described by T. Scott (1893, p. '200). So far as
I am aware the male has not since been described for either of the two
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remaining species. While rearing specimens of this genus a number of
males appeared belonging to both L. coronata and L. scotti, but only one
of the latter became adult.

The male is easily recognisable as such in the fourth copepodite stage by
the presence of " lappets" on the genital segment. The typical male
prehensile antennule is not developed until the adult state is attained.

The male of L. scotti is slightly smaller than the female and can be dis-
tinguished by the structure of the antennule; by the presence of only two
lateral spines on the terminal segment of the endopod of the second leg,
in which it differs from all the other forms of Longipedia described by Sars,
but resembles the male of L. minor (see Scott, 1893); by the :fifth legs
which show slight differences from those of the female; and by the genital
lappets already referred to. The last three segments of the urosome bear
fringes of denticles similar to those of the female, but they are more
clearly defined ventrally than dorsally. The anal operculum is identical
with that of the female (see Sars, PI. V).

The chief features of the male of this species are illustrated in :Figure 8
from the adult of the single specimen which attained maturity in the
laboratory. No males of this species and but a single male of L. minor
have been taken from the sea, and this shows close agreement with Scott's
drawings. Apart from its smaller size it is easily distinguished from
the male of L. scotti, although both have only two spines on the long ter-
minal segment of the endopod of the second leg, since it is the large
external spine which is absent in both cases and the remaining two inner
spines occupy the same position as in the respective females.

An interesting point is the presence of spinules on the setre of the caudal
furcre in all the pre-adult stages of both sexes of all three species of Longi-
pedia examined; but these are lost in the last moult. (Only the female of
L. minor has been seen in the pre-adult stages.) Sars has shown that
spinules on these setre are present in the adult female of L. rosea and form
one of the diagnostic characters of this species.

It may also be worth noting that the fringe of denticles on the posterior
edge of the segments of the urosome is present not only in the adults of
L. scotti but also in the pre-adult stages of the male of L. coronata.

All the drawings have been made with the aid of a camera lucida.
It is a pleasure to express here my thanks to Dr. R. Gurney for the

interest he has shown in the paper and for reading the MS. before
publication.

SUMMARY.

1. The nauplius stages of three species of Longipedia are described, and
the segmentation and armature of the appendages of L. coronata are
given in tabular form.
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2. The main features in the external structure of the copepodite stages
are summarised in a table.

3. Additional points of resemblance between the nauplii of Longipedia
and the cirripedes are presented.

4. Notes are given on breeding and development under laboratory
conditions; there is no evidence of parthenogenesis.

5. Feeding in the copepodite stage of Longipedia is described.

6. A description is given of the hitherto unknown male form of L. scotti.
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A List of British Invertebrates with their Charac-
teristic Para.sitic and Commensal Copepoda.

By

W. Harold Leigh-Sharpe, M.Sc.(Lond.).

Host. Parasite.

PORIFERA.

Suberites domuncula Bowerbank. Ascomyzon suberitis
=Ficulina ficus (L.). (Giesbrecht) 1899.

Suberites spp. Ascomyzon latum (Brady) 1880

Echinus esculentus Linnacus.

Filograna implexa (Berkeley).

Gattyana cirrosa (Pallas).

Harmothoe impar (Johnston).

Lagisca extenuata (Grube).

Malmgrenia castanea McIntosh.

Nereis spp.
Polycirrus caliendrum

ClaparMe.

ECHINODERMATA. -

Ascomyzon latum (Brady) 1880.

ANNULATA.

Thaumaleu8 [CymbasomaJ filog-
ranarum (Malaquin) 1901.

Hedyphanella superba
Leigh-Sharpe, 1926.

Sarsilenium crassirostris
(M. Sars) 1870.

Phallusiella psalliota
Leigh-Sharpe, 1926.

Phallu8iella vera

Leigh-Sharpe, 1926.
N ereicola ovata Keferstein, 1863
Saccopsi8 alleni Brumpt, 1897.

CRUSTACEA.

Homarus vulgaris Milne-Edwards. Nicothoe astaci Audouin and
(=Astacu8 homarus.). Milne-Edwards, 1826.

Homarus vulgaris Milne-Edwards. Tisbe elongata A. Scott, 1896.
Paguridre. Sunaristes paguri Hesse.

Cardium edule Linnreus.

Chlamys [LEquipectenJ
opercularis (Linnreus).

MOLLUSCA.

(A) Lamellibranchiata.

Paranthessi1Ls rostratus
(Canu) 1891.

Scottocheres elongatu8
T. & A. Scott, 1894.

Paranthessius rostratus
(Canu) 1891.

Pseudanthessius thorelli
(Brady) 1880.

Modiolicola inermis Canu, 1891.

Location.

Water passages.

Water passages.

Surface.

Internal.

Dorsal surface.

Dorsal surface.

Dorsal surface.

Dorsal surface.

Dorsal surface.
Interior.

Gills.

Gills.
In shells (1 Com-

mensal).

Gonad.

Mantle cavity.

Mantle cavity.

Mantle cavity.

Mantle cavity.
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Host.

Ensis siliqua (Linmeus).

Paphia pullastra (Montagu).

Pecten maximus (Linnreus).

Buccinum undatum Linnreus.

Acantlwdoris pilosa (Abilgaard).

lEolidia papillosa (Linnreus).

Archidoris britannica (Johnston).
Eolidina glauca

(Alder & Hancock).
Facelina longicornis (Montagu).

Lomanotus gene~ Verany.

I daliclla aspersa
(Alder & Hancock).

Idulia [Dolo] coronata
(Gmelin).

" "
Idulia pinnatifida (Montagu).

Janolus cristatus (Della Chiaje).
Janolus hyalinus

(Alder & Hancock).
Jorunna tomentosa (Cuvier).
Sphr£rostoma [Tritonia] lwmbergi

Cuvier.

Bentlwctopus ergasticus
(P. & H. Fischer).

Ascidia mentula Muller.

Ascidiella aspersa (Muller).

Botrl;lzus sch!;sscri (paiias).

Phallusia mammillata (Cuvier).

Polycarpa sp.

(B) Monotocardia.
A nthessius arenicola

(Brady) 1872.

(C) Nudibranchia.

Splanchnotrophus gracilis
Hancock and Norman, 1863.

Liclwmolgus agilis (Leydig) 1853. Papillre.
Splanchnotrophus angulatus Hecht, Body cavity.

1893.

Lichomolgus agilis (Leydig) 1853. Gills. .
Splanchnotrophus angulatus Body cavity.

Hecht, 1893.
Liclwmolgus agilis

(Leydig) 1853.
Splanchnotrophus willemi

Canu, 1891.
Splanchnotrophus insolens

T. & A. Scott, 1895.
Splanchnotrophus gracilis

Hancock & Norman, 1863.
Splanchnotrophus brevipes

Hancock & Norman, 1863.
Liclwmolgus agilis (Leydig) 1853. Papillre.
Splanchnotrophus brevi pes Body cavity.

Hancock & Norman, 1863.
Lichomolgus agilis (Leydig) 1853. Papillre.
Lichomolgus agilis (Leydig) 1853. Papillre.

W. HAROLD LEIGH-SHARPE.

Parasite.

MOLLUSCA.

A nthessius solenocurti
Della Valle, 1880.

Paranthcssius rostratus
(Canu) 1891.

Modiolicola inermis Canu, 1891.

Location.

Foot.

Gonad.

Mantle cavity.

Surface.

Surface of body.

Papillre.

Body cavity and
gonad.

Visceral cavity.

Visceral cavity.

Body cavity.

Liclwmolgus agilis (Leydig) 1853. Papillre.
Liclwmolgu8 agilis (Leydig) 1853. Gills.

Notopteroplwrus papilio
Hesse, 1864.

Ascidicola rosea Thorell, 1859. Branchial cavity.
N otodelphys allmani Thorell, 1859. Branchial cavity.
Botryllophilusruber Hesse, 1864. Branchial cavity.
Enterocolafulgens Branchial cavity.

van Beneden, 1860.
Notodelphys prasina

Thorell, 1859.
Doropygus pulex Thorell, 1859.

(D) Cephalopoda.

Gholidya polypi Farran, 1914.

UROCHORDA.

Mantle cavity.

Branchial cavity.

Branchial cavity.

Branchial chamber.
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The Biology of Balanus balanoides.
Infection of the Shell.

II. Algal

By

M. W. Parke,Ph.D.,
Marine Biological Station, Port Erin, I.O.M.,

and

H. B. Moore.Ph.D.,
Marine Biological Laboratory, Plymouth.

With 2 Figures in the Text.

IN work on the biology of Balanus balanoides, use has been made of the
method of differentiating the successive year groups by the colour of their
shells. The present paper describes the method of doing this, and gives a
brief account of the infective penetrative algffiwhich cause the colouration.
The first author (M.W.P.) is responsible for the algological observations,
and the second (H.B.M.) for the zoological observations.

EXTERNAL COLOUR CHANGES.

On an exposed shore, devoid of fucoid vegetation, the barnacles fre-
quently form in summer a broad band which has the appearance of having
been whitewashed on the rocks. The same zone in winter is much less
conspicuous, being greenish brown in colour. Closer inspection of the
barnacles shows that in summer they have a greenish brown apex, and a
basal zone of varying width which is pure white (Fig. 1). In the case of
the first year spat, the entire shell is white at this season. In winter the
entire shell is of a greenish brown colour, although the shade varies accord-
ing to the age of the animal. Figure 2 is a diagrammatic representation
of the typical colour changes in the barnacle shells at Port Erin, based
partly on field observations, and partly also on sections of the barnacles.
Briefly, the new shell formed in the summer (Fig. 2,1) gradually becomes
coloured as the winter advances (Fig. 2, 2 and 3), practically the whole
shell being coloured by the following spring (Fig. 2, 4 and 5). By early
summer the old shell growth is sufficiently darkly pigmented to be sharply
marked off from the new growth of white shell now making its appearance
(Fig. 2, 6). It will be noticed that the new area of white shell at this stage
is disproportionately large, and the probable explanation of this is

NEW SERIES.-VOL. xx. NO. 1. FEBRUARY, 1935. D
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discussed in the section on the abrasion of the shell. The same sequence
of colour changes described for the first year, is followed in the second and
third seasons by the newly formed shells of those years, while the old
shell of previous years continues to darken slightly.

This series of changes' was verified on animals of known age .from
patches of rock which had been scraped prior to spatfall, and thereafter
contained barnacles of known age only. It may therefore be concluded

Photo H.B.M.

FIG. I.-Barnacles of the 1932 and 1933 year groups, taken in Sept. 1933, show-
ing algal infection of the upper zone of the older barnacles. X 2.5.

that, in this locality at least, colouration may be taken as a guide to the
age of a barnacle up to two years old, and in some cases for a further year.

THE CAUSE OF COLOURATION.

Gruvel (1905) states that in some species of barnacles the shell is pene-
trated by algffi, of which he mentions the following: Hyella cmspitosa
(as H. cmspitoda),Mastigocoleus testarum, Gomontia polyrhiza and perhaps
Siphonocladus sp. Cotton (1912) records Plectonema terebrans "in the
shells of Balanus" from Clare Island, but states that it is rare.

In the present work, part of the identification of the infecting algffi,and
the examination of their distribution in the shells, was carried out on fresh
material from four Manx localities as follows: outside Bradda Head

(very exposed to wave action), Port Erin Bay (fairly exposed), Alfred Pier,
Port St. Mary (sheltered), and Inner Pier, Port St. Mary (very sheltered).
The material was obtained from surface scrapings of the shells, as well as
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by complete decalcification of the barnacles, both methods yielding com-
plete plants which were more readily identifiable than those seen in section.
In addition sections were prepared from barnacles from various tidal
levels, chiefly in Port Erin Bay, but to some extent also from outside
Bradda Head. Collections were made in 1933 on February 12th, April
28th, June 26th, September 18th and November 1st, and in all 233
barnacles were sectioned. The material was fixed in Bouin's fluid,
decalcified in 5% nitric acid in 70 % alcohol, cut at a thickness of 71-"
and stained with Heidenhain's iron hrematoxylin. The slides were
originally prepared for examination of the condition of the gonads, but
were found to be suitable also for showing the depth of algal penetration,
and the approximate time of infection of the new shell zones.

The following is a list of all the species of algre found by us penetrating
the shells of the barnacles, together with notes on their distribution and
fruiting. *

CHLOROPHYCElE.

Gomontia polyrhiza Born. et Flah. Figured, Newton, 1931, p. 96,
Perennial; from H.W.O.S.T.t to L.W.O.N.T.; generally distributed

and very common; this species in particular is responsible for the green
colouration of the shells; reproduction-sporangia present from
December to March.

Ostreobium Queketti Born. et Flah. Figured, Newton 1931, p. 101.
Sporadic; from H.W.O.S.T. to L.W.O.N.T.; occasionally, outside

Bradda Head; not in sufficient quantities to cause appreciable colouratioll.

CY ANOPHYCElE.

Hyella cmspitosa Born. et Flah. Figured, Newton 1931, p. 13.
Perennial; from H.W.O.S.T. to L.W.O.N.T.; very common and

generally distributed; chieflyresponsible for the yellowish-brown coloura-
tion of the shells; reproduction-gonidangia present in winter and spring.

Plectonema terebrans Born. et Flah. Figured, Tilden 1910, PI. XI,
Fig. 6.

Perennial; from H.W.O.S.T. to L.W.O.N.T.; common and generally
distributed; chiefly responsible for the mauve-green colouration of the
shells.

Mastigocoleus testarum Lagerh. Figured, Newton 1931, p. 41.

* In addition, the following species were found growing on the outsides of the shells-
Fucus spp. young plants, Pel'!;etiacanaliculata Dene et Thur., Raljsia verrucosa Aresch,
forming brown patches on the shell surface, Enteromorpha spp. young plants, Laurencia
hybrida Lenor., and the lichen Lichina pyg'mreaAg.

t H.W.=high water, L.W.=low water, o. = ordinary, E.=equinoctial, S.T.=spring
tide, N.T.=neap tide, M.8.L.=mean sea level.
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Sporadic; L.W.a.N.T.; occasionally outside Bradda Head; not in
sufficient quantities to colour the shell.

Microch(Btegrisea Thur. Figured, Newton 1931, p. 43.
Perennial; H.W.a.S.T. to L.W.a.N.T.; frequent and generally

distributed; this species is generally recorded as growing on the surface
of the shell, but here it appears to penetrate into it; not present in
sufficient quantities to colour the shell; reproduction-at all times
throughout the year.

COLONISATION OF THE SHELL.

For the first three months after metamorphosis the shells of the young
barnacles appear to be free from infection. This usually commences
when the animals are from four to six months old, i.e. in September-
November, and appears first near the apex of the shell, which was the
region first formed. An exception to this statement is the case, described
later, of certain barnacles from their extreme upper tidal limit. In all
the material examined, the first alga to infect the shell was Plectonema
terebrans, which by November had penetrated to a depth of as much as
20-26fL. From December to February, when the animals are seven to
nine months old, infection by Hyella c(Bspitosaand Gomontia polyrhiza
follows. The former was found in specimens of this age from all four
localities, but Gomontia was chiefly in the material from outside Bradda.

By April the apical region of the barnacle shells is penetrated by algre
to a depth of 40-70fL, although the basal region is still only slightly
infected. From April to June the main shell growth takes place, the newly
formed shell forming a sharply demarcated white zone below the infected
upper region. The depth of new shell usually amounts to about half of
the barnacle in these second-year animals, but there is considerable
variation.

The course of events in the second year is very similar to that in the first
year. Infection of the newly formed shell follows the course described
above, while in the upper region the algre which infected the shell the pre-
vious year continue to penetrate deeper, reaching by November a depth
of 100-110fL. The depth of the zone of shell added in the third year is
less than that added in the previous year, but infection proceeds in the
same way, and by the third winter the depth of penetration ofthe algre in
the oldest apical regions of the shell is 200-300fL. Gruvel (1905) states
that in some cases barnacles are penetrated to a depth of one to two
millimetres, but this would be the whole thickness of the shell in all but
the very thickest specimens found at Port Erin, where the greatest depth
of penetration observed in Balanus balanoideswas 0.3 mm.



54 M. W. PARKE AND H. B. MOORE.

CORRELATION OF THE PRESENCE OF BARNACLE-PENETRATING ALGlE

WITH LEVEL AND EXPOSURE.

With two exceptions there seems to be no correlation between the dis-
tribution of any of the species found and tidal level. The first exception
is that of Ostreobium and Mastigocoleus, both of which were found only
within a restricted tidal range, but this may perhaps have been due to the
rarity of their occurrence. The second exception is the occurrence at the
extreme top of their zone, of groups of barnacles with partially or com-
pletely uninfected shells. Such individuals are not found universally,
but have been recorded in very local patches from outside Bradda, Port
Erin Bay and elsewhere. In the most marked cases the shell was com-
pletely.free from penetrating algre,although there were small patches of an
unidentified alga in crevices in the shell surface. In other examples,
surface infection took the form of visible bands round successive areas of
winter-formed shell. In barnacles collected at high water at Pooylvaaish,
and which, from the number of these annual zones, appeared to be three
or four years old, the apical region of the shell was beginning to be
infected.

The time of commencement of infection does not seem to depend on
tidal level. There is, however, a marked correlation between the abund-
ance of some of the species and the degree of wave-exposure of the locality
in which they occur. Gomontia is more abundant in the very exposed
habitat outside Bradda than it is in the more sheltered ones, and both
Ostreobium and Mastigocoleus were found only outside Bradda. On the
other hand, Hyella, which is common in all localities, is most abundant
in the two sheltered Port St. Mary localities, perhaps because other algre
are less abundant in the shells there, and competition is less as a result.

DISINTEGRATION OF THE SHELL.

Darwin (1854, p. 55) describes certain species of Balanus, as well as
other barnacles, in which the diameter of the orifice of the shell is normally
increased to keep pace with growth, by a process of disintegration of the
tips of the lateral plates. The instances cited by him are ones in which
these plates either do not separate at all at their sutures as they grow, or
else do not separate sufficiently. There is no mention of such a process
taking place in the present species, nor would there seem to be any need
for it, since the plates are fairly readily separable. But the evidence
of the size of the white zone of new growth, relative to the infected previous
year's growth, seems to show a disproportionately large growth in the
second year, and one not in agreement with the growth rates as already
determined for the species (Moore, 1934). A simple explanation lies in the
fact that the observed growth rates refer to the final size of the shell, and
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take no account of any erosion that may have taken place ; and that in
fact a considerable amount of such erosion does take place, especially
in the thin TInt-year shell. This would necessitate the renewal of some of
the shell in order to maintain the same size, over and above the amount
required in the process of increase in size, the two together producing the
white zone of total growth seen at the end of the summer. Examination
of sections shows that such is probably the case since the tips of the lateral
plates are frequently infected through their entire thickness, and ,by such
a quantity of algre that very little shell remains. .This must weaken the
shell so considerably that it is hard to see how it could do other than
crumble away at the edge. Examination of the larger barnacles on the
shore also confirms the fact that the existing apical edge is not that of
the first formed post-metamorphosis plates. For this reason the width of
the infected area of the first year must not be used in a subsequent year
as a measure of the size at the end of the first year.

RELATION BETWEEN THE ALGlE AND THE BARNACLE.

The infecting algre are living in a part of the shell which apparently
contains no animal tissue. There is thus no direct contact between the
plant and the animal, and they cannot engage in direct transfer of salts'
or dissolved gases. On the other hand diffusion may perhaps take place
through the shell to some extent, and also the alga will liberate metabolic
products into, and withdraw others from the water immediately surround-
ing the barnacle. So it may be assumed that in addition to the protection
afforded by the shell, the alga also benefits from the excretory products
of the barnacle. The alga will in return benefit the barnacle by removing
its waste products from the water, and will, in the daytime, contribute a
certain amount of oxygen to the animal. The extent of the latter factor
can be judged by watching a barnacle on a sunny day, when its surface is
continuously giving off small bubbles of oxygen produced by photo-
synthesis of the algre in the shell.

We wish to express our indebtedness to Dr. M. Knight for helpful
criticism of this paper.
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The Growth Rate of Balanus hameri (Ascanius).
By

Hilary B. Moore, Ph.D.,
Marine Biological Laboratory, Plymouth.

With 4 Figures in the Text.

MATERIAL.

IN December, 1933, a cluster of Balanus hameri which had been taken by
fishermen on long lines set for cod in twenty-five fathoms on the outer
edge of Bank Charles, about four miles south of Spanish Head, in the Isle
of Man, was sent in to the Biological Station at Port Erin. The species
appears to be fairly common in that locality. The cluster had started
as a single barnacle, on which others had settled, and others again on these,
up to, apparently, five successive broods. In all there were sixty barnacles
in the cluster, and the present paper comprises an analysis of their size
in an attempt to arrive at their growth rate.

In addition to the above material there was another cluster preserved
in alcohol in the station museum, but unfortunately without a date. The
latter was, however, known to be about 1925,and must have been between
December and March, these being the limits of the cod fishery on that
ground. This also was confirmed by the presence of early larvre in the
mantle cavities, while all the 1933 material was ripe but unspawned.

METHODS.

Each cluster was drawn, and the individual barnacles were numbered.
The opercular plates of each were then removed, and the scutum measured.
A representative series of animals were removed from their shells and fixed
in Bouin's fluid for sectioning. The whole cluster was then boiled for a few
minutes and cleaned out, after which it was oven dried. The internal
volume of each barnacle was measured by filling its shell with water from a
graduated burette, and in a series of specimens the external volume also
was estimated by displacement after the shell had been filled with paraffin
wax.

SIZE DISTRIBUTION.

It was hoped that the length of the scutum might afford a reliable
measure of the size of this animal which changes so greatly in shape during
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its life, but this was found not to be the case. In practice the volume of
the barnacle was found to be a much more satisfactory measure of size,
and in the size distribution curves, the cube root of the volume is taken
as a linear measure of size. The size distribution data for the two sets of

material are given in Table I, and those from fifty-four specimens of the
1933 material in Figure 1. The other six specimens of this series were
either removed whole for sectioning or damaged. The curve for the 1933
material shows peaks at sizes of 0,1, 0.65 and 1.3 em., approximately

15
1933
.

1932
+

193\
.

1930 1929
. .

5

10

NO.

0
0 .5 1-0 1.5

SIZE. VV.

20 25

FIG. l.-Size distribution of 1933 material. Arrows indicate mean year
group sizes as obtained from successively settled broods.

(3VV). The 1925 sample shows peaks at about 0'4,0.9 and 1.3 em., the
increased size at which the peaks occur prdbably representing growth
between the seasons of the two samples, but the number of available
specimens is too small to be certain of this.

SUCCESSIVE BROODS.

If, as is almost certainly the case, the barnacles reproduce only once in
the year, then it may be taken that where one barnacle is found settled on
a larger one, the latter must be at least a year older than the former.
Exceptions occur where an individ:ual has, in the course of its growth,
been pushed from its original position by another barnacle, but it is
usually obvious when this has happened. In Figures 2 and 3 the 1933
cluster has been divided into two, and for the sake of simplicity, a part
only of each cluster has been drawn. To begin with, there were on No. 24
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a number of very small individuals (not visible in the figure) corresponding
to the size of the first peak in Figure 1. Some of these were removed whole
for sectioning, and hence are not included in the table of size distribution.
More of this size are scattered throughout the cluster, and one of them

13
fob' 1f3:l..

(Ya!.

q
1'f:A't.

10
1't30.

FIG. 2.-Portions of colony of B. hameri (1933 material) X 1.

FIG. 3.-Portions of colony of B. hameri (1933 material) X 1.

(No. 65) is settled on No. 13 (Fig. 2) which has a size (3yV) of 0.57 em.,
and is thus dated, together with the rest of the barnacles comprising the
second peak, as being of the 1932group. This, of course, is on the assump-
tion that no year group is completely unrepresented in the cluster. The
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bulk of the 1932 peak is derived from a number of specimens (39, 40, 41,
etc., Fig. 3), all of about the same size as No. 13, and clearly all of last
year's hatching. The larger barnacles (Nos. 28, 29, 37, 38, 49, etc.) on
which this 1932 group is clustered, also fall into a single size group
agreeing with the third peak in Figure 1, and dating this as the 1931group.
This group is settled round No. 27 which must therefore be dated 1930,
and this in turn is growing on No. 53 which must be 1929. A similar
sequence is afforded by Nos. 12, 10 and 9 (Fig. 2), the latter being settled
alongside No. 53 on a still larger barnacle which was dead when taken.
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FIG. 4.-Growth of B. hameri.
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The results for all those animals whose age can be determined in this way
are brought together in Table II, and they yield group mean volumes as
follows: 1933,0.04 c.c.; 1932,0.26 c.c.; 1931, 3.29 c.c.; 1930,5.90 c.c. ;

1929,7.67 c.c. The sizes (3yV) corresponding to these are shown by arrows
in Figure 1, and are seen to agree well with the size distribution peaks.

In Figure 4 are plotted the volumes in relation to age, taking the data
from Table I for the first three years, and those from Table II for the
succeeding years, as being more accurate. The biggest barnacle measured
in this material had a volume of 17 c.c., and a probable age of 8 or 9 years
(1925 material), but probably even larger sizes may be attained on this
ground. A specimen taken growing on Keppel Pier in the Clyde had a
scutum length of 29.4 mm., a height of 5.7 cm., and an external volume of
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about 45 C.c. Finally, for comparison of these results with those for other
species of Balanus in which it has been possible to measure external
volumes only, the following ratio was obtained from a series of specimens

f B h
. External volume 50 . amen, = 1. .Internal volume

CONDITION OF THE GONADS.

Of the material collected in December, 1933, twenty individuals were
sectioned, comprising two first year, seven second year, nine third, one
fourth and two fifth-year barnacles. In the first-year (1933) individuals
no development of the gonad, either ovary or testis, was discernible.
Considering the condition of the gonads in older individuals, it may
therefore be said that this species does not spawn in its first season. In
the second year group all individuals examined had testicular crecrefull
ofripe spermatozoa together with developing spermatocytes, and the vesi-
culre seminales also were full of sperm. The ovaries were medium sized,
and contained a few large, and numerous smaller ova. All the older
individuals were in the same condition except for the much greater
development of their ovaries, which in the old deep-shelled specimens
reached a very large size. By comparison with the gonads of Balanus
balanoides (Moore, 1934), it would seem that shedding of the genital
products into the mantle cavity, and fertilisation, would probably have
taken place within two or three months at most. The 1925 material
showed early larvre in the mantle cavities of all the mature specimens,
thus again indicating shedding of the genital products into the mantle
cavity some time between December and March. This is later than in the
case of B. balanoidesfrom the Isle of Man, where fertilisation usually takes
place about November.

SUMMARY.

1. Sixty specimens of B. hameri, of five successive year groups, were
obtained in December, 1933, and a further 33 preserved specimens taken
in the winter of 1925 were examined.

2. The mean ages contained for successive year groups from the size
distribution and from individuals settled on those of the preceding year,
yielded results in good agreement with one another.

3. First-year individuals do not spawn. All older individuals had ripe
genital products in the 1933 material, and early embryos in the 1925
material.
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TABLE 1.

SIZE DISTRIBUTIONS OF THE 1925 AND 1933 MATERIAL IN TERMS

OF CUBE ROOT OF VOLUME.

Read to the nearest 0.2 em.

Number
Size. 1925 1933

0.1 0 6
0.3 4 0
0.5 2 9
0.7 3 14
0.9 6 3
1.1 2 3
1.3 6 7
1.5 1 5
1.7 2 3,
1.9 1 2
2.1 0 2
2.3 2 0
2.5 1 0
2.7 0 0
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TABLE II.

DATA FROMSUCCESSIVELYSETTLED BROODS.

Mean Mean
Tergum Tergum Internal Internal No. of

Year Specimen length length volume volume 3Ymean vol. speci-
group. No. mm. mm. c.c. c.c. c.c. mens.

1933 65 3.2 3.2 0.04 0.04 0.16 1

[13

7°1 1°.20
20 6.6 0.15
39 9.0 0.37

40 5.1
41 7.0

i 0.68
1932

1 43
3.9 6.6 0.11 >- 0.26 0.71 11

l

6.5 0.28
8.0 0.43

47 6.6 0.28 .

50 6.9
0.25J51 6.5j LO.25

112

16.3

1285)

28 16.9 3.55

1931

r
15.4

16.5

11

3.29 1.49 6
37 18.0
38 18.9 5.10
49 13.6 1.70j

1930 fl0 18.0"\. 17.8
{6.1O"\.

5.90 1.89 2
"\.27 17.5f 5.70f

1929
{5;

21.7"\. 21.2
{7.25"\.

7.67 1.97 2;
20.7 f 8.10f
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The Larval Stages of Balcisalba and B. deuians.
By

~Iarie V. Lebour,D.Se.,
Naturalist at the Plymouth Laboratory.

With One Plate.

THEyoung stages of the members of the family Eulimidre are little known,
the only reference to any species apparently being that of Loven (1844)
who briefly notes and figures a veliger which he attributes to Eulima
distorta (=Balcis devians). This has a very oblique shell and was prob-
ably a week or two old. A comparison of this figure with the apex of
Balcis devians from Plymouth and its larvre in the plankton makes one
rather uncertain of its identity but shows that even in those early times
it was known that a Eulima could remain some time in the plankton as
a veliger.

EULIMIDlE.

Genus Balcis.

Balcis alba (da Costa) (=Eulima alba).*

(Plate I, Figs. 1-10.)

This is the commonest species of eulimid at Plymouth, being dredged
frequently on the Mewstone Amphioxus ground, Mewstone Ledge and
beyond the Eddystone. Several specimens were collected and placed in a
plunger jar on the glass sides of which some of them laid eggs. The eggs
are described here for the first time. The first batches were laid on March
10th, 1932, after which several more were deposited from April throughout
the summer and also in the following years. No spawn has been seen
in its natural surroundings.

The spawn case, or ootheca (Plate I, Fig. 1) is enormous for the size of
the animal, measuring about 3 X2.5 mm., the adult shell rarely reaching
a length of! inch. Oval, opaque with a very thick and tough skin of two
layers, white, rounded on the free surface, flat on the under surface which
is attached to some substratum, in this case the glass of the plunger jar.
Inside are some hundreds of eggs although when newly laid they do not

* The names follow Winckworth's (1932) list, and the Plymouth Fauna List names
(Marine Biological Association, 1931) are in brackets. Winckworth (1934) confirms his
names in his later paper.

NEW SERIES.-YOL. XX. NO. 1. ~'EBRUA1W,1935. E
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nearly fill it, the space being filled with a liquid which is absorbed by the
developing eggs. Eggs pinkish, at first about 0.10 mm. across, rapidly
enlarging to about 0.16 mm. and hatching in about three weeks. Eggs
laid on March 10th hatched on April 5th, other batches hatched in rather
less time, some took rather longer. The newly hatched young were
removed from the original plunger jar and placed in a fresh one with some
pure Nitzschia culture for food. Unfortunately none of them lived for
more than a few days. It was, however, possible to see the characters of
the larv<eand compare them with those from the plankton. In this way
one could distinguish them from those of closely related forms. The
larvre are common in the plankton, usually from outside the Sound, but
occasionally from inside. The late veligers in particular occur frequently
in summer (especially August and September) between stations L4 and L5
(in direct line towards the Eddystone) and over the Eddystone and Mew-
stone grounds. They remain for a long time as veligers attaining five
whorls at least before losing the velum and retiring to the bottom.

The newly hatched larva (Plate I, Figs. 2, 3) measures about 0.16 to
0.18 mm. across the shell and has about It whorls. The apex is very broad
and the larval shell resembles closely that of Pelseneeria stylifer (=Stilifer
stylifer) hatched out in the Laboratory from eggs laid on Psammechinus
(see Lebour, 1932), but the apex soon becomes more pointed (Plate 1.
Fig. 4). Pelseneeria is evidently closely related to the Eulimidre,
A striking feature of the larval Balcis alba is the deep black pigment

. running round the mouth and up the ffisophagus (Plate I, Fig. 2) which
continues for the whole of the larval life, the region of the digestive gland
also being dark, the alimentary canal is forming, otocysts, eyes, tentacles,
foot and operculum are conspicuous and the velum, measuring about
0.2 mm. across is bilobed with round lobes (Plate I, Figs. 2, 4), and quite
colourless. The outer lip of the shell is drawn out slightly into a process
supporting the velum. The veligers in the plankton are of similar form
and colour, with the spire gradually lengthening (Plate I, Figs. 6-10).
The foot, tinted with black or dark grey, is three lobed, the region of the
digestive gland dark and the black lines running towards the mouth very

EXPLANATION OF PLATE.

PLATE 1.

FIG. I.-Spawn of Balcis alba, laid on glass of aquarium, 3 mm. across.

FIG. 2-3.-Newly hatched larva of Balcis alba, 0.16 mm. across shell (dorsal view).

FIG. 4~5.-Slightly older larvm (ventral view).

FIG. 6-JO.--Late larvie of Balcis alba from plankton shell 0.66-0.72 mm.long. .

FIG. 11-12.-Young larva of Balcis devians from plankton shell 0.24 mm. long.

FIGs. 13-14.-Late larv:x> of Balcis devians from plankton shell 0.64 mm. long.

FIG. 15.-Apex of adult Balcis devians.

fr
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conspicuous. As the apex lengthens the animal withdraws from the last
whorl or two of the shell so that the first two whorls are usually empty in
the older larvre. When the shell has five whorls it measures about 0-66

to 0.72 mm. in length, the dark grey foot has a long contractile
fore part covering the mouth ventrally, the top of the animal below
the two first whorls is dark and the velum still colourless with the lobes

very round, usually unequal in size, the largest lobe being nearly equal
to the length of the shell (Plate I, Figs. 6-7). At this late stage when the
animal is about to metamorphose it is often found with the veligers of
Cerithiopsis tubercularis, C. barleei and Triphora perversa (see Lebour,
1933), all of which correspond in size and form, having several whorls
and bilobed velum with round lobes. The larva now loses the velum and
crawls. The black pigment no longer shows in the adult which has a white
body flecked with orange and yellow, especially round the head and
tentacles, the foot also being white. The tip of the spire in the adult is
nearly always broken off, the broken tip being filled up with calcareous
matter.

Balcis devians (Monterosato) =Eulima philippi.

(Plate I, Figs. 11-15.)

This species is common among sponges and other sessile animals
dredged in the Sound. It is well known for having a very much curved
spire, but the first four or five whorls are quite straight, the curve only
beginning apparently after the animal has lost the velum and taken to a
life on the bottom. Larvre attributable to this species are common in
the inshore tow-nettings in spring and summer, especially July to Septem-
ber. They are much the same size as those of B. alba but without the
olack pigment in the animal, the spire of the shell being blunter and the
apex usually not broken off in the adult as in that species. The adult
is much smaller, about 10 mm. or less in length. The digestive region in
the larva is ,a pale yellowish brown, and the same colour shows through
the shell of the adult which is very thin. The late larva has four or five
whorls with a colourless velum with round lobes. The larva then loses
its velum and goes down to the bottom.

This is the commonest eulimid in the inshore waters. A few other larvre

have been seen but not identified. They probably belong to Eulima
pernula (=Strombiformis bilineata) and E. glabra (=Strombiformis glabra)
(see Winckworth, 1934). These both occur at Plymouth, but are rare.
Their spires are very slender and the larvre would differ from those de-
scribed above in this respect.

Judging from the two species described both larvre must play an
important part in the plankton, being common and remaining near the
surface for a long time.
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On the Occurrenceof Post-Larval Stages of the Bass,
Morone labrax (L.), in the Plymouth Area..

By

F. S. Russell,

Naturalist at the Plymouth Laboratory.

THE post-larval stages of the bass, Marone labrax (L.), have never been
recorded from these waters. From time to time occasional specimens of
young fish have been caught in the plankton which had been tentatively
assigned to this species on account of their similarity to the drawing given
by Raffaele (1888). Now that the post-larval stages of this species have
been described and figured by Bertolini (1933, p. 310 and Plate XIX) the
Plymouth specimens can be definitely identified as Marone labrax, and the
instances of their occurrence put on record.

Among all the specimens of young fish in the collections made during the
years 1924 to 1934 only fourteen specimens of young bass have been
observed, their occurrence being as follows :-

Date. Position.

2.iv.25
29.iv.25
19.v.25
19.v.25

L4
L6
L4
L4

13.iv.26
22.iv.26
22.iv.26
3.vi.26
4.vi.26

2 miles E. of Eddystone
"
"
"
"

17.iii.31
26.iii.31
9.iv.31

21.v.31

"
".
"

27.iv.33 "

From this it is evident that the young stages are likely to be met with
in the plankton during the months March to June, but that they are

"
" "
" "
" "

" "
" "
" "
"

"

Depth of haul. Specimens.
29'Om. 1 (5 mm. long.)
24.3 m. 1 (4mm. " )
12.9 m. 1 (6.5 mm." )
IS'9m. 1 (4.5 mm." )

21.6 m. 1 (6mm. " )
24.6m. 1 (7 mm. " )
39.0m. 1 (7.5 mm." )
I8'Om. 1 (6mm. " )
36'3m. 1 (7 mm. " )

Oblique haul 1
" " 1
" " 1
" " 1 (6 mm. long.)

" " 1
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extremely rare. The high proportion of specimens in 192f>and 1926
is because in those years many more hauls were taken during the study of
vertical distribution than in the later years, when oblique hauls were taken
generailyabout oncea week; but the preponderanceof specimensin ) 931
among the later years is noteworthy.

Holt and Byrne (1898) obtained unfertilised eggs from a ripe bass in
one of the laboratory aquarium tanks at the end of May; they comment
on the absence of records of eggs and young in nature and suggest the
possibility that the fish spawn in the estuaries. From the positions of
capture of the above specimens it seems likely that spawning takes place
in the open sea here as in the Mediterranean. The rarity of the young
stages in our collections is also possibly no more than a reflection of the
rarity of the adult bass itself by comparison with the large numbers of the
commoner species of fish.

The depths of capture ofthese occasional Plymouth specimens indicate
that in these waters the post-larval bass live in the daytime in the deeper
water layers mostly below 20 metres.
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Digestion in the Plaice (Pleuronectes platessa).
By

L. E. Bayliss,Ph.D.,
Physiologist at the Plymouth Laboratory.

With 6 Figures in the Text.

THE study of the digestive processes in the teleost fishes presents some
interest since, although the structure of the alimentary canal is in general
very similar to that of the mammalia, there may be certain important
differences. For example, in many fishes there is no anatomical stomach
(Fundulus, Babkin and Bowie, 1928), while in others there is a stomach,
but no acid is secreted (Zoarces, Mackay, 1929a). Again, in most teleost
fishes, the pancreatic tissue is scattered diffusely throughout the abdominal
cavity, and it is problematical whether there is any external secretion of
digestive juices, and, if there is, how the juices reach the alimentary canal.
Finally, many fishes possess peculiar diverticula of the duodenum at the
pylorus (the pyloric cffica),the function of which is not exactly known.

METHODS.

It is impracticable, from an animal the size of the average plaice, to
obtain sufficient quantities of pure digestive juices to enable one to make
an adequate study of their enzyme contents. It has been necessary, there-
fore, to make extracts of the mucous membranes of the various parts of the
digestive tract-usually with glycerol, but in some cases with 30%
alcohol, and, in the case of the stomach, with Nj10 hydrochloric acid-and
to study the enzyme content of the extracts.

In most cases, the fish was stunned by a blow on the head, and killed
by pithing, although in a few cases, the fish was anffisthetised with
urethane. The whole alimentary canal was then removed, by carefully
dissecting away the attachments to the mesentery, and separated into the
various components; these were slit longitudinally, washed under the
tap and the mucous membrane scraped off on a glass plate. The scrapings
were then ground with sand, and extracted for about two days with rather
more than an equal volume of glycerol or other extraction fluid (compare
Mackay, 1929a). The extracts were then diluted with Nj20HCl (stomach)
or Nj20 NaOH (intestine), strained through muslin and made up to the
volume required for the tests. This was usually about 1 ml. per 100 g.
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fish, but the actual dilution varied on different occasions. The addition
of acid or alkali facilitated the filtration, and brought the extract to
approximately the appropriate acidity for the tests; it also prevented
the proteins from coagulating when the extracts were boiled to destroy
the enzymes. The protein concentration of the extracts varied, but lay
between 0.1%and 0.5%.

The solutions were buffered during digestion, each tube containing
1 ml. of the extract, 1ml. ofMj5 buffer, and 1 ml. ofthe substrate solution.
Since the extracts were themselves somewhat buffered, the final value of
the acidity was different from that of the original buffer solution; it was
measured when necessary, with the quinhydrone electrode.

Digestion was carried out in a water bath at 25'5° :l::0'15°. Hitherto,
most studies of enzymes from cold-blooded animals have been carried out
either at 37° or at room temperature. It was felt that a temperature as
high as 37° might introduce abnormal effects, while the reactions would
proceed so slowly at room temperature that significant effects might be
missed: a compromise was therefore preferred. There would appear,
however, to be no evidence that the enzymes behave in any way differently
at 37°, room temperature, or 25°.

When comparing the enzymic activities of different organs, it was felt
that it was more satisfactory to compare, for example, the lipoclastic
activity of all the liver from a kilogram of fish, with that of all the
intestinal mucous membrane, rather than to compare the activity of a
gram of liver with a gram of intestinal mucous membrane.

THE DIGESTION OF PROTEINS.

Methods. Northrop (1932) recommends the following methods for the
study of peptic activity: (1) the change in viscosity, (2) the decrease in
protein nitrogen, and (3) the decrease in peptide linkages (formol titra-
tion); gelatin, casein and edestin may be used as substrates. At the
beginning of this work the method involving carmine fibrin as substrate
was used; later this was replaced by a modification of Northrop's
method (2) and by the formol titration method (3); method (1) was not
used.

While the carmine fibrin method is satisfactory so long as the range of
hydrogen-ion concentration isrestricted to pH less than 4 or so, it is useless
in alkaline solutions (for testing for trypsin for example), since the carmine
is dissolved off the fibrin even in the absence of any proteoclastic action.
Vonk (1927) recommends the use of fibrin stained with Spirit Blue (di-
phenyl-rosaniline) for investigating tryptic activity, and, after studying
the properties of a number of similar dyes available in the laboratory,
gentian violet was found satisfactory. This was only used for a few experi-
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ments, however, since it was found that bile dissolved it off the fibrin
more rapidly after boiling than before, and, on one occasion, intestinal
extract behaved similarly. It was found also, that the amount dissolved
off by the boiled extract depended upon the acidity both with gentian
violet and carmine, so that a separate control was necessary for every
value of acidity studied.

When this method had been rejected, Northrop's method (2) was
adopted, using 2% casein or normal horse serum diluted to one-fifth, as
substrates. The coagulable protein was estimated initially, and after a
suitable period, in the digests and in controls containing boiled extract,
by the method of Kerridge (1931). This consists in adding a known pro-
portion of a suspension of India ink and then precipitating both protein
and ink with trichloracetic acid. The greyness of the resulting suspension
is then compared, by reflected light, with that of standard protein solutions
similarly precipitated.

Polypeptidases, and in some cases proteinases, were estimated by
formol titration, peptone being used as substrate for the former. One
drop of 0.1%phenol phthalein solution was added to each m!. of the digest,
and the whole, or an aliquot part, titrated to a definite pink colour with
N/50 NaOH containing one drop of the phenol phthalein solution per
m!. 0.1 m!. of 40% formol (neutralised to phenol phthalein) was then
added to each mI. and the solution titrated to the same colour as before.
To facilitate this, the digests were titrated in pairs (usually" active" and
" boiled control ") both being brought to the same pink colour; formol was
then added to the first, which was titrated to the colour of the second,
whereupon formol was added to the second, and this titrated to the colour
of the first.

This proved to be the only satisfactory method of investigating the
proteoclastic activity of the bile, since its colour precluded the use of the
Kerridge method; moreover, its surface activity resulted in a different
degree of granularity of the precipitate on different occasions, which made
the comparison even more difficult.

RESULTS.

A. The Stomach.

That extracts of the mucous membrane of the stomach digest protein
in acid solution has been shown by all three methods. The optimum pH
appears to lie between 1.5 and 2,5, and no digestion takes place in solutions
alkaline to pH 5,5. Proteins do not appear to be broken down beyond the
polypeptide stage, since the extracts have no action on peptone (formol
ti~ration method, Table I). No difference could be detected between
the pH optima of the glycerol extracts and of the acid extracts, but it must
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be admitted that, possibly owing to the technique employed, there
appeared to be no clear-cut and regular influence of the hydrogen-ion
concentration in either case between pH 1.5 and pH 3 (Fig. 1). The
absence of any activity at acidities less than pH 5.5, and the similarity
between the behaviour of the acid and glycerol extracts, indicate the
absence of considerable quantities of cathepsin. These extracts. appear
to differ in this respect from those of mammalian gastric mucous membrane
studied by Willstatter and Bamann (1928),which regularly contained both
cathepsin and erepsin, greater quantities being present in glycerol extracts.
than in acid extracts.

The stomachs of fishes 78, 81, 90 and 93, to which pilocarpine had beeD-
administered for some hours (see later), were found to have secreted

TABLE 1.

PROTEOCLASTIC ACTION OF EXTRACTS OF MUCOSA OF STOMACH AND

INTESTINE, AND OF BILE OBTAINED BY SLITTING GALL-BLADDER.

Difference between the formol titration figures (mI. N/50 NaOH) of solutions contain-
ing 1 m!. buffer (pH 2 for stomach and pH 8 for intestine and bile), 1 m!. substrate and
1 m!. extract, and similar solutions containing boiled extract, after 23 hours at 25°.

Substrate.

Horse serum
Peptone

appreciable quantities of a clear viscid fluid: From the stomachs of Nos.
81, 90 and 93 were obtained sufficient quantities of this fluid to enable
it to be tested for proteoclastic activity. In all cases it was found that.
casein was digested at pH 2, but not at any pH greater than 5.5. A slight
action was observed with the extract from No. 93 at pH 5.25 and a definite
action with that from No. 90 at pH 5.0. All these specimens of gastric
juice were acid (pH 5.60, 3.85 and 6.45), and those from fishes Nos. 90.
and 93 contained 0.445 M. and 0.27 M. chlorides (equivalent to 2,6%,
and 1.6% NaCl respectively). It is probable, therefore, that appreciable
quantities of sea-water had leaked in through the cardiac sphincter.
There is no doubt, therefore, that pepsin can be secreted into the lumen of
the stomach.

B. The Intestine.

The plaice has no anatomically distinct pancreas, but according to Cole
and Johnstone (1901), pancreatic tissue is distributed along the walls.

Stomach. Intestine. Bile.
Proximal 25 mm. Distal 285 mm.

Total Total Total
Volume Volume Volume

of m!. of m!. of mI. m!.
Extract N/50 Extract N/50 Extract N/50 Dilu- N/50.

mI. NaOH. m!. NaOH. mI. NaOH. tion. NaOH

4.8 0.15 6,0 - 0.02 5,0 0.01 4 0.13
- 0.02 0,40 1-02 0.14
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of the blood vessels of the mesentery, around the paired pyloric Cffica
(from which small ducts enter the intestine) and embedded in the liver,
surrounding the smaller branches of the portal vein. It is thus impossible
to remove the mucous membrane from the inside of the Cffica(and the

MG
30

10

20

°fH 1'5 2 2,5 3 - 3'5 '4 4:-5 5 5'5 6 -6-5 -7

FIG. I.-pH.Activity Curve of Proteinase from Mucous Membrane of Stomach.
Ordinates: mg. protein digested per hour by extract of whole mucous memo

brane of stomach from 1 kg. of fish.. Expt. 73/74. Acid extract. Sub8trate: casein. Duration of digestion:
1.2 hours.

X Expt. 32/34. Glycerol extract. Sub8trate: horse serum. Duration of
digestion: 3,3 hours.

0 Expt. 35/36. Glycerol extract. Sub8trate: horse serum. Duration of
digestion: 11 hours.

neighbouring parts of the duodenum) without contamination with
pancreatic tissue from the outside, the Cfficabeing too small to be cleanly
dissected away.

In many fish, the most distal of the four coocacould not be identified.
Measurements made on those in which it was prominent, showed, however,
that it could be presumed to lie within the proximal 10% to 15% of the
intestine.

By analogy with the mammalia, then, one might expect that the
mucous membrane obtained from the region of the intestine near the Cffica
would contain a trypsin-like enzyme, while the more distal portions would
contain only an erepsin-like enzyme.

In experiments made in June and July, this was indeed found to be the
case. Thus in Expt. 28, the extracts from the mucosa of the upper
3 cm. of the intestine, and those from that of the remaining 18 cm., were
each made up to 6 mI. 1 m!. of the former digested 21 mg. of casein in
24 hours, while 1 mI. of the latter had no detectable action whatever at
any acidity between pH 6.8 and pH 8.7. Later, however, in August and
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September, these results could not be confirmed, there being no detect-
able quantities of trypsin in either portion. In October, trypsin was
found in small quantities in the distal regions, but none in the proximal.
No explanation for this discrepancy can be advanced. In the early
experiments, the analyses were made by the Kerridge method, using casein
as substrate; in the later ones, both this method and the formol titration
method were used, and normal horse serum was used as substrate in
addition.

The optimum pH of this enzyme lies between 7.5 and 8.5, as will be
seen from Figures 3 and 4. There would appear to be cathepsin present

0.2

ML

t.o

0'8

0'6

0.4

0

pH 7 7-5 8 8,5 9

FIG. 2.-pH Activity Curve of Polypeptidase from Mucous
Membrane of rrttestine.

Ordinate.'!: Decrease in peptide linkages (formol titration)
produced per hour by whole extract of mucous mem-
brane of 1 kg. of fish.

SUbstrate: casein. Duration of digestion: 16 hours.

in some of the extracts, in addition to the trypsin, but the amount, in
relation to that of the trypsin, is very variable.

An erepsin-Jike enzyme is present in relatively large quantities in the
mucous membrane of all parts of the intestine, whose optimim pH lies
between 7.5 and 8.0 (Fig. 2).

C. Bile.

Babkin and Bowie (1928) found that the bile of Fundulus heteroclitus,
as obtained from the gall-bladder, contained a protease, a lipase and an
amylase. Mackay (1929b), however, found that the bile of this fish was
free from enzymes if, before puncturing the gall-bladder, the pancreatic
tissue surrounding it was destroyed by immersion in Bouin's fluid for one
minute.
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In the plaice, also, the bile has been found to contain a protease closely
resembling the trypsin of the mammalian pancreas. It is activated by
extracts of the intestinal mucous membrane, having, by itself, little or no
action, and has an optimum pH between 7.5 and 8.5 (Fig. 3). Poly-
peptidases, also, were definitely present in most samples of bile obtained
by slitting the gall-bladder (compare Table III).

0

ML
0.9

0.8

0-7

0.6

0.5

0.4

0.3

0-2

0.1

-0'1
pH 2.5 3 3,5 4 4-5 5 5.5 6 6,5 7 7,5 8 8,5 9

FIG. 3.-pH.Activity Curve of Proteinases in Glycerol extract of Intestinal Mucous
Membrane and in Bile extract of Gall.Bladder.

Gall.bladder from 1145 g. fish. Volume of Bile: 11 ml. Intestinal extract from
570 g. fish. Volume of extract: 12 ml.

Substrate: casein. Ordinates: decrease in peptide linkages (formol titration) in
8.2 hours in terms of ml. N{50 NaOH.

. Action of intestinal extract alone-
X Action of gall. bladder extract alone.
0 Action of mixture of both in equal proportions.

Mackay's (1929b) experiment was repeated and confirmed, the gall-
bladder in this case being dropped into Zenker's fluid for about 5 seconds;
bile obtained by slitting the wall of the gall-bladder after fixation of the
pancreatic tissue surrounding it, was free from proteoclastic activity.

In the plaice, however, a more crucial method is available, since the
bile duct can be cannulated and the bile obtained without damage to the
wall of the gall-bladder. Such bile was uniformly devoid of proteoclastic
action. If, on the other hand, the bile is allowed to extract the gall-
bladder for 1 to 2 days, an extremely active preparation is obtained
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(Table I). That the enzyme concerned is truly a trypsin, and not a cathep-
sin-which might be found in any tissue-is shown by Expt. 94/98
(Fig. 3). It can be seen (1) that the mixture of gall-bladder extract with
intestinal extract is very much more active than either alone, and (2) that
the greatest activity in all the extracts occurs between pH 7.5 and pH 8.5
(the complete inactivity of the intestinal extract in solutions more acid

TABLE II.

PROTEOCLASTIC ACTION OF BILE.

Difference between the Formol Titration figures (ml. N{50 NaOH) of solutions contain-
ing I ml. diluted bile, 1 ml. buffer pH 7'5-8, 1 ml. of substrate solution, and 1 ml. of
intestinal extract (fresh or boiled), and of similar solutions containing boiled bile, after
24 hours at 25°.

Total
Total Volume of

Fish Weight, Intestinal Dilution
Number. ~rams. Extract. of Bile. Substrate.

Activity (ml. N{50 NaOH)
due to

Bile in
presence of Intestinal

Bile Intestinal Extract
alone. Extract. alone.

0.10

0.32
0,35
0.20
0.15
1.20

0
1.4
0
0.90
0.10
0.25

to pH 6.5 is unusual, as there is more often a small quantity of cathepsin
present-see Fig. 4). It is much more likely that the gall-bladder extract
is activated by the enterokinase in the intestinal extract, than that the
intestinal extract is activated by some substance in the gall-bladder.

It would appear, then, that pure bile has no proteoclastic activity, but
that the layer of pancreatic tissue surrounding the gall-bladder is capable

* Gall-bladder fixed in Zenker's fluid.
t Bile obtained by cannula in bile-duct.
t Bile obtained by cannula, after acid had been inserted in intestine.

c.c. A. Uncontaminated Bile.

(51, 53)* 535 6 5 Horse serum 0 0.05
57t 390 - -

C;ein
" 0 -

61, 62, 63t 940 13 5 0 0.05
(66, 67)t 665 8 4'7 " 0 0

68t 655 10 4.5 .. -0.05 -0,05
(69, 70)t 380 5 6

72t 765 5,5 4.5 .. - 0.10 0

42 750

44,46 430

48,49 510
59 930

40,41 770

50,52 550
54 265
68 655

B.Bile obtained by Slitting Gall-Bladder.

11 4 J Horse serum 0.13
l Peptone 0.14

14 5
{Horse serum

0,10
Peptone 0

8 5 Horse serum 0,06 0,68
15 7.5 Casein 0 0.12

C. Bile allowed to Extract Gall-Bladder.

6,5 4 J Horse serum 0.10
l Peptone 1.45 3.05

6 5 Horse serum 0 0,90 0.10
5 Horse serum 0.65 -

10 4.5 Casein 0,05 1.85 2.0
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of secreting a trypsin-like enzyme. There does not appear to have been
any special duct described, through which this pancreatic juice could reach
the intestine, and it is tempting to suppose that secretion takes place into
the gall-bladder and that the enzyme reaches the intestine in the bile.
H this is the case, it should be possible to make pure bile (as obtained by
cannulating the bile duct) active in digesting proteins, by treating the fish
with pilocarpine. This experiment has been performed eight times, the
fish being on an artificial circulation of sea-water, and under urethane as
described later. The bile duct was ligatured at the beginning of the experi-
ment, between the entry of the hepatic ducts and the intestine in four

0-3
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FIG. 4.-pH.Activity Curveof Proteinases from Glycerolextracts of Intestinal
~Iucous Membrane and of Liver.

Total weight of fish: 745 g. Volume of intestinal extract: 12 ml. Volume
of liver extract: 17 ml. Substrate: casein. Ordinates: decrease in
peptide linkages (formol titration) in 6.2 hours in terms of N/50 NaOH.. Action of intestinal extract alone.

X Action of liver extract alone.
0 Action of mixture of both in equal proportions.

experiments, and at the base of the gall-bladder in four experiments; in
the former, bile secreted by the liver during the experiment, possibly
containing pancreatic juice, would be included in the sample of bile
collected; in the latter, it would not. At the end of the experiment, the
bile duct was cannulated close to the base of the gall-bladder, and the
bile expelled by gentle pressure with the fingers. The pilocarpine (as
nitrate or chloride) was added to the circulating sea-water (total volume
300 to 400 mI.), and its effectiveness was checked by counting the fre-
quency of the heart beat.

It is difficult to expose the heart of the plaice sufficientlyfor direct visual
observation, so an electrode was placed on the pericardium and another either
under the tailor in the gill cavity, and the action potential waves were
counted. Sinceit wasnot necessaryto make distortionless records, the leading
off electrodes were connected to a three-stage amplifier with a milliammeter
in the anode circuit of the last stage; the time for twenty kicks of the milliam-
meter needle was measured with a stop-watch. It was sometimes necessary

XEW SERIES.-YOL. xx. NO.1. FEBRUARY, 1935. F
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to stop the :flowof water through the gills while the heart frequency was being
measured, owing to the large slow potential waves associated with the
rhythmic flow of water through the gills. The exact origin of these waves has
not yet been ascertained. One fish showed a marked and progressive slowing
of the heart when the circulation through the gills was stopped, but this was
not observed in any other fish.

One experiment was performed without the addition of pilocarpine.
The heart frequency immediately after the operation was 51 beats per
minute; it rose to 57 within five minutes, fluctuated, during the course of
the experiment, between 52 and 60, and was 54,5 after five hours on the
artificial circulation.

The results of the analyses of the bile obtained in these experiments are

TABLE III.

ACTION OF PILOCARPINE ON PROTEOCLASTIC ACTIVITY OF BILE.

given in Table III. While it is possible that in four of these pi.locarpine
experiments (two including the hepatic secretion, and two not) the bile
had a detectable proteoclastic action, the effect is barely outside the limits
of experimental error. It must be concluded, therefore, that no definite
evidence has been obtained that a proteoclastic enzyme is secreted into
the bile in response to the administration of pilocarpine.

D. Liver.

Glycerol extracts of the liver contain both cathepsin and trypsin, as
is shown in Figure 4, which presents a striking contrast to Figure 3. In
the absence of intestinal extract, the cathepsin is in preponderance
(optimum pH 5.5 to 6.0) ; in the presence of intestinal extract, the trypsin
(optimum pH about 8) is activated, and the optimum pH of the mixture

* Duct ligatured below entry of hepatic ducts, i.e. hepatic bile not excluded.
t By direct examination after opening pericardium.

Conditions of digestion experiments as in Table II. Substrate: Casein.

Actiyity
Total Dose (m!. N/50 NaOH) due to

Volume Dilu. of Frequency of Bile in
of tion Pilo- Heart beats presence of Intestinal

Fish Weight Intestinal of carpine per min. Bile Intestinal Extract
Number. grams. Extract. Bile. mg. Initial. Final. alone. Extract. alone.

71 513 7-5 6.5 6 50 38.5 0.13 0.15 0.20
75 495 - 10 47,5 35 - 0.02 0 - 0.12
78* 340 5 6,5 13 47 24 - 0,07 - 0,05 0.13
81 460 5 4.5 13 48.5 0 0.05 0.10 0,10

88* 580 7 2.2 13 { Not l32'5t
0 0.10 0.60

measured f
89* 545 6 3.8 13 51.5 41 -0.10 0 0.45
90 490 7 3,0 13 46.5 31 - 0.06 0,06 0.25
93* 900 10 4,5 26 54.5 38,5 - 0.03 0.10 0.4
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is shifted to about 7. Stern (1931), who studied the proteases of the liver
of the carp, demonstrated the presence of a cathepsin with an optimum pH
of 4 and of a trypsin with an optimum pH of 10, so that the pH -activity
curve contained two distinct peaks. He did not activate the trypsin with
enterokinase, and studied the proteinases only, estimating the amount of
digestion by a nephelometric method after precipitation with sulpho-
salicylic acid. The formol titration method, used in the present series,
would estimate polypeptidases also, and the difference in the shape of the
pH-activity curve may be connected with this difference in technique.

THE DIGESTION OF FATS.

Methods. The method used was essentially that described by Anrep,
Lush and Palmer (1925). The only modification was that at suitable
intervals, the experimental tube, containing the active enzyme; was
titrated with Nj5 NaOH to the same pH as the control tube, containing
the boiled enzyme. In this way the turbidity and colour of the extract
were compensated, and the hydrogen-ion concentration was not allowed
to drift out of the optimum range of the enzyme. The figures obtained
in this way for the activities of the various extracts were also independent
of the buffer value of the digests.

RESULTS.

A. Stomach.

Dawes (1930) states that histological examination of the walls of the
stomach of the plaice after feeding shows that absorption offats takes place
from the stomach. Accordingly, the extracts of the mucous membrane of
the stomach were examined for lipoclastic activity. None could be found
at pH 2.5, 4.5 to 6.0, or 7.5 to 8,5, at any season of the year.

B. The Intestine.

Extracts of the mt:.cous membrane of the intestine showed a powerful
lipoclastic activity, which was increased by the addition of bile. The
optimum hydrogen-ion concentration lay between pH 7.5 and pH 8.0,
although the activity does not vary very considerably over the range
pH 6 to pH 9 (Fig. 5). The portion distal to the creca showed a greater
activity than the portion containing the creca, so that there is no reason
to suppose that the enzyme is particularly associated with these organs
(Table IV).

o. Bile.

Bile removed from the gall-bladder without any special precautions
against contamination with the pancreatic tissue showed a negligible
lipocJastic activity. The plaice appears to differ in this respect from
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Fundulus (Babkin and Bowie, 1928). Bile which has been allowed to
extract the gall-bladder, however, showed on one occasion an activity
comparable in magnitude to that of the intestine; on another occasion,
there was no activity.

TABLE IV.

LIPOCLASTIC ACTION OF INTESTINAL EXTRACTS.

ml. N/5 acid produced by 1 ml. extract in 7 hours at pH 7.5 to 8.

Three fish of total weight 715 g. Proximal portion of intestine taken as 23%, 10'5%
and 10.7% of whole; last two had distal creca. Both extracts made up to about 6 ml.

Portion of Intestine. Without Bile. With Bile. Bile only.
Proximal 0.10 0.13 0.02
Distal 0.28 0,33 0.01

.D. Liver.

Glycerol extracts of the liver possessed an extremely powerful lipo-
clastic action (Fig. 5).

THE DIGESTION OF CARBOHYDRATES.

~7j,iethods. Preliminary studies were made with the achromic point
method, in which a drop of a solution of iodine in potassium iodide is
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FIG. 5.-pH-Activity Curve of Lipases in Glycerol extracts of Intestinal
Mucous Membrane and of Liver.

Suustmte: triacetin. Ordinates: acid produced per hour by extract
of whole organ from 1 kg. of fish in terms of N/5 NaOH.

. Expt. 61/63. Intestinal mucous membrane. Duration of
digestion: 7 hours.

(') Expt. 94/95. Liver. Duration of digestion 2.5 hours.
The activity of the liver preparation is about 20 times as great as

that of the intestinal preparation.

added to the tubes containing starch and the enzyme extract, and starch
and the boiled extract, respectively; the absence of blue colour, or the
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presence of a purple or red colour, indicates that some digestion has taken
place. More precise studies were then undertaken in which the sugar
concentration of the digests was estimated by Benedict's method. Since,
in many cases, the volume of solution available was insufficient to reduce
completely even 1 ml. of Benedict's solution, the titration was carried
to completion with a standard solution of maltose, and the sugar concen-
tration (in terms of maltose) of the digest estimated by difference.

RESULTS.

A. Stomach.

No amyloclastic activity could be detected in the stomach extracts at
pH 2, 4 or 6.

B. Intestine.

A definite, but not very powerful activity was found in the extracts
of the intestinal mucous membrane, with an optimum hydrogen-ion

°pH 5,5 6
FIG. 6.-pH-Activity Curve of Amylases in Glycerol extracts

of Intestinal Mucous Membrane, of Liver, and in Bile extract
of Gall-Bladder.

Substrate,' starch. Ordinates,' mg. sugar (as maltose) produced
per hour by extract of whole organ from 1 kg. of fish.
Duration of digestion: 23 hours.

. Expt. 41. Intestinal mucous membrane.
. Expt. 43. Intestinal mucousmembrane.
0 Expt. 99/100. Liver.
X Expt. 99/100. Gall-bladder.

MG.
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concentration at pH 7.5 to 8.0 (Fig. 6). The extracts of the portion
distal to the Cfficahad a definitely greater action than those of the
portion containing the Cffica,so that it would appear that the enzyme
is secreted by the cells of the intestine, and not primarily by those
.ofthepancreatic tissue.

It was observed, somewhat unexpectedly, that the addition of small
amounts of NaCl (0.05% to 0'1%) to the digests resulted in a marked
increase in activity as shown in Table V. This has been observed by Cole

TABLE V.

AMYLOCLASTIC ACTION OF INTESTINAL EXTRACTS.

Solutions contained initially 0"3% starch, buffered at pH 7.5 and 1 m!. of extract.
Sugar concentrations are expressed .as mg. maltose per m!.

(1903) in the case of human ptyalin, but it was not expected that the con-
centration of chlorides in extracts from marine fishes would be low enough
for the effect to be observed. Actually, one extract from the proximal
portion was found to contain only 0.0065% NaCl, two from the distal
portions to contain 0.03% and 0'05% respectively, and one from the whole
intestine 0-023%.

c. Bile.

No amyloclastic action could be detected in the bile unless it had been
allowed to extract the gall-bladder. The activity was then comparable to
that of the intestinal extracts, and had the same optimum pH (Fig. 6).

D. Liver.

Glycerol extracts of the liver had an amyloclastic action of the same
order of "intensity as those of the intestinal mucous membrane; the
optimum pH appears also to be the same (Fig. 6).

THE HYDROGEN ION CONCENTRATION

OF THE CONTENTS OF THE ALIMENTARY CANAL.

If the enzymes extracted from the mucosa of the alimentary canal are
to be of any service to the animal, the medium in which they work must

Sugar Concentration after
24 hours at 25°.

Total Active
Wt. of Volume Extract

Fish Portion of of Boiled Active +0.07%
Expt. No. g. Intestine. Extract. Extract. Extract. NaC!.

38 520 Prox. 45mm. 3 m!. 0 0.7 1.35
Dist. 275 mm. 3 m!. 0 1.2 1.0

39 410 Prox. 12 mm. 5m!. 0.35 0.65 1.0
Dist. 170 mm. 6,5 m!. 0.45 0.8 1-45
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be of the correct hydrogen ion concentration. Accordingly, in a number of .
fishes, the abdomen was opened, a ligature tied round the rectum, another
round the pyloric sphincter and an artery clamp placed on the lower end
of the cesophagus. The whole alimentary canal was then dissected out,
the stomach and intestine slit open, and the hydrogen-ion concentration
of the contents measured with the quinhydrone electrode. Bile was
obtained by slitting the gall-bladder in some experiments, and by cannula-
tion of the bile duct in others.

In the majority of fishes taken from the aquarium tanks, the stomach
was found empty. In these cases, two drops of distilled water were placed
on the mucous membrane of the opened stomach, and, a moment or two
later, withdrawn into the electrode vessel, which held 0.05 ml. The in-
testine always contained a clear watery fluid with a certain amount of
fmcal masses, unless, of course, it contained food remnants.

The results are presented in Table VI.

TABLE VI.

Stomach.
Contents.

ACIDITY OF OONTENTS OF ALIMENTARY OANAL AND OF BILE.

Fish No.

7 Empty
8 Empty
9 Empty

10 Empty
12. Empty
16 Polychretes
18 Not identified
19 Crustacea-not identified
21 Empty
22 Empty
23 Empty
30 0.5 C.c. fluid
64 Not identified
65 Not identified
66 Full of clear fluid
75* Empty
81* 0,5 C.c. fluid

82

83

Empty

Empty

84 Empty

pH
2.7

6,7

Intestine.

Contents.

Scraps of food
Traces of food
Traces of food
Traces of food
Traces of food
Frecal matter
Scraps of food
Traces of food
Traces of food
Traces of food
Empty
Traces of food
Food-not identified
Not identified
Clear fluid only
Traces of freces
Traces of freces

pH
7.7
8.2
8,5
8,0
8.3
8.65
7.43
7.55
8.33
8.10
8,10
8,10
8.35

8.20

Bile.

pH

5,55

7.33
7.05
6.45
2.40
6.45
6.30
6.85

5.60

Traces of freces

Traces of freces

Traces of freces

6'7§

3.90
7.60

Clear fluid only.
Clear fluid only
Clear fluid only
Upogebia. Part1Y

digested.

7.3
7.4

5'75t
HOt
8'00t
7.70
?-Sot
7.25
7.35t
7,60
7'70t

.88* Clear fluid
89* Clear fluid
90 4 c.c. clear fluid

99 Upogebia almost undi-
gested. 5 drops of
water added

t
100 Upogebia almost com- 3.1.5 Upogcbia almost com- 8.20

pletely digested pletely digeste

* Pilocarpine experiment. t After di tion four-fold.
t After dilution four-fold and boiling. § By indi~ator.

8.05
7.60

8.25
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It will be observed that in no case did the acidity of the food within the
stomach reach so high a value as one would expect if the digestion were
being carried out by pepsin. It must be remembered, however, that the
figures given in the table represent the mean acidities of the whole food
mass, and it is highly probable that on the surface, where digestion is
taking place, the acidity would be very much greater.

In order to confirm the fact that the stomach is capable of secreting
acid, a number of fishes were amesthetised with urethane, and placed on
an artificial circulation of sea-water, containing about 0.8% to 1.0%
urethane. Aeration was carried out, and the circulation maintained, by a
modification of the spray method described by von Euler and Heymans
(1932). The concentration of urethane was adjusted so as to be high
enough to prevent reflex activity, but not so high as to stop the respiratory
movements entirely. The fishes appeared to survive well under these
conditions, many experiments lasting over 5 hours. Since it was felt that
it was undesirable to pass a stomach tube, owing to the risk of leakage
of sea-water through the cardiac sphincter, a cannula was tied in the
pyloric sphincter. All dissection, except the first skin incision, was done
with an electric cautery, and not more than one or two drops of blood were
lost.

The following experiments were performed;-

(1) In several fishes, 1 to 1.2 mI. of clear watery fluid of pH 5.5 to 5.9
were withdrawn as soon as the cannula was inserted.

(2) 1 mI. of sea-water (pH 8.3) containing phenol red was placed in
the stomach, and withdrawn a few minutes later a full yellow colour (pH
less than 7).

(3) 1 mI. MilO Na2COa were inserted, withdrawn after 2 hours and
titrated with N/lO HCI. It was found that 0.07 millimols of acid
(equivalent to 0.7 ml. NjlO HCI) had been added while the solution was
in the stomach.

(4) 1 mI. of MIlO phosphate buffer pH 8.0 was inserted and withdrawn
after 1 hour with a pH ofless than 7. 0.1 ml. ofN/5 NaOH were required
to bring it back to pH 8.0; this is equivalent to the secretion of 0.02
millimols of acid.

In an attempt to obtain a sample of bile without handling the gall-
bladder, the common bile duct of one fish was cannulated, and 2 ml. of
N/lO HCI inserted into the duodenum; it was hoped that sufficient
cholecystokinin might be liberated to cause a contraction of the gall-
bladder. This anticipation was not realised, and the bile had to be expelled
by pressure on the gall-bladder. (This bile contained no proteoclastic
enzymes.) After half an hour, the intestine was removed and the contents
titrated with N/5 NaOH. 1.5 ml. ofN/IO HCI had disappeared, either by
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neutralisation or absorption. It is impossible to be certain whether this
indicates a true secretion of base by the walls of the intestine, or whether
there had been merely a diffusion interchange with the buffers of the blood,
but in any case there is no doubt that the acid secreted by the stomach
can be neutralised in the intestine.

THE RELATIVE POTENCY OF THE EXTRACTS FROM VARIOUS ORGANS.

The amount of digestion produced per hour by the whole organ from
1 kilogram of fish has been calculated for the proteases,lipases and amy-
lases of the stomach, intestine, gall-bladder and liver. They are given in
Table VII. Owing to the very great variation between different samples,

TABLE VII.

THE RELATIVE POTENCY OF THE EXTRACTS FROM V ARIOUS ORGANS.

Number of Activity.
Organ. Experiments. Greatest. Least. Average.

A. Proteases. (1) Kerridge Method. Activities in mg. protein digested per hour per kg. fish
Stomach. (Glycerol extract)
more than 12 hours digestion
less than 12 hours digestion
Stomach. (Acid extract)
less than 12 hours digestion
Intestine.
more than 12 hours digestion
less than 12 hours digestion

3
9

3

10,5
54.5

31

3,4
5.2

7,(,
25.8

21.5

11
2

25
19

11.5

0
14

7.3
16.5

(2) Formal Titration Method. Activities expressed as decrease in peptide linkages
(m!. NJ50 NaOH) per hour per kg. fish.

B. Lipases. Activities expressed as amount of acid produced (as m!. NJ5 NaOH)
per hour per kg. fish.

7
2
2

0.92
0.20
5.3

0.12
0
2.3

0,35
0,10
3.8

Intestine
Gall-Bladder
Liver

G. A1nylases. Activities expressed as mg. sugar (as maltose) produced per
hour per kg. fish.

6 9.0
2 5.1
1

2.8
4.7

5,0
4.9
2.2

Intestine
Gall-Bladder
Liver

it has been felt advisable to includ~ the highest and lowest values, as well
as the average. In the case of the proteases, it is clear that the activity
falls off very markedly in the first few hours, so that the activity figures

Intestine
more than 12 hours digestion 19 0.35 0 0.16
less than 12 hours digestion 4 2.5 0.46 1.25
Gall-Bladder
more than 12 hours digestion 3 0,53 0.21 0.40
less than 12 hours digestion 3 10-0 3.2 ;").9
Liver
less than 12 hours digestion 5 5.2 2-2 3.4
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calculated from experiments of long duration are always lower than tbose
calculated from experiments of short duration. In the table, a " long"
experiment has been arbitrarily defined as one continuing for 12 hours or
longer, and a " short" experiment as one continuing for less than 12hours.

It may be concluded from these figures (a) that the proteoclastic activi-
ties of the gall-bladder and liver are approximately the same, and are
greater than those of the intestine and stomach; (b) that the lipoclastic
activity of the liver is very much greater than that of either the gall-bladder
or intestine; and (c) that the amyloclastic activities of the intestine,
gall-bladder and liver are all approximately the same. The stomach has
no lipoclastic or amyloelastic activity.

SUMMARY.

1. It has been shown that the stomach of the plaice can digest proteins
by an extra-cellular enzyme-apparently pepsin. Fats and carbohydrates
appear to be unattacked in the stomach.

2. In the intestine, proteins are further attacked and the mucous
membrane contains a trypsin and an er~psin.

3. The liver and the wall of the gall-bladder are more potent sources
of trypsin than is the intestine; the former contains, also, a cathepsin, and
the latter an erepsin. It is not certain whether any of these enzymes can
be secreted into the intestine; administration of pilocarpine failed to make
the bile definitely active in digesting proteins, but it is possible that there
may be some other route by which the secretion may reach the intestine.

4. Fats and carbohydrates are digested in the intestine, since the mucous
membrane of the intestine-and also the wall of the gall-bladder and the
liver-contain lipase and amylase. The liver is a far more potent source of
lipase than is either the gall-bladder or the intestine, but this lipase may
be partly intra-cellular in action.

5. The hydrogen-ion concentration of the contents of the stomach and
intestine has been shown to be consistent with the extra-cellular action

of the enzymes found in the respective mucous membrane3. The mucous
membrane of the stomach is capable of secreting acid, and that of the
intestine is capable of bringing about its neutralisation.
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Stolonization in Myrianida.
By

Yo K. Okada,

Kyoto Imp. University, Japan.

With 6 Figures in the Text.

Myrianida pinnigera (Montagu) is one of the representative Syllids in the
Plymouth district. Here, it is found always in close association with
Ascidiella aspersa and Phallusia mammillata, possibly feeding upon the
body fluid of these Ascidians.

The reproductive method of the Syllid has not been carefully studied.
So far as observations were made during my stay at the Plymouth
Laboratory from June, 1927, to the next June, those specimens collected
from April to October almost constantly carried a more or less long chain
of sexual buds, either male or female, while the others obtained in the
winter, especially in January and February, were either without the chain
of stolons or just at the beginning of its formation. Myrianida pinnigera,
in the Plymouth district at least, appears to stolonate in the warmer half
of the year, while the process stops in the winter time.

The number of setigerous segments in the resting stage varies from
50 to 82, with the maximum frequency at 65 (Table I).

TABLE 1.

No. of segments counted 50 52 55 56 58 60 64 65 67 68 69 70 71 72 77 78 79 80 82
No. of individuals

0bserved 1 1 1 3 1 2 3 5 3 3 2 4 1 1 1 2 1 3 1

In the budding specimens the number of segments which remained in
the parent body is shown in the next table (Table II).

TABLE II.

No. of segments in the stock
No. of individuals

34 37 40 44 48 52 56 60 64 67 70 73 76
1 1 4 7 6 8 12 8 5 2 3 1 1

From the data in the first table we see that 50 is the smallest and 82

the largest number of segments for the resting stage. From the data in
the second table we find the most anterior position of budding between
segments 34 and 35 and the most posterior position between segments 76
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471,(

FIG. l.-Myrianida pinnigera. Non-proliferating phase.
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and 77. There is therefore no reason to believe that the stolonization of

the present species takes place always at the posterior end of the 66th
setigerous segment as A. Malaquin (1893) has stated in his monograph
(p. 289).

If we draw two graphs on the same horizontal plane, one for the seg-
mental variation of the resting stage and the other for that of the
parent body in the budding individuals, in such a way that the
number of worms examined is plotted against the number of
segments counted, the first part of the curve of stolonization evidently
overlaps the posterior part of the curve that represents the segments of
the resting stage. This fact at once reminds us that in the stolonization
of Myrianida, as in most species of Autolytus (gemmiparous forms), there
is, at least at the beginning of a chain formation of stolons, the process
of simple schizogamy producing a single stolon by the separation of the
posterior segments from the anterior ones; first of all there appears a new
embryonic segment between two old ones at a certain distance from the
posterior end at the point of separation. Actual observation shows that
this distance is more than 16 but less than 22 segments. But in no case
does the schizogamous stolon separate from the parent body before the
appearance of the second, third and more stolons of higher order. There-
fore schizogamy in the strict sense, forming a single stolon, in this case
exists only temporarily.

Malaquin (l.c., p. 312) describes in his case 3 of schizogamy in Autolytus
Edwarsi a number of newly formed segments already intervening between
the head of the stolon and the posterior end of the parent body. In case 4
he figures a stage long after the detachment of the first stolon, when
gemmiparous proliferation has become well established, the embryonic
segment being followed by a chain of 4 stolons in gradually increasing
development. It is supposed that the process of stolonization in Myrianida
is simply a combination of these two cases, case 3 and case 4 of Auto-
lytus Edwarsi, and Malaquin (l.c., p. 314) has actually described such in
case 7, where a parent body of 28 segments is followed by a chain of sexual
individuals which is produced by gemmation succeeding schizogamy,
passing from case 3 to case 4 above mentioned. In Myrianida such a
transition from schizogamy to gemmiparity takes place at the very begin-
ning of stolonization; that is to say before the separation of the first
schizogamous stolon a number of secondary ones are quickly produced
from the embryonic segment by successive stolonization.

It is true that some specimens are observed carrying a chain of stolons
in such anterior positions as the 34th and 37th setigerous segments, while
others carry it in such posterior positions as the 73rd and 76th segments.
Nevertheless, we need not necessarily suppose here a forward movement
of the position of stolonization such as Malaquin has claimed for the origin
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..

FIGs. 2-6.-Regeneration and stolon-formation in Myrianida.
Abbreviated terms used in the figures: 11,head of stolon; p, zone of proliferation;

S], S" S3' stolons of 1st, ~nd and ilrd order; aIrOW in Fig. 5 indicating the
original position of cut.
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of those specimens of Autolytus Edwarsi which carry the chain of stolons
in an anterior position, as for example between segments 25 and 30 (most
often on 27 or 28), since there are in Myrianida pinnigera individuals in
the resting generation possessing only 50 segments.

It is most interesting to notice that the positions of separation, which
show so wide a range of variation, are never continuous even in two con-
secutive segments. On the contrary, they are entirely discontinuous.
But in spite of that the position is almost always fixed after the 34th
setigerous segment at one of the following segments: 34, 37, 40, 44, 48,
52, 56, 60, 64, 67, 70, 73, 76 and so on. To find the reason for this let us
return to a former paper (Okada, 1929, p. 587) and see the rule of frag-
mentation of the Syllid which is represented by the formula H13-3-3-3-
4-4-4-3-3-4-4-;-4 1. 1. 1. 3-3-3-3- - - - - - - - - - - - - - xp. In accord-
ance with this formula the segmental arrangement of Myrianida pinnigera
after the 34th setigerous segment can be divided into the followIng groups:
segments 34-37, segments 38-40, segments 41-44, segments 45-48,
segments 49-52, segments 53-56, segments 57-60, segments 61-64,
segments 65-67, segments 68-70, segments 71-73, segments 74-76 and
so on. A further characteristic point is that the most anterior segment of
each group bears a special pigment pattern on the median dorsal surface
(see Fig. 1), and in the range of stolonization which covers the median
part of the body from behind about the 30th setigerous segme:q.tto about
the 20th segment from the posterior extremity, the formation of a chain
of stolons takes place always at the posterior boundary of each segmental
group.

In the part of the body just mentioned, if a worm in the process of
budding is cut at a given position and the longer posterior part is removed,
including the chain of stolons, the missing segments are able at once to
regenerate and after a certain while they directly develop into a new chain
of stolons, leaving the most anterior segment for the source of the further
growth. The posterior cut end of the parent body remains as before.
Therefore, the positions of stolonization are by no means absolutely
restricted to certain segments and can be experimentally altered to any
segment within the range of stolonization mentioned above. Figures 2-6
show 3 developmental stages of the posterior segments experimentally
induced to regenerate from a segment which in the normal condition does
not constitute a position of separation. Figure 2 represents a still very
young stage before indication of the stolon formation. In Figure 3 the
first stolon is about to be produced through direct metamorphosis of the
regenera ted segments leaving one or two at the proximal side for the future
proliferation of new segments. Thus in Figure 4 already 2 stolons beside
the first one are produced.

On the other hand if the same cut is done outside the range of stoloniza-
NEW SERIES.-VOL. XX. NO. 1. FEBRUARY, 1935. G
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tion, i.e. in front of some 30th setigerous segment, for example, there is an
easy regeneration of the posterior segments as in the preceding case, but
there is no immediate formation of stolons (Fig. 5).

In Figure 6 the beginning of natural stolonization in Myrianida pin-
nigera is reproduced from a microphotograph taken at the Plymouth
Laboratory. Here schizog~my, with the production of a single stolon, is
distinctly shown.
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BASHFORDDEAN in his Monograph on the Chimaeroid Fishes (1906),
describing the North Pacific species Chimaera colliei, states that it is
omnivorous and that the" broken shells of mollusks are commonly found,
as well as fragments of good sized crustaceans, as indeed the scanty
literature records." He further states that" in the gut of C. rnonstrosa
Faber finds crustacean and shell-fish fragments; Monticelli, quoting
Ltitken, Cyprina islandica; . . . Olsson finds also (and his observations
are the most detailed hitherto published on the feeding of Chimaera)
chffitopods, amphipods; echinoids and polyps."

The following is an account of the gut contents of several specimens of
Chirnaera rnonstrosawhich the authors were fortunate enough to obtain
recently.

The specimens which were taken from the Atlantic Ocean sixty miles
N.W. of Black Rock (Lat. 54° N., Long. 12° W.) at a depth of 220 to
250 fathoms, were preserved in dilute formalin.

The actual examination of the gut contents was carried out as follows.
The CBsophagusand rectum were ligatured, and that part of the gut

lying between the two ligatures was removed and placed in a dish of dilute
formalin. The gut was then opened by a longitudinal incision, and its
contents carefully transferred to the dish where they were subsequently
examined by means of a binocular microscope. The food fragments
were then provisionally classified, care being taken not to separate such
parts as may have belonged to the same organism during life. A detailed
examination of the fragments was carried out later, but because of the
close similarity of the gut contents of various specimens, only three were
examined in detail.

Foodfound in the gut of the three specirnens.
Fragments of Ophiuroids. Ossicles, spines, etc.

" Crustacea. Mostly small Malacostraca, e.g. Crabs and
Galatheids. Isopods were present.

Muscle and cycloid scales.
Aphrodite.

" Fishes.
Annelids.
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The remains of Ophiuroids were particularly abundant in all three
specimens. Whilst parts of Crustacea were present in all three, they were
only abundant in two specimens. Only one specimen contained unmis-
takable Annelid remains; a solitary, but almost complete specimen of
Aphrodite. In addition, Gyrocotyle and Sporozoans were found as gut-
parasites in all the Chimaeras examined.

DISCUSSION.

It is noteworthy that no mollusc remains were found in any of the
specimens that we examined. This is possibly eXplained by the fact that
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FIG. I.-Dissection of Buccal Cavity and Pharynx.

GS, Gill-slits; LJ, Lower-jaw; LT, Lower-teeth; OES, Oesophagus;
PBR, Pad on basi-hyal; UT, Upper teeth.

our fishes were caught in relatively deeper waters than those mentioned by
other observers. (B:,:tshfordDean mentions that C. colliei swims fairly
near the surface.)

From the facts obtained from examination of the gut contents and of

'"
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the nature of the buccal cavity, it is possible to make certain inferences
as to the feeding habits of the fishes.

The food-particles found in the gut are of irregular shape but never
exceed three-quarters of an inch in length. In no case were recognisable
portions of the" disc" of the Ophiuroids present despite the abundance
of small portions of the" arms." This suggests that they had been bitten
off from the" disc." From the condition of the more complete fragments
of Crustacea (e.g. Crabs), too, it would appear as though the fish had seized
them and bitten off certain parts (limbs) quite cleanly. Again, the presence
of quite large cycloid scales and fish muscle but the complete absence of

FIG. 2.-.Qill Apertures 1 and 2.
GL, Gill lamella ; GR, Gill-rakers; P, Papillre.

anything in t~e nature of endoskeletal parts suggests that pieces had been
bitten out of the prey, possibly whilst it was still alive.

In contrast to most carnivorous fishes which swallow their prey almost
whole, it seems that Chimaera bites up its food into small fragments.

To this end the teeth are admirably adapted; the sharp edges alone
of the teeth of upper and lower jaws meet when the mouth closes and
would sufficeto shear off portions of the food. It is probable that the hard
pad of tissue over the basi-hyal serves to crush food against the plate-
like teeth of the upper jaw. The small size of the food swallowed may
possibly be accounted for by the fact that the autostylic nature of the skull
and the shortness of the jaws restricts the gape of the mouth (Fig. 1).

Food particles are prevented from entering the pharyngeal apertures of
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the gills by a system of gill-rakers. These are similar to, but larger than,
the papillm on the mucous membrane lining the bucco-pharyngeal region
with which they are perhaps comparable (Fig. 2). Evidence that the gill-
rakers are indeed modified papillmwas afforded by a microscopic examina-
tion of serial sections. The histology of both gill-rakers and papillm was
identical with the exception that the former were supported by an axis
of cartilage which was not, however, connected to the branchial arch below
it. In both cases, the outer layer (mucous membrane) was perforated by
a system of fine canals, the structure of which is being further investigated.
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A Case of Hermaphroditism and Viviparity in
Echinocardiumcordatum.

"By
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IN May, 1933, during routine gonad examinations, a hermaphrodite
specimen of Echinocardium cordatum was observed. It was collected in
the sandy beach of Port Erin Bay at low water of ordinary spring tides,
and was 4.7 em. in length, which correspon~s, in a normal specimen, to an
age of about four years. The external colour was dark, although not
more so than in other specimens in the batch, but the gonad was exception-
ally pigmented-almost black. In this locality the colour of the test and
gonad becomes progressively darker with increasing age, and affords some
measure of the latter.

The specimen was examined within half an hour of being collected,
and portions of the gonad were fixed within ten minutes of being opened,
so that fertilization and segmentation could not have advanced in the
laboratory to the stage found. Smears from the gonad showed ova, of
which about 50% were ripe, together with ripe spermatozoa. The gono-
duct contained ripe ova, together with segmenting ova and early embryos.
Figure 1 is a photograph of the contents of the gonoduct, taken immedi-
ately after opening, and showing ova with a four-cell stage and a blastula.
Cultures were set up in sterile sea-water, from the c~ntents ofthe gonoduct,
and also from the gonad itself, as well as a control fertilization from normal
urchins, and from all of these normal early plutei were reared. Those
cultures from the hermaphrodite specimen did not, however, develop much
further, possibly owing to premature fertilization in the abnormal
conditions in the gonad.

Figure 2 shows a longitudinal section of a portion of the gonoduct con-
taining a blastula as well as mature ova. No segmenting ova were seen
actually in the follicles of the gonads (Fig. 3), but there were present a
number of multinucleate bodies, about the size of an ovum, in which the
protoplasm was partly broken down (Fig. 4), and no cell walls were
visible. In more advanced stages the nuclei also seemed to have partially
disintegrated. These bodies appeared to be fertilized ova in which
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segmentation, or at least nuclear division had taken place, but which had
failed to continue their development in a normal manner, and had begun

FIG. I.-Ova and larvffi in gonoduct. x 100.
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FIG. 2.-L.S. of gonoduct showing blastula. X 400.

to dedifferentiate. Those larvffiwhich had reached the gonoduct appeared
to be developing more normally.

Apart from the viviparity of this specimen, it is of interest because of
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its hermaphroditism, as comparatively few cases have been 'described in
the Echinoidea, and, so far as the author is aware, only one in the Spat-
angoidea. It is, however, a normal condition in some other echinoderms.

In Asterina gibbosa the condition with regard to hermaphroditism

FIG. 3.-T.S. of gonad follicle showing male and female portions. X 750.

varies according to the locality (Cuenot, 1898). At Roscoff, during the
first one or two years of its life, it is male, although sperm are shed only
once; the starfish then becomes and remains female. At Banyuls they

FIG. 4.-T.S. of degenerating embryo in gonad. X 100.

are male for a longer period, shedding sperm for several successive years,
and then becoming completely female. At Naples there is no fixed rela-
tion between size and sex, and males, females and hermaphrodite
individuals may be found at all sizes. Cue:notsays further that, although
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individuals do not normally function as both male and female at the same
time, he has found such specimens, with both ova and sperm ripe at the
same time, at Banyuls and at Naples.

In the Echinoidea, hermaphroditism is recorded as occurring in several
species. Heilbrunn (1929) describes a specimen of Arbacia pustulosa with
four of the segments of the gonad alternately male and female, and the
fifth an ovo-testis with mixed normal male and female tissue. A self-

fertilization yielding normallarvre was obtained. Gray (1921) describes
another specimen of the same species in which four segments of the gonad
had the normal female colouration, but proved, on examination, to be
degenerate male tissue, while the fifth segment, mottled in appearance,
contained the latter mixed with normal male tissue. He records also a
specimen of Paracentrotus lividus with three segments of the gonad com-
pletely female, and the other two mixed female and male, both being ripe
and fertilizable inter se. He does not state whether, as a result, the
specimen was viviparous. Herlant (1918) also records a hermaphrodite
individual of this species with three gonad segments normal male, one
atrophied male, and one mixed male and female. He states that in the
latter the male and female portions were mostly separate, but that in places
they graded distinctly into one another, and showed oogenesis and sperm-
atogenesis taking place side by side. He states further that the ova and
sperm were ripe in the mixed gonad, and that they fertilized normally
when mixed in sea-water, so presumably no fertilization had taken place
within the follicles of the gonad. Drzewina and Bohn (1924) record
another individual of this species from Roscoff, in which four segments of
the gonad were male, and one female. Fertilization from these yielded
healthy larvre, which, however, began to develop abnormally in the pluteus
stage. They also mention, but do not describe, a hermaphrodite Echino-
cardium cordatum.

Gadd (1906) records a hermaphrodite specimen of Strongylocentrotus
drobachiensis with one segment of the gonad male and the rest female.
These were all ripe and fertilizable inter se. Viguire (1900) records a
hermaphrodite individual of Sphmrechinus granulosus but says little about
it beyond the fact that it was the only one he had ever seen, and was self-
fertilizable.

Hermaphrodite specimens of Echinus esculentus have been found
occasionally. One of these (Moore, 1932)had three segments of the gonad
ripe female, one unripe female, and the fifth ripe male. It also was self-
fertilizable, and gave larvre which developed into normal plutei. In most
of these described cases the male and female portions of the gonad have
been restricted to separate segments, and in none is it recorded that
fertilization was taking place within the gonad.

Giard (1900) states that at Wimereux, Echinocardium cordatum is
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normally a protandrous hermaphrodite, "ova beginning to appear
about mid-July in gonads which have, up to then, been clearly male."
Such a condition certainly does not hold at Port Erin, nor has the author
been able to find it elsewhere in Britain. Of 358 specimens from Port
Erin which were examined at a season when their sex could be determined
from a smear of the gonad, 181 were males and 177 females. These were
all animals in their ,third or subsequent season. At Port Erin, spawning
does not occur in the first year. In second season urchins of the 1932
group, examined in January and February, 1934, when their gonads were
maturing for the first time, a similar equal distribution of the sexes was
found. And the hermaphrodite specimen described here was the only
one which was found among several hundred examined. It would there-
fore be interesting if Giard's statement could be confirmed elsewhere.
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With 10 Figures in the Text.

Echinus esculentus has been studied from the" Breakwater" ground on
the side of the ruined breakwater in Port Erin Bay, from a depth of about
one metre up to low water of ordinary spring tides, also from the" Breast"
ground off Port Erin in 25 to 35 metres, and from the" Ohickens " ground
further offshore in 60 to 70 metres. An account of the seasonal changes in
the urchin gonads from these grounds was given in a previous paper
(Moore, 1934), where the grounds are described in fuller detail. Further
samples were trawled on a sandy bottom in "Niarbyl" Bay near Port
Erin in about 7 metres, and also, through the courtesy of Mr. R. Elmhirst,
off Keppel Pier in the Clyde in about 9 metres.

METHODS.

The method of collecting varies of necessity on the different grounds, and
was in some cases selective with regard to size of urchin captured. On the
Breakwater the samples were collected by hand, and a fair sample of the
population was obtained. Some of the Breast samples were dredged,
which yielded small but representative samples, while others were taken
with an otter trawl which was liable to miss the smallest sizes. The two
methods combined gave plenty of large and small urchins, but rather
small numbers of intermediate sizes. The Keppel and Niarbyl samples
were collected with otter trawls, and were deficient in the smallest sizes.
The Ohickens urchins were obtained from pots set by local fishermen for
Buccinum undatum. Very small specimens were liable to be washed out
of the pots during hauling if the weather was stormy, especially in winter,
They were also apt to be overlooked by the fishermen. On the whole,
however, the Ohickens sample was representative.

Diameter and Height were measured with sliding calipers which were
read to the nearest millimetre. The caliper ends were pointed for reading
diameters, while for heights, one end was fitted with a knife-edge to span
the peristome.
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External volume was measured by displacement of water from a vessel
fitted with an overflow pipe, or, in the case of dried shell, by displacement
of lead shot from a vessel of known volume, and the results obtained were
accurate within about :1:2%. Volume alive was measured in the same way.
1nternalvolume was measured by filling the dried shell with lead shot, or,
in the case of very small specimens, with mercury. The internal volume is
related to the volume alive, with spines, by the formula Va=I.28xVi.

LOCAL VARIATION.

One characteristic distinguishing the Breakwater from the Breast race
has already been described, namely, the difference in volumes of their
gonads, which, when full, reach nearly five times the size on the Breakwater
that they do on the Breast. Those from the Ohickens agree in this parti-
cular with the Breast (Moore, 1934). It appears that this difference is
correlated with the amount of food available on the different grounds.

The difference in the growth rates of the urchins is discussed later.
A further difference lies in the colour of the test. On the Breakwater this
varies more or less uniformly between violet or mauve and red or yellowish.
On the Breast the violet or mauve type is much rarer, although a few such
specimens are to be found, while on the Ohickens only a single mauve
specimen was found among about a thousand urchins examined, the rest
all being red. This test colouration must be distinguished from that of the
spines which does not necessarily agree with that of the test, and appears
to be due to an entirely different pigment. It is hoped in a later paper to
discuss the nature of these pigments in more detail.

For a study of the local differences in test structure, samples of 150 to
170 urchins were taken from each of the three grounds, Breakwater,
Breast and Ohickens, and the following measurements made on each
specimen-test diameter, test height, polar circumference, internal volume,
external volume and test thickness. The latter was measured on the cut
edge of one of the large interambulacral plates, which were found to give
consistent results for anyone specimen. It was hoped that polar circum-
ference would prove to be a good measure of the size of the animal, not
seriously varying with the shape of the urchin, but this was found not to be
the case. In practice, therefore, either the internal volume of the test or
its cube root was taken as the best measure of the size of the animal.

Owing to the change in shape during the life of the urchin, and also to the
racial differences in shape referred to below, diameter is not a very satis-
factory measure of size, and is avoided wherever possible.*

The data for the shell thickness are shown in Figure 1, plotted against
cube root of volume. The increase of thickness is not quite linear through-
out life, the older animals being relatively slightly thinner shelled. The

* Conversion tables for diameter-volume are given in Table 1.



BIOLOGY OF ECHINUS. 111

Breast and Chickens races agree substantially, but differ from the Break-
water race in being about twenty per cent thinner. This difference is so
marked that the local fishermen consider them to be two different kinds of
urchin.

Figure 2 shows the variations in shape on the three grounds, together
with the Niarbyl sample. There is a steady increase in relative height
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throughout life on all grounds, but tending to become more or less con-
stant in the largest individuals. The Breakwater, Breast and Chickens
races differ slightly among themselves, but all range from a value of

height

di t of about 0.5 when very small to about 0.7 when adult. Theame er

Niarbyl sample was strikingly tall throughout. Such very tall races are
known to occur locally elsewhere. Elmhirst states (personal communica-
tion) that they occur on the Skelmorlie Bank in the Clyde, in about 12
metres.

D'Arcy Thompson (1917, p. 661 et seq.), in discussing the shape of
urchins, shows that the downward and outward pull of the tube-feet will
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tend to flatten the shell unless it grows thicker to resist this pull. The
urchins from the Breakwater, being in a zone in which they are exposed
to wave action, will have to exercise a greater pull with their tube-feet in
order to resist dislodgment, than will similar urchins from the compara-
tively quiet waters of the Breast or Ohickens grounds. Theoretically,
therefore, the Breakwater urchins should either be flatter. or else thicker
shelled than those from the off-shore grounds, and in practice they are
found to be both thicker and flatter. This seems to present at least a
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lameter

partial explanation of the differences, although diet probably plays a part
also in determining thickness of shell, and the changes with age still remain
to be explained.

SIZE DISTRIBUTION.

The Ohickens ground, although atypical in the small growth rate found
there, yields the simplest size data. The sampling on it is representative,
and there is little likelihood of immigration of urchins from elsewhere on
to this deep-water ground since it is bounded on the outside by a deeper
area with unsuitable mud bottom. And the only known case of migration
is in a shorewards direction on to the Breakwater.

About nine hundred Ohickens urchins were measured, comprising
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practically continuous samples from February, 1932, to May, 1933. The
results are given in Table II, and as percentages in each five millimetre
group for each month in Figure 3. As the groups are somewhat difficult
to interpret correctly, a series of free-hand curves has been drawn to
them, representing the growth of the average specimen of each year group.
The growth of the 1931 brood is indicated with a more lightly dotted line

. as it was a bad year for urchins, and was represented in subsequent
samples by too small numbers to be sharply defined. The 1932 brood,
which should theoretically have settled out of the plankton about June,
was first obtained in September, having presumably been too small to
capture before that. In the winter months, owing to rough weather, the
smaller sizes tend to wash out of the pots when these are being hauled,
with the result that there is a gap in the curve for the 1932 brood between
December and May, but thereafter they appear again in good numbers.
The period of shell growth is very short, lasting only for about four months
in the spring, after which, except in the first year urchins, there is almost
complete cessation of growth for the rest of the year, as will be seen in
Figure 3. The young, after metamorphosis, which takes place about June,
grow continuously until their first resting period a year later. The March-
July growth period corresponds to a time of rising sea temperature (see
Table III), ceasing before the maximum temperature is reached, and not
recommencing later in the year when it drops to the same level again.
The spawning period-April and May-also falls within the growing
period. The gonads of the male urchin make the whole of their year's
growth in this March-July period, but those of the female, at any rate on
the Breakwater, continue to grow until spawning again sets in (Moore,
1934).

The size attained in the June-February non-growing phase affords
a measure for the comparison of growth in different years. At this time in
1932-33, the 1931 year group had a mean diameter of about 2.3 em.,
while the 1930and 1932 groups, at a corresponding age had diameters of
2.7 and 2.8 cm. respectively. 1931 was thus a very bad year for this
species, and 1930and 1932normal years, 1933appears to have been a very
good year judging by the numbers of surviving members of that year
group in 1934, but samples were not Qbtained sufficiently late in that year
to determine the resting size for the 1933group. The deficiency ofthe 1931
group is still seen in 1933-34, when their size is 3.8 em., as compared with
4.2 cm., for the 1929and 1930groups at a corresponding age.

The variation in size attained by the different year groups might be
accounted for either by direct variation in the available food supply
during the year in question, or else by variation in time of hatching, and
hence in time available for growth before the onset of winter. Probably
both contribute to the observed effect. The favourability of a given year
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appears to be correlated with the sea temperature prevailing. MacBride
(1914, p. 517) gives the larval life of Echinus esculentus in captivity as
forty-five to sixty days, and this has been confirmed at Port Erin. Taking
this figure, the larval planktonic life of the urchin will be during the
period March-June. The weekly sea temperatures at Port Erin during
this period had a mean deviation from the normal (obtained from the
analysis of 25 years results) of -0.69° C. in 1931, +°.13° in 1932 and
+°.24° in 1933. The rate of rise of sea temperature at this period is 4,8° C.
per hundred days, so that the above temperatures may be translated into
a retardation of fourteen days in 1931, and accelerations of three and five
days in 1932 and 1933 respectively. The difference in time of 50%
spawning in 1931 and 1932 was in the same direction, and of the order of
eleven days.* The unfavourableness of 1931 at Port Erin was reflected
also in the very small spat-fall of Echinocardium cordatum, while 1932and
1933 were good years for that species, and 1933 was also noticeable for
an exceptionally heavy spat-fall of Balanus balanoides.

The size distribution data from the Breakwater are of a more com-
plicated nature. In the first place the population on this ground is supplied
entirely by migration from deeper water, and no young specimens at all
are to be found on it. With the omission of at least one complete year
group, the only available method of dating the several peaks found in size
distribution curves from this locality is on the evidence of annual rings,
as is described later. The second difficulty arises from the presence of
double peaks for each expected year group. This was found in a large
sample of 276 urchins in November-December, 1933, and confirmed in a
further sample of 149 the following February (Table IV). In a further
sample of 160 urchins in March, 1934, the sexes were therefore distin-
guished, and the peaks now resolved themselves into a simple series,
with the females in each case slightly larger than the corresponding males,
as shown below (and in Table V).

Breakwater. Year group sizes, March, 1934. Diameters in cm.

3
~ 4.8

6.55
6.8

(7.7)
8,0

8.4
8.65 9.6 10.6

The records from the earlier work on the gonads of this species provided
further seasonal size distribution data in which the sex was recorded for

each animal. The results for six hundred and fifty-four urchins are given
in Tables VI and VII, and curves drawn from these in Figure 4. These
show a summer-autumn period when there is no growth, similar to that
found on the Chickens, but here the period of growth is of longer duration.
The two sexes, while finally attaining the same size each year, have their
period of growth at a slightly different time, and the interesting point

* See Table III for Port Erin temperature data.
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emerges that in the cold year 1931it was the males which grew before the
females, while in the warm years 1932 and 1933 the females grew before
the males. The difference in growth period on the Breakwater and
Chickens grounds probably reflects the very different conditions of food
in the two localities.

ANNUAL RINGS AND THEm EVIDENCE ON GROWTH RATE.

At the suggestion of Dr. A. C. Stephen, an attempt was made to find
some structure in the urchin which showed bands comparable with the
annual rings in many fish vertebrre, and otoliths, mollusc shells, etc. The
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following method, although laborious, proved the most satisfactory, but.
it should be noted that any of the other plates of the urchins might have
been used. The apical system of the urchin was removed with scissors,
and air dried. In larger specimens the genital plates were then separated
and treated separately, while in urchins which were too small for this the
apical system was treated whole. Each genital plate was rubbed down on
fine sand paper (emery paper is unsuitable as it stains the plates) until the
outer surface was removed, and the rings showing to the best advantage.
This stage could only be found by practice, and varied in different
individuals, but as four genital plates were available, one or more could
be sacrific€d in obtaining the optimum result. The plate was damped
with alcohol and examined with a hand lens from time to time during the

"
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grinding, and when finished, it was transferred for a few minutes to
absolute alcohol, and then to xylol, and finally mounted face downwards
on a slide with Canada balsam. When dry the plate could then be exam-
ined through the slide. The sets offour genital plates offrom four to seven
urchins could be mounted on one 3"X If' slide.

The genital plate is five-sided, with the genital pore normally situated

.."
SUM.R.1:""

SUM.R.3.

WINT.R.

SUM.R. WI NT. R. PRJ M. PL.

FIG. 5.-Genital plate showing three summer rings. A, horizontal seation;
E, vertical section. Sum. R., Summer ring. Wint. R., Winter ring.
Gen. Por., Genital Pore. Gen. Por. Tr., Genital pore track. Prim. PI.,
primitive, post-metamorphic plate.

at the apex (Fig. 5A). In transverse section (Fig. 5B)there is seen to be an
external pigment layer which increases in depth towards the edge, and
when being ground, this pigment layer is found to be considerably harder
than the uncoloured layer beneath it. In the centre, and close to the
surface is a thin plate which appears to be the first-formed post-larval
genital plate. The depth of the pigment layer varies seasonally, giving
rise to the structures referred to as annual rings. In some transverse
sections these may be seen faintly indicating the successive stages of
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growth of the sides and inner surface of the plate, and showing that the
addition of new material to the plate has been almost entirely on these
surfaces, and hardly at all on the outside. The surface of the plate is
ground away until the deeper summer pigment rings stand out
clearly between regions of white. Owing to the convexity of the shell,
and to the deepening of the pigment layer peripherally, it is difficult to
show all the rings to the best advantage in a horizontal cut, and it was

FIG. 6.-Horizontal sections of genital plates showing primitive plate in centre of each,
and one (a), two (b), three (c), four (d) and six (e) dark winter zones outside. a. and d,
Breast specimens, X II. b. and c. Chickens specimens, X 15. e. Breakwater specimen.
xlI.

therefore found expedient to grind the plate more deeply at one end, thus
showing each ring clearly at some point in its course (Fig. 5A). The genital
pore moves outwards in the plate with increasing size, and the space
behind it is filled in with calcareous deposit, frequently unpigmented,
which appears as a wedge-shaped track behind it. Abnormalities of the
genital pore were fairly common. Sometimes it was situated to one side
of the plate, and more rarely at the wrong end. More often there were
two pores in the same plate, and in one case there were three. In these
cases the track left by the pore showed that it was single at metamorphosis,
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and divided later. A set of photographs of selected plates is shown in
Figure 6. The primitive plate, when visible in the section, shows as a
dark region in the centre of the plate, rather similar to the first summer
ring, from which it must be distinguished. Between it and the first dark
ring there is usually a narrow light zone, apparently corresponding to a
period immediately after metamorphosis when the little urchin is either
not feeding at all, or else not taking the same pigment-providing diet that
it does soon after.

The seasonal identity of these rings is established from the examination
of the relative width and colour of the outermost band at different

: : :.:...:.....

FIG. 7.-Seasonal changes in the colour of the outermost zone of the genital
plates, from the Chickens.

seasons. The results obtained from a hundred and fifty-four urchins
from the Chickens are shown in Figure 7. The period of new shell growth
from March to July is the time of inception of a new dark summer zone in
the shell, but apparently pigment can continue to be laid down in the shell
by the inter-plate membranes, even when deposition of shell has ceased.
This is to be expected, since newly formed calcium carbonate adsorbs pig-
ments more readily than that which has been longer deposited. Individual
variation is found, but it is not sufficient to confuse the zones of successive

years, since by spring all urchins show an outer region of varying width
of light shell. Similar seasonal changes were found on the Breakwater
and Breast grounds.

The validity of using these rings for determining age is shown by com-
parison of the mean sizes for successive year groups so obtained, with the
results obtained from the same material from the size distributions. In
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Figure 8 this comparison is made for the Chickens, the curves being those
drawn through the peaks of the size groups in Figure 3, and the rings show
the means for the annual ring sizes, and the numbers of animals from
which each was obtained. The numbers available were not very large,

1929

@
/1930

0
/

B--Q3)

~ 2~ @

~
6 1932-

9 @

CD 5 (3

1931
6

1932
0

FIG. 8.-Growth of urchins from the Chickens, determined from size-
distribution data (curves), and mean year-group sizes as determined
from year rings (circles). The figures in the circles indicate numbers
of specimens.

but the agreement is sufficiently good to indicate the validity of the
method.

A possible error is introduced in the comparatively low percentage of
the urchins in which the rings were readable. In the case of the Chickens
samples 79% could be determined, but on the Breakwater the percentage
fell to forty-six. If the individuals which are not readable have con-
sistently a different growth rate from those which are readable, an error
will certainly be introduced, but there is no evidence to suggest this, and
the goodness of fit with results obtained from size groupings make it seem
unlikely. At any rate, this is the best method of age determination at
present available for the urchins. Attempts were made to keep urchins
alive in a large cage on the Breakwater, but without success. In addition
a method of attaching a numbered tag to the urchin with an elastic band
proved impracticable.

The method of annual ring counting was applied to material from the
Breakwater and Breast grounds, and the resulting growth rates are shown
in Figure 10. There are no available size-distribution data for the Breast,

6

5

::E 4u

w
I- 3
w
::E
<C
0 2



BIOLOGY OF ECHINUS. 121

but for the Breakwater the results from the two methods are in substantial
agreement as shown in the table below. It should be noted that the
interval between the November-December and the March samples covers
part of the growing period, with the result that the r~sults for the latter

1931 193019291928 1927

..v -v-v-v-J.

6

DIAMETER. CM.

8 10 12

FIG. 9.-Size distribution for Keppel Pier, Millport, in February, 1934.
Arrows show mean year-group sizes as indicated by year rings.

period are slightly larger than the former, especially in the case of the
smallest sizes.

1932.

4.8

The only previous data on the growth of this species are those of
Elmhirst (1922, p. 667), where the sizes of urchins for the Clyde are given
at one, two, three and four years old as 4, 4-7, 7-9 and 9-11 cm.
respectively. A sample of 64 urchins trawled by him off Keppel Pier in
February, 1934, was examined, both for size distribution and annual
rings, with the results shown in Figure 9 : 51 %of the urchins were read-
able. The mean year group sizes obtained from the annual rings are in
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Diameter . Year Group.
1927. 1928. 1929. 1930. 193I.

Nov.-Dec. d'+ 10.7 9.2 8.4 7.5 5.5

March d' - - 8.4 7.7 6.6
10.6 9.6 8.6 8.0 6.8
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good agreement with those shown in the size distribution diagram, but
indicate a complete absence of the first two year groups. Elrnhirst
assumed that the groups he found were composed of animals of 1, 2, 3 and
4 years old, and if this is the case, his results are in striking disagreement
with those for Keppel. If on the other hand he was dealing with material
from which the smallest sizes were missing, and he really had animals of
3, 4, 5 and 6 years old, his results would approximate better to those from
Keppel. Such a deficiency of small sizes might have been due either to
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FIG. 1O.-Growth of Echinus esculentus.

2 6

the selective action of the trawl with which they were taken, or to the
result of previous unfavourable years.

The growths throughout life of typical urchins on the three Port Erin
grounds, and at Keppel, are shown in Figure 10. In the case of the
Chickens, on which seasonal observations had been made, the winter size
is taken for comparison with the other grounds. As might be expected,
growth is considerably slower on the Chickens ground than on any of the
others; conditions there being presumably unfavourable. Growth on
the Breast is more rapid, but slightly less so than on the Breakwater where,
as reflected in the sizes of the gonads, there is considerably more available
food than offshore. The Keppel sample shows a very similar rate to the
Breakwater.



BIOLOGY OF ECHINUS. 123

The largest urchin obtained from the Chickens had a diameter of seven
centimetres, and was therefore probably four years old, but the usual size
was considerably less than this. On the Breast a few specimens were taken
up to 10 em., but the usual limit was nine, corresponding to an age of six
or seven years. The largest specimen from the Breakwater was 12.1 em.
in diameter, and probably seven or eight years old, although its rings
were not countable. This was, however, exceptionally large, and the limit
for ordinary specimens is about ten centimetres or six years. At Plymouth
urchins over fifteen centimetres in diameter are taken, and it is hoped
that it may be possible to determine the growth rate there also in the
future.

I ;yish to acknowledge my indebtedness for assistance and suggestions
in this work, to Prof. J. H. Orton, Dr. A. C. Stephen, Mr. R. Elmhirst and
all the staff of the Port Erin and Plymouth laboratories.

SUMMARY.

L Echinus esculentus was studied from four localities in the Isle of Man
and from one in the Clyde.

2. The inshore races are thicker shelled and flatter, and on all grounds
the urchins become taller with increasing age.

3. Size distribution measurements on the Chickens material showed a

rapid growing period in the spring, followed by cessation of growth for the
rest of the year. There is a correlation between amount of growth in a
given year, and the sea temperature. On the Breakwater the males and
females grow at slightly different times of year.

4. Concentric pigmented rings are demonstrated in the test, and are
shown to be annual. They are used for estimating the growth rates on the
different grounds, which are compared.

5. The duration of life is four to eight years, and perhaps more in the
very large southern urchins.
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TABLEr.

RELATION OF THE VALUE OF 3VVl FOR A GIVEN VALUE OF D

ON THE THREE PORT ERIN GROUNDS.

"\.

Breakwater. Breast. Chickens.

D. 3YVi D. 3YVi D. 3YVi
em. em. em. em. em. em.

4.40 2.91 1-31 0.73 1.65 1-03
4.84 3.13 6.70 4,77 2.39 1.43
5.87 3.99 7.22 5.03 3.02 1.99
7-14 4.95 7.37 5.20 3.52 2.33
7.59 5.31 7.79 5.47 4.58 3,08
8.52 5,93 8.41 5.86 (5.63) (3.96)
8.88 6.17 (9.33) (6.38)
9,37 6.57

(10'2) (7'15)

Bracketed numbers are supported by six or less specimens.



TABLE II.

SIZE DISTRIBUTIONSOF "CHICKENS" URCHINS FOR EACH MONTH GIVEN AS NUMBERS IN EACH

0.5 CM. GROUP (TEST DIAMETERS).
No. of

Month. 0:25 0.75 1.25 1.75 2.25 2.75 3.25 3,75 4.25 4.75 5.25 5.75 6.25 6.75 7.25 7.75 specimens.
1931

May - - - - 2 8 5 11 11 3 1 1 - 1 - - 43
June - - - 4 8 8 9 13 10 - 1 - 1 1 1 - 56

1932
February - - - 1 2 14 19 7 1 1 - - - - - - 45 b:I
March - - 2 9 6 9 6 1 - 1 - 1 1 - 36 >-<

0
April - - 6 10 25 22 21 12 13 2 - - 1 - 112 t-<

May - - 1 - 2 7 18 15 3 1 1 2 - - - - 50 0
Q

June - - 1 - 1 1 6 19 11 3 3 2 1 - - 48 >1

August - - - 1 2 - 2 4 6 - - - - - - - 15 0
September - 1 - 3 3 1 - 2 6 2 - - 1 - 19 "j

October - 3 1 1 2 3 2 3 5 - - - - - 20 to!
November - 1 6 3 1 - - 2 7 5 1 - - - 26 0

December - 1 - 4 7 3 3 15 7 3 1 - - 1 - - 45 >-<
Z

1933
q
;n

January - - 1 2 3 7 11 12 8 2 1 1 1 - 49
March - - 2 8 8 8 14 16 1 1 - - . - - 58

April - - - - - 5 1 5 9 2 - 1 - - 23

May - 2 5 12 19 24 8 1 3 3 2 2 1 82
December - 2 - 4 11 8 10 6 - - 41

1934
January - - - 2 13 28 22 8 1 1 - - - - - 1 76
March - - 3 8 6 5 - 1 2 - - - 25

April - - - 2 16 6 12 2 - 1 - 1 - - - 40
-

Total 909
,.....
t:.:)
01
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TABLE III.

MONTHLY MEAN TEMPERATURES FOR PORT ERIN BAY (SURFACE, 9 A.M.).

As given by Bruce (1928), from an analysis of 25 years' results, and the
variation of the monthly means from the above in the years 1930-33.

Month. Mean. °0. 1930. 1931. 1932. 1933.

January 7.78 +0.8 +0.3 +1.4 +0.8
February 7.08 0.0 0.0 +0.9 +0,2
March 6.78 +0,1 -0.8 +0.7 +0.5
April 7.43 0.0 -0,5 +0.6 +0.8
May 8,97 -0'1 -0.5 +0,1 +0'5
June 10.94 +0.5 -0,1 +0,3 +0.8
July 12.77 +0.3 -0,4 +0.5 +1.2
August 13.76 0.0 -0.3 +0.6 +1-1
September 13.32 +0.4 -0.1 +0,6 +1.4
October 12.29 +0,2 -0.9 -0.2 + 1-1
November 10.44 +0.4 +1-1 +0,2 +1.0
December 8.74 +1,1 +1.4 +0.9 +0.8

TABLE IV.

SIZE DISTRIBUTION ON THE BREAKWATER IN NOVEMBER-DECEMBER,

1933, AND IN FEBRUARY, 1934.

Expressed as percentages in two millimetre groups. November-December
sample, 149 urchins; February sample, 276 urchins.

%
Diameter.

4,9
5.1
5.3
5.5
5,7
5.9
6.1
6,3
6.5
6.7
6.9
H
7.3
7.5
7,7
7.9
8.1
8,3
8.5
8,7
8,9
9.1
9.3
9'5
9.7
9.9

10.1
10.3
10,5
10.7
10,9

Nov.-Dec.
1.3
1.3
0,0
0.7
2.7
0,0
0.7
0,0
2.0
2.0
6.7
1.3
5.4

10.0
3.4
5.4
7.4
4.7

13.4
6.0
4.7
4.0
3.4
4,7
4.7
0.7
1.3
0.7
0.7
0.7
0.0

Feb.
0,0
1-1
0.3
1-1
1-1
1-4
1-4
2.2
3,3
4.0
4.7
4.0
1.8
7.2
6.2
5.1
6.5
4.0

10.5
5.8
7.2
6.5
4.4
2.5
2.2
2.9
1-4
0,0
0.0
0,3
0,3
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TABLE V.
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SIZE DISTRIBUTION ON THE BREAKWATER IN MARCH, 1934,
EXPRESSED AS PERCENTAGES IN 3 MM. GROUPS.

Total 85 males and 75 females.

Diameter.
4.45
4.75
5,05
5,35
5.65
5.95
6.25
6.55
6.85
7-15
7.45
7.75
8,05
8.35
8.65
8.95
9.25
9.55
9.85

10.15
10.45
10.75
II.05

Males.

0.0
0.0
0.0
0.0
0,0
1.2
2.4
3.5
2.4
4.7
8.2
8.2

II.8
20.0
16.5
7.1
4.7
3,5
2.4
2.4
1.2
0.0
1.0

TABLE VI.

Females.
0,0
2.7
1.3
0.0
0.0
1.3
2.7
4.0
9.3
0.0
5.3

12.0
17.3
8,0

14.7
9.3
1.3
5,3
2.7
0,0
2.7
2.7
0,0

SIZE DISTRIBUTIONOF MALE BREAKWATERURCHINS, 1931-32.

Expressed as percentages in 3 lilli. groups.

Diameter. April. May. June. July + Oct.+ Jan. Feb.+
Aug. Nov. March.

5.65 0.0
5.95 1.6
6.25 3.2 0,0 0,0
6.55 4.8 0,0 2.8 4.6 0,0 0.0
6.85 4.8 1.6 2.8 0.0 7.5 0.0 5,7
7.15 6.5 6.5 0,0 4.6 9.5 13.3 7-1
7.45 4.8 1.6 2.8 0.0 II.9 16.7 7-1
7.75 14.5 II.3 2.8 0.0 4.8 13.3 18.6
8.05 16.1 9.7 2.8 4.6 16.7 26.7 11-4
8,35 ll-3 12.9 II.l 13.6 7.1 6.6 8.6
8.65 II.3 17.7 16.7 18.2 14.3 10.0 II.4
8,95 9.7 9.7 II.l 9.1 9.5 6.6 7-1
9.25 6.5 4.8 0.0 4.6 7.1 3.3 8.6
9.55 3.2 8.1 19.4 9.1 9,5 0.0 1.4
9.85 0.0 4.8 5.6 13.6 0,0 0.0 0,0

10.15 1.6 6.5 13.9 4.6 2.4 3,3 1.4
10,45 0.0 1.6 5.6 9.1 0,0 0.0 0.0
10.75 0.0 2.8 4.6
II'05 3.2 0.0 0.0
II.35 0.0

No. of urchins 62 62 36 22 42 30 70
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TABLE VI:':.
. SIZE DISTRIBUTION OF FEMALE BREAKWATER URCHINS, 1931-32.

Expressed as percentages in 3 mm. groups.

Diameter. April+ June. July+ Oct.+ Jan. Feb. March.
May. Aug. Nov.

5,65 0,0
5,95 1.3
6.25 4,0
6.55 0.0 0,0 0,0 0,0
6.85 4.0 0.0 2.3 5,0 2.9
7-15 2.7 0.0 1.2 9,3 0,0 0,0 H.8
7.45 5,3 1.6 3,5 9.3 15.0 20.8 8.8
7.75 10.8 0.0 5,9 H.6 10.0 20.8 H.8
8,05 13.3 3.3 9-4 14.0 10-0 8.3 14.7
8-35 5.3 6.6 9.4 4.7 30,0 12.5 2.9
8.65 12.0 23.0 16.9 30.2 0,0 8.3 H.8
8.95 8,0 6.6 10,6 H.6 15.0 8,3 5,9
9.25 8-0 8.2 15-3 2.3 5,0 4.2 H.8
9'55 4.0 21-3 H.8 4.7 0,0 12.5 H.8
9.85 2.7 8.2 5,9 0.0 0,0 4.2 2.9

10.15 10.8 8.2 2.4 5.0 0,0 0,0
10.45 2.7 4.9 4.7 5,0 2.9
10.75 1.3 3.3 1.2 0.0 0,0
H.05 4.0 1.6 1.2
H.35 0,0 0.0 0,0
H.65 3,3 1.2

No. of urchins 75 61 85 43 20 24 24
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a further examination of the young and adults.

On investigation it was found that the adults possessed all the characters
of the genus Edwardsia as defined by Carlgren and Stephenson (1) but
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Several unsuccessful attempts to collect more specimens of this new
anemone were made by H. A. Cole, M.Sc., of the University College,
Bangor, and myself. In March, 1933, however, we were successful, and
since then I have obtained approximately thirty specimens at various
times of the year.

THE MENAI EDWARDSIA

EDW ARDSIA CALLIANTHUS SPEC. NOV.

DIAGNOSIS.

Physa well developed, perforated by numerous pores. Scapus with a
fairly thick periderm. Nemathybomes not visible in the living anemone,
numerous, small, irregularly scattered and usually single. Tentacles
sixteen to thirty-three in number. They are arranged in three cycles,
an exocCBJicand an outer and inner endocCBliccycle. In all the specimens
so far examined with twenty or more tentacles there were only four
tentacles in the inner endocCBlicseries, and these belonged, wherever their
arrangement was fully ascertained, to the directive endocCBles,and to
the dorso-Iateral primary endocCBle;;. The tentacles were therefore
arranged asfollows: 4,6,10=20; 4,7,11=22; 4,8,12=24; 4,9,13=
26; 4, 12, 16=32, etc. Pennons of the macrocnemes in the upper part
of the fertile region with about twenty-five to thirty folds, some of which
are branched, particularly those in the outer part of the pennon. Outer
lamella of the mesenteries attached to the pennons some distance from
their outer edge. Parietal muscles, in the upper part of the fertile region,
triangular in transverse section, with a thick central stem and about
seven fairly stout branches on either side, some of which may bifurcate.
Lower down the column the parietal muscles are more elongate and their
branches not so spreading. Their extension on to the Golunmwall is about
as usual. Microcnemes present but small. Unexploded nematocysts of
the tentacles 14-29x 2-5'2fL, those of the scapulus 8-16 X 2-3'5fLand of the
nemathybomes 26-71'7x2'1-7'3fL. Nematocysts of the actinopharynx
of two kinds, a small variety, 7-11 X 1-2'5fL with the basal part of the
thread visible in the unexploded capsules and a large variety 17.7-36.5 X
2-4.7 fL with the thread entirely concealed. Tentacle spirocysts 11.4-
27X 2-7 '3fL. A single ventral siphonoglyph is present.

(a) Colour.

Physa :-
Transparent and colourless.

Scapus-periderm :-

Rusty red or sandy-brown, frequently greyish black towards the
oral end.
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Tentacles :-

Translucent and sometimes colourless, pale brown or pink. Pattern
present or absent, when present it is either a small white fleck at the tip
or a fine white continuous or discontinuous line along their length.

Disc :-

Transparent and colourless, grey or brown with a chalky or creamy
white powdering developed as alternating broad and narrow triangles
opposite the endocrnlic and exocrnlic tentacles respectively and with their
apices directed towards and sometimes extending on to the top of the
hypostome where they may then form a white encircling ring just beneath
the lip lobes. The mesenterial insertions show as grey or brown radiating
lines between the white triangles.

Scapulus :-

Transparept and colourless sometimes with two broken bands of chalky
or creamy white, one at the bases of the tentacles and the other about
half-way down its length. The former band is often absent, the latter is
usually present and frequently developed as a series of deep or shaJlow
inverted U-shaped markings but sometimes as irregular rectangles, one
on each scapular ridge. The lip lobes and the actinopharynx are usually
dull orange but occasionally pink. The latter shows through the scapulus
as a coloured column.

(b) Size.

The length of the column in mature specimens is about 4-6 cm., the
breadth, 0.3 cm.

(0) Occurrence.

The species is so far known only from Church Island, Menai Straits.
It is found at low water of Spring tides or just below ~his level, in sandy
areas mixed with fine gravel and smaJl stones (see page 141).

DESCRIPTION.

(a) External Features.

The body is vermiform in extension. It is clearly divisible into a physa,
scapus and capitulum.

The physa, when expanded, is a thin-walled bulb with eight longi-
tudinallines which represent the insertions of the macrocnemes. Some-
times it shows one or two circular constrictions. It may be completely
collapsed by the gradual invagination of its central part so that it appears
as a flat disc with eight furrows radiating from a central pit. Its surface
is covered with microscopic adhesive rugre. At the aboral end there is a
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terminal pore with several other smaller apertures (9 and 12 in two
sectioned specimens) arranged in a circle round it.

The scapus is very contractile. When expanded it is long and slender.
It is widest just below the middle and narrows at either end. It is
enveloped in a tough leathery periderm which is in close contact with the
surface of the body but may be readily peeled off. Masses of minute

FIG. l.-Edu'ardsia callial1lh1/8showing the sandy investment.
This specimen was semi-narcotised and shows the physa in
a coJIapsed state. x about l~-. Photograph by P. Bond.

oval greenish brown bodies, sand grains and a few diatoms adhere to its
outer surface and give it a fine transversely furrowed appearance (see
Fig. 1). The thickness of the accumulated particles varies in different
specimens; where they are plentiful the furrows are quite distinct, where
they are less abundant the furrows are hardly perceptible. Overhanging
the junction between the scapus and the physa there is often a particular
accumulation of sand which forms an irregular frill. The mesenterial
insertions are not visible in fully expanded specimens except in those
with a very thin investment. In a semi-contracted individual they show as
furrows in the anterior half of the scapus while in a fully contracted animal
the furrows may appear along its entire length.

The distal portion of the column, as in other Edwardsias, consists oftwo
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regions which are anatomically distinct fromq!1<1anQ.ther,the capitulum
proper, a narrow zone just beneath the tentacles/.and the scapulus, a more
extensive region between the capitulum and the scapus, and belonging
morphologically to the latter.

The capitulum is externally indistinguishable from the scapulus and

:J

0 EXOCOELICTENTACLES.
@ ENDOCOELIC (OUITRCYCLE).
e (INNER .. ).

FIG. 2.-Diagramshowing the arrangement of the tentacles in a
specimen of ]i). callianth118 in which their number was twenty-
four. (The microcnemes do not have retractor muscles, they
are figured in the diagram to show how the mesenteries pair.)

bears from sixteen to thirty-three tentacles.
their numbers were as follows :-- .

In thirty-one specimens

No. of tentacles
No. of individuals 2

17
3

20
8

22
7

23
1

24
6

26
2

33
2

16

The anemones with sixteen tentacles were doubtless young ones, they
were smaller than the rest. The tentacles are arranged in three distinct
cycles; there is an outer exocmlic series, the members of which alternate
with the tentacles of an inner endocmlic series in which two cycles, an
inner and an outer, are distinguishable (see Fig. 2). In a fully expanded
anemone the exocmlic tentacles are usually longer than the endocmlic.
It is nevertheless often impossible to see any difference between
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FIG. 3.-A side view of the disc and uPFer part of the
scapulus of E. callianthus to show the pattern.

FIG. 4.-Diagram of the pattern on the disc and on the upper part of the scapulus just
beneath the tentacle bases of E. callianthus. (The tentacles are not drawn.)
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their relative lengths and sometimes the exocrnlic"-ones- appear
shorter, particularly in a partially expanded individual. The inner
tentacles are frequently held in a vertical position with their tips
bent inwards while the exocrnlic ones are turned back to lie either

fl:1t on the substratum or against the scapulus. They are all very
contractile, and continually in motion. They are long, slender and
tapered towards the distal extremity, where they terminate bluntly.
The endocrnlic tentacles are however somewhat thicker than the exocrnlic

ones. They are all usually the same colour, either transparent and
colourless, pale brown, pale or deep pink, but in one individual the exo-
crnlic series was brown and the endocrnlic series pink. In a few anemones
there was no colour pattern, in others some or all the tentacles showed a
small white fleck at the tip (see Fig. 3), while others had a fine white
continuous or discontinuous line along their length. Any or all of these
markings may be present in the qne individual.

The arrangement of the tentacles seems to follow a fairly definite plan.
Seven living and several preserved specimens which I have examined in
detail each possessed more than twenty tentacles, four of which belonged
to the inner cycle of the endocrnlic series; they were the dorsal and ventral
directive tentacles, and a tentacle in each dorso-lateral primary endocrnle.
Figure 2 shows the usual arrangement of the tentacles when their number
is twenty-four. Two anemones, each with twenty-two tentacles, showed a
similar arrangement except that in one of the dorso-lateral macrocrnles
there was only one endocrnlic and two exocrnlic tentacles. In Figure 4,
representing a specimen with twenty tentacles, the same arrangement is
also evident but in both the dorso-lateral macrocrnles there is only one
endocrnlic and two exocrnlic tentacles. Professor Stephenson (2) has
figured the tentacle plan of a specimen with thirty-three tentacles which
was sent to him. Here, also, the inner cycle of the endocrnlic series con-
tains four tentacles which are situated in the same positions as in the
specimens which I have examined.

The hypostome forms a prominent cone with eight distinct protrusible
lip lobes surrounding a slightly elongated mouth.

The disc pattern as illustrated in Figure 4 is typical of all the specimens
which have been examined, irrespective of their tentacle number. Minor
variations from this diagrammatic representation do, however, occur.
The intensity and extent of the pattern varies in different individuals.
In some the whole disc is white except for the grey or brown lines which
mark the insertions of the macrocnemes and microcnemes, in others the
pattern is not so extensive, being developed only at the foot of each ten-
tacle and as a narrow streak along the insertion of each mesentery. It
becomes very feint when the animals are kept in captivity. The white
encircling ring beneath the lip lobes may be present or absent.
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The scapulus is a short region about 5 mm. long. The interseptal areas
appear as eight broad ridges which are separated from one another by the
insertions of the macrocnemes. When slightly contracted it shows a series
of very fine white transverse lines. Figure 3 shows the pattern at the
tentacle bases developed as alternating triangles and inverted U-shaped
markings, and Figure 1 the band of inverted U-shaped markings mid-way
between the bases of the tentacles and the scapus. The tentacles may be
completely withdrawn by the gradual invagination of the capitulum
and the scapulus into the scapus. The anterior end of the scapus with
its investment is also frequently invaginated but sometimes the invest-
ment projects as a short free tube.

(b) Anatomy.

The material for anatomical study was narcotised with menthol, fixed
in Bouin's fluid, stained in bulk with borax-carmine and embedded by the
usual xylol-wax method. The sections. were counter-stained with picro-
indigo-carmine. A detailed account of the anatomy is inessential, since
in general it is similar to that of other species of Edwardsia.

The ectoderm of the physa is columnar and contains numerous gland
cells. They secrete an adhesive mucus which attaches the anemone to the
substratum. The structure of all the apertures of the physa is the same.
Each is developed as a gap in the body wall and is surrounded by circular
muscles. Projecting through each aperture there is an epithelial plug
which is pierced by a canal. Sometimes the plug is inwardly directed
towards the crnlenteron, at other times outwardly directed. Carlgren (3)
has described similar epithelial plugs in the physa of E. vitrea and E. vegce.
He suggests that in the former they function as movable stoppers and that
the observed difference in their position depends upon the state of con-
traction of the physa. This same explanation is probably also true for
E. callianthus. The possibility of a change in the position of the plug
makes it impossible to say whether the apertures are developed as
ectodermal invaginations or [s endodermal evaginations.

The scapus has a well-developed periderm. The mesoglrna is thick and
laminated, and contains a large number of nemathybomes. They are not
visible in the living animal even when the investment is removed, because
they are sunk into the mesoglrna and not mounted on prominent tubercles
as in certain other species of Edwardsia. Their distribution may be seen
if a portion of the wall is removed, cleared and mounted in glycerine
(see Fig. 5). They are absent from all other parts of the body, although
a few may occur in the transitional region between the scapus and the
physa. Their structure is as usual. Each is a spherical cavity which opens
on to the ectoderm by a narrow aperture. The capsules of the nema-
thybome nematocysts have a wide range in size (see Table I). Their
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shape is also variable; some are bow-shaped, others straight, but all
degrees of curvature are met with between these two extremes. They are
all slightly broader at one end. It is possible that the variation in shape
depends upon their position in the nemathybomes, the curved ones lying
against the walls of the cavity, the straight ones in the middle; but both
directed towards the aperture in such a position that they ban be exploded.
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FIG. 5.-Surface view of a portion of the scapus wall cleared jn
glycerine to show the arrangement of the nemathybomes.
N. nemathybome, P.M. parietal muscle. X 80.
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The anatomy of the scapulus, capitulum and tentaclesagrees with that of
other species of Edwardsia (3). The actinopharynx is about the same
length as the scapulus. It is lined with ciliated epithelium which is raised
into eight broad folds, one opposite the attachment of each macrocneme.
Between each pair of folds there is a deep furrow except between the folds
corresponding to the dorsal directives, which are only indistinctly
separated from one another. A transverse section through the actino-
pharynx is very similar to that of E. callimorpha (Fig. 15, 4). The ventral
siphonoglyph is structurally scarcely distinguishable from the remaining
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FIG. 6.-A transverse section of a retractor muscle in the upper
part of the fertile region of E. calliantltlts. (The mesoglooa
is shown as black and the fertile and cnidoglandular areas
are stippled.) X 186.

FIG. 7.-A transverse section through a retractor
muscle in the region of the actinopharynx of
E. callianthus. (The mesoglooa is shown as
black.) .x 189.
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furrows. Small nematocysts are present in the epithelium of the actino-
pharynx and the ectoderm of the scapulus, and along with the spirocysts
they are very abundant in the tentacles. A comparison of their sizes is
given in Table I.

TABLE 1.

A COMPARISON OF THE SIZE OF THE NEMATOCYSTS FROM VARIOUS

REGIONS OF THE ECTODERM: OF E. callianthus.

There are eight typical Edwardsian mesenteries extending throughout
the entire length of the column, and a series of microcnemes which are
confined to the capitular region. The latter, as usual, are smalllamellffi
each with a mesoglcealcore and without either retr;.t,ctor muscles or mesen-
terial filaments. Figure 2 shows four microcnemes pairing with the
lateral macrocnemes, and an additional pair corresponding with each
endoccelic tentanle.

The structure of the perfect mesenteries is typical. The form of the

(The individuals which were used were 4-6 em. long. The measurements were made of
living capsules unexploded, unstained and !?llnt'ed in sea-water unless otherwise stated.

The width measurements were made half-way down the capsules.)

No. of N unt bel' 'andonditib\l Average
indivi- of the cells when' Range in size of size of the
duals. measured. the cells in 1-" cells in 1-"

Nematocysts 2 50 14-28 X 3'1-5.2 23.5 X 3.8
from the 1 14 16.6-29.0 X 2,0-3,6 24.3 X 3.1
tentacles (exploded)

:32
(preserved in 14-29 X 2-4 24.4 X :3

5% formalin)

Nematocysts 3 77 34.3-71.7 X 2'1-7.3 48.6 X 4.9
from the 1 51 26-68.6 X 3-5'1 44.3 X 3.9

nemathybomes ' (preserved in
5 formalin)

Nematoeysts 21 18-36.5 X 2-4 27.7 x:3-1
from the (large variety
actinopharynx 1 preserved in

5% formalin)
22 . 7-11 X 1-2'5 !J.2x 1.8

(sma]] variety
preserved in

5% formalin)
27 17.7-35.3 X 2-4.7 27.4 X 3.4

(large variety)
Nematoeysts 1 24 9.4-12.4 X 2'1-3.1 lO.7 X 2.6

from the 1 29 8-16x2-3'5 1l.8 X 2.7

scaplllus (preserved in
5%, formalin)

Spiroeysts 3 59 1l'4-25'5 X 2.5-7.3 19.6x4.3
from the 1 20 11'5-27 X 2-4 18.3 X 3
tentacles' (preserved in

5% formalin)
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FIG. 8.-A transverse section of a retractor muscle
below the fertile region of E. callianthus. (The
mesoglcea is shown as black.) x 186.

FIG. 9.-A transverse section of a parietal muscle in the upper part
of the fertile region of E. callianthus. (The mesoglcea is shown
as black.) x 672.
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pennons and theirretractor muscles as seen in transverse section gradually
changes from the oral to the aboral end of the animal. In the upper part
of the fertile region and in all parts anterior to it, the retractor muscles
have about twenty-five to thirty folds, some of which branch two or three
times (see Figs. 6 and 7). In the reproductive region the muscle processes
are better developed than elsewhere and give the retractor a distinctly
feathery appearance. Below the reproductive tract, the folds gradually
decrease in number and the mesogkeal core thickens (seeFig. 8). Figure 9
represents a parietal muscle from the upper part of the fertile region.
Although the form of the retractor and parietal muscles is a useful
character for the identification of species belonging to the genus Edwardsia,
Carlgren (3) has shown that their form varies in individuals of the same
species from different localities. The ciliated tracts are discontinuous.
Below the fertile region the inner part of each mesentery is drawn out into
a thin lamella as in the species described hy Faurot as E. beautempsii
(Plate I, Fig. 3, 5).

HABITAT.

The shore off Church Island, Menai Straits, is rocky with large stretches
of fine mud and sand. In certain small areas, the sand just beneath the
surface is a distinct rusty-red-brown in colour and is mixed with
gravel and small stones. It was in sheltered ground of this type that most
of the anemones were discovered. They may be found at low water of

TABLE II.

ANALYSIS OF THE SAND INHABITED BY E. callianthus AT

CHURCH ISLAND.

Spring tides, bu~ the majority live in regions unexposed by the average
tides. The analysis of three separate samples of sand in which the
anemones were living is given in Table II. The sand was passed through
a series of zinc sieves with circular perforations ranging from 15 mm. in
i-mm. sizes down to 0.5 mm. The residue collected on the 0'5-mm. sieve

Size of mesh through which the
particles were passed and on Sample 1 Sample 2 Rample 3 Designation.

which they were collected. % dry weight. % dry weight. % dry weight.
On 15 mm. 0 0 5,94 Stones.

Through.
15 mm. on 5 mm. 4.83 3.98 5.0 Coarse gravel.

5 mm. on 4 mm. 2.90 1.85 2.461 Medium
4 mm. on 3 mm. 2.60 2.06

1.95 j and Fine
3 mm. on 2 mm. 2.93 2.21 2.43 "

2 mm. on 1 mm. 7.59 5.24 6.31 Coarse sand.
1 mm. on 0,5 mm. 9.83 12.75 8.42 Medium"
0,5 mm. on 0,25-0,35 mm. 26.11 16.67 20.09 1 Fine sand
0.25-0.35 mm. on 0.07-0,1 mm. 33.61 40.62

:34.63 j and silt.
0,07-0,1 mm. on filter paper 10.10 14.59 12.72
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was then passed through a silk mesh of 0.25-0.35 mm. and collected on a
silk mesh of 0.1 mm. The sand and silt which passed through the
O.I-mm. mesh was collected on weighed filter papers. The graded samples
thus obtained were dried in the sun, weighed, and their percentage of the
total sample determined. Following Allen's nomenclature (6) the habitat
of E. callianthus may be defined as mainly fine sand with a small pro-
portion of medium and course sand and gravel.

HABITS.

E. callianthus lives in narrow burrows a few inches below the surface of
the sand. It appears to be gregarious; sometimes two individuals
inhabit the same burrow. On one occasion twenty specimens were col-
lected from three forkfuls of sand and on another occasion seven from one
forkful, yet none were discovered in the immediate neighbourhood. The
individuals are usually free, but the physa may be attached to a pebble.

The anemones live quite well when kept in the laboratory in finger
bowls containing a fairly thick layer of sand. They frequently adhere
firmly to the bottom of the vessel by means of the physa. Sometimes
they burrow in the sand, at other times they are free on the surface.
The physa is usually regarded as the burrowing organ of the Edwardsias,
but I have seen one specimen of E. callianthus burrowing with its
tentacles. It was lying fully expanded on the sand and commenced
to burrow slowly forwards with its tentacles extended and actively
moving. They seemed to be the principal agents in moving the sand.
One anemone was found in its natural habitat lying free on the sand
beneath the water. It was perfectly healthy and lived in the laboratory
for some time afterwards.

On several occasions complete narrow rings of investment were dis-
covered in the bowls in which the anemones were living. They were
probably cast off from the aboral end of the animal when the physa con-
tracted, since the covering is always more irregular here than elsewhere.

During the first few weeks of captivity the anemones quickly contract
at the least vibration; later they are much less sensitive and remain
expanded for long periods. A similar habit is recorded for E. callimorpha
(under the name claparedii, 7).

LARV 1E AND YOUNG INDIVIDUALS.

Relatively little is known about the early larval stages of the Edward-
sidre, and the records which are available are in many cases very brief.
Owing to an insufficient supply of material it has only been possible to
make a few observations on the young of E. callianthus, but they are of
:interest for comparison with other members of the family.



FIG. 1O.-E. callianthu8, a few days old.
(Length of column 1.6 mm.)

FIG. H.-E. callianthu8 eleven days older than the specimen
in Fig. 10. (Length of column 1.9 mm.)
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E. callianthus is sexually mature about November and December. Two
specimens examined in December, one in 1932 and the other in 1933, con-
tained fully developed eggs and another had a ciliated larva in the
cCBlenteron. Young individuals were produced in the laboratory about
November 17th from adults which had been collected the previous July.
The young were about 1.5 mm.long when they were discovered attached to
the bottom of the finger bowl and to the surface of the adult. It is how-
ever possible that they were liberated a few days earlier. Some were in the
late planula stage, others showed eight rudimentary tentacles and the body
divisible into a physa and scapus, but there was no sandy investment (see
Fig. 10). The physa was colourless and transparent, the scapus pale
pinkish brown with the insertions of the macrocnemes showing clearly
along its length. There were three tentacles on either side of the mouth
and one at either end which was a little shorter than the rest. The
hypostome formed a prominent cone. The discovery of young individuals
-at the most only a few days old-in a relatively advanced stage of
development and the presence of a ciliated larva in the cCBlenteronof one
adult strongly suggests that E. callianthus is viviparous. Viviparity has
not so far been recorded in any other species of Edwardsia, although
it is suspected in Milne-Edwardsia carnea. As growth proceeds the tenta-
cles elongate and two fairly distinct cycles of four long ones alternating
with four short ones are frequently distinguishable (see Fig. 11).

The anatomical features of the young are similar to those described for
other members of the genus (8, 9 and 10). The youngest larvre which were
sectioned were in the late planula stage, the oldest, with eight rudimentary
tentacles. In the former the blastocCBlewas almost filled with cells in
which eight macrocnemes were recognisable. Each mesentery had a thin
core of mesoglCBaand showed developing retractor muscles. The inter-
mesenterial spaces arise by the gradual disappearance of some of the
central cells, those which remain form the endoderm of the scapus wall
and mesenteries. The ventro-Iateral mesenteries are the largest, and the
first to develop mesenterial filaments. The ectoderm of the entire body
wall and the epithelium of the actinopharynx is glandular. It contains
a large number of clear vesicles. Nemathybomes were not developed
in any of the larvre which were investigated.

When the young were examined on November 30th, one showed a
rudimentary ninth tentacle. Their development has not been followed
further than this stage.

CONCLUSION.

One cannot conclude an account of E. callianthus without referring to
its close resemblance to the anemone described by Dixon (11) as E. timida.
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The external features and the colouring of these two anemones are remark-
ably similar. Carlgren (1) has recently investigated the anatomy of some
specimens of " E. tirnida " sent to him by Dixon, and as a result of his re-
searches has renamed it Milne-Edwardsia dixonii. A comparison of
its anatomical features with those here described for E. callianthus shows

that these two anemones are quite distinct; nemathybomes, for instance,
are absent from M. dixonii, whereas they are present in E. callianthus.
The close resemblance between their external features has nevertheless

led Professor Carlgren to suggest (letter to the author) that Dixon possibly
confused two species, the one a real Edwardsia and the other a Milne-
Edwardsia. Professor Stephenson (2, p. 403) has followed up this
suggestion, and finds that not only does Dixon's description probably
cover two species, but possibly three. Only one of these (M. dixonii) has
been anatomically described; and it is impossible to be certain about the
others without obtaining material from Dixon's original locality. In any
case, Dixon's use of the name E. tirnida was unjustified, so that whether
or no E. callianthus was one of the forms included in his description, it
requires a new name and is here characterised as E. callianthus spec. novo
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