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1. INTRODUCTION.

TaE observations of Driesch (1906) and E. Sehultz (1907) and
myself (unpublished) upon the reduction or dedifferentiation of
the social Ascidian Clavellina have been mainly morphological.
Accordingly T decided, while in the United States, to take up
the problem from the physiological aspect. The work was
carried out at Wood’s Hole. Clavellina itself is not found
there, but another social Ascidian, Perophora viridis,
is common, and proved to be a useful form for experimental
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work. As is well known, the social Ascidians reproduce
asexually by means of buds given off at intervals from creeping
branched stolons ; but whilst in Clavellina the zooids may
reach two inches, in Perophora the maximum length is only
about one-quarter of an inch, and the span of life is probably
limited in proportion. The branching and budding of Pero-
phora is also much easier to follow, the stolons often growing
in a straight line for a considerable distance, giving off buds
at regular intervals. Tt is thus easy to trace a sequence from
voung to old individuals in Perophora, but hard in Clavellina.
In Perophora it is also possible to isolate single zooids of any
age by cutting the stolon midway between the neighbouring
zoolds on either side ; and in such preparations the piece of
stolon is of the same order of magnitude as the zooid, while in
(Clavellina the volume of the stolon is quite negligible in pro-
portion to that of an adult, a half-grown, or even a quarter-
grown zooid.

Such preparations we may call stolon-zooi1d systems.
They are composed of two very distinet parts. The stolon
is very simple : 1t consists of a thin external test-layer surround-
ing a single-layered tube of flattened ectodermal epithelium,
which in its turn is divided into two by a horizontal partition
composed of two very thin endodermic epithelia flattened
together to form a single sheet ; the space between ectoderm
and endoderm contains blood, with numerous cells of several
different kinds. At either end of the stolon the partition
stops short, so that the blood can circulate from one half-tube
to the other. It is normally kept in motion by the heart-heat
of the zooid, which, as in all Ascidians, undergoes a periodiec
reversal of direction. The eut surface of test and ectoderm
soon heals over. In a healed preparation the ectoderm at
cither (eut) end of the stolon 1s more or less cuboidal, and
presents the appearance of undifferentiated tissue.

The zooid, on the other hand, 1s of high organization, con-
taining, as it does, heart, stomach and intestine, elaborate
branchial apparatus, nervous, muscular, and exeretory systems,
and hermaphrodite reproductive organs. It is also highly
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sensitive in the region of the two siphons. It is connected with
the stolon by a narrow tube of less diameter than the stolon,
separating above into two tubes; this is generally longer in
proportion in older individuals. The stolon may grow in
length and form buds at the proximal end or the distal end
or both.

Suitable food for Perophora has not yet been discovered ;
but in spite of this stolon-zooid preparations may be kept alive
in the laboratory for a considerable length of time.

2. DEDIFFERENTIATION.

() General.—Processes may occur in living matter
whereby whole organisms or parts of them hecome visibly
simpler. This occurs, for instance, in Clavellina when kept in
unfavourable conditions, in Hydra when starved (Schultz, 1906),
and in various other Coelenterates, in encysting protozoa and
in other protozoa in the ordinary course of the life-cycle, with-
out encystment (Lund, 1917), in sponges (Maas, 1910 ; Miiller,
1911), &e. Such a process is the reverse of differentiation, and
i best called dedifferentiation. It has also been termed
involution and reduction. The latter word will here
occasionally be used as a convenient synonym for the more
accurate but clumsier term.

In Clavellina the original observations of Driesch and the
later work of Schultz was carried out on half-animals,
the individuals being cut in two and the half containing
the branchial sac (pharynx) used for the experiments. This
portion proved capable of regenerating the whole organism.
Sometimes it remained intact and produced a restitution-bud
in which the missing organs were formed ; at other times if
dedifferentiated completely to form an opaque spheroid which
later redifferentiated into a normal whole individual ; or it
might show a combination of the two processes. Here, when
dedifferentation occurred, it was as the result of the shock
of the operation and of the changes produced by if.
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However, Driesch also mentions in one of his papers (1906)
that he had been able to secure dedifferentiation in whole
individuals. In my work I used whole individuals only. With
them I found that the simplest method of obtaining dedifferen-
tiation was to leave unchanged the water in which the organisms
were kept, the accumulation of toxic waste products probably
initiating the process. It was also found that only young
individuals underwent dedifferentiation easily, mature and
half-grown zooids speedily dying.

When full dedifferentiation, whether of half or whole zooids,
occurs in Clavellina, a spheroidal white mass results, in which
all the organs are very much simplified, both morphologically
and histologically, becoming reduced to a series of separate
sacs, some simple, others compound, of roughly spherical
shape with walls of embryonic-looking cuboidal ecells. On
being replaced in clean water the opaque mass usually grows
out to form a new perfect zooid, quite normal but smaller than
the original ; and this alternation of differentiation and
dedifferentiation may be repeated several times. Tt 1s obvious
that the term dedifferentiation may be applied equally to all
retrogressive changes resulting in simplification of visible
structure, provided that the reduced tissues remain alive,
whether or no redifferentiation from the reduced condition
is possible or not. When it is possible, an added interest
attaches to the whole phenomenon ; but dedifferentiation is
essentially similar whether subsequent redifferentiation ecan
oceur or not, just as differentiation i1s essentially similar in
all cases whether subsequent dedifferentiation can oceur
or not.

In Perophora similar methods were at first adopted, the
animals being kept in watch-glasses containing approximately
either 5 or 7-5 c.e. of water.

Zooids that were adult or more than half-grown never
achieved successful reduction. They all died after a few days,
but always after a preliminary attempt at dedifferentiation.
The siphons were closed, all appearance of vigour and tone was
lost, the body became contracted and opaque. The appearance
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was very similar to that presented by an early stage of dedif-
ferentiation. After this, however, a brownish colour appeared
in the animals, and this heralded true degenerative changes
leading to death. Adult individuals are often found in nature
mn a similar state, and these, too, always appear to die without
full dedifferentiation ; in fact it would appear that natural
death oceurs in Perophora through this means, the conditions
in old zooids being such that they eannot maintain themselves
in full tone, and thus undergo incipient dedifferentiation,
which, in these old zooids, is not able to complete itself, and
so leads on to degeneration and death. Similar failure of old
individuals to adjust themselves to changed conditions is of
course well known in the case of regeneration ; a discussion
of the whole subject will be found in Child’s book,  Senescence
and Rejuvenescence ’ (1915 a).

When smaller zooids were taken, however, quite different
results were obtained.

(b)) Simple Dedifferentiation (Clavellina type).

If the stolon be cut very close to the zooid on either side,
the zooid will usually dedifferentiate as in Clavellina. That is
to say, the siphons contract, the zooid shrinks, becomes
increasingly opaque, and eventually draws right away from the
tunic. The final stages of this process were represented by
opaque spheroidal masses with a diameter of one-third to one-
half that of the original zooid, and often with no or extremely
slight trace of siphons. The heart usually continued to beat
even in this condition. Examples are shown in fig. 1. Here
the shortness of the stolon is noticeable.

In most examples of this process the stolon was either very
short, or underwent dedifferentiation concomitanfly with the
zooid, or both. In all such cases the system, with its relatively
small proportion of stolon, was similar to a stolon-zooid
system in Clavellina, and behaved in an essentially similar
way.

In one point there was a difference. I never observed such
complete reduction in Perophora as in Clavellina. [urther,
[ was not able to obtain redifferentiation by replacing the
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spheroids in clean sea-water. This, however, is probably due
simply to a greater susceptibility of Perophora to laboratory
conditions, in the same way as one species may develop well
after artificial insemination in the laboratory, while a closely-
related species cannot be got beyond early segmentation
stages.

(¢) Dedifferentiation with Resorption.

(1) Stolon Resorption.—In systems with healthy
young or moderate-sized zooids which were changed to fresh
sea-water daily, the interesting fact soon came to light that so
long as the full tone of the zooid was maintained and its siphons
continued wide open, it did not decrease in size at all, but
maintained itself at the expense of the stolon. This would
also occur sometimes when the zooid was im the form of
a partially-differentiated bud (e.g. fig. 4, ¢f). The bud
remained of the same size and at the same stage of development
for over seven days, while the stolon was almost completely
resorbed.

Later it was found that in other systems in which the zooid
portion was represented by similar developing buds, these
might not merely maintain themselves but actually develop
further into perfect zooids at the expense of the stolon,
e.g. fig. 2, where in the course of three days a very great change
in the relation of zooid and stolon has taken place.

It is thus clear that in certain circumstances the zooid may
be physiologically dominant over the stolon, and may either
develop or maintain itself at the latter’s expense.

(2) Zooid Resorption.—In other cases, however,
a change in the opposite direction takes place. In most
systems, after the lapse of a few days without change of
water (and in some even when the water is changed), the
premonitory signs of dedifferentiation become visible : the
siphons cloge, the general tone decreases, and the whole animal
shrinks slightly. But the sequel is quite different. Instead
of becoming more and more opaque, on account of the cells
of the various organs and epithelia becoming cuboidal and so
bringing about a marked decrease in the size of all the cavities

Sy X Jiy
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in the organism, the zooid remains transparent. At the same
time, however, 1t decreases in size. It 1s, in fact, being
resorbed into the stolon. Appearances indicating the
occurrence of this process are also found in nature, though
not eommonly. Successive stages of the process are shown in
figs. 4, a-b, 5, 6, 9, 12, and isolated stages in figs. 7, 8, 10, 11,
13-15.

After a very short time the siphons disappear entirely,
and a sphereidal mass of two-thirds or one-half the zooid’s
original diameter is left. TIn this, the ovoid heart, very little
diminished in size, can always be seen pulsating steadily.
A steady diminution of size continues, the heart too decreasing
absolutely, although becoming relatively larger. A certain
degree of opacity may appear, but it is never striking.

At a certain moment the pulsation of the heart slows down
and ceases. Soon after this the heart becomes invisible
altogether. 'Traces of other orgens are visible. At first they
are somewhat masked by the slight opacity caused by accumu-
lation of blood-cells in the shrunken zooid, but later, as the
zooid becomes smaller and smaller, they become increasingly
clear. At about the stage when the heart disappears they are
seen as two or three translucent rounded bodies, some colourless,
some faintly yellowish.

The shrinkage continues after the disappearance of the heart,
and soon the zooid comes to appear as a minute knob, scarcely
bigger than the stalk connecting it with the stolon. This stalk
represents the stolon-connexion of the original zooid, and has
itself decreased in size, although but slightly. At this stage
a single clear refractive area, which I take to be the vestige
of the stomach, is usually the only structure to be seen in the
knob. Finally the knob all but disappears, and a mere trace
of the clear area remains visible. Presumably the stalk itself
would also eventually become resorbed into the stolon, but
resorption is much retarded after the cessation of the heart’s
action, and becomes progressively slower and slower as the
size of the zooid decreases, so that I have never actually
observed this ultimate step in the resorption of fully-formed



600 JULIAN S. HUXLEY

zooids. Complete resorption of very young buds has, however,
been noted. When dedifferentiation is rapid, and especially
in larger zocids, the connexion between zooid and stolon may
be severed, and a spheroidal mass left isolated in the old
tissue. This, of course, precludes further resorption.

Two further points of interest should be mentioned. The
first 1s that the tunic of the zocid undergoes considerable
decrease 1n size, presumably by means of some form of resorp-
tion. This reduction, as shown in the figures, is usually
irregular, but I have seen cases of reduction in buds where
the test remained closely apposed and of firm outline.

The second 1s that the stolon, especially during the late
stages of the process, performs spontaneous movements of
contraction, thereby causing a rudimentary and irregular
form of circulation through the system. This may be called
stolon-circulation. The contraction is effected by the
ectoderm cells becoming cuboidal in one place and later
extending again to become flattened ° pavement ’-epithelium
(fig. 24). Corresponding with these circulatory mcvements
back and forth, the now minute zooid could be seen now to
contract, now to expand slightly, cells moving from 1t into
the stolon or vice versa. A similar contractibility of the
ectoderm T have also observed in the stolon of Clavellina,
and in the coenosarc of Hydroids (Campanularia and Obelia).

During the resorption of the zooid the stolon usually grows
in length, at least during the earlier stages (figs. 5, 6a). Later
on the stolon often remains constant in size, or decreases
slightly. It then becomes more or less opaque, owing to the
accumulation in it of cells from the zooid. Such packed opaque
stolons, however, may send out transparent slender new
orowths at one or both ends. Quite often the final length
may be greater than the original length, and buds may even
be formed. The process of resorption may take a considerable
time. The zooid in fig. 9 took seven days in all, four days to
the cessation of the heart-beat and three days more until
only a stalk was left, but in other specimens it was much
more rapid. For convenience the process may be divided into
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stages as follows: (1) shrinkage alone, (2) siphons closed,
(3) siphons withdrawn from test, (4) spheroidal form assumed,
(5) cessation of heart-beat, (6) reduction to stalked knob.

It will be seen that this process is the reverse of that pre-
viously described as stolon-resorption. In both cases, however,
the equilibrium of the stolon-zooid system is altered, the altera-
tion results in the resorption of one or other of its members,
and this resorption may be total.

Resorption of an organ like the stolon cannot be considered
a very unusual phenomenon. It is paralleled, for instance,
by the resorption of various larval organs at metamorphosis,
such as the gills and tail of a frog-tadpele. Resorption of whole
individual organisms, however, is much more unusual. So
far as I am aware, it has only been noted at all adequately by
Loeb (1900), who found it to oceur in the Calyptoblast Hydroid
Campanularia. 1 have re-investigated the phenomenon in
Campanularia and also in Obelia, and can confirm the facts
entirely. Something rather similar ocecurs in those Echino-
derms where almost the whole of the larva is absorbed into
the growing rudiment of the adult, but there remaims an
essential difference, namely, thit resorption in such a case is
determined as part of a normal development, whereas in
Perophora and Campanularia it does not oceur except as the
result of circumstances which must be called abnormal. This
i1s also true for the interesting observation made by Child
(1904), who found in the chain-forming Turbellarian Steno-
stomum that, if a cut be made through one of the zooids,
the posterior half of such a zooid is completely resorbed by
the zooid behind it. Resorption of whole zooids is also recorded
(see later, p. 675). The case of Perophora is more remarkable
than any yet recorded, partly owing to zooids being resorbed
by subordinate systems, and partly owing to the great com-
plexity of the zooids, which is very much greater than in
Hydroids or Turbellaria.

In all three cases, however—Ascidian, Flatworm, and
Hydroid alike—the mechanism of resorption appears to be
the same, namely, that the organs all decrease in bulk by the
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actual migration of single cells out of their union in the tissues
into the eavities of the body (in Hydroids into the coelenteron,
i Stenostomum into the parenchyma, in Perophora into the
haemocoel). In no other way can we explain the rapid decrease
in size of the zooid, or the marked increase in the number of
cells in the cavities. The stolon in Perophora always becomes
crowded with cells during the later stages of resorption. I have
seen no sign of the cells disintegrating on release, there being
no increase in the number of granules, &e., in the plasma ;
and the process can certainly not be explained as due to the
using up of cells as nutriment in situ.

We have thus the singular spectacle of the organs and
tissues unbuilding themselves. It is as i1f a house were to
become smaller and smaller through individual bricks leaving
their places here and there in the walls and accumulating in
the passages and garden, the rooms meanwhile closing the gaps
in their walls and progressively diminishing in size.

During the process it appears that dedifferentiation also 1s
going on. Ior one thing, the ectodermic epithelium becomes
more and more cuboidal, and then also all cells that appear
i the blood-stream are of a simple, 1rregularly-rounded type,
and not visibly specialized in any way.

The long persistence of the heart as a functional organ, and
its final sudden disappearance are closely paralleled i simple
dedifferentiation in Clavellina.

Presumably what occurs when the stolon is resorbed into the
zooid 1s similar, the cells of the ectodermic epithelium and of
the endodermic partition also becoming dedifferentiated and
migrating out of the tissues into the blood-stream. The
process is merely not so remarkable here, owing to the less
differentiation of the tissues involved, and the subordinate
status of the stolon as an organ. To sum up, we find that in
Perophora (and in Campanularia) adverse conditions lead to
a form of reduction in which dedifferentiated cells migrate
out of their fixed position in the tissues into the general cavity
of the body, and the whole differentiated zooid finally dis-
appears by resorption. This combination of dedifferentiation
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and resorption will probably be found to oceur also in other
colonial organisms, the zooids of which are united by relatively
undifferentiated portions.

When the stolon is resorbed in Perophora a similar process
appears to be at work. It is further probable that in many
other cases of resorption of subordinate organs, and of grafted
tissues, a combination of dedifferentiation and resorption is
also taking place, although in many higher organisms the factor
of phagocytosis also enters, but probably often as a secondary
phenomenon.

3. ExpERIMENTS WITH Porassium CYANIDE.

The next step was to find out something as to the factors
involved in the reversal of dominance and the initiation of
resorption. With this end in view some experiments with
dilute solutions of KCN were made. I have to thank Professor
Child for advice.

As a preliminary the effect of an 1n/250 solution of KCN
in sea-water was tested. Tt was found that this affected the
whole system, zooid and stolon alike. Shrinkage of all parts
took place, and death-changes were in progress after twenty-four
hours. A series of solutions was therefore prepared as follows :
n/250, n/500, n/1,000, and so on to n/64,000, tegether
with a control vessel. All vessels were protected as far as
possible from evaporation, and the solutions changed every
twenty-four hours.

The detailed results are to be found in Table I. They may
be summarized as follows: Solutions of n/1,000 and higher
concentration affect both stolon and zooid very adversely,
and lead to death in about forty-eight hours. The ciliary
action of the gills is much slowed down, and the action of the
heart badly affected. Almost always the stolons become
contracted and opaque. The zooids were never dramed com-
pletely by resorption ; they usually shrank slightly, becamo
opaque, and then died. In one or two cases the appearances
were very similar to those seen in the dedifferentiation of
Clavellina. In solutions from n/2,000 to n/8,000 inclusive

NO. 260 X X
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there was no growth of the stolons (exeept a very slight growth
in one case). In n/8,000 the appearance of the stolons was
nearly normal, but in the two higher concentrations they were
adversely affected and showed contraction. As regards the
zooids, the circulation was i all subnormal. A considerable
degree of draining (resorption) tock place, but was never
complete. Several became opaque and spheroidal without
appreciable draining (Clavellina type of dedifferentiation).
The zooids mostly still showed normal tone after twenty-four
hours, while in higher concentrations all had begun to shrink
by this time. A slight effect on the stolon was indicated by
opacity and clubbing of the ends.

In solutions from n/16,000 to n/64,000 inclusive, a consider-
able proportion of the stolons showed new growth. In no case
was the stolon adversely affected, but it always remained of
normal appearance with flat cells. Of those zooids which did
not die the large majority had begun to be resorbed in the
typical way before forty-eight hours, and some of them became
completely drained. The n/32,000 solution seemed to be the
most effective in causing this draining, but this may have
been an accident, although it is perfectly possible that the
1n/64,000 solution 1s less effective because too weak.

The controls, apart from a small proportion which started to
drain early (an occurrence which takes place in all collections
of stolon-zooid systems chosen at random, and presumably
depends on the internal condition of particular zooids),
remained normal, the zooids completely expanded, for forty-
eight hours and most of them for seventy-two hours. Most of
them showed slight new growth of the stolons, as 1s customary
in the early stages of stolon-zooid systems, but they were not
kept long enough to see whether stolon-resorption, which only
occurs after several days, would supervene.

We can classify the effects broadly as follows. High con-
centrations  kill the whole organism speedily.  The next
lower degree of concentration causes contraction (dedifferen-
tiation) of both stolon and zooid. No resorption is possible
in this case, whether of the zooid or of the stolon. The next
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lower grades of strength adversely affect the zooid, but only
affect the stolon sufficiently to mhibit its growth, not to cause
its dedifferentiation. Partial resorption may take place in
these circumstances.

Still lower concentrations have no appreeciable effect upon the
stolon, but yet adversely inflnence the more sensitive zooid.
The stolon 1s thus able not only to maintain its form, but to
grow. The zooid starts dedifferentiation, and this is followed
by resorption, which, typically, 1s complete. Finally, we get
dilutions beyond which no effect 1s produced on the zooid or
the stolon, with the result that the normal dominance of the
zooid 18 maintained, and 1t 18 the stolon which is resorbed.

We thus see that these processes oceurring in nature can
be experimentally controlled to a considerable degree. Other
toxic agencies were not tried on Perophora : but from what
we know of the reactions of other organisms we should expeet
that the results of KCN treatment are non-specific, and that
essentially the same phenomena would occur in other toxic
solutions.

Our results of observation are therefore to be thought of as
due to the following causes :

(1) In Perophora, in the absence of food, there is a competi-
tion for nutriment among the parts of the colony.

(2) In normal conditions, in the absence of food, the most
active and differentiated parts (the zooids) are dominant in
this competition over the less active and differentiated parts
(the stolons), which are used up as nutriment by the zooids.

(3) Correlated with this difference of success in competition
there is a difference of susceptibility, the more highly-organized
z00ids being more susceptible than the stolon to unfavourable
agencles.

(4) The result of unfavourable agencios on Perophora 1s to
cause dedifferentiation.

(5) Once dedifferentiation has started the zooid ceases to be
more active than the stolon, and so ceases to be dominant
in the intra-organismal struggle.

(6) In Perophora dedifferentiation may be followed by

3% 2
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resorption due to the migration of cells from the tissues into
the blood-stream ; when the stolon is hittle affected, therefore,
zoold-resorption, or the reverse of (2), oceurs.

In the most general terms we have a system the two parts
of which are in equilibrium. This equilibrium may alter in
either of two opposed directions. There is differential activity
of the two parts; the one which is more active is eapable
of causing the reduction of the other and utilizing it as food.
But differential activity is correlated with differential sus-
ceptibility, which results, in certain unfavourable conditions,
in a reversal of the direction of change; for these induce
dedifferentiation of the zooid, and in this condition it 1s less
active than the stolon.

Similar conditions, viz. (1) a balance in an organic system ;
(2) differential activity of the parts of the system leading
to physiological dominance of the most active part ; (3) con-
sequent differential susceptibility of the parts leading to
a possible reversal of dominance:; and (4) the resultant
reversibility of the reactions of the system—play an important
part in general physiology. Often they are not easy to investi-
gate ; but in Perophora we are fortunately provided with an
organism in which they appear in a striking form, and are
readily accessible to study.

It should be added that in all but the weakest IKCN solu-
tions a grey tinge, not seen in dedifferentiating individuals
in sea-water, was observed in the zooids during resorption.

4. EXPERIMENTS ON REDUCTION IN ANIMALS
wITHOUT CIRCULATION.

At Professor Loeb’s suggestion, to whom I here tender my
thanks, experiments were undertaken to see whether the
action of the heart in Perophora was stopped by potassium
chloride, and if so whether zooids without an active eirculation
would show typical reduction.

The experiment was carried out as follows. A large and
a small gtolon-zeoid system were placed together in finger-bowl



Series A,  Young and medium individuals,
Series B,

Dediff, = opaque, Clavellina type of reduction,
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TABLE

IN PEROPHORA

I

ExpEriMENTS WITH KCN,
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Very young individuals and almost complete buds,
A and B, four stolon-zooid systems in each vessel,

resorption,
Strength of Twenty-four
KCN, hours.
Clontrol A Normal

Clontrol B

n /64,000, A

n /32,000, A

n /32,000, B

n /16,000, A
n /16,000, B

n/8.000, A

n,/8,000, B

n /4,000, A

n /4,000, B
n /2,000, A

n,/2,000, B

n,/1,000, A
n /500, A
n /250, A

3 normal,
1 ded:iff,

3 normal,
1 stage 4
Normal

2 normal,
2 stage 3

3 normal,

1 dediff,
2 normal,

1 stage 3,

1 stage 4
Expanded, cir-
culation af-
fected

2 normal,
2 stage 3

Expanded, cir-

culation poor,

2 normal,
2 stage 3
Expanded, cir-
culation very
l)OOT
2 subnormal,
1 stage 3,
1 stage b
All subnormal

1 subnormal,
3 dedift,
All abnormal,

dediff,

Forty-eight
hours.
Normal

2 normal,

1 dedift,
1 draining,
stage 4
2 dead, 2 stage
5
All unhealthy,
1 stage 4

All draining,
stages 3-H

2 dead, 1 stage

5, 1 stage 3
1 dead,

1 dediff.,

2 stages H-6
1 dead,

3 dediff,

1 stage 1,
1 dediff.,
2 stages 4-5

(8]

dying,
2 stage 4
1 dediff.,
3 stages 4-5
1 dying,
2 dediff.,
1 stage 4
2 dying,
1 dedift.,
1 stage 6
All dead or
dying
All dead or
dying

2 dead, 1 dying,

1 dediff., un-
healthy,

Seventy-two
hours.,

3 normal,
1 draining,

stage 3

As at 48

hrs,

2 dead,
1 stage 5,
1 stage 6

1 dead,
1 dediff,,

2 stage 5

All dead

Stages 1-6 refer to stages of

Remarks.

New growth on all
stolons,

Slight new growth on all
stolons,

Stolons  healthy,
growth on 2,
Stolons healthy, slight-
ly turgid, new grewth
on 2,

Stolons healthy, no new
growth,

new

Stolons  healthy, new
growth on 1,
Stolons healthy, new

growth on 2,

Stolons nearly normal,
no new growth,

Some stolons healthy,
some opaque, 1 with
new growth (very
slight).

Most stolons contracted;
no new growth.

All stolons opaque ; no
new growth,

All stolons contracted,
Cilia slow.

All  stolons
clubbed,

opaque,

All stolons early af-

fected.
All stolons early af-
fected.
All stolons early af-
fected.
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containing 50 c.c. sea-water together with a certain amount
of n/2 KCL.  The results are summarized in Table I1.

TABLE 1I

+ denotes active heart-beat ; (4 ) slow; (—) slow and intermittent ;
— no heart-beat. The upper sign in each compartment denotes the larger
zooid, the lower the smaller,

No. of c.c. n/2 Minutes,
KOl added, 15 20 30 39 40 50 70 160
0 (control) + o= + + + 5 = -+ ==
5¢ et Eh + 6l gl i - =
2 + = e =5 alz o + =
=+ i ar T + ir ar =
4 A 3F + s (+) =
= € == e — =
8 iR o o 5 4+ not —
- + + (—) mnoted —
10 =h s = (=) —
+ + ch e =
15 + + + - = +) . =
= o0 = el R )
20) == (—) o
(=) -
10 gesig B

K(C1 thus exercises a very marked effeet upon the Ascidian
heart. The stronger action of the salt on small zooids is to
be noted. The organisms were left in the solutions to see what
type, if any, of dedifferentiation they showed.

Those in the two highest concentrations died in under
twenty-four hours without reduction ; their stolons also were
killed or damaged. Those to which 10 and 15 e.e. KCI had
been added were scarcely affected after twenty-four hours,
but were dead by forty-eight hours, having previously shrunk
very considerably and become opaque.

In the solution with 8 c.c. one had died ; the other had
started to dedifferentiate. Both stolon and zooid
were affected (fig. 20). The zooid showed a characteristic
sign of KC1reduetion in the eellular strands extending from the
retracted siphons to the test. Also characteristic, and directly
dependent on the absence of cireulation, was the congesticn

R
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of the network of small bl