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length with minute thread cells, which are set in closes
somewhat spirally-arranged warts,

The lithocysts or marginal vesicles are, in adult
specimens, about 128 in number. They are situated
near the umbrellar margin of the velum, between the
bases of the tentacles, and are grouped somewhat irregu-
larly, so that their number has no close relation with that
of the tentacles. They consist of a highly refringent
spherical body, on which may be usually seen one or
more small nucleus-like corpuscles, the whole surrounded
by a delicate transparent and structureless capsule. This
capsule is very remarkable, for instead of presenting the
uswal spherical form, it is of an elongated piriform shape.
In its larger end is lodged the spherical refringent body,
and it thence becomes attenuated, forming a long tubular
tail-like extension which is continued into the velum, in
which it runs transversely towards its free margin, and
there, after usually becoming more or less convoluted,
terminates in a blind extremity.

The marginal nerve-ring can be traced running round
the whole margin of the umbrella, and in close relation
with the otolitic cells. Ocelli are not present.

The generative sacs are borne on the radiating canals,
into which they open at a short distance beyond the exit
of these from the base of the manubrium. They are of
an oval form, and from their point of attachment to the
radial canal hang down free into the cavity of the um-
brella. Some of the specimens examined contained nearly
mature ova, which, under compression, were forced from
the sac through the radial canal into the cavity of the
stomach.

While some of the characters described above point to
an affinity with both the Trachomeduse and Narcome-
dusz, this affinity ceases to show itseif in the very im-
portant morphological element afforded by the marginal
bodies. In both Trachomedusa and Narcomedusz the
marginal bodies belong to the tentacular system; they are
metamorphosed tentacles, and their otolite cells are endo-
dermal, while in the Leptomedusz, the only other order
of craspedotal Medusa in which marginal vesicles occur,
these bodies are genetically derived from the velum. Now
in Limnocodium the marginal vesicles seem to be as truly
velar as in the Leptomedus®. They occur on the lower
or abumbral side of the velum, close to its insertion into
the umbrella, and the tubular extension of their capsule
runs along this side to the free margin of the velum,
while the delicate epithelium of the abumbral side passes
over them as in the Leptomeduse. It is true that this
point cannot be regarded as settled until an opportunity
of tracing the development is afforded ; but in very young
specimens which I examined I found nothing opposed to
the view that the marginal vesicles were derived, like
those of the Leptomedusa, from the velum.

Important points still remain to be cleared up regarding
the development of Limnccodium and the determination
of the question whether the Medusa be derived from the
egg directly or only through the intervention of a hy-
dranlid trophosome. I have arranged with Mr. Sowerby
some methods of observation by which I hope to obtain
data for determination of these points.

If this be the case Limnocodium will hold a position
intermediate between the Leptomedus® and the Tracho-
meduse; but as the greatest systematic importance must
be attached to the structure and origin of the marginal
vesicles, its affinity with the Leptomedusee must be
regarded as the closer of the two. GEO. J. ALLMAN

Plysiology of the Freshewatey Medusa

THE structure of this remarkable animal has already
been investigated and described by Professors Allman
and Lankester, with the result of showing that, although
constituting a new genus, it is in all respects a true Medusa.
After the publication of their papers I began to work out

the physiology of the new form, and the following are
the results which so far I have obtained.

The natural movements of the Medusa precisely
resemble those of its marine congeners.. More particu-
larly, these movements resemble those of the mari:'xe.
species which do not swim continuously, but indulge in
frequent pauses. In water at the temperature of that in
the Victoria Lily-house (85° F.) the pauses are frequent,
and the rate of the rhythm irregular—suddenly quickening
and suddenly slowing even during the same bout, whick
has the effect of giving an almost intelligent appearance
to the movements. This is especially the case with young
specimens. In colder water (65° to 75°) the movements
are more regular and sustained ; so that, guided by the
analogy furnished by my experiments on the marine
forms, 1 infer that the temperature of the natural habitat
of this Medusa cannot be so high as that of the water in
the Victoria Lily-house. In water at that temperature
the rate of the rhythm is enormously high, sometimes
rising to three pulsations per second. But by progres-
sively cooling the water, this rate may be progressively
lowered, just as in the case of the marine species ; and in
water at 65° the maximum rate that I have observed is
eighty pulsations per minute. As the temperature at
which the greatest activity is displayed by the fresh-
water species is a temperature so high as to be fatal to
all the marine species which I have observed, the effects
of cooling are of course only parallel in the two cases
when the effects of a series of higher temperatures in
the one case are compared with those of a series of
lower temperatures in the other. Similarly, while a
temperature of 70° is fatal to all the species of marine
Medusz which I have examined, it is only a temperature
of 100° that is fatal to the freshwater species. Lastly,
while the marine species will endure any degree of cold
without loss of life, such is not the case with the fresh-
water species. Marine Medusz, after having been frozen
solid, will, when gradually thawed out, again resume their
swimming movements ; but this freshwater Medusa is
completely destroyed by freezing. Upon being thawed
out, the animal is seen to have shrunk into a tiny ball, and
it never again recovers either its life or its shape.

The animal seeks the sunlight. If one end of the tank
is shaded, all the Medusa congregate at the end which
remains unshaded. Moreover, during the daytime they
swim about at the surface of the water ; but when the sun
goes down they subside, and can no longer be seen. In
all these habits they resemble many of the sea-water
species. They are themselves non-luminous.

I have tried on about a dozen specimens the effect of
excising the margin of the nectocalyx. In the case of all

-the specimens thus operated upon, the result was the

same, and corresponded precisely with that which I have
obtained in the case of marine species. That is to say,
the operation produces immediate, total, and permanent
paralysis of the nectocalyx, while the severed margin con-
tinues to pulsate for two or three days. The excitability
of a nectocalyx thus mutilated persists for a day or two,
and then gradually dies out—thus also resembling the
case of the marine naked-eyed Medusee, More particu-
larly, this excitability resembles that of those marine
species which sometimes respond to a single stimulation
with two or three successive contractions.

A point of specially physiological interest may be here
noticed. In its unmutilated state the freshwater Medusa
exhibits the power of localising with its manubrium a
seat of stimulation situated in the bell. That is to say,
when a part of the bell is nipped with the forceps, or
otherwise irritated, the free end of the manubrium is
moved over and applied to the part irritated. So far, the:
movement of localisation is precisely similar to that which
I have previously described as occurring in 77aropsis
indicans (Phil. Trans., vol, clxvil.). But further than this,
Ifind a curious difference. For while in 7' indicans
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these movements of localisation continue unimpaired
after the margin of the bell has been removed, and will
be ineffectually attempted cven after the bell is almost en-
tirely cut away from its connections with the manubrium ;
in the freshwater Medusa these movements of localisa-
tion cease after the extreme margin of the bell has been
removed. For some reason or another the integrity of
the margin here seems to be necessary for exciting the
manubrium to perform its movements of localisation, It
is clear that this reason must either be that the margin
contains the nerve-centres which preside over these
localising movements of the manubrium, or, much more
probably, that it contains some peripheral nervous strie-
tures which are alone capable of transmitting to the
manubrium a stimulus adequate to cvoke the movements of
localisation. In its unmutilated state this Medusa is at
intervals perpetually applying the extremity of its manu-
brium to one part or another of the margin of the bell,
the part of the margin touched always bending in to
meet the approaching extremity of the manubrium., In
some cases it can be seen that the object of this co-ordi-
nated movement is to allow the extremity of the manu-
brium—z.¢., the mouth of the animal—to pick oft a small
particle of food that has become entangled in the mar-
ginal tentacles. Tt is therefore not improbable that in
all cases this is the object of such movements, although
in most cases the particle which is caught by the tentacles
is’too small to be seen with the naked eye. As it is thus
no doubt a matter of great importance in the economy of
this Medusa that its marginal tentacles should be very
sensitive to contact with minute particles, so that a
very slight stimulus applied to them should start the
co-ordinated movements of localisation, it is not surpris-
ing that the tentacular rim should present nerve-cndings
so far sensitive that only by their excitation can the
reflex mechanism be thrown into action. But if such is
the explanation in this case, it is curious that in TZaropses
Zndicans every part of the bell should be equally capable
of yielding a stimulus to a precisely similar reflex
action.

In pursuance of this point I tried the experiment of
cutting off gortions of the margin, and stimulating the
bell above the portions of the margin which I kad removed.
I found that in this case the manubrium did not remain
passive as it did when the whole margin of the bell was
removed ; but that it made ineffectual efforts to find the
offending body, and in doing so always touched some
part of the margin which was still unmutilated. I can
only explain this fact by supposing that the stimulus
supplied to the mutilated part is spread over the bell, and
falsely referred by the manubrium to some part of the
sensitive—z.e., unmutilated—margin.

Butto complete this account of the localising move-
ments it is necessary to state one additional fact which,
for the sake of clearness, I have hitherto omitted. If
any one of the four radial tubes is irritated, the manu-
brium will carrectly localise the seat of irritation, whether
or not the margin of the bell has been previously removed.
‘This greater case, so to speak, of localising stimuli in the
course of the radial tubes than anywhere else in the
umbrella except the margin, corresponds with what I
found to be the case in 7. éndicans, and probably has a
ditect reference to the distribution of the principal nerve-
tracts.

On the whole, therefore, contrasting this case of locali-
sation with the closely parallel case presented by 7.
Zndicans, 1 should say that the two chiefly differ in the
freshwater Medusa, even when unmutilated, not being
able to localise so promptly or so certainly: and in the
localisation being only performed with reference to the
margin and radial tubes, instead of with refcrence to the
whole excitable surface of the animal,

All marine Medusa® are very intolerant of fresh water,
and thercfore, as the freshwater species must presumably

have had marine ancestors,” it seemed an interesting
question to determine howfar this species would prove
tolerant of sea water. For the sake of comparison I shall
first briefly describe the effects of fresh water upon the
marine species.®* If a naked-eyed Medusa which is
swimming actively in sea water is suddenly transferred
to fresh water, it will instantaneously collapse, become
motionless, and sink to the bottom of the containing
vessel, There it will remain motionless until it dies; but
if it be again transferred to sea water it will recover,
provided that its exposure to the fresh water has not been
of too long duration. I have never known a naked-eyed
Medusa survive an exposure of fifteen minutes ; but they
may survive an exposure of ten, and generally survive an
exposure of five, Butalthough they thus continue to live
for an indefinite time, their vigour is conspicuously and
permanently impaired. While in the fresh water irrita-
bility” persists for a short time after spontaneity has
ceased, and the manubrium and tentacles are strongly
retracted.

Turning now to the case of the freshwater species,
when first it is dropped into sea water at 85° there is
no change in its movements for about fifteen seconds,
although the tentacles may be retracted. But then, or a
few seconds later, there generally occurs a series of two or
three tonic spasms separated from one another by an
interval of a few seconds, During the next half minute
the ordinary contractions become progressively weaker,
until they fade away into mere twitching convulsions,
which affect different parts of the bell irregularly. After
about a minute from the time of the first immersion all
movement ceases, the bell remaining passive in partial
systole. There is now no vestige of irritability.- 1If
transferred to fresh water after five minutes exposure,
there immediately supervenes a strong and persistent
tonic spasm, resembling rigor mortis, and the animal
remains motionless for about twenty minutes. Slight
twitching contractions then begin to display themselves,
which, however, do not affect the whole bell, but occur
partially. The tonic spasm cortinues progressively to
increase in severity, and gives the outline of the margin a
very irregular form ; the twitching contractions become
weaker and less frequent, till at last they altogether die
away. Irritability, however, still continues for a time—a
nip with the forceps being followed by a bout of rhyth-
mical contractions. Death occurs in several hours in
strong and irregular systole.

If the exposure to sea water has only lasted two minutes,
a similar series of phcnomena are presented, except that
the spontaneous twitching movements supervene in much
less time than twenty minutes. DBut an exposure of even
one minute may determine a fatal result a few hours after
the Medusa has been restored to fresh water.

Contact with sea water causes an opalescence and
essential disintegration of the tissues, which precisely
resemble the effects of fresh water upon the marine
Meduse. When immersed in sea water this Medusa
floats upon the surface, owing to its smaller specific
gravity. 3

In diluted sea water (50 per cent.) the preliminary tonic
spasms do not occur, but all the other phases are the
same, though extended through a longer period. In sea
water still more diluted (1 in 4 or 6) there is a gradual
loss of spontaneity, till all movement ceases, shortly after
which irritability also disappears; manubrium and ten-
tacles cxpanded. After an hour’s continued exposure
intense rigor mortis slowly and progressively develops
itself, so that at last the bell has shrivelled almost
to nothing. An exposure of a few minutes to this
strength places the animal past recovery when restored

* Tooking to the enormous number of marine species of Medusz, it is
much more probable that the freshwater species were derived from them,
than that they were derived from a freshwater ancestry.

2 For full account, see Pril. Twrans., vol. clxvil., pp. 744-745-
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to fresh water. In still weaker mixtures (1 in 8, or 1in 10)
spontaneity persists for a long time; but the animal
gradually becomes less and less energetic, till at last it
will only move in a bout of {eeble pulsations when irri-
tated, In still weaker solutions (1 in 12 or I in 1j5)
spontaneity continues for hours, and in solutions of from
1in 15 to I in 18 the Medusa will swim about for days,

It will be seen from this account that thc freshwater
Medusa is cven more intolerant of sca water than are the
marine species of fresh water, Moreover the freshwater
Medusa is beyond all comparison more intolcrant of sea
water than arc the marine species of brine, For I have
previously found that the marine species will survive
many hours’ immersion in a saturated solution of salt.
While in such a solution they are motionless, with manu-
brium and tentacles relaxed, so resembling the freshwater
Medusa shortly after being immersed in a mixture of
1 part sea water to § of fresh; but there is the great
differencc that while this small amount of salt is very
quickly fatal to the fresh-water species, the large addi-
tion of salt excrts no permanently deleterious influence on
the marine species.

We have thus altogether a curious set of cross relations.
It would appear that a much less profound physiological
change would be required to transmute a sea-water jelly-
fish into a jelly-fish adapted to inhabit brine, than would
be required to enable it to inhabit fresh water, Yet the
latter is the direction in which the modification has taken
place, and taken place so completely that sea water is
now more poisonous to the modified species than is fresh
water to the unmodified. There can be no doubt that
the modification was gradual—probably brought about by
the ancestors of the freshwater Medusa penetrating
higher and higher through the brackish waters of estuaries
into the fresh water of rivers—and it would, I think, be
hard to point to a more remarkable case of profound
physiological modification in adaptation to changed con-
ditions of life. If an animal so exceedingly intolerant of
fresh water as is a marine jelly-fish may yct have all its
tissues changed so as to adapt them to, thrive in fresh
water, and even die after an exposure of one minute to
their ancestral element, assuredly we can see no reason
why any animal in earth or sea or anywherc else may not
in time become fitted to change its element.

GFEORGE J. ROMANES

NOTES

THE Viftieth Annual Meeting of the British Association will
commence on Wednesday, August 25, 1880, at Swansen. The
President Elect is Andrew Crombie Ramsay, LL.D., I'.R.S.,
Director-General of the Geological Survey of the United
Kingdom and of the Museum of Practical Geology. The Vice-
presidents Elect are: The Right Ilon. the Earl of Jersey, the
Mayor of Swansea, the Hon, Sir W, R, Grove, D,C,L,, F,R.S.,
. Hussey Vivian, M.P., F.G.S,, L. L1 Dillwyn, M.P., F.L.S.,
J. Gwyn Jeffreys, LL.D,, F.R.S.; and the General Secretaries :
Capt. Douglas Galton, C.B.,, D.C.L., F.R.S,, 12, Chester
Street, Grosvenor Place, London, S.W.,, Philip Lutley Sclater,
Ph.D., F.R.S., 11, Ianover Square, London, W.; Assistant-
Secretary : J. E. H. Gordon, 22, Albemarle Sireet, London,
W.; General Treasurer: Prof. A, W. Williamson, Ph,D.,
LL.D., F.R.S., University College, London, W.C,; Iocal
Sccretaries: W, Morgan, Ph.D., F.C.S,, and James Strick,
Swansea; and Local Treasurer: R. J, Letcher, Swansea
The Scctions are the following :—A.—Mathematical and Physi-
cal Science,—President : Prof. W. Grylls Adams, F.R.S, Vice-
Presidents : C. W, Merrifield, F.R.S, ; C. W, Siemens, D.C.L.,
F.R.S. . Secretaries: W, E, Agrton; J. W. L. Glaisher,
F.R.S.; Oliver J. Lodge, D.Se.; Dcnald McAlister, B.Sc.
(Recorder), - B,—Chemical Science.—President: John Ylenry

Gilbert, Ph.D., F.R.S. Vice-Presidents: I. Lowthian Bell,
F.R.5.; William Crookes, F.R.S.; W. Chandler Roberts,
F.R.S. Secretaries: IIarold B, Dixon, F.C,S,: Dr. W. R.
Eaton-Hodgkinson ; P. Phillips-Bedson, D.Se., F.C.S,; J. M,
Thomson, F.C.S. (Recorder). C.—Geology.—President H.
Clifton Sorby, LL.D., F.R.S. Vice-President: Prof, Archi-
bald Geikie, I.L.D., F,R.S., L. and E., Warington W. Smyth,
F.R.S., Secretaries: W. Topley, F.G.S. (Recorder); W,
Whitaker, F.G,S. T).—Biology.—President: A. C. L. G,
Giinther, M.D., F.R.S. Vice-Presidents: F. M, Balfour,
F.R.8.; Prof. Newton, F.R.8,; I, W. Rudler, F.G.S.
Secretaries : G. W, Bloxam, ¥,L.S. (Recorder) ; Prof, M‘Nab,
M.D. (Recorder); John Pricstley ; Iloward Saunders, F.Z.S.
E.—Geography,—President : Lieut.-General Sir John Ilenry
Lefroy, C.B.,, K.C.M.G., F.R.S. Vige-Presidents :—Sir
Henry Barkly, G.C.M.G., K.C.B,, F.R.S,;. Admiral Sir
Erasmus Ommanney, C.B,, F.R.S.; Lieut.-General Sir H. E,
L. Thuillier, C.S.1., R.A., F.R.S, Secretarics: H. W. Bates,
Assist.-Sec. R.G.S., F.I.S.; C. E, D. Black; E. C. Rye,
Librarian R.G.S., F.Z.S. (Recorder). F¥.—Economic Science
and Statistics,—DPresident : George Woodyatt Hastings, M.D.
Vice-Presidents : James Heywood, F.R.S.; William New-
march, F.R.S. ; Henry Richard, M.P. Secretaries : Noel A.

Humphreys, F.S.S.; Coastantine Molloy {Recorder}, G.—
Mechanical  Science.—President.s James Abernethy, C.E.
Vice-Presidents : FProf. Osborne Reynolds, F.R.S.; Prof,

James Stuart. Secretaries: A, T. Atchison (Recorder); II.
Trueman Wood. The first general meeting will be held on
Wednesday, August 25, at 8 p.m, precisely, when Drof. G, ]-
Allman, M,D,, LL.D., F.R.S.,, L. & E., Pres, L.S., will
resign the chair, and A, C, Ramsay, L1.D., F,R.S,, V.P.G.5,,
Director-General of the Geological Survey of thé United King-
dom, and of the Museum of Practical Geology, President-Elect,
will assume the presidency and deliver an address. On Thurs-
day evening, August 26, at 8 p.m., a wiré ; on Friday evening,
August 27, at 8,30 p.m., a discourse by Prof, W, Boyd Dawkins,
F.R.S8., on * Primaxval Man” ; on Monday evening, August 30,
at 8.30 p.m., a discourse by Francis Galton, M,A,, F.R.S., on
‘ Mental Imagery” ; on Tuesday evening, August 31, at-8 p.m.,
a soirdz; on Wednesday, September 1, the concluding genéral
meeting will be held at 2.30 p.m. On Saturday evening,
August 28, Heary Scebohm, F.Z.S., will deliver a lecture to
the operative classes on ¢ The North-East Passage”; tickets
can be purchased of the local secretaries. A room will be pro-
vided for the reception of apparatus and specimens illustrative
of papers communicated to the scctions. Excursions to places
of interest in the neighbourhood of Swansea will be made on
Thursday, September 2, and short excursions on the afternoon
of Saturday, August 28,

WE regret to announce the death of M. J. M. Gaugain, the
eminent French electrician, at the age of seventy years, We shall
give some account of his life and work next week.

THE Committee for the erection of 2 statue to Gauss have just
issned a note, from which we learn that on the 27th instant
(11.30 A.M.) the statue—modelled, as we have previously an-
nounced, by Prof. Schafer of Berlin, and cast by Prof. Ilowaldt
—is to be unveiled, The Committec will e happy to have the
names of any English mathematicians or gentlemen who may be
willing, or who intend, to take part in the festivities which are
to accompany the ceremony of unveiling. Applications should
be addressed at once to the Landsyndicus Otto, Gauss Monument
Committee, Braunschweig (Brunswick).

A CORRESPONDENT, J. H. 8., sends us the following notice
of Dr. E. L. Moss, who has shared the fate of the Atalante -—
It seems to have escaped the notice of the ccientific world the
loss it has sustained in the ill-fated Afalanta, Dr, Edward L.
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