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paper on this subject'. The unmistakeable success which has followed the
recommendation that was there made to employ Physostigma in the treatment of tetanus, first, under M. Giraldes, of Paris, and, very recently, in
the hands of Dr E. Watson, of Glasgow2, encourages me to hope that this
substance will prove even more valuable to the physician than to the

ophthalmic surgeon.

OBSERVATIONS ON BRITISH ZOOPHYTES AND PROTOZOA.
By T. STRETHILL WRIGHT, M. D., &c.

(Plates XIV. and XV.).
1. On Stomobrachium octocostatum (Forbes).
STOMOBRACHIUM octocostatum (Forbes) is occasionally found in the Firth
of Forth, in the neighbourhood of Queensferry, and Granton. All the
specimens of this animal which I have taken have been females, and as
Stomobrachium is one of those medusae which feed and thrive well in
captivity, I have repeatedly endeavoured to obtain young zoophytes
from it in the hydroid stage of their existence, but hitherto without
success, as the development of the ova in the ovarian bands invariably
became arrested soon after the animals were removed from the sea. I
have little doubt, however, that the hydroid phase of Stomobrachium will
eventually be obtained, and that it will be a Tubularian polyp, allied -to
Atrachylis or Clavala, inasmuch as its medusoid form is destitute of
otolithic sacs, organs which have hitherto been found always absent in
the medusoids of Tubularian zoophytes. Several years ago I accidentally
noticed such a hydroid, as a single, minute, yellowish polyp, resembling
Clavula, and having three rows of filiform tentacles, attached to a stone
in a large tank, in which a specimen of Stomobrachium was confined with
some other zoophytes, but I was not able to establish any connection
between the polyp and the medusa, as the planuloid larvm of the latter
were not ripe for extrusion, and never became so, although the medusoid
lived for several weeks.
On examining a specimen of Stomobracbium last summer, which had
been recently fed on the whiter parts of an oyster, I noticed a retiform
system of fine canals, Fig. 1 a, a, a, permeating the muscular web of the
sub-umbrella and altogether distinct from the eight large lateral canals
which carried the ovarian bands. This new canal system consisted of from
three to five fine tubes, which sprung from the upper margin of the peduncle,
between each of the lateral canals, and passed outwards and downwards
as a rarely anastomosing network, to join the circular canal bordering the
mouth of the umbrella. No branches from it communicated with the
lateral canals, nor could they do so as the latter were bordered on each
side by the long ovarian bands.
Throughout the whole supplementary system the presence of ciliary
action was indicated by the vibratory and onward movement of the milky
fluid contained therein, and it is evident that the function of this system
is to supply nutrient material to the powerful muscular tissue of this
rapidly swimming medusa.
As far as I know, no similar canals have been detected in any of the
G43ymnopthalmatous medusa. In Willsia the peripheral extremity of the.
lateral canals is branched, but this must not be confounded with the
separate system I have described above.
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2. Note on the mode of observing the reproduction of Zoophytes.
In observing the reproduction of a naked-eyed medusme, the greatest care
must be taken that the sea-water used in the experiment is perfectly free
from the presence of the planuloid larvae of other forms, which are frequently contained in water recently brought from the sea. The water
must be slowly passed through filtering paper into a glass vessel capable of
containing not less than three or four gallons, in which are placed a few
fronds of Chondrus crispus or lEnteromorpha. A few of the medusa only
should be placed in the vessel, amongst which it is advisable, but not
necessary, that one should be a male with white and opake, not transparent, spermatic sacs. The animals should be frequently fed with minute
pieces of mussel or oyster.
As soon as the planule appear they should be removed with a dippingtube into a round glass shade inverted and filled with sea-water from the
larger vessel,-to which a few drops of mussel-juice must be added daily
until it appears crowded with minute protozoa to serve as food for the
future bydroids. The internal surface of the shade, and the surface of the
water, should be examined often from without with an inch lens, and as
soon as each planula adheres to the inside of the glass, a thin disc of
microscopic glass should be attached externally over its site with an
interposed drop of glycerine, to ensure a flat surface, and the microscope,
placed on a proper support, should be brought up to it armed with a power
of about eighty diameters. The light, the quantity of which must be
regulated by a diaphragm of blackened card or metal, should be reflected
from a plane mirror, and carefully adjusted so as to pass through the
water directly in the axis of the tube of the microscope. By this means
the whole development of the planula into the hydroid zoophyte, with the
successive development of the polypary, and the budding of the polyps, may
be seen in a very beautiful manner. These processes are carried out in
periods varying greatly with the genera and species of zoophytes from
which the planulie are derived. Thus in Sertularia pumila and Campanularia dichotoma the first young polyp is complete ia its polypary in a few
hours after the planula is discharged; while in 2Equorea and Hydractinia,
our patience is tried for several weeks ere the same event occurs.
When the reproductive process has to be examined in very large
me(lusa, whether of the Gymnophthalmatous or Steganophthalmatous type,
such as 2Equorea Chrysaora, Cyanea and Aurelia, the planulve may be removed from the ovaries or the marsupial sacs of the Medusse as they lie
exposed on the shore, and rarely fail to become developed into polyps or
Ephyroe. The Ephyroe of the Steganopthalmata remain in the polyp phase of
their development for many years, if well fed and kept in a darkened place,
and multiply rapidly by gemmation. They may, however, be forced to
assume their medusoid state, by exposing them without food in a small
quantity of sea-water, to direct sunlight.
3. On Acanthiobrachia inconuspicua (nov. gen. spec.), T. S. W. (Fig. 2.)
Umbrella hemispherical, laterally compressed. Peduncle four-lipped, short.
Lateral canals, four. Tentacles eight; six long, springing from the
sides of the margin of the compressed umbrella; two abortive, placed
at each end of the umbrella. Otolithic sacs eight, two accompanying
each of the tentacular bulbs, which do not correspond to the lateral
canals. Extremities of tentacles furnished with large prehensile
palpocils.
This zoophyte, which, inasmuch as it is furnished with otolithic sacs,
is, doubtless, the reproductive phase of a Campanularian zoophyte, was
found in Granton Harbour in the summer of 1862. It is remarkable for
the lateral compression of its umbrella, the circular marginal canal of
VOL. I.
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which presents an oval contour, and for the bilateral structure which the
animal otherwise presents. The tentacles placed at each end of the oval
are very short, and attached by one side along the border of the canal, nearly
as far as one of the neighbouring otoliths, as in Plate xiv, figs. 2 and 3a.
The long lateral tentacles, which are capable of being extended to twelve
times the depth of the umbrella, are distinguished by the long soft spinous
palpocils (fig. 4) which spring from their sides, and which are capable of
being protruded from the ectosarc (ectoderm Allman), and of adhering with
singular tenacity to any object or smooth surface with which they come in
contact, over which they spread themselves out in an irregular discoid
state, so that the animal can hang by its tentacles to the sides of the vessel
in which it is confined. I have noticed the existence of similar exaggerated on the tentacles of a Gymnopthalmatousmedusa in my paper on
Goodsirea mira&li8. In both Goodsirea and Acanthobrachia they are
entirely independent of the existence of thread-cells, which bodies are absent
on those parts of the tentacles from which the palpocils spring.
The palpocil has been erroneously considered as part of the threadcell, with which it is frequently associated both in zQophytes and annelids.
In my paper on Hydractinia I have described the palpocil as a protrusion
of the homogeneous and granular ectoderml, and homologous with the prehensile processes of Actinophrys; and in different orders and genera of
zoophytes the shape of the palpocil resembles the same processes in various
animals allied to Actinophrys. Thus, on the bodies of the polyp of Coryne
and on the lower whorl of tentacles in the polyps of Stanridea product, they
resemble exactly the minute palpocil of Zooteireas which are found growing
on the horny polypidoms of the latter. In Hydra and the strange pyramidal planule of Hydractinia, which creep along erect on their basis, they
approach to those of Actinophrys. In Acanthobrachia they resemble the
spreading, lobular, but still unbranched processes of some of the Rhizopods,
such as Diffingia; while in Cydippe the palpocil assumes a perfect pseudopodal type, being capable of complete retraction and rhizopodal extension.
In noticing similarities of structure between the protozoa and animals
of higher type, it will be proper to mention the planula of Coryne
losa (Dalzell), which Mr Gosse and myself afterwards have observed to have
a true ammeboid type. It has neither cilia nor palpocils, but moves along
the vessel in which it is contained by throwing out obtuse lobes, or rather
enlargements of the advancing portion.

glandli-

4. Atractyi~sbitentaculata (nov. sp.) T. S. W.
Polypary creeping, retiform. Polyps club-shaped, nearly sessile, non-retractile, minute, each furnished with two erect tentacles.
Found in a Pecten shell dredged from the Firth of Forth, near Inchkeith. The polyps of this zoophyte are very minute, and thickly clustered
on a retiform polypary. They have the habit, like that of Lar (Gosse), of
quickly and repeatedly bending down the body until the mouth is brought
close to the surface on which the zoophyte grows.

5. Atractylis quadri-tentactulata (nov. sp.) T. S. W. (Fig. 5.)
Polypary creeping. Polyps sessile, columnar, non-retractile, short. Tentacles, alternate, four; two long and depressed, two very short, and
nearly at right angles to the body of the polyp.
This zoophyte was found creeping along the side of a large vessel of
sea-water containing shells and zoophytes, dredged from the Firth of Forth.
The two long tentacles were depressed, so as to touch the glass to which
the zoophyte adhered. The shorter tentacles were occasionally absent.
The bodies of the polyps were enveloped in a ball of extraneous matter,
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adhering to a glutinous coat (colletoderm), with which they and the horny
polypary (scleroderm) were covered, and which could only be removed by
directing a strong stream of water against it.
6. Coryne ferox (nov. sp.) T. S. W. (Fig 6.)
Polypary creeping. Polyp-stalks single, smooth. Tentacles, thick, short,
having the capitate cluster of thread-cells scarcely larger than the
width of the tentacle. Medusoids, developed from the body of the
polyp beneath the tentacles, and similar to those of C. decipiens.
This Coryne resembles C. decipiens (D-ujardin) in the shape and mode
of development of the medusoid, but it differs from that zoophyte in its
more robust and clumsy habit. The tentacles of C. decipiens are long,
tapering, and capped with large bulbs of thread-cells. Those of C. ferox
are short, nearly of equal thickness throughout, and though they are
surmounted by a cluster of thread-cells, the thread-cells are so few in
number that the tentacles can scarcely be termed capitate. A delicate
epidermis of colletoderm passes over the whole body and tentacles of the
polyp, which cause them to assume a dirty appearance, as it often serves to
support a downy growth of very minute algae. C. decipiens is the hardiest
of all the hydroidse: I have often known a colony of it to live for several
years in captivity, whereas C. ferox seldom survives more than a few
days after having been removed from the sea. It inhabits, generally,
crannies in large shells tenanted by hermit-crabs, and rarely, the hollows of
stones found in pools at extreme low-water mark.

7. On Boderia Turneri (nov. gen. et sp. T. S. W.) and its reproduction.
In July 1863 a number of shells and zoophytes were brought in by
my son, Mr Strethill Harry Wright, which he had dredged in the neighbourhood of Inchkeith. They were placed in vessels of sea-water, and in a
few days a number of Rhizopods appeared crawling up the sides of
the glass, amongst which were specimens of that to which I have given
the name of Boderia. The animal (PI. xv, fig. 1) consists of a simple mass
of brown or orange sarcode, enclosed in a very delicate and colourless
membianous envelope, from openings in which it protrudes long pseudopodial branches, generally three or four in number, but sometimes more
numerous, especially in the larger specimens. The animal's shape is variable, sometimes presenting the appearance of a conical mass, at other times
that of an extended plate with many angles, from each of which protrudes
a branch or bundle of pseudopodia. In the majority of individuals a single
large transparent nucleus appears, but in others three or four such bodies
appear' grouped together; while in others, again, as many as nine or ten
have been detected grouped in two clusters (fig. 2). In this case, however, I am disposed to think that the individual was composed of two animals in a state of conjugation, as it wats always elongated and slightly
contracted between the masses of nuclei. These animals, from their large
size (from one-sixteenth to one-quarter of an inch in length), could be readily
transferred to a large fiat cell under the microscope, when the excessively
rapid movement of the sarcode afforded a very interesting and astonishing
spectacle. Each of the great pseudopodia consisted of a number of streams,
some rapidly coursing outwards, others passing inwards more slowly, and
dragging home masses of diatoms, minute algx, and infusoria. Even in
the most minute branches of the periphery a double movement in opposite
directions was clearly visible under high amplification. In fact the whole
organism reminded one of a great central railway station, the meeting-point
of numerous converging lines, to which an unceasing flow of traffic was
ever tending. A rude touch, as with a needle-point, to the animal itself,

23-2

%36

DR WRIGHT,

had the effect of arresting the outward movements, and of determining
the whole currents rapidly to the centre.
An explanation of the movements of the pseudopodia is extremely difficult; and, indeed, the same may be said of the nature of pseudopodia and
whole structure of the rhizopod itself. We find it difficult to believe
that a mere mass of slime, apparently homogeneous, can determine such
purpose-like and varied movements through the widespread and ever-varying extension of its network, and can instantly correct or alter the course
of these movements at will or from the effect of external stimulus. Accordingly, Reichart has dissented from the sarcode theory, first promulgated
by Dujardin and strongly insisted on by Schultz, and is of opinion that
the pseudopodia consist of bundles of excessively fine filaments; so fine
that a perceptible thickening scarcely appears when several filaments come
together, or when the magnifying power is raised from 450 to 700 diameters. He states "that when the animal first extends its pseudopodia
the more simple radiate arrangement predominates; soon afterwards the
apparent ramifications commence, and become constantly more numerous.
The branches, after issuing or becoming free, easily reach their neighbouring filaments, apply themselves to these, and then appear like anastomoses.
By multiplications of such apparent anastomoses these reticulated figures
are produced, which are knowil under the name of the sarcode net. At
the same time bridge-like unions and membrane-like structures between
the filaments become visible." " Favourable conditions for the multiplicity
of forms, and for their ready and often imperceptible change, are also
furnished by the number of filaments and their flexibility." And he further states that " the appearance produced by these readily moveable parts
in the protean system of filaments, as if a moveable substance assumed any
form or spread and formed itself into any shape, is an illusion which is set
up especially by the circumstance that individual minute parts, which are
readily displaceable throughout, can never be distinguished at their point of
contact.. No doubt the theory of Reichart is exceedingly ingenious and
plausible, but it appears to me to be especially open to two objections.
1st. If the infinitely fine fibres of Reichart have such an amount of
cohesion as to enable them to form bundles and membranes of apparently
homogeneous structure, such an amount of cohesion would prevent the rapid
motion of the fibres on each other in opposite directions. 2ndly. We see
the same filamentous arrangement of protoplasm in the interior of the
vegetable and animal cell. In the cell of Anacharis, for instance, when the
circulation has been arrested, we frequently observe the protoplasm distributed as a network of threads over the whole cell. After a time of rest,
movements commence in the threads in no respect differing from those of
the pseudopodia of rhizopods, and the protoplasm creeps to the borders
of the cell where the cyclosis commences; so in the large cells of the
tentacles in Coryne the sarcode or protoplasm assumes a similar threadlike and reticulated arrangement, and the reticulations are seen to undergo slow change of shape, though it is difficult to detect the actual moving of the sarcode. Each of these cells contains an imprisoned rhizopod.
In a paper on the Equorial Pipefish, read to the Royal Physical Society,
I showed that a true rhizopodia structure existed in the pigment corpuscle
of the fish, which consists of a moving nucleated mass of protoplasm, branching and coalescing like the pseudopodia of the animal now under consideration. Now we cannot suppose that the protoplasm of Anacharis, of
Coryne, or of the pigment corpuscle, is formed of fine cohering fibres.
It is true that we are at a loss to understand the phenomena of the movement in sarcode; indeed, we can scarcely form any conception of a power
capable of producing such movements, or of its mode of action. But we
are equally at fault with regard to the movements of muscular fibre, or
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those of cilia It is probable that in all these cases the movements are
due to modifications of the molecular attraction of the tissue, caused by
a corresponding modification of the vital force, analogous to the modification in the cohesion and molecular forces effected in inorganic matter
by alterations of electric polarity. Thus, if a large globule of mercury
be rendered positive by contact with the anode of a voltaic arrangement
in a solution of hydrochloric acid, its coerced affinity for the solution
will overcome the attraction of cohesion between its own atoms, and it
may be drawn out in threads, which will remain permanent while the
mercury is in connection with the battery; the moment, however, the
mercury is released from its forced state of polarity towards the solution,
by removing the battery or touching the metal with the cathode, all
the threads of the metal are drawn in with convulsive violence, and it
assumes its natural cohesive or globular state, being repelled by the solution which before attracted it. By varying the solutions and employing
large masses of metal, I have been able to produce long-continued and
life-like movements in mercury and other fluids, solely due to minute
changes in cohesive attraction between the elements employed, which I
have fully described in a paper in the London Ed. and Dublin Phil. Mag.
for Feb. 1860. Another very beautiful instance of movements produced
by the modification of cohesive attraction is shewn in the production of
electric cohesion figures, which I have lately discovered. A sheet of
chemically clean plate-glass is laid upon a piece of black paper moistened
with a saline solution so as to form a black mirror; a single drop of
sulphuric acid is placed in the centre of the mirror and the drop of acid
and the paper are connected with the opposite poles of an induction coil;
as long as the machine is inactive the drop remains globular and quiet, but
the moment the electric current is set in motion, the drop begins to put
forth pseudopodia, as it were, and spreads itself over the glass in a beautifilly branched figure resembling the pigment corpuscles of the fish.
Fluids of other chemical constitution give varying and characteristic dendritic forms; the wood-cut shews the electric figure of cyanide of potassium
on a fresh-split surface of mica used instead of the plate-glass.

In citing these instances, I do not mean to infer that electricity is
engaged in the movements of the sarcode or other living tissues, but
merely to shew how movements resembling them can be closely imitated
by processes connected with inorganic matters, the rationale of which we
have no difficulty in understanding.
Reproduction of Boderia.-In a former paper read before the Royal
Physical Society, I communicated the discovery of large ova, with germi-
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nal vesicle and spore, in a rhizopod Truncatulina and considered that, as
it was impossible that bodies of so great a size could escape from the
excessively minute foramina of the shell in that animal, it was probable
that in these genera a "polymorphic development" took place similar to
that described by Carter in Amceba verrucosa, and such also as seems to
occur in Gregarina, either with or without previous conjugation. In
Boderia such a mode of development plainly occurs. In specimens under
constant observation the large transparent nuclei or ova were seen to
disappear, and some hours afterwards the sarcode of the animal burst
through its envelope and spread itself in ragged masses, connected by thick
processes (fig. 3), over the glass. In the course of a few hours later the
sarcode became entirely dissipated, leaving a swarm of naviculoid bodies
attached to the glass (Fig. 4), from each of which, in a day or two, there
issued a minute nucleated amseboid mass (fig. 7). These little amoebas
existed for weeks as a closely aggregated band (the produce of numerous
parents) near the surface of the water, without assuming an envelope, or
putting forth pseudopodia The actual change from the amoeba to the
rhizopod form was not observed, but minute specimens of Boderia gradually made their appearance in considerable numbers at the lower part
of the vessel.
I am disposed to think the change from the naked amoeba to the encysted rhizopodic form in this animal constitutes a distinct stage in its development.
We have thus the life-histories of the Rhizopoda and Gregarinidse
brought in very close analogy to each other: in Gregarina we have a conjugating process, followed by an encysting of the animals; or encysting may
take place in a 'single Gregarina; next globular vesicles appear in the cyst,
and these become metamorphosed into " pseudo-naviculae." The cyst of the
single or conjugated Gregarina bursts, and the pseudo-naviculie escaping,
presently give vent to ameboid bodies, which at length become developed
into Gregarinse.
The consideration yet remains-must the so-called nucleus be considered
as an ovary or true ovum? I am disposed to view it as the latter on
account of the existence of the single germinal vesicle and spot within it,
as observed in Truncatulina, and I consider the so-called polymorphic development as comparable to the fissure stage in the ova of higher animals,
but which, in the case of the unicellular Gregarina and Rhizopod, becomes
a final stage of egg-development; and I would hint, that in the higher
animals the fissured elements of the ovum remain together to form a multicellular animal, while in these lower ones the same elements finally separate at a corresponding stage to form a swarm of unicellular animals.
DESCRIPTION OF PLATE XIV.

1. Section from umbrella of Stomobrachium octocostatum, a, a, a, supplementary canal system.
2. Acanthobrachia inconspicua.
3. Rudimentary tentacle of do.
4. Tip of one of long tentacles shewing the long palpocils.
5. Atractylis bitentaculata.
6. Atractylis quadritentaculata.
DESCRIPTION OF PLATE XV.
1. Boderia Turneri.
2. Do. conjugated (?) with two clusters of ova.
3. Do. breaking up and spreading its sarcode over the glass of the tank.
4. Do. Sarcode dissipated and naviculoid bodies adherent to the glass.
5. Naviculoid body enlarged and containing amseba.
6. Empty envelope of naviculoid body.
7. Amoeba free and attached to glass.
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