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An account of the anatomy and affinities of Mnestra was the

piimary purpose of the present paper; hut, during the progress of

the work it gradually became apparent that the commonly accepted

classifications of the Cladonemidae would be subjected to an undue

strain by the forcible introduction of the genus, and that therefore

a modified scheme of Classification of this family was needed.

It !Ìs to be hoped that a more searching investigatìon of the

other Cladoneniid genera and especially of the Haeckeliau genera

may soon be made.

The present research would bave been impossible for me had

it not been for the facilities afiforded by the Naples Zoological Station.

Once more I gladly avail myself of au opportunity of thanking my

good friends, the Officers of the Stazione Zoologica for their never

failiug courtesies to me, as well as to my fellow countrymen who

bave occupied Oxford and British Association Tables at their

Aquarium.

Historical.

The discovery of Mnestra was one of the aehievements of the

three naturalist friends Gegenbaur, Kölliker and Heinrich Müller

during their sojourn at Messina for the jìurpose of becoming more

3*
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36 R- T. Günther

ncarl.v ae(iu:iintcd witli thc marine fauna of the Meditcrranean.

In the aiituum of 1852 and in February and March 1853 a uumber

üf specimens oi Phyllirhoe bucephala were captured, which were en-

cumbcred with a remarkablc appendale hanging from the anterior

third of the ventral niargin of the body.

This "gloekeu-formige Anhang" was tirst chronieled in 1853 by

Heinrich Müller who suggested that it might possibly be an ad-

hering medusa. In the following year it was again described in

somewhat greater detail by H. Müller and Gegenbaur who published

the drawing reprodueed in figure 37, but although Ihese distinguished

observers alluded to the presence in the "Anhang" of refractile

bodies resembling ncmatocysts, they did not venture to give it either

a name or a position in the animai kingdom.

In the raeantime however Krohn fully recognising an affinity

with the Gymuophthalmous medusae of Forbes, had endorsed its

Claim to be cousidered as the type of a new g-enus which he named

after the Danaid 'Shrpx^a. It should however be remavked that Krohn

did not quite do justice to H. Müller in writing: "Müller erklärt

ihn sonach für ein Organ, dessen Function noch nicht ermittelt sei".

This was not thc case. In his tirst announcement of bis discovery

Müller suggested that the "Anhang" was a "Qualle", but he also

stated the case in favour of the organ theory and left the arbitration

for a later observer.

In 1875 Claus drew attention to the presence of a deep notch

in the margin of the umbrella (pl. 3 Fig. 36) and made a compara-

tive study of the histology of the muscular tissue of the subunibrella.

Haeckel in 1880 described Mnestra as a "tetracanale parasi-

tische Craspedote" but feit himself unable to include it in his System.

"Da bisher weder Gonade noch Otocyste beobachtet wurden, lässt

sich ihre systematische Stellung nicht bestimmen." An opinion which

was also held by Carus in his Prodromus.

The present research was bricfly described to the British

Association in 1900 and it was tlien stated that in spite of the lack

of observations upon the Situation of the gonads, otlier anatomical

features had been observed which indicate a dose affinity between

Mnest?-a parasites Krohn and ceitain genera of the Cladonemidae

and which therefore enable us with some certainty to fix the position

of Mucsfm in the .System. It is the object of this paper to give a

fuller account of the anatomy and histology of this interesting medusa

than has yet appeared.
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Material.

During- the spring of 1900 the prevailing- westerly winds uo

doubt contribiited to an imusually large number of Phyllirhoe buce-

phcäa and Physalia being eaptured in the Bay of Naples. Out of

thirty-one individuai« of PhylUrhoe taken between March 28 and

April 20, nineteen, or more than half, had a Mnestra adhering

to them.

My friend Dr. Lo Bianco in the kindest way placed his störe

of S])irit-preserved material from the Bay of Naples at my disposai

for examination. The dates of capture were unfortunately not re-

corded but of forty-three full grown Phyllirhoe every one had or

had had a Mnestra upon it.

A few microscope preparations made by the late Prof. Kleinen-

berg of Messina, which were also submitted to me for examination,

indicated in a not less convincing way that during certain seasons

in the Mediterranean, it is exceptional to catch a Phyllirhoe bucephala

which has not got a Mnestra actually adhering to it, or wliich does

not show some sign or scar at the spot where the Mnestra is usually

attached.

So far as I am aware none of the several species of Phyllirhoe

eaptured in seas other than the Mediterranean have been recorded

as having been infested with the medusa. At present therefore we

are justified in consideriug Mnestra parasites as peculiar to the

Mediterranean.

Descriptive and Comparative Aiiatoniy.

The Mnestra is attached to the Phyllirhoe by its manubrium

which is relatively short. The blood of the host and apparcntly

other cells also, constitute the nutriment of the medusa and are

sucked through the Channels in the manubrium into the gastral

Spaces.

The Umbrella.

The shape of the umbrella is more flattened than is usuai

among the free swimming Cladonemidae ,
but it is rarely as
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depresseci as iu Cla rateila prolifera, the creeping larva oü Eleuthena.

An iini)ortaut fcatnre Is the freqiient })resence of an in-i)ushiug or

'Mimple" iu the centre of the exumbral surface, from which, in

typical cases, four centrifugai grooves proceed interradially to the

margiu. A siuiihir grooving of the exumbrella is known in other

Cladüuemidae, cspecially duriug contraction e. g. Gemvmria sagittaria

Hck. Very frequently one of the grooves is so exaggerated as to

uotcli the uml)relhi niargin deeply; but the marginal notch is hy no

uieaus so Constant in its presence as to justify us in regarding it,

with Claus, as diagnostic of the genus Mncstra. The marginal notch

is showu in figs. 1, 2, 36, 39, 40, but was absent from some in-

dividuals. I have never seen a specimen with the four meridional

grooves developed with such faultless radial symmetry as those

drawn by Müller & Gegenbauh and Lankester (figs. 37, 38).

All specimens examiued by me were asymmetrical in some respect,

and within certaiu limits exhibited a great variety of form and

structure, a fact which is in great measure to be attributed to their

sessile mode of life. It should however be stated that the symmetry

of the velum and circular canal is not much affected by the asym-

metrical deep grooves or notch upon the surface of the exumbrella.

The central in-pushing in the middle of the exumbrella (figs. 1,

12) is, I think, to be regarded as homologous with the umbral canal

(Stielcanal) which places the gastric cavity of the developing Cras-

pedote medusa in communication with the gastric cavity of the

parent from which it lias budded. If this interpretation be the true

one, the in-pushing would be regarded by Hartlaub as homologous

with the umbral cavity (rfcheitelhöhle) of Eleutheria.

The armament of the exumbrella.

The exumbrella is well armed withbatteries of cnido])lasts which

are disposed in a ring all round the margin of the umbrella and

along four perradial streaks which extend centripetally from the

tentacle bases to the in-pushing in the centre of the exumbrella,

and sometimes continue down into it. There is a considerable

amount of variability in the exact distribution, width and length of

these streaks. To these cnidoblast streaks I have applied the name

of cnidacts^.

* From -/.vtÒTj a nettle and 'oc/xi; a ray.
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On the Structure and Affinities of Mnestra parasites Krohn etc. 39

In some individuals , a cnidact may be longitudinally divided

into two parts (tig. 1 radius 2), tlius forecastìng the condition des-

scribed by Mayer in the new species from Florida, Ectopleura minerva^

in which two cnidacts proceed from each tentacle-base to the aboral

pole. In Mnestra the streaks are broad near the tentacles, narrow

near the aboral pole; a very Constant feature seems to be a distinet

broadening- near the middle part of their course.

The nematocysts are in a high state of functional activity

(tig. 8) and must be very eifective as weapons of ofifeuce or defence.

A theory to account for their reteution in the scssile medusa will

be considered below.

In the possession of a ring of cuidoblasts round the margin of

the umbrella, Mnestra is possessed of an organ rare amongst the

Leptolinae, and it may well be considered as the first appearance

of such a nettle ring or peronium as is to be found among the Grery-

onidae or Trachynemidae. In Mnestra however, ali the nematocysts

are in a state of oÖensive or defensive activity, whereas amongst so

many of the Trachyliuae, they are degraded into parts of a mere

skeletal conglomerate. A similar marginai development of cuido-

blasts has been recorded in Gemmaria implexa and in Clavatella

(= Eleutheria] both Cladonemidae.

The Tentacles.

The tentacles should be four in numbei-, one at the end of

each radiai canal; but individuals with four in a state of complete

development are very rare. One, two, three or even ali four may
be reduced. The majority of specimens had two adjacent tentacles

reduced to mere knobs and many had three or even four reduced

to this condition (tigs. 36—40). It seemed to me that in some cases

the reduction of the tentacles to knobs was a mark of old age.

A well developed tentacle of Mnestra is a compound hollow

tentaele of the semipinnate type characteristic of the Cladonemidae

(figs. 1, 14). The base is swollen and bulb-like; the distai portion

is slender, tapering and very extensile, hearing a row of small,

stalked club-shai)ed bodies along the enti re length of the aboral

side. These bodies (v. infra p. 4o and tigs. 16, 17) contain cnido-

blasts and are undoubtedly homologous with the similar and simi-

larly situated organs of several Cladonemid genera. For these

Organs the terms "Nebenfäden" and "tentaculae" bave already been
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employcd, l)ut I should like to propose the more definitely descrip-

tive luime oi citidopliars for tbem as well as for kindred structuresi.

The bases of the tentacles are much swollen and in some eases

seemed to be providcd witb a pigmented patch whieh might be

cousidered homologous witb the ocellus of the Cladonemid genera.

The Velum and Subumbrella.

The velum notwithstanding tbe sessile habit of the animai is

well developed, and so is the musculature of the subumln-ella.

When attached to the PhylUrhoe the Mnestra makes repeated swim-

ming movements l)y contracting the velar and subumbrella circular

muscles; and even after Separation from the host feeble spasmodic

contractions will continue for some time, but owing partly to the

small volume of the shallow subumbrella cavity, partly to the want

of vigour in the muscular contractions, the eflbrts are insufficient

for actual locomotion, even if the vigour of the contraction be

artificially increased by Stimulation.

The most probable explanation of the retention of the velar

swimmiug muscles in a state of efticient contractility seems to be

that they are required for some purpose other thau that of locomotion.

Although not admitting of absolute proof, there is ground for a

reasonable conclusion that these muscles by their contraction, and the

umbrella jelly by its elasticity, increase and diminish the size of the

gastric Spaces. And thus a source of power commonly employcd

l>y medusae for swimming, seems to have become applied to a

suctorial mechanism in Mnestra where organs of propulsion would

bc useless. In Illustration of another case in which the alimentary

System has been strengthened by the acquisition of an organ from

the locomotor system, we may mention those Crustacea in the life

history of which swimming appendages turn into masticatory organs.

The Gastrovascular System.

The gastrovascular system in its most typical condition is

simple. There is a central stomach, four radial canals and a cir-

cular. canal. The manubrium is invariably inserted into a pit ou

* These structiires must not be confounded with the nematophores of the

Phiniulaiidne.
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the ventral margin of the neck of the Ph//IlirJioe and is generally

so tirmly implauted that the manubrium will sooner be torn in two

than let go its hold on tlie host. In one or two instances, I have

thought I could detect an indication of oral lobes at tire end of the

manubrium, but the indication was too slight aud the modification

of the manubrium too great to support any definite comparison with

Gemmaria in this respect.

The mouth and "oesophageal" portion of the manubrium exliil)its

au extraordinary modification of structure, which although paralleled

by what is known among certain Acrasped medusae, lias not hitherto

been deseribed in any Craspedote form. The oral passage, instead

of being freely open, has beeome blocked by a spongy growth of

endoderm traversed by minute intercellular Spaces, just as the central

mouth of the Rhizostomae has been replaced by a multitude of

tiny suctorial passages (red in fig. 41, shown in transverse section

in fig. 19). It is a case of like cause producing like effect. Both

Miiestra aud the Rhizostomae have adopted a suctorial method of

nutrition for which a spacious open mouth, perhaps for purely

physical reasous, is not well adapted and has been replaced by a

number of small passages. In Rhizostomae these passages are of a

well defined nature, in Mnestra they are mere intercellular Spaces in

the endoderm.

The intercellular passages lead into a spacious axial cavity from

which the radial cauals lead on to the circular canal. The central

cavity is usually irregulär in shape and offen has pouches communi-

cating with it. The radial canals, though typically four, are variable

both in number and distribution (figs. 39, 42), Two radial canals

may unite aud open by a common Channel into the stomach; a

fifth canal may appear betweeu two radii etc. On the whole the

variations in the arrangement of the radial canals seem to be more

numerous than is usuai amongst free swimming medusae, but it

should be noted that in the closely allied Eleutherla dichotoma the

number of radial canals seems also to be highly variable (Haeckel).

A ciliated epifhelium in the radial canals causes the contained

liquid to flow in two opposite directions. Aloug the upper part

of the canals there is a centrifugai current; along the lower part,

the current is ceutripetal. Thus a very complete circulation is

maintained.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



42 K. T. Günther

Histology.

The Ectoderm of the Exumbrella.

The ectoderm for tbe most part consists of flattened polygonal

cells with small round nuclei. It is generally easy to demonstrate

that tbe cells are linked together by slender Strands of protoplasm

wbich bridge tbe relatively large intercellular Spaces (iigs. 3, lü).

In some individuals wbich were examined in tbe living state, tbe

cell outlines altbougb retaining indications of a polygonal sbape,

were rounded and tbe slender protoplasmic connections were not to

be Seen (fig. 5): it is supposed tbat in tbese individuals tbe proto-

plasmic processes bad been witbdrawn eitber on account of old age

or on account of bad bealtb.

In tbe vicinity of tbe cnidacts or streaks of cnidoblasts upon

tbe exumbrella, tbe ectoderma! cells are of a peculiar form (fig. 10).

Wbile still retaining tbe polygonal cbaracter, tbey are more elongate

tban cells remote from a cnidact. Tbe cells are connected botb

with their neighbours and witb tbe cells of tbe streak by attenuated

processes of granular protoplasm whicb may be as mucb as tbree

or four times as long as tbe cells to wbicb tbey belong. These

processes niay be easily demonstrated in osmic preparations, in

wbich too a few granules witbin tbe cytoplasm stain a conspicuous

brown.

The Cnidoblast Streaks.

All round tbe margin of tbe umbrella and along tbe cnidacts,

tbe ectoderm is of a strikingly different cbaracter. Eising in sligbt

relief from tbe exumbral surface, tbe cells of tbe streak are more

closely packed togetber and bave smaller nuclei. Two sorts of

cells are distinguisbable — interstitial cells and cnidoblasts (tig. 7).

Tbe interstitial cells are in some parts delimited witb well

defined contours, but in otbers tbeir nuclei lie in an undivided matrix

of cytoplasm.

Tbe cnid()l)lasts are distributed somewhat irregularly along tbe

streaks, whicb vary considerably in brcadtb. In tbe broader parts

six or eigbt ranks of nematocysts fili tbe width; a single row of
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nematocysts lills the uarrower parts. The nuclei of the cnidobhists

are easily distinguishal)le from those of the interstitial cells because

they are flattened by close appositiou to the nematocysts. Each

cuidoblast is provided with a cnidocil ; a drawiug of a transverse

section across a cnidact is shovvn in hg. 9.

The nematocysts when mature, respond readily to mechanical

and chemical Stimuli. The discharged threads are very thin at their

free extremities, but are stouter at the proximal ends. The bases

of the threads are armed with three or four retlected barbs (fig. 8).

The periphery of the umbrella is not so well supplied with

thrcad cells as the streaks on the exumbrella. Cnidoblasts also occur

upon the tentacles, especially on their bulbous bases.

The Ectoderm of the Tentacles.

The ectoderm cells are like the epithelio-muscular cells of many

other Hydrozoa. Maceration preparations made by the classical

method of the Hertwigs, show that the epithelio-muscular cells are

columnar in shape, with nuclei near their inner ends, vacuolated

near their outer ends and provided with very fine muscular pro-

cesses which in the living animai form a layer immediately outside

the mesogloea.

Along the ab ral margin of certain of the tentacles is a row

of cnidophors, stalked ovoid bodies shaped like the conidiophors

of Uredineous Fungi (fig. 16). The knobs of these peculiar organs

are composed of an outer envelope of numerous small ectoderm

cells surrounding four cnidoblasts (fig. 17). The stalks are wonder-

fully extensile like those of the somewhat similar organs among

the Siphonophora. I could not ascertain the structure of the stalk

to my satisfaction even with a 7i2 ^"^^^ oil immersion lens, and

the question of its being uni-or multi-cellular is left undecided.

Allman described the similar peduncles of Gemmcma as being "of

true sarcode identical with that of Rhizopoda". When at full ex-

tension the stalks were four or five times as long as the terminal

knob, but when contracted the lengths of stalk and knob became

approximately equal.

The cnidophor stalks like those of Gemmaria implexa Allman,

under a low power, show au irregulär contour. Under a high

magnitìcation the stalk is seen to be beset with minute processes

whieh sometimes present a curious foliated appearance (fig. 1 7 a, f).
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The withdraAval of tbe cuidophors is not only efifected by the dimi-

nutiou in leiigth of the stalk and its consequent thickening, but also

by the adoption of a spirai disposition (fig. 17 e), like the stem of

a retracted Vorticella.

The Biniilar enidophors in Geininaria and Ptei'oneina seem to be

more pleutifully supplied with nematoeysts, and if drawings of them

are to be trusted, are rather more pointed in shape. In Gemmaria

moreover the enidophors are furnished with long vibratile cilia

(Allman).

Ectoderm of Subumbrella and Velum.

The ectoderm of the subumbrella is almost entirely eomposed

of long fnsiform miisde cells with elongate nuclei (hg. 11). The

preparation shown in tig. 12 was made from au animai which

had bcen kept alive in seawater tiuged with soluble Carmine. The
niuscle tibres remained unstained, but their nuclei became light pink

and there appeared a number of round vacuoles of all sizes tilled

with Carmine solution. The largest were larger than the nuclei, the

smallest were extremely small.

The velum is also strongly muscular. It is eomposed of two

layers of flattened contractile cells of a peculiar nature. Claus

originally described such cells as part of the "Öchirmmuskulatur",

but in all specimens which feil into my hands, the cells of Claus

occurred only in the velum, the musculature of the subumbrella

being invariably eomposed of elongated cells like those described

above. The illustration given by Claus (tig. 13) of a single cell

seems to me to be a correct representation of a velar muscle cell.

In shape, widest in the middle and tapering towards the ends;

nueleus oval, with one or two nucleoli, in the broadest part of the

cell; cytoplasm for the most part hnely granular, but traversed with

transversely striatcd fibrillae (myonemata) which occasionally brauch,

but 011 the whole run parallel to the major axis of the cell.

Mesogloea.

The mesogloea is structureless and devoid of immigrant cells.

The mesogloea is fairly well developed in all regions of the

body. A noteworthy feature is that it thins out and is absent in
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the axial line of the medusa, so that there the ectoderm comes into

contact with the eudoderm of the gastric cavity.

In this respect Mtiestra resembles such forms as Eleutheria in

which a "Scheitelhöhle" or exumbral cavity is developed.

Endoderm.

The endoderm cells of the orai end of the manubrium bave

lost the usuai epithelial structure, and as has already been men-

tioncd, form a meshwork of spongy reticulated tissue which entirely

fills the inside of the manubrium, as shown in the transverse sec-

tion (fig. 19). In optical section this plug- of reticular tissue strongly

resembles the open meshwork of digestive cells which has been seen

by many in other Coelenterata, e. g. Lankester and Günther in

Linmocodiwn; but whereas in the latter case the endoderm is a

mere inner lining to the manubrial canal, it forms a plug completely

tìlling the cavity in Mnestra.

Spherical nuclei like those in the other gastric endoderm are si-

tuated at intervals in the Strands of protoplasm which connect the

cells with one another. Within the intercellular spaces of this cell-

complex may occasionally be observed small round corpuscles

indistinguishable from small round corpuscles in the blood of the

Phyllirìioe and also in the other gastro-vascular spaces of the

Mnestra.

It is worthy of notice that in Mnestra cells seemingly devoted to

digestiou occur in the distai portion of the manubrium, whereas for

the most part, in other medusae, such digestive cells line the proxi-

mal portion of the digestive cavity alone. This difference may be

attributed to the difference in the food of free living and of para-

sitic medusae.

The rather irregularly shaped centrai gastric cavity is lined

with a protoplasmic network containing many nuclei (lig. 20). The

intercellular spaces in this region are much smaller and the proto-

plasmic Strands are much thicker than in the manubrium.

Endoderm of radiai and eireular canals.

The endoderm at the junction of the radiai canals with the

stomach is of the nature of a ciliated pavement epithelium (tig. 21).

The cells bave spherical nuclei, irregulär polygonal outlines and
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ave jibout twice as broad as liigb. I bave not actually seen cilia

lipon tbem, but currents, rendered visible by particles suspended

in tbc fluid, made it quite clear tbat tbe cells must be furnished

witb vibratile processes.

Tbe epitbelium of the circulav canal is of a like nature. In

transverse sections it would appear tbat tbe radial canals are en-

compassed by about 8 cells, wbereas 6 are sufficient to go round

tbe circular canal of smaller girth (figs. 11, 22).

Endoderm of Tentacles.

In tbc bollows of tbe tentacles the endodermal lining becomes

tbicker and tbe cells more columnar. Each cell has a flagellum.

Tbe nuclei are situated dose to the attachment of tbe flagellum

near the outer end of tbe cell (fig. 23). Many of the cells are

vacuolated, a single large vacuole next tbe mesogloea in each, and

some contain large spherical droplets which are stained brown in

osmic preparations but are yellow in tbe live organism.

It will be noticed tbat tbe nuclei and vacuoles bave the same

relative disposition both in the endoderm and in tbe ectoderm. The

nuclei are situated nearer to, and tbe vacuoles are situated further

from, tbe axis of the tentacles.

In tbe reduced tentacles i. e. in those which do not bear cnido-

phors but are reduced to mere stiimps, the endoderm cells are of a

taller form. On comparing tbe section through such a stumpy, re-

duced tentacle (fig. 24) witb tbe section through a fully developed

tentacle, part of which is shown in fig. 16, we are led to tbe con-

clusion tbat the total uumber of endoderm cells is very much tbe

same in each of tbe two cases, altbough in tbe one case tbe endoderm

cells are very closely packed togetber and contain few or no inclu-

sions (vacuoles etc.), wbereas in tbe other case the cells are much

expanded and contain many inclusious. Tbe endoderm cells in the

cnidophor, hearing tentacles are cusbion-like and distended; those

of the reduced tentacles are compressed. A possible explanation of

this difforcncc seems to me to be tbat tbe cnidophorous tentacles

are in need of some extra skeletal support for tbe proper performance

of their functions. This support is atforded by the turgidity of

the distended endoderm cells as is also tbc case in many other

Hvdrozoa.
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Greographical Distribution.

Mnestra parasites lias been recorded from Messina and tlie Bay

of Naples. PJujlUrho'é is an alraost world-wide genus; its several

species bave been foimd to inhabit tbe N. and S. Pacific, the Indian

Oceau and S. Atlantic as well as the Seas of Southern Europe. Yet

if a sessile medusa infested such a large proportion of the exotic as

of the Mediterranean individuals, it could hardly bave escaped the

notiee of such accurate describers of PhylUrhoe as Quoy & Gaimard,

Eydoux & SouLEYET, or Macdonald. We are tberefore justified in

statìng that the evidence is in favour of Mnestra jiciras^ites being

confined to the Mediterranean and possibly adjoining seas.

The relation of the Mnestra to the Phyllirhoe.

Is tbe relation between Mnestra and Phyllirhoe one of parasitism

or one of symbiosis?

Ali through tbe present paper, tbe opprobrious epitbet "parasitic"

bas been avoided and tbe less inferible "sessile" has been employed.

There is no doubt but that tbe adult Mnestra like a vampire lives

by bloodsucking and there also seems reasou to believe that its young
may be parasitic ab ovo; but may not the Phyllirhoe derive some
advantage from tbe Mnestra it bears?

Tbe facts pertiuent to the present discussion seem to be

1. That more than half of tbe Phyllirhoe examined were in-

fested by Mnestra.

2. That tbe Phyllirhoe does not seem to be appreciably bandi-

capped in its swimming powers by its bürden.

3. That tbe Mnestra was never found attached to any part of

a Phyllirhoe except to tbe "tbroat", upon tbe ventral margin

of the body immediately beneatb the junction of tbe Oeso-

phagus wìth the stomach.

4. That tbe exumbrella of the Mnestra is well equipped with

nematocysts whicb on account of their position are useless

for attack against the Phyllirhoe, but whicb bave been observed

to bave been used witb effect against another animai.
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At what stage the Mncstra fixes i<^self to the Plnjllirlioè is still

a mystery, but a mystery whicli the facts come iiear to clearing up.

Amoug the very yoimgest individiials of PJ/ylHrhoe, a larg-er pro-

portion seemed to be devoid of the medusa than was the case

with the full grown individuals. The infereuce is that the Mnestra

medusa or larva attaches itself to the PliijlUrìio'é after leading a

free swimmiog existence of longer or shorter duratiou.

If this hypothesis be accepted, it follows as a necessary conse-

quence that the numbers of young Mnestra must far exceed the

numbers of PJu/lUrJwe, since but a small proportion can ever succeed

in settling upon a Phyllirhoe in the open ocean. It also follows

that the powers of reproduction of the Mnestra must be immensely

increased as compared with the generality of medusae, and must,

one would think, be greater than is usuai even among raany para-

sites. It is therefore most significant that ali who bave hitherto

examined Mnestra should bave failed to discover any trace either

of sexual or asexual reproduction.

To repeat:

1. If our inference be correct that Mnestra passes through a

free swimming stage of some duration, it follows that free

swimmiug individuals should be very abundant.

2. Its method of reproduction should be much in evidence.

But, neither bave free swimming Mnestra medusae been captured

in considerable numbers, nor has the mode of reproduction of the

sessile individuals been recorded.

Such considerations together with a knowledge of rei)roductive

l)roce8ses characteristic of parasites led me to the conclusion that

the reproductive process of Mnestra might occur, not in the open

sea but within the body of the Pki/llirhoe. The migratory pro-

pensities of the germ cells of the Hydrozoa are univcrsally acknow-

ledged: is there any difficulty in imagining that germ cells which

bave originatcd in the manubrium of Mnestra are attractcd by

pleutiful nutrimcnt and wander into the nutrient liquids within the

PhijUirhoe?

Ötimulated l)y this speculation I immediately rccxamined ali

available s]»e(*iniens of PJft/llirJfoe, and recognised in many, struc-

tiires which bear the greatest resemblauce to ova, 8})eimatozoa and

segmenting and dividing embryos (figa. 25—35).
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In tlie youiiger specimens of Phyllirhoe^ 7— 14 millimetres in

Icngth, even tliough infested l)y Mnestra^ I could lind none of these

pbenomena, but in most (but not in all) of tbe older Pltyllirhoe of

20 millimetres and more in lengtb, the "young- embryos" were very

abundant, lying in the connective tissue of the mollnsc. Drawings

of a few are given upon piate 3. In the early stages the cells

are grouped regularly enough. The 2, 4 and 8 celi stages ^ may
ali he easily found in certain individuala. At the 16 and 32 celi

stages the "young embryos" are for the most part of irregulär

contour, ellii)Soidal rather than spherical and with a celi or two

projecting beyond the others bere and there and thus marriug the

symmetry of the whole. The cells are mostly vacuolated. Furthcr

than the 32 celi stage I could not trace the young emlnyos, but

in several stages they seemed to divide transversely.

In certain individuala of Phyllirhoe, there may be noticed locai

aggregatious of tiny nuclei which stain well and which I believe

may be the spermatozoa of the Mnestra. These nuclear aggrega-

tious occurred in the connective tissue in the neighbourhood of and

rather posterior to the hermaphrodite glands of the PhyUirhoe. It

is supposed that the sperm mother cells of the Mnestra wander to

the Position indicated and that the process of spermatogenesis oc-

curs there. Fertilisation and the subsequent development would take

place within the l)ody of the Phyllirhoe of the embryo.

Unfortunately I cannot pretend that these conclusions are to

be regarded as indisputable facts. The difficulties and possible

errors of the correct Interpretation of the phenomena are unusually

great. We are justified in regarding the "developing embryos" and

"spermatozoa" as being unessential and in a sense foreign to the

Phyllirhoe., for they are not to be found in young or in ali old in-

dividuals. It is easy to demonstrate that cells having the appearance

of Q^^ or sperm mother cells occur in great numbers at the point

where the tissues of the Mnesti'a become continuous with the tissues

of the Phyllirhoe, but it is not easy to give irrefragable proof that

these cells wander to other parts of the Phyllirhoe and there give

rise to the "spermatozoi" clumps or to the earliest stages of the

"young embryos".

1 It must be stated that in as much as it is not always easy to enumerate

the ex a et number of cells in each embryo the numbers 8, IG, 32 must be

taken as approximate only: or merely as descriptive terms to imply that the

actual number of cells in the embryo is about that number.

Mittheilungen a. d. Zool. Station zu Neapel. Bd. 16. 4
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I ueed hardh" add that tlie difficulty of distiuguishiiig a foreign

cell of leucocyte appearauce iu the midst of moUuscan conuective

tissue is ven great.

The further history of the "young embryos"' is unknown. It

is possible that they niay develope into planulae whieh make their

way out of the PlniUirho'f' cither betöre or after its death, lead a free

swimming existence for a time and finally settle upon other PhijUirhoe

and grow iuto the mature Mnestra. Or, they may in tlie free state

grow into medusae whieh settle upon the PhyUirho'è. In auy case

we are met with the difficulty of imagining how a small organism

endowed with comparatively feeble swimming powers can succeed

in attaching itself to a particular region of the surface of a much

stronger swimmer. The '"throat" of the Phyìlirhoe is iuvariably mar-

ked by the special development of glandulär cells, even in specimens

whieh appear not to have been infested by Miiestra: it is possible

that a secretion exuded from this region may attract the Mnesti-a.

And certainly, if the Mitesira attached itself to most other parts of

the PJn/Uirhoe, the swimming powers of the latter would be greatly

impaired.

One Observation would seem to indicate that in that particular

case the Mnestra had only recently become attached to the PhijUi-

rhoe and had led a free swimming medusa life until the said

attachment. In April a Mnestra, firmly adhering to a PhyUirhoe,

was captured, whieh had the shells of three pelagic organisms be-

longing to the family of the Tintinnoida in diverticula of its gas-

trie cavity (fig. 39). The Shells agreed well with the illustrations

of a variety of Bictyocysta poiymorpha (Géza Extz. in: Mitth. Z.

Stat. Neapel 6. Bd. pl. 1 4 figs. 3 and 4). Similar Shells are described

as having oceurred frequently in the stomach of Salpa and so it is

not surprising to find them in those of other pelagic animals.

The purpose of the complete armare ent possessed by Mnestra

is not at first sight very clear. We cannot suppose that by its

nettle batteries it is euabled to numb victims and secure food for

itself, since with its mouth firmly anchored to the PhyUirhoe it

can neither procure nor devour prey. Mnestra is entirely dependent

upon its host for nutriment and ujion bis movements for opportunities

tor the discharge of the nematocvsts.
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It is true that some parts of the Phyllirhoe are within the

ränge of a few of the thrcad-cells and that their discharge might

have some stimulative effect upon tlie host, but the large exumbral

hatteries of the Mnestra can never Ije l)rought to bear upon tlic

PhiflUrhoe. Consequently, if these exumbral batteries serve any

useful purpose, as their great efficiencv indicates that they do,

that purpose must be either offensive or defensive against other

organisms than the Phyllirhoe] but on the other haud, owing to the

Position and sessility of the Mnestra, the batteries can onlv be

brought iuto action with the couuivance of the Phyllirhoe.

It is easier to suggest than to prove that the Phyllirhoe acts

as if it were aware of the lethal weapon it carries on its neck.

On one occasion only have I witnessed an action which would lend

colour to this Suggestion. The PhyUirhoe was slowly swimming

along the bottom of a glass aquarium, and Perseus-like was holding

its Mediisa-head displayed. A young fish encountered the pair. It

swam quietly aloug the side of the Phyllirhoe, but then on Coming

in contact with the finestra, immediately recoiled as if it had

touched a dangerous object. However such an isolatcd Observation

as this cannot be acccpted as more than a possible indication of the

protection a Mnestra might be to the Phyllirhoe.

To sum np: —
Mnestra makes use of Phyllirhoe for the nutriment cer-

tainly of itself, and possibly of its germ cells and young

embryoes.

Phyllirhoe may make use oi Mnestra as a means of de-

fence against enemies.

In consequence, the association is to be regarded as one of

symbiosis rather than of parasitism and that therefore the specific

uame of Mnestra parasites does not give an entire indication of its

relation to its host.

Affinities and System atic Position.

In spite of the fact that we are still not quite certain about

the place of development of the genital cells in Mnestra, yet we
are sufficiently well acquainted with other characteristics of taxo-

nomic value to assert definitely that it should be eurolled among
4*
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the Cladonemidae. The semi-pinnate , enidophor-bearing tentacles,

the streaks of nematocysts and perhaps too the in-pushing in the

eentre of the exnmbrella, if it be the vestige of a Scheitelhöhle, are

all featnres familiär among Cladonemid genera.

But vrhen we endearour to more nearly define the relationships

of M/ttsfra to the other genera of Cladonemidae we are met with

diffieulties which will only be removed when the resnlts of a more

searehing investigation than has hitherto been made. of those other

genera is betöre ns. Then and not before wiU it be possible to

write the phylogenetie historv of the gronp with some pretence of

aecuraey.

All schemes for the Classification of the Cladonemidae

which have hitherto been proposed seem to me to hare diffieulties

of their own. The reason for this is that within the limits of the

group several quite pecnliar organs have originated. organs which

are not known in any other gronp of Anthomedusae. We have

to deal with genera which differ very considerably in the grade

of their Organisation, and we have to take into account organs

which may be phylogenetieally related, or may have had an inde-

pendant origin among aUied organisms of which the chiefest mark

of kinship is that they have a tendency to develop in certain

ways.

A few of the chief facts with which the systematic zoologist is

confronted and which he has to take into accotint in his Classification

are snmmarised in the following table.

y. r, -
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With the aid of such a table as this it is verv easy to invent

an artificial Classification based npon one or two eharacters, but it

is difficult to avoid violating what appear to be very dose ties in

respect of other equally characteristic stmctures.

In the system of Haeckel. a primary division of the gronp

was made according as to whether the radial eanals are simple or

forked. and as to whether the mouth is provided vrith oral tentacles

Mundgriffe] or not. The result was that a form Cfenaria, with

semipinnate tentacles was separated from the other forms with semi-

pinnate tentacles and was associated Avith forms with branching

tentacles, and vice versa Eleutken'a was classed with the forms

with semipinnate tentacles. But the chief objection whieh it is pos-

sible to raise against the Haeckelian system is that it depended

primarily upon the faet of whether the radial eanals fork or not.

and therefore upon a character which recent Observation? on the

variability of medusae have shown to be very variable among the

individuals of a species. ^uch a variable characteristic should

therefore not be chosen as the criterion of subfamOies.

In 1SS7 Haetlaub having reinvestigated the anatomy of £7^//-

tJferia proposed another Classification of the Cladouemidae npon a

new basis — upon the presence or absence of a cavity of a peculiar

nature used as a brood Chamber between the stomach and the exum-

brella. This cavity had long been known to occur in cenain genera

and was referred to by Haeckel as the "Scheitelhöhle" or "Kuppel-

höhle" or "Cavitas tholaris" and was considered by bim to be

homologous with that embryonic canal which originally connected

the growing medusa with its hydroid parent. Hartlaub contends

that in Eieutlieria the brood-chamber or "Scheitelhöhle" is in no way
homologous with the "Stielkanal" of the young medusa but is a

special Organ liued with a peculiar epithelium. derived from the

ectoderm. whieh serves the purpose of a marsupium and does not

communicate with the gastric cavity bnt with the snbumbreUa ca-

vity. Thus far the results of Haetlaub are of the highest interest,

but they do not justify his snbsequent procedure in attemi»ting to

esrablish a Classification of the Cladouemidae in whieh it is assumed

without reinvestigation that the "Scheitelhöhlen" of Picromma, Cfe-

ìta/'ia and Dendronema. all genera described and tigured by Haeckel.

are homologons with the very remarkable brood cavity oi Eleutheria.

For this assumption there is no evidence. except that Haeckel is

stated to have misuuderstood the nature oi the brood ca^itv of
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Klciithvria. A more logicai procedure would bave been to liave

estahlished a iiew position for the curious creeping- Eleutheria and

to have abstained from attributing- to free-swimming genera an

organ the existence of which in the sense of Hartlaub, has never

been deinonstrated and of wliich the originai describer has giveu

a totally differeut Interpretation.

Tentacles of the Cladonemidae.

Since in the Classification of the Cladonemidae, about to be

jìroposed, the structure of the tentacles is uiade a primary basis,

a few remarks upon their structure may not be out of place. Two

types are recognised, the semipinnate and the arbore scent or

branching. Mnestra affords us an example of the semipinnate

tentaclo with cnidophors ranged ali along the abaxial side; similar

tentacles occur in PteroHona, Zanclea^ Geiìimaria and Ctcìiaria, save

only that in the last mentioned genus the cnidophors are filiform

instead of being club-shaped.

The branching tentacle in its sim]»lest forni occurs in Eleuilieria.

The tentacle is divided into axial and abaxial branches, of which

the abaxial brauch ends in a capitulum of thread-cells, but the axial

brandi in the younger stages [Clavatella] ends in a sucker, which

is stateci to be sometimes replaced by a capitulum of thread-cells in

old individuai of Eleutheria. In Cladonema and Dendronema botli

the axial (sucker) brauch and the abaxial (thread-cell-bearing) brauch

bear many socondary branches or ramuli. The branching is ofteu

of a dichotomous type. The abaxial branchlets mostly end in ca-

jiitula of thread-cells and they are armed with little thread-cell bat-

terie« at intervals along their length. The abaxial portion of the

tentacle is in fact very like a branching tentacle of the polyp Cla-

docoryne which is also provided with numerous "capitate ramuli",

or like the circumoral tentacles of the Margelidae. One of the

first questions which occurs to the morjihologist is: can it be shown

that eitiier the semipinnate or tlie branching type of tentacle is derived

from the other, or that they are of inde})endent origin?

I believed at first that it might be denionstrable that cnidophors

borne on the scniipiuuate tentacles might really be much reduccd

tentacular ìiranches each armed with its little terminal capitulum

of threadcells, and that consequently the semipinnate tyjie should

be regarded as the derivative of the arborescent type. Pnrther
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consideratiou has convinced me that tliis view is erroueous, that the

tvvo types of tentacle have had totally independent orig-ins and that

tbey are characteristic of the two subfamilies of Cladonemidae ve-

spectively.

The b rane hing- type of tentaci e occurs in its simplest condition

in Eleiitheria, the development of the more complex forms has been

studied in the ])olyp [Stauridi-iirii] and in the young medusae of Clado-

nenia, and in Dendronenta. In all, the axis of the tentacle and of

its branches is either "a continuous tube" lined with endoderm, or

endoderm cells, and in the development of the Cladonema tentacle,

the branches appear to arise on the axial side.

The semi p innate type of tentacle is characterised by the pos-

session of cnidophors which in all known forms consist solely of

ectoderm and are developed upon the abaxial side of the tentacles.

This is certainly the case in Mnestra, Gemmaria, Zanclea and

Pteronema and will very probably also be found to be the case in

Cteuaria, when that remarkable form is reinvestigated. The various

stages through which the cnidophor-bearing tentacle may have

passed in the coiirse of evolution are still to be found among the An-

thomedusae. We assume that in the primitive type of tentacle, the

cnidoblasts were fairly uniformly distributed over the entire surface.

The cnidoblasts then seem to have become segregated into batteries

as in Sarsia. The cnidoblast batteries then became grouped along

the abaxial side of the tentacle [Ectopleura minerva Mayer), then

elevated upon contractile peduneles [Cfemiria [?]), and finally they

became enclosed in cellular envelopes as in Gemmaria, Muestra etc.

It is interesting to note that Gemellaria implexa, the hydroid form

of Gemmaria, has capitulate tentacles.

Nematocyst streaks (cnidacts) and nematoeyst tubes.

There are two types of structure observal)le among the Clado-

nemidae which have never been proved to be homologous and which

should therefore not be confused with oue another. In one type

the cnidoblasts of the exumbrella are arranged along radial streaks

(cnidacts) and lying on the outer surface of the umbrella are in-

stantly available for purposes of offence. Cnidacts occur in severa!

genera of medusae (e. g. Ectopleura with 8) other than the Clado-

nemid genera Zauclea, Muestra and Ctenaria.

In Gemmaria and Cte/taria there is a seeoud type of nemato-
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cyst-coiitaiuiug structure, hcre eallcd a nematocyst tube. Allman

desci'ibed 1 such iu Gemmaria as "piriform Chambers" exteuding'

from the circular caual aud fillcd with small oval threadcells

wliicli cau havc nothing- to do with the capture of prey, being

sinik beueath the surface of the body. In CteHaria there seem to

he 2 8uch uematocyst tubes, aud in Willia Forbes 24 small short

sacs of similar nature.

Until we have definite Information to the contrary it is safer,

judging from the aj)pearance of the uematocyst tubes, to regard

them as coecal endodermal outgrowths of the circular caual and

as haviug no homological relation to the ectodermal streaks upon

the exumbrella of finestra and Zanclea. Öeveral cases in which

nematocysts have developed from endoderm have already been de-

scribed and so there is no a priori difficulty about that.

When we examine the Classification proposed by Haetlaub in

fiirthcr detail, we find that not only are Ctenaria and Gemmaria

separated as iu the Haeckelian system, but that Pteronenia is alien-

ated from Zanclea and Gemmaria, and Bendronema from Clado-

neina: i. e. it must be hypothecated that tentacular structures of

identica! nature have l)een independently evolved in two separate

subfamilies. It is easier to believe that the nature of the "Scheitel-

höhle" in Haeckel's genera is not quite what Hartlaub has assu-

med it to be.

I believe that the following scheme of Classification will be

found to be more iu accordance with the Statements which have

been made conceruiiig many poiuts iu the anatomy of Cladonemid

mcdusae and will show clearly what is believed to be the relation

of ybicstra to the other genera. It must however be clearly stated

that no expression of opinion is intended in the scheme as to the

homology or lack of homology between the Scheitelhöhle of Eleu-

therki and of other genera and the exumbral iu-pushiug in Mnestra.

Order Anthomedusae.

Family Cladonemidae Gegenbaur.

Anthomedusae witli tentacles armed with cnidophors, or brauchcd. Radial

canals 4

—

S in ntimljer, simple or forked. Mouth either simple or provided

with oral lips or oral tentacles (the sessile Mnestra excepted). Genital ridgos

4(—8), separate, upon the manubrium. Brood cavity, when developed, above
the Btomach.
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Sub-family 1 . P t e r u e mi cT a e.

Cladonemidae with unbranched tentacles armcd witb cnidophors along

the abaxial side. Kadial canals 4, simple or forked.

Group a. Cnidophors stalked and knob-shaped. Radial canals simple.

Oral tentacles absent.

I. "Scheitclhöhle'' present as a brood pouch.

Pteronema Haeckel.

Tentacles 4; cnidacts on exumbrella absent.

II. "öcheitelhöhle" absent as a brood pouch.

Zanclea Gegenbaur.

Tentacles 4; cnidacts on exumbrella 4.

Mnestra Krohn.

Tentacles 4

—

ü; cnidacts ou exumbrella 4; sessile on

Phìjllirlio'è.

Gemmaria Me Crady.

Tentacles 2; cnidacts on exumbrella absent, but 4 nenia-

tocyst tubes lie beneath the surface of the exum-

brella.

Group ,3. Cnidophors filiform. Radial canals forked. Oral tentacles

present.

Ctenaria Haeckel.

Tentacles 2; cnidacts on exumbrella 8; tentacular pouches

2; "Scheitelhöhle" present.

Sub-famih' 2. Deudronemidae.

Cladonemidae with branched tentacles; the branches turned towards the

mouth (axial) end in suckers, those turned away from the luouth (abaxial) end

in batteries of nematocysts.

Group 7. Axial and abaxial branches of tentacles are simple and undi-

vided. Radial canals simple. Oral tentacles absent.

Eleuthei'ia Quatrefages.

Scheitelhöhle, of peculiar structure, present; cnidacts

absent.

Group ß. Abaxial branches of tentacles brauch dichotomously. Radial

canals forked (usually). Oral tentacles present.

Cladonema Dujardin.

Oral tentacles 4, simple; Scheitelhöhle absent; Cnidacts

absent.

Dendroncma Haeckel.

Oral tentacles in 4 bundles, branched; Scheitelhöhle

present; Cnidacts absent.

After drawing up this scheme for the Classification of the Cladonemidae,
I was pleased to find that it agrees with the short sketch of a natural system

prepared by Vanhöffen and foUowed by Delage & Hkrouard in so far as

the division of the genera into Pteronemidae and Dendronemidae is concerned,

but I cannot agree with the former in regarding the Cladonemidae as a subgroup
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(CladcuoniHta) of the Pycnomerinthia or Oceanidac wliich have solid teiitacles

almust tìllod with laige endoderm cclls. My investigations on Mncstra, ITaeckel's

drawings of Gemmaria and Dcndronema and Allman's description of Clado-

nema prove tliat tliese forms at any rate possess tentacles of the Coelomerin-

thic type i.e. contractiie hollow teutacles with endodermal cells surrounding

tho lumen. On these and other grounds it would seem advisable to retain the

Cladonemidae iu a position of importance equal to that of the Codonidae and

Oceanidae, as a thiid family of Anthomedusae in the System of Vanhöffen.

Conchisions.

In conclusion, it is believed that Mnestra owes its peculiar structure partly

to the tendencies of growth which it has inherited froui past ancestors and

which it shares to a greater or lesser extent with other Cladoneiuldae, and partly

to its sessile habit of life. In the first category I would include:

1. Such radial symmetry of parts as is discoverable in selected indi-

viduals.

2. 4 hollow tentacles armed with stalked cnidophors, in a series along

tlie aboral luargin.

3. 4 radial canals.

4. 4 perradial cnidacts upon the exumbrella.

5. A ring of cnidoblasts all round the margin of the umbrella.

6. The in-pushing in the centre of the exumbrella.

The characters supposed to be due to its sessile habit are:

1. Asymmetry of form.

2. Reduction of cnidophor-bearing tentacles from the primitive number (4).

.'5. Inegularitics in the development of gastric cavity, radial canals, cnidacts

and exuiiibral in-pushing.

4. Suctorial mouth.

5. Suppression of swimming powers.

6. The supposed migration of the germ cells into the body of the Phyllirho'é

where fertilisation and development are believed to take place.

Yocabulary.

The literary pioneer who breaks ground new to his language is repeatedly

confronted with the paucity or want of exactness of his vocabulary. Hakckel
in his report on the Deep Soa Medusae of the Challenger, has doue his best

to eiirich the English language with many medusological terms, but even his

comprchensive list leaves much to be desired when Cladonemidae have to be

described.

Capitulura = "bouton urticant", a battery of thread cells at the end of a ten-

tacle cf. Coryiie, Elcuthcria.

Cnidact = "Ncsselrippe" = "bandelette urticante", a radially disposed row of

cnidoblasts upon the exumbrella.
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l'uidoplior = "Nebenfadeu*', "Nesselknopf", "tentacula", "pedunculated sac"

Allman, "Senktadeu*' amonj^ Ctenophoia, described onp. 43. It must

not be coutbunded with ''neniatophore*' Busk whicli is probably a

niüdified Plnmiilariau liydroid.

Exumbial canal = "Stielcanal''. This uiay be homologoiis with the exuiubral

cavity.

Exiniibral cavity = "Scheitelhöhle", "Trichterhöhle", "cavitas tholaris", and per-

haps too the "brood chambei" of Elciäheria. Peihaps the word tholome

niight be used for this orgau with international advantage.

Neuiatocyst tubes — "Senkfädentaschen" in Ctenaria. They occiir also in

Gemmaria.

Oral tentacles = "Mundgrififel".
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Explanation of the plates 2 and 3.

Abbreviatious.

c.a cnidact. nem nematocyst.

c.c ciicular canal. Ph the Phyllirhoe.

c.ph cüidophor. r.c radial canal.

ect ceto dorm. st stomach.

eiid endoderm. ie tentacle.

7nn manubnum. v veluiu.

All drawings were made with a camera lucida. The high power drawings

with Zeiss' 4 mm Apo. objective and compensating oculars 4 and 8.

Fig. 1. finestra parasiies Krohn with two tentacles fully developed, as seen

with the aboral side of the medusa, or the ventral aspect of the

Phyllirhoe turned towards the spectator.

The centrai stomach, radiai canals, velum etc. are seen by trans-

parency.

Fig. 2. The same individuai reft from the Phyllirhoe and viewed from ita

orai surface.

The aboral portions of the cnidacts are seen through the transpa-

rency of the jelly.

This individuai Mnestra is abnormal in that one cnidact is divided,

and the radiai canal diametrically opposite is beut, having obvìously

received some injury during the course of development.

Fig. 3. Ectoderm cells on the exumbrella of a healthy Mnestra. Prep. Kleinen-

berg's picrosulphuric and haematoxylin.

Fig. 4. Ditto. Prep. Osmic acid.

Fig. 5. Ectoderm cells on the exumbrella of a Mnestra believed to bave been

in bad health.

Fig. 6. Ectoderm as seen in a living individuai which had been living for

6 hours in seawater tinged with soluble Carmine.

Fig. 7. Cnidoblasts, with nematocysts and interstitial cells from a portion of

a cnidact.

Fig. 8. A portion of a cnidact with 2—3 rows of cnidoblasts. The nemato-

cysts have discharged their threads.

Fig. 9. Transverse section acroas such a cnidact as is figured in Fig. 8.

Fig. lu. Portion of exumbrella with the terminal portion of a cnidact seen

partly in prolile. Note the elongated jirocesses which connect the

neighbouring ectoderm cells with the cnidact. Prep. Osmic acid.

Fig. 11. Near the line of junction of the velum and the subumbrella are seen

5 nematocysts, belonging to the marginai ring of cnidoblasts and the

cpitholium of the circular canal (c.c).

Fig. 12. Musculature of the subumbrella.

Fig. 13. Muscle celi from the velum (after Claus).
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Some Protozoa [üiclyocysta) were seen in the interior of this indi-

viduai.

Fig. 41). Ga3trovascular system, normal. Cnidact I much more developed than

the other three. Tentacles all reduced, but tentacle III more deve-

loped than the other three.

Fig. 41. A young individuai with 3 tentacles well developed. The medusa
has turned itself inside out so that the cxumbral surface has become

cup-shaped. The distal end of the manubiium is widely extended

over the surface of the rinjUirliol'. Four swellings were noticed one

at each junction of a radial canal wlth the stomach: it is believed tliat

these may indicate the point of origin of the gonads.

Fig. 42. Tentacles all reduced. Cnidact of radius I discontinous. Gastrovas-

cular system highly irregulär, there being 6 radial canals one of which

bifurcates. The black dotted line indicates the exumbral cavity or

"Scheitelhöhle".
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Berichtigung.

piij^. 4!i Zeile 22 von ölten statt developuient would lies development of the

enibryo wonld.

p;ig. 4!) Zeile 23 von oben statt Phyllirrlioc of tlie cuibiyo lies Phyllirhoe.
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