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THE

VOYAGE OF H.M.S. CHALLENGER.

ZOOLOGY.

REPORT on the Deer-sea Mepusz dredged by H.M.S. Challenger during the
years 1873-1876. By Prof. Ernst HzckeL.

PREFACE.

Tee Degp-sea Mepusz form one of the smallest and least important groups of the
rich and remarkable deep-sea fauna for whose discovery we are indebted to the voyage of
H.M.S. CHALLENGER ; the number of the species described does not exceed eighteen, of
which half are Craspedote and half Acraspedse. The majority of these eighteen species,
however, which represent an equal number of genera, are of great morphological interest,
and they, moreover, claim special attention as the first deep-sea inhabitants of this class
of animals with which we have beeome acquainted. I am therefore particularly in-
debted to Sir Wyville Thomson for most liberally handing over to me for examination
the whole of the Medusa collected by the expedition. To the first large collection of
deep-sea Medus®, sent to me in 1877, I was able to add a few more, which I found
mcidentally in examining the Radiolaria of the expedition, and In going more minutely
over the general collection, during a visit to Edinburgh in 1879. I have especially to
thank Mr. John Murray, principal assistant on the civilian staff of the Challenger, for
kindly aiding me in this work in every way in his power.

All the eighteen species of deep-sea Meduse described in this Memoir have already
received a brief diagnosis in my System der Medusen published in 1879. Besides
these, I had already described two other species, the Aginid, Fginorhodus rosarius

(System, p. 345, No. 879), and the Cyaneid, Melusina formosa (System, p. 535, No. 500).

(Z0OL. CHALL. EXP,—paRT X1L—1881,) ~_. Ma
-
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: the only specimens which I obtained of these

| ents of
Unfortunately, however, e ination to be 80 imperfect and so badly pre-

two beautiful Meduse, proved on closer exart

Wlived to give up all idea 0 -~
d, that I was oblig = ial advantage 1n the deseription of a few other deep-

¢ their further description and illustration.
serve
On the other hand, I gained a spec
sea Meduse, whose single specimens from t

able to complete it by mean
and Dr. Liitken for several well-preserved specimens

he Challenger collection were also insufficiently

s of material procured elsewhere.
preserved, as I was

[ have to thank Professor Steenstrup |
of Ptychogena pinnulata and Pectyllis arctica from the Zoological Museum of Copen-

hagen, and my friend Mr. Gregor Buccich for several excellent specimens of Drymonema
wictoria from the island of Lesina in Dalmatia. Three species, of each of which the Chal-
lenger collection only contained an imperfect fragment, I took myself hiving with the
tow-net, and thus had an opportunity of examining them minutely ; Pectanthis aster-
vides from the Mediterranean, Cunarcha eginoides from Lanzarote, one of the Canary
[slands, and Polycolpa forskalii from the Red Sea. Of the majority of the twelve other
species 1 had, unfortunately, only a single specimen at my disposal, and that was often
mmperfeet ; still I hope that, with the assistance of the comparative morphology of the
most closely allied Medusz, I have satisfactorily reconstructed their organisation.

It 1s by no means certain that all the eighteen deep-sea Medusz described below are
constant inhabitants of the deep sea; the method of capture by the tow-net by which
such delicate and fragile organisms are often brought from great depths of the sea is still
mmperfect, and it is probable that the greater number of Medusa brought up apparently
from the greater depths, really swim in shallower water and are only taken in “ hauling

in” the net. Those Meduse, on the other hand, may be regarded with greater proba-

bility as permanent and characteristic inhabitants of the deep sea, which have either

a‘?apted‘thamaelves bj.T special modifications of organisation to such a mode of life, or which
gwe. evidence by their primitive structure of a remote
consider of the nine Craspedotee described
Pectis, and Pectanthis), and secondly Cun

spedee, Tesserantho, the two lar : .
’ ge Periphyllide (Periphylla and Periphema), and the
#wo remarkable Ephyridze (Nauphanta, an i . i

Bional ﬂbﬂ&-ﬂaﬁo-ns ﬁf Eiﬂglﬂ

phylogenetic origin. As such I
—first of all the three Pectyllidse (Pectyllis,
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the deep-sea Medusse may be regarded as the first instalment
from which we may expect many and mmportant conclusions
the Medusz.

It will be seen from the systematic survey on p. 141 that altogether eight orders of
this class, distinguished by me in my System der Medusen, 1879,
among the eighteen deep-sea Meduse of the Challenger expedition. Of these one species
(Thamnostylus, PL. 1.) belongs to Order I. Anthomedusae ; one species (Ptychogena,
Pl IL) to Order II. Leptomedusm: three species (Pectyllis, Pectis, and Pectanthis,
Pls. IIL.-VIIL) to Order III. Trachomedusa ; four species (Cunarcha, Polycolpa,
Pegantha, Lginura, Pls. IX.-XIV.), to Order IV, Narcomeduse : two species (Tesser-
antha and Lucernaria, Pls. XV.-XVIL) to Order V. Stauromedusa® ; two species (Peri-
phylle. and Periphema, Pls. XVIIL-XXV.) to Order VI. Peromedusa ; one species
(Charybdea, Pl. XXVL) to Order VII. Cubomedusz ; four species (Nawphanta, Atolla,
Drymonema, Leonura, Pls. XXVIL-XXXIL) to Order VIII. Discomedusms. Thus

thirteen of the thirty-two families which T defined in my System der Medusen, 1879, are
represented here (comp. p. 141).

from an interesting region
a8 to the organisation of

are represented

A tabular view of the chorology of these Medusm is given on p. 142. Their
geographical distribution extends throughout the whole of the great oceans; on the whole,
there are eight species in the Atlantic-Mediterranean region, and ten species in the Indo-
Pacific region.  Of the eight former species seven belong to the northern, one to the
southern half of the Atlantic Ocean (two of which are also found in the Mediterranean).
Of the remaining ten species, two belong to the north half, three to the southern half
of the Pacific Ocean, and five to the Antarctic part of the Indian Ocean. One of the
latter is also found in the south-western part of the Atlantic.

With regard to the bathymetrical distribution, it will be seen from the table on p- 142
that seven species were taken in depths from 80 to 600 fathoms, six species in depths
from 1100 to 1600 fathoms, and five species in depths from 2000 to 2200 fathoms. For
reasons already stated, these depths must (partly at least) be considered more or less
approximate.

With regard to the figures of the deep-sea Meduse in the thirty-two plates appended
to this Memoir, it is of course impossible, from the imperfect state of preservation of the
Spirit specimens, to expect that they should be absolutely true to nature. I rather con-

sidered it my duty here, as in those figures in my System der Medusen which were



: THE VOYAGE OF H.M.S. CHALLENGER.

iv

4sawn from spirit specimens, to take advantage of my kDWI_Eng e fomg o

living Meduse, to reconstruct the most Prﬂb&bF a'13‘:13’1"”3“'113'1"e mlzj,-ge of the living forms
offorts in this direction by the skilful hand of my litho-

grapher, Mr. Adolf Giltsch. I am also greatly indebted to my friend Dr Reinhold

Teuscher for preparing a large number of excellent microscopic sections. This Memojy

has been translated into English by Miss Nellie Maclagan, and 1 thank her for the kind

care with which she has executed a difficult task.

The many new morphological facts, furnished by close examination of the deep-sea
Medusz, are not only of special interest in themselves, but are, for the most part, of
general interest for deciphering the comparative anatomy of the whole class ; this is true,
for example, of the Pectyllide and Peganthidee among the Craspedote, and of the
Pei-iphyllidw and Ephyrida, among the Acraspedz. I therefore considered it convenient
to preface the special anatomieal description of the eighteen deep-sea Meduss by a short
article on the Organisation of the Meduse, which servesin a certain measure as a mor-
phological introduction to the former, and at the same time as a preliminary Scheme
of a comparative Morphology of the Medusz.

ERNST HACKEL.
JENA, 14th September 1881.
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THE ORGANISATION OF THE MEDUS A,

SKETCH OF A CoMPARATIVE MORPHOLOGY OF THE MEDUSE AS Ax INTRODUCTION TO THE
DescripTiON OF THE DEEP-SEA MEDUSE OF THE CHALLENGER ExpeDITION.

I. GENERAL MORPHOLOGY OF THE MEDUSZ.

§ 1. Definition of the Medusse. Medusse are Cnidariz or Acalepha with a gelatinous,
radially constructed, concave-convex umbrella, whose vertical axis is the prineipal axis
of the single persona ; with swimming muscles on the concave oral side of the umbrella ;
nerve centres and organs of sense on the peripheric margin of the umbrella ; with radial
processes (canals or pouches) of the central gastral cavity, and a simple (seldom multiple)
oral opening at the oral pole of the principal axis ; also with genitalia in the subumbral
wall of the gastrovascular system (comp. System der Medusen, 1879, p. 21, &c.). Medusa
are distinguished from the other classes of Acalephe or Cnidariz (Polyps, Corals, Siphono-
phora, Ctenophora) by the following class characters : the mature, completely developed
Medusa appears as a single persona (not united in numbers in a colony), which usually
swims freely in the water, seldom crawls, still more rarely is fastened to the hottom -
(nearly all Meduse live in the sea, only a few in fresh water). The principal mass of the
Medusa body (by volume and weight) forms a concave-convex, watery gelatinous body,
the umbrella. This serves as the special swimming organ ; a vertical principal axis and
two or more horizontal transverse axes (with twice as many radial axes) are always the
standard for its pyramidal base form. The convex outer surface of the umbrella (exum-
brella) does not generally bear special organs, whilst the concave inner surface (sub-
umbrella) is always overlaid with a muscular plate, which, as the most important organ of
motion, deepens and narrows the umbrella cavity by its contraction, and thereby expels the
water from it. The most important organs of sensation, the nerve centres, and differenti-
ated organs of sense, and generally the tentacles also, lie on the umbrella margin (where
the exumbrella and the subumbrella are contiguous). The organs of nutrition are
formed by a radial gastrovascular system which extends over the subumbrella, and is
composed of a central principal intestine and a peripheric coronal intestine. The principal
intestine (in the centre of the subumbrella) forms a simple gastral cavity, which often pro-
Jeets below like a tube and opens at the oral pole of the principal axis by a simple (seldom
multiple) mouth. The coronal intestine (in the periphery of the subumbrella) is composed
of four or more radial processes of the central stomach, which sometimes take the form of
broad pouches, sometimes of narrow canals. The organs of reproduction are always simple
reproductive glands (genitalia) and are always developed in the lower (subumbral)
wall of the gastrovascular system, sometimes from its endoderm, sometimes from its




THE VOYAGE OF H.M.5. CHALLENGER.
vl |
istie, only a few hermaphrodite. As regards

: ono{:hf}r .
Nearly all Medusa are g e anatomy and ontogeny points out the

the Meduse, their comparativ

.+ orizinal ancestral group.
clonsif F o Polyps, from which the class of Med
§ 2. Definition of the Polyp. The class of the P'olyps, eduss

are phylogenetically derived, and which, therefore, furnishes the key to our morphological

knowledge of them, is at the same time the common ancestral group of all Cnidaris,
owledg :

At present the fresh-water Polyp (Hydra), and tl_m _clf)sely allied bty a‘;’;{c’ﬂ’?}ms &e.,
must be considered their simplest and most primitive repres?ntatwes. eir developed
organism is immediately allied to that nt.' G‘a,fstrula (phylﬂgenetmall}f Gastraea), and has the
same simple primitive intestine with primitive m.oujzh, *vfrhose wall 1s formed from the two
primary germinal layers. The Polyp is chiefly dlstmgms]:}ed from the Gastrula by begin-
ning histological differentiation of the two primary germinal layers, and also by the fact
that the aboral pole of the principal axis serves as a peduncle for adhesion, whilst a corona
of feelers or tentacles is developed round the mouth at its oral pole. This corona of ten-
tacles forms the boundary between the strongly-arched aboral part of the body (cup, “calyx”)
and the flat or even depressed oral part (oral disk, “ peristomium ).

§ 3. Medusa and Polyp. The most essential difference between the organisation of the
Medusa and the Polyp consists in the formation of the characterstic swimming organ of
the former, the umbrella, and of the cathamma or partial fusions between the aboral wall
of the cup (*“ calyx ”) and the oral disk (““ peristomium ), by means of which the peripheric
part of th_ﬂ simple gastral cavity is divided into radial pouches or canals, which regularly
surround its simple central space. The central gastral cavity of the Medusa does not
therefore correspond to the whole simple gastral space of the Polyps (or o the primitive
mt:tﬁn? of the Gastma) but only to the central part of 1it, whilst on the other hand its
Es tg:;l{idgj(um homologous with the radial (usually four-rayed) coronal intestine

pouch corona or canal corona ") The central oral opening is identical

m both animal classes, ansing from the primitive mouth of the Grastrula, and when 1t 13

rol ' ' :
P onged' m_the Polyps into an oral cone of proboscis, the latter corresponds to the

of many Meduse. The peristomium of the
1S hemalagoug with the “subumbrella” of

ectoderm.
the phylogeny of

% cup-wall (calyx) of the Polyp corresponds to
exumbrella” of the Medusa. The cup-margin of the

and lower Polyp form remains far behind

%0 a swimm; g o Khe latter has ariaa fr . | on
Wg mode of life, anq has thereby become perfe:tedﬂ_m e
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§ 4. Craspedote and Acraspedse (System, p. xxiv. 1, 361). The class of the Medusz is
divided into two different sections or sub-classes, Craspedotse and Acrasped. Both sub-

classes form natural principal groups, diﬂ’enng essentially and thﬂruughly from one
another in important conditions of organisation. Although single groups in both sections
are so like that they may be confounded together, and, in fact, have often been so, yet
the two principal groups differ fundamentally, and have probably arisen quite independ-
ently of one another from two different groups of polyps; their most Important
differences are best seen from the following tables:—

I. CrasPEDOTE OF HyproMepuse. 1I. AcraspEDE or ScyPHOMEDURE

A. Gastm.l space, without gastral filaments or pha- A. Gastral space with gastral filaments or phacelli
celli (Aphacellz). (Phacellote).

B. Genitalia ectodermal (sexual products of the outer B. Genitalia endodermal (sexual products of the
germinal layer) (Cryptocarpz). inner germinal layer) (Phanerocarpz).

C. Umbrella margin with true velum, without true C. Umbrella margin without true velum, with true
marginal lobes (Craspedotz). marginal lobes (Acraspedz).

D. Organs of sense usually simple, without protec- D. Organs of sense usnally composite, with special
tive plate (Gymnophthalme). protective plate (Steganophthalme).

E. Marginal nerve ring double and centralised E. Marginal nerve ring simple, usually non-central-
(Cycloneurz). | 1sed (Toponeurss),

F. Descent from Hydropolyps, or Polyps without | F. Descent from Scyphopolyps, or Polyps with gas-
gastral teniola (Hydromedusz). ‘ tral teniola (Scyphomeduse),

e —
= = —— - e — I e i

§ 5. Hydropolyps and Scyphopolyps. The two sections of the class Medusae corre-
spond to two different sections of the Polyp class, Hydropolyps and Seyphopolyps. The
lower more simply constructed Hydropolyps have retained a perfectly simple gastral
space with smooth inner surface (primitive intestine or “archigaster” of the Gastraa). The
higher and more perfect Scyphopolyps are distinguished from the Hydropolyps by four in-
terradial longitudinal swellings or gastral ridges (“teeniola™) being developed on the inner
surface of the gastral cavity, by which their peripheric part is consequently divided into
four broad perradial niches or pouches (““antra gastralia”). The Hydromedus® or
Craspedota, as well as the classes of Siphonophorz, and Ctenophore derived from them,
are descended from the Hydropolyps (Hydra, Clava, &ec.); the gastral filaments are want-
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, Acraspeda, as well as the class of Corals
‘larize. The Scyphomedusa or :
g Cfl;scended from the Scyphopolyps (Scyp "”S‘m’ S gzcoi{a, &c); both
are qastral flaments or mesenteric filaments, which have arisen from the

ing 1n all
or Anthozoa
these classes have

; hopolyps. |
mn?::a i’iﬁﬁfﬁiﬁ of the Meduse. That the class of Meduse belongs to the

. : : hylogenetic hypothesis, which may be brought
pol}'phdyletm Ela}i{:‘;é; ?E:zzljnful;ii :eft:i'nti a]theug?z on the one hand, t}]:;e ehmctir.
iT:: Zmau:tirirzf the Meduse ap;eam 80 unjquel?' orgaFised that they are most Euitabl'y
placed as a separate class in the system u_f the animal .kmgdom: yet, on the other ha,ndi 1t
by no means follows that they are all derived ﬁ't:_uu a single common ancestral form, which
already possessed the form of the Meduse. It is much more probable that the two sub-
classes, or sections of this class, the Craspedotae and Acraspede, are of separate origin, and
are descended from groups of Polyps, which have developed into Medusz, independently
of one another. A strong support to this hypothesis is, that the Scyphopolyps, the ancestral
form of the Acraspedz (Scyphostoma, Stephanoscyphus, &c.), already possess the four im-
portant interradial teeniola or gastral longitudinal ridges from which the four character-
istic groups of filaments are developed in all Acraspeds (or Scyphomedussz). On the
other hand, the characteristic groups of filaments are wanting in the Craspedotae (or
Hydromedus®) as the typical four interradial tsmniola are wanting in their ancestral
form, the Hydropolyps. Moreover, the reproductive organs originate in the Craspedota
(as in most Hydropolyps) from the ectoderm and in the Acraspedz (as in the Seyphopolyps
and Corals) from the endoderm. As regards the two sections or sub-classes, the Craspedotz
are more probably of monophyletic origin, the Acraspedze of polyphyletic.

7. Orders of the Craspedotae (System, PP- 2, 233, 360). The section of the
Craspedote or Hydromeduse is divided into two sub-sections and four orders. The two

sub-sections, Leptolina and Trachyling, are thoroughly and pre-eminently distinguished

cordyliz) has no auditory clubs; it has, in
‘Felaf auditory vesicles” (marginal vesicles on the
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talia (Anthomeduse, Narcomedus®), and an order with vaseular genitalia (Leptomedusse
Trachomedusa). Those differences are clearly shown by the following tables :— :
§ 8. Survey of the two sections of Craspedotee,

Lerprorisz (Acordyli). Tracayiryz (Cordyliots),

Craspedota without auditor?' clubs or cordyl_i, with Cmspedn*tae with auditory clubs or cordyli, with stiff
very movable and extensible tentacles, which are and slightly extensible tentacles, which are usually
usually hollow., solid.

Order L ANxTHOMEDUSE, Pl I. Order IT1. TracHOMEDUSZ, Pls, ITL-VIIL
(System, p. 3, taf, L-vil.) (System, p. 234, taf. XVL-XViii. )

Genitalia gastral (reproductive organs originally in Genitalia vascular (reproductive organs originally in
the subumbral wall of the stomach), descent from the subumbral wall of the radial canals), usually
Tubularia polyps. without peronia on the umbrella margin, never

with peronial canals,
Order IL. LerroMepusz, PL IL O TN >
(System, p. 3, taf. viii—xv.) : Ers ' M:::U: h xS

Genitalia vaseular (reproductive organs originally in Genitalia ( ’:;tem’ = o3 ’ﬁ :::lx.-—:::.). : .
the subumbral wall of the radial canals), descent e Gastral (reproductive organs originally in
e the subumbral wall of the stomach), peronia on the

pan POLYPS. umbrella margin, usually with developed peronial
canals. .

§ 9. Orders of the Acraspedee (System, pp. 362, 449, 632). The section of the
Acraspedz or Seyphomedusee is divided into two sub-sections and four orders. The first,
older and lower sub-section, the Tesseronize (or Tetraperiz), has a highly arched, usually
conical umbrella, and on its subumbral side four large perradial gastral pouches, separ-
ated by four interradial septa or cathamma, in whose subumbral wall the genitalia are
developed. The second, younger and higher sub-section, the Ephyronis (or Octoperiz)
has, on the contrary, a depressed, usually discoid umbrella, and on its subumbral side, a
very wide, flat gastral cavity, into which the four original perradial pouches have been
merged, and in whose subumbral wall the genitalia are therefore developed ; the four
mterradial septa or cathamma have undergone retrograde formation, and are mostly lost.
A further distinetion between the two sub-sections lies in the number of their character-
1stic sense clubs or rhopalia. All Ephyronia or Discomeduse have eight or more sense
clubs (four perradial, four interradial, often several accessory), whilst the Tesseronize have
only four sense clubs, or none at all. Of the three orders of the Tesseroniz, the Pero-

meduse have four interradial rhopalia, the Cubomedus@ four perradial, and the Stauro-
(Z00L. CHALL, EXP,—PpART x11.—]1881.) Mb
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medusee no rhopalia (tentacles instea

tables :—
§ 10.

d). These differences are shown by the folluwing

Survey of the two sections of the Acraspedee.

EruyroN1E (Octoperiz).

_ ith ei to thirty-two) se

_ with four sense Acraspeda with :alght or more (up y nge
Acraspedz mtlfuut HETMT) rzllll:;bs’ or Ty el clubs (rhopalia). Umbrella usually depressed,
clubs (thopalia). Um usuall discoid ; four perradial pouches small, usually

e : hes large, sepa-
conical; gﬁﬂl‘elpem‘l; gostral I:;;i& larg become part of the central stomach, by dissolution
rated by developed catham of the cathammal septa,

Tesseronr® (Tetraperie).

Order IV. Discomepusz, Pls. XX VIL-XXXIIL

Order I. Stavromepusz, Pls. XV.-XVIL

(System, p. 363, taf. xxi.—xxii.) (System, p. 450, taf. xxvii.—xl)
No rhopalia ; simple tentacles instead. Eight rhopalia or more, four perradial, and four
interradial (sometimes also several accessory).
Order IL. PeroMepusz, Pls. XVIIL-XXYV. Sub-Order I Cannostoms.
(System, p. 396, taf. xxiii, xxiv.) (Esophagus simple, without free oral arms. Ten-
Four interradial rhopalia and four perradial tentacles tacles usually short and solid. ’

between (often eight adradial tentacles in addition). S AL
u er emostomz.

Order ITL CusoMepusz, Pl XXVIL (Esophagus cleft into four large perradial, folded oral
(System, p. 423, taf. xxv., xxvi,) arms.  Tentacles usually long and hollow.

Four perradial rhopalia and four interradial tentacles Sub-Order III. Rhizostomz.

or bunches of tentacles between. (Esophagus represented by eight adradial dice-shaped
oral arms with numerous funnel openings. Central
mouth fused. No tentacles.

5 eju:;.iﬂP;ig:g;et: 01l'igi1h1 of ‘the .Craapedotw. The section Craspedota or Hydro-
having arisen ind Y & Polyphyletic animal group ; several different groups of Craspedote
YHig anisen independently of one another from several different groups of Hydropolyps.
nf;acg that al; Anthomeduse are descended from Tubularian
| _ . ampanularia : y
ey e
Trachylin& o COrdﬁiOtw seem to form a third independeﬂt

epgndent]y of each other. The monophyletic origin of all forms

Craspedotas from g single | s |
common ancestral form, though not
" probable (System, p- 359).




REPORT ON THE DEEP-SEA MEDUS .

§ 12. Hypothetical Ancestral Tree of the Craspedots (Polyphyletic).
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§ 13. Hypothetical Ancestral Tree of the Acraspedze (Monophyletic).

IV.
DISCOMEDUSE
e e e
[V. C. RazosToM.E
" 1 A — L
CRAMBESSIDE CUBOMED
PERQIEBUE.E: VERSURIDE Le tubr:h:dm PrLEMID® £ USA
e —— Stylorhizide Eupilemide CHIRODROPIDY
_ Crossostomidze Himantostomidze , maulrphidﬂ-"
! Eucrambessidse e
| Lychnorhizide
i ———
TOREUMIDE
Polyrhizide
5 i Polyclonida ,
ERICOLPID.E ~ ¢ :
(Pericolpa) Haplorhizide CW
Archirhizidze IV. B. SEMOSTOM 2
(Archirhiza®) p ST =
ULMARIDE
Aurelide CyANEIDE
- Drymonemida
‘ Sthenonida i ' |
I | Pateridee
| i — ~ = |
. STAUROMEDUSE Umbroside — :
== T (Ulmaris) ?}{:dnﬁdm
Halicyathids | Wiiopmin)
Froscurinz = '
Haliclystia (F?Wimlﬂ) l IV. A. CANNOSTOME
" ) = G am Ny _—-—J
I Y LixercipzE
TrssERIDE s EPHYRIDE Linuchidz
Depastridz (Pelagia®) Collaspide ‘
| l : Nausithoids I Linanthidz
m T{T e Pal J' } Procharagmide -
essern ephyridse ' i 3
[mwmmﬁ";'}‘ [Ancestral Torm of (Bphyra®) { Prodiaragms ) SSSu :
* Stauromedusz) [Ancestral form of the [Ancestral formof
I l - Discomeduss] the Cubomeduse] B
. : cﬂm-ﬁn = = [ e,
5 men;ﬂlﬂmndmorﬂcyphumedm o
Sk s Corary,: e | 43
':;7:' il M iﬂnuzun]le I ‘ |
P <. | : . CYPH -
7 | r'““l (Ancestral form of all Seyphopolypi : Seyphosioma)
Hydropolypi

=~ L



o/ &

- REPORT ON THE DEEP-SEA MEDUS A, xiii

§ 14. Monophyletic origin of the Acraspedm. Whilst the section of the Craspedotz
18 probably of polyphyletic origin, and their chief groups have arisen independently of one

another, the conditions of relationship among the Acraspedm or Scyphomeduss is, on the

rhopalia are completely wanting, is developed first of all from Tessera. The two orders
of Peromeduse and Cubomedusz, spring as two diverging principal branches from the
ancestral group of the Stauromeduse ; in the former the four interradial tentacles are
transformed into sense clubs or rhopalia ; in the latter, on the contrary, it is the four per-
radial tentacles. The fourth order of Acraspedz, the extensive group of the Discomeduss,
18 distinguished by the fact that all the eight principal tentacles are transformed
mto rhopalia ; it has probably originated from the Stauromedusm or Cubomedusz, per-
haps rather from the Peromeduse, The Cannostoma form the ancestral group among the
Discomeduse ; the Semostoma have probably arisen later from these, and the Rhizostoma
still later from the Semostomse (System, p. 450).

Y 15. Ontogenesis of the Medus®. The individual development or ontogenesis,
which, according to the biogenetic fundamental law, affords us the surest explanation of
the phylogenesis or the original development of the tribe, appears in the Meduss in
two distinet principal forms, as metagenesis and hypogenesis. Metagenesis (or indirect
development) includes the alternation of generations of the Meduss : the Medusa is
formed here asexually by gemmation from a sessile polyp; and the ova of the free-swim-
ming Medusz do not again develop into Medusa, but into the Polyp, which functions
as bud-bearing “nurse.” On the other hand, hypogenesis (or direct development) of the
Medusa consists of the immediate development of the Meduse from the ova of the
Medusz ; the intermediate stage of the Polyp-nurse is wanting. As then the compara-
tive anatomy indubitably shows that the wandering, more highly developed Medusa
form is to be derived phylogenetically from the sessile Polyp form, we must consider
the metagenesis of the Medusw as their origimal or palingenetic mode of development,
but their hypogenesis as the modified, shortened, and simplified cenogenetic form of
gemmation. It is the metagenesis, not the hypogenesis, which repeats in epitome the
method of historical development.

§ 16. Metagenesis or indirect development. The alternation of generations or meta-
genesis of Meduse must be considered their original form of generation or primary mode
of development,—their palingenesis; it appears in different forms in the two sections of
the class. The Craspedote originate from Hydropolyps by lateral gemmation, the Acras-
pedae from Scyphopolyps by terminal gemmation. These two forms of alternation of
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i rable to one another, and have arisen independently of one another.

dotze, alternation of generation 18 the usual form of develﬂpnfwnt of the
Among the Craspe '31_ ’ and the Polyp-nurses of the Anthomedusz are Tubularian Polyps,
Leptolinze (or Acordy lﬁ)rﬂf the Leptomedusa are Campanularian Polyps. On the othep
whilst the Pﬂ]y?-ﬂglﬁejecm mre]y among the Tra.ch}’lill% (01‘ COI'thOtEB) (LOW?IEZZQ clousa
Fa,nd, fe?ﬁ:aéﬁpaiulaﬁﬂn nurse of a Trachomedusa (?)—System, p. 6'53). Among the
icl::g Reflm ontogenesis of the Tesseroni® is still unknown. f&lternatlon of generations
seemspto b; the usual form of development in the Ephyrome. The peculiar form of

terminal gemmation, by which the Discomedusa is developed from the Scyphopolyp nurse,
is. however, essentially different from the lateral gemmation by which the Craspedots are

developed from the Hydropolyp nurse. _ : |

§ 17. Hypogenesis or direct development. Direct development without alternatlion of
generations, which in one word we call hypogenesis, must not be regarded as the original
form of generation in the Medus®, but as a secondary, shortened and simplified mode
of development,—as cenogenesis ; 1t has arisen by lapse of thé alternation of generafions.
Among the Craspedotz, nearly all Trachylins (Trachomedus and Narcomedusz) develop
in this manner, but only a very few Leptoline (e.g., the Cannotid Duplevwrosoma=
Ametrangua, System, p. 637). Among the Acraspedze probably many Tesseronia (Stauro-
medus®, Peromedusz, and Cubomeduse) are similarly developed directly from the ovum;
their ontogeny is, however, unknown as yet. Among the Ephyronia (Discomeduse)
hypogenesis is as yet only known to be constant in Pelagia (whilst the closely allied

C‘?wysa?m undergoes metagenesis). Aurelia is usually developed with alternation of
generations, but in isolated cases without it, directly from the ovum.

senerations are not refe
o

"ommon ancestral group of all Cnidarise ; it is divided first

= thd:op-:glypﬂ and Scyphopolyps. To the Hydropolyps (without
ypothetic ancestral form itself Archydra (also Gastraa, closely
edusa formation, and with simple genitalia
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and organs of sense. To the Seyphopolyps belong : (a) the real ancestral form of the
Acraspedze (Scyphostoma) ; (b) the hypothetic ancestral forms of the corals (Procoral-
liwm) ; (c) Scyphopolyps, which are probably propagated as such without Medusa formation
(Spongicola, Stephanoseyphus). Class I1. Corals (Coralla, or Anthozoa) is Phylogenetically
derivable from the Scyphopolyps (LProcorallium), probably a polyphyletic group (having
arisen at different times from several different groups of the latter). (Jass 1. Meduse is
most probably polyphyletic ; the section of the Craspedotae has likely arisen from severa]
groups of Hydropolyps (Polyphyletic, § 11), but the section of the Acraspedse from 1
single group of Seyphopolyps (Monophyletic, § 14). Class IV. Ctenophora is probably
monophyletic, having proceeded from a group of Anthomedusae (Cladonemidz) (Ctenaria,
System, p. 107). Class V. Siphonophora is probably polyphyletic, having proceeded from

Siphonophora are polymorphic Meduss cormi or colonies, whose associated personz have
become differentiated by division of labour, and assumed very different forms,

§ 19. Ectocarp and endocarp Meduss. As the Craspedota are more widely separated
by the foregoing distinctions (above all by the absence of the gastral filaments and by

divide the whole tribe of the Acalephae or Cnidariz into two principal groups, of which
one (Ectocarpz) includes the groups just mentioned, the other (Endocarpa) the Acras-
pede, the Scyphopolyps, and the Corals (With gastral filaments and with endodermal
genitalia). This proposition seems entirely justified from a phylogenetic point of view,
and we would accept 1t unconditionally, if we were in a position to carry out a
phylogenetic system of the Cnidaris completely and with certainty, Unfortunately, this
is not the case at present. The most probable admission at present is, that the ancestral
group of the Acalephe (the primitive polyps, Archydre, § 18) were early split up into
the two diverging tribes of the ectocarp Hydropolyps (without teeniola) and the endocarp
Seyphopolyps (with teeniola). The Craspedote (with the later side branches the
Ctenophora and Siphonophora) issued from the former, the Acraspeds and Anthozoa
(Corals) from the latter. Only, as, moreover, a polyphyletic origin has now become
more probable for the majority of the said classes of Cnidarize, it seems more accurate
for the sharp definition of these classes and their logical arrangement, to abandon at pre-
sent carrymg out a phylogenetic system and to define the said five classes to the extent
known :—(1) Polypi, (2) Medusz, (3) Siphonophora, (4) Ctenophora, (5) Coralla. If,
on the other hand, we prefer to take their phylogenetic conditions as the fundamental

plan of their systematic classification, it would be carried out according to the following
table ;. —

il et b S—
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§ 20. Survey of the two ancestral branches of the Acalephze.

II. Second Ancestral branch of the Acalephz
(with gastral teeniola and endodermal genitalia),
Acalephz endocarpz (Tzniolate),

I. First Ancestral branch of the Acalephz-e :
(without gastral teeniola, with ectode?mnl genitalia).
Acaleph® ectocarp® (Intzniolz).

5. Scyphopolyps (ancestral group of the teeniolate,

cestral group of all Aca-
1. Hydropolyps (common an grovp derived from a branch of the Hydmpoiype).

lephze, and first of all of the Inteniol).

i - -
2. Craspedotze (Hydromeduse, which have orgm- 6. Acraspedz (Scyphomedusz, originated from sessile

ated from sessile Hydropolyps by adaptation Scyphapn?yps by adaptation to a SWimming
to a free-swimming mode of life). mode of life).

3. Ctenophor® (an early side branch of the Craspe- 7. Coralla (Anthozoa, the principal group of the
dotee—Anthomedusz). sessile Teniolata, probably sprung from several

branches of the Scyphopolyps).

4. Siphonophor (swimming colonies of Craspedote—
Anthomeduse), with polymorphism of the per-
sonz.

marticulate transversely axonial (or radiate) persona (“persona inarticulata staur-

axonia”). Each Medusa has, therefore, a vertical principal axis (with oral and aboral

pole) and two or more horizontal transverse axes, perpendicular to it, with twice as

the’a? radii (usually four) corresponds to the number of
8 which compose the body of the inarticulate persona and
Edg&s. in the vertical principal axis of the body. Those
OF cormi, undergo at the same time considerable organo-

hsequence of extensi - »
become nsive polymorphism of their personae and
*parated from the true Medyss 45 a special class : the Siphonophora.

. In all Acraspeds and in the majority of
18 the geometrical basis-form of the mature body, and
bofly (which is vertical in the normal position of the
% Wppee (”’_bﬂml) pole corresponding to the point,
i ‘:_'Penm_g, falls in the middle of the base of
TS axes (with tu: Pyramid (at least four) are transected by
WiCe as many radii of the first order), whilst the
of the pyramiq correspond to the indifferent radil




§ 24. Individual digressions from the primary or typical cardinal number. It is not
unusual to find individual abnormalities of the fundamental number (more frequently in

many groups or many species, more rarely in others), so that instead of four radii there
are six or eight, less commonly other numbers (5 /7.9 &c.); in single species (e.g.,
Aurelia aurita) this inclination to individual variation of the fundamental number is very
great ; in some groups (e.q., Cannotidee, System, taf. 1X.) it is constant in many species
or genera, so that here of closely allied Species or genera, some are quadripartite and
others sexpartite. In some other groups (Aquoridze, Cunanthidz, Peganthidze, Solmaridze)
the fundamental number is very large and indefinite - it may mount up to above a
hundred (e.g., Lquorea forskalea, A, cilvata, Mesonema cerulescens, M. dubium, &e.).
The fundamental number is more inconstant the higher it rises, and therefore more
unequal in the different individuals of a species.

§ 25. Secondary fundamental numbers of Medusze. Next to the primary fundamental
number 4, in the Medus® only 6, 8, and 12 are prominently significant as secondary
fundamental nambers. They become hereditary in many species and groups of species,
and thereby acquire a systematic significance.  On the othér hand, the uneven numbers,
5 and 7, do not appear constantly in any single species of Medusa, but only as individual
variations, and so do 9, 10, and 11. As soon as we get beyond the number 12 the
fundamental number especially loses all morphological and systematic significance, as it
then becomes inconstant and variable, and more so the higher it rises (Aquoride,
Cunanthide, Peganthidze, Solmaridae). Moreover, as the fundamental number 8, which
often recurs, and is constant in many groups, has arisen by duplication of 4, as the more
unusual number 12 from duplication of 6, the most important secondary fundamental
number next to the primary 4 really consists of 6 ; instead of the normal 2 transverse
axes of the regular pyramid 3 are formed abnormally, and the hexagonal regular pyramid,
therefore, appears instead of the quadrangular,

§ 26. Central and peripheric numbers. In all Meduse it is only the central part of
the body, pre-eminently the stomach, never the peripheric parts, which are the eriterion
for determining the true fundamental number or homotypical number, The peripheric
parts, especially the umbrella margin with its appendages, show higher numbers than
the central part in the majority of Medusse. In most cases these higher numbers of the
peripheric parts have arisen either by multiplication from the lower fundamental number

of the central part or by regular multiplication according to definite conditions of pro-
(Z0OL. CHALL. EXP,—PART x1.—1881.) M e
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happens that the central part is four, and the

; o frondosa). That the central umbre]l,
\ . 1la six (¢.9., Palyﬂlonwfrﬂﬂ - : o
puigit i 3 ;lun:::;n:nml (number by inheritance, whilst the peripheric part

explained by the fact that the latter is subject in a higher

_ 11 Rhizostome, for exampl

 (The fundamental number of a mple,
degree to adaPtat;j:r ﬂf‘ﬂl pillars, four genitalia, &c., although they have all eight
as well as a very variable number of marging]

On the other hand, 1t rarely

remains 4, with
arms and from eight to twelve sense clubs,

lobes. : '
: ) 327 Radii of the first to the fourth order. The radial structure of the Medusa (like

that of most radiata) is caused by the division of the growth of the centrali body (origing,]]y
uniaxial in the gastrula) into different meridian planes. As the growth is more energetic
in definite meridian planes, or radial planes (which touch in the common central prin-
cipal axis), and leads to the development of new organs, the interlying radial planes con-
tinue indifferent or opposed, and usually in the middle between these energetic rays of
growth. In this way an antithesis arises first of all between radii of Order L. and Order
[1, which we shall designate shortly “ perradii” and “interradii.” Special organs very
often arise in the middle between the perradii and the interradii, and these then lie in the
radii of Order IIL, the “adradii.” Finally, we can distinguish in many cases radii of
Order IV., or subradii, which lie in the middle between the eight adradii and the eight
principal radi. In the “ principal radii” we include the four perradii and the four
mterradi, whilst, in contrast to these, we term all other possible radii “ succursal or
secondary radii.” Our distinction of these four orders of radii is of great 1mportance, not
only for “th.e architecture of the Meduss, but for the promorphology of most other
) l'f-'.dfata ; it allmf's us fo designate, in a single word, the most important conditions of
E::mr and relation of the organs with mathematical sharpness and precision. For

ple, Zphyra, the important ancestral form of all Discomeduse (fg. A), has four

all Acraspeds, and in the majority of the
ental number of the body, the latter conse-
tadiate parts,” which touch in the common vertical
st T PO originally congruent, so that a prin-
%—an oral lobe, a quadrant of the stomach, a radial
| catham between the pouches, a primary tentacle, and
oy umetrical ” form)), and theref, dlplm}nc fﬂl{damema] form (or a strictly * bilaterally
' . cousinta of Lo equally symmetrical halves, the
Ies or counterparts comport themselves
of all higher (dipleuric) animals. We
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an also distinguish three axes or “euthyna” in each paramere ; the longitudinal
axis of the paramere coincides with the central principal axis of the whole body ; the
sagittal axis (or *“ dorsoventral ” axis) of the paramere is the perr :
(or transversal axis) lies tangentially, and touches the two
poles (“ right or left pole ).

adius ; its lateral axis
adjacent parameres with its two

lerrad
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¥ig. A. Zonsphyra pelagica (Discomedusa, Ephyrida).

£ | a i x £ - - T ] 5
oubumbral view, giving the four orders of transverse axes (with twice as many radii). The oral

(2s) and the four perradial sense clubs (0?) lie in the four perradii (Order L.). The gastral fi

el

amaents

(f), the genitalia (#), and the four interradial sense clubs (0*) lie in the four interradii (Order il.)

FT & 1 L] r i ] " " & [ & 5 o

I he C1gnt tentacles ({a) and the tentacniar coronal pouches {r‘a._'_: lie in the l-]_'.,'ht adradu (Order I1L).
2 wh: ¥ ] % L, El " - w» " oy ol L]
['he S1LXL&6N 1 iT',L:'iT'J-'.] lobes 'fl'r,;' lie in the sixteen subradii (Order IV .).  Sixteen bifarcate coronal

pouches, eight tentacular (0f) and eight rhopalar (b0) radiate from the central stomach (g).

¥ 29. Radial planes or meridian planes. In the Meduse, as in all regular or symmetri-

cally radially constructed animals, we can distinguish a number of radial or meridian
}'--fﬂ*:u h}nr‘f: Fz;n'-.f‘ a h:_f_"h Tw*t_u]rr:]r'u] :H]-I ]_nrnﬂ'u;l'lrfltilf:f‘_!'li":ll :-'-'.-I_Ellihf_';llrf_‘.r', .'Hlll ‘u‘-‘}llf'h are
defined 0y the position of the vertical ]-rf;u-}}':}f ax1s and of one of the horizontal trans-
VETSE axes,

A3 in all Acraspedse, and in the majority of Craspedotse, the body has the
fundamental form of the quadrate }*‘.‘I'.‘:I'Ilfri. we can distinguish in them four I'rj“”j}’”*]
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d by the position of the four perradii and the four intey.

: _ . -n to the four parameres or pairs of antimeres
radii, and which AR Lr}?lfin ;Z:e;iiilﬁ lie in the two primary meridian planes (or
(comp. w::'mdcut, fig. ?)brderel.”) whilst the four interradii lie 1n the two secondary
o ; mdl;alniazftﬁe « radial planes of Order IL.7). Each of the two Primary meridian
3:;1&; ?s I::]:ierefore the middle plane (or saggitﬂl plane) of each two (TP posite ‘parameres and
ot the same time the boundary planes between the two S}"H:'ll]jletrlc&l am.:lmeres of each

ramere. On the other hand, each of the two secondary meridian plane_s 18 the boundary
}p)ime (or septal plane) of the two adjacent parameres, and at the same time the b?undary
plane of their two contiguous antimeres. If the four cjt)rllﬁl's of the quadr.:a.te pyramid corre-
spond to the four perradii, 1ts diagonal planes (in which each two opposite corners lie) are
the primary meridian planes, whilst the secondary meridian planes are formed by the
middle lines of each two opposite lateral surfaces of the pyramid.

§ 30. Regular and amphitect pyramids. Whilst all Acraspede and the majority of
Cm.;pedotw retain the original primary fundamental form of the regular pyramid, in a
large number of Craspedotee (but in no Acraspeda) it passes into the secondary funda-
mental form of the bisected or amphitect pyramid. In the former, all the four parameres
of the body are completely congruent, whilst in the latter they are only congruent in
pairs, as each two adjacent parameres are symmetrically similar. Whilst the base of
the regularly quadrangular pyramid is a quadrate, that of the amphitect quadrangular
pyramid represents a thombus, Asin the amphitect pyramid the two primary transverse
axes are unequal m size, so, of the four parameres, each two adjacent are symmetrically
similar, each two opposite are congruent. In these amphitect Craspedota it is usually
;:zdilezﬁiﬁﬂﬂpmefﬂt of the tentacles which. first causes the alteration of the regular
oSl i dE?Z;?ped Ow]?‘:le :‘7";1' primary tentacles, th.e two _0pposite are much larger or t‘he
o .{’ham S ttle OtPhcl‘ two, .alternm':lng with them, are smaller or quite
System, taf. vii. figs. 3, 51 D e, Hysten, (ol 3. 15 6 A
e it g xﬂ"gi ;ldz{; - onema, System, taf. viii. fig. 3; szetasus,_ System,
ditions. of the zhomboid. pymid v -r 5 16) The promorphologieal con:
Craspedots as ia the Cy Pyramid are entirely the same in these amphitect four

meridian planes, which are define

als0 appears alo it
S A (e-g-ng With the quadrangular, the same promorphism which distinguishes

’ rosoma, :
b Dok, System, taf. ix. fig 9).

regular pyramid ag ), an the amphitect form, along with the predominating
¢ geometrical fundamental form of the Medusse. In such cases the
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special subfamily of the Euphysidee. 1In it, of the four perradial tentacles, three are
rudimentary and transformed into marginal ocelli ; the fourth tentacle only is developed
and therefore so much the more strongly. It is simple in Euphysa l
(System, taf. ii. figs. 8-14), but split into two to three filaments in Amphicodon
taf. i figs. 7--9) ; whilstin the former the fundamental form of the ym
a little, in the latter (as also in Hybocodon) it is considerably transformed

g, B. Cannorhiza connera (Discomedunsse, Yersurids),

Subumbral view of the umbrella. The arm disk with the eight oral arms is removed as the four per-
radial arm pillars (ab), which connect the umbrella disk and the arm disk, are cut through., (od)
Inter sense elubs, (wm) Umbrella margin (turned over inwards). (s) Genitalia. (10z) Gelatinous
cross of the gastrogenital membrane. (99), (9h) Peripheric limbs of the gelatinous cross, (g)
Peripheric umbrella corona. (¢¢c) Coronal canal. (ed) Pillar canals. (ca) Adradial canals. (ef)
Interradial canals, (¢p) Perradial canals,

and rli::;tiru;tly dipleurie or zeugite. The whole umbrella is here bilaterally compressed
and divided by a sagittal plane (in which the curved gastral axis lies) into two SyIm-
metrical equal halves, g right and a left. The lateral transverse axis 18 equipolar and
shorter than the polar r-_::Lﬂr_f-itr;ﬂ transverse axis, which has often a tentacle at the one
}'f“!“, and often has -?‘m[f_'!’]ll_ii:;'[: buds at its base. The further the tentacle and 1ts group
of buds extends up the umbrella at this point, the more distinet the zeugite form becomes.
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' in the Medusoid personz of ¢}
: has become predominant 1in _ of the
g]:u; fuuitn:nﬂtjﬂj‘;:: parasitic Mnestra, and is sometimes
S1phonop

faintly indicated in some

It appears also in the

Cubomedusee (Charybdea). -
§ 32. Perradii, or transverse axes of Order I. In the ordinary regularly quadripartite

Medusse, the four perradi or “ypper radii i ]_?e in the Fwo trz:znsvers:e axes of the
quadrate pyramid perpendicular t? each other, in the sagittal middle line of the four
parameres, between these two antimeres. I-n most Craspedotae the four ora,li an.gleig, or
oral lobes, the four radial canals, the four primary tentm::lea, ﬂl’fd the four genitalia lie in
the four perradii (or with dichotomised genitalia in the middle line of the perradii between
the halves). In all Acraspedz the four limbs of the oral cross and of the gastral eross
(fig. B, wzx) correspond to the four perradii, also the four oral lobes and the four oral
piliars or primary oral arms (ab), and also the middle line of the four lobed primary
radial pouches: in the Stauromedusee and Peromeduse m addition to these the four
tentacles lie in the four perradii, and in the Cubomedusse and Discomeduse the four
primary sense clubs (fig. B, op). In all Medusa the perradii are originally the zones of
the most active life, of the strongest growth, and most complicated differentiation, with
preponderating tendency to centrifugal development of the organs.

§ 33. Interradii, or transverse axe$ of Order II. In the quadripartite Medusa the
four interradii lie exactly in the middle between the four perradii, and, therefore, intersect
the latter at an angle of 45 degrees; they therefore lie at the same time in the boundary line,
between the four parameres. In the quadrate Craspedotae the four interradii form the
geometrical middle line of the four injected oral archings (between every two perradial
t.:rral lobes), and also of the four broad cathammal plates (between every two radial canals);
eicps octonemal Craspedotze (with eight tentacles) the four primary tentacles lie in the
fﬁ;ﬁﬁzzﬂr sccondary in the intemadii. In all Acrasped the four injected orl
gl i an?ﬂﬂ lie in the four perradii, also the four fundamental twniola or
Hhe Loy im];ﬂrtant mt;’l:ﬁr:‘z:}? g;atral ﬁ}aments (or groups of ﬁla,ments),. and, finally,
interradii, moreover, form the mid?ileolﬁl;e Prf]'mzryf =i lilﬁdf’-'ﬂ b D
B, ), and also of the four pair of ceniteliy o e
divided into two halves. In all Me(g;tu s such %f’l‘ﬂﬂpeé@ in which the lat't‘er are
zones of the most Intense arowth Eﬂm the m%@I are next to the qudu, the
tendency to de‘velopment i8 pred an_ - of the mo‘3t umportant djﬂ'erentiatlon, }?ut the
perradii it is centrifugal., predommantly centripetal with them, whilst with the

334 Adradii, or trapgveps
between the four ore axes of Order IIL. The eight adradii lie in the middle

pPerradii and the fouy interradii of the quadripartite Medusa ; they

een )
+ They ol ?.nd the latter, and intersect the two at an angle
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the principal radii, on account of their prominent morphological significance, radii of
Orders III. and IV. belong, on the other » to the succursal or secondary radii, which
can only claim a subordinate value as compared with the others. Inmost Craspedotz the
eight adradii are of no special value; they are often without organs, or only bear the eight
tentacles of Order III. They are distinguished only in the vesiculated Leptomedusz
(Eucopidse and Aquoride), as the eight typical “ velar marginal vesicles” of this group
lie in them (fig. C, ov, System, taf. xi., xui.). The eight adradii are of much greater
importance in the Acraspedz. In these the eight hollow marginal “arms” of the
Lucernaridee and the homologous eight oral lobes of the Pericolpidze lie in the eight
adradii, also the eight marginal pouches of the Charybdeids and the eight tentacles of
the Ephyra.

§ 35. Subradii, or transverse radii of Order IV. The sixteen subradii lie in all quadri-
partite Medusz in the middle between the eight adradii on the one side and the eight
principal radii (four perradii and four interradii) on the other thirty-two angles of 112
degrees remain between the former and the latter. Contrasted with the positive signi-
ficance of the principal radii, which in all Medusz mark the active meridian planes of
development, and the regular positions of the most mmportant organs, the subradii have,
at most, a completely negative value : they mark those meridian planes of the body which
of all comport themselves the most passively and indifferently. In most Craspedotz no
special organs lie in them, excepting in some Narcomedusa, as, for example, in Eginura
(Pls. XTIT., XTV.), where the sixteen internemal pouches (with the genitalia) and at the same
time the sixteen auditory clubs of the umbrella margin lie subradially. In the majority
of the Acraspeds, the sixteen subradial planes are distinguished by the absence of all
organs. In a few groups of this section only they mark the site of isolated marginal
organs. For example, the sixteen marginal lobes of the Periphyllidze, among the Pero-

meduse (Pls. XVIIL, XIX.), and of the Ephyridee, among the Discomeduse (woodcut,

fig. A, ) lie subradially. The latter are so far of importance that the marginal lobes
of all Discomedusee have arisen from them : indeed, it is advantageous for the more
accurate morphology of this division to distinguish two groups among the sixteen
subradial “ Ephyra lobes ” : the eight Ephyra lobes, enclosed in pairs by the perradii, are
corradial, whilst those enclosed in pairs by the interradii are exradial.

§36. Umbrella disk and umbrella corona (““ discus umbrellee” and * corona umbrellse 7).
In all Medusae the most important groups of organs of the body are divided in such a
way that a certain regularity seems common to them all. We can recognise especially
- distinet contrast two principal parts of the body between the central umbrella disk
(“ diseus umbralis ") and the peripheric umbrella corona ;: the former contains the larger
and most Important part of the vegetative organs, 'the latter, on the contrary, the prepon-
derating and most im portant part of the animal organs, The stomach and mouth, as well
as the many important organs developed round the mouth (oral lobes, oral arms, &e.),
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lla discus. The peripheric umbrella corona, on the other

bre
belﬂng i :e :;::111 bumthe broad coronal muscle of the subumbrella, and, aboye all, by
hand, is characte y central nerve system, and also the sense organs anq

e ‘I.l, on Wh_lﬂh the =
E:E;dm:;rellz}: besi%les these the velum in the Craspedote and the lobe corona in the

Ac?ﬁﬁopogmphical antitheses. It is indispensable for the clear, and detailed ana-

tomical deseription of the Meduse, to avoid the usu_al, but indefinite and dubim.ls terms,
« inner and outer, upper and lower ” parts, &e., and instead oi_' t}.IOSE to use definite topo-
graphical terms. For this purpose We represent the Medusa m 1-1;5 usual natural position
with the vertical principal axis, the convex umbrella surface turning upwards, the concaye
ambrella surface turned downwards ; the umbrella margin forms the boundary between
them, in the more limited sense, the free velum margin in the Craspedotz, the margin
of lobes in the Acraspedz. All the parts lying above this free margin (or the upper con-
vex surface) we term dorsal or exumbral, all lying below it (on the lower, concave surface),
ventral or subumbral ; the marginal organs lie between the two on the umbrella margin.
With regard to the two poles of the vertical principal axis, we term all the central parts
which are turned towards its upper pole or apical pole “ aboral,” and those which are
directed towards the lower pole or oral pole “oral.” Finally, as regards the two poles of
the radil or transverse axes, we name all parts of it which approach the central principal
axis “ proximal parts,” whilst those which turn towards the peripheric margin are “distal”
parts.
§ 38. _Ofganic systems.  All the different organs which are developed in the Medus®
may be divided into two large organic systems, the neurodermal and the gastrovascular
:izt?;-b m'lll':e I{itﬁrcfiermal system includes pref:erably the animal organs and apparatus ;
Ty ma:’_l v:ith etxllllmbral gmbre]la-covenng and subumbral muscular plate, the
system, the teilrajcles d :]1 most 1mportant organs of animal life, the central nervous
B . = and the organs of sense. The gastrovascular system, on the other
i) Pl‘ltll(‘,lpa]ly of the vegetative organs of nutrition and reproduction, of the
central principal intestine (with stomach and mouth b P hori B
mtfaﬁne (with pouches and eatinle), st dles of 43 ), ot the perip GG wlands,
which are Invariably developed in th , b e
: g ¢ subumbral wall of the gastrovascular system (some-
» Sometimes from the endoderm). Taken altogether, the neuro-
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II. GENERAL HISTOLOGY OF THE MEDUSZE.

§ 39. Primitive germinal layer (“blastoderma ") In all Medussm as in all other
Metazoa, the aggregate cells of the developed body are descendants of the homogeneous,
ndifferent “segmentation cells,” which are formed by repeated division of the fecundated
egg cells, and which compose, first of all, the solid multicellular “mulberry germ”
(“morula®). As fluid gathers inside this solid spheroidal accumulation of cells, and its
homogeneous cells appear on the upper surface, this important hollow sphere, the
“germinal vesicle” or “vesicular germ” (“blastosphera” or “blastula”), is originated,
whose wall is composed of a single, simple layer of cells. This simple cellular membrane
itself is the germinal membrane (““ blastoderma ) or the primitive germinal layer.” As
the hollow sphere then forms a depression at one point of its upper surface, and this
depression always deepens, the germinal membrane becomes Invaginated, and thus
differentiates into the two primary germinal layers composing the “ gastrula.” As the
formation of the gastrula by invagination of the blastula in the Meduswm has been observed
mn very different groups, we may assume that it happens universally in this class, and
supposed exceptions (e.g., Geryonia) are founded on erroneous observations.

§ 40. Primary germinal layers (“ectoderma” and “ endoderma ”). The two primary
germinal layers, which first of all arise from the primitive germinal layer, have the same
fundamental morphological significance for the Meduss as for all other Metazoa (gastreea
theory). As these two layers regularly recur now in the gastrula of all Metazoa, we may
assume that they have been transmitted by inheritance to all the groups from their
common ancestral form, the Gastreaa. According to the fundamental biogenetic law, they
therefore appear to be constant in the gastrula of all Meduse, which first develop by
mvagination of the blastula. The inner or vegetative germinal layer, the intestinal layer
(“ endoderma,” or “endoblastus "), limits the cavity of the primitive intestine, as a
simple nutritive cell layer, whilst the outer or animal germinal layer, the dermal layer
(““ ectoderma,” or “ ectoblastus ’), covers and protects the former layer from the outside,
as simple sensitive cell layer. In Meduse generally, the cells of the two primary
germinal layers (both the inner and the outer) are flagellate, high, eylindrical cells, each
of which bears a single, long vibrating flagellum.  Whilst the vibrating flagella are
constant on the epithelial surface in the majority of the endoderm cells, they are lost in
the majority of the ectoderm cells. The two great organic systems of the Meduss stand
n definite relation to the two primary germinal layers, just as they are distributed over
the two principal sections of the body, the central umbrella disc, and the peripheric
umbrella corona. The more numerous and most mmportant parts of the neurodermal
system arise from the ectoderm, those of the gastrovascular system, on the contrary,
more usually from the endoderm. During the development of the Meduse from the
gastrula a hiﬂtnlngiuul differentiation of the two primary germinal layers appears every-

(Z00L. CHALL EXP,—PART x1r.—1881.) \ M d
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where, which leads, as in higher

tissues are regularly arranged 1n

s ‘;mnndszry g;;l;i;ael la: i}’ neﬂrs] iayers If we consider the histological differentiation and
41. »Secon ;

rnected with it, of the organism of the Medusa as a whole, and
;,?i :tg;ettt:rg ftfj ilrzszoconnectinn of the different “ principal La:yﬁrsf ”Hand s second;ry
layers,” we can universally distinguish accurately four layers, w o “0 Hhad it anot‘ E:
£-om the exterior, inwards :—(1) the dermal plate or dermal covering (“ lamina chretahf{,
« chrotoderma ”), the layer of cells which covers the whole outer su'rfa,ce of the body in
continuous connection and passes into the endoderm at the oral margin ; (2) the muscular
plate (““lamina muscularis,” myoderma ”), the thinner or thicker muscular layer, which
proceeds from the ectoderm and is chiefly spread over the concave lower side of the
umbrella ; (3) the connective plate (““lamina connectiva,” ¢ colloderma ), the gelatinous
or cartilaginous mass secreted from the endoderm, which as a thicker “ gelatinous
umbrella ” forms, according to volume and weight, the principal mass of the body in all
Medusz, but which is also found as the thinner “ supporting lamella ” in the subumbrella
and the tentacles ; (4) the intestinal plate or intestinal epithelium (* lamina gastralis,”
* gastroderma ”), which lines the whole inner upper surface of the umbrella in continuous
connection, and passes into the ectoderm at the oral margin. Although the muscular
plates are for the most part produced from the ectoderm, and the connective plates, on
the other hand, from the endoderm, we must distinctly remember that in isolated cases it
1s reversed, and muscles are formed from the inner germinal layer and supporting plates
from the outer.

§ 42. Two opposite views may be held in histologically judging the organism
of t.he Medua'fia. ‘ On the one hand, the Medusse may be considered as diblastic animals,
:{;:1 tll;;:f::ii;}fi;h;lai Ezﬂzziueﬂl ;hiﬁh appear between -the, two .primary ger}
the two, and only TN Wi them, are referable with certainty to one o

amount of independence.. But, on the other hand, we

:]Z'ﬁf;o::i(:;o p:;:s o_f the- Meduss (_and In a certain sense all of them) as mesodermal (tr1-
tic animals), as in certain parts of the body (and in some Medus® to a

€s are re_ally secreted between the outer and the inner ger-
e g_elgn.:nal layer (“‘mesoderma ”). The following tissues
. 48 Independent mesodermal t; : Inous
tissue of th ; _ ermal tissues :—(1) the gelatino
T Gfetlllanelb;]iu; atznﬂa:; 481t contains independent cells - (2) the chordal tissue in
es; (3) 'the muscular tissue of isolated, especially stropglj'
uﬂbtlssue 1 a part of the nerve centres and the organs
rlegri eel » but less accurately, the following may claim to be
! 1;? the reproductive tissue ; (2) part of the urticating J
UG organs) ; (3) all subepithelial muscles; (4) all

animals, to the formation of different tissues, and these
four strata, which 1n a certain sense may be considered

.....
Ll
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subepithelial nervous plexus. The latter, however, want the complete histological
independence and the entire separation from the mother-epithelia, already attained by
the former. On the whole we find autonomic mesodermal’ formations chiefly in the
higher and larger Acraspedse, in which both the volume of the body and the organological
separation hajre reached a very high grade, whilst they remain at a much lower stage in
the smaller Craspedots, which are much lower in this respect. If then isolated organs
are found on definite parts of the body, in which the different forms of tissue of the
animal’s body have attained the same high and independent formation, as in the higher
animals, there is nothing to prevent us terming these secreted layers of tissue true
“secondary germinal layers” (even though these are only developed locally). The two
middle plates, the ectodermal muscular plate, and the endodermal connective plate, may
be classed together as mesoderm according to the following diagram.

Diblastic Theory, Tetroblastic Theory. Triblastic Theory.

1. Secondary dermal plate

(| L Pri dermal layer, “ Chrotoderma ”), :
el i {_m{ ( ) External germinal layer,

is L
(“Estoblastua”). || 2. Muscular plate («Myo- | “Eetoderma,” ot
Primitive germinal derma ”).
layer, ¢ Blasto- -
derma.” | 9. Connective plate (“Col- | | Middle germinal layer,
loderma ”), } “ Mesoderma.”

IL. Primary  intestinal

layer, “Endoderma,” - : ;
8.a. (“Endoblastus”). : Se;inant(elary {?E&;zﬁzl ] Inner

: derma ”). f

germinal layer,
“ Endoderma,” s.sf.

§ 43. Differentiation and teleosis of the tissues. The great and general interest pre-
sented by the histological structure of the body of the Medusz does not only lie in the fact
that we can distinguish the origin of the four secondary germinal layers from the two
primary, and especially the derivation of the mesoderm from the two primary germinal
layers, more certainly and clearly in them than in the higher Metozoa, but also that in them
we can more clearly recognise the mechanical causes of these fundamental processes.
These mechanical causes, on the one hand, are the physiological division of labour of the
cells and the differentiation of the tissues proceeding from it, and, on the other hand, the
Physiological perfection of the cells and the progressive development or teleosis of the
tissues resulting from it. If these processes of development continue to be carried on now
by inheritance in the ontogenesis of the Medusae, the result has been originally brought
about in their phylogenesis according to the laws of the theory of selection.

§ 44. Primary and secondary tissues. The importance of the Medusse for general his-
tology lies chiefly in this, that within this class a long series of histological differentiations
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, beginnings, step by step before ony
lo from the BH?ﬂPlestr .
and teleoses a:Ede(ﬁimeT:e ped of the body (that is in many higher and. larger Medusw) al)
eyes. Whilst a i gpfalthtﬂe . 1 tissues are already secreted as independent layers

the four principal fo f the body (that is, in many smaller and lower Medusa) stil]

pear in other parts O : .

Fhey zpwndentﬂi?m as mere appendages of a single fundamental tissue, the epithelium.

Th: meost different ;?lenrrees of formation of tissue are represented beside each other in
=

genetic connection, within thi? long .'.aeries of perfection 3(1111 diﬁ‘irfﬂtiziﬁn, 80 th?.z the
most important forms of the higher tissues are to be fcrm:} ere “I1n statu nascenti.” Ip
this respect the Meduse furnish an excellent a.rgument_ in favour of t}.lﬁ tenet,.,. recently
brought forward in the gastrza theory, that t'here 1S only_ one . primary tissue, 1:1_1&
epithelial tissue, and that all other forms of tissue hanfre arlse_n sec?ndanly from it.
The simplest and phylogenetically oldest form of this primary tissue 1s the blastoderm
of the “blastula,” this simple single-layered epithelium, which alone forms the wall of
this hollow sphere in the germ of all Medusz, in the same way as 1t does in the germ
of all other groups of Metazoa. When the two-layered gastrula is formed by in-
vagination of the blastula, the blastoderm (or the simple “ primitive germinal layer”)
of the former is divided into the “primary germinal layers” of the latter, which
are likewise simple epithelia. All other formations of tissue (connective, muscular,
and nervous tissues) have arisen, both ontogenetically and phylogenetically, from
these two epithelia.
~ 345. Epithelial tissue (“ tela epithelialis ”). The protective tissue or epithelium, which
% the gastrula of the Meduss, as of all Metazoa, is formed first of all by the simple
tissue of th:e multicellular germ, in the mature and developed Medusa, covers firstly, as
E:z;fviﬂng é:;ctodfrm *); the Wlfole upper surface of the body; and secondly, as inner
coverings ar:’;e em; _): the whole inner surface of the castrovascular system. These
rywhere separated from one another by secondary formations of tissues,

Eefcreted !Jetween the?:u, and c_rnl_y' pass uninterruptedly into one another at the oral mar-

both eoveﬁﬂy. H ) shows far simpler and more uniform conditions of formation in
owever, most of the differentiations recur in it, which appear more

! . its manifold mned m the outer covering (“ epithelium ectodermale 20 corresponding to
e § 46. Oy terﬂapmh‘vmfm a‘f rﬁtlaﬁﬂnﬂ to the outer world.
5 Ing or chrotal epithel;  oPithelium cctodermale ” or - chrotale ). The outer cover

sense) in all Meduss coy (Wl;xch may also be termed “ ectoderma ” in the more restricted
e efl tire outer upper surface of the umbrella as a coﬂﬂeﬁwd




dorsal ectoderm (also termed * chrotal epithelium of the notumbrella,” or shortly “
ectoderm ”) covers the whole convex surface of the gelatinous umbrella in the form of o
delicate, flat epithelium of very uniform and indifferent character. The cells of this
epithelium are usually extremely thin, but very extensible polygonal plates, which lie
immediately on the gelatinous body, and are covered on their upper surface by a very
delicate euticule ; this often looks dotted or granulated, as at definite distances on it
there are thickenings in the form of nodules or small papillze. Vibrating flagellate cells are
wanting for the most part on the dorsal exumbrella, but they are often found on definite
limited spaces, especially on and near the umbrella margin ; the flagella are then usually
very delicate and fine. Pigment cells and urticating cells are more frequently found in
the exumbrella, especially in the vicinity of the umbrella margin and in the projecting
radial ribs, ridges, nodes, and papillze with which the convex outer surface of the umbrella
13 covered in many Meduse. The subumbrella op ventral ectoderm (also termed the
“ chrotal epithelium of the coelumbrella,” or shortly the “ lower ectoderm ”) covers the
entire concave surface of the gelatinous umbrella from the oral margin to the umbrella
margin (in the Craspedota to the free margin of the velum, in the Acrasped: to the free
margin of the lobe-corona or of the velarium). It shows a mueh more complicated and
varied nature than the dorsal ectoderm. Its cells are usually higher, more cubical, partly
covered by a cuticle, partly not covered. Part of the cells bear vibrating flagella at
definite points, and feeling bristles at others. In the same way, urticating cells,
glandular cells, and also often pigment cells are richly developed in many regions. The
differentiation of the ectodermal epithelium is most varied and important at the actual
margin of the umbrella, and its appendages, such as the tentacles, marginal lobes, and
organs which are developed there. Thus we can often separate a special “ subepithelial
layer of cells ” from the true epithelium (which only covers the free surface). As numbers
of thread-cells are often developed, a special ““ urticating tissue” (“ tela urticaria ”) often
arises, which, especially in the Trachomeduss and Narcomedusz, forms a thick  urticating
ring " and the *“ umbrella-clasps ” (« peronia ”) running out from it. The firm and thickly
aceumulated nematocysts there lose their original function of protective weapons, and
attain the significance of a supporting dermal skeleton (urticating skeleton, § 71).
Another portion of the ventral ectoderm, and, in fact, that portion which covers the
subumbral wall of the gastrovascular system in the Craspedots, furnishes a subepithelial
layer from which the reproductive cells, both male and female, originate in this section of
the Medusms,

y 47. The inner covering (“epithelium, endodermale,” or “ gastrale ”). The inner
eovering or gastral epithelium (also termed “endoderma” in the more limited sense), in all
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o entire extent of the hollow space of the gastrovascular system, consistg
lines the entir '

Medus, d passes into the ectodermal epithel;
- or of fl ge]]ate cells, and p : um
everywhere of a ﬂlmp_le 13.:;:&51}: nding to the shape of the umbrella enclosing the gastral
only at the oral margin. his endoderm two different principal parts contiguong

stinouish m t . :
space, We Eanuzls;afl.?tlﬂil; dorsal epithelium, and the ventral epithelium of the gastro.
at ti;el;xzy::e 3 Bog:}? <how striking and constant differences. The dorsal endoderm (or
vasc :

the “ gastral epithelium of the nutu_mbrelln,” often also ]iiipéy tell'medb ﬂilf 4 ﬂﬁbral or
upper endoderm ") lines the coneave 1ner surfa:ce of the thic ¢ dorsal umbrella, and covers
its gelatinous body in the form of a thin, uniform, flat epithelium of very indifferent
character (PL IV. figs. 6-8, du; Pl IX. figs. 5-7, du ; Pl XXV. ﬁ%‘S. 8-10, du) The
ventral endoderm (or the “ gastral epithelium of the coelumbrella,” often also simply
termed the “subumbral or lower endoderm ”) covers the convex inner surface of the thin
ventral umbrella, and is stretched across 1ts subumbral supporting plate in the form of a
high differentiated cylindrical epithelium (PL V. figs. 6-8, dw ; PL IX. figs. 5~7, dw;
Pl. XXV. figs. 8-10, dw). Its cells are much larger than those of the dorsal endoderm,
are often extremely high, and enclose plasma products of various kinds, fat, granules of
pigment, crystals, amyloid granules, and other products of a vital change of tissue, but
also numerous vacuoles which not unfrequently coalesce. In many places, that is at
the cesophagus, one part of these ventral endoderm cells is transformed into glandular
cells, and another into urticating cells ; epithelial muscular cells and even perhaps sense
cells appear to originate from it here in some places. Finally, it is also these ventral
endodermal cells which form the reproductive cells in all Acraspeda ; both ova cells and
sperm cells proceed from a subepithelial layer of the ventral endoderm. This ventral
gastral epithelium is plainly of the highest significance for the aggregate changes of tissue
:; the Medusée, whilst the opposite indifferent dorsal endoderm is only of slight ijnportance;
in;;agceglﬂu;f’ I;;?;:;Hﬂig;uaﬁ 081!3,’:’ as in both cases they invariabily bear a v‘ibfrat-
at which the dorsal and the venﬂtrzl lzlllﬂil}lzli on the cathammata, those mlPorta.nt po;nI:
gastral cavity origi Tl Im are fusecil together. Whilst t!w wiio
. ngmally shows in the polyps a perfectly simple cup-shaped cavity with-
§ e ’ thzxzilil;m i:? ]i;B divided in the course of development into peri-
| | wall and ventra] inner wall) in deﬁl;?t: s ?WD walls th the gastral cavity (the dctrsal ouﬁer
| 3 fused plates or cathammata which radia. In this way there originate the Jmportall;
ke septum” thocsge ot the septa of the radial chambers. Ese
: i mt“"‘_‘uy consists of two layers of the gaﬂtfﬂl




REPORT ON THE DEEP-SEA MEDUS A, XXX1

cathammalis,” otherwise also * endodermal lamella,” and vascular plate”; comp. under
“ Cathamma,” §§ 100, 101). |

§ 48. Connective tissue (““tela connectiva "). The connective tissue (padding tissue or
supporting tissue), whose various modifications are meluded in the idea of the con-
nectivam ” ), appears among the Medusa in two different principal forms, as supporting
plates without cells (“fulera”), and as padding tissue containing cells (* maltha”). The
two forms correspond to different phylogenetic stages of development, as the cell-less
supporting plate or fuleral plate only represents a simple secretion of the epithelium,
which has no independent value as mesoderm ; we can only consider as mesoderm the
cellular filling tissue or malthar plate, by which cells are produced from the endoderm
and are divided by an intersubstance (“secreted tissue”). Both forms are produced
in general from the endoderm : though both forms are also produced in a few 1solated
places from the ectoderm. |

Y 49. Supporting tissue or cell-less connective tissue (““ fulerum,” “ tela fuleralis,”

“lamina fuleralis”). Under this name we include all forms of the connective tissue which |

do not contain cells, and are therefore merely structureless or fibrous secretions of the
epithelia. They appear in two principal forms, which, however, appear inseparably
connected by transitions, as thin elastic membranes and as thick gelatinous masses. The
thin elastic supporting membranes are found everywhere in the bodies of the Meduss as
the foundation of the epithelium, and especially of the endoderm, although strongly
developed supporting plates often appear also among the ectoderm at definite spots, e.g.,
in the velum of the Craspedotae (Pl VI. figs. 18, 14, zv; PL IX. fig. 7, zr) ; and in the
tentacles of many Acraspedz. The structureless fuleral lamells are generally very thin but
very firm ; in transverse section, under strong magnifying power, they appear sometimes
simple, sometimes doubly contoured, usually strongly refractive. On account of their
great elasticity, they are often of physiological importance as antagonists of the museles
(¢.g., as extensors of the tentacles and oral styles). This is also the case with the thick
cell-Tess gelatinous tissue, which is only distinguished from the thin elastic supporting
membranes by its more extensive, often very apparent volume of development. This
forms the principal mass of the gelatinous umbrella (and consequently of the whole
body) in the majority of the Craspedote, as in this section the collosoma is usually
without cells, and appears as a structureless secretion of the endoderm; it also forms
the principal body mass in part of the Acraspede (e.g., Cubomeduse, Pelagide,
Cyaneidae). The cell-less “fuleral gelatinous tissue,” is, moreover, usually (or always?)
traversed by numerous elastic fibres, in the same way as the cellular “malthar gela-
tinous tissue.” ,

§ 50. Pmld.ing tissue or cellular connective tissue (*‘ maltha,” “rete malthare,” “lamina
maltharis ”). Under this name (for want of a better) we include all the different forms of
cellular connective tissue, in contradistinetion to the cell-less supporting plate, the fuleral
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different forms of the “ cellular connective tissue ” in the higher animals

tissue. All the difie cous tissue, &ec.), belong to this filling tissue op

' cular tissue, MU : _ ‘
(b:]n;s, c;:;l:%ein‘:‘; Meduse it actually appears only in two essentially different forms
malthar ’

latinous tissue and as chordal tissue. The cellular gelatinous tissue (““tela oela-
as gela

. d distribution. It forms the principal masg
; " is the more important as to extent an ; B
;}n;i: g?e;:ﬁnzu?umbrelﬁz (and therefore of the whole body) in the majority of the Acras.

peds (namely, in most of the larger forms), whilst it 1s replaced by the cell-less “ fulera]
gelatinous tissue ” in the majority of the Craspedotza.' The ce_lls of the “malthar gela-
tinous tissue” are usually scattered sparsely at great distances in the structureless inter-
cellular substance, but sometimes also 1n greater numbers (namely, near the cathamma)
(PL. XXV. fig. 10). They usually proceed from the endoderm, from whose epithelial
layer they have passed into the underlying fulcral layer (““ endodermal secreted layer,”
principally in the umbrella and subumbrella). Similar “ ectodermal secreted tissue,
“ whose cells proceed from the ectoderm (as in the velum of the Pectyllide, Pl V. fig,
7, ; Pl VL fig. 13, z), are more rarely found. The consistency of the gelatinous tissue
varies greatly, as on the one hand it may become extremely soft mucous tissue (e.g., the
umbrella of the Aurelia), and on the other, a very firm, hard fibrous cartilage (e.g., the
cathamma of the Peromeduse® (PL. XXV. figs. 8, 10). Near these firm fused ridges, the
cathammal plates in particular, the gelatinous tissue of many Acraspedae acquires a nature
which so resembles the true “fibrous cartilage ” of the vertebrates both in histologieal
structure and physical quality as to be easily confounded with it. In this case the extra-
Ofdmﬂl'}" ﬁl'mness of the cellular tissue is chiefly formed by thickening and by the fibrous
dthlfjinffg:n 3';3: the inzeﬁrcellular substance, whilst tl_:le, E:Ofter or firmer nature of the gela-
s s ﬁb: ?:uit YrgﬁPiﬂdent upon the quallta.twe' and quantitative dfevelﬁplinent
N rie - tl::e ceuel ati:e.r comport themselves in the cellular gelatinous tissue
i e o i :s tissue and usually pass from the ectodermal on to the
simple or branched  uggalle ot pr o roLa (PL IX. figs. 5-7, uf). They ae cither

. USUAlly cy hlndne.al, more rarely flattened like a ribbon (PL VI fig.

.. ) , Which 3 ; o
vertebrates. It is found everj'wg;eaﬂy resembles the tissue of the  chorda dorsalis” of

-er_e in the solid tentacles of the Medusw, and forms
¥ cylindrical, and consists of a single oW of
» lying one above the other like the coins i
- VL fig. 17; PL XIL fig. 11; Pl XIIL figs
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thick tentacles, the chordal cells of the tentacle axis seem sometimes disposed in layers
(PL IV. figs. 5-8, y¢; PL VI figs. 12-15, dt). The base of the axis is usually still continy.
ously connected with the endoderm of the coronal canal ; more rarely it becomes com.
pletely separated from it, and, therefore, mesodermal (Pls. IV., VI, XIL, &c.). In the
gelatinous tissue the small cells retreat entirely against the powerful intercellular sub-
stance ; the reverse is the case in the chordal tissue.

§ 51. Muscular tissue (“ tela muscularis ") The muscles of all Medusas consist of fine
muscular fibrillze laid parallel, which are connected somewhere with a small lump of proto-
plasm containing nuclei, and must, therefore, be regarded as filamental processes of mus-
cular cells. The fibrillae are usually very long and thin, sometimes cylindrical, sometimes
flattened like a ribbon ; in most longitudinal or radial muscles the fibrills are smooth, not
striated, but they are more or less plainly striated in the transversal oy circular muscles,
Both the smooth and the striated muscular cells originate for the most part from the
ectoderm. In isolated spots, however, both kinds are also formed from the endoderm (as
for example at the @sophagus and the oral arms). With regard to the relation of the
muscular cells to their original place of formation, the epithelium, we distinguish two
principal forms of the muscular tissue : epithelial muscular cells and mesodermal museular
cells ; the latter still lie in the true epithelial layer of the upper surface or immediately
below it, whilst the latter have hecome completely separated from it and form an inde-
pendent, though thin, mesodermal layer.

§ 52. Epithelial muscular cells (“myoblasti epitheliales,” “ tela muscularis epitheli-
alis”). The majority of the Medusa muscles, that is in the section of the Craspedotze,
are composed of smooth or striated fibrillse, whose muscular cells do not form an inde-
pendent mesodermal layer, but either belong to the endodermal epithelium itself or to a
subepithelial layer lying immediately below it. The fibrillz of these © epithelial muscular
cells” or “neuro-muscular cells ” therefore lie immediately under the epithelium from
which they proceed, and on the supporting plates on which they are borne. They are
usually placed in a parallel layer beside each other, or arranged in several layers one above
the other in such a way that they form flat leaves or lamelle. By further develop-
ment of the muscles, these “ muscular leaves ” become arranged in folds, whilst the sup-
porting lamellse bearing them forms corresponding composite folds by local thickening,
a8, €., in the larger hollow tentacles of the Geryonidee, and of the Cyaneidz, &e. ; in
the velum of some Craspedotee (PL. VL figs. 18, 14). In the smaller and lower

Medusa, the broad coronal muscle forms a simple, smooth, band-shaped plate on
(200L. cHALL, EXP,—pART x1r.—1881.) M e
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wrs. . - larcer and higher Medusa the supportin
the umbrella 1urfa§;u:1;;]5:‘ﬂi;:d I?;ngonce;tric circular folds, which are covered bE
Ef;zsginfllillelgsitﬂlil of the muscular plate (e.g., Lucernaru, PL. XVIL fig. 20; Per
phylla, leﬁirii :j})ﬁc alar cells (¢ mygblasti mesodermales ” ¢ tela musecularis meso-
deriaﬁli ) ; When the folded epithelial :musculari leaves il;_tcrease in extent and l?ecorfae
further developed, their growth is not limited to the fonnm:.mn crf folds, but the E'Plﬂ%eha.]
or subepithelial muscular cells emerge completely from then;" point of origin, t-he. epithe-
lium, and form independent “ mesodermal muscular ce]%s. As they separate in great
quantities from the epithelum and become united to sPemal plates or bundles, they pass
- wards in the connective tissue and form perfectly independent mesodermal muscles.
Such mesodermal muscles are more commonly found in the system of the longitudinal
muscles than of the circular muscles, more rarely and chiefly in the larger species among
the Craspedote, but more frequently among the Acraspede. Thus, for example, in the
large Peromedusz, the powerful deltoid muscles of the subumbrella, the longitudinal
muscles, and root muscles of the tentacles, &c. (Pls. XX.—XXIV. md, mk, &c.), belong
to this category. Here the muscles are frequently detached so completely from the
epithelium that later on they are separated from it by a special supporting lamella or
even a thick gelatinous plate. The external coronal muscles of Atolla, which increases to
4 mm. broad by 2 mm. thick, and are composed of many layers of coronal muscular fibres,
lying the one above the other, form one of the strongest mesodermal masses of flesh (P1.
XXIX. figs. 4, 7, 8, mc”). Among the Craspedote, Pectis furnishes an example of
*itzl'm;i' H;;)mdermal muscles in the velum and subumbrella (PL V. fig. 7; Pl VL figs.
tissie?i;g;; ::: t;ij::ii (“'tiladnervea.”) ‘The two essential component parts of nervous
are also already diﬁ't;renilalse; inaihze;e(f e s o ﬂm”;l”‘lsi
the peripheric part of the nervous E}’st:museie’nﬂ:; iy s the_ St
; ough their situation and connection

in the central nerve ring of the :
umbrell HEY .
plexus of the subumbrella, and rella margin 1s different from that in the nervous

which proceed from anq c{mnao forth. Both the nerve cells and the nerve fibrill®
ectoderm and have hitherto be

o th_em, are, for the most part, products of the
€n considered to he exclusively such. Nerve cells and
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important and widely diffused ectodermal nervous tissue are most closely connected with
the epithelium from which they are originated. The whole muscular system in the
Medusa preserves more or less its original epithelial character. We can therefore
distinguish here, as in the muscular tissue, purely epithelial and subepithelial cells ; the
former may usually be termed sense cells, the latter ganglion cells. Both are connected
by very fine fibrillee, thread-shaped processes, which are repeatedly branched and com-
bined into network and nerve plexus.

§ 55. Sense cells or epithelial nerve cells (“cellulee sensillares,” “sensoblasti”). Under
this title we include all these nerve cells (in the widest sense) which lie in the
epithelium itself, and which have fine thread-shaped processes or fibrille at their bases,
by which they are connected with other cells of the nervous system. These sense cells are

sometimes scattered singly in the epithelium between its indifferent covering cells (e.g., .

on many places in the tentacles and esophagus), sometimes, as a connected covering,
they form a true sensitive epithelium (¢.9., on the dorsal nerve ring of the Craspedots,
and on the margin of the velarium of the Acraspedz). We can distinguish two
principal forms of sense cells, indifferent or neutral, and differentiated or specific sense
cells. 'We call those epithelial sense cells “indifferent,” to which we cannot assign a
specific function of sense, and which therefore represent the oldest and simplest form of
the nervous elements. Provisionally we may consider as such in the Medusz, all those
flagellate cells and bristle cells of the ectoderm which are connected at their base,
directly or indirectly, by processes and nerve fbrills with other nerve cells, and in which
we recognise no specific sensitive function (P1. XIV. fig. 9). All these neutral sense cells
have a fine hair-shaped process on their free upper surface, which is movable in the
sensitive flagellate cells (e.g., on the sense epithelium of the nerve ring), but stiff in the
bristle cells. We include in the latter the true tactile cells (without nematocysts, with a
tactile bristle, ““ palpocilium ”) and also the thread cells (with nematocysts and with an
urticating bristle, “ enidocilium ”). How far the flagellate cells and thread cells of the
ectoderm belong to the category of indifferent sense cells depends upon their passing at
their base into communicating processes or nerve fibrille (comp. below \ 79, organs of
touch). We may consider as differentiated or specific sense cells such epithelial nerve
cells to which from their situation, structure, or connection, we ean assign some specific
sensitive function. To this category belong—(1) the olfactory cells (or gustatory cells ?)
on the clavellze of the Craspedotee (Pl II. fig. 8, ¢) and on the protective scales of the
rhopalia in the Acraspeds ; (2) the vision cells of the eyes, which are sometimes
differentiated into pigment cells and rod cells; (3) the auditory cells of the auditory
organs (PL. VI. fig. 16). The last bear a free, usually long and thin auditory hair, and
therefore do not differ in form from the ordinary tactile cells (with a tactile bristle) from
which they are also derived phylogenetically ; they become “auditory cells” as they arc
in functional connection with “otolite cells” which contain an otolite, and belong to the

| e
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* her orders to the endod
: he Leptomeduse) and in all other o erm,
S—— Orderinonzoiz ieptimedusm and in the Geryonida) ?h_e auditory ce]ls
[n some cases (;:.g-, tod from the free epithelium to which they originally belﬁnged;
become completely separa dermal interior epithelium, as the open olfactory

transformed into meso '
tll;;{E :::} n;he];ecome detached from the dermal covering and from closed auditory
L

vesicles. i BALT 3
Ganglion cells or mesodermal nerve cells (““ cellulee gangliose,” “ neuroblast; ).

56.
: olion cells bear the same relation to the sense cells as the mesodermal museylay

Th ; S
celli gzn; to the epithelial. The ganglion cells are, in fact, subepithelial nerve cells

secreted from the epithelium, from which they have ori_gim}ted both' Ontog?neticz}]]}r and
phylogenetically ; they are still connected directly or indirectly with this their poing
of origin by thread-shaped processes, the nerve-fibrille (Pl XIV. fig. 10). All gang
lion cells of the Medusee appear to have two or more processes, and are, therefore,
either bipolar (fusiform) or multipolar (stellate) cells. Both forms appear both in the
central and in the peripheric nervous system ; the bipolar cells, however, preponderating
in the central nerve ring, the multipolar ganglion cells in the peripheric nervous
plexus ; the former therefore lie principally in the umbrella margin, the latter in the

-subumbrella. The central ganglion cells, moreover, both in the nerve ring and in the

organs of sense, show definite conditions of relation and position to the neighbour-
Ing organs, especially to the sense cells of the epithelium. In the Craspedote, the dorsal
(or exumbral) nerve ring covered by the sense epithelium is formed for the most part
of parallel lying, circular fibrille, and is much poorer in ganglion cells than the ventral
(or subumbral) nerve ring which has no sense epithelium and is more motor. In the
Acraspede the ganglion cells seem rather to be accumulated at the bases of the sense
clubs, and to form four or eight gangla which are sometimes connected by a centralised
nng of bundles of fibrille (Cubomedusa), sometimes by a more decentralised plexus
ganglion cells are scattered, sometimes sparsely, sometimes

| : his peripheric nerve p] '
already be o ¢ plexus and the central nerve ring may
P eplftwhelium_ a8 mesodermal nerves, as they possess independent cells, secreted
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III. NEURODERMAL SYSTEM OF THE MEDUSZE.

organs, the apparatus of sensation and motion. This is therefore opposed physiologically

" derm (or “animal germinal layer”), whilst those of the gastrovascular system originate
chiefly from the endoderm (or vegetative germinal layer”). The apparatus of motion,
formed by the umbrella and the wide-spread muscular plates, situated on the concave
surface of the umbrella cavity, is by far the more considerable although the less differen-
tiated of the two apparatuses which compose the neurodermal system. The apparatus of
sensation is less extensive, but more strongly differentiated ; it is situated chief y on the

2

umbrella margin, and includes the nervous system along with the tentacles and different;.
ated organs of sense,

§ 58. Umbrella (u). The typical and most characteristic principal organ of the Medusz.
which distinguishes them from the ancestrally-allied polyps, is their peculiar swimming
organ, the umbrella. From its volume and weight this always forms the principal mass
of the body, and consists of a voluminous gelatinous body (“ collosoma ) which contains a
large amount of water, and is sometimes almost as soft as mucus, sometimes almost as
hard as cartilage. It is more or less umbrella-shaped,” convex above, arched concavely
below. The general form of the umbrella, however, varies greatly. Sometimes jts vertical
diameter (or “the central principal axis”) is greater than the greatest horizontal diameter
(or the transverse axis), and the umbrella is thin, conical, bell-shaped, pyramidal, or
obelisk-shaped (as in most Anthomeduse, Stauromedusz, Peromedusz, and Cubomedusze,
Pls. XV.-XXVL.). Sometimes, on the contrary, the horizontal diameter is greater than the
vertical, and the umbrella, therefore, more discoid, hourglass-shaped, or semi-spheroidal
(as in most Leptomedusz, Trachomedusee, Narcomeduse and Discomeduss (Pls. I.-XIV.,
XXVIL-XXXII). The gelatinous body is usually thickest in the middle of the umbrella,
and decreases sometimes regularly, sometimes more suddenly towards the umbrella
margin. If we take the umbrella and the parts of the gastrovascular system enclosed in it
as a whole, we may term the outer convex surface the “outer umbrella” or “exumbrella”
(€), and the inner concave surface the “mner umbrella” or “subumbrella” (w). More
accurately speaking, however, the umbrella consists of two distinct gelatinous plates which
may be distinguished as the dorsal umbrella (“umbrella dorsalis,” or notumbrella”) and
the ventral umbrella (“umbrella ventralis,” or “coelumbrella”); the former corresponds
to the “calyx” or dorsal wall of the polyps, the latter to their “ peristomium ” or ventral
wall. Both walls pass immediately one into the other only at the umbrella margin, and
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s other at definite points. The exumbrella is the free copyey

a1l : the subumbrella is the free concave surface of the thiy

are elsewhere separa
<urfaces are only fused tog

surface of the thick dorsal w
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§ 59. Umbrella
limited sense this part

dorsalis (¢ notumbrella,” upper or dorsal fmb:rella). In the mope
is usually simply termed the unilbrfflla, as 1t ?orms the prineipal
mass of the umbrella, and as 1ts voluminous gelatinous disk 1s much thicker th&’{l the thin
gelatinous plate of the ventral umbrella. Its upper convex surface, covered with dorsal '
octoderm. is the “exumbrella” (¢). Its lower concave s‘;urface forms_ the outer or
abaxial wall (umbral wall) of the gastrovascular system, and 1s covered by its flat “ dorsal
endoderm.” The two epithelial layers of the dorsal umbrella, the outer ectodermal layer
and the inner endodermal, are separated by the powerful mass of the gelatinous body
(““collosoma”). They never run into one another, as they pass immediately at the
umbrella margin into the two corresponding epithelial plates of the ventral umbrella.
The endodermal epithelium of the dorsal umbrella consists of flagellate cells of an
indifferent nature, whilst its ectodermal epithelium often forms thread cells, more rarely
also epithelial muscular cells (“ exumbral muscles 7).

§ 60. Exumbrella. The convex outer surface of the dorsal umbrella, which we call
shortly the “exumbrella” in many Medusz, is perfectly smooth, arched equally without

- any special characteristic, and covered uniformly by the simple ectodermal epithelium. In

many other Medus, on the contrary, it is distinguished by repeated projections in the
form of nodes, ribs, ridges, spicules, &c. These projections are often distinguished by
accumulations of thread cells, often also of pigment cells, and therefore serve as weapons of
defence of the umbrella. Projecting radial urticating ribs are found among the Craspe-
dj}@ that is‘ In many Anthomedusz, ¢ g., four perradial in several Codonidse and Tiaridz,
eight adradial in Ectopleura and Ctenaria (System, taf. vii. fig. 7), sixteen in Pec
tgﬂw (Pls. IIL, IV.), Pectanthis (Pls. VIL, VIIL), and Zesserantha (Pl XV.). In
3 ;"z‘:m the i‘;\;]:le exullflbreI{a s overspun with a network of ridges, having projecting
B acaui]:tge PZP at their pomts of junction ; more commonly the urticating papill®

red equally over it (eg., Thamnostylus, PI. I.). Among the Acrasped®

such projecti e R
. thir:im%mgmﬁl:hcanni ribs are of less morphological importance than the deep furrows
. % by which the latter 1s divided into a number of gelatinous plates

Serve to bear the tentacles and rhopalia, as e.¢., 10 Pm
-- L, XXVIIL), and Atolla (Pl XXIX.)

bears large, conical urticating papille: ‘3
coclumbrella,” Jower umbrella or ventral umbrelld): 1
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This part of the umbrella is usually simply termed umbrella in the wider sense, though
this name really belongs only to its lower concave surface, which is covered by ectoderm.
Its upper, convex surface forms the inner or axial wall (subumbral wall) of the gastro-
vascular system, and is covered by its high “ ventral endoderm.” The two epithelial
layers of the ventral umbrella, the ectoderm of the concave surface (subumbrella), and the
endoderm of the convex surface, only pass into one another at the umbrella margin, and
are likewise separated by a thin but firm supporting plate (2w). This fuleral lamells of
the subumbrella is equivalent to the thick gelatinous body of the dorsal umbrella,
though much thinner, and passes immediately into the umbrella margin at the edge of the
latter. The endodermal epithelium of the ventra umbrella consists of high flagellate

‘cells, which also often form glandular cells, whilst its ectodermal epithelium (the “ sub-

umbrella ” in the more restricted sense) originates the most important part of the mus-
cular system of the Medusa (“subumbral museles &

§ 62. Subumbrella. The convex inner surface of the ventral umbrella, which we
designate shortly as the “subumbrella” (in the more restricted and special sense), is of
special importance as bearing the muscular system, which affects the SWimming motions
of the Medus®. It is, moreover, distinguished by varied differentiations of the ectodermal
epithelium, lining the umbrella cavity enclosed by it. Thus, for example, glandular cells,
pigment cells, and thread cells are often found disposed in a certain order on its ectoderm,
and in all Craspedote it also forms the point of origin of the reproductive glands.
Whilst in most of the smaller Meduss (for example, the Craspedota) the subumbrella
appears smooth and regularly vaulted, in most of the larger Medusz (chiefly Acraspedz)
it is folded repeatedly and distinguished by special projections. Among the more im-
portant of these are the gelatinous ridges which serve for the wider superficial extension
of the subumbral muscular system. They usually run in concentric rings (e.g., on the
coronal muscle of the Peromedusa (Pls. XIX.. XXIL), more rarely in radial bunches (e.g.,
Drymonema (Pls. XXX., XXXI.). The mesenteries of many Anthomedusa, and Tracho-
medusee, Stauromedusa, and Cubomedusze may be mentioned as special processes of the
subumbrella, which project into the umbrella cavity in the form of vertical radial septa ;
we shall speak of them further on in the “umbrella cavity ” along with the various
secondary cavities and niches, which penetrate from the umbrella cavity into the sub-
nmbrella (§§ 91, 94).

§ 63. Central and peripheric umbrella (< discus centralis” and  corona peripherica ”).
In all Medusa a certain morphological and physiological contrast can be recognised more
or less distinetly between the central and the peripheric part of the umbrella ; the most
mportant part of the vegetative gastrovascular system lies in the former, the most
important part of the animal neurodermal system in the latter. We term the central
principal section of the umbrella, enclosing the stomach and mouth along with the oral
organs, the nmbrella disk (““ discus umbralis "), the peripherie principal section containing



THE VOYA'GE OF H.M.S. CHALLENGER.
xl

e umbrella corona (“corona umbralis”), Ty
systems (sense OTgans a}ldﬂ: eitiﬂ:ﬁ:];orrespond at the same time to the two)princi;z
two principal sectlﬂllﬂ'{ cujar system, as the central principal intestine is situated in
sections of thﬁ:ﬁs gESt;:;aihﬂ peripheric coronal intestine in the umbrella corona. Ty
the umbl‘eg:tween* the disk and the corona is often sharply defined externally, as 4
b:zxr;dl;ﬂrl;ly coronal furrow (« fossa coronaris ™) is inserted more or less deeply between the
o i many Narcomeduse (Pls. IX.~XIL), Peromedusze (PL XVIIL), Cubomeduss (p|
X_X,VI.), and in a few Discomeduse, very distmc?;ly in many Cannostomee (Pls. XXV]J -
XXIX.). The central umbrella disk 1s more discoid or lt-ans shaped (“umbrella Jens”
¢ Jens umbralis”) in the depressed Medusz, but more conical or bell shaped (“ umbrells
cone” “conus umbralis”) in the higher vaulted Meduse. In the Craspedots the
peripheric umbrella corona ends 1n the typical velum of this section, but in the
Acraspeda in the characteristic lobe corona or velarium.

§ 64. Umbrella peduncle and umbrella cupola (“pedunculus umbralis” and « cupola
umbrellz ”). In many Meduse, though only in the minority, the “apex of the umbrella”
(the uppermost, aboral and proximal part of the ““notumbrella”) is not arched and
rounded as usual, but prolonged into a projecting apical process or a conical, peduncle-
like process. In one order only, the Stauromeduss, it is developed into a true umbrella
peduncle (“ pedunculus umbrellz ”), whose aboral end, the “ foot plate,” serves for adhesion
to the bottom of the sea or to foreign bodies (Pls. XVI., XVIL. : System, taf. xxi., xxii.).
_Butin many other Meduse of different orders (namely, of Anthomedusz and Peromedusz)
in place of an apical peduncle we find a peculiar umbrella cupola or conical apical
process (* cupola umbrellz ”) at the top of the umbrella. This is the equivalent of the
;ﬁELHf%TI;:;Iund;: ar;ﬂi contains, like it, a cecal axial © apical canal” or ¢ peduncle

¢y are heirlooms from the polyp ancestors of the Meduse,

an{% are hamﬂlognus with the peduncle and peduncle canal of the polyps, by means of
bottom of the sea.

» 10 the same way as the umbrella peduncle or the

; - 1t as an aboral :
ﬂat, nsignificant, conjeq] ke process. This oral process first appears

on in the centre of the endodermal hollow surface

beyond the umpype : which projects far into the umbrella cavity or ever

. tmbrella” along with ;Peﬁf’ iy bt takes the swrrounding parts of the “coel

gastral sac lies no longer, as usual, in the bottom of the
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umbrella cavity, but at the distal end of a free solid gastral peduncle, The radial canals
originating in the bottom of the stomach run in the ectodermal outer surface of the
cylindrical gastral peduncle (which is often also quadrangularly prismatic,
conical) to the bottom of the umbrella cavity, turn over on to the subumbrella, and run
in it to the umbrella margin. The longitudinal musecles which move the gastral peduncle,
alternate with its ascending radial ecanals. The solid gastral peduncle frt::riuently
resembles the hollow, and likewise proboscis-shaped esophagus of the Craspedots and
has often been confounded with it. The gastral peduncle is never found among the
Acraspede, but is very frequent in all four orders of the Craspedotze,

strongly developed in a part of the Leptomedusas (Saphenide) and Trac

Pyramidal, or

It is most
‘homedusas

Fig. C. Octorchis gerinanica (Leptomeduse, Eucopidas),

Profile view. (ug) Gelatinous umbrella. (us) Solid gelatinous peduncle of the stomach. (») Velum.

(ov) Velar marginal vesicles. (¢p) Perradial tentacles, (¢) Interradial tentacles, (s') Distal testis

. (on the subumbrella), (s%) Proximal testis (on the csophagus). (¢p) Perradial canals, (9) Stomach.
(2f) Oral lobes.

(Geryonidz). (Comp. System, taf. iv. xii xiii xvill. xx.). In a portion of the
Geryonidee it runs out still further below, past the central part of the umbrella peduncle
and forms a pointed cone, projecting freely like a tongue into the hollow space of
the stomach, which is fastened below to the gastral peduncle (System, taf. xviii. he. 5).
This tongue-like cone (“ conus lingualis,” « glossoconus ”) is perhaps an organ of taste.

§ 66. Umbrella margin (“margo umbrellse,” wim). The umbrella margin forms the
lower or distal boundary line of the umbrella, at which its two walls, the dorsal and the
ventral wall, pass into one another ; at the same time the exumbral epithelium of the

convex dorsal umbrella (rjw) proceeds direetly at this hnun;l;ur}' line into the subumbral
{xt"{-"i‘n r.fI_ILI.:.E.... i'::';P.'—"P.r".]-'.T :".:.I.l+‘_ I,""t'-\'IIj }II ';.
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xli1
o ventral umbrella (qw). The umbrella margin is the megt
urodermal system in all Medusz, both morphologically ang
st important animal Ol‘g:llls——ﬂl'gfm;l}ﬂl of sense, nerves ang
: Lk lopment. The central part of the nervous system and
museles—attain the::u hlg.fll.l::t ;ll;?;}:Porigiﬂ ally situated in the umbrella margin. The
i Pl . mortance for classification, as it 1s chiefly on it that
the variations of formation appear which lead to the dist.inc-tion cif genera and species,
In fact the distinction and nomenclature of the two principal divisions of the Class
Meduss, of the two sections Craspedote and Acrasped?f are taken from the umbrells
margin, which presents important and striking diversities in the two sections. The
«velum” is characteristic of the former, the ‘“lobe corona ™ of the latter.

§ 67. Umbrella margin of the Craspedotz: velum (“diaphragma”). In all Craspedots
or Hydromeduse a direct process of the free umbrella margin projects mwards from it ;
the marginal veil or *“ velum ” (also termed swimming membrane ” or “ diaphragma”)
is wanting in all Acraspeds or Scyphomeduse. The velum forms a thin, membranous,
broader or narrower ring, which in a state of rest sometimes hangs loose vertically from
the umbrella margin, and is sometimes stiffly stretched horizontally and projecting inwards,
narrowing the entrance of the umbrella cavity more orless. In the Pectyllidz (Pls. II1.-
VIIL) the velum is so broad that it can probably close the entrance into the umbrella
i:avity when fully extended. In most Narcomeduss it is very broad, whilst it is very narrow
m many Leptomedusee ; in Obelia it is rudimentary. We can always distinguish in the
Tr:elun:} a free distal margin and a basal proximal margin, mserted at the umbrella margin ;
likewise a ventral inner surface and a dorsal outer surface. The ventral or subumbral
z‘;'lf::f; erf mhﬁthisthcovered with the ectoderm of thel ““ subumbrella,” the dom.?.l or
e ¢ ectoderm of the “exumbrella” ; below the latter there lies

pporting plate, below the former a muscular plate, composed of circular fibres,

which is a direct
IV._VL IX.—-X_IV%I.OBBBB of the coronal muscular layer of the subumbrella (comp. Pls.

§ 68. Collar lobes of the-; N

epithelium of the concav

important part of the ne
physiologically, as 1n it the mo

arcomedusee.  Whilst in most Craspedots the velum is
round the umbrella margin, in the order of the Nar-
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(““ peronium ”) keeps up the connection between the ectodermal
tentacle and the umbrella margin. The peronia transect the gelatinous body as far as the
subumbrella, and at the same time form deeper or shallower indentations at the dorsal
bases, which in the Peganthide (Pls. X.-XI1.) become deep incisions of the umbrella
margin. The velum which fills them naturally appears much broader here than at the
margin of the underlying collar lobes : it connects the latter in the same way as the
velarium of the Cubomeduss does the true marginal lobes of this ordey (§ 70).

§ 69. Umbrella margin of the Acraspedz: lobe corona (““ corona lobaris ”)- Whilst the
velum appears in all Craspedotae or Hydromedusz as a characteristic process of the umbrella
margin, it is generally wanting in all Acraspeds or Scyphomedusse.

epithelium of the‘

A velum-like mem-

Fig. D. Pericolpa quadrigate (Peromeduses, Pericolpida).

Subumbral aspect., (oi) Sense clubs (interradial). (o) Ampulla at their bases. (¢£) Tentacles (perradial).
(67) Marginal lobes (adradial). (0u) Horseshoe-shaped canals of the lobes. (~7) Peronia between
the two limbs of the canals. (5) Genitalia. (m&) Root muscles of the tentacles. (md') Perradial
deltoid muscles. (md?®) Interradial deltoid muscles. (ak) Oral ribs. (ar) Oral grooves on their

inner surface. (i) Oral teniola. (£2) Tentacle roots. (0¢) Coronal pouches. (mc) Coronal muscles.

brane (“ velarium "), which in some families of the latter (Charybdeidee, Aurelidss) forms
4 narrower or broader membranous selvage at the umbrella margin (PL. XXVI. va), 18
perfectly different from the true velum both as to origin and structure. On the other
hand, all .E"H"I'HFD{’HIIE have a lobe corona (“ corona lobarum "). This is usually wanting in
the Craspedota, as the gelatinous “ collar lobes” which are developed in some groups of
the latter (Narcomeduse, Pls. IX.-XIV.), but are connected by the welum, canno
be compared to the true marginal lobes of the Acraspeds. The latter may rather be
essentially considered as shallow, li_f:lf'-f-'h:q:-wcl “steering tentacles.” They have one or

two IrrI'I_L‘_'itu-?inr:l muscles on their concave subumbral surface, by whose contraction they
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: : f swimming. From the ontogeny of ¢}
1o a helm in the motion 0- S g e
can uPedrlte ,];if-elia) it is probable that their marginal lobes have really originated
Acraspedze ( A three-cleft Scyphostoma tentacle can have given rige

; ' tentacles. : ve gi
?hi]lnogelf;l;;muyf:;n?ﬁon to a rhopalium and the two “ocular lobes” enclosing it. The
;numlfer of y:l::a lobes varies greatly. In the Acraspede there are at least eight adradia]

marginal lobes (fig. D, Pls. XVL-XVIL). In plaf:e of these, howeve;-, we usually find
sixteen subradial (Pls. XVIIL-XXVIIL), and their secondary number is often con-
siderably increased (Pls. XXX.-XXXIL). |
§ 70. Velarium of the Cubomedusz. Whﬂst n m'ost Acraspedae the ma,rgma.l- lobes
project freely at the umbrella margin, alternating trnth the tentacles and rhopalia, the
Craspedotz are distinguished by the marginal lobes being fused together or connected by a
thin intermembrane, like a swimming membrane (PL. XXXVI.; System, taf. xxv.—xxvi.).
In this way a muscular, broad, thin marginal membrane is formed, which strongly
resembles the velum of the Craspedote, and has hitherto been generally considered
homologous with it : it differs completely from the latter, however, both in its origin and
its finer construction, and is therefore more appropriately termed velarium. The true
velum of the Craspedote, and the velarium confounded with it of the Cubomedus® have
arisen quite independently of one another and in a different manner ; the two bear a
completely different morphological relation to the umbrella margin and to its nerve ring.
The velarium of the Cubomeduse is usually traversed by canals (distal processes of the
coronal pouches), (P1. XXV fig. 8), whilst this is never the case in the velum of the
Cmpeflﬂtm. Moreover, the velarium in most Cubomedusz is suspended by four
1;?“;‘?;1 "ﬁfrenula " (or gelatinous_ ridges of the subumbrella. Comp. above and
i £ ?:-i:;:;l‘vf )-d 'I;he_ velarium differs in'the two families of the Cubomedusz,
TR e mrgﬂ lﬂb eight adrad{a.l marginal lobes in the Charybdeidze, but of
a velarium in the same wao e]f i Ch]mdeldae.. The marginal Jobes are fafad s
Rhizostoms. Tt is ve by’adutfmt oo RS S R DmcORiBdine, SUEEE
T "3; roac, lor example, in Drymonema (Pls. XXX., XXXIL). A
arcular border of the umbrella, margin, which in some Discomedusa is developed

below th :
© comer of tentacles (Aurelidz, System, taf. xxxiii. fig. 8, va) differs both from

th
e ;;lf.ﬁu[a}nm?.nd' from the true velum of the Craspedotse
. ca T : % {
In all Meduss, o5 inozgcﬁs h(m3 Hemat}]l&,' “ nematophora,” “organa urticantia,” ).
the epithelium 4t definite e e general, special organs are formed from
tocysts (« enidoblast; ”) P;rtﬂ of the body, which are essentially composed of nema-
» abd are therefore termed urticating organs or nematillz.”
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end of the tentacles), and so forth. All these urticating weapons consist of epithelial
accumulations of numerous urticating cells, which usua ly lie compacted in the upper
surface of the ectoderm, and which throw the urticating threads and fluid from
their thread cells, when their freely projecting urticating bristle (“cnidocilium ” is
touched. They are usually developed in a subepithelial layer, the interstitial tissue,”
As soon as the thread cells and their filaments are fully developed in the enidoblast they
become erect, and pass from the subepithelial into the superficial epithelial layer.
When this is very thin and flat (¢.9. in the exumbrella) the thread cells originate in the
epithelial cells of the upper surface itself In many places, principally on the umbrella
margin, the thread cells lose their original significance as weapons, accumulate thickly
compacted in firm masses, and so assume the function of a supporting skeleton. Such
subepithelial urticating skeletons (“ sceleta urticaria ”)lattain a high development in the
Trachylinge (Trachomeduse and Narcomedusz). They sometimes form a firm urticating
ring on the umbrella margin (on the distal margin of the coronal canal (Pls, IX.~XIV.
nc), sometimes radial urticating streaks, which run centripetally from the urticating ring
and rise upwards in the exumbrella. These centripetal urticating streaks serve as firm.
elastic support, sometimes for the freely projecting auditory clubs (auditory clasps “ oto-
porpe,” Pls. IX.-XTV. 00), sometimes for the dorsally inserted tentacles, whose bases they
connect with the umbrella margin (umbrella clasps, “ peronia,” Pls. IX.-XIV. en : comp.
§ 68). As the cnidoblasts in these supporting shields are accumulated in a number of
layers, the one above the other, and lie deep under the epithelial upper surface, the en-
closed filaments, which are no longer able to escape, lose their function as armature,
whilst the hard nematocysts which assume the supportive function of the firm and elastic
cartilaginous tissue become proportionately more strongly developed (P1. XIV. fig.
12, en).

§ 72. Nervous system. In all Meduse the nervous system stands at a very low
stage of development, as it retains the most immediate connection with its place of de-
velopment, the ectodermal epithelium, and as neither its central nor its peripheric parts
have become completely and independently separated. We can usually distinguish in
all Medusa a central and a peripheric section of the nervous system. The circular
central part lies either on the umbrella margin or above it on the subumbrella ; whilst
the peripheric part extends chiefly on the subumbrella in the form of a diffuse nervous
plexus. Both in the central and peripheric part we find smaller and larger ganglion cells,
mixed with finer and coarser fibrilla (Pl XIV. figs. 9, 10). These cells are most closely
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e one side with the ¢ sense epithellum ” of the ectoderm lying below it

imbrella margin and the organs of sense), and on the other with the
ular plate (namely, at the suburflbrella and the cﬂstbpha‘g:'lﬂ)- Inde-
"rated into units, or centralised nerve knots, and visible “nepye
dles of separate nerve fibrillze are only developed in a few gyp.
We ought, however, to observe that the most recent
sumerous and important researches on these difﬁcult_ conditions are s:ti]l too Insufficient
to allow us to form exhaustive and certain conclusions on _the subject. On the one
hand we know nothing of the nervous system of several principal groups of the Meduss
(for example, of the two orders of Stauromedusz and Peromedusz) ; on the other hand,
in the remaining orders, the nervous system has not been examined on important
parts of the body, on which from their greater mobility and great sensibility it is
probably very highly developed, pre-eminently on the cesophagus and the oral organs.
As far as we can judge at present the nervous system of the two sections presents
essential differences, as it appears more strongly centralised in the Craspedotse, more
diffuse in the Acraspedz.

§ 73. Nervous system of the Craspedote. In all Craspedotee, of which the nervous
system has been minutely examined up to this time (and among these we find some
belonging to all the four orders), its important centre represents a double marginal
nerve ring, lying on the proper umbrella margin immediately outside the insertion of
the velum. It is covered externally by a ciliated sense epithelium, consisting of small
flagellate :c:ells, and is divided by the supporting plate of the velum insertion into two
;T?; 3%;: T:’ ?K;flbxrﬁ &Ed a subum?aral ring. The dorsal or exumbral nerve ring
: i - 1ig. 12, 7¢) is the so-called upper ring (the outer or lower
in the normal position of the velum), and seems to be pre-eminently the central organ of
:e:::& e;tf;z:r;;zxzﬂ ziiliel; rand sc?ntier ganglion cells, also ﬁ1_1er fibrillee, and Bpet::iauj'
e s Sy szni 0 sinse of the umbrella marg1n (namely, the a-,ughtory
XIL fig. 12, 7¢ ) is the g mbmnbesl diecve sing (BL B fig ot otie

¢ so-called “lower” ring (the inner or upper ring in the normal

it
I;': t:nng ]igi;l;le it:Zlum)m and appears to be pre-eminently the motor central organ; it
a fore numerous ganglion cells, as well as several fibrillse, and provides

connected on th

(namely, at the
underlying muse
pendent ““ ganghia ” sep
fibres ” consisting of bun
faces (e.g., Charybdea, PL XXVL).
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the first two orders of the four orders of this section, the Stauromedus® and Pero-
Medus, is next to unknown ; the two other orders seem to comport themselyes in some-

what different ways. The Cubomedusge (Charybdeids and Chimdropida Pl XXVL figs.

ganglia. The four perradial ganglia are larger and lie higher at the bases of the four
highly developed sense clubs ; they send out sensible nerves to the sense clubs and motor
nerves to the muscular plate of the subumbrella. The four interradial ganglia lie deeper at
the basis of the four strong tentacle pedalia, and send out both sensible and motor nerves
to the umbrella margin and the tentacles, Wide-spread plexus of fibrills, in which numer-
ous multipolar and fusiform ganglion cells are situated, lic in the subumbrella and the
velarium, and are connected with the nerve ring and its eight ganglia. The nervous system
of the allied Peromedusz, where we may expect to find the nerve ring in the depth of
the exumbral coronal furrow or at the coronal muscle, is probably of the same nature as
that of the Cubomedusze. On the other hand, the nervous system of the Discomedusa,
which has been often examined, varies in its nature in so far that the nerve ring retreats
whilst the principal sense clubs (four perradial and four interradial) appear in the fore-
ground as eight separate marginal nerve centres. Each of these eight sense clubs or
marginal bodies in the Discomeduse contains in jtself the organs of sense described
below, and its base encloses an independent nerve centre, which here, and as in the
Cubomedusze, may be termed the principal ganglion. This consists of a thick pad of
nerve fibrillee and ganglion cells, which are in immediate connection both with the under-
lying tactile cells of the ectodermal sense epithelium and with the remaining organs of
sense of the rhopalium. Other filaments connect it with the nervous plexus of the
subumbrella, which extends between the ectodermal epithelium and the muscular plate
of the latter, and contains large motor ganglion cells, The bundles of fibrillee which
form immediate connection between the eight principal ganglia of the rhopalia and
correspond to the strong nerve ring of the Cubomedus® may be looked for in the
Discomeduse in the bottom of the umbrella cavity.

§ 75. Organs of sense (“ sensille ).  All Meduss possess organs of sense on the um-
brella margin. The umbrella margin itself is covered for the most part with sense epithe-
lium; it is the mother-ground and place of origin of different sensills. These appear in the
simplest (and almost universally spread) form as tentacles, which are plainly homologous
to the margin tentacles of the polyps from which they have originated phylogenetically.
The sensillze are represented only by tentacles in few groups of Meduse. In most groups
besides tentacles we find differentiated organs of sense on the umbrella margin, which




- ndifferent name of marginal bodies (¢ corpuscula marginalia”), which only indicated

xlvill L.

) | ‘ d have partly arisen independ
ndeveloped tentacles, an ; : penvendy

have proceeded partly from :ble Qi b decipher the difficult physiological signifi-

are - -
of these. As far as we we can distinguish four categories of organs of sense iy

the different or ans of sense, g ;
Eﬂiﬁiu; accﬂrdiucrgto the specific energy of each, viz. :—1. Organs of touch, mechani.

cal tools for the perception of touch and pressure ; such, above all, are the tentacles with

61 ectodermal cell formations, which appear specially adapted foir the perception of
mechanical stimulation—viz., tactile bristles, tactile combs, &c. Besides the tentacles,

special tactile organs are often found at many places (namely, at the um}:)rella margin and
the margin of thz mouth). 2. Organs of smell or organs of taste, chemical sense tools for

the pecmptiﬂn of the mixture or rarefaction of the sea-water these are probably always

present (perhaps hidden under the tentacles already mentioned) ; the _cla.ve]]m of the
Craspedota, and the funnel-shaped depressions on the rhopalar protective scale of the
Acraspeds, may be perhaps regarded as special olfactory organs. 3. Organs of vision.
Ocelli or pigment eyes, with or without a lens principally and widely extended on the
umbrella margin and the basis of the tentacles ; sometimes adapted for thermatic percep-
tions, sometimes for optical (eyes for warmth, eyes for light). 4. Organs for hearing,
appearing in several different forms on the vmbrella margin, among which we can
distinguish two originally different types, velar auditory vesicles with ectodermal otolites
and tentacular auditory clubs with endodermal otolites. All the four kinds of organs of
sense may be found united in one and the same * sense tentacle,” as is the case with the
“ sense clubs” or “rhopalia” of many Acraspedze. As the umbrella margin is the site of
the greater number of different sensille, in the Meduse they were usually given the

their situation.

3 76.f Tentacles (7). The tentacles or feeling filaments are by far the most important
:il;]glalilstﬂ the umbrells, margh:} of the Medusz, as they not only represent the oldest and
plest organs of sense of this class of urticating animals, but at the same time of their

ménm%emﬁni?l% Zra originally placed on the umbrella margin (*marginal
and defence as suc asec. as feelers as well as sense organs, also as weapons for attack
i £ king-cups for adhesion by suction (Pectyllide, Pls. IIL-VIIL), 38
i ok i 11 mmg, OF a8 manducatory organs for leading the nourishment
Amaltheidze dmong the ¢ Lemine of prehension”). Only the small group of the
Acraspede are dictine: mﬁdﬁm, and the large group of the Rhizostomae among the
have undergone retro, il cf’mplete absence of tentacles ; in them the tentacles
¢ formation and become lost. As the tentacle corona of the
that of their ancestors, the polyps, the conditions of formation

éral the same ip bot:,h classes. The tentacles in most Medus® aﬁ
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L., IV.; Pectis, Pls. V;, VI.). The tentacles sometimes appeared :
bushes or bundles on the umbrella margin, as in the Lizusidzse and H;

taf. v., vi.), and in Pectanthis (Pls. VIL, VIIL) among the Craspedotz :
Lucernaride (Pls. XVI,, XVIIL) and the Chirodropidze

tentacles either migrate outwardly on the dorsal surface of the umbrella or inwardly on
the ventral surface. Exumbral insertion, on the dorsal surface i found in many

Trachomedusse and most N arcomedus® (Pls. IX.-XIV.): there the tentacles may be

clasps already mentioned
(““ peronia,” § 68; Pls. IX., XIII., XIV en)

.» en). In the Aurelidz the tentacles are also
nserted dorsally (System, taf, xxxii. fig. 8). The Sthenonide and Cyaneidz are distin-

guished by subumbral insertion of the tentacles; in the latter they are scattered over
nearly the whole subumbrella (Drymonema, Pls. XXX, XXXT.).

§ 77. Number and position of the tentacles. Although the tentacles of the Medusz
present the most varied conditions both as to number and position, stil] by critical
comparison we are able to recognise the existence of certain simple primary a
conditions, from which all the others may be secondarily derived. We may conclude from
this that most probably four perradial tentacles (at the distal end of the four radial
canals) represent the primitive formation for the Craspedota, but eight principal tentacles
(four perradial and four interradial) for the Acrasped. In the section of the Craspedota
tetranemal forms (with four perradial tentacles) are found in all four orders ; Codonium,
Cytaris, &e., among the Anthomedus®, Tetranema, Eucopium, &e., among the Lepto-
medusze, Petasus among the Trachomedus®, Cunantha among the Narcomeduse (comp.
System, p. 339) ; the two latter may, however, be regarded as already octonemal as in
them four interradial cordyli alternate with the four perradial tentacles, the cordyli
themselves being merely modified acoustic tentacles (§ 84, comp. PL IX.). Thisis also
the case in Pericolpa, one of the oldest and simplest forms among the Acraspedse. The
mverted condition is shown in Charybdea (Pl. XXVI. where the four sense clubs are
placed perradially, but the four tentacles interradially. Both the Charybdeida (Cubo-
medus®) and the Pcrif:nlpidze (Pemmeduﬂm) are derivable from Tessera, the oldest
and simplest form among the Stauromedus, which may at the same time be considered
the hypothetic ancestral form of all Acrasped®. This has already eight principal
tentacles (four perradial and four interradial). In Pericolpa only the four interridal
tentacles are transformed into sense clubs, in Charybdea the four perradial, in Ephyra

(the ancestral form of the Discomeduss) all the eight principal tentacles. In the latter,
(200L. CHALL. ExP,—pARy xi.—1881,) Mg

nd original

L___'_' .
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+d Nauphanta (Pls. XXVIL, XXVIIL), eight adradial tentacles (fig 3

loped between the eight principal. In the majority of the Meduss the
. d: "’E Df:ntacles increases with age, as DEW tentacles are formed later between the
r of the This increase takes place according to fixed laws, which vary

:n the different principal groups. The ontogenetic series 'in the appem:u% of the
Jifferent orders of tentacles, allows us to f:onclu(%e fiha.t there is a correspﬂn{%mg phylo-
genetic progression. In contrast to the eight principal tentacles (four perradial and foyr
iiltemd.ial) all the others which appear betweenf tl_lem later may I_Je te}'med suceursal.
This distinction is important because the eight principal tentacles gr?'e rise to numerous
transformations and progressive formations. By retrogradt_a formation of two Opposite
perradial tentacles, dissonemal Medusz, e.g., Thammostylus dinema (PL. 1.) often arise from
tetranemal. Such Medusw are found among many groups of the Craspedote, but not
among the Acraspede. The remains of the retrograded tentacles usually persist as
bulbs of the umbrella margin between the two opposite permanent tentacles. On the
other hand, we very rarely find only a single tentacle in the developed Medus®, the
three others having undergone retrograde formation ; the Euphyside, a small sub-family
of the Codonide (System, taf. ii.) are mononemal Meduse. The Amaltheidse among the
Craspedotee, and the Rhizostoma among the Acraspeds, are distinguished by complete
loss of all the tentacles.

§ 78. Form and structure of the tentacles. In most Medusz the tentacles are long,
cylindrical filaments, more rarely flattened like a ribbon. They are usually thicker
at the base, but pointed conically towards the end, more rarely swollen like a club.
They are almost always simple and unbranched ; only a single family of the Craspedote,
e C]ﬂdonemid?’ are distinguished by branched or composite tentacles (System, taf. vil);
these.: are Eﬂﬂlﬁtlﬂlﬁﬂ' branched dichotomously, sometimes beset with secondary filaments”
i(:ee:;;ﬁtei as in t_he Siphonophora and Ctenophora. The structure of the tentacles
i (03' : :e scz:ie in all Me_dum. They are composed of the same four essential layers

s dary germinal layers ’) as the umbrella itself, namely :—(1) the outer
epithelium of the endoderm ; (2) the muscular plate underlyine i ¢ Tonatadigl
fibres; (3) the structure] i Sl plate underlying I:t, formed o ongl

eess, elastic supporting plate ; (4) the inner cellular axis of the

ipal forms, solid tentacles and hollow tentacles;
Us%®, sometimes beside one another in one and the
of the endodermal i, ﬁﬂﬁidﬁ principally to be distinguished by the comporment.

and flexible , they are chiefly found ; are us_ua_,]ly stiffer and shorter, less extenm

and also in the oldest formg of th I the Trachyling (Trachomedusae and Nﬂrﬁﬂlﬂed““i)
cylindrical endoderma] gyt ¢ Acraspedze. (Stauromedussm and Cannostomse). Thel
the one above i 3113 usually consists of a single row of discoid chordal cells, y1n8
¢ other like the coing : 0 . 1d ¢ TPl

L g5 5,6, 80, PL XV, e * Toulenu of sovercigns (L VL fig. 17: P
4 €y .are more rarely arranged in several layers (PL Iv.

]
+s in the closely alli

numbe ;
original four or eight.
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variously arranged, and often also glandular cells and ciliated cells,

- §79. Organs of feeling (tactile organs, « organa palpantia”). As sensibility to
variations of temperature, and reaction against touch and pressure is wide spread among
the Medus®, tactile cells (““ cellulze palpantes ”) must necessarily be generally pre-
sent. All indifferent sense cells, all ectodermal cells with hair-shaped processes may
probably be considered as such. These tactile hairs may be either flexible and movable
(“ flagellum ”) or stiff and immovable (tactile bristle, “ palpellum ”).  Whether all ecto-
dermal flagellate cells are to be regarded as tactile cells is still doubtful, but this view
probably holds good for the flagellate cells composing the sense-epithelium above the
nerve ring of the umbrella margin and the “marginal corpuscules.” and also for the
flagellate cells, which in many Medusz form part of the outer epithelium of the ten-
tacles (sometimes arranged in longitudinal streaks, rings or spirals along the sides
of the tentacles, sometimes as a connected covering of the ends of the tentacles).
We appear more justified in considering these ectodermal Hagellate cells as tactile
cells, when we perceive that their bases are directly connected with nerve fibrillm.
This is also the case with the “cells with tactile bristles” of the ectoderm, which bear a
stiff, often long, and far projecting tactile hair, a tactile bristle or palpellum. Such cells
with tactile bristles are usually widespread in the ectoderm both on the exumbral dorsal,
and on the subumbral ventral surface, chiefly, however, on the most sensitive parts, on
the umbrella margin and the tentacles, and also on the oral margin and the oral arms.
According to this view, the whole urticating cells in the first place, and in the second
place the “ tactile cells” in the more limited sense, or the palpocells (without nematocysts)
belong to this category. The “ urticating bristle ” (“ cnidocilium ") of the urticating cells,
like the feeling bristle (¢ palpocilium ”) of the actual “ feeling cells,” is a direct process of
the protoplasm of the cell, projecting externally freely into the water and as in both cases
the latter is connected at the base of the cell with nerve fibrillze, in both cases the stimu-
lation received by the palpellum can also be communicated by the nerves to other parts
(muscles, &c.). The urticating cells (with enidocilia and nematocysts) and the feeling
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. therefore to be regarded as two diffey.

ith palpocilia but without nematocysts) 3_1"3 2
s (odwniﬁhcztions of cells with tactile bristles (with palpella). ; Lhe distribution Of_ these
i::tii cells on the sensitive organs of the umbrella and 1ts appendages varies pe.

, d Narcomedusz special “ tactile
. For example, in the Trachomedus® an A _
ng?’lyare fca:n& on tltI:e umbrella margin, or comb-shaped rows of tactile bristles, tactile
co

o the tentacles, and so forth (System, taf. xvil figs. 9, 10, &c.).

rings o The peculiar chemical sensille of the

smell (“ organa olfactoria”).
M edguizh q‘:ﬁ:; :ight Pf(,rhaps be equally or .morei truly termed ofgan% of taste
(““ organa gustatoria ") belong to this category. It 1s easTl?f seen from physwlﬂgma:l 'ﬂbser-
vations and experiments that the Meduse are very sensitive to change of compt:}sltmn of
the salt water, and even to slight rarefaction of it, so that, for faxa:mple, they sink below
as soon as it begins to rain. The organs of chemical perception of sense are not yet
known with any certainty, and are probably usually represented by sense cells of the
umbrella margin, of the tentacles or of the margin of the mouth. Special organs, which
give the impression of sensillee from their situation and composition, may prol::ably also lay
claim to this function, such as the marginal clavelle among the Craspedotz and the
rhopalar olfactory depressions among the Acraspede. The “ olfactory clubs” or mar-
gmal clubs (“ clavelli marginales”) are only found in the section of the Craspedot and
there chiefly in the order of the Leptomedus. In my System, 1879 (pp- 118, 123, 143,
taf. vui. figs. 7, 12 ; taf. ix. figs. 3, 8) these clavelle were termed marginal clubs (“cor-
dyli marginales”) as they are found in those Leptomedusse, in which the auditory
vesicles, which they therefore perhaps represent, are wanting (Thaumantidse, Cannotidz).
They usually (or always ?) want the characteristic * auditory hairs,” which are a distin-
gushing feature of the acoustic organs. The pyriform or club-shaped clavellus (PL IL
figs. 3, 4, 8), sits with a thin stalk on the umbrella margin, and is, therefore, not to be
confounded with the conieal disposition of the young tentacles. It contains a cwmcal, very
narrow “canalis clavellaris,” which runs out from the coronal canal and is lined with
high eylindrical épithelium (PL IL fig. 8 y). The latter is separated by a thin fuleral

late (2) from the flat epithelu; ’ . s

P : preheluim of the ectoderm (9). The clavells are found in many
mbrella margin, scattered in large numbers (often
» and may, therefore, be regarded as sensille.
_ depressions (“ fossulae olfactorize, 0z) of the
Discomedusao as small, caecal funnel-shaped depressions

: the rhOPa.lar rotectiv 1 cc » d
lined with a many ] iyt b e scales (or “funnel plates”), and are
!'h{} Paha,)_ y ded %ﬂﬂ&-ﬁplthﬁhum: ﬁlmmhﬂd W'Ith lﬂllg ﬂa,geua (cgmp_ uﬂder t]lﬂ
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simplest organs of this sensation are the pigment spots (“ ocelli "), chiefly those placed on

the umbrella margin. They consist partly of pigment cells, partly of optical sense
cells or root cells, which belong to the sense epithelium of the dorsal nerve ring. Whilst
these ocelli are originally simple centres for the perception of heat, they are developed
later on into true light eyes. As experiments showed, it is principally the swollen bases

On the other hand they are widely spread among the three higher orders of the
Acraspede and usually found at the base of the sense clubs or rhopalia deseribed
below. In many Acraspedze and a few Craspedotz (Anthomedusz) a lens is also found
m the pigment body of the eye and in the Cubomeduse 2 crystalline lens or reting is
developed between the lens and the pigment cup. We also find composite eyes” in
the Cubomedusz, as, e.g., m Charybdea, where each sense club bears two large unpaired
and two small paired eyes,. Moreover, Medusae perfectly devoid of colour, which have
neither marginal ocelli nor other pigment spots, are sensible to light ; in this case it is
probably the sense epithellium of the umbrella margin which discharges this function.
We therefore find in the class of the Medusz a long series of different phylogenetic
stages of development of optical apparatus, from the simplest beginning up to very
composite eyes.

§ 82. Organs of hearing (“ organa acustica ")- In the majority of Meduss we find
organs of sense on the umbrella margin, which must be indubitably regarded as organs
of sense as they possess both otolites (“ otolithi”) and auditory cells (“otocells ”)
bearing bristles. In the minority of the Medusa, in which the otolites are absent,

. it is possible (or rather probable) that a lower degree of acoustic functions are

exercised by part of the cells bearing tactile bristles (< palpocell ) already described.
As, on the one hand, we know of no definite morphological distinction between such
tactile cells, bearing bristles and auditory cells which also bear bristles, and as on the
other hand, the latter must be regarded as merely special modifications of the former, it
15 possible that many apparently indifferent tactile cells are sensible not only to fluetua-
tions of pressure, but also to vibrations of sound. Considering, however, the immense use
which the capacity of hearing must be to the free swimming Medusa (e.g., the perception
of the noise of-the tempestuous breakers on nearing the coast), it is most probable that
a lower or higher degree of sensibility to sound is generally spread in this class. In this
case we must consider the cells with tactile bristles, which are found in the Meduss
devoid of otolites, in the whole of the Anthomeduss, Stauromedusm, and also in the Ocellats
(Thaumantidz and Cannotidz) must among the Leptomeduss be regarded as “lower
acoustic organs.” All other Medusz, on the contrary, possess ¢ higher acoustie organs ”
OF true “ organs of hearing,” consisting of auditory cells and otolites ; these are found in

|y —
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Subumbral aspect. (a) Quadrate oral opening.
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Ocelli at the swollen bases

(8) Ovaries. (¢p) Perradial canals. (¢c) Coronal canals.
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cells are developed. These auditory depressions (“ fossuli velares ™) are probably found
in other Leptomedusae (Phialis, Twaropsis, Mitrocomella, &c.), besides Mitrocoma
(System, taf. x.). They form small depressions in the subumbral or ventral side of the
velum (which is commonly termed the “lower ” side but which is the upper ” in the
normal position of the horizontally stretched velum). One portion of the subumbral
ectoderm cells, which line these depressions, and which are connected with the contiguous
ventral nerve ring, forms a calcareous otolite in their interior, another portion of it bears
an auditory bristle. As these auditory depressions ” become deeper, enter the dorsal
side of the velum vaulted like an arch, and finally become entirely loosed from the ventral
side, they are transformed into auditory vesicles (“vesiculze velares ”).  These project
more or less as conical or roundish vesicles on the dorsal side of the velum, near its inser-
tion on the umbrella margin, become innervated from the subumbral nerve ring, covered
externally by the dorsal ectodermal epithelium of the velum and contain a hollow space
filled with otolymph (originally sea water); this space 18 lined with an acoustic
epithelium, which originally belongs to the ventral ectodermal epithelium of the velum
and consists partly of auditory cells bearing bristles and partly of otolite cells. The
auditory hairs of the former surround or lie upon the latter. In the most simple cases,
each velar marginal vesicle only contains a single otolite, but in others often a large number
of them. The inner (subumbral) sense epithelium and the outer (exumbral) covering
epithelium, are separated by a structureless lamella which belongs to the supporting
plate of the velum. The number and distribution of these velar auditory vesicles of the
Leptomedusz varies largely ; however, there are always originally eight adradial audi-
tory vesicles, which lie exactly in the middle between the four perradial and the four
interradial tentacles (fig. £). We never find fewer than eight. In most Leptomedusa
their number is considerably increased, often to several hundreds : we may therefore dis-
tinguish two groups of the Vesiculats, the Octotess®, and Polyotessw, the former having
nvariable eight velar auditory vesicles, the latter having invariably more than eight
(System, p. 117, taf. X.—XV.).

§ 84. Auditory clubs or “ cordyli” (ok), acoustic tentacles with endodermal otolites.
This form of the organs of hearing is by far the most common among the Meduse, and is
found in the majority of the class, in the Trachomedus®e and Narcomedusas among the
Craspedotze, and also among all the Acraspedz, with the single exception of the Stauro-
medus@. The auditory clubs of all these Medusa are modified, small acoustic tentacles,
containing endodermal otolites, and differing therefore entirely in origin and composition
from the velar auditory vesicles of the Leptomeduse (with ectodermal otolites). In the
two sections, the auditory clubs have originated, independently of one another, from the
tentacles in an analogous manner, from the solid tentacles in the Craspedotee, from the
hollow tentacles in the Acraspedz. In the former, it is the chordal cellsof the solid
endoderm axis, which produce the otolites, in the latter it is the endodermal cells form-
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2 the distal end of the tentacle can:.:l. t;fhe auditori clubs of the
S eculiar way, with other organs of sense (ocel);
Acraspede are, n:'loreover, ?]Bembllz:;)m a;dP s the;’ B S R tgypluc:l
olfactory depreﬂﬁ};insaaiamc;hjci we shall afterwards consider separately. On the other
;(:i: :;:b:mi g:,ugpaud,it‘i’ry clubs of the Craspedote (of the Trachamefiusm and Narco.
meduse) which often closely resemble the othefﬂ, SR to be more simple fﬂfmatlfma
(Pls. IIL-XIV., ok). They resemble perfectly simple, solid tentacles, whose axis consistg
of  row of a few endoderm cells (usually two to four, e rarely five to ten or more),
processes of the inner epithelium of the coronal cal_la.l. ljhtiher tfmly the last of these of
several of them (two to four, rarely more) produce in their interior a caleareous concre-
ment, which functions as an otolite. The Trachomedusa (and a small part of the
Narcomedus®, the Solmaridz) have only a single round otolite in each auditory club;
it is in concentric layers, usually spheroidal, more rarely elliptical, and often eoloured
red or yellow. Most Narcomedus® (all, indeed, except the Solmaridae) possess erystalline
otolites of prismatic form (usually several in each auditory club). The acoustic ectoderm
epithelium of the auditory clubs is separated from the solid endoderm axis by a thin
supporting plate, and bears long stiff auditory hairs ; so is the ectoderm of the * auditory
pad” or “auditory papilla,” which in many Narcomedusz arises at the base of the
auditory club by a swelling of the dorsal nerve ring; the latter always supplies the
cordylus. In part of the Narcomedus (the Cunanthidse and Peganthidse) peculiar, firm
umcai.mg streaks are found at the bases of the cordyli which rise from these centripetally
into the exumbrella, and are covered with ciliated sense epithelium (auditory clasps,
* otoporpz,” Pl IX. fig. 8, 00; PL XI. fig. 4, 00). Four interradial auditory clubs seem
usually present originally ; the number often increases largely later on, and may amount
to more than a thousa:nd (.9., Pegamntha magnifica, System, p- 333).
§ 85. Cordylar auditory vesicles (“vesiculae cordylares”). Whilst in all Narcomeduss,

and also in the lower and older groups of the Trachomedusa (Petasidze, Pectyllidz, Pls.

HL-VIIL, Aglauride), the auditory clubs stand freely on the umbrella margin, in

nger and higher groups of the Trachomedusee, this is rarely the case,
The originally free auditory clubs become en-

. ' the Marmanemida (S taf. xvii) this
o 5 e emi ystem, taf, xviL.)
caused by the ectodermal epithelium of the dorsa] nerve ring ri(sing like a wall, in the

ing the epithelium ab

it into a closed vesicle ; the auditory hairs are

auditory vesicles” of the Marmanemids lie f"'ee‘l_y
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n finer structure from the velar auditory vesicles” of the Leptomeduss (§ 83) with
which they were formerly usually confounded. |

§ 86. Sense clubs (“ rhopalia,” o). We designate by this name the peculiar, “ compogite
organs of sense,” or “marginal bodies” of the Acraspedze, which are always universal in
this section, and only wanting in the lowest and oldest; Acraspedas, the Stauromeduss.

that the Tessera, the simplest and oldest among the known Acraspedsm, is the common
ancestral form of this section (or at least does not differ essentially from the hypothetic
ancestral form), the characteristic Position of the sense clubs in three higher orders of the
Acraspedz is explained as follows —Of the eight principal tentacles of Tessera the four
interradial are transformed into rhopalia in the Peromeduss (Pls. XVIIL, XIX.), and the
four perradial in the Cubomeduss (PL XXVL.), whilst the four tentacles alternating with
them remain unaltered. In the Discomedusz, on the other hand, all the eight tentacles of
Tessera have become sense clubs; in fact the majority of the Ephyronis have four per-

genera that their number inereases secondarily from twelve to sixteen, rarely from twenty-
four to thirty-two (System, pp- 364, 401, 427, 457). As the sense clubs of the Acraspedza
in this section have originated independently, and as even the four perradial rhopalia of
the Cubomedus® have been formed from “acoustic tentacles” independent of the four
interradial sense clubs of the Peromeduss, the former present no homology with the
similar auditory clubs or cordyli of the Craspedotss, but only a close analogy ; they are
distinguished from the latter by their more composite structure, and also by their pro-
tected position in special rhopalar niches (hence Steganophthalms). The rhopalar niches
(“antra rhopalaria,” Pl. XXX figs. 2-4, on) are ectodermal cavities, which lie in most
Acrasped on the umbrella margin, but which sometimes change their marginal position
later on and migrate either on to the dorsal surface of the exumbrella (Cubomeduss, PL
XXVL.) or on to the ventral surface of the subumbrella (Drymonema, Pls. XXX., XXXL.).
The sense niches or sense siuses are enclosed on both sides, usually on their ventral or
axial surface, by the paired sense-folds,” the axially projecting medial margins of a pair
of sense lobes of the umbrella margin (rhopalar lobes) ; these “plics rhopalares ” (of) are
sometimes fused into a plate. On the other hand, the unpaired sense scale or protecting
scale (““ squama rhopalaris,” 08), originating from the marginal bit of the exumbrella, which

originally formed a connecting bridge between the two sense folds, projects on the dorsal

or abaxial side of the rhopalar niche as a protecting roof. In the convex dorsal surface

of the protective scale, there is usually a caecal funnel-shaped olfactory depression

(“tossula olfactoria,” 0z) whose folded sense-epithelium is furnished with special flagellate

cells (olfactory cells). The true sense club, which lies hidden in the niche, corresponds
(ZOOL. CHALL. EXP.—pAnT X1.—1881.) M A
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]l tentaﬁlﬂg :
to a short, club-shaped 11'5;i g‘;:“l_?)_ The latter consists of a considerable, spheroidal ¢y

c eyetal ® (L SXX.
oval accumulation of erys

cells of the tentacle canal; :
ectodermal epithelium, beset with long,
whose rod-shaped tactile cells bear 1

the auditory club on the axial ventral side, '
pad which is considered as an eye, and sometimes encloses a lens and

sometimes not. These eyes appear to attain their highest development in the Pero-
eduse and Cubomeduse, in them we often find several eyes in each rhopalium, in which

visible pigment

a crystallne lens and a r

pp. 401, 427 ; taf. xxiii., Xxv., &c.,). *
§87. In all Medus® the muscular system is composed of two different principal

sections, a circular, and

contrast, not only by their local distribution and by the direction of the course of their
fibres, but also by their histological nature ; the circular or transverse fibres are usually

clearly striated, whilst the

the largest and most important part of the two systems belong to the subumbrella which
functions chiefly as swimming organ. The muscular system of the umbrella margin
and the tentacles generally proceeds from the subumbrella. On the other hand, the
mmulg.r system of the exumbrella, which is only very partially developed, is by no
means mmportant. Both the transverse and the longitudinal fibres are exclusively pro-
ducts of the ectodermal epithelium, with which they are still most closely connected (comp.
ab?ve, 8§ 51-53). Moreover, in some (perhaps all ?) of the Medusse, weak (usually very
unmportant) muscles which originate from the endodermal epithelium of the gastro-
vascular system appear on certain parts of the body. Certain circular muscles of the

®sophagus and the muscles of the gastral filaments belong to these endodermal muscles,
which as yet have been but little reco

t::lonls of the class of Medusae have ori
tiation of the muscular system sho

Glrffﬂlar and the

W;I‘ajj{tl styh‘stem of fibres we can generally distinguish three sections, of
Pies the central and proximal part, the second the middle part (the

n the more restricted sense), and : .. :
| P 5 th
(along with the marginal appendages). ) e third the marginal or distal part
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whose “sense canal” ends I an otolite gac or

tolline concrements, which have been formed in the endoderm
:+ is enclosed in a fulcral sheath covered externally by the
stiff, auditory bairs. A peculiar tactile plate (2)
ong flagella, is usually found at the proximal hase of
whilst on the abaxial dorsal side there is 2

etina with a large optic ganglion may be developed (System,
a longitudinal system of fibres. Both form a thorough

radial or longitudinal fibres are flat for the most part. By far

'gnised and investigated. Although the two see-
gmated independently of one another, the differen-
W analogous conditions in both cases. In both the
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Survey of the two muscular systems of the subumbrella,

—— — T

) Errmn_l oF CIRCULAR Muscres IL. SysteM or Rapiag Musores
(composed of striated fibres, running transversely (composed of smooth fibres, running longitudinally
or circularly). or radially).
1. “M. orbiculares,” oral - 1. “M. proboscidales,” probos-
1. Proximal part of circular muscles (cir- 1. Proximal part of cis muscles (longitudinal
the circular mus- cular muscles of the the radial mus- - muscles of the cesophagus
cular system. esophagus and the cular system. and of the gastral pe-
stomach). : duncle.
2. Middle part of the [ 2. « M. coronares,” coronal 2. Middle part of (2. “M. codonoides,” muscles
circular musecn- { muscles (coronal the radial mus- { of the bell (deltoid mus-
lar system. pouches, &e.). cular system. cles, &e.).
3. Distal part of the s vela.l:aa, ROl - J. Distal part of By - marginalen,® margmal
: cles (circular muscles . muscles  (longitudinal
circular muscu- the radial mus-
lar svstom. of tho velum and the siilax myatern: muscles of the tentacles
velarium). and the marginal lobes.)

§ 88. Circular muscles of the subumbrella (“ myosystema circulare ”). The circular
muscular system of the subumbrella is developed quite analogously in the two sections
of the Meduse class, and consists of transversely-striated muscles, running in horizontal
transverse planes (perpendicularly to the principal axis). This system is divided into
three different sections,—the proximal circular musele of the eesophagus and the oral
organs (“ musculus orbicularis "), middle coronal musecle (“ musculus coronaris "), and the
distal circular muscle of the velum (“musculus velaris”). The circular oral muscle
(“ musculus orbicularis,” m0) forms the proximal part of the circular system, and is gene-
rally the weakest of its three sections and also the most irregularly developed in the
different groups. It only attains any considerable development in such Medus® as are
distinguished by a strong, movable cesophagus, or by large oral lobes or folded oral arms:
for example, among the Craspedote, on the folded oral lobes of many Anthomeduss and
Leptomedusz, on the raised lips, capable of extension into a large sucking-disk, of many
Trachomedusz (P1. 11, fig. 2; PL V. figs. 3, 4; PL VIL, fig. 3, am); and on the very
contractile and extensible cesophagus of many Narcomedusze (Pls. IX.-XIV .) ; among the
Acraspedze on the oral lobes of the Stauromedusse and Cubomedusz (Pls. XV., XVIL,
XXVL); on the buccal pouches of the Peromedusz (PL XX. figs. 9-11), and on the oral
arms of many Discomedusa (Pls. XXX.-XXXIL). The second and middle section of the
circular muscular system, the large coronal muscle (“ musculus coronaris,” me) 13 much
more important. It must be regarded originally in all Medus® as the most important
swimming muscle, and in most of them, it occupies the greater part of the subumbrella,
from the distal margin of the orbicular musele (or in others of the bell-muscle) to the proxi-
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5.4

musecle. 1ts parallel and thickly compacted -circular fibres

rines on the whole subumbrella, or are sometimes divided
o ’

into an equal number of separate plates, The

mal margin of the velar
sometimes run as uninterrupted |
by four, eight, sixteen or more radial EEI_rtﬂ- e : 1 .

J: nal mu.;:::le is divided into four interradial plates 1n a large number of Lm_fﬁpmhtw; e
cCOro 5 5 L AT

eight adradial, e.g., in the Cubomedus® (PL .?QH_TI.), i.ntf} eight prin'(;ip‘ul (fuu; perradial
;1;1 four interradial) plates in Pericolpa (fig. F), mt‘:u sixteen subradial in the Pectyllids
(Pls. IV., VIIL); in Periphylia, on the other hand, exgh.t of the coronal plates are principal,
and eight adradial (Pl XIX.). Very often (Ilalmely*, i the ‘hlrger Acraspeda) the sup-
porting plate rises below the coronal muscle in the form Flf simpler or more complex cir-
cular folds, so that the muscular system lying above it commands a more extensive

Fig. ¥. Pericolpa quadrigata (Peromeduse, Pericolpide).

Subumbral aspect. (72) Sense clubs (inte

(5%) Lobe pouches, (bu) Ht}rseahgemmﬂ”' (oa) Ampulla at their bases. (f) Tentacles (perradial).

limbs of the canal. (s) Genital; -shaped canals of the pouches. (kZ) Peronia between the two
ClItalia, {??LL} Rﬂﬂt—mUEEIEE of the tﬂﬂi‘ﬂﬂ]ﬂs, {},m[l] I]Eﬂﬂdiﬂl dﬂlt{}ld

muscles. (md?) Interradial deltn:
face. (ai) Umlj t.-:n{i:i:m;;:}*d']t'ﬂﬂ muscles. (ak) Oral ribs. (@r) Oral grooves on their inner sur-
+ ) Tentacle roots. - (be) Coronal pouches. (me) Coronal muscles.

surface of ingerti : A1
e mug(;l:i;ﬂ:j nﬁﬂ;ﬂl;'npted space (Pls, XIX.-XXII., mc). In most Craspedote, the
contieeted piates Whﬂzt atively broader, and coveps the larger part of the subumbrella as
phery: it i oft. .. most Acraspedze it is narrower and more limited to their peri-
ﬂff Its expense (fig. F, ) the deltoid muscles, which extend themselves
distal section of the ﬂuhum‘;- ral muscle (“ musculus velaris ”) forms the third
5 X muscular system. In the Craspedota it repre-
li:d:d“m (Pls. IV.-X1V.) and is separated by the
stal margin of the coronal musele. It is repre-

not homologous) coronal musecle of the
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§v§elarium; 1t is most strongly developed in the Cubomedusm (PL. XXVTI., mo). Comp,
66-70.

§ 89. Radial muscles of the subumbrella (“ myosystema radiale o Whilst the e
cular muscular system of the Medusz is almost nvariable composed of transversely stri-
ated fibres, the radial muscular system in both sections of this class, is formed for the most
part of smooth, not transversely striated, muscular fibres ; these run in vertical meridian
planes, sometimes more radially, sometimes more longitudinally, parallel to the principal
axis. The radial muscular fibres are also divided into three sections analogous to those
of the circular muscular fibres ; the proximal longitudinal museles of the cesophagus and
of the oral organs, and also of the gastral peduncle (“musculi proboscidales™), the middle
bell muscle (“musculus codonoides "), and the distal longitudinal muscles of the nmbrella
margin (“ musculi marginales”). The system of the proboscidal muscles (““ museuli
proboscidales ) forms the proximal part of the radial system : we may include in it, the
true longitudinal museles of the esophagus and of the different oral organs (oral lobes,
oral arms), and also the longitudinal muscles of the gelatinous gastral peduncle (e.g., in
the Octorchidse System, taf. xii., xiii. ; Geryonide, System, taf, XV1iL.) ; in proportion as
the gastral peduncle is developed as a movable proboscis,” the four, six, or eight broad
longitudinal bands of muscles, which run in its upper surface between the ascending
radial canals, become more powerful.  Of the longitudinal muscles of the esophagus itself
the four perradial are usually most strongly developed. They run on the four folded
oral lobes or the large oral arms which have origimated from them, on the abaxial side of
their midrib, and radiate, often in bunches, towards their frilled oral margin. In most
Medus the second and middle section of the radial muscular system, whose separate
part we include under the name of bell muscles, is far more important. Al the longitu-
dinal muscles of the subumbrella which lic between the base of the proboseis ” ‘and the
umbrella margin belong toit. The bell muscle (like the coronal) not unfrequently (namely,
In a part of the Narcomeduse and Stauromedus®) represents a single, bell-shaped,
arched muscular plate, consisting of diverging radial fibres: it is usually divided into a
number (four, eight, sixteen, or more) of separate longitudinal muscles. In most
Craspedotz four or eight such longitudinal muscles run on the subumbral surface of the
radial canals, but often also four or eight in the middle between these. We conse-
quently find usually four perradial longitudinal bands (mp) and four interradial (1)
between them, beside often eight adradial, rarely more. They are sometimes simple,
unpaired bands, which run exactly in the middle line of the radial canals (e.g., Pectyllidze,
Pls. TIL-VIIL), sometimes pared bands, enclosing the two lateral margins of the
canals (e.g., Tiarids, System, taf, iv. figs. 2, 8). The subumbral radial muscles are most
strongly developed in those Craspedotee which form circumoral buttresses (mesenteries or
mesogoma). Many Tiaridse have four such perradial mesenteries, whilst the Pectyllidss
have eight principal mesenteries (PL IV. fig. 8, PL VIIL. fig. 9, wr). They lie as four or
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cight thin, broad leaves in the principal radial planes, and run in the umbrella cayity
stretching freely from the subumbrella to the cesophagus; their longitudinal museular ﬁbre;
(« musculi mesenteriales ") pass into the proboscis muscles, at the proximal margin of the
mesogonia. Among the Acraspedze the bell muscle of the Cubomedusz usnally comports
s+<olf like that of the Craspedotee (PL. XXVL. ; System, taf. xxv. xxvi.). The subumbre]l,
of the Tesseronia is on the whole almost cubical ; 1ts coronal muscle consists of f,
broad quadrangular(often almost quadrate or rectangular) muscular plates, which touchui
right angles in the interradii. They are divided by four narrow, interradial Iﬂngitudjn:l
muscles, running along the four cathammal septa, but are halved in the middle b
s % B : e by four
roader perradial longitudinal muscles ; the latter pass below upon four “frenula velari;”
(Pl. XXVI. fig. 8, o), above upon the mesenteries which run to the four corners of th
stomach-(Pl. XXVI figs. 2, 3; System, taf. xxvi. figs. 2, 3, gm). In the remaini e
Tesseronia (both in the Stauromeduse and the Peromedusz) the three strong, b :
deltoid muscles (Pls. XV. iy
gular | uscles (Pls. XV.-XXII. md) occupy the place of these narrow, band-shaped
longitudinal muscles. The deltoid muscles spring with a broad b ’ o
margin of the coronal muscl A , 86, a6 £ho oo el
argin coronal muscle (me), and run with converging fib
ok it bl s : ging fibres towards the bottom
_ cavity (fig. F, md). The four interradial deltoid 1 eotad
considerably stronger than the four perradial (md) ; the f muscles (md) are y
2 PR B e sl ; the former are inserted at the four
A I thammal ; oiten pass out above them as * intergenital
= (Lﬂ-ﬁg-ﬂ,m);thelatterareinsrted ' i
B s B thoaa i 1 _ e at the four perradial palatine nodes
: : pon the mesenteries and the
Ephyroniz or Discomedusz, th corners of the cesophagus. In the
gt : (s, those parts of the bell muscle a '
in the Tesseroniz, which is accounted for by th PP e
pouches, and by the extension of the broafl e;ﬂmgmde St e R
(and especially the four interradial) are ret?m i o &
pretty strongly developed only in a few Canno-

ircular
S mcﬂ::nal muscle. They are differentiated in many
tacle muscles of the tentacles and of the IIM!-IE“'“l
s all run longitudinally in a great variety of

Xumbrella

per 013 o De"eIOPment of the muscular system

and universa] deveIMbml surface of the umbrella, when con-
opment on the lower or subumbral surface.
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Closer investigation, however, shows that muscles are also developed here in some places,

though but feebly, at least in some. groups of Meduszs (perhaps in all %), and then into both
transverse and longitudinal cords of fibre. The principal exumbral circular museles are

the feeble zonal muscles (“‘ musculi zonares,” mz) which are found in some Craspedotz
above the umbrella margin, In others in the circular stricture between the umbrella and
the apical process (e.9., Catablema, System, taf, iv. fig. 4). They are more strongly
developed in some Acraspeds as, for example, in the visible zonal muscle of the Pero-
medusz which divides the smooth umbrella eone from the pedal zone of the umbrella
corona and sends out zigzag processes between jts pedalia (P1. XXIII. fig. 34, mz; PL
XXIV. fig. 2, mz). Exumbral radial muscles are found in some groups (especially in the
Trachomeduse and Narcomedus®), developed on the umbrella margin into peronial
muscles (“‘ musculi peromales,” P1. XIII. fig. 7, ml; PL XIV. fig. 12, ml). Other, but
feebler, longitudinal muscles : ppear in both sections here and there on the umbrella apex
and on other places of the convex outer umbrella surface. Among the Craspedotas, four

times also in the central part) in some Anthomeduse ; and among the Acraspedz, in the
Cubomedus. The longitudinal museular bands of the teeniola and the strong peduncle
muscles of the Stauromedusse, also belong to this system (Pls. XVI., XVIL figs. 13,
14, m).

§ 91. Umbrella cavity or swimming cavity (“antrum, caverna umbralis,” ). “The
umbrella cavity of the Meduse is as characteristic for this class of urticating animals as
the umbrella itself; it is enclosed above by the lower concave surface of the umbrella
(“ subumbrella ), whilst it opens freely below through the aperture of the umbrella cavity
(“apertura antri ”). The subumbral umbrella, cavity is more or less vaulted, according as
the umbrella is more umbrella shaped or more conical ; its vaulted roof, which is lined by
the ectoderm of the subumbrella, is, however, always flatter than the outer surface of the

umbrella which is covered by the ectoderm of the exumbrella, for the gelatinous wall of
peripheric umbreBa corona is always thinner than the central umbrella cone. As by each
contraction of the swimming Medusa, the vaulting of the umbrella cavity becomes higher,
its opening narrower, and water is ejected through the opening, whilst by each dilatation
of the umbrella fresh water enters the flattened and widened umbrella cavity, the latter
may be regarded physiologically both as a swimming cavity ” and a “ respiratory
cavity.” The ectodermal epithelium of the subumbrella, which lines the umbrella cavity,
18 probably adapted for respiratory functions. The opening of the umbrella cavity
(*“ apertura antri”) is simple and surrounded by the corona of lobes in the Acraspedee,
whilst in the Craspedote it is narrowed by the velum, which projects freely inwards like
a diaphragm, from the umbrella margin. In some Craspedotee the velum is so broad,
that it is probably capable of completely closing, for a while, the opening of the umbrella
cavity, as in the Pectyllida (Pls. IIL-VIIL). The central axial space of the subumbrella
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:.d more or less by the cesophagus and the different organs of buccal stomach, and
18 occupled mo

oy B - el bt T sy Yot
" 1

1 wall of the umbrella cavi
: are developed on the subumbra . cavity,
special mlnd:?;niﬂ?zsﬂf folds or projections of the subumbrella, partly by the insertioy
Par"b by the lo . it-like depressions and partly by peculiar conditions of growth of
of single organs into pit-like dep : . . :
. " inal bodies ” lying on 1t. All these different secongd.
the umbrella margin and the “ marg :
* lla cavity may be placed together as ““ niches of the umbre]ls
ary cavities of the umbrella cavity may =
! iches ” (“cavernulee subumbrales”). In many Narcomedyss
cavity or subumbral niches” ( PN : R
namely the Peganthida, the cavity of the umbrella corona 1s é!_lﬂded nto a peripheric
corona of separate “lobe cavities” (“ cavernulee lobares”), which surround the centra]
umbrella cavity like the altar niches of a round temple (Pegantha pantheon, p. 37,
Pls. XI., XIL). In Pectis, eight adradial “ oral funnels or inner buccal pouches ” (“ caver-
nulz buccales ”) are invaginated from outside into the cesophagus (p. 15, Pls. IV., V. figs.
4,5,10). In many Cubomedusw and Peromedusz, namely, the Periphyllide, each tentacle
is swrrounded at its base by a subumbral tentacle funnel (“ cavernula tentacularis”), over
which the distal margin of the subumbral coronal muscle projects like a roof. In Periphylla
(PL XIX. fig. 6, PL. XX. fig. 8) it is simple; in Periphema (Pl. XXIV. fig. 1) it is divided
nto secondary funnels by a number of small frenula. In many Cubomedusee, four perradial
triangular subumbral folds pass as  frenula velarii ” from the base of the sense niche and
the vertical septum of the marginal pouches to the subumbral surface of the horizontal
mwardly projecting velarium (PL XXVI. figs. 2, 3, 8, vf ), so that two small velar niches
(‘_‘ cavernule velares ) are inserted on each side of the velarium. In most Discomedus®
e_lght (more rarely sixteen) sense niches are formed on the umbrella, margin for the recep-
tion .Of the sense clubs or rhopalia (“antra rhopalaria,” comp. above, § 86). In some
;‘P;C;E: e.q., Iln D)rymonema, these stretch centripetally far into the subumbrella (Pls.
s m - ON).
. 3.93. tgorona_l cavity of the umbrella and funnel cavity of the umbrella. In some
°:% OF In many Acraspedz, four or eight vertical folds of the subumbrella, the

s esertexia”) are developed. in the bottom of the mabealla cavity at the

ower, simple half of the umbrella cavity, which opens
margin, the coronal cavity of the umbrella (antrum
umbrella (LE‘;.::IE ]-u] ppeﬁ % quadrg‘:’c"la? or octolocular half as the funnel cavity of the
' : _dlb“l’“e. ); the former communicate with the latter by four
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funnel cavity of many Meduss, are hollow Spaces, more or less conical and lined by the
ectoderm of the subumbrella ; they are always csecal in the aboral bottom of

cavity, whilst they open into the coronal cavity of the umbrella by the roundish funnel
openings (** ostia infundibularia ). The adjacent funnels are separated by thin vertical
septa, the mesenteries (‘“mesenteria” or mesogonia,” wr),
Pectyllida (Pls, ITI.-VIIL.), there are eight mesenteries present (four perradial and four
interradial) between eight adradial funnels, Otherwise there are invariably only four
perradial mesenteries between four mnterradial funnels. The mesenteries or mesogonia
are formed by the four perradial oral corners extending, like wings, in the bottom of the
umbrella cavity and rising in the form of thin folds of the subumbrells. The further

these folds pass towards the outside on the subumbral surface, and the further they pass
downwards on the oral corners, the deeper are the intermediate funnel cavities. In the

Craspedota, the mesenteries are always thin, delicate membranes, which serve chiefly for
fixing the cesophagus (e.q., among the Anthomedus® in Tiura and Turris, System, taf,
L., iv. ; among the Trachomeduss in Pectyllis and Pectanthus, Pls. IV VIIL). In the
Acraspede, on the other hand, the mesenteries are often hollow, as the central gastral
cavity arches into them like pouches, especially in part of the Lucernaridae (“mesogonial
pouches,” ““ burs@ mesenteriales ") The funnel cavities are usually flat and insignificant
in the Cubomedusa (Pl XXVL), but very large and deep in the Peromeduse. In the
Periphyllidee (P1. XXI. figs. 12, 13, 4b), they even ascend as far as the point of the
umbrella cone, so that they touch the four interradial teemola, in the centre point of the
basal stomach (Pl XX, fig. 8, %b). In such a case, the funnels hollow out the entire
length of the four interradial teeniola, so that these solid ridges are transformed into
hollow cones. The four interradial funnel cavities are peculiarly modified in the Dis-
comedusee, where they obtain special importance as “respiratory cavities” or ¢ subgenital
cavities.”

§ 95. Subgenital cavities (““ demnia,” otherwise also callec “ respiratory cavities,”
“genital cavities,” “umbrella cavities of the reproductive organs,” “infundibula sub-
gemtalia”). These four peculiar interradial cavities are only found in the order of the
Discomedusze, where they are in part developed and transformed into peculiarly shaped
hollow spaces. Fundamentally they are merely subumbral funnel cavities, which have
acquired a varied form and function by special adaptation (namely in their relations to
the genitalia). Whilst in the three orders of the Tesseronis, the four funnels usunally
rise as slender, hollow cones, corresponding to the conical or pyramidal form of the high,
vaulted umbrella, in the Ephyronize or Discomeduse®, on the contrary, they extend on
the lower surface of the umbrella, in the form of low pouches, in correlation to its flat
discoid shape. In this order the subumbral wall of the flat, wide gastral cavity is, at
the same time, the place of origin of the reproductive glands, and forms a delicate thin-

walled “gastrogenital membrane” (99), in which the four interradial (in the Cannostomse
(ZOOL. CHALL. ExP, pART x11.—1881,) Mi
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from the coronal cavity of the umbrella into the four funnel cavities (compare the
detailed deseription in the System der Medusen, 1879, PP- 467-473). Whilst the four
subgenital cavities remain separate in most Discomeduse furnished with them (Tetra-
demniz), in part of the Rhizostoma (Monodemnize) they are fused in the centre into a
single common ““ subgenital vestibule,”

§ 96. Subgenital vestibule (““ porticus subgenitalis, syndemnium,” 7z). The peculiar
and remarkable hollow space, which we have termed “ porticus subgenitalis” (System,
1879, p. 472), is only found in the middle of the subumbrella in two families of the
Rhizostoma, the Versurids (System, taf x1.) and the Crambesside (System, taf.
XXXVili., xxix.), which we have therefore united into the section of the Mono-
demnize. This central subgenital vestibule has arisen from the four interradial,
subgenital cavities already described, growing centripetally as far as the middle of the
central gastral space, and entering there into immediate communication (PL. XXXII., and
woodcut, fig. G). The delicate gastrogenital membranes (gz) which form the thin wall
of the invaginated subgenital pouches, touch in the central axis of the gastral cavity and
become fused together ; these pomts of fusion are then broken through and the four

four interradial portals, the * subgenital ostia” (figs. 1, 7 i). Its upper wall or the
vestibule roof (“paries porticus gastralis”) is formed by the delicate gastro genital
membrane (gg) which separates 1t from the overlying oastral cavity (gc) and bears
the four genitalia (s); its lower wall, or the “vestibule floor,” is formed by the peculiar
brachiferous disk (““discus brachiferus °) from which the eight adradial oral arms of the
Rhizostoma depend, and in the middle of which below we find the suture of the oral
cross (PL. XXXII., figs. 2, 6, 7, ah). The two walls are only connected by the four
perradial vestibule pillars (““ pilastri,” ap). These are four strong gelatinous columns,
Placed between the four narrower or wider subgenital openings. The four stmple pillar
canals (fig. 2, cd) which represent the only connection between the upper central
stomach (gc) and the lower buccal stomach (9a) along with the arm canals (eb)
proceeding from it, run perradially upwards in these columns,.
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IV GASTROVASCULAR SYSTEM OF THE MEDUSZ.

f the gastrovascu]ar system. Of the tw? large organic 8ystems
the Medusa, the gastrovascular system includes the complex of
the vegetative organs, the apparatus for nutrition and r_eproduﬂion, and is, therefore,
physiologically opposed to the neuroderma'l systsfm, wh‘mh fnrims the complex of the
animal organs. This antithesis is shown h{stologlcally in relation to the two primary
germinal layers, as the majority and more 1mp0rt_:ant parts =r::af theﬁ gastrovascular system
originate from the endoderm (or “ vegetative germinal Iayﬂer ), whilst those of the neurs.
dermal system, on the contrary, originate more usually from t_he ‘ectotderm (or “ animal
germinal layer”). The apparatus of nutrition, formed by the prinecipal intestine (stomach
along with the oral organs) and the radial coronal intestine proceeding from it (vascular
corona or pouch corona), is by far the more considerable and widely differentiated of the
two apparatuses composing the gastrovascular system. The apparatus of reproduction is
much simpler and less differentiated ; it consists solely of the sexual glands or genitalia,
which are developed in the subumbral wall of the gastrovascular system.

3 98. Hollow space and walls of the gastrovascular system. The entire gastrovascular
system of the Meduse, in spite of its numerous and important modifications in different
groups, shows everywhere one and the same essential type of formation. It appears
everywhere as a more highly developed formation of that simple gastral hollow space,
which is met with in the lowest polyps (Hydra, Clava, &c., among the Hydropolyps;
&yphaw, Spongicola, &c., among the Scyphopolyps). The primitive, perfectly simple
gi‘gtml_ca“ty of these oldest polyps is nothing more than the original primitive intestine
( archlgaste?, archenteron ) of the gastrea, which still forms the common ontogenetic
ba:ae .ft?r the intestinal system in the gastrula of all Metazoa ; its simple opening is the
primitive mouth (“archistoma, blasto We disti . B - gf this
primitive intestine of the pol j hpoms). s ?he s .wa]%s iy
and the oral peristomal Pwa]ylps iﬁ t & abor?l calyx; wall (“paries calycinalis, calyx”)
immediately the one into the othir I:.,in:ze PeMt?mahB’ perlstomn::n Szl tfm pafs |
In the Medusze, the notumbrells i o e calyx (“margo caly cinalis ”).
columbrells to Bl e corresponds to the calyx on the one hand and the

- um on the other ; we, therefore, term the calyx wall of the

paries umbralis” or  dorsalis ”) and the opposite inner
tral W&IE (';l= Paﬂeg subumbralis ” or *ventralis ”)_ The

§ 97. Composition 0
composing the body of
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central principal intestine (“ gaster principalis, axogaster ) is simple and undivided, its
axis is at the same time the principal axis of the whole body, the umbrella cone (or

: : ‘ pole, the oral opening, at the
ordl pole. The peripheric coronal intestine (“ gaster coronaris, perogaster”’), on the
other hand, is always divided by radial septa (or cathamma), into four or more radial
cavities (pouches or canals). The ideal, circular or polygonal boundary line between the
principal intestine, and the coronal intestine js consequently defined by the proximal
ends of the septa or cathamma : the gastral openings (“ ostra gastralia,” go) lie between
them. These narrow or wider fissures are the only openings by which the central
principal intestine communicates with the divisions of the radially divided coronal
mntestine.

§ 100. Cathamma or fused parts. (Fusions of the two walls of the umbrella or of
the dorsal and ventral umbrella : septa of the gastrovascular system). The only
essential difference between the more sumple gastrovascular system of the polyps, and
the more composite system of the Meduse derived from them, consists in this, that the

s | peripheric part of the latter is divided by radial septa into a number, four at least, of
et | radial divisions (pouches or canals). These radial pouches and radial ecanals were
o formerly erroncously supposed to be collective evaginations of the central gastral
. B cavity, which had grown from its margin into the solid peripheric part of the umbrella.

Now we know that these radial hollows have rather arisen from the fusion at definite

o points (and first of all, at four interradial pomnts) in the periphery of the simple gastral

P]E , - space of its two walls (the umbral dorsal wall and the subumbral ventral wall). These

- concrescentize or cathammata (%) form the radial septa of the peripheric gastrovascular

e | system, between which the remains of the originally simple cavity remains open.

b | Corresponding to the origin of these septa or cathamma is a double, narrow, fused layer

s of endoderm cells, the cathammal plates are found originally in the middle of their solid

1 B gelatinous mass.

s B § 101. Cathammal plate (“lamina cathammalis,” dk; endoderm lamella, gastral

/ L fused plate, vascular plate). The “endoderm lamella,” which on account of its origin and

1'5 : meaning we term cathammal plate, remains intact in all Meduse in the interior of j_he

w cathamma or septa, and keeps up continous connection between the hollow spaces f.:rf the !

: gastrovascular system, separated by the septa. The cathammal plate consists originally 1

~ of a double layer of endoderm cells (P XXV. figs. 8, 10); the outer or abaxial layer '!

: (the “umbral endoderm lamella,” du?) belongs to the dorsal epithelium of the coronal |

- intestine, and originally lined the concave inner surface of the notumbrella (figs. 8, 9, ug), ’
: whilst the inner or axial layer (the “subumbral endoderm lamella,” dw’) belongs {

| 8 genetically to the ventral epithelium of the coronal intestine, and formerly covered the

N convex outer surface of the coelumbrella (figs. 8, 10, zw). Sometimes (as for example, _‘

J very distinctly in the firm septal nodes of the Peromeduss, Pl XXV. fig. 8, 10), both F"_"
'r- "

i
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hammal plate remain distinet durililg the life of the Medlflsm, and cap
even be artificially separated (by suitable' pressul:e) in fine tranﬂv.erse section, T:us »

ually the case. Only a single thin layer of cells is generally V]:slb]e -
f]?: E:E;ez;?veu:issue of the cathamma, as the two endoderm plat':es, which were ﬂ.liginally
separate, have become completely fused together. A canﬁlderable hardening ang
thickening of the two connective plates usually 1fa.kes p%ace in the ca,t_;hamma on both
sides of the endoderm plates, and the soft gelatinous tissue 1s sometimes even traps.

formed into true firm fibrous cartilage (Pl. XXV. figs. 8, 10, f.utrgf,f sz*)
§ 102. The three principal forms of the cathamma (k). The fusion of the two walls of

the gastral space, which give rise to the wtha@a or septa, may appear in three
principal forms, according as they take place in a point, a line, or a surface. In all three
cases the original number of the cathamma amounts to four, and these four primary septa
lie interradially (in the middle between the four primary tentacles), whilst the four
primary radial cavities separated by them lie perradially (in the same meridian planes as
the four primary tentacles). The number of the cathamma may, however, be considerably
Increased secondarily (corresponding to variations of the homotypical fundamental numbers
already mentioned, §§ 23-26). In the most simple case when the concrescence takes place
i four points, four septal walls are found (“ nodi cathammales,” %n) as in part of the
Stauromedusze and in all Peromedusw.  The peripheric hollow space of the gastro-
vascular system then appears as a large coronal sinus (“sinus coronaris ”), whose division
into four is only indicated by the four small nodes (Pls. XV., XX., XXV.). In the second
case, when the fusion takes place in four lines, four septal ridges (“ limites cathammales,”
kw) are found as in most Stauromedusee, all Cubomeduszs, and part of the Discomedus®
o e g el of the Semostoms, Pelagid, and Cyancide); the peripheric
T ’};a::hich ar: gastrovascular system t}mn forms four radial pouches (*burse
i Separated by the narrow ridges (Pls., XVI., XVIL, XXVL). In the

, WieD the fusion takes place in four surfaces, four septal plates (“tabul

> 88 most Craspedots, and among the Acraspedse, in part of
: stom : in the Flosculi d Ulmaride, and in
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is formed by the supporting plate of the coelumbrella, of which the ventml'andoderm
lamella is lost. The septal cavities are remarkably developed, for example, in Codonium
and Sarsia among the Codonide, in ZTiara and Catablema among the Tiarids, in Cytacis
and Rathkea among the Margelide, &c. They have been hitherto erroneously regarded
as ceelome fissures, and placed along with the true body cavity (“ cceloma ”) of the higher
animals. Such a cavity does not, however, exist in the Medusz any more than in other
urticating animals. The septal cavities of these Anthomeduss rather arise from the two
fused cathammal plates between the eight principal radial lines becoming parted second-
arily, and only remaining fused in these eight lines. From this we see most clearly that
the cathammal plates pass continuously into the endoderm layer of the radial canals, where
these touch the lateral margins of the septal cavities. On the other hand, the cathammal
plates are completely separated from the ectoderm of the umbrella, externally by the
gelatinous body of the notumbrella, internally by the supporting plate and muscular
plate of the ceelumbrella.

§ 104. Gastrovascular system of the Craspedotee and Acraspedee. The two sections
of the class Medusz show differentations, which are perfectly analogous, in the forma-
tion of their gastrovascular system, but still present, in spite of all similarity, a constant
and therefore very essential difference. In all the Acraspedse, movable gastral filaments
(“ filamenta gastralia”), or “ internal gastral tentacles,” are found on definite places,
whilst these are never present in the Craspedotee. In the Acraspeds there are at least
four 