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WEST INDIAN MADREPORARIAN POLYPS.

Bv J. E. DUERDEN.

INTRODUCTION.

The insufficiency of our knowledge of ttie morphology of the soft parts of the Madreporarian

corals has been conmiented upon by nearly all writers on the Anthozoa. Such a want at first

seems remarkable, when we consider for how long and how fully the hard parts have been known,

both to the zoologist and the paleontologist, and also the great abundance and wide distribution

of living corals. When, however, the geographical limitations of the greater number of recent

corals are taken into account, the difficulty of fully observing the polyps when alive, and more

especially of preserving them and of carrying out their anatomical study, the deficiency can be

in some measure understood. The investigations of a number of workers have already afforded

an insight into the general structure of Madreporarian polyps, especially of the simple forms;

but these are as yet insufficient to enable relationships of a broad systematic character to be

estal)lished. Practically all that has been achieved along such lines is the demonstration that

coral polyps are constructed on the same plan as the polyps of the principal group of the

Actiniaria, the Hexactinia?; in other M'ords, that the mesenteries and other organs are arranged

in a cyclical hexamerous manner.

]\lany writers have contributed descriptions and figures of living coral polyps; yet so few

differences are determinable from external characters alone that Madreporarian morphology has

been but little advanced thereby. For admirable reproductions of the external characters of living-

corals the works of Quoy and Gaimard (1.S30), Dana (184(3), Klunzinger (1877), and the elab-

orate work of Saville Kent (1893), The Great Barrier Reef of Australia, should be consulted. In

a recent contrilnition Prof. H. de Lacaze-Duthiers (1897) has presented a very full account of

the corals met with in the Mediterranean, and the drawings of the living polyps are among the

finest we possess. Undoubtedly the best illustrations of West Indian shallow-water corals, mainlj'

limited, however, to the skeleton, are those accompanying the Report on the Florida Reefs, by

Louis Agassiz (188(i). In '"The Stony Corals of the Porto Rican Waters." Mr. Vaughan has

given thirty-eight photographic reproductions of the more familiar West Indian species (1901«),

followed shortly by a more complete series from Prof. A. E. Verrill (1901).

Of the older writers on coral structure, Milne Edwards and Haiiue (18.57), in their classic

"Ristoire Naturelle des Coralliaires," have given all that was then possible with the limited means

of research available. It is only within the last two decades that any serious attempt has been

made to advance our knowledge of the anatomical structure of Madreporarian polyps. The late

Prof. H. N. Moseley, in 18S2, proved that Serlatojwra and PocJJlopum are true Madreporaria,"

and in his "Challenger" Report on the Deep-Sea Madreporaria made many other additions to the

morphology of the group (1881).

"Prof. A. E. Verrill (1869, p. 518), from descriptions and ilrawings of PociUnpora, had come to the same conclu-

sions as early as 1867.
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In the papers "Die Gattung Chxlrxxn-a'" (18S1) and " Korallenstudien " (ISSO, 1891), Prof.

A. R. von Heider ha.s described in detail the anatomy and the relationships of the polyps to the^'oral-

luni in two species of Oladucora, and Astroidi'S ca/i/c(//<ir/s, Dendroj)/u/Ift'<i raiiiea, and 2ladracis

vhare/ito's. The work of von Heider is especially noteworthy on account of his contention that the

skeleton of corals is derived from an actual calcification of the ectodermal cells or calicoblasts.

Dr. G. H. Fowler, in a series of live papers, "The Anatomy of the Madreporaria," appearing

in the Quarterly Journal of Microscopical Science, from 1885 to 1890, has described in greater or

less detail the soft parts of a larger number of corals than any other student of the group, and has

brought together many important details of coral structure. In the introduction to his tirst paper

Fowler gives a review of the little that was then known of the anatomy of the Madreporaria.

Prof. G. C. Bourne, in two papers, also published in the Quarterly Journal of Microscopical

Science (1887). describes at some length the anatomy of the corals, Fungta^ Jlttsiia, and Euj^hyUia.

In 1893 Bourne gave a detailed description of the postembryonic development of Fungia, founded

on material collected by Prof. A. C. Haddon, while in 1899 he published a masterly account of

the nature and origin of the skeleton in the Anthozoa, dealing particularly with the Madrepora-
rian skeleton and the calicoblastic layer. Bourne has also contributed the article "Anthozoa"
to Prof. Ray Lankester's Treatise on Zoology (1900), wherein he gives a clear account of many
of the structural details of the Madreporaria.

W. L. Sclatcr, in 1886, contriliuted an anatomical description of StepJuimdmchus luoseleyamis,

and J. Stanley Gardiner (19(i0) has given a detailed account of the "'Anatomy of a supposed new
species of Ca'/iojjsamtji.kt from Lifu;"' Miss Edith M. Pratt (1900) has described the anatomy of

JVeohelia porcellana (Moselev).

Prof. G. von Koch, in a large series of papers, extending from 1877 to the present dav, has

probably done more than any other worker toward elucidating the problems of Madreporarian

morphology, on the correct lines of embryology and the relations of the hard and soft parts as

revealed by microscopic sections.

Prof. H. de Lacaze-Duthiers, in 1872-73, made two valuable embryological contributions,

" Developpement des Coralliaires," and records the results of the first attempts to rear coral larvaj

to the skeleton-bearing stage, while his tigure of the anatomical relations of the soft and hard

parts of Axtroidetf caJt/cidaris has been copied into many of the text-books of zoology. Two
recent publications of Lacaze-Duthiers (1894, 1897) contain descriptions of a number of early

stages in the development of several coral species.

Prof. H. V. Wilson (1888) has carried out a verj' complete studj' of the embryology and larval

stages of Ifanicma areolata, as far as the stage at which the skeleton was about to appear; Prof.

A. ('. Haddon (IS'.td) lias also published notes on the newly hatched larva of Kupliyllia.

In all probability the polyps of not more than tifty sijecies of corals have been anatomically

studied, and then often incompletely, owing to the insufficiency of well-preserved material. It

must be acknowledged, that in so far as the results throw light upon the important question of

the natural relations of the various groups of corals, they are disappointing, especially M'hen the

great amount of labor involved in conducting the investigations is taken into account. Similar

anatomical researches carried out on the allied grouj) of the Actiniaria, by workers such as the

brothers Hertwig, lladdon, McMuri-ich. Carlgren, and many others, have resulted in placing

our knowledge of these forms upon a fairh' satisfactory morphological basis. No doubt it will

yet be possible to accomplish the same for the ^Madreporaria, as the polyps of more species,

especially reef-builders, l)ecome fully known.

A residence in Jamaica, in the neighljorhood of coral reefs, has afforded me the opportunity of

studying, within the past two or three years, the West Indian shallow-water corals in their living

condition, and of preserving them for subsecjuent examination. And in this connection I desire to

record my appreciation of the liberal action of the Board of Governors of the Institute of Jamaica

in enabling me to carry out such reseai'ches, purely scientitic in their nature.

In the shallow waters of Kingston Harboi', Jamaica, occur free colonies of the following species

of corals: Parif'X di r(iri<vt(i, Jlanichxi (ireohda, Si'de/xtxtnen nid/'iins, Cladnrora arhuscida, Solen-

astriea Jiyadcs. and Ociilhin diffusa. Any of these can be easily kept in aijuaria in a la])oratory,
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for weeks or niontlis at a time, by siiiipl_y I'enewing the t'resli-water lost by evaporation. The
functional activity of numerous symbiotic unicellular al^a3 {Zooxanthella), present in the endo-

dei'mal tissues of each species, is sufficient to maintain the water in a lit state of aeration and purity.

For typical reef-building- coi-als, such as species of lladrepora., I'ortfes, Ifivandrina, and Orhi-

cella, the most convenient collecting spots are among the small group of coral islands, termed

"Cays," beyond Kingston Harbor and Port Royal. From the reefs surrounding these over twent}^

further species are to be obtained, and other localities around the island yield practically the same
forms; also at certain places in Kingston Harbor reef-building corals occur at accessible depths.

As would be expected fi-om the uniformitj- of climatic conditions, the Jamaican corals are such as

are generally distributed throughout the entire West Indian region."

All the species here studied have been examined in their living condition, and usually from an

abundance of material. In most cases the colonies were kept alive for some time within the labora-

tory, so that the varying aspects of the polyps during expansi.'>n and retraction could be observed.

Much indeed of the character of the polyps is to be obtained in this way, which is impossible from
retracted preserved polyps.

Most of the material for anatomical study was preserved with the polyps narcotized in a

partly expanded condition, in order to render possible a better study of the relationships of the

various organs and of the skeleton. When killed otherwise the polyps shrink deeply within the

calice, the stomodfeum becomes flattened by resting upon the central portions of the skeleton, and
the arrangement of the mesenteries, etc., can be ascertained only with difficulty. For narcotiza-

tion I have employed either magnesium sulphate or menthol, and Ijotli methods give satisfactory

results. The use of menthol as a narcotic is very simple. It is merely necessary to sprinkle a

few crystals on the surface of the water, when the reagent becomes slowly aljsorbed and gradu-

ally antesthetizes the polyps; pure formol is then added to the water in sufficient proportions to

make a 5 per cent, solution, and the polyps usually undergo no further change. The polyps may
I'etract and shrink slightly if the process of narcotization is incomplete, but never to the same
extent as if preserved directly. Though very desirable for museum purposes, a iJolyp expanded
to its utmost offei's no advantages for anatomical and histological study. The tissues in this con-

dition are so attenuated as not to permit of the characteristics, especially those of the musculature,

being determined with the same facility as in only moderately expanded examples. Usually the

2:)olyps expand fully only at night, or when placed in the shade, and the j^rocess of narcoti-

zation i-equires several hours. At night it was generally found convenient to add slowly the

crystals of magnesium sulphate or menthol and allow them to act upon the jjolyps until morning,

when the addition of formol brought about no retraction.

The proper preservation of the soft tissues of the Madreporaria has always been a matter of

some difficult}-, but the employment of formol is found to be fairly satisfactorj-. I have adopted
it as a o per cent, solution in either fresh or sea water. Especiallj' is the reagent serviceable on
account of its penetrative powers; in all cases the preservation of the internal tissues was equal

to that of the external, the ciliation being recognizable in most instances. There is an element of

uncertaintj', however, as to how long the histology will remain perfect in the formol solution

alone. In some instances matei'ial which had remained in the original preservative fluid for

five or six months has been found satisfactory for microscopic study, but in others a slight

maceration has taken place. In this latter case the details of the anatomy and coarser histology

can be still made out, but the more minute histologv is imperfect. The possi))ility of maceration
holds especially for forms like Pni'i.tt's, which exude a large amount of mucus on preservation.

To guard against such risks, I have found it necessary to transfer the specimens, shortly after

preservation in formol, through the diff'erent grades of alcohol up to \M per cent. Where material

intended for histological researcli has to be kept for some time this is undoulitedly desirable. On
the other hand, for museum purposes expanded coral polyps, anemones, and medusa; have been

kept in a solution of formol for several years without any obvious deterioration.

"For lists of these see tlie pajiers by Pourtales, Agassiz, Quelch, Duchassaing and ;Miclielotti, Verrill, Gregory, ami
Vaughan, referred to in tiie Bibliography. The figures and references to eorals in the old natural histories of Janiaiea

by Sir Hans Sloane (1707) and Di'. Patrick Browne (1756) are veil worthy of notice, a.s also those of Lesueur (1820).
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An aqueous solution of c'orrosive sublimate or corrosive acetic has also been employed with

great advantage, in that it fixes the tissues so completely that on decalcification there is little or

no alteration in the relationships oi the different organs. It is nuich superior to formol or alco-

hol in tills respect. Before conmiencing the decalcification of material which has been in alcohol

oi- formol for some time. I have often found it advantageous fo pass it through a solution of cor-

rosive sul)limate.

Decalcification has generally been performed in a weak solution of hydrochloric or nitric acid,

after the material has been thoroughly hardened. The acid is added drop Ijy drop to a fragment

of the coral still in the preservative Huid in sufficient quantities to maintain a slight efl'ei-vescence.

From one to two days are retpiired for the decalcification of small pieces of jjorous corals, such

as Madrepora and Porites, whereas the decalcification of dense coralla, like those of Sidermtra&a

and Oculina, occupies three or four days. Where it has been desirable to carry out the decalci-

fication with special care, as in investigations of the calicoldast layer and skeletal matrix, very

weak solutions of acetic and chromic acids have been employed, and then the process requires a

nuicli longer period. When, as is usually the case, perforating algal matter occui-s within the

skeleton, it is advisable to remove this from time to time, so as to keep a fresh calcareous surface

exposed.

If decalcification of properly fixed material be slowly carried out, there is little or no dis-

tur1)ance of the primary relationships of the soft parts. After a few attempts, I concluded that

nothing was to be gained by making preparations of the hard and soft parts in situ, such as are

obtained 113^ emljedding fragments of a colony in Canada balsam and then grinding down to micro-

scojjic thinness. All the figures of the sections are, so far as concerns the relationships of the

soft and hard parts, actual reproductions of camera lucida drawings. The irregularity in outline

of many of the septal invaginations can be understood when one considei's how generally the

septa are provided with spines or graiudes.

Much of the work has been carried .out while in Jamaica, and the remainder during the

academical year 1899-1900, in Professor Brooks's biological laboratory at the Johns Hopkins Uni-

versitv." jNIy thanks are due to Prof. W. K. Brooks for many valual)le suggestions and much
kindly interest during my stay in Baltimore; also to Prof. A. C. Haddon, of the Royal College

of Science, Ireland, and Prof. G. B. Howes, of the Royal College of Science, London, for much
assistance and encouragement from time to time during the progress of the work. 1 am inde))ted

to Rear Admiral (then (!!ommodore) H. N. Henderson for generously afi'ording me facilities for

collecting in the waters around Port Royal and the Cays beyond. Mr. T. Wayland Vaughan, of

the United States Greological Survey, has assisted me in the specific determinations. In his recent

account of the fossil coi'als from Cura(;ao (1901), and also of the stony corals of the Porto Rican

waters, Mr. Vaughan (1901r/) has dealt with the difficult subject of the synonymy of West Indian

corals.

The papcM- is divided into two parts. The first is devoted to a more general description of

the external characters and morphology of coral polyps, so far as the material available will

permit, and the second to a description of the external characters and internal anatomy of certain

representative species. To the former a few notes on larvie and postlarval development are

added, which, although incomplete, assist in an understanding of the significance of many of the

adult features. In a large measure, also, 1 have carried out comparisons with the better-known

Actiniaria. The polyps of the two groups are so closely alike that a knowledge of the characters

in the one often assists in throwing light upon conditions in the other. In the second or system-

atic part, I have ventured to indicate some of the broader lines of relationships among the Madre-

poraria, suggested l)y the new facts obtained, and have attempted for the first time generic

diagnoses in terms of the polyp. It will be understood that where generic characteristics are

given they have refex'ence only to the representatives here studied. The isolation under which the

" Since the presentation of tlie paper the studies have been continued, and results of some importance obtained,

whicli amplify fortaiii of those here given, particuhirly those on growth b)' gemmation and fissiparity. Tliey are

referred to in foot-notes on various pages.
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work has been carried out, awaj' from collections of all but West Indian corals, has rendered

impossible a comparison with other species.

A complete knowledge of anj- coral form can be obtained onl}' from a full description of both

the polypal and skeletal parts, such as has been carried out in a few cases by Fowler, von Heider,

Bourne, and Gardiner. But in the present instance it has been deemed advisable to confine the

studies wholly to the soft parts; for some time such will remain the most pressing need among
workers of the group.

The main object of the work has been to determine, from an examination of as many coral

forms as possible, the principal facts of morphology within the group, and the illu-^trations are in

the main limited to these."

"The following is the list of species studied. The terminology and orthography adopted is mainly that of

Milne and Edwards and Haime (1857). The recent papers of Vaughan (1901, 1901a) and Verrill (1901) have shown
that this is in great need of revision. I haVe a<lded the names suggested by these authors where they differ from

those here employed. In the descriptive part of the work the usual references and synonyms of the species are

omitted, as these are sufficiently noticed in the papers mentioned, and also in that of (Jregory (189.5).

Madrejjora muricata Linn;eus—forma cenricomis (Lam.); ioTina. j)rol!fe7-a (Lam.); ((^rtna, palmatu (Lam.) =Jso7)')iv(

muricata (Linn.) [Vaughan] = /Icroporn Huo-i'cota (Linn.) [Verrill].

Pontes astnvoides Lamarck =Pori(f.s- asln'oldes 'Lam. [Vaughan] =Po?-ife'.< astrcoide>! Lam. [Verrill].

Pontes dararia lj'd\narc^=Porites poritcs (Pallas) forma clarurin Lam. [Vaughan] =Pon7e.'.'/jo/;/wo(7)/i(( Link [Verrill].

Pontes furcala Tua.marc'k= Porites porites (Pallas) iorma. furi-ala Lam. [Vaughan].

Porites divaricnta Lesueur= Porites porltes (Pallas) forma dieariratu Le Sueur [Vaughan].

Astranr/la solitarla Lesueur.

Phyllangla americana Milne Edwards & Haime.

Chdocora arbuscula (Lesueur).

Orhkella annularis (EUia & Solander)= 0/'6tccMa acropora (Linn.) [Vaughan].

Orhicella radiata (Ellis & iiola.ndeT)^Orbicella cavernosa (Linn.) [Verrill].

Orblcella cavernosa (Linna?us).

SoUnastr<ra hyades (Dana).

Stephanucirnia intersepta (Esper).

Faviafragum (Esper).

Dichoarnia stokesi Milne Edwards & Haime.

Isophyllki dipsacea Dana.

Manicina areolata (Linn:eus)=J/;i'«)!(/)-a areolata (Linn.) [Verrill].

Colpophyllia r/yrosa (Ellis & Solander)=J/a'/iM;i)«( rjyrosa (Ell. & Sol.) [Verrill].

il/a'andrina Zaij/rm^/ti'crt (Ellis & Sol^nder) =Pfatt/3»/ra labyrinthica (Le Sueur) [Vaughan] = .l/;«mrfra cerebrum (¥.\\.

&Sol.) [Verrill].

Diploria lubyrinthiformis (Linnaeus) =J!fa;a)irfry, labyrinthlformis (Linn. ) [Verrill].

Pectinia mira^idrites ('lAnnxna)=^f!eandrina inseandrites (Linn.) [Vaughan].

Ocidina diffusa Lamarck.

Siderastrsca radians (Pallas).

Siderastnea siderea. (Ellis & Solander).

Agaricia fragilis Dana.

Agaricia agaricites (Linnieus).





PART I.

GKNKRAL MORPHOLOGY.

In any living- coral, be it a .simple or colonial form, the .soft polyp above can be readily distin-

guished from the hard, calcareous skeleton below. The latter is generally cup shaped, and serves

as a support and protection to the former. Structural!}' the polyp is very simple, and is either

distinct or united with others. While alive it is variously colored, and assumes very different

appearances according as it is fully expanded or retracted within its calice. When expanded it

presents two distinct regions—a smooth column, generally cylindrical in outline, and terminated

distally bj' a more or less flattened oral disk. In the center of the latter is the slit-like mouth,

while toward its periphery are one or more cj'cles of simple or knobbed tentacles. Sometimes

the polyps, instead of being distinct and independent, retain but partial individuality, and

give rise to complicated discal, tentacular, and columnar systems.

Upon decalcification the nearly colorless basal or aboral region of the polyp becomes

exposed. This is generally cylindrical or conical, and A^ery comjjlex in detail, being deeply

grooved obliquely or vertically, and otherwise invaginated in correspondence with the skeletal

projections; terminally it may be truncated or tapering.

The interior of the polyp is hollow, but much subdivided by two series of vertical parti-

tions, arranged in cycles. The members of one series—the mesenteries—hang from the

body wall, their tree edge provided with a filamentous organ, except above, where some unite

with the stomoditum depending from the margin of the oral aperture; the other partitions—the

septal invaginations—are wedge-shaped inturnings of the basal wall, which are occupied by the

skeleton, and are arranged so as to alternate with the mesenteries. Invaginations of the

basal wall may also occur centralh', when thej' are usuall\' connected with the septal inturnings.

The mesenteries cease before the aboral termination of the poh'p is reached, while the septal

invaginations are best developed below, and distally never extend the whole length of the

expanded polyp.

Microscopically the body wall is constituted throughout of three distinct layers, very different

in character. The outer comprises various glandular, protective, and sensory elements; the

middle is a nearly homogeneous, jell^'-like substance; while the inner is mainly constituted of

glandular and muscle cells, and is often loaded with unicellular algee, the so-called zooxanthell^.

On any colony new polyps, originating either as buds or by division of some other polyp,

are to be found in various stages of growth. Within the mesenterial mesogloea of the mature

poljqis maj' occur groups of sexual cells, and within the polypal cavity may be free larvae

undergoing the early phases of development. Such are the broad features chai-acteristic of

Madreporarian poh^ps, and these will now be described in greater detail.

COLUMN WALL.

As comparatively few coral polyps have been described from their appearance in the fully

expanded condition, the descriptive term cohnnn has been but little emploj-ed in ^Madreporarian

literature, though of universal recognition in woi'ks on the Actinia? for the corresponding region.

When coral polyps are fully expanded their coluninai- character is usually very obvious, but in

40!)
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the retracted condition it is not .so evidcMit. :ind is further eonfiised because one portion of the

coliunn may be within the calice and another outside: also, owing to the colonial habit of most

sjiecies, the line of separation of tiie column wall of one polj'p from another is not always readily

determinable.

The r(>t(>ntion of the word column liecomes absolutely- necessar}- for a correct appreciation

of the morphological relationships of the corresponding region.s in the various types of coral

growth. The region admits of a very precise definition, and, except in a few instances, of distinct

limitations on the living or preserved colony. In the Actiniaria the column includes the whole of

the polj-pal wall between the basal disk and the oral disk, the latter limited peripherally by the

outermost c^'cle of tentacles. It is also usually distinguishaljle from the rest of the polyp In-

structural differences, especially in the stronger development of the nmsculature distally.

Embryological results indicate, as was first established by Professor \on Koch (1<S82), that

in Madreporarian corals the basal disk of the larva or young polyp first gives rise to the skeleton,

and. however complicated the lattci' ultimately ))ecomes. the tissues lining it directly (skeleto-

trophic or skeletogenic) are morphologically those of the base. It follows from this that the line

at which the skeleton-pi'oducing tissues pass into the superficial tissues is the boundarv between

the true basal disk and column (PI. XIX. fig. 1.37). The latter will thus include all the superficial

part of the polypal wall between this boundarv and the outermost row of tentacles, and nowhere

takes any part in the formation of the skeleton. Colunui wall and oral disk will thus practically

correspond with "oral body wall," and basal disk with "aboral l)ody wall." as these terms are

employed by Fowler, Ogilvie (ISIK), p. 107), and others. By bodj- wall or polypal wall I under-

stand the whole or any part of the wall of the polyp—base, column, and oral disk.

In simple polyps, and at the margin of colonial polyps, the boundary between the basal wall

and the column wall is entire, and is indicated l>y a marked histological difference; but in colonial

polyps, elsewhere than at the margin, interruptions exist which permit of free communication

between the internal cavities of the various polyps constituting a colony (PI. XII, fig. 87). Mesen-

teries are attached for some distance along the basal skoletotrophic wall, and then pass up the

colunui wall, and in the cas(> of the complete members are contiiuied across the disk and down

the stomodieum.

The column wall, as above defined, is easily distinguished in the simple polyps of Astrangia,

and Phyllangid. (PI. V, fig. 4t>): ))ut in colonies, where the asexually produced polyps remain

comiect(>d with one another, the limitation of the wall of the individual polyp is not always

readily determina))le externally. Many colonial genera, including such as (h'liiceJla, Siderastrira,

and Piiritix, display a smootii ])()lygonal groove which represents the external line of demarcation

of the polyps. The sup(M'ficial tissu(>s are in partial continuity with the skeletotrophic tissues

along these grooves, either directly or through the intermediation of the mesenteries, and the

groove is therefore incapaV)lc of elevation above the skeleton, even on full expansion (PI. IX.

fig. G7).

The two or three polyps, wliich as a rule constitute the sub-<-olonies of Cladocora, afl'ord

interesting .stages in the separation of the body wall of polj-ps primarily united (PI. VI, lig. 48).

Usually each ])olyp presents a free portion along its lower margin, where the ectoderm of the

column can be seen to pass into that of the base, while the remainder is united with the termina-

tion of the wall of the other polyps, the line of union being indicated by a groove. As the

polyps increase in size this line of connection diminishes in extent, the communication between

the cavity of one polyp and of the other ceases, and ultimately the polyps separate, though

usually not before each has given rise to one or more buds.

The polyps of Ocid'ina (PI. XXII. fig. 1-1:9) are .spirally arranged, and as a rule widely

separated; in the older regions of colonies the limitations of the individual (•olunins are not

readily seen, but can be easily made out in young colonies, and at the growing regions of others.

Where the boundary is indicated the pericalicular mesenteries extend as far as the limitations

of each polyp; but where the polyps have become widely separated, the mesenterial pi-olongations

cease before the limitations of the polyps are reached, and then no actual boundarj- between

one and another persists.
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In tissiparous genora like Favla and 7s"j//ii//h'(i, in wliit-li one or a few oral apertui-cs may
occur on a single disk, a single wall is common to each disk, but is separable from those adjacent,

as in the cases just described. The fissiparous conditions met with in these genera become

more complex in Maiu'cinxu Mieandrlna , PecUxlti, and ColpophyUia. Here the column '\\'all,

like the disk and the tentacular zone, is common to a large number of oral apertures, but

along the thecal ridges (collines) a longitudinal groove occurs, separating the column of two

adjacent systems. A further condition occurs in Agar'wla. New polj'ps seem to arise bj' fission,

and each possesses its own .system of tentacles; there is, however, no precise boundarj' line or

groove between the column wall of adjacent polyps. A prominent thecal ridge imperfectly

marks oft' one polyp from another (PL XXIV, lig. 162), but no external indication is aflorded

that the column wall becomes adherent to the corallum along its apex.

Madrejxmi is another genus in which no external demarcation occurs between the superficial

tissues of the various polyps making up a colonj-; it is impossible to say where the column wall

of one polyp ends, and that of another begins. As shown on Pi. I, fig. Xa, representing a fully

expanded apical pol^'p, the free cjdindrical region, which should undoubtedly be regarded as a

column, passes directly into the superficial covering of the colonj-; but on this there is no groove

limiting the column of one polyp from those surrounding it.

In simple corals, and around the periphery of colonies, the lower or proximal extremity of

the column wall is closely adherent to the corallum, and upon decalcification its uninterrupted

passage into the basal skeletotrophic tissues can be followed, the histological structure of the two

diftering greatly. The upper distal margin of the column continues to grow upward, the lower

extremity keeping pace with it, and the skeleton below is thus left exposed. Usually foreign

growths, particularly Nulliport's," in time settle upon the exposed part of the C(jrallum; or it may
be attacked by destructive agents, such as boring sponges or mollusks, or l)y tubiculous worms.

At the actual boundary of the column wall and basal disk a thin deposit of calcareous matter

usually takes place, which in coi-al terminology is known as the "epitheca." This generally

shows signs of stratification or wrinkling, the thickened lines representing periods when the

upward growth of the polypal margin was not proceeding rapidly, and consequentlj' more

calcareous formation took place. In the early stages of Manieina areolafa. the column wall

practically envelops the whoU; of the corallum, and all stages in its growth upward, according

as the colony enlarges, can be obtained. In the skeleton the epitheca is clearly seen as a thin

calcareous layer resting upon the edges of the costs, its upper margin indicating T)oth the

proximal extremity of the columij wall and the commencement of the skeletotrophic tissues

when the colony was alive. The region at which the epitheca is formed is clearly seen on PI. XIX,
fig. 137, representing a section through a j'oung polyp of ILtnieina^ and also on PI. XIV.

EANDPLATTE OR EDGE-ZONE, CCENOSARC, CCENENCHYME.

The term " Randplatte" was originated by von Heider (ISSI, p. 4), when d(iscribing the exter-

nal features of the Mediterranean Vlaclocora^ to include the continuation beyond the crown of

tentacles of the soft parts of the polyp over the border of the calice. It has since been exten-

sively emploj^ed in Madreporarian literature by Fowler, Bourne, and Miss Ogilvie, the latter of

whom introduced "Edge-zone" as its English equivalent (1S96, p. lOS). Referring to the name,

G. von Koch (ISlSfi, p. 842), in a foot-note, draws attention to the fact that the region alluded to

is no structure "sui generis," and therefore possesses no independent morphological significance.

In expanded coral polyps there is really no demand for such a descriptive term, as in this

state the column wall stretches vertically, in undivided contiiniity, from the margin of the tentacu-

lar crown to its line of union with the wall of the surrounding polyps, and, except for a stronger

development of the endoilermal nmsculature al)ove, the histological structui'e of the wall is the

.same throughout. Most of the mesenteries also extend the whole length of the coluum. Where,

" In Astrangia solitaria the incrusting Nullipores sometimes grow upward with such ra])idity as to cover the whole

of the external surface of the corallites, displacing the pericalicular part of the polyp. They may even extend over

the thecal edge so as to sensibly diminish the aperture through which the polyp protrudes.
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however, the ealieinul wall extends peripherally far upward within the cavity of the polyp, then

upon retraction of the latter the upper region of the cohiiiui becomes drawn within the ciilice, hut

the lower region, still with the mesenteries attached to it, remains outside. It is to this external

area of the column wall, often sharply marked off in retracted polyj)s, that the term ' edge-zone"

is usually restricted. As a result of the same upgrowth of the calicinal wall, the coelenteron

likewise l)Pcomes separated into calicinal and pericalicinal or perithecal portions, each parti-

tioned into chambers by the ni(>senteries, and less so by the si^ptal and costa; (PI. Vll, fig. .'(4).

Among corals like Portteii and Siderastriea, in which the calicinal wall is common to adjacent

polyi)s, and the septa are but little or not at all exsei't, there can possibly be no extrathecal, or

rather pericalicinal or perithecal, continuations of the tissues, and no edge-zone.

Bv edge-zone" Dr. Ogilvie (p. 108) undei'stands " tliat the mesenteries of the interseptal

loculi are continued into the intercostal locidi," thus giving a more precise meaning to the term

than was done by von Heider. Among all the forms here studied, which are provided with a

perithecal continuation of the gastric cavity into intercostal loculi, Madrepora is the oidy one in

which the mesenteries also are not prolonged perithecally. In this genus the superficial covering

of the colony is continuous with the column wall of the polyp, and, as shown on PI. I, rig li, the

cadenteron is directly continuous over the edge of the theca with the superficial canals, liut there

is never any trace of external mesenteries. In the expanded polyp the mesenteries are seen to

pass from the extruded column wall directly into the calice, and the column wall below, unsup-

ported b}^ mesenteries, rests directly upon the skeletal echinulatious.

The precise definition given to the edge-zone afl'ords Miss Ogilvie the opportunity of accom-

plishing the same for the somewhat loosely employed term '•(.Venosarc."' By this the aiithoi'ess

(p. 108), following Bourne (1888, p. 26), signifies " an extrathecal jiart into which the mesenteries

do not continue." Ccenosarc will, of course, consist of two distinct tissues: the skeletal cov(>ring

proper (base), and the superficial covering to the colony (column wall), the two separated

more or less !)}• a continuation of the gastro-ccelomic cavity." By universal acceptation, ''Cien-

enchvme" is the calcareous deposit originating from the ('(enosarc, and this is only laid down by

the skeletotrophic layer, the iimer of the two external tissues. According to the definition of

ctenosarc and ca'nench^'me just given, Madrnpora alone, among all the forms available foi- stiuly,

is characterized by these structures; that is to sa}', the only genus in which the perithecal walls of

the polyp are without mesenteries (PI. I).

One of the most illustrative examples in this connection is Oculina. In all the definitions of

the genus one of the characteristics given is the presence of a solid cfenenchyme. Yet through-

out young colonies, and in the growing regions of others, the mesenteries are prolonged

perithecally, so as to extend as far as the spiral groove of separation of the superficial tissues of

the diflerent polyps, and the corresponding grooves on the skeleton are determinable throughout.

It is only in the older regions of large colonies that the me.senteries do not extend the whole

length of the column wall, and the skeletal surface then becomes perfectlj^ smooth, with an

a])sence of gi'ooves or co.stal ridges. Under such circumstances it becomes impossible to draw

any sharp line between edge-zone or column wall and c(enosarc. The latter is mereh' the extra-

calicular region of the polyp into which the mesenteries ar(> not prolonged.

Bourne (p. :i6) states that "a common coenosarc is due to nothing more than a persistent

connection between the 'Randplatten' of adjacent polyps, and that the two structures are

homologous." This undoubtedly holds for some forms, e. g., Galaxea^ but the first portion of

the definition can scarceh' lie regarded as applicable to cases like 3fadrep&ra, where, by defini-

"At the points where the cn'iioj^arc re.st.s upon the costal ridges or echinulations the two covering.s are combined,

and tlie skeleton is here overlaid only l.)y the superficial ectoderm, the mesoglaa, and the calicoblastic ectoderm

(Pis. I, II). The perithecal gastro-calomic cavity then becomes represented by canals, often reticular in char-

acter. Fowler (18SS, p. 7, PI. XXXII, figs. 2, :{) shows that in Ainphilidia rimim the direct adherence of the polypal

wall to tlie .skeleton may become very Ijroad, the canals being, as it were, pushed ajjart from one another and greatly

narrowed.

Of the canals in Cccnopmmmia (iardini^r (1900, p. 361) observes: "The ccenosarcal canals in fact are simply

extrathecal portions of the cn-lc-ntera of the different polyps, which serve to connect their intrathecal or gastrovascular

portions."



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 413

tioii, there is iiu Kaiidpkitte, and one can hardly employ the tenu honiolooous in conueotion with

structures which are inerelj^ continuations of one another.

Ccenosarc then, no more than Randplatte, is a pol^'pal structure "sui generis; " the two are

merely special regions of the coluuui wall and underlying skeletotrophic layer, in the latter case

provided with mesenterial continuations, and in the other devoid of them. Cojnenchyme likewise

is inseparable from the portion of the thecal wall laid down by the extrathecal layer of the

morphological basal disk, under whatever name it may be known. The terms have merely a

topographical, not a morphological, significance." In the following pages column wall will

generally include the whole of the external body wall, from the line at which it passes below into

the skeletogenic tissues to the outer margin of the tentacular zone above.

Fowler, in his studies of various species of corals, has given much attention to the relation-

ship of the peripheral part of the column wall to the skeleton, particularly to the manner in

which it may be said to be supported. At first it appeared that in species without ctenenchyme

the cobunn wall was supported upon only the perithecal continuations of the mesenteries

(" perijiheral lamelln? ''), while in species with ctenenchyme the wall was directly supported

upon only echinulations of the skeleton. PI. VII, fig. o-t, and PI. XIX. fig. 132. will serve

as examples of the former, and PI. I, figs. 2-6, taken from Madrepora^ are instances of the

latter method. Later, however. Fowler found that no such rule could be maintained; that the

two methods of support—mesenterial and echinulato—might co-exist in the same form, e. g.,

2f(icli'acls, Atiiphihelia.

Where mesenterial continuations occur, the perithecal portion of the j)olypal cavity exists as

a series of simple vertical canals; but where mesenteries are absent, and the coluuui wall rests

directly upon skeletal ridges or echinulations {Madrepura), the cavity is usually l)roken up into a

complicated system of canals.

FORM AND ANATOMY.

Externally the column wall of coral ])olpys presents few structural modifications compared
with the same regian in the Actiniaria. There is an entire absence of the simple or complicated

columnar outgrowths often displayed in the latter group, and nothing comparable with a capitidum

or cj'Cle of acrorhagi has been oljserved, tho column always passing uninterruptedly into the

tentacles. Pi'actically the onty external distinction in this direction concerns the surface of the

column, whether smooth or verrucose. The latter condition is lirought about by the presence of

teeth or spines on the edges of the costse and septa. AVhere these occur the poljpal walls on
retraction come to rest upon them, and the areas over the projections become slightly raised

above the general surface, assuming a warty appearance; and even on fullest expansion, when
free from the corallum, the tubercle-liko character rarel}- entirely disappears. Sometimes the

verrucaj are indicated by a slight color distinction, and often give a coai'.se appearance to the

polyps. Where the edges of the costffi and septa are smooth, or only finely toothed, the surface

of the outer polypal tissues is likewise smooth. Histologicallj' the verruca' present no difl'erences

from the rest of the column wall, except that their constituent layers are generally thinner.

They are thus to be distinguished from the verrucw of Actiniif , which are slightly modified

evaginations of the wall, or more often take the form of vertical rows of suckers, with a

strongly marked histological modification. The verruca- in corals are characteristics dependent
upon the form of the skeleton, rather than a structural difierentiation of the soft tissues.

Corresponding with the costa? and septa, the verruciv are arranged in vertical intermesente-

rial rows, larger and smaller rows often alternating, in agreement with the large and small skeletal

partitions. This is readily seen in species of Orhicella, Faci<t, and Jlmu'r/'/i/i, while in Jlxandrina
all the rows are equal. The veriaicte in anj- single row are somewhat irregular in size and height

« The .study of the Comopsammia from Lifu has lead Gardiner (1900, p. 361) to define ccenosarc in such a way as

to make it much more emljracive tlian would either Bourne or Miss Ogilvie. Tims: "The Ccenosarc U that jmrt of the

ydijps in a colony irh ich lies outside but not above
{

i. e. in expondeil state ) the thecw. of the several corallites. The ' Randjilatte

'

of von Heider and von Koch, the 'edge-zone' of Miss Ogilvie, is tlien that part of the ccenosarc which lies over the

free portions of the corallites."

Vol. S—No. 7 2
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in a form like hoplnjllia, where the septal and costal spines are very variable in the amount of

development. The external g-rooves which separate the verrucal ridges correspond with the line

of attachment of the internal mesenteries, and are always smooth.

Apparently there are no permanent apertures in the column wall of Madreporarian polyps,

such as zoophytologists are familiar with in the '" Cinclides " of the Sagartids among the Actiniaria.

Thi-ough these latter the thread-like ^'Acontia," loaded with nematocysts, are extruded when the

polyp is irritated. The majority of coral polyps, however, have the power of extruding

prolongations of the mesenteries hearing coiled mesenterial filaments along their edge (p. 47.t), hut

these can evidently perforate any portion of the superficial tissues, the disk equally with the

column wall. Careful examination of the body wall, before the filaments are extruded, fails to

reveal any apertures, and their irregular distribution, sometimes over nearly the whole external

surface of the polyp, would suggest that the apertures are merely temporary and may be

produced at any point. On PI. VIII, tig. 64, is represented a section through a portion of the

column of a polyp of Orhlcella amudariji through which the filamental part of a mesentery is

extruded. No histological modification whatever can be made out in the wall itself; the aperture

is a mere interruption of the layers for the passage of the mesentery and its filament. Upon the

polyps settling down after irritation the filaments are slowly indrawn, and ultimately no external

indications remain of the apertures through which they protruded. In some cases the openings

have been observed to remain distinct for a short time after the indrawal was completed, ))ut the

injury, if such it can be regarded, was soon completely healed.

On full expansion of the polyp the column may extend for some distance above the coral-

lum, and is either cylindrical, oval, or irregular in form. Proximally, where it is fixed to the

skeleton, it assumes the outline of the individual corallites, and hence maj' be circular, polygonal,

or irregulai'. In species of Sidermtr^'d and Agarivia the column appears never to be raised luuch

above the general surface of thecorallum, and in forms \\]s.q 2I»:'andrin(i, with incomplete j^olypal

separation, the colunni on both sides rises for man}' millimeters as a vertical expansion, with a

deep valley separating one polypal row from another.

The form and position assumed l)v the intercalicular portion of the colunm wall upon retrac-

tion of the poU'ps varies greatly. In most cases the upper region of the column becomes folded

inwardly over the edge of the theca, while in some it is mej'ely drawn downward. In the

former condition it either comes to lie inclined downward against the ol)li(jue septa {Jfa/u'ciiia,

Ma^diidrina, etc.), or, by the action of the endodermal circular muscle, it extends horizontally,

terminating in a circular margin which nearly' meets at the center, and thus almost covers

the disk below (PI. X. tig. 74). In Mndnqvira the wail becomes merely drawn within the calice

without any overfolding (PI. I, fig. 2); in Slderastrira and Agaricla the column and disk

are simply depressed, and come to rest upon the skeleton, leaving the tentacles and mouth wholly

exposed (PI. XXII, fig. 150).

Variations in the position assumed by the column wall on retraction of the polyps are some-

times observable even in the same species. Thus the wall in Porites chtrdvia may be slightly

folded over the disk, or, as in Sidcrantrim, it may merely come to rest upon the corallar surface,

the tentacles and disk remaining exposed (PI. IV, figs. 34 and 35).

Among the skeletonless Acfinnc the coluum wall is usually of some thickness, so as to

give more or less rigidity to the body of polyp, but in the Madreporaria, where support is

afiorded by the skeleton, the polypal wall is nearly always a thin, delicate, often transparent

structure. In both groups the thickness of the wall is maitdy determined by that of the middle

layer—the mesogkea, as both the ectodermal and endodermal epithelia vary comparatively little.

By contrast with that of most anemones the mesoglcea in the column wall of corals is, as a rule,

little more than a mere separating lamella Ijetween the inner and outer layers, except along the

line of attachment of the mesenteries, where it becomes somewhat thickened in a triangular

manner.

The thickness of the colunm wall is also partly dependent upon the state of expansion or

retraction of the polyp. On full distention all three layers Ijecome greatly attenuated, the

ectodermal and endodermal cells largely diminished in height, and the mesoglcea scarcely distin-
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gui.shable as a separate layer. The walls are then much more iieai-ly transparent than in the

retracted state. In sections the column wall varies from 0.1 millimeter across in hophijUia

dijjsacea to 0.023 millimeter in A(jarlcia fragllix.

The three poh'pal layers will now be described in more detail.

ECTODERM.

The ectoderm of the column of Madreporarian polyp.s is a regular, often ciliated, columnar

epithelium, constituted mainly of unicellular gland cells, supporting cells, and scattered

nematocyst-bearing cells; muscle and nerve tibrils are rarely' if ever recognizalile in sections.

The nuclei of most of the cells are arranged at nearl)' the same height in the layer, and in .sectionij

of moderate thickness give rise to a very definite nuclear band or zone. The nuclei thus regularly

distril)uted are mainly those of the long narrow supporting cells; the nuclei of the gland cells

and nematoblasts are less restricted and occur nearer the mesoglcEa.

The ciliation of the column wall is bj' no means so pronounced as in the case of the stomodaeal

ectoderm and mesenterial iilaments, and few observations hive been made to determine its

general distribution in the living polyp, or the conditions of its activity. Traces of cilia some-

times remain in preserved material, and the effects of its activity are often noticeable on the living

polyp. When light particles of foreign matter are dropped on the large discal area of a coral

like Manleina, they are seen to be slowly transferred to the margin of the disk, but, instead of

merely dropping over, \hey are dragged in a definite manner along the column, and only

discarded, as it were, when they reach its lower termination. When similar particles are dro})ped

on other living polyps thej' are likewise set in movement in a more or less definite manner, but

no such action could be distinguished on the living tissues of Favlafragmn.
The glandular cells of the columnar ectoderm are mainlj' oval shaped toward the periphery

of the layer, and nai;row internally; the base is generall}' fibrillar and rests upon the mesogloea

(fig. 8). The contents are nearly homogeneous and rarely stain, usually appearing quite clear;

at other times they are finely granular and stain more readily. The cells are mucus secreting,

and their different behavior toward reagents probably indicates different stages in the develop-

ment of the cell and its secretions. In addition to ths clear mucus cells, long, narrow gland cells

occur of which the contents are coarsely granular, and these take up most stains with great

avidity. They seem to be different in character from the other gland cells, and, as a rule, are but

sparsely represented.

In most cases the gland cells occupy the greater. proportion of the layer, so much so that

in tangential sections through the outer portions of the ectoderm the cells foi-m a close

polygonal network, the interstices t)eing occupied by a few supporting cells (PI. X. tigs. 7(i-7S).

Quantities of clear, colorless mucus are given out by most corals upon disturbance, as, for instance,

when a fragment from a large colony is broken off'; also upon preservation in a limited quantity

of sea water sutficient mucus may be extruded to give a jelly-like consistency to the liquid. The
presence of the mucus upon the surface of a colony often interferes with the proper preservation

of the polyps. This is especially the case with Porites^ where both the ectoderm and endoderm
are highlj- glandular (PI. IV).

As a rule the column wall of coral polyps contains a few scattered nematocysts, ^vhich,

however, are never aggregated into distinct batteries such as occur on the tentacles. They
are alwaj-s small, of two or three kinds, and are easily distinguished from the long, narrow,

tentacular form, or the large oval variety more characteristic of the endoderm.

In the genera IxopliylJhi and MiriUKh'iiia, and to a less degree in certain others, the

superficial tissues in the living condition appear dense and almost opaque. Histological examina-

tion reveals that the mesoglcea of the column wall in these is a little thicker than usual, but the

chief cause of the opacity evidently lies in the contents of the ectodermal cells. This is illustiatcd

bj' the genus OrhiceUa (PI. VIII, fig. 65). Clear nuicus-secreting cells occur with comparative

rarity, and the chief cellular constituents of the layer are long supporting cells, the nuclei of

which are elongated and arranged in a very regular zone, so closely that in places they apjieiir to
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oxert a nuitiv.il prossui-e upon one another. Tho deeper parts of tlie layer, arc characterized by

tlie presence of patches of tinely granular j)ioinent matter, arranged closely or somewhat distant

from one another. In the areas of g-reatest concentration th(» gi-anules extend almost to the

Ijcriphory of the ectoderm, l)ut they are mainly internal to the nucleai' zone. Prolialily th(\v are

to he regarded as of the nature of pigment granules, and are to l)e distinguished from the granules

of glandular cells. They are manifestly the chief cause of the general opacity of the body v all

in many tissipai'ous .species. (See also, Ii^ophyllhi^ PI. XVII. fig. 122.)

jies()(;l(1-:a.

The mesoglcea" of coral polyps has generally been descritied as a perfectly structureless layer,

without any of the migrant coimectivc-tissne cells, such as are characteristic of the mesogkpa of

the greater number of Actinian polyps. The homogeneous condition is found in manj' of the

.species here descriVted, especially Avhere the polyps are small. Imt in others it becomes somewhat

more complex. The layer .stains feebly, or not at all, and when perfectly homogeneous and

tran.spai'ent may be indistinguishalile from the clear field of the microscope.

In large ]>olyp.s. such as Lsopliyllia dipsacea^ and also in JLeandr/'iia, the mesoglcea is rather

thick, and minute connective-tissue cells occur sparsely thi'oughout. In sections the cells are

circular or oval in shape, with a central nucleus, and minute i)rolongations extend in all direc-

tions; many of these I'each one or other of the surfaces of the layer, and there come into con-

tact with the ectodermal or endodermal cells. In some instances the proce.s.«ie.s extend right

across from on(> layer to the other, but are mostly disposed in an ii'regular stellate manner.

Their close connection with the ectoderm and endodcrm would seem to indicate their origin from

one or both layers, except in the mesentei'ial mesogkea, where oli\ iously they can ))e deri\(>d

oidy from the endodcrm.

The mesoglcea is usually of uniform charsicter and ci)nsistency throughout any polyp, but a

slight difl'erence is revealed in preparations of hophylJin dipmcea, which have been stained with

borax carmine and methyl blue. The layer is colored a bright blue, but narrow tube-like por-

tion.s, which scarcely take up any coloring matter, stretch across the layer, or in other sections

appear as .small, light-colored disks: with ha'matoxylin it remains unstained, and exhibits no such

diti'erentiation.

The ectodermal and endodermal surfaces of the mesogkea are mostly even, but in .some

regions, especially on the face of a mesentery which ))ears the longitudinal musculature, the

surface 1)ecomes folded, or may even form complicated branching plaitings, so as to afford an

increased area for the muscukii- tibrils (PI. XVIII. tig. 130). The endodermal surface in the

uppermost region of the colunui may also be deeply folded for the same purpose (PI. XVII.
tig. L21). In no case, however, has the musculature 1)een found to become actually end)cddc(l

within the mcsogki-a of the cohunn. such as occurs among anemones where a strong mesogkcal

sphincter is formed {Sagurtldiv).

As the me.sogkca is practically alike in sti'uctui(> throughout the tissues of any polyj). it will

bi^ unnecessary again to refer to it in dt^tail in describing the individual organs. Along the line

•of attachment of the mesenteries to i\w skeletotrophic tissues, and less frequently elsewhere,

peculiar mesogkcal processes occui' which scimu to serve as a means of attachment of the ])olypal

tissues to the skeleton (PI. XIII. tig. '.Ti). They an* fully n^ferred to on page 481.

ENIHJDEKM AND SPHINCTER Ml'SC'LE.

Gland cells, hotli in the clear and granular condition, ai-e the main constituents of the

endoderm. Supporting cells are le.s.s numerou.s than in the ectoderm, while the musculature is

"111 a preliminary note, "< )n the .Vnatomy of a supposed New Species of Camopsammid from I^ifu," >[r. Stanley

<7ar(liner proposes the name "skeleto^'liea" for the structureless lamella or jelly of tlie Actinozoa, instead of a

''makeshift term," such a "luesogloea." The introduction of this new term would undoubtedly lead to great confu-

sion if emiiloyed in the literature of skeleton-producing polyps, while such has never been the case with Bourne's

term, now universally adopted. "Skeletogliea" would have served aptly for the jelly-like, homogeneous matrix in

which theskeleton is laid down (p. 483). In his fuller paper (1900, p. .!.5S), Cardiner prefers to use the term "struc-

.turele.'-s memlirane" or "basement membrane."
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better developed, and symbiotic alga; or zooxanthellffi are nearly always present. The cilation is

feeble, and rarely detcrniinablo in preserved material.

The endodernial layer is of niueh the same character throughout the polyp, whether in the

column wall, tentacles, disk, skeletotrophie tissues, or forming the mesenterial epithelium. It

may vary slightly in thickness in different regions, and in the greater or less preponderance of

glandular cells, while in nearly all the species a remarkable modification of the skeletotrophie

endoderm takes place in the lower regions of the polyp. The layer here becomes much thicker

and loses its distinctly cellular character, appearing finely reticular. So greatly thickened does

the endoderm become that it often nearly obliterates the gastro-ccelomic cavity in the most

proximal region of the polj'p. The chief constituents—nuclei, cytoplasm, zooxanthellse, and in

some cases granular gland cells—are mostly accumulated in a narrow peripheral zone, the deeper

portion l)eing vacuolated oi- bearing only fine granules (PI. X, figs. To and 7.5).

Zooxanthellffi occur in large numbers within the endoderm cells of all the species studied,

with the exception of Plu/Uangm ainericnna and Ash'aiuji.a solifar/n. The}^ are usually

distributed throughout the polyp, but are more numerous in the exposed tissues (coluuni wall,

disk, tentacles) than in the endoderm of the mesenteries and skeletotrophie tissues; they

even occur within the internal canals of the perforate genera Mndrepora and Porifes, but are

never found free or detached within the polypal cavities except in larvfe. As described on

page 437, the organisms are the principal cause of the coloration of many coral polyps. Large

oval nematocysts occur in the endoderm of Porltes and Iladrcpora, but are absent from most

other genera. Their numl)ers and distinctive form in the genera mentioned are such as to leave

no doubt that thej' are actually formed in the endoderm, not free examples injested from the

ectoderm.

The circular eudodei'mal musculature of the column wall appears to ))e always present in

coral polyps, as in Actinian polyps, though varying much in the degree of its development;

as a rule it is stronger at the uppermost region of the column wall than below. Sometimes

the fibrils are scarcely to be found an}' where, while in other species they become strongly

developed distally, and give rise to a typical diffuse sphincter muscje, such as is characteristic

of man}' Actinite (e.g., Chri/nactis). This is seen in species of Orbicella, especially in the

large 0. careriiosa, but also in the smaller O. annularis (PI. VIII, fig. 65). Here, in retracted

polyps, the mesoglQ?a is thrown into deep folds for additional support to the musculature. The

mu.scle fibers lining the hollows or grooves never become separated from the superficial layer,

as happens in Actinians where the muscle is truly mesogkeal. In other species of corals

the mesogkea forms only ver}' slight folds, while again it may be perfectly smooth, indicating

a very weak muscular development.

The sphincter muscle is more strongly developed in Isoj>Iii/Jlia. dlpsacea than in any other

species here studied. In vertical sections of the uppermost region of the colunm wall the mesogkea

displays one or more special thickenings which are much plaited, the whole lined with muscle fibers

(PI. XVII, fig. 121). The structure very closely recalls the type of sphincter described by Iladdon

(1898, p. 132) as occurring in the Actinian Macmdaetyla^ and there termed a ""restricted"'

sphincter nuiscle. It represents a stage of muscular development more complex than that

described as "diffuse." The plaitings appear on several axes of greater or less complexity; while

in the ""circumscribed" sphincter muscle of Actinian anatomy they are restricted to a single axis.

The amount of development of the sphincter umscle is manifestl}' dependent upon the size of

the polyp, the polyps of hophyllia and Orhlcella being among the largest studied.

The action of the circular sphincter muscle is to liring about the overfolding of the distal

region of the column wall upon retraction of the polyps. This occurs in nearly all corals, and,

as alreadj' observed, it results that the column wall almost completely hides the disk and tentacles,

leaving a small central o])ening over the oral aperture. Circular constrictions may occur in flic

column wall without any retraction of the disk, in this case the action of the columnar

musculature is probably the same as before, but the retractor muscles of the mesenteries have

not come into play and di-awn downward the oral region of the polyj).

(t. H. Fowler (ISSSu, p. 12) was the first to record the presence of an undoubted s[iliincter
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muscle in the Madreporaria, having found the niesogloeal plaitinji^.s strongly developed in Sj,/,, n-

otrochufi nihesceiis. (;;ir(liner (1!)0(). p. ;',(;:',) also deserilies a .stronii' cireiilur sphincter niiisclc in

CwnitpsaDrnua.

The sphincter, soniftinics known as " Rotteken's nuiscle." is usually stronojy devcloix'd in

Aetiniaria, where it assuinc^s very varied t'ornis, and becomes of yreat importance for taxonomic
purposes. Actinian polyps in general are <'ai)al)le of i-etraction to a oreat(M- degree than arc coral

polyps, but where no sphincter is pi-esent the disk and lentacli>s always remain exposed. There
is no doubt that the actual outline assumed liy the mesogkcal plaitings sni)})orting the fibi-ils, and
giving its character to the nuiscle, is largely depi'ndent upon tln^ amount of retraction and exten-

sion of the polyp, but still sufficient constancy remains to justify the importance attaclied to

the muscle for diagnostic i)iu'poses.

A few observations upon the g(>neral expansion and retraction of coral polvps uiav be here

given.
KXPAXSIOX AND RETRACTION t)F POLYPS.

Oidy the more superficial tissues of coral polyps—column wall, disk, tentacles, and upper
part of the mesenterie.s—are capable of expansion ancl retraction, the change being ))i'ought

about mainly by the action of the musculature of these regions, with an accoiupanying entrance

or expulsion of water from the polypal cavity. The skeletotrophic tissues are destitute of muscle

fibers, and throughout remain adherent to the coralhuu, ixu-Jiaps held in position by the peculiar

wedge-shaped or conical structur(>s originating from the desiuocytes (p. 482); hence they take no

part in the varying aspects of the polyp.

Polypal expansion proceeds slowly by the imhiliition of sea water into the internal cavity,

and the consequent distension of the body wall. The uuisculature being relaxed, entrance of

the water is efl'ected through the oral aperture, probably as a result of the activity of the

strongly developed stomoda?al cilia. On retraction of the nuiscles. and subsequent diminution in

size of the polypal cavity, the water is largely expelled, also through the mouth. In a colony

where the coelentera oi all the polyps are in conuuunication with one another, there seems no

reason why water should not be aljstracted from one region to another, so that the polyps in

one i)art may he exjjanded and those in another retracted. The polyps of one area of a colony

are often in a difierent state of expansion from thi:)se of another. If an expanded colony be

suddenly lifted out of the water, flaccidity of the tissues almost innnediateh' results, due to the

loss of water, and the latter can l)e actually observed flowing from the internal cavity. On ii'ri-

tation of a single polyp in a fully distended colony the polyp readily retracts, and those around

more slowly, the water issuing through the mouth as a distinct stream.

Polypal retraction is brought alnnit In' the united action of the nuisculature of the mesen-

teries, column wall, disk, and tentacles, the first mentioned being probably the most important.

The longitudinal retractor muscles are always more or less well developed on one face of each

mesentery, the mesoghea being often folded to give increased area. By the contraction of those

muscles the distal region of the l)olyp is drawn downward; at the same time the contraction of

the circular endodermal musculature of the column wall aids in the shiinkage. and the same is to

be said of the circular musculature of the disk.

From the comparative development and arrangement of the nuiscle fit>rils throughout coral

polyps, it is manifest that retraction is entirely dej)endent upon muscular contraction, while

expansion is mainly due to the relaxation of the nuiscles, followed by the entrance of water.

The external appearance of corals varies greatly, according as the polyps are expanded or

retracted, and it is only from a full knowledge of both conditions that a clear understanding of

the relationships of the polyps to the corallum can be obtained. On complete retraction the

superficial tissues come to lie uiore or less clo.sely upon the uppei- ])art of the corallum, always

separated, of course, from direct contact b}' the adhering skeletogenic tissues. In strongly

retracted examples of most species the costfe and septa are seen through the polypal walls and

stand out prominently, and the tissues over them are nuudi thinner than the portions of the wall

which occupy the intervening depressions. Where the edges of the septa or costa? are sharply

spinous, as in ludjiht/llin, the points appear ;!s if perforating the tissues; ))ut it may be doubted
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whether this ever occurs naturally, as sections reveal only a great thinnino- of the layers. Polyps

of Madrej>ora, Cladocora., and Astrangia, having a tul)ular calic(% are able to withdraw their

upper parts so deeply within the latter as to render the disk and tentacles almost invisil)le.

Most members of the Astneidic also partly withdraw themselves within the calice, and at the

same time, by the contraction of the sphincter muscle, the capitular region of the cokimn wall

is drawn, iris-like, over the disk and tentacles, leaving but a small central aperture through

which the mouth and central part of the disk can usuallj' be seen. In Ifanicma and ColpoplnjUla

the columnar musculature is weakly developed, and when retracted the capitular region is

partlv drawn downwardly and inwardly, covering the tentacles, but leaving the middle discal area

exposed. In Madrcpora, J\)rltes, Siderasfrpea, and Agaricla the column wall is verj^ rarely

overfolded; on retraction the disk and tentacles are merely drawn downward, coming to rest

upon the corallum, and the tentacles, disk, and mouth remain exposed.

During full expansion the upper part of the polyp is elevated some distance beyond the

corallum, and the perithecal portion of the gastro-co?lomic cavity becomes swollen." The
column wall, instead of being folded horizontally or downward over the tbeca, now stretches nearly

vertically from its line of union with the other jwlyps and skeleton as far as the tentacular zone.

This alteration of form can ha easilj^ understood in the case of distinct polyps, but not so

readily in species where the polyps are incompletely separated.

Manicina is a good example of the latter in which to compare the different appearances of

polyps on expansion and retraction. In the latter condition the meandering disk rests upon the

skeletal projections on the floor of the calice, and the upper part of the columnar expansion lies

obliquely upon the upper edge of the septa, then folds over the margin of the theca, and is con-

tinued downward over the outside of the theca for a distance varying in different examples. On
full distension the disk is raised several millimeters above the skeleton, becoming much
broader and flattened, or even convex; the tentacles are arranged in a marginal zone, either

overhanging or partly involved in the discal tissues. The column wall is elevated vertically,

its lower margin being the line along which the superflcial tissues pass into the tissues lining

the skeleton, and this for the time being constitutes the lower fixed termination of the column.

Jfpeandrina and (_'olj)oj>li>jlli(( are somewhat more complicated. The living colon}' during

the day usually exhibits a meandering system of columnar ridges and discal vallej-s; the column

extends about half way within the calice, folded and slightly swollen as it terminates, and more
or less hiding the rows of tentacles. Full distension completely reverses the relationship of the

disk and column wall. The former now becomes raised from its depressed condition along the

floor of the calice until it is some millimeters wholly above the corallum, and convex in vertical

section; the adjacent colunui walls are also raised until they ])econie nearly vertical, and are

either pressing against one another laterally', or separated only by a deep, narrow groove, at the

bottom of which lies the line of connection of the column wall to the skeleton. The former discal

valleys are now the ridges, and the thecal ridges the bottom of the valleys.*

A few observations have been made with regard to the external conditions which seem to

determine the state of expansion or retraction of coral polyps. As a general i-ule the polyps are

not expanded to their full degree during the day, either on the reef or in the laboratory; but

the process begins immediately after sunset, and full expansion is maintained for the greater

part of the night. Thus on bringing into the laboratory, in the course of the morning, a collection

of specimens, they usually remain retracted for the rest of the day, 1)ut after sunset (6.3(1 to 7.15

p. m. in Jamaica) the polyps begin to expand until they attain their full dimensions. The
bodv cavitv is greatlv distended with water, and the column wall and disk become raised some

"Where the pericalicular continuation of the gastro-ccelomic cavity has become broken up into irregular canals,

as in Mudrcpora, the amount of distension is small; but even in this genus a marked difference is seen iti the c«>no-

sarc, according as the canals are fully charged or nearly empty.

'' Verrill (1863, p. .38), from an examination of alcoholic specimens of Maaudrina, Mniiieitui, and Ftirbi, came to

the conclusion that the polypal disk does not rise even level with the summit of the corallum. Also naturalists

familiar with the Bahama and Bermuda cnrals have informed me that they ha\e never seen many nf the fissiparous

species (e. g., hophyllin) in an expanded state.
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distance above the coralluin, while the tentacles ai'e erect or overhanging. The colonies remain

in this state nearly all night, unati'ected by any artificial light employed in observing tliem; even

when the strong light from a condensing lens rests upon a polyp for some time there is no

response. In the morning the poh'ps are again found retracted.

If injured too much in the process of collecting, as when a portion of a colony is with diffi-

culty broken off a large mass, the polyps of most i-orals arc unable to recover sufficiently to

expand at night. The liest specimens for laboratory study are the colonies found lying free on

the sea floor, for these can be removed without nnich disturl)ance to the living animals.

On the reefs, Jhemnlrhici, VolpdplnjJl'iii^ and OrhinlJa arc found partly expanded during

the day, only the tips of the tentacles and part of the disk being visible; Maniciiui will some-

times protrude its tentacles, ))ut hophiilUd rarely so. On the other hand, Madrepora and Purites

are usually fully expanded; colonies of l)oth species are often met with in situ on which, by

means of a water glass, all the polj'ps are seen protruding to their full extent.

The corals found in very shallow water in Kingston Harbor are mostly retracted during the

day, but if collected with care, and placed in shallow glass vessels exposed to the full rays of the

sun, such species as 21(()uciiia areolata , Porites fiin-uta^ Side)'a><tr:r(( mdia/is, VJudocm'a arhiwcida,

and Oeulina diffusa will expand fully. Further, when in th(> laboratoiy these species have

been kept shaded from the sun during the early i)ai"t of the nK)ruing and are then brought into

its direct rays, they soon begin to expand, and remain so for some time. Also, on bringing corals

which during the whole day have been kept in a cool, shaded place into the rays of the setting

sun they nearly always respond to the change and expand fully. It may be that in such experi-

ments it is not the strong light bat rather the slight increase of temperature of the water which

exercises some stinuilating influence on the polyjjs.

The general experience is that if colonies arc placed in shaded spots during the day the

polyps respond to the change, and expand to a greater or less degree, but if exposed to full

light they remain retracted.

Much difl'erence is experienced in the readiness with which various coral .species expand.

In the laboratory Agaricla seems to open less freely than others; L'ladocora and Oculiita are

among the readiest to open out. In some instances the polyps of the latter remained fully

distended for two or three da^s together without ever retracting.

It ma}', therefore, be taken as a general rule that coral polyps expand to their full degree

daring the night, but that under artificial conditions they may respond to an increase of light and

temperature. The whole question of their response to external conditions is full of interest, l)ut

can be solved only by a long series of observations and experiments.

That night expansion is not restricted to tropical corals may be gathered from the observa-

tions of Gosse (18(!0, p. 312) on L'aryiqdnjUia Sinithii. This British species was also found to

expand most freely at night.

Many sea anemones exhibit the same phenomena as coral polyps, though not to the same

degree. Colonies of the Zoanthid Pahjthoa are found in plenty on the reefs; during the day the

polyps are mostly in the retracted state, and in the laboratory night is always found to be the most

suitable time for examining them in the fully distended condition.

In the course of his examination of the coral reefs of Funafuti, Rotuma, and Fiji, ^Ir. Stan-

ley Gardiner (1898) found unich the same results as regards the time of expansion of coral

polyps; Euphyllia^ Sytn.phyllia^ and Jlufsm were the only corals observed by (-iardiner to be fully

expanded in the daytime. He further states, as is also the case in West Indian waters, that only

during the night is the tow net able to collect in any quantity the minute larvse, eggs, and

other small organisms which probably constitute the food of coral polyps. During the day such

pelagic forms evidently sink to the deeper waters, reappearing nearer the surface at night, and

becoming most abundant in the early morning.

It may be that night exi)ansion and day retraction of the coral polyps are in some way con-

nected with this distribution of their food, and it is not unlikely that the phenomenon may be

associated with the strong local sea breezes which usually disturb tropical waters during the day,

and produce a cloudiness some distance around the shores. At night and early morning, the
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breezes having' subsided, the waters ai'c quieter and more favorable to tht^ activities of delicate

sessile animals.

Perhaps the activity of the unicellular commensal algte, pi-esent in such great numbers in the

endodermal tissue of nearly all species, may be associated with the changes. But fully expanded,

more transparent tissues in the daytime, would manifestly be most favoi'able for the functional

activity of their chloroplasts.

TENTACLES.

The tentacles of Madreporarian polyps exhibit a certain diversity of form and arrangement,

though not to the same degree as the corresponding organs in the Actiniaria. They are mostly

di.sposed around the margin of the oral disk, in two or more entacma?ous, alternating cj'cles. In

Madrejx/ra and Pontes, however, they appear to constitute onh' a single cycle. In living pol\-ps

the tentacles can usually be seen to correspond in position with the internal mesenterial chaml)ers

of which they are the external prolongations, and further to conform in position, and, as a rule,

in number, with the internal skeletal septa. In nearly all cases they correspond exactlj^ with the

number of internal mesenterial chambers, both entocoelic and exocoelic. Tentacles arising from
the entocoelic mesenterial chambers may be known as entofeyitades, and those from exocoelic

chambers as exotentacles. Where present the latter always constitute the outermost cycle, and
all the inner cj^cles consist of entotentacles. In Sidernstnpa the exotentacles differ in form from
the entoccelic meml)ers (PI. XXII, tig. 151), while in Ayaricia, and the fully developed ajjical

polyps of Miidrepora, exoccjelic tentacles are wanting. Gardiner (1900, p. 365) also found the

tentacles to be entocoelic onl}' in Cmnopsammla.
In all coral polj-ps so far described onl}- one tentacle arises from each mesenterial chamber.

The number of tentacles therefore represents the actual number of mesenteries present, and, in

general, the number of septa also. None of the species examined shows the stichodactylinous

condition so prevalent among tropical Actiniiv. "

During extension the tentacles are usually elongated, broad below and narrow above, the

walls thin and somewhat transparent. Most of the species studied are characterized by a

white, opaque, knob-like apex, more or less distinct, and constituting a batter\' of nematocysts.

The tentacular stems of coral polyps are rarely smooth throughout, but exhibit round, oval,

or ii-regular opaque thickened patches, which, like the apical knob, are aggregations of

nematoljlasts. These are elevated a little from the genei'al surface, but rarely show any spiral

or other regular disposition. Such restrictions of the tentacular nematoblasts are very excep-

tional simong Actinians, and in this gi-oup the knobbed condition is also unusual {Corynacfis,

Coralli>iiorj>hut<).

With the excejition of SUlerastra'a rddians and S. niderea the tentacles of all the species here

described are simple, while in the genus mentioned the entotentacles become bifurcated toward

their free extremity, Init the exotentacles remain simple.

In the living polyp the tentacles assume varied positions. During retraction they are

usually withdrawn within the calice, and completely hidden hx the overfolding column wall; but

in some genera, SlderdntrsM and Agaricia, they remain exposed under all conditions of retraction

or expansion of the polyps. In Pot ites and other forms the tentai'les may occasionally remain

exposed on retraction of the polyps, though more usually hidden under the retracted column wall.

Upon expansion of the polyp the organs stand erect or overhang, even to such an extent as to

nearly hide the column wall; and on the same polyp different cycles may sometimes assume
different attitudes, as where the inner cycle is erect and the outer overhangs. The tentacles of

corals rarely display much independent motion when fully extended, compared with the activity

exhibited by the long tentacles of anemones. The tentacles of CJadorom and Sidei'dsfrxn.

and probably others, possess considerable adhesive power, more especiall}' at the apex; the

distal part of the stem may also fold round any small object. When small annelids are placed

"The term is applied to polyps (e. g., Corynactis, Discosoma) in which the tentacles are arranged in radial rows,

so tliat more than one tentacle comrannieates with a xingle mesenterial chamber. The character serves to distinguish

the tribe Stichvdacti/linn: from other Actiniaria in which only one tentacle communicates with a mesenterial interspace.
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upon living colonies of Siderastrsea the tentacles of the expanded polyps at once close upon them
and prevent their escape.

The detailed arrangement of the tentacles presents many ditlerences in the various species

studied. As seen externally, the twelves tentacles of Madrejyora and Poritex (Fls. I and IV) admit

of no proper distinction into an inner and an outer series, though varying somewliat in size, and

may therefore l)e described as acyclic or monocyclic; the a2)ical polyps of the former genus

bear only a simpUi cycle of six equal tentacles. Although forming only one cycle, the twelve

tentacles in l)oth genera represent two orders, constituted of six entotentacles and six alternating

exotentaclcs. The tentacles of such genera as Orh'icclln, S(Ae)t<(i<tr»'a. OcuVimi, Chuhirora, and

A'iffdiKjiti. whose asexual method of reproduction is by gemmation, usuallv exhibit a regular

hexameral multicyclic arrangement, with the formula (I, t), 12, 24, etc. Very often the tirst and

second orders are arranged so as to form oidy one inner cycle of twelve memljers, with which

tlic twclv(> members of the second cj'cle alternate; the third cvcle of twenty-four alternates

with both these, and so on, according to the number of cycles developed. Where only twenty-

four tentacles arc present they usually appear as an inner and an outer cycle.

Very often the hexameral sequence of the tentacles is not complete, especially in Cladocora

and Antran (Iid. The total luimber of tentacles in mature polyps of Oladoeura arhuwula

varies from thirty-two to thirty-six, whereas the complete hexameral plan would require forty-

eight as the next number after twenty-four has been reached. In describing below the

development of the later tentacles of polyps, it is found that the organs do not arise a complete

cycle at a time, but in simple or d()ul)lc pairs on each side of the median axis, and in manv
species a tentacular cycle once commenced is not always completed before the polyp attains its

full size and growth ceases. In such a case it is clear that any intermediate number of tentacles

between the commencement of a cycle and its completion may be present.

Whenever an entocoelic tentacle appears, a corresponding exocoelic member usually arises,

either simultaneously or shortly after, so that the number of exotentaclcs comprising the outer

cycle is always equal to the sum of the entotentacles of all the inner cycles. Hence in endeav-

oring to establish the cyclic scheme of anv hexameral polyp, in which the number of tentacles

may be intermediate between twenty-four and forty-eight, or forty-eight and ninety-six,

incompletion must be looked for in the two outermost cycles, not in the outermost only. A
polyp of CJndocara with thirty-two tentacles bears the cyclic formula 6, 6, 4, 16; one with thirty-

six tentacles the formula 6. 6, 6, IS; with forty tentacles 6, 6, 8, 20, where the numbers 16, 18,

and 20 represent the exotentaclcs. The exoccelic cycle thus increases by the same amount as

the outermo.st entoccelic cycle. The order of appearance of the tentacles demonstrates that it is

impossible to establish hexameral completion for all the cycles until the outermost is reached, and

then relegate any omissions to this, as is usually attempted. Ka\\ omission due to hexameral

incompletion ati'ects both the exocoelic and the last entocoelic cycles.

The members of an^' tentacular cycle are neaidy always alike in size, but the tentacles

usually show a diminution in length in passing from the inner to the outer series, a condition

expressed by the term entacmjeous. The organs in Madrepora and Pontes are exceptional in

that they vary in size in a very definite manner in the same cvcle, while Orhicella radiata offers

a marked exception to the entacmreous order. The polyps of this species do not readily expand

their tentacles, and hence are not always favorable for observation. When fully extended the

different tentacular cycles are found to be widely apart, and the twelve members comprising the

first cycle are much smaller than those of the next, and even less than the tentacles of the

outermost cycle. The tentacular plan of a polyp of O. radiata, with thi-ee hexamerous cycles, is

represented on the next page.

Usually the different cycles which constitute the crown of tentacles are closely arranged in

a nari-ow marginal zone, so that basally the members of one cycle partly embrace those of the

next. O. rad'tata^ just mentioned, is again exceptional in that a wide discal interspace separates

one cycle from the next, the tentacular crown being unusually broad, encroaching upon the

peristome. The same feature is also characteristic of the polyps of Sidfrastrira and Agaricia;
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the cycles are widely apart, and each individual tentacle is distant from the others. In these two

genera the tentaculiferous area comprises nearly' the whole of the exposed polypal surface (p. 4:'27).

In polyps whose asexual method of reproduction is by fission, the hexameral plan, character-

istic of larval polyps, and of adult polyps whose reproduction is by gemmation, is lost after

fission is established, and even the cj^clic arrangement becomes obscure. In J^aria, hophylliu,

and Manicinii individual tentacles belonging to several cycles can be made out, but not with any

regularity all round. The tentacles in the young polyps are found to be arranged hexamerouslv,

but this is altogether lost on mature colonies. Where fission is never or rarely completed, as in

Meeandriim and Pt'ct'inia^ the tentacles are arranged in meandering systems, and only two rows

are developed, an inner entocoelic series and an outer alternating exoccBlic series.

Tentacular plan of a polyp of Oi-biccUa radiata. The Roman numerals indicate the orders of mesenteries: D, the directives. The innermost
cycle of tentacles comprises twelve members, which are the smallest of the series. They arise from the entocceles of the first and
second orders of mesenteries, which constitute the first ;cycle of twelve pairs of complete mesenteries. The second, middle cycle

consists of twelve alternating tentacles, which are the largest represented. They are outgrowths of the entocceles of the third order of

mesenteries, which form the actual second mesenterial cycle. The third or outermost cycle is formed of twenty-four tentacles, which
alternate with the members of the two previous cycles, and arise from exoco?lic chambers. The .species is exceptional in that the

members of the innermost cycle are the smallest of the series, and also in the wide distance apart of the cycles.

When the polyps retract, the tentacles do the same, and become greatly shortened. In addition,

many species of corals exhibit the curious phenomenon of complete introversion of the tentacles,

even during full expansion of the polyps, as well as on retraction. Both phases are dearly

illustrated in the tentacles of Porites (figs. 30, 33, 40). At times the polyps in this genus will be

expanded to their full degree, without any display of tentacles; twelve small, more opaque,

circular areas, sometimes showing a central aperture, are all the external indications of their

presence, while the local increased opacity indicates that they have become invaginated within

the ccelenteric cavity. At other times one or more individual tentacles of a polyp may be
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pi'oti'uded, while the rest are iiiturncd. The proeess of inti'over.sion and .subsequent extension

has been aetually observed on the expanded polyp. The movements of the tentacular walls,

inwardly or outwardly, take place so slowly that they can be readily followed, the process some-

what resembling that seen when a glove finger is indrawn and afterwards pushed out. The

alternations ma}' be continued for some time. Likewise on i-etraction of the polyps the tentacles

of Pariti'x are, as a rule, introverted, instead of remaining merely exposed or covered by the

column wall; and on preserved colonies very small a])iM'tures can lie detected with a lens at

the place of introversion. In longitudinal sections through such polyps the apical knob of the

tentacle is deepest within the gastro-ctelomic cavity, and is directed outwardly, while with regard

to the walls themselves, the ectoderm is internal and the endoderm external, a reversal of the

ordinary condition. These conditions are clearly shown in tig. 40, representing a vertical section

through a polyp of J'orttes astriBotdi'g. No overfolding of the column wall has taken jilace on

retraction, so that the tentacles communicate directly with the surface of the colony. Three

introverted tentacles (f) are present; the one to the left is divided radially, so that the section

includes its aperture of communication with the exterior, while the two to the right are tangential

sections, and therefore do not display the external opening. Again, in fig. 30, representing a

transverse section through the stomodieai region of the same species, seven introverted tentacles

are seen in section, almost completely occupying the mesenterial chambers, and exhibiting

a reversal of the ordinary relations of ectoderm and endoderm. In other polyps sectioiiized a

variable number of introverted tentacles has been met with. The ape.x of the introverted

tentacle may extend as far inwardly as ])elow the inner termination of the stomod.eum. so that

accompanying the introversion very little diminution in the length of the stem has taken ])lace.

Among the living expanded polyps of Mudripom also complete tentacular introversion is

often observed, in both apical and radial polyps. In the former six slight opacities around the

margin of the transparent disk remain to indicate the tentacuhir area; later, th(> tentacles may l»e

observed to ])rotrude, either all together or successively.

During the retracted condition of the tissiparous genera\7^i( ?'*'«, Manicina, Mpeandrlna^ and

Is<ij)IiyJI!a it is sometimes impossible to discover any tentacles externally. When sections are

made, however, the organs are found to l)e introverted, occupying both the entoccelic and

exoccelic mesenterial spaces.

In addition to actual introversion, in whicli all parts of the tentacles are still determinable,

a condition is often presented in which the stem wholly disappears, becoming a part, as it wei'e,

of the discal wall.

Retracte<l tentacles of Si(J(r<istrH>it and Ai/aricid, for example, are usually repi'esented by only

a slight tubercidai' (devation of the disk, which is the knob or swollen apex, while the stems have

wholly disappeared in the disk (PI. XXIII, figs. 1.54-, 1.5.5, and PI. XXIV, fig. 163). In micro-

.scopic sections the former are displayed as mere ectodermal thickenings, charged with nemato-

cysts, and no ditlerentiated can l)e found whereby the tentacular stem can be distinguished from

the discal wall.

Among the fully expanded polyps of OrhiceHn iiiiiii/lni'ls the two cycles of short tentacles

often wholly disappear. Here, again, it appears as if the tentacular tissues were not introverted,

but rather have become involved in the greatly expanded margin of the disk; slightly i-aised,

triangular areas, repi'esenting the apical swellings, are all that can l)e observed of the organs.

On full extension of the adult polyps of Mniiielna areoJatu the tentacles likewise may be

wholly wanting, their walls having become part of the expanded disk. Thicker, more opaque

discal spots, which are tin- only evidence of their former presence, represent the nematocyst-

bearing capitulum. In the young polyp of Manlrinu display(>d in section on PI. XIX, tig. 137,

the tentacle appears only as a thickened, nematocyst-bearing area of the ]ioiyi)al wall. Occa-

sionally in Pofltcii astrimldes tentacular disappearance, as contrasted with tentacular introversion,

may be also ot)s(>rved.

Of previous o))servers. Fowler (1888, \). 11) has described and figured the introversion of

the tentacles in Sei't<it<>pom xHhuJttfa. A'on Ileider (ISSO. p. 158) has described in Astratdt'S

(idycidurls the opposite condition, in which the intertentacular portions of the disk have been
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drawn within the nicsont(n'iiil chamlxn-.s of the polyp, wliile the tentacles remain directed

normally outward. The introverted disk in von Heitler's fioures presents in transverse and

lonoitudinal sections much the same appearance as the introverted tentacles of I'nritis in tigs. 80

and 40, that is, the ectoderm is internal and the endoderm external. In many instances of

strongly retracted polyps the tentacles are found greatly depr(>sse(l or introverted as integral

parts of the disk. Discal infolding is noticed more fully on p. ^M.

From all these examples it is manifest that the plienomenon of tentacular introversion in

both expanded and retracted polyps, and of disappearance in the discal wall of fully expanded

polyps, are very general among corals. They probably serve to explain the statements of some

of the older observers that tentacles are wanting in certain species of corals.

G. von Koch (lS!»n, p. 3!l',t) has found in the contracted polyps of the Alcyonarian, Rliisoxenia

rosea, that, in addition to the infolding of the disk and upper part of the column, the tentacles

undergo invagination, but oidy for al)out half their length; the proximal half still preserves the

normal relationship of outer ectoderm and inner endoderm. This is undoubtedly similar to the

process described above, only the introversion is not continued to the extreme limit, as in Pmnfts.

In the living expanded polyps of the coral AafrotWes cah/cular/s, von Koch has also observed that

the terudiial part of a tentacle is often drawn inwardly toward the basal part, and again pushed

out. the movements somewhat resembling the drawing in and i)ushing out of a telescope tube,

and continuing for some time.

An explanation of tentacular introversion does not seem readily forthcoming, for beyond

the usual ectodermal longitudinal and endodermal circular fibers no special musculature is dis-

coverable whereby the movements may he produced; further, a decided individuality is exhibited

])y the various members comprised in the cycles. One may surndse as a cause a difference in

the hydrostatic pressure between the internal cavity and the exterior, owing to variations in the

circulation of the nutrient fluid within the colony. But this would not account for the fact that

the polyp itself may remain fully expanded, and only certain of the tentacles be invaginated.

while the others remain extruded.

The disappearance of the tentacular walls in the discal tissues seems more easy of explana-

tion. Structurally the tentacles in the Madreporaria are rarely the important differentiated

discal outgrowths which they have become in most Actiniaria, and when the polyps attain their

full ex]iansion it can readily be understood how the tentacular walls may become involved in the

discal expansion, and lose the distinctness of their walls, the thick apex only remaining to indi-

cate their former presence. The tentacles are originally outgrowths of the disk, and can a^ain

become part of it. the thickened apical knob remaining as the only evidence of a special difl'ei-en-

tiation.

H'mtolngy.—Histologically th(^ walls of the tentacles present few characteristics which do not

occur in the column wall or disk. Such peculiar features as they display have reference to

their function as stinging organs. Transverse or longitudinal sections of most species exhibit

marked inequalities in the thickness of the ectoderm, the l)roader regions representing special

nematocyst areas. The thickenings correspond with the more opacpie areas on the tentacular

walls in the living condition, and are best seen in sections made from tentacles in the expanded

condition, as in the retracted examples the wider nematocyst regions tend to overlap the inter-

vening narrow areas (PI. VI, tig. 5(); PI. X, tig. 75). The largest battery of stinging cells is

at the apex, and here the outermost zone is constituted almost wholly of nematoblasts. By

focussing with a high power around the free edge of a nematocyst area, triangular or thread-like

cnidocils can usually l)e discerned, especially in the living tentacle, and cilia may lie present ovei'

the whole tentacular surface (PI. II, tig. 10).

The nematocysts in the tentacles are mainly of the long, narrow, thin-walled form, with the

spiral thread closely coiled (PI. XVII, tig. Vl^a). Other thin-walled forms—small and oval, or

large and oval with a loose spii-al thread—may occasionally occur, but are never so characteristic

as the former. In the deepen- parts of the ectodermal layer, brightly staiinng, apparently homo-

geneous bodies are generally seen, which represent nematocysts in various stages of development.

At first they are irregularly arranged at almost every angle with the surface, but as they reach
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maturity thev iniijrato to the periijhfiv. iind arrange themselves in a vertical direction, jiarallel

with the other cellular constituents.

A weak longitudinal ectodermal musculature seems to })e always present, the cut ends of

the tibrils lieing displayed in transverse sections, and most pronounced toward the proximal

extremity. In some species—e. g., Cladocora, Jlfufrrponi, and probably others—a distinct

nerve layer also occurs, situated some distance from the mesogkea (PI. II, tig. 10 /ir. /.). The

ectodermal gland cells and supporting cells are practically the same as in the cohunii wall,

but the former are less numerous.

The tentacular mesogloja is always a very thin layer, usually smooth on both sui-faces, while

the endoderm is comparatively l>road with irregular internal limitations. The endoderni is

generally richly supplied with zooxanthelhe. but the algw are absent from PJiyllangia^ Axti-angia^

and certain of the tentacles of Madrepora. In all instances a weak circular musculature is

developed, but the mesogl(ea is rarely folded to afford it additional support, as in the larger

tentacles of Actinians. The lumen is preserved, even in fully retracted tentacles.

The tentacles of several genera present so many peculiarities of form and arrangement as to

call for special description.

TENTACLES OF MADREPORA AND PORITES.

The tentacles of the polyps of Madrepora and J'liriteK are exceptional among the genera

studied in that they are, with certain exceptions, oidy six or twelve in number, and in the

adult usually exhibit constant variations in size. The tentacles of the apical polyps of

Madrepora will be rirst described (tig. 1, a-, h). In the most typical instances only six tentacles

occur, all eipial in size, and communicating with the entocLelie ch.imbL'rs. They are widest at

their origin in the margin of the disk, where a consideral)le interval separates one from another,

and terminate either acutely or in a rounded manner. The surface is smooth throughout, no

urticating spots being yisil)Ic.

Polyps with such a tentacular system are found at the apex of the long established branches of

colonies of both the palmate and arborescent types of growth. On polyps at the ends of short,

rapidly growing branches, rudiments of other tentacles also occur, alternating with the members
of th(> tirst order. In regions of vigorous growth, as at the margin of palmate colonies, it is

found that certain of the ordinary polyps, bearing the full complement of twelve tentacles, may
become larger and assume an apical character, an<l among these the separation of the tentacles

into an inner and an outer cycle can t)e recognized. Sometimes, oidy two or four of the six

memljers of the outer cycle will be present, always nuich smaller than the entotentacles. All

stages in the diminution in numl)er and size of the outer exocu-lic tentacles are, however,

represented, according as the polyp has recently assumed or long maintained the apical position;

at the same time, the six members of the inner cycle become larger and more equal.

From all the variations observed, it is clear that on any I'olyp taking on the axial condition

the six exoccelic tentacles, ]iresent on all the radial polyps and smaller from the beginning, tend

to completely disappear, and oidy the six entocujlic members ultimately remain, becoming at the

same time larger and e([ual. Like the other regions of the axial polyp, the tentacles are perfectly

colorless, owing to the absence of zooxanthelliv, and are not often secMi fully exj)anded.

Among the fully developed radial poh'ps of Madrep>ora twelve tentacles occur; rarely, the

numlier may be incresCsed to sixteen, eighteen, or as many as twenty-four. The usual forms and

arrangement are given on PI. I. tig. 1 {d.-n.). The separation, as regards distance from the center

of disk, into two alternating cycdes of six each, is not clearly detined, ])ut the members of one

series are always larger than those of the other. The anterior or abaxial tentacle, adjacent to

the nariform apex of the corallite. is longer and stouter than any of the others, and colorless,

except toward its origin. It may be nearly twice as long as the others, and stands out very

prominently; even in partly retracted polyps, when the t<'nta(des are arranged vertically, it

easily overtops the rest(c.). The opposite or axial tentacle—that is, the one adjacent to the stem

—

is the next in size, but diti'ers very little, sometimes not at all, from the four large lateral
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tentacles. These four, two on each side of the median plane, are appi-oxiniatcly eiiual. Later,

in describing the relationships of the mesenteries of Madrepora, it will be seen that the large

anterior abaxial tentacle is dorsal or sulcular in position, while the opposite axial tentacle is

ventral or sulcar as regards the polyp as a whole (p. i44).

Of the smaller alternating series of six tentacles the abaxial laterals (one on each side of the

large at)axial tentacle) are always the smallest, and are generally colorless throughout. The

middle laterals come next in size, and the axial laterals may be a little smaller than these. The

difference in size between the middle and axial laterals is, however, often scarcely perceptible;

l>ut the four are always larger than the two abaxial laterals, and are more deeply colored. In

polyps near the apex of growing branches all the tentacles may be colorless.

As far as can be made out in the living state, the tentacles of the very minute, intercalary

polyps are uniform in size, and in regions where the corallites possess a circular, free edge

the tentacles tend to become more uniform in size. The large abaxial tentacle is always best

developed in polyps where the corallite has the most marked nariform projection, as in M.

ccri'icornis; undoubtedly, there is a relationship between the form of the mouth of the corallite

and the amount of inequality among the tentacles.

In L. Agassiz's Report on the Florida Reefs (PI. XVIII) an outline figure of an expanded

terminal polyp of Madrepora cerL'lcomls is given, in which six large equal tentacles alternate with

six much smaller tentacles, likewise equal. Such a stage is occasionally met with on young

branches, but is to lie regarded as transitional to the stage in older branches with onh' six equal

tentacles. On the same plate are also outline figures of expanded lateral polyps from near the

tiji of a branch; as there represented the abaxial aspect is uppermost.

Prof. A. E. Verrill (18^9) was the first to draw attention to this vai'iation in the external

characters of the axial and radial polyps of Madrejwnt, and regarded it as the only instance of

dimoi-phism among the Madreporaria. The aj^ical jwlyps are seen, however, to be derived by

modification of the radial, and, as will be shown later, the internal anatomy of the apical and

radial polyps presents no differences corresponding with those of the tentacles, so that the

dimorphism is not very deep seated.

The tentacles in all the West Indian species of Porites are, like those of Madrepora, usually

twelve in number. Developing polyps exhibit a less number, and others occasional!}" occur in

which the number may be fourteen, sixteen, or as many as twenty-four. On the colonies no

distinction is to l)e made between apical and radial polyps. The tentacles of all the poh'ps

are exti'emely small, smooth-walled, and digitiform, rarely exceeding 1 or 2 mm. in length.

Viewed with a lens, in their fully expanded condition, or even when introverted, they appear to

constitute but one cycle, and very often differences in size are recognizable of the same character

as in Madrepiira (PI. IV, fig. 32). The two tentacles in the longer oral axis are somewhat

larger than the others, and one of these, corresponding with the abaxial in Madrepora^ is

somewhat longer than the other; the tentacles situated one on each side of the largest are likewise

the smallest of the twelve. Both P. clamria and P. furcata exhibit this bilateral arrangement,

but in such minute polyps the differences are not so decided as on the larger polyps of Madnpora^

and are not obvious on all the i)olyps of a colony. In P. astrseoides the twelve tentacles are

usually equal in size.

It is shown later (p. 431), that this regular variation in the size of the tentacles of Madrepora

and Por'dcH is to be explained as the retention in the adult of a well-known larval stage passed

through in the development of the tentacles of certain Actiniaria, and is also associated with a

primitive condition of the internal mesenteries.

TENTACLES OF SIDERASTR^A AND AGARICIA.

The tentacles on the polyps of the genus SideraMrxa are so small as to be scarcely distin-

guishable with the naked eye, especially when retracted; but by careful examination with a lens

their disposition and character can be made out. Observations have been made upon the organs

in both S. rad'uDtx and S. Kiderea. Instead of being closely arranged in a narrow^ peripheral

zone, as in most corals and anemones, the individual tentacles arc widelj' separated from one
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another. Mnd Ofciipv nearly the whole of the exposed poly pal area (PI. XXII, fig. 1.5(i). In the

living eonditioii each appears to arise either directly over or near the centripetal termination of

the septum with which it corresponds. The C3'clical arrangement is difficult to establish, and in

many instances this would be impossible without the assistance from the septa which can be seen

below through the soft tissues.

On full expansion the inner tentacles are found to consist of a short c}'lindrical stem, which

bifurcates a little l)eyond midway, each half bearing a spheroidal enlargement at the apex; the

outermost tentacles, however, are simple, consisting of a short stalk, terminated by a knol)-like

swelling (PI. XXII, fig. 1.51). Thus in Sidi'ranfra'K thei'c is a true dimorphic condition of the

tentacles, apparently the only instance of such among the Madreporaria. if we except the

differences between the radial and axial polyps of M(iih-ci«irn. In the course of the development

of the young polyps (p. 533) it has V)een.ascertained that the inner tentacles are at first simple, then

afterwards another moiety arises over the same mesenterial chamber, and finally a common stem

is produced, which bears the two halves at its extremity and raises them above the disk.

Ontogenetically, therefore, the bifurcations represent distinct and separate formations, and only

later constitute an entire tentacle.

Subsequent examination of sections confirms what woidd be expected from the external

relationships, namely, that the l)ifurcated inner tentacles are all (Mitoccelic in position, while the

simple outermost tentacles communicate with the exocoeles. In the nearlv mature polyps of a

colony, however, some of the entocoelic tentacles may be simple, Ijut such are merely examples

in process of development. The exoccelic members are never double.

On retraction of the polyps the disk and tentacles remain uncovered, the column wall in

Siderastrsea being incapable of overfolding. The tentacles are now represented by minute,

simple and double tubercular enlargements, scattered over the greater part of the polypal wall.

Microscopic sections reveal that the stems are no longer determinable as such, having become

involved in the discal tissues, while the knobs remain as mere ectodermal thickenings (PI. XXIII,
tigs. 154. 155). The apex of the exoccelic tentacles occurs as a simple swelling of the disk,

directly overlying its cori-esponding septum, while the two knobs of the entoccelic tentacles are

disposed one on each side of an entocoelic septal ridge, the two halves connected by a tissue

similar to that of the disk, which manifestly represents the stem of the expanded tentacle.

The ectoderm of the knobs includes a peripheral layer of long narrow nematocysts, and is thus

easily distinguished from the rest of the disk.

Both S. f(t(1!(tni< and S. siderea are further characterized l)y th(» tentacles being apparently

arranged in only approximate cycles, and by the occurrence of a comparatively wide interspace

between one cycle and another. The imperfect cyclic disposition results from the pre.sence

of tentacles intermediate in position l)etween the true cycles, and on the a 'tual polyp it is

often very puzzling, if not impossible, to say to which cycle some of the tentacles should be

relegated. Polyps are found with from five to seven or eight tentacles, which, so far as their

position is concerned, must be regarded as belonging to an inner cycle, and the remaining

members seem to come in irrespective of any cyclic plan. In mature polyps of both species

three more or less complete alternating cycles of tentacles are actually present, in addition to

the outer single-knobbed cycle. The members of the latter biMng situated near the polygonal

periphery of the polyp are rarely included within a circle.

When studied in conjunction with the underlying septa an apjiroximate tentacular regularity

can be established, as in fig. 150. The innermost cycle comprises six double-knol)bed tentacles,

separated by a wide interspace from the members of the second and third cycles, and these latter

cycles are separated from the outermost cycle of single-knobbed tentacles. It is manifest

from the figure that tlu^ tentacles correspond with the se{)ta, and not all the twelve meml)ers

necessary to complete the third cycle occur. S. radlaiix appears to never complete its third

cycle of mesenteries, tentacles, and septa, while in ^S". sidet'&i it is occasionally reached or even

exceeded. In fig. 150 only one meml)er is wanting to completi> the third cycle of entotentacles.

The apparent irregular disijosition of the tentacles in this genus becomes explicable on a

knowledge of the development of the mesenteries and their corresponding septa, or rather the
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two illustrate the same fact. In both species studied six pairs of perfect mesenteries form the

first cycle, six alternating pairs make up a second cycle, and there may be twelve pairs forming
a third cycle. As just mentioned, however, this last cycle is rarely completed. Further, an

examination of the macerated skeleton shows that in very few instances is the full complement of

septa, viz., 6, 6, 12, 24, present. Usually in ^S*. rad/'ans only a few pairs of tha third-cycle

mesenteries occur, the number varying with the size of the polyp, while in the larger S. s/de)'ea

nearly all the pairs are present, and even some members of a fourth cycle.

This incomplete cyclic development in the case of the mesenteries is repeated in the last cycle

of entoccjflic tentacles, and, the organs being widely apart, the imperfection of the cycle becomes
more pronounced externall}'. With few exceptions the hexamcral plan can })e traced only as far

as the first and second cycles. The third cycle may comprise any numl)er of members from one

to twelve, while the outermost cycle of simple tentacles contains the sum of the members of all

the three inner cycles. Further, there is a tendenc}^ in most species of corals for the two inner

cycles to constitute but one cj'cle of twelve, in the same way that as the i)olyps increase in size

the mesenteries of the second cycle tend to unite with the stomodanun, and the first two orders

of septa form onlj' one cycle.

A considerable discal space intervening between the different tentacular cycles in S/'derastrPsa,

as compared with most other corals, it is clear that the two conditions alluded to above find their

outward expression in individual tentacles occurring at varying distances from the center of the

disk, and thus giving rise to the charactei-istic irregularity. In a fully developed, long-estab-

lished polyp, the cycles are more regular than in a young individual. Moreover, were the cycles

of tentacles in other coral species to be separated by such comparatively wide discal interspaces,

instead of being arranged closel}' in a narrow zone, similar cyclic irregularities would be more
generally noticed.

The arrangement of the tentacles in Agaricia very closely resembles that characteristic of

the genus S/'derasfrwa, but the organs are never bifurcated, and are not distinctly stalked. They
remain exposed during the retracted condition of the polyp, and during ordinary retraction

can usually ))e seen as mere pointed or triangular tubercles, but when expanded they l)ecome

more digitiform, with an opaque white area at the apex. Thev are often brightly colored

by comparison with the rest of the polypal wall. In several colonies of the form I identify

as Agaricia fragilis^ I was unable to determine the presence of any tentacles in the living

condition, even with the aid of a lens. In sections through the disk they are, however,
recognizable as slight, nematocyst-bearing thickenings of the ectoderm (PI. XXIV, fig. 163).

The organs are better developed in Agaricia agaricitcs.

As in SideraMrxa, the individual tentacles are widely separated from one another, and are

distributed over nearly the wi'ole discal area, one above the apparent centripetal termination of

each of the larger septa. No tentacles occur over the members of the smallest cycle of septa,

which transverse sections demonstrate as exocoelic. In this absence of exocoelic tentacles the

genus Agaricia. is unique among the forms here studied, with the exception of the axial polyps

of 2[adrep(>ra.

The majority of the tentacles are arranged so as to form an inner cycle, but the number
composing it is variable, and the cyclic character is onlj' api:)roximate. Outside there are a few
scattered examples at different distances from the center, suggesting no cycle relationship.

The luunber in the inner cycle varies from five to nine, while the total number in any polyp may
be from thirteen to twenty-four.

In Agaricia mesenterial increase appears to be in constant progress, corresponding with the

growth of the individual polyp, though in no regular cyclic manner. Similarly with the

tentacles; the inner cycle includes all the older tentacles, and outside this are the later-formed

members which appear irregularly. Probably it is best to regard the tentacles as acyclic, no
exotentacles being developed. Counting the tentacles of many polyps gives odd numbers as

often as even, while in the case of species with exocoelic tentacles even numbers iiredominate.

The irregularity in the disposition of the tentacles in Agaricia should be compared with the

irregular arrangement of the mesenteries represented on PI. XXIV. fig. 161.
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G. C. Bourne (ISST), in his paper: "The anatomy of the Madreporarian coral Fungia,'"

refer.s to the di.sposition of the tentacles in that genus. His figure of Fungia (PL XXIII) show.s

a wide interspace between the different cycles of tentacles, as is found to be the case in the much

smaller polyps of Siderdstrwa and Agarlcia. Exddently, the character nia}- be taken as of some

diai'iiostic importance within the Section Fungacea. Bourne casts .suspicion upon the accuracy of

Dana's description and figures of Fnngki (Zoophytes, Wilkes Exploring Expedition, and

Corals and the Coral Islands), which represent an irregular distribution of the tentacles at

intervals over the whole of the lai'ge disk, as does also the figure of Quo}- and Gaimard in

V()\a("e do la corv(^tte TAstrolabe. The i-esults from Siderastrxa and Agaricia, detiiiled

a))0ve, prove that an irregular appearance in the disposition of the tentacles is by no means

uncommon in the Fungacea. The regular cyclic disposition, when really present, can often be

established only after a long aci[uaintance with the forms, and under favorable conditions of

expansion or retraction.

The tio-ures of the fully expanded polyps of Siderastrsea, accompanying Agassiz's Florida

Reefs (1880, PI. XV., tigs. 6, 7), indicate an irregular tentaculai' arrangement in both cases,

and such would probably be assumed b_y any observer on a casual acfjuaintance with the polyps.

The appearances given the tentacles in Agassiz's figures were rarely met with in Jamaican

specimens, but the dimorphism is clearly shown on some of the meml)ers, and is referred to l)y

Pourtales in "Deep Sea Corals" (1871).

ORDER (IK ArrEARANCE OF PROTOTENTACLES.

In corals whose development has lieen studied sufficiently far, the first tentacles are found to

make their appearance within a few days after the fixation of the larva. The number of tentacles

first to arise corresponds as a rule with the number of internal mesenterial chambers already

established, the tentacles })eing outgrowths from them. Generally, in coral larva?, the twelve

primary mesenteries, with their corresponding chambers, are developed either at the time of

fixation or shortly after, and th(> twelve primary tentacles appear either simultaneously, one

from each mesenterial chamber, or one cycle may arise in advance of the other. In the latter

' ase the inner cycle of entoc(elic tentacles usually appears first, and the exoccelic members next,

but in Siderastnea rodinii.t this order is reversed (p. 533).

The establishment of the tentacles serves to delimit for the first time the larva into two

reo-ion.s—disk and colunm; and with this the larva may be considered to have become the polyp.

The part of the polypal wall bearing the tentacles and mouth is the disk, and the region outside

or below is the column. The former becomes more or less fiattened, and constitutes the free oral

extremity of the polyp, as opposed to the fixed or basal aboral extremity, while the column is

vertical and remains more or less cylindrical.

The actual appearance of the primary tentacles has been observed as follows: The larvte of

Axtroidex cahjviihirix, examined by Lacaze-Duthiers (1873). presented twelve tentacular prominences

at a \-ery early stage after fixation. During the development of VaryophyUla cyathiiH, G. \-on

Koch (1897) found that in most cases the two primary cycles of tentacles appeared simultaneously,

though some of his observations seemed to indicate a succes.sive origin. Von Koch's figure

(p. 760) of the young polyp, at the stage when the prototentacles are all developed, represents the

members of the inner entoccielic cycle as smaller than those of the outer exoccelic cycle, but in the

text the author states that they are larger. Lacaze-Dutliiers (1S1»7). in his recent paper on the

corals of the Gulf of Lyon, gives many figures illustrating the early development of BcdnnoplnjUia

req'in. From the beginning two alternating cycles of large and small tentacles are indicated, and

no reference is made to any intermediate stage. The same author (1S94-) mentions six tentacles

as occurring at an early stage in the development of FJidirlliint aiithojihyUuw^ and later figures

the complete twelve.

Young polyps of Manicimi areoJatit. which 1 was able to rear to th(> stage with twelve tentacles,

were also characterized by the simultaneous development of these organs. When first defi-

nitely recognizable under the luicroscope, after a period of fixation of about fourteen days, two

cycles were present, nearly e(|ual in size (PI. XIX, fig. 13.3). In two or three young polyps, from
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a batch of larva' of Facia fi'uguni, only six primary tentacles appeared siniultaneou.sly, about

four days after the larvae were set free, and in other larva3 reared later the members of the inner

cycle appeared in advance of the outer (PI. XIV, figs. 106, 107).

So far as I can disco\'er, Sidi:ra><trxK radians is unique among both corals and Actinians in

that the first tentacles to arise are the six exocoelic members. This relationship was established

in scores of instances, and no exceptions whatever were observed, so that it must be regarded as

characteristic of the species. The six members were developed sinuiltaneously a few days after

fixation of the larva?, and two or three weeks elapsed before the members of the entoccelic cycle

began to appear. These were situated central to the first cycle, and in most cases the six appeared
togetlier, but a few exhibited a successive order, though of no regular character. For a long

time the newer tentacles nnuained smaller than the older, the usual entacmffious order being

thus reversed.

On the completion of the prototentacular stage, the relationships of the tentacles and
mesenteries are as follows: The twelve primary mesenteries only have appeared, eight of which
are t'omplete and four incomplete, and the tentacles are outgrowths from the twelve mesenterial

chamlters, one from each. The six larger tentacles constituting the inner cycle are situated over

the six entocieles, and the six smaller tentacles of the outer cycle over the six exocccles.

The rule that the tentacular sequence is associated with the stage reached in the mesenterial

development was first demonstrated by Lacaze-Duthiers (1S72) in the larvic of Actinia equina.

The i)rimary mesenteries in this species were found to appear in bilaterial pairs, according to a

regular sequence, and the tentacles conformed to this. Thus from the dorsal chamber, the

larger of the two produc^ed on the appearance of the first pair of mesenteries, appeared a

large tentacle, and from the ventral or smaller chamljer a smaller tentacle, both in the axial

plane. As the later pairs of mesenteries arose and chambers were formed, corresponding

tentacles appeared in a bilaterial manner until the twelve were estal>Iished. The primary
tentacles in ^1. equina retained the bilateral symmetry for some time, but ultimately this was
succeeded by the adult condition, in which the tentacles in any cycle are equal in size.

All corals so far investigated, however, are provided with twelve fully established

mesenteries (eight comj^lete and four incomplete) and mesenterial chambers before the ten-

tacles begin to make their appearance. Hence, there is rarely any successive development in

their tentacular outgrowths, but the members of one or both cycles arise simultaneously—one
from each chamber. Where in Actinian larva>. less than twelve mesenteries are present, the

number of tentacles shows a corresponding diminution. Thus in larvae of Lehrunia mmUigens
only eight of the primary mesenteries were developed at the time of fixation, and but eight

tentacles appeared—in this case four large and four small. For nearly a week no increase of

mesenteries took place, and the tentacles, though modifying their comparative size, remained of

the same number. Some of the Actinian larvaj studied bv Lacaze-Duthiers also showed only

eight tentacles for some time, and Faurot (1S'.».J) has obtained similar results.

A few observations have been made upon the appearance of the tentacles in budding polyps.

In the earliest stages determinable in buds of Poritts and Madrejwra., only six minute protuber-

ances can be distinguished, two median and four lateral, difl'ering somewhat in size. Older buds
with eight or ten tentacles may also be found. Such instances merely suflice to indicate that the
prototentacles of the bud do not arise simultaneously in the two genera mentioned, but in

median and then in successive bilateral pairs. The buds, however, arc .so minute as not to

permit of more detailed examination in the living expanded state, and scarcely anything can be
a.scertained from preserved colonies.

The bilateral condition of the tentacles in the adult Madrepora and Porites, already referred

to, is full of suggestiveness from what is known of the tentacular development in the Actiniaria.

Lacaze-Duthiers (1S72) has shown that in Actinia equina an axial tentacle first appears, and that

for a long time this remains larger than the others, which arise in successive bilateral pairs." His

"Dr. A. Appellof (1900, p. 79) doubts the accuracy of Lacaze-Duthiers' account and figures of the development of

the tentiwles in Actinia equina, wliich have been accepted ahnost as classic. Aiuonjr hniidreds of larv;e of this species

investigated by him, Appellc'if has never met with tlie succession and proportional size of the tentai-les indicated by
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tig-ure of the larva, at the stage where twelve tentacles are present, sboulcl l)c compared with the

figui-es of the tentacles in the adult polyps of 2f(idrepora and Poriten^ on Pis. I and IV. It is seen

how very closely they agree in the relative sizes of the tentacles, and especially in the promi-

nence of one of the iixial tentacles (the dorsal of Lacaze-Duthiei's, the ahaxial of M(idr<porii)\

also, the small size of the tentacle on each side of this. Since the publication of Lacaze-Duthiers

results somewhat similar phases iti the ajjpearance of the prototentacles have been obtained in

other Actinians. In the Aetinian, Lchrunia coniUigenx. I have shown (1899) that a bilateral stage

with a large dorsal or sulcular tentacle is assumed even after a primary tetrameral radial phase.

Occasionally anemones are come upon in which the primary large tentacle is retained in the

adult, and in certain Sagartids occurring in Kingston Harbor the organ displays remarkable

motile powers.

All the facts go to prove that the adult bilateral condition of the tentacles in Madrepm'a and

Por'di-K is ti> be regarded as the retention of a larval stage occasionally passed through Ijy

Actiniaria.

METATENTACLES.

No description is available as to the manner of appearance of the tentacles in any young coral

polyp beyond the two cycles of prototentacles. The few observations I have been able to make
indicate that the nietatentacles appear practically simultaneously with the metacnemes, an exo-

coelic and an entocielic m(>ml)er together, as in Solenafitrsea {Hg. 83); or the entoccelic tentacle maj'

arise in advance of the exoctelic, as in the young polyp of Favia (fig. 109); Sidrr((stnm. mdiaiin is

again exceptional in that its exoccelic nietatentacles arise before the corresjionding entoccelic

organs.

Very definite accounts of the oi'der of appearance of the tentacles in Actinia? are given by
Professor Lacaze-Duthiers (1S72), and also by Dr. L. Faurot (1895). By these writers it has

been shown, in numerous instances, that the tentacles Iteyond the two first cycles arise in pairs, of

whicli one member is entoc(plic and the other exocielic. The entoccelic tentacle grows more
rapidly than the exoccelic, surpassing indeed the menil)ers of the outer (exoc(elic) cycle of proto-

tentacles. The exocoelic metatentacle attains the same size as the exocoelic i)rototentacles, and

when the former are all developed the two series together are compi'ised in the third cycle, the

second cycle now being formed of the entoccelic nietatentacles, which rank next in size to the

entoccelic prototentacles.

The stages passed through will be best understood from the accompanying figures (fig. 2),

taken from Faurot's ''Etudes." The i)rocess is that followed in Tiidla fclina.

ORAL DISK.

The oral disk is the more or less flattened distal termination of the polyp. It includes and is

bounded peripherally by the tentacular zone, and bears the oral aperture in the middle. In most
species the CN'cles of tentacles ai'e closely arranged, and comprised within a narrow marginal

region, while the moi'e central area of the disk, known as the peristome, is naked, and may be

depres.sed, fiat, or elevated in a cone like manner. The tentacles on the disk of SUdemstriva and
Agaricia are comparatively widely apart, and the naked area is correspondingly diminished; the

tentacular zone in OrhtcelJa acropora also occupies a large proportion of the disk (fig. 1, p. 428).

The discal walls are often delicate and partly transparent, and permit of the septa being seen

through; like the column wall, the external surface ma\- be smooth or verrucose. Usually

numerous radiating grooves occur, corresponding with the internal mesenteries; the grooves of

the complete mesenteries extend as far as the center of the disk, while those repi'esenting the

incomplete mesenteries stretch only part way.

Lacaze-Duthiers; usually eight tentacles arise, practically simultaneously and equal. Knowing the great variability

often exhiliited by .\nthozoan larvpe, according to the developmental stage at which they are extruded, it seems to

me not unreasonal)le to supiiose that even .the same species may present such wide variations as those given liy

Lacaze-Duthiers and by Appelli'if. The agreement of Lacaze-Dutliiers' flgures of .1. eqttiiui with those representing

the tentacles of Madrepora and Porites is certainly suggestive.
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In simple poh'ps, and whei'e asexual repi'oduction takes place by columnar gemmation, the

disk is circular or slightly oval, and bears only one central mouth; a complete tentacular system

belongs to each individual, and forms a closed circle. But where increase takes place by incom-

plete fissiparitj' the disk becomes large and irregular in outline, and as a rule bears more than

one oral aperture, the whole surrounded b}' a complex tentacular system. In genera like

Ifanicinti and Ilxandfina the disk is represented by irregular, meandering, flattened areas.

Dui'ing the retracted state of the polyps the disk is depressed, its peripheral border resting

upon the edges of the septa. On very strong retraction the interseptal discal areas ma}^ be

drawn much below the level of the septal edges, and invade the polypal cavity as mesenterial

funnels—" Septaltrichter " (see below). As a rule, the retracted disk is almost entirely hidden

Fig. 2.

One of the six tentacular systems of an Aetinian polyp, illustrating the order of development of the tentacles, from the stage mth twelve

to the stage with forty-eight tentacles, in their relation with the mesenterial chambers, a, Sextant with two entocielic proto-

tentacles (I, I) and one exoca^lie prototentaclc (A), b. Two rudimentary tentacles have appeared, one ^11) from the entocoele and
the other (B) from the exocadi- of a ncw^ pair of metacnenies. c. The new entoccelic tentacle (II) has now become larger than

either of the exocadic tentacles, bnt is a little smaller than the entocielic prototentaeles (I), and constitutes the second I'ycle of tentacles,

while the exoccelic tentacles (A, B) constitute the third cycle. <?, Rudimentary tentacles (c, III; III, c) have appeared in association with

the entocoeles and exoccelcs of two new pairs of second-cycle mctacnemes. f, The'entoeielic tentacles (III, III), incipient in d, have
now become larger than all the e.xocielic tentacles, but are less than the member of the second cycle of tentacles, and constitute the

third adidt cycle o£ twelve tentacles. All the exoccelic tentacles (A, B, C, C), though appearing at different times, are now equal in

size, and constitute the last or fourth cycle of the adult.

by the overfolding upper region of the column wall, but usually a small circular opening

remains, simulating an oral aperture, and through it the middle of the disk can be seen below.

On partial expansion also the disk may be sunk below the upper edge of the column, but

on full expansion it usually l)ccomes strongly convex, the middle area raised above the level

of the column, and even of the tentacular zone. In Favia fragnui, the disk may project in this

way as much as 5 mm., and the perioral region becomes extended in a dome-like manner, bear-

ing the slit-like mouth ;it the apex. This is noticeable also in Oculina dijf\mt (PI. XXII. tig. 14!>).

In transverse sections through the disk thus produced only the complete mesenteries are usuallv

included, as the incomplete members do not radiate far aci'bss (PI. XI, tig. 83).
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Histologically thi? disk differs hut little from the tentacles or column wall. The peristome

is generally very thin walled, and in nearly all cases is provided with weak radiating ectodermal

and circular endod(>rmal musculatures. Granular and clear gland cells are generally numerous,

and nematocj'sts, somewhat similar to those in the tentacles, are sparingly distributed. In some

cases a delicate ectodermal nerve layer can also be distinguished, but is never so pronounced

as in the tentacles.

In fully retracted polyps of many species the discal wall is found partly introverted within

the pohpal cavity, somewhat in the same manner as already described for the tentacles (p. -ii'-i).

Such a condition is often very confusing during the study of sections, and may seriously

in+ei'fere with the determination of the relationship of the mesenteries to the stomodteum. In

one important respect the inxagination is distinguishable from the introversion of the tentacles;

it is essentially mesenterial in position, whik' the tentacular inturning i.s intei'mesenterial.

PI. XVI, tig. 117, represents the appearance of the invaginations at different levels, as met

with in a fully retracted polyp of Di'c/icca'nid. The indentations occur about midway along

the radial extent of the disk, and vary greatly in extent, but in general diminish from abuve inwards.

The one to the left extends at this level over three mesenterial chambers, the entoccelic septiun

being evidently notched, and thus permitting of the continuity of two really distinct tracts. The

middle invagination occupies only one exoccelic chamber, while the upper is still smaller, l)oth in

width and radial extent. The discal ectoderm is exceptionally broad, being cut obliquely, and

the radial nuiscle libers are clearly seen. The tentacles themselves arc also involved in the discal

invagination, but only as part of the disk, not as distinct organs.

The depression of the discal wall results in the interruption of the mesenteries radially, so that

the latter are seen onlv toward their insertion in the polyj)al wall and in the .stomodR>al wall.

On PI. XIII, tig. !J.")f/, taken from a retracted polyp of Favki fragutn^ a discal introversion

is seen near its termination, about midway along the transver.se length of the mesentery; a few

sections below, the continuity of the mesentery is established. Such an appearance might easily

be mistaken for some tulndar organ connected with a mesentery, but the phenomenon can be

readily explained as a result of the strong contraction of the mesenterial musculature. It is

easy to see how on full retraction of the polyp the discal wall will come to rest upon the septal

edges; then any further mesenterial contraction can draw the interseptal portion of the disk

only downward, so that in transverse sections the latter appears as if actually inclosed within

the polypal cavity, along the .same radius as the mesentery.

As already mentioned, von Heider (188(3) has described an invagination of the discal wall

in Astroidex calycularis, l)ut in this case the wall passes into the mesenterial chambers, without

in any way involving the mesenteries. It is evidently independent of the action of these

organs, and von Heidei' endeavors to explain the occurrence as dependent upon the interaction

of the tentacles and expulsion of the water during retraction of the pol^yp.

Dr. O. Carlgren (ISy.*), in his paper, "Giebt es Septaltrichter bei Anthozoen," discusses

Goette's view that the mesenterial funnels (Septaltrichter) found in the young of various

Actinian species are to be rcgai'ded as distinct organs. In the larvaj of Bunodes gemmacea, Carl-

gren obtained appearances exactly similar to those tigured bj' Goette, and shows conclusively that

they are merely contraction phenomena. Carlgren's rigures compare most closely with figure

117, PI. XVI, and leave no doubt that the appearances are all due to the same cau.se, namely,

unequal contraction of different regions of the polyps during preservation. The occurrence of

tixed septa in corals renders it much easier to understand how the ineciuality is possible in this

group than in the case of the wholly soft-bodied anemones or their larvaj.

It moy be conceived that the peculiar canal-like modifications, described by Fowler (1887),

as occurring in certain mesenteries of Madrepora durviUei, have been produced by invaginations

during strong retraction of the polyp. There are, however, some features in this case different

from conditions yet met with in corals, but on the other hand the modification seems altogether

at variance with our present knowledge of their morphology.
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MOUTH AND STOMOD>(EUM.

The actual form of the mouth of corals depends much upon the condition of expansion or

retraction of the polyp. In the retracted or partly retracted state the aperture, as a rule, is nar-

row and slit-like, while the outline assumed on expansion may be nearlj' circular. Under certain

conditions the mouth is closed all the way, with the exception of a small opening- at each extremitj'.

In practically all cases a longer and a shorter axis are determinatjle, thus giving- a bilateral char-

acter to polyps which otherwise would be outwardlj^ radial in symmetry. In genera like Manicina
and Mxundvliui^ with a meandering disk, bearing niunerous small oral apertures, the longer

axis of the latter is usually along the length of the disk, and the shorter axis is transverse. In

branching colonies the longer oral axis is approximately in the axial-abaxial plane, while in

the many polyps of compact flattened colonies it may be either radial or irregular in direction

with regard to the middle of the colony.

The usual condition of living polyps is one in which the mouth is partly open, the white,

smooth, depending walls of the stomodanuii easily distinguishable through it. Rounded lips

sometimes serve as a gradual transition from the disk to the stomodanun. but in deeply pigmented

species the boundary between the disk and stomodseum is usually vei-y sharply defined. When
polyps are retracted, the mouth is generally in the same plane as the flattened disk, but on

expansion it becomes more or less elevated along with the central part of the peristome (fig. -16).

The stomodffium is usually oval in transverse section, but may be circular. Its vertical

extent, as a rule, is comparatively short, more so than is usually the case in Actinian polyps.

In some species, the lower stomodteal edge can be easily discerned when the mouth is widely open,

the organ suggesting a mere inturned flap of the disk. Sometimes the walls of the stomodteum
are smooth, but in perhaps the majority of species they are thrown into deep vertical ridges and
furrows, extending the whole length of the organ, and a little less marked in the fully expanded
than in the retracted state. Generally the ridges are more noticeable on the living polyps than

after preservation, and those of opposite sides alternate.

When the polyjDal tissues are partly transpai-ent, the stomodseal ridges are seen to correspond

in number and position with the attachment of the mesenteries to the inner or ccelomic surface

of the stomodi¥um (PI. XIX, fig. 131). To a limited extent, therefore, they serve to indicate the

number of complete mesenteries. The ridges are found to be very variable in number in forms
such as Mxandrina^ Manicina, and haplnilJia. which happen to be species in which they are

best developed. In Mieandrina, for example, only three or four ridges will be present on each

side of the stomodreum where the oral aperture is small, while in others there may be seven or

eight.

On transverse section the stomodival ridges are seen to be formed by thickenings of the

mesogloea, and less so of the ectodem, but the endoderm takes no part (PI. XXII, fig. 1-47). In

species in which the ridges are best developed the ectoderm of the elevations exhibits a slight

histological distinction from that of the furrows; large nematocysts and gland cells occur among
the supporting cells of the former, while they are practically absent from the intervening areas,

which on their part are more strongly ciliated. At the inner termination of the stomodanmi the

ridges appear as if continued down the free edge of the complete mesenteries as the mesenterial

filaments, and the histology of the two agrees very closely.

With the exception of the ridges and furrows, occurring only in certain species, the stomo-
da^al walls are structurallv uniform all round; in other words, true gonidial grooves or sipho-

noglyphs are absent from Madreporarian polyps. As met with in the Actiniaria. at the opposite

ends of the stomodieum. the gonidial grooves are readily distinguished in the living condition b}'

the greater thickness and firmness of the walls, and by their smooth free surface; histologically

the ciliation is stronger than elsewhere, and usually nematocysts and glandular cells are

more sparingly disti-ibuted. The grooves in anemones are invariably associated with a pair of

directive mesenteries.
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A goniilial groove at oacli end of tlie stomodfeuiii is, with certain exceptions, present in all

Hexactiniw; and a single groove occurs in the Zoanthea' and Ceriantheaj. In the Zoantheie the

organ is ventral or posterior, while, according to Carlgren (l.S!»3, p. 243), it is dorsal or anterior

in the Ceriantheie. A ventral groove, first termed by Professor Hickson (1883) the Siphonoglyphe,

is likewise found in nearly all Alcyonaria. It is, therefore, a little remarkable to find that such a

typically Anthozoan organ has never been established for the Madreporaria, and it is absent from

each of the twenty-six species here .studied". Its non-development is probably indicative of

the more primitive character of coral polyps generally comi)ared with most Actiniaria.

The suggestion may be ottered that the grooves, alread}^ described as occurring all the way

round the stomodaunn in some species of Madreporaria, are to be regarded as the morphological

and physiological equivalents of the two axial grcjoves in the Hexactinian polyps. Instead of

a groove occurring only between each pair of directives, one is found between all the complete

mesenteries. The same histological differences are found in each case, though not so pronounced

in corals. No experiments have been made to determine whether the grooves in the ]\Iadre-

poraria have any special function in directing the inhalent and exhalent currents, and with such

small oral apertures experiments of this character would be difficult to conduct.

In living polyps of Cladocora arhimcula, Solt^iastrcea hyadeJi, and others, the lateral por-

tions of the lips and .stomodwal walls have at times been observed to come into close contact,

leaving a small aperture at each (>xtremity of the mouth, through which currents of water enter

or leave the gastric cavity. A similar approximation has also been recorded ))y ditt'ercnt

observers as occurring among the Aetinise, but is there associated with the presence of gonidial

grooves. In the Zoanthidw, provided with only one gonidial groove, only one terminal apei-ture

remains when the lips are approximated.

The inner stomodwal extremit\' may become reflected upwardly and outwardly, so that in

transverse sections the stomodtval walls are cut through twice; or, if they are much folded in

addition, they may appear several times in succession in the same section. The appearance of

the reflection in longitudinal section is shown on PI. VII, ffg. 50, and in transverse section on

PI. VI, flg. 51. The stomodwum terminates internally at practically the same level all the way

round, or the two axial extremities, with the directives attach(^d. may extend a little below the

lateral walls, but nothing comparable with the "Languettes" of Actinians has been oliserved.

Upon complete retraction of the polyp, the distal parts of the polypal tissues—upper column

waH and disk—mostly come to rest upon the skeletal projections—septa, pali, columella; in

consequence of which the stomodaHjm becomes flattened and more or less irregularly folded.

As a result it is often with difficulty that transverse sections of the stomodiBum, exhibiting the

relations of the mesenteries, can be ol)tained, especially as the organ is comparatively short.

On retraction the stomoda-al walls as a whole are sometimes thrown into a few deep vertical

folds, which assume a symmetrical ffgure. This is especially the case in Porites (figs. 28, 30); the

folds may be four or six in number, and approach so as to touch one another in the middle,

practically obliterating the lumen. The stomodiual foldings of a bud of Cladocora likewise

assumed a regular arrangement (PI. VIII, fig. 60); Fowler (1888) also describes and figures a

similar appearance in a transverse section of the stomodanim of Scriafopora ><iihhtfa. No doubt

it is a consequence of the strong contraction of the circular endodermal muscle.

The histological details of the stomodffial wall are practically alike in all Madrepoi'arian

polyps, and agree closely with those of the Actiniaria. The ectoderm is always a broad, strongly

ciliated layer, comprised largely of supporting cells, the nuclei of which are closely arranged,

and give rise in sections to a characteristic, brightly-staining zone. The ciliation is luiiform

throughout, and is nearly always persistent in preserved luaterial. As a rule nematocysts of

two or three kinds occur, while both cknir and granular gland cells are numerous, 'i'he latter

arc particularly abundant in Chidm-ora (fig. 52/-). In some cases, e. g., PlnjIIaiujia, distinct

ectodermal nervous and muscular elements can be made out near the mesoglceal surface, but are

"Saville Kent refers to a siphonoglyp in a Barrier Reef Fuiigia, and Bourne adds one to his diajiraininatic- fiirure

of a coral, on p. 62 of his article Anthozoa (1900).
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never so pronounced as in the larger Actinian polyps. The histological ditferentiation where

ridges and grooves are strongly developed has l)een alluded to above.

The ectoderm of the stoinodivuni terminates nicsentei'ially in direct continuity with the

mesenterial lilaments of the complete mesenteries, and for some di.stance the histological details

of the two arc alike. The layer may be also partly reflected on the endodermal surface, and

continued a short distance along the edge and both faces of the mesenteries (PI. VI, fig. 51).

This reflection of the stomoda?al ectoderm plays an important part in discussions of the origin

of the mesenterial filaments, and is again referred to on page 477.

The stomodieal mesoglo?a is usually thin, and uniform in chai'acter all round. As a rule the

endoderm presents no features which distinguish it from the same layer covering the whole of

the upper part of the internal cavity.

COLORATION.

All descriptions of coral reefs allude to the great variety, richness, and beauty of color of

the living coral. On any coral patch around Jamaica, the predominating colors are difterent

shades of brown—light, dark, yellow, or green. This is largely due to the great abundance of

colonies of Mudrepora, MUlepora^ and Meenndrlna, all of which exhibit one or other of these

brown tints. Adding variety to these ai-e the rich yellows, greens, and blues of the different

species of Poritts. Of the less massive corals

—

Sole7iastrxa, Cladocom, Oculina, and Favia—
yellowish-brown is likewise the prevailing color. Even where the general coloration of the

colonies is nearly black or steel gray, as in some species of OrhieeUa and Tsoj>hyIUu, a closer

examination, especially when the polvps are fulh^ expanded, indicates that yellowish-brown is

the fundamental color.

The prevalence of the yellow-brown color is easily understood when an examination is made

of the polypal tissues. For in all instances in which it occurs, the endoderm is found to be more

or less crowded with the so-called "yellow-cells"' or zooxanthellie, which are unicellular

symbiotic alga?, the chromophores of which are yellow or yellowish-green. That these are the

main cause of the external coloration may be readily proved from colonies of Madrepora.

In this genus the polyps toward the apex of growing branches are nearly colorless, the white

skeleton showing through the perfectly transparent tissues, and on a microscopic examination

of the endodermal layer zooxunthelhe are found to be absent, while they are present in abun-

dance in the endoderm of the older, strongly jiiguiented regions. When a contracted living

tentacle is viewed under the microscope, the margin is quite colorless as far as the thickness of

ectoderm, M'hile on focussing within, the endoderm is found to be almost black and opaque. The
interior of fully expanded tentacles is lighter, and the individual j'ellow cells can be seen.

In the few instances in which zooxanthellaj are nearly or wholly absent from a species,

as in AxtraiH/ia solitnrht and PlujlUtngia (imericana, the polypal tissues appear peculiar

delicate, and are wholly colorless and transparent, except for the occurrence of delicate

superficial colors, such as rose and green. The transparency of the tissue appears to l)e very

general in the members of this grouj) of corals. In th(> " Introductorj' Notice" of the anatomy

of Astraiigid duna', Fewkes (1SS9) also descril)cs the color of the expanded poh'ps as " white,

almost transparent, resembling an Edwardsia or small white Actinia; when contracted th(> color

shows a gieen or bluish tinge." An examination which I have made of the tissues of this species

reveals an al)s(Mice of zooxanthellie.

Again, the polyps on the under. un('xpt)sed surface of colonics living in shady jilaces

are nearly always devoid of color, although the individuals on the exposed area of the

same colon}' are deeply pigmented. A remarkable instance of this occurs on the piles supi)orting

the broad wharves at Port Royal. Numerous clumps of the corals Ood/'/ni and Cladocom grow
attached to the ])iles; the outer exposed colonies are of th(^ usual brown color, while those living

on the inner i)illai-s, which are cut off from the strong sunlight, are perfectly white, the corallum

alone showing through the transparent tissues. It is manifest that a chloi-ophyll-bearing alga

could not flourish under conditions where it is more or less deprived of light; but except for

this absence of coloration the coral polyps appear normal. Colonies of Agur'uiia, which usually
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lire dcii.st'ly colored, are found to be quite pale when living- in the shady places often selected by
these forms. The presence of zooxanthelliv does not seem to be at all essential to the life of

coral polyps, seeing tliat colorless individuals in the shade flourish apparenth' as well as those in

fully exposed places.

The degree of aggregation of the yellow cells likewise determines the intensity of the

coloration. The tissues of fully expanded polyps are generally lighter in color and moi'e

transparent, and under these conditions zooxanthelhe are proportionateh' less numerous in a

given area than during the retracted condition. When the polyps retract strongly, the alga'

become closely aggregated within the thicker endoderm, and the tissues are darker and less

transparent.

During the early stages of maceration of corals such as Madnjiora, within a white porcelain

basin, the zooxanthella' will separate freely fi'om the tissues, and accunudate on the bottom of the

dish, giving to it a distinctly yellow appearance.

When coral polyps are preserved in alcohol a lirownish yellow or golden yellow pigment
is first extracted, l)ut after a few hours, if transferred to colorless alcohol, the liquid is colored

in the same manner as l)y the green coloring matter of plants.

The column wail and disk of the species of Isaplii/llin, J/a^atu/r/'/ia, and less so of JLo/ieina,

C'o/jx/p/ii/'h'i.i. and Orh/'cella. are often characterized l)v the presence of small, superticiai. opaque,

granular spots and patches. These are recognizable by means of a lens on the living polvps. and
persist for some time after preservation. When the polyps are retracted the exposed tissues are

practically opaque, and seem dense in comparison with the nearh' transparent walls of such forms

as Jffidrejjora, Oculma, or C'ladocora. The opacity is, however, limited to the regions of the

column wall and disk which are fully exposed during retraction: the infolding margin of the

wall, the tentacles, and the peripheral region of the disk, which are non-exposed regions, seem
thinner and are more transparent. Any other marked superficial colors which may be present

in these genera are likewise practically restricted to the exposed areas.

Examination of the outer tissues of these genera, bv means of sections and macerations,

reveals the presence of much finely granular, colored, non-transparent matter. The granular

matter is mostly concentrated in the deeper regions of the ectodermal layer, but at certain points

extends throughout the thickness, strongly distinguishing the areas from the remainder t)f the

layer. Occasionally, as represented in the section of the column wall of hoj^hylUa (PI. XVII,
fig. 122), the accumulation occurs at fairly regular intervals. On the other hand, some regions,

such as the upper margin of the column wall, the tentacles, and the periphery of the disk, are

without the granular cells, these being the more tran.sparent areas in the living polyp.

The small dense spots, referred to above as seen on the living tissues, evidenth' i-epresent

the points at which the granular matter is most concentrated, so as to extend throughout
the thickness of the ectoderm, while the general opacity of the tissues is due to its more
diffuse distribution within the deeper parts of the layer.

On maceration the contents of the cells appear as a finely granular substance, usually _yellowish

in color, and unacted upon, or only very slighth', bv' stains and acids. The cells thus differ from
the more usual granular gland cells of the Zoantharia, which are always l)est developed toward the

free surface of the layers, and take up stains, such as ha'inatoxylin and carmine, with great avidity.

It may be conceived that the opacity has for its function the regulation of the amount
of light passing to the endodermal tissues in coi-als living in more shallow waters. Certainly the

forms in which the granular cells are best developed are among the least active of the coral

polyps, and the coloration is most dense over the exposed areas. The endoderm shows no
peculiarities which can be connected with the ectodermal opacity; zooxanthella^ occur as

numerousl^y as in other species.

Mdiitctud ureohda affords some interesting variations in the presence or absence of its dense

superficial coloration, which seem to indicate some connection with the depth at which the corals

occur. In colonies inhabiting very shallow waters, such as those of Kingston Harbor and
Bluefie'ids Hay, the sujjerficial pigmentation—yellow, brown, or dense opaque white— is strongly

pronounced, and in small or large irregular patches; but in young polyps and large colonies from
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the deeper water on the reefs this pigmentation is wholly wanting, and the tissues are of the

more prevalent yellowish brown eolor. produced by the endodermal zooxanthelias.

The supertieiiil or ectodermal coloration of corals varies greatly within the same species,

especiall}' in different areas, and is of small importance for purposes of specific determination.

The polyps of Dichocania stol'esi exhibit some exceptional conditions of coloration as regards

the internal tissues. Within the ectoderm cells of the column wall are found highly refractive

granules distributed throughout the layer with approximate uniformity. There is no evidence

of the granules being aggregated within limited groups, nor of concentration toward the deeper

regions of the layer. They are colorless in preserved material, but are green in the living polyp,

and are no doubt the chief cause of the green color of the polj'ps, and the general opacity

presented by the external tissues. On decalcitication of preserved material the lower two-thirds

of the embedded polypal tissues is also of a dark green color, contrasting strongly with the

upper colorless walls. Microscopic examination reveals that, as usual, the lower .skeletotrophic

endoderm is greatlj' thickened, and densely crowded with granules of various sizes. Most of the

particles, however, are a bright green, exactly recalling the chlorophyll granules in plants; in

decalcitied mounted sections the green color is still intense after two years. The granules in the

gland cells of the lower region of the mesenterial filaments are also a strong green, and even the

large nematocysts in the filaments have a green tinge.

Another form of pigment cell is found in the tissues of Porites. Some colonies of Pm'ites

clavaria are an intense bright yellow in their living condition, and a lemon color is often met

with in living colonies of P. astrxotdes, while the polyps of P. dtvaricata as a rule exhibit only

the pale brown due to the internal zooxanthella?. Macerations and sections of polyps of the two

first-mentioned species reveal that both the ectoderm and the endoderm are loaded with bright

yellow, pigment-bearing cells, very variable in form and dimensions. So abundant are they in

P. clavaria that in i^laces it is almost impossible to make out any of the other histological

elements; but in P. astrxokhn they are more sparsely distributed, and their relationships

can be better determined. In general the chromophore cells are shorter than the supporting cells

and gland cells of the ectoderm, and occur at all heights within the layer.

AVhen the ectoderm is macerated the pigment cells separate somewhat readily from the

other histological elements, and are very protean in shape, scarcely any two being of the same

form. A few are represented on PI. IV, fig. 37. The contents are very finely granular, and are

scarcely affected by stains, but with borax carmine a very distinct nucleus becomes evident.

The chromophore cells occur most abundantly in the outer tissues, and in both ectoderm and

endoderm, but are also met with sparingly throughout the polyp, including the epithelium of the

mesenteries and communicating canals. ZooxanthelUe are found within the endodermal cells in

their usual numbers. The polyps of the genus Pontes vary in color more than any other form
examined.

Another factor which probably inlluences the living appearance of many corals is the color

given to the skeleton by the presence of perforating filamentous algfe, belonging to both the

green and red groups. The coralla of all the species examined are found to l)e infested with

boring algie. After decalcification the filaments appear fresh and green near the surface, and

contain protoplasm and chlorophyll granules, but are colorless and apparently dead in the more
iivternal ivoions. So dense is the foreign growth that in some instances the superficial portion of

the corallum is rendered bright green or pink by its presence, either Mholly or in part. The

skeletal color is best seen on freshly macerated specimens, as after a few months' exposure the

coralla become more or less completely bleached. The upper superficial areas of the fi'esh coral-

lites of Orhicdiu and extracalicular regions of Colj^ioplnjllia presented green patches of various

sizes, while the color was usually more uniform in Agaricia, but almost any species of coral may
exhibit lai'ge or small affected areas. Decalcification also proves that the perforating algre may
be present where a superficial examination of the corallum gives no indication.

By way of contrast with the more prevalent green color, the coi-alla of hophyllia dipsacea

after maceration of the soft tissues were a delicate pink, evidently from the presence of some red

alga. This also gradually disappeared in the course of two or three months. Siderastrsea siderea
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and Pontes astrixoides likewise often exhibit a bright pink color ininiediatel_y below the surface

of the corallum. In the latter it is still obvious on dried specimens twelve months after collection."

Where the soft tissues of the polyjis themselves are not densely colored, a green or reddish

skeleton below must partly determine the general effect by reflection through the polypal wall.

Lacaze-Duthiers (1897, p. 5) found the coralla of all the Mediterranean corals examined ]>y him
to be perfectly white when deprived of their soft tissues, hence concludes that the coloration

is wholly polyi)al.

The surface of many polyps often presents a brillant emerald-green color, arranged in streaks

or patches. It is found mostly on the disk as a peristomial ring, but occasionally on the oi'al

aspect of the tentacles. Such has been observed in Sidera^streea radians^ Orhicella annularis,

Agaricia aguridtes, and ColpophyUia, as an addition to the more usual colors. The phenomenon
is wholly superticial, not intracellular in origin, for histological examination fails to reveal any

structure which can be assigned as its cause. The l)right green and reddish colors of the other-

wise colorless and transparent Phyllangia amerlrana and Astrangia soUtaria are also of this

character, and pigment graiudes are here absent from the ectoderm, as well as zooxanthelhe

from the endoderm.

The causes of coloration in living corals may be thus summarized:

(1) Ectodermal

.

—Pigment granules in ectodermal cells: aggregated in more or less isolated

patches (Isop/ii/llia, Mxandrlna,, etc.); generally distributed {Porites, Dichocmnid). Superficial.

(2) Endodermal.—Yellow cells or zooxanthelhi? (nearly all coi'als); green granules {Dicho-

cmnia); pigment cells (Porites).

(3) Skeletal.—Perforating green and red alg£e.

MESENTERIES.

In all recent morphological studies, which have for their object the determination of the

natural relationships of the Anthozoa, a greater signiricance is attai'hed to tlie order of appear-

ance and adult arrangement of the mesenteries than to any other polypal characteristic. These

sei've not only to limit the j)rimary divisions of the grou])—Alcyonaria, Antipatharia, and

Actiniaria, but in the Actiniaria the chief subdivisions—Hexactinia', Zoanthea', Cerianthea', are

likewise determined by the mesenterial features; and even for minor classiticatorA' purposes the

variations in the organs are often of great service. It will l)e found that a similar importance

nuist l)e accorded the mesenteries in the ]\Iadreporaria, and dependent ujwn their arrangement

is that of the tentacles and septa, as well as other less important relationships.

Among the adult polyps here studied, the simplest condition of the mesenteries is that

occurring in the genera Jfadrtj/ora and Porites. This is represented in transverse sections in

the figures on Plates I and HI, and, for the stomodieal regions, diagrammatically in the accom-

panying fig. 3. The latter will also serve as an illustration of the terminolog}' to be employed,

and also for certain cognate ujorphological considerations, which may be first considered.

In practically all the polyps of the two genera mentioned only twelve mesenteries occur,

arranged in six pairs with regard to a median axis, which includes the longer diameter of the

stomodauun. The four pairs reaching the stomodanxm are known as complete mesenteries,

while the two remaining pairs, not united with the stomodwum, are incomplete. The Roman
numerals I-VI correspond with the established order of appcai'ance of the pairs of mesenteries

in coral larvie to bo descri))(>d later.

The twelve mesenteries, characteristic of the adult Madrepora and Porites. occur also

in the larval stage of genera of which the adults possess more than six pairs, and are

strongly marked off' by their mode of origin from the mesenteries subsequently developed;

they serve, in fact, as the starting point for various types of mesenterial arrangement of the

highest importance in Zoantharian studies. In 1900, I found it desirable to introduce some

"The subject of coral boring Algir liat^ been more fully dealt with in a paper: "Boring Algse as Agents in the

Disintegration of Corals." Bull. Amer. Mus. Nat. Hist., Vol. XVI, liioi'.
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term which would distinguish these mesenteries, either singly or as a whole, from the later

mesenteries. The twelve primary mesenteries constituting the first c_ycle were designated
" Protocnemes," and those appearing later " Metacnemes." "

The appearance of a mesentery in transverse sections is rarely the same on both surfaces.

The cut surfaces of the longitudinal or retractor muscle fibers form a bead-like margin to the

mesogloea, which is highly refractive and stains deeply (PI. XVIII, fig. 129). Usually the longitu-

dinal nmsculature on one face is stronger than the oblicjuo musculature on the other, and as a rule

the mesogliea becomes folded or plaited to afford an increased area for the support of the former.

The oblique muscle fibers are on the opposite face, and in transverse sections are usually cut

obliquely, and the mesogloea is rarely plaited for their support. For purposes of orientation,

when studying the internal anatoni}' of the polyp, the recognition of the retractor muscle fibers

on one face or the other of a mesentery is of great importance.

Sulcular, Dorsal, Anterior.

IE IE.

Siiloar. Ventral, Posterior.

Fig. 3.

Plan of the mesenterie.s at the close of the protocnemic stage. The stage occurs in the growth of probably all lairal and bud polyps,

and i.s retained by most of the adult polyps of Madrcpora and Poritcs. The Roman numerals (I-VI) indicate the order in which the

mesenteries are found. to appear in the larva- of corals. The corresponding mesenteries on the two sides constitute bilateral pairs,

and the adjacent mesenteries on each side in which the retractor muscles are turned toward each other (II, V; I, VI) constitute

unilateral (anisocnemic) pairs: the members of the axial pair, III, III, are the sulcar or ventral directives, and the pair IV, IV the

sulcular or dorsal directives. The vertical plane included within the two pairs of directives is the directive plane, and also the axial

or median plane.

The mesogloeal plaitings for the support of the longitudinal mesenterial musculature are

never greatly complicated in form in any of the coral species here studied. They nia\' be (juite

simple, as on PI. IV, tig. 38, or the folds may become secondarily plaited as in fig. 130. In the

Actiniaria, on the other hand, the plaitings are often very fineh' subdivided in a dendriform

manner, stretching along nejirly the whole vertical face of the mesentery, or restricted about the

middle to form a thick, broad, vertical band. The various figures given by Fowler, Bourne,

"The siiljstantive "kvi}>i?/"—a radius or apoke of awheel— wa-s first employed in Anthozoan literature by

Haddon and Shackelton ( 1891, p. 626) in the course of their studie.s of the Zoantheie. In a foot-note with regard

to it they write as follows: "We have tried hard to discover a short term for a mesentery, which would readily

lend itself to combination with other words, but without success. The objection to the word 'cneme' is that it

has reference to the appearance of a transverse section of an Actinian rather than to a mesentery as it actually

exists. As the investigation of the Zoanthew, at least, must principally be made by means of transverse sections,

this objection has not much weight."
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and other studpiits of the iunitomy of eorals indiaite that hi other genera and speeies the muscle

plaitiiig'8 likewise remain comparatively simple.

The degree of complexity attained by the mesogktal foldings undoubtedly varies much v/ith

the state of expansion or retraction of tlie polyp, the jilaitings being often scarcely recognizable

in the former condition. Their character also changes in ditierent regions of the poh'p, and even

in ditierent parts of the same section (PI. IV, fig. 38). The mesentery of Orhicella, represented

on PI. IX, fig. 68, shows remarka})le ditlcrences in this respect, the peculiarities extending

even to the face liearing the oblique nuisculature. In the diagranuuatic and seniidiagrammatic

figures throughout the paper the retractor muscle is conventionally represented by simple

processes from the face of the mesoghca.

From the figure on page 441 it is manifest that tli(> paired cliaracter of the mesenteries may
be regarded from two very different aspects. In the first place the corresponding mesenteries on

the two sides of the median axis may be considered as pairs. These are known as "Bilateral

pairs," and so far as concerns the first six pairs, this is tlie manner in which the mesenteries make
their appearance in the larva. In l)ilateral mesenterial pairs the retractor muscle of each moiety

is on the face turned toward the sam(> aspect of the polyp. On the other hand, any two adjacent

mesenteries in whicli the longitudinal nutscles are on the faces turned toward each other—that is,

toward opposite aspects of the polyp—may also be conceived as pairs, and, in contradistinction to

the oth(>rs, these may l)e known as ''Unilateral pairs."

The two members of a unilateral jiair uuiy be cither unequal (one complete and one incom-

plete, as in fig. 82) or equal (both either complete or incomplete, as in fig. 81). Considerations

of nuu'h phylogenetic interest arc connected with these conditions (]). 453). To distinguish a

unilateral pair constituted of two equal mesenteries I propose the term '"Isocnemic," and for

a unilateral pair of two unequal mesenteries the term "Anisocnemic." In the majority of

corals and anemones the metacnemes arise as isocnemic pairs, rarely, if ever, simultaneously

by cycles, Init l)ilaterally from one aspect of the polyp to the other (p. 459).

In most adult polyps the condition in which the longitudinal nuisculature of a pair is on

the faces turned away from one anotlicr occurs only in the case of the two axial ])airs, which
by this means are distinguished as " I)irectives." Both from theii' origin and the disposition of

the nuisculature, the directives are bilateral pairs, and are always isocnemic.

An attempt has lately been made to I'estrict the meaning of the nearly synonymous
words "pair" and "couple," so as to imply whether the two moieties of a mesenterial pair

are situated on thi^ opposite aide of the polyp, or whether thev are close together on the same
side of the polyp, their retractor muscles biung vis-a-vis. Unfortunately, there is scarcely

anything in the terms themselves to denote which should l)ear one special significance more than

another, and already they are employed in a directly opposite manner l)y different Anthozoan
writers. Thus Faurot (1895, p. 51), referring to the manner of appearance of the mesenteries

beyond the primary twelve, writes: " Ces cloisons n'apptiraissent pas par couples, conmie dans la

periode precedente, c'e.st-a-dire, une d\in cote, une de Fautre cote de I'axe commissural de TActinie,

mais par ixdn-ft dans Ics interloges formces durant cette periode. II a etc explique (ju'une paire est

constituce par deux cloisons voisines dont les faisceaux de feuillets unilatcraux se font vis-ii-vis

(les faisceaux unilateraux des deux paii-s commensurales faisant, .seuls, exception) ct que chaque
pair forme une loge." Also van Bencden (1897, p. '21): "D'accord avec Faurot, j'estime (|u"il

y a lieu de reserver cxclusivement le mot paire pour designer deux clo.sons voisines delimitant

une loge; le mot couple pour denommer I'ensemble de deux sarcoseptes symetriques, siegeant Fun
a droite, Fautre a gauche du plan nu'^dian."

There can be not the slightest doubt as to the sense in which these authors employ the terms;

a couple would be the arrangement corre.sponding with what is here termed a hilatenil j>alr, and
pairvfWh what is here designated a Knilatemljxiir. Yet Bourne, in the article "Anthozoa," in

Lankester's "Treatise on Zoology" (1900, p. 39), in a foot-note adds: "It is convenient when
speaking of the adult arrangement of the mesenteries to use the word 'couple,' when of their

developmental secpience to use the word 'pair,'" thus signifying directly the opposite of Faurot
and van Beneden.
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Instead of adopting the.se familiar words, and giving to them a restricted meaning, and hav-

ing to deline whether the one or the other usage is to bo attached to them, I prefer to speaiv of

"unilateral pairs"' and "bilateral pairs," according as the two moieties arc situated on one side

of the polyp, or are on opposite sides of the polyp. There can possibly be no ambiguity as to the

character of the mesenterial pair indicated.

The portion of the gastro-cuelomic cavity included within a unilateral pair of mesenteries is,

following the terminology proposed by Fowler (1885), known as an "Entocoele," while that

between any two such pairs is an "Exoccele." Further, the polyp can be divided into sextants

by six radii included within the primary entocfjeles, and the mesenteries or septa within each

sextant are spoken of as constituting a "System."

A pair of directives occurs at each extremity of probably all sexually produced Madreporarian

and Actiniarian polyps, hut the regularity is often dei^arted from in asexually developed polyps

(p. -W:S). The vertical plane included within the two pairs of directives is known as the " Directiv^e

plane," and coincides with the axial or median plane of the polyp, as well as with the longer

diameter of the stomoda'um, and divides the polyp into synunetrical halves. Were the V
and VI pairs of mesenteries to become complete, it is clear that a plane passing between the two

pairs I and V would also divide the polyp ymmetrically into equal halves, and include the

shorter diameter of the stomodwum. Hence polyps at such a stage have two axes of perfect

sj'mmetry at right angles to each other. From the occurrence of directives, and of longer and

shorter diameters of the .stomodifium, perfect radial symmeti'v is not found in any of the present

species, and -rrliere noticed elsewhere is probably a result of asexual methods of reproduction

—

not a fundamental characteristic.

Among animals like coral polyps and anemones, exhibiting a certain degree of radial

symmetry, the terms dorsal and ventral and anterior and posterior, though adopted, have not

the same signilicance as in the higher animals, where one aspect of the body is altogether different

from the other. Moreover, the relationships, even as understood, ai'c not readily established in

adult polyps. To determine them it is necessary to select some morphological condition to which

the disposition of the organs can lie referred. The presence of directives enables a median plane

to be established, to which the organs on each side of the polyp are symmetrically related, right

and left, and such a mesenterial stage as that represented on page 441 also enal^les what may be

termed upper and lower borders to be established. The aspect of the polyp toward which the

faces bearing the longitudinal musculature of the two complete bilateral pairs of mesenteries I, II

are turned has been designated by Haddon (1889, p. 300) the " Sulcar," and the opposite the

"Sulcular." The terminology is based upon the fact that amongst Anthozoa where only one

gonidial groove (sulcus) is present (Alcyonaria, Zoanthese), the organ is on the aspect of the

polyp toward which the faces of the two pairs of mesenteries, referred to as bearing the vertical

musculature, are directed. As gonidial grooves, however, seem never to occur within the

Madreporaria, this character is of no assistance for purposes of orientation, and the sulcar and

sulcular relationships, as a rule, can onh- be determined from the order of development of the

first C3'cle of mesenteries. Where, in Zoantharian polyps, all the six pairs of protocnemes are

already complete, and either no gonidial grooves ai'e present or both are equally developed, there

is in ordinaiy cases no means of determining the sulcar and sulcular relationships. By most

writers on the Anthozoa the sulcar border is regarded as ventral and the sulcular as dorsal.

Is it possible to determine an antero-posterior relationship in the polyps from the known

facts of their development, such as shall be at all comparable with that in the higher animals?

E. van Beneden (18!tl), from his study of the develoiiinent of the Cerianthid Arachnactis. and

E. B. Wilson (188'4), from his investigations on the mesenterial filaments of the Alcyonaria, follow

the suggestions of Sedgwick and Caldwell, and compare the gastro-c(jelomic chambers of the

Anthozoa with the ccelomic diverticula of the higher animals. On this theory the side of the

Cerianthid polyp on which the sulcus and directive mesenteries are situated is i-egarded as

anterior, while the side at which new mesenteries or segments are added is considered to be

posterior. From the arrangement of the mesenterial musculature, Carlgreii (1893) has shown

that the sulcus of Crrifintlnci is situated at tho op losite extremity of the polyp from its position
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in the Alcvonaria and Zoanthida'. If the sulcar a^spect in ail Anthozoa except t'triaiithutf lje

conceived as ventral, tlien in the latter it will be dorsal as well as anterior, and the ventral or

sulcar aspect in other Anthozoa is posterior. It is shown later that the general succession of growth

of the mesenteries in Madreporaria is also from the dorsal to the ventral aspect of the polyp, that

is, they arise in an antero-posterior order. The septa have also been found to follow a like suc-

cession.

The relationships may be thus couij)ared:

Hexactinife, Zoanthea', Madreporaria Sulcar =ventral=posterior.

Sulc'ular=dorsal =anterior.

Ceriantheif Sulcar =dorsal =anterior.

Sulcular=ventral=poi?terior.

Where coral polyps present a definite i-elationshij) to the axis of a branch, as in most species

of Madrepora^ Ociilina. and Cludocora, axial and abaxial positions are further determinable; and

in the rounded colonies of OrhtceUa, Solenmtrma, etc., inner and outer relationships, which

correspond with axial and abaxial, are also disting'uishal)le. Some importance underlies these

determinations, for it will be found that the axial-abaxial and sulcar-sulcular relations are not

always the same in corals.

The relationships of the strongly bilateral, radial polyps of Madrejxira to the axis of the

colony may be first determined. The transverse section on PI. I. tig. 4, represents the polyp as

situated in relation to the axis of the branch, but the lower side in the figure is inner or next the

axis, and the upper is outer or turned away from the axis. Owing to the nariform growth of the

corallite the skeletal tissue is more thickly developed on the upper than on the lower aspect.

From the pi'oportional development of the mesenteries, and the disposition of the longitudinal

musculature, it is clear that the axial or inner aspect is the sulcar, and the al)axial or outer aspect

the sulcular; or, in the terminology usually adopted, the former is ventral and the latter dorsal.

The large anterior tentacle of Madrepom thus communicates with the sulcular, and the posterior

tentacle with the sulcar entoctele.

Wherever in other corals it has been possible to determine the sulcar-sulcular relationships,

as well as the axial-abaxial, to the colony as a whole, it is found that the relationships prevailing

in Mudrcpom are reversed. Thus on PI. VIII, tig. (U, repres(Miting a l)ud of CUidoeoro w\\\\ the

protocnemes in the Edwirdfii'ti-t^ta.^e, the sulcar aspect of the polyp is al)axial or outward, and the

sulcular is axial or inwards, in relation to the colony; similarly in fig. 62, representing another

bud of the same species. In fig. ST, PI. XII, taken from a young l)ud of SoJenastrifa, the sulcar

side of the polyp is again outward (abaxial) and the sulcular is inward (axial).

Dr. G. H. Fowler (1SS7), in his studies of Madrepom durvillei and M. mpera, was the first to

determine the axial-abaxial relationsiiips of the mesenteries in the genus, and the year following

(1888, p. 12) he showed that it was directly the opposite of that occurring in Scradvjjora sidjulata^

the polyps of which also permit of axial-abaxial determinations. The difference between Madre-

pora and other corals can best be appreciated by comparing the diagrams on page 4-15.

Dr. Carlg-ren (1890) has shown that in colonial Zoanthida' the macro-directive mesenteries and

the single gonidial groove are on the outermcst side of the colony, or farthest from the mother

polyp, while the micro-directive mesenteries and asulcular extremity of the stomoda'um are

toward the inner side of the colony, or nearest the parent polyp; the anterior (dorsal, asulcar)

part is directed toward the axis of the colony, while the posterior (ventral or sulcar) is

turned away from it (fig. c). The relationship of the individual polyp to the Zoanthid colony

is therefoi'e in strict conformitj' with that in Madreporaria, the genus Mitdrcpora excepted.

The researches of Mo.seley, Hickson, and others on the Alcyonaria have also demonstrated

that in this group the relationship of the polyp to the axis is the same as that in most Madre-

poraria. The so-called ventral aspect (sulcar) of the Alcyonaria is abaxial, the dorsal aspect

(asulcar) is axial (tig. d).

The stage of mesenterial development with only four pairs of complete mesenteries usually

serves the larva> of Actiniaria and ^ladreporaria as a resting stage for a long period. Among
the Actiniaria the onlv forms known in which the adult was thought to remain at this simple
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stage are the Edwardsiic. The resemblance between tlie mesenteries characteristic of this group,

and those appearing in the course of the development of the Actinian larvfe, was recognized by
Haddon (18S9). and the stage was termed by McMurrich (1889) the " ^^7*/v//Y7.v/«-stage." The
eight complete mesenteries, comprising two biliitoi'al paii-s (I, II) and two pairs of directives

(III, IV), are often spolcen of collectively as the Edwardsian mesenteries.

Until recently tlie adult Eihrardfla was supposed to have no othei' than these eight complete

mesenteries, and in this respect was considered to be one of the simplest of the Actiniaria. As

E E

Fig. 4.

Miagrammivlip flgurcs showing the relationship of tlic polyps to the axis in various colonial Anthozoa. The upper side of the figure issupposed

to be toward the axis (axial) and the lower is away from the axis (abaxial). a. Madrcpom. The sulcaror ventral a.spoct of the polpyia

axial and the sulcular or dorsal is abaxial. (The upper of the two bilateral pairs marked V, V should have been VI, VI.) b. Most other

Madreporarian species. The sulcular aspect is axial and the sulcar abaxial. c, Zoanthids. The gonidial groove oraiphonoglyph is

abaxial, and all the metacneme.s (.^-D) are added at this aspect, d, Alcyonaria. The siphonoglyph is abaxial.

such it has been regarded by Boveri (1889) and McMurrich (1891) as the starting point for the

diverse modifications occurring within the different Actinian groups. Lately Faurot (1895), by

making transverse sections through the uppermost region of the capitulum of Edumrdnia

hfauteiiipxi, has shown that in this species sixteen and even twenty mesenteries are pi'e.sent,

corresponding with the .same number of tentacles. The eight additional mesenteries were found

to be feeblj- developed, Init arranged on the normal Hexactinian plan, and to extend vertically

Vol. 8—No. 7 4
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only for about half a centimeter. Four of the.se, along with the eight complete mesenteries,

constitute the six pairs of protocnemes, while the remaining four repre.sent a pair of metacnemes

within each dorsal or suleular exoccrle. Notwithstanding this discovery, it is deemed convenient

to retain the term "' Ju//V(mh-/a-titiige'^ for the condition in which only the first four protocuemic

pairs are complete, whether other mesenteries are present or not.

The fewness of the mesenteries in Por/'fe.s- and Madrfj/onc readily permits of their vertical

order of appearance and disappearance being followed in serial transverse sections, but the .same

can be carried out also in more complex, multicyclic forms. In species with a large number of

mesenteries the pairs are developed from above downward, as in Porifi/n and Madrepnra^ so

that the greatest number of cycles occurs in the more distal region of the polyps, and the mem-
bers of the last-formed cycles often traverse but a slight vertical extent, compared with that of

the oldest cycles. During the development of the mesenteries it is found (p. -i.o-l) that while

the first two or three pairs arise at or near the uppermost extremit}' of the polyp, that is, around

the oral aperture, the later pairs first appear some distance down the column wall, thence grow
in both directions, upward and downward.

The mesenteries in adult corals as a rule terminate before the lower aboral extremity of the

polj'p is reached, hence this region is altogether unoccupied by any of the polypal tissues, except

those lining the skeleton (PI. IX, fig. ti7). The organs rarely occur below the upper half or two-

thirds of the vertical height of retracted polyps. Below, however, the septal invaginations

extend farther centrally than above, and the skeletotrophic endoderm becomes enormously

thickened, so that aboi'ally the ccclomic cavity is greatly diminished in extent.

The restriction of the mesenteries in corals to the upper regions of the polyp should be

compared with the extent of their course in Actinians. Here the principal mesenteries usually

ti'aver.se the whole length of the column wall, and then extend across the basal disk toward the

center, where they often meet. On the other hand, it must be remembered that the aboral

extremity of the Madreporarian polyp does not altogethei- coincide with that of the Actiniarian

polyp. In the former, part of the basal disk is greatly invaginated. and its peripheral border,

where it passes into the coluum wall, is raised much aliove the actual extremity of the polyp.

Perithecalh' the mesenteries maj' extend the full length of the column wall or edge-zone

{OrJjiceUa, iSV^/twasY/'a^rt, etc.), or may terminate in advance of it (Oculina). In the latter case

the attachment to the skeletotrophic tissue may be the first to cease, that on the column wall

remaining, or the columnar attachment may be the first to disappear. In Cladocora the

mesenteries rarely extend in a complete manner the whole length of the peripheral chambers,

the skeletotrophic attachment ceasing first (PI. VII, fig. 5-t).

The mesenteries in Slderastrxa are characterized by a peculiar resorption of the peripheral

extremities, so that in the more central part of the polyp the organs extend much farther

vertically than in the peripheral region (PI. XXIII, fig. ISS).

The polyps available are generally so small as not to permit of the mesenteries being

readily dissected out and viewed as a whole; but in serial transverse sections no interruptions

suggestive of (iK^'ntei'ial xtoinata have been encountered. Hence there is good reason to

suppose that mesenterial stomata are absent from Madreporarian polyps. The continual growth
upward of the polyp, and the resorption of the mesenteries below, characteristic of most
species, would in all probal)ility preclude the formation of such characteristic Actinian features.

MESENTERIES IN GENERA REPRODUCING BY BUDDING.

The adults of all other polyps here described are provided with a greater number of pairs

of mesenteries than the primary six of Pontes and Madrejjora. In the genera OrhiceUa

(p. 423), Solenastnea (PI. XI), Ocndhm, Slderastrxa (PI. XXIII), Cladocora (PI. VI), Astrangia

(PI. VI), and PhyUamj'm (p. 46-1), which reproduce asexually by budding, the mesenteries are

arranged in alternating hexameral cj'cles, and vary in size according to the cycle to which they

belong. The designation "cycle" is employed to include all the mesenteries having the same
radial extent, while the term "order" has reference to mesenteries which appeared at or about

the same time; the first has reference to their insertion on or distance from the stomodseum, and
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the second carries with it a developmental significance. Thus the menilK'rs of the first order

always ai:)pear before those of the second, the second before the third, and so on. Should the

first cycle consist of twelve mesenterial pairs, as is sometimes the case, it represents the first and

second orders. The members of the first order are known as primaries, the members of the

second order as secondaries, the members of the third order as tertiaries, and so on.

In the genera above mentioned the first order or cycle of six pairs (protocnemes) includes

the same mesenteries as those present in Porites and Madrepora; but usually all the pairs are

complete and equal, and in each case they include two pairs of directives—sulcar and sulcular,

which are bilateral, and situated at opposite extremities of the polyp; the other four protocnemic

pairs, notwithstanding their origin as bilateral pairs, are now regarded as four unilateral pairs,

two on each side, the retractor muscles of each pair being on the faces turned toward one another.

The second order of mesenteries in adult polyps also consists of six equal unilateral pairs,

alternating with the pairs of the first order, and situated within their exoc(elic chambers. In

some cases the pairs of the second order may become complete throughout the whole or part of

the extent of the stomodanim, as in the large polyps of OrllceUa cavernosa; or some of the pairs

of the cycle may be complete and the others remain incomplete, as in the polyp of Phyllangia^

represented on p. 464:.

When fully developed, the third otder of mesenteries comprises twelve unilateral pairs,

within the exocoeles formed by the pairs of the first and second orders. The fourth order of

mesenteries would contain twenty-four pairs, the fifth forty-eight, and so on, the mesenteries

of the newer cycles always occurring in unilateral pairs within the exocoelic chambers of the

previous pairs. The fourth-order mesenteries, however, never appear in any of the species here

studied, except in Phyllangia, where occasionally a few members may occur (p. 465). Very

often the mesenteries present in any mature polyp may be such as to leave the last cycle without

the full number of pairs necessary to complete the hexameral sequence.

Although in the adult polyp the metacnemic pairs belonging to any cycle are approximately

equal in size, it by no means follows that they were simultaneously developed, any more than in

the case of the pairs of protocnemes; indeed, all the evidence from young polyps goes to show

that the mesenteries arise successively. The order of appearance of the metacnemes is fuUy

referred to on p. 455, et. seq.

The mature polyps of the species belonging to the genera enumerated contain, within narrow

limits, a definite number of mesenterial pairs, which is characteristic of the species. As above

mentioned, this number may or may not complete the hexameral multiple, so that the last cycle

commenced may not be continuetl all the way round.

Increase in number does not continue indefinitely. Orhicella acnypora has usually twelve

pairs of mesenteries, six complete pairs of protocnemes, and six alternating incomplete

metacnemes; 0. radiata contains twenty-four pairs, the twelve pairs of the first and second

orders complete and otherwise equally developed, and the twelve pairs of the third order

incomplete (fig. 1, p. 423); the conditions are the same in O. cavernosa. The mesenteries of

Solenastrxa and Oculina are, like those of 0. acroj)ora, usually twenty-four in number, six

pairs comjilete and six alternating pairs incomplete (PI. XI, fig. 81).

Astrangia so/itar/'a exhibits six pairs of complete mesenteries, and within each primary

exocoele of adult polyps a pair of incomplete mesenteries always occurs, and in some instances

two or three pairs (p. 463). In tiiis latter case one of the pairs is slightly larger than the other

and belongs to the second cycle of six pairs, while the smaller pair represents all that is yet

developed of the third cycle; but in no instance has the full complement of twelve pairs consti-

tuting the third cycle occurred. In the closely allied species, PhyUangia americana, the number

of mese iteries is always greater; but here also the incompletion of the final cycle of twelve

pairs is very general. In one polyp sectionized transversely (p. 464), ten pairs of mesenteries

reach the stomodfeum. These consist of the six protocnemic pairs and four of the first-cycle

metacnemes, the remaining two of this cycle not having yet reached the stomocfseum. In the

uppermost stomoda?al region, however, one of the pairs becomes complete. An alternating cycle

of twelve incomplete pairs occurs, but one or more pairs maj' be rudimentary or absent.
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The adult j^olyps of Cltidocora nrliisculu always contain six pairs of complete mesenteries,

constituting a first cycle, and six alternating pairs wiiich remain inc(ynipleto and form a second

cycle. Representatives of a third cycle are usually developed, ])ut instead of consisting of twelve

pairs, one in each (>xoco?le between the previous twelve pairs, only four or six pairs are usually

present, all on the same aspect of the older paii's (PI. VI. tig. 49). Earlier stages in the develop-

ment reveal that this is probably the sulcar aspect of each s}'stem (p. 458).

In Siih/raxfnt'ii. radiana six pairs of complete mesenteries are present, along with .six

alternating incomplete pairs, and a few pairs belonging to the third cycle may also occur;

usually the third-cycle pairs are radially .shorter than those of the second cycle, but at other times

they nearly equal them in size. In the larger species, S. tddrvra. though more memiicrs of the

third cvcle are present, the whole twelve pairs necessarv to complete th(> cvcle are rarelv present

(PI. XXIII, %. 153).

The polyps of the seven genera described, all produced asexually by the process of

gemmation, are thus chai'acterized 1)}' the \cry r(>gular disposition of the mesenteries in

alternating hexamerous c3'cles. The tir,st and second cycles are fully developed in all the adult

polyps, while the third cycle may be only partly formed, but so far as it goes the members
alternate regularly with the other pairs, according to the oi'der of appearance establisli(>d on

p. 455 et. seq. In all the polyps two pairs of directives occur in the first cycle. So far as the

mesenterial arrangement is concerned, thei-e seems no difference between a polvp originating as a

bud and one deri\ed from a sexually produced larva; both follow tiie normal hexactinian plan.

Onl\' the members of the first and second orders ever become inserted on the stomodivum
in the species studied. The later orders never become complete, but rc^tain a definite size

c^haracteristic of the species.

MESENTERIES IN GENERA REPRODUCING BY FISSION.

The asexual rejjroduction of the following genera takes place mainly, if not entirely, bv
stomodiBal fission: Aijarieia, IsopJiyllia, Dichoca'nia, Favia^ Ifanicina, Mivnndrina, and Colpo-

•phyll'ia. In the first four the polyps so produced may become more or less distinct from
one another, each with its own .system of tentacles and a column wall; in the remaining genera

the separation is incomplete, and meandering discal, tentacular, and columnar systems are pro-

duced in place of distinct polyps, and only exceptionally are transverse walls developed,

which separate one series of oral apertures fi-om anothei'. Sections have been made through
polyps of each of the above genera, and reveal a mesenterial arrangement very diflereiit from
that already described for genera where asexual reproduction by gemmation is the rule.

Transver.se .sections through two polyps of Agarici<i fmglUs are represented on I'Is. XXIV
and XXV, while the arrangements of th(> mesenteries of two different polyps of IsophyUlit are

diagrammatically shown on next page. Fundamental differences are at once apparent, compared
with the mesentei'ial plans already described. No directive mesenteries occur in these nor in any
of the other (examples studied Very rai-ely the number of complete pairs may be six, but is usually

ii-regidar, while the incomplete mesenteries vary greatly in number, size, and relation to the

complete pairs. The hexameral plan is altogether departed from, and each stomodanim may have
from ten to twenty -five complete mesenteries a.s.sociated with it. A regular alternation of .second

and third cycle mesenteries is found in only one or two jilaces, as at the upper right-hand region

of fig. h; here and there a single unpaired mesentery may occur within an exociele. Of the many
polyps of each species examined no two display exactly the same number and relationship of the

mesenteries.

A like absence of hexamei-al, or any oth(>r, regularity occurs in the ])olyps of DicJioccenia

and 7v^/vr^ (Pis. XIII and XVI). Transverse sections reveal a variable number of pairs of

perfect mesenteries from four upward, according to the size of the polyj), while the

alternating incomjjlete pairs are rarely the same in number and size in any two exocieles. and no
directives occur.

In sections of mature colonies of Mdiiieinn arcohita only two series of mesenteries can he

generally distinguished, complete and incomplete. tlu> latter rarely affording evidence of alternating
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secoiul ami third cycle.s. The nuinbor of mesenteries associated with the stoniodical .s^ysteius is

very variable, and in any colony, however lai'ge, there are probably only two pairs of directives,

situated at what may l>e regarded as the morphological extremities (p. 507).

Compared with the cyclical complexity in Faula, Manlclna, etc., the mesenteries of

Jfxa/idri/K/ and C'ii/poj>/ii////'(i exhil)it a remarkable simplicity of arrangement (PI. XXI, fig.

141). Practically all the i)airs are complete, and may be regarded as Ixdonging to a single order;

here and there alternating incomplete pairs are met with, but it is impossible to establish a

regular succession of complete; and incomplete pairs. Never more than one or two alternations

occur together, while frequently six or seven consecutive complete pairs may be passed in i-eview,

all apparently of equal value, and all bearing filaments. The incomplete pairs in all probability

represent new pairs in process of development, which will ultimately become complete like the

rest. From eight to sixteen mesenteries may be inserted on each stomodteum, according to the

size of the oral aperture; apparent!}^ there is no regularity in the number of mesenteries which

upon fission may be apportioned to each daughter stomodteum. In the living colony a small

oral aperture with only seven or eight complete stomod;eal ridges, representing so many mesen-

teries, may appear as if just cut off from another large aperture with a dozen or more stomodaeal

ridges.

Fig. 5.

IsopliylUa dipsacett,—Diagrammatic representation of the mesenteries in two polyps. The hexameral plan is departed from, the cyclic

character is irregular, and no directives occur.

The mesenterial development of Mdidciua has been traced from polyps with only one oral

aperture to small colonies with four stomodteal sj'stems (p. 503, et seq.), and similar early stages

have been followed in Fcmia (p. 508, etseq.). It is found that in simple polyps with only one oral

aperture the hexameral cyclical character of the mesenteriivs i.s as regular as in any other

sexually-produced polyp, or in adult poh'ps where columnar budding predominates; two pairs

of directives also occur. It is only after fission has been established that irregularities begin

to appear, and the hexameral plan is altogether lost. The subject of polypal fission is fully

described, and from the manner in which the proces.s takes place it can be easih' understood

how the above mesenterial irregularities come to be established.

It may therefore be taken as a general rule among corals reproducing l)y fission, that whether

they give rise to distinct polyps, or form meandering systems, their mesenteries tend to lose the

hexameral cyclical arrangement chai'acteristic of the earliest stages, and probably never more

than two primary pairs of directives arc found in an}- colonv, however large. Where the fission

polyps are distinct, a C3'clical disposition continues to be more or less recognizable, but where

complex meandering systems ai"e formed only a single order, including some developing pairs, can

be established.
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The results on the nu'senterial arrangement in adult eonil polyps may be thus summarized:

The mesenteries in oonimiferous genera are regularly hexanierous, arranged in one. two. or

more alternating cycles, and two pairs of directives are present; tissiparous genera are devoid of

any hexaraeral mesenterial plan, are imperfectly multicyclic or acyclic, and without directives.

Only the members of the earlier cycles become inserted on the stomoiheum in the former, while

apparently anj' of the pairs mav become complete in the latttu-.

DEVKLOPMENT OF PROTOCNEMES.

From the time of the publication of the classic researches of Lacaze-Duthiers (1872-73)

onward, numerous embryological studies, upon both Actiniarian and Madreporarian polyps,

have demonstrated that the twelve primary mesenteries alw.aj's arise in bilateral jiairs. but in an

order which seems to v'ary somewhat in different species. The results of Lacaze-Duthiers were

ol)taiu(>d 1)V observation of the external appearances, apparently without confirmation by means

of sections, while the latter has been the method more usually followed in later investigations.

In the Actinian larva^ studied by him, Lacaze-Duthiers found that the first mesenterial pair

divided the coelenteric cavity into two unequal compartments, known as dorsal and ventral. The
second pair appeared in the larger or dorsal of the two chambers, cutting off a middle chamber:

then within the primary smaller or ventral chamber the third pair was developed. According

to Lacaze-Duthiers, the fourth pair appeared between the lirst and second pairs; hut in most

subsequent researches, among which are those of H. V. Wilson on the coral Maniciiia areolata,

J. P. McMurrich on the Actinian Rliodactis mncd-Thompe, and G. von Koch on CaryophyUia

cyathus^ the fourth pair has been found to appear in the dorsal chamber beyond the second pair,

and its members become the dorsal or sulcular directives. The fifth and sixth pairs were found

to arise nearly simultaneously within the middle and ventro-lateral chambers on each side.

According to the Hertwigs (1>S79), the fifth and sixth mesenterial pairs arise in Adamma
d'lapliana on opposite sides of the polyp between the first and second pairs. This has also been

confirmed by Boveri (1S89). In the light of subsequent results, such a condition must undoubt-

edly be looked upon as exceptional, having been met with in no other species, while the number
of forms in agreement with the relationships given above is continually increasing in the Acti-

niaria, and is the onlj' sequence yet met with in the jVIadreporaria. Appellof (1900), in connection

with his studies on the development of ZTrticina eram'icornls and Actinia equina, discusses at

some length the conclusions of Lacaze-Duthiers and later writers with regard to the mesenterial

sequence of the primary eight mesenteries. In contradistinction to the successive development

which Lacaze-Duthiers descril)es for A. equina, Appellof found that the first eight mesenteries

appeared for the most part simultaneously, and doubts the possibility of the order of appearance

beuig determined by external observation alone without the assistance of sections. Sometimes

only the strongly developed ventro-lateral pair of mesenteries would be visible from the outside,

while transverse sections would demonstrate four pairs. His results on llrficina showed consid

erable variability in the mesenterial sequence. Reviewing the statements of different Actinolog-

ical writers with regard to the appearance of the primary mesenteries, Appellof (p. 55) comes to

the conclusion: "Es ist wenigstens auf Basis des vorhandenen Materiales unmoglich eine

bestimmte Regel auszufinden."

In comparison with the variable results obtained in the Actinite the protocnemic sequence in

the Madreporaria appears to be very uniform.

Two most complete series of stages in the development of the protocnemes of Madreporarian

polyps are already known, thanks to the labors of Prof. H. V. Wilson and Prof. G. von Koch.

The former (1888) has traced their appearance in the West Indian coral, Maniciiia areolata, from

the stage in the larva with but one pair of mesenteries to the young polyp with three cycles of

mesenteries. His results as to the first c^ycle conform with those of Lacaze-Duthiers on various

Actinian types, the second and fourth pairs being transposed.

G. von Koch (1897) also describes and figures the order of development in ( 'iiryajdiyllia

cyathus, from the stage with two pairs of mesenteries to the completion of the first cycle. In

this species the order of appearance, sulisequent developiU(>nt, and luiion with the stomodanuu
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of the SIX pairs arc in perfect agreement witli Wilson's results. The arrangement on the com-

pletion of the six pairs represented in von Koch's tig. 1 exactly corresponds with that of the

adult Jladrc-jxira and Forites, that is, four pairs are complete and two pairs incomplete.

My own results upon the larva?, of Manicina areolata, so far as they go, conform with those

of Wilson. Stages with from three to six pairs of mesenteries have ])een obtained, the last (PI.

XIX, tig. 135), exactly reproducing the conditions of Koch's figure of Carnophyllia. The

young polyps of Manicina remained for a week or two at the Edwardsia-8\&.ge, the first cycle of

septa arising in the meantime. (See also p. .503.)

The various stages secured in the course of the development of Favia fragiim serve to sup-

plement the results of Wilson and von Koch on the two corals mentioned (Pis. XIII-XV, and

p. 508). The earliest stage (fig. 112) is from non-extruded larva' olitained from a decalcified

colony. Three pairs of mesenteries are present, but only one of the pairs is yet complete, and

this divides the coelenteric cavity into two unequal chambers. In the larger or dorsal chamber

a second pair of mesenteries occurs, the members of which, although incomplete, bear rudimen-

tarv mesenterial filaments. In the smaller ventral chamber tlie merest rudiments of another

mesenterial pair are also seen. The middle pair, as is generally the case in Actiniarian and

Madreporarian larva?, extends almost the whole length of the cavity, the filaments being strongly

developed all the way. The dorsal pair terminates some distance in advance of the aboral end,

while the ventral pair has a very restricted course, disappearing vertically before the inner end

of the stomodseum is reached, and centripetally never extending beyond the endodermal

layer. Clearly, from the proportional extent of their development, both radially and vertically,

the mesenteries have not appeared simultaneously, but represent the first, second, and third

bilateral pairs in the sequence.

Sections of Favla larvse which had been extruded for six hours reveal the next stage (fig.

113). Two pairs of mesenteries are here united with the stomodanim, and, by comparison with

the previous figure, the additional complete pair is evidently the dorsal—the second in the mesen-

terial sequence. The ventral pair is scarceh' better developed than in the former polyp,

but in sections immediately below the stomodseum a new pair—the fourth—has appeared at the

other extremity of the polyp, and dorsal to the second pair. A few sections below this are found

the rudiments of another pair, situated between the first and second pairs (fig. 114). These rep-

resent the fifth pair in the mesenterial order and traverse only a few sections. As yet there

are no indications of a corresponding pair between the first and third pairs.

Sections of another larva extruded at the same time present the conditions represented in

fig. 115. The first three pairs now extend as far as the stomodteum, though the third pair ceases

its connection in advance of the others. The fourth pair is more .strongly developed, and

rudiments of the fifth pair also occur at the stomodisal level, but are stronger below, where also

an additional pair—the sixth, situated between first and third, is apparent (fig. 116). Incipient

mesenterial filaments are present on the members of the third pair, while on the second pair they

are fully developed, but do not extend so far as on the first pair.

Finally, in larvfe which had just settled, four mesenterial pairs have become complete,

and the fifth and sixth pairs are well developed in the upper part of the column, but remain free

from the stomodanuii (fig. 105). All the complete pairs are provided with mesenterial filaments.

The series presented thus demonstrates that in regard to their proportional growth, both

vertically and radially, the time of union with the stomoda^um, and the appearance of the

mesenterial filaments, a definite bilateral sequence is followed in the development of the

protocnemes. The result is as follows:

(a) The first pair becomes the dorsal moiety of the ventro-lateral pair of mesenteries on each

side of the adult polyp.

(5) The second pair becomes the dorsal moiety of the dorso-lateral pairs of the adult polyp.

(c) The third pair forms the ventral directives.

{d) The fourth pair constitutes the dor.sal directives.

\e) The fifth pair becomes the ventral moiety of the dorso-lateral pair of mesenteries on each

side of the polyp.
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(
/') The .sixth jiair ))ccomes the veiitr.il moiety of tlio vcntro-hitcnii puirs of iiieseiitei'ies on

each side of the polyp.

Among the muiiy larva' .sectionizod very few irregularities have been met with. Sometimes

one member of a pair will appear in advance of the other; in one larva only five complete mesen-

teries occurred, one memt)er of the third pair having lagged behind. A young polyp settled for

some time still presented only three complete jjairs along with three incomplete pairs.

Although none of the other larvte which have been studied present so comjjlete a series as

F. fra(iui)i. yet all the evidence from them goes to support the sequence just established. They each

represent Facia at one or other of its developmental phases. Newl\--hatched larva- of lsophi///iii

dlpsnce-a contain three pairs of mesenteries, the pairs differing greatly in the extent of their

development (Pis. XVILXVIII). The middle pair again extends nearly the whole length of the

larva, and bears filaments which are strongly developed, especially at their lower extremity'. Of

the two smaller pairs, one is very rudimentary, while the other extends a short distance below the

stomodwum. The stage very closely corresponds with tliat in the earliest available larva of

F. fragum (fig. 112).

The non-exti"uded larva' of J'orltes i-lamria also reveal a phase with three pairs of mesente-

ries, while the mature polyps never get beyond the mesenterial stage with four j)airs complete

and two pairs incomplete— a stage represented by F. frayiuu at the time of Hxation.

The lar\;e of A(jarlcta agaricites on extrusion alreadj- possess the six pairs of primary

mesenteries, all extending nearly the full length of the larva, but oidy the first four pairs are

united with the stomoda'um (PI. XXV). I5elow the stomoda-al region all the twelve mesenteries

also l)ear well-developed me.senterial filaments. In this species, then, the stage reached by

the larva on hatching is directly compai'able with that in Faria fragum. Maiiicrna areoJata^ and

VaryaphyUhi cyatlniK at or about the time of fixation, as well as with the adult polyps of J'orifrs

and Madrepwa.
The earliest larva' of Slderasfra'a radiunx sectionized rexeal eight mesenteries arranged in

four l)ilateral pairs. The two lateral pairs, representing the first and second in the sequence, are

united with the stomodseum, while the dor.sal and ventral axial pairs, representing the directives,

are free. Of the two directive pairs, the ventral pair (III) is slightly larger than the dorsal pair

(IV), and in larva a little older the former becomes united with the stoniodaMu, while the latter

is still free. In larvw of about this age the fifth and sixth pairs make their appearance, and the

dorsal directives uiuting with the stomoda'um the larva has reached the 7r<7/'v//Y/.svV/-stage of

mesenterial development. Atal)outthis stage the lar\a undergoes fixation. Filaments do not

appear on any of the mesenteries until their eoiuiection with the stomoda?um has been fully

established, Init in most other sjx'cies they are formed while the mesentery is still free.

The order of appearance and su])sequent development of the primary twelve mesenteries,

within the sexually produced larvse and young polyps of the Madreporaria, thus appears to be

\ery uniform, for no exception to the se(iuence first established b\' Wilson and von Koch has yet

occurred. In the extent of its de\'elopment. and also in its strong mesenterial filaments, the first

pair to arise usually assumes predominance, and retains it until most of the other mesenteries

lieconie fully established. While the second and third pairs are scarcely apparent the first pair

may have grown nearly the full length of the larva, each niem1)er tipped with the mesenterial

filament all the way. The second, third, and fourth ])airs follow one another in regular succes-

sion, uniting with the stomodieum in the order of their aj^pearance.

In most Actinological studies the fifth and sixth pairs are stated to arise simultaneously, and

H. V. Wilson observes the same for Manicina. Though such may often be the case, instances

occur in which one pair a{)pears in advance of the other, and where the same pair becomes united

with the stomoda'um l)efore the other. Young polyps of a Sagartia from Beaufort, for which

I am indebted to Dr. C. Grave, all show in section that the liilateral pair between the first and

second Edwardsian pairs becomes inserted on the stomodieum in advance of the pair between the

first and third Edwardsian pairs. Another such instance occurs in the bud polyp of L'Jadoeoni

arliuscida, represented in transverse section on PI. VIII, lig. 6<t. The polyp was preserved in

a fully distended condition, the disk protruding in a cone-like manner above the zone of tentacles.
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Transverse sections through the discal cone reveal live pairs of complete mesenteries, without any
indications of others. The musculature is yet too feebly developed to allow of the paired charac-

ter of tiie mesenteries being established l)y this means alone, but the larger interspaces and the

examination of lower sections prove that the enumeration added is correct. In addition to the

four Edwardsian mesenteries, the liilateral pair between the first and second pairs is complete,

while the pair between the first and third, to be seen in the sections below, is still incomplete.

In sections through the actual column wall, below the stomodisal region, the six pairs of protoc-

nemes are equal in radial length, and six alternating pairs of metacnenies occur, the sulcar mem-
bers a little in advance of the sulcular. In this instance the lifth pair is again complete before

the sixth, and the first cycle of metacnemes is established before all the protocnemes are united

with the stomod:eum. In the bud of AsfniiH/Hi. represented on p. 4r(i(t, fig. 8'^ the fifth mesentery

on the right side is completed before the one on the left side.

In the section of the larva of Faviafragum^ represented in fig. 11-t, the pair between the

first and second Edwardsian pairs is already represented on the larval wall, some distance below
the stomodfeum. ))y small mesogheal enlargements, but no trace of any such enlargement yet

occurs between pairs I and III, where the sixth pair will be situated {cf. fig. 116).

From these examples there can be no doubt that though the fifth and sixth pairs may at times

appear simultaneously, j^et at other times an interval occurs. The pair of mesenteries between

the first and second protocnemic pairs is to be regarded as the fifth in the sequence, and the

pair between the first and third as the sixth or last in the development of the protocnemes. The
enumeration of these two pairs in H. V. Wilson's figures of the mesenteries in an attached larva

of Manicina (PI. V, fig. 39) should therefore be reversed.

In all the instances 3'et referred to, the fifth and sixth mesenterial pairs remain free from the

stomodfeum, and in numerous cases it has been found that this condition is retained for a very

lengthened period. In young pol3^ps of S. radians completion was not attained within the course

of four months, though the second cycle of mesenteries had appeared in the meantime. Likewise

in the young polyp of F. fraijaai. with four pairs of metacnemes, the\- are still free (PI. XIV,
fig. 109). All coral larva? appear to settle at or about the Edwards ia-fita,g(^ . and the septa then

begin to make their appearance.

No important resting stage, in the appearance of the protocnemes, seems to be indicated in

any of the investigations yet conducted on the Madreporaria, though the comparatively strong

development of the first pair must not be overlooked. With this possible exception, the develo^:)-

mentfrom the first to the sixth pair progresses with uninterrupted regularity, and the same ma}'

be said of the further growth of the first four pairs, as concerns their union with the stomodfeum,

but a prolonged interval separates the further development of the fifth and sixth pairs. Lacaze-

Duthiers and others have endeavored to establish several resting stages in the appearance of the

six pairs of primary mesenteries of the Actiniaria, but the Madreporaria afford little support for

such.

The incompletion of the fifth ai\d sixth j^rotocnemic pairs is j^ermanent in certain Zoantharia,

and therefore this condition can not necessarily be looked upon as a developmental resting stage

in the .sense of Lacaze-Duthiers. Wherever these pairs appear in the Actinian family Edwardsidie,

they remain free from the stomoda?um, and the same relationshij) holds for Gonactinia, etc.

Throughout the Zoantheie the fifth pair remains incomplete, and the sixth pair becomes complete

only in macrotypic members of the group. In the West Indian A/'2'>tas>a aiunda/a, (hes.), I have

found the pairs to remain free for the most part, although the second, third, and fourth orders of

mesenteries were fully developed. They remain permanentlj' free in Jfadrejjora and Porltes, even

when an increase beyond the iisual twelve takes place. Numerous other instances may be cited,

all tending to show that some significance attaches to the incompletion of the fifth and sixth

protocnemic pairs, as compared with the completion of the other four biliitcral i)airs. It is not

merely a lagging l)ehind in growth due to their later appearance.

My studies lead me to believe that the earliest corals and Actinians were characterized by
anisocnemic pairs (excepting the directives), as compared with the isoenemic pairs of later corals

and Actinians. To-dav. the former condition is retained in the Zoanthids, and in Pai^ites and
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Madrepm'ci, and a.s regards the protocnemes it persists for a long time in the growtli of all others.

The union with the stomoda'uni of the fifth and sixth protocneinic pairs is assumed after a time

b}' forms characterized by cycles of isocnemic mesenteries; but the\' remain incomplete in Actiii-

ians and corals (Zoanthids, Porites, Madrepor'a) characterized by anisocnemic paiis throughout.

Perhaps an earlier pliylogenetic stage is represented by the Cerianthids and Alcyonarians. in which

the incomplete moieties altogether fail to appear.

Much difference is apparent as regards the position at which the mesenteries first make their

appearance. The first two or three pairs seem to arise in the angle between the stomod»al wall

and the outer wall of the larva, and then to grow in both directions—that is, down the stomo-

dseal wall and the larval body wall, the latter extension being the more rapid. This is very

clearly shown in the figure of the living larva of I»oj}JtylJi(t, and in the sections through the oral

region (PL XVII). While the members of the middle pair extend all the way down the

stomodffial wall, and nearly as far as the aboral pole of the larva, the two smaller pairs pass

scarce!}' at all down the stomodauun, and only for a short distance along th(> larval wall. The three

first mesenterial pairs in luirUi probably arise in the same circumoral position. Init the fourth

pair is first apparent on the larval wall a little below the stomodseum (Pis. XIV, XV), and the

fifth and sixth paii'S arise still farther down.

Early bud polyps of Mudrrjiora also illustrate the same relationship (Pi. III). Here the

four primary mesenterial pairs are seen in the angle between the outer wall of the bud and the

stomoda?al wall. The}' extend the whole length of the stomodwum. and for souje distance along

the outer ccenosarcal wall. On the other hand, the rudiments of the fiftli and sixth pairs are

first seen on the outer wall, some distance removed from the oral aperture.

Probably in most Actiniaria and ]\Iadreporaria the fourth, fifth, and sixth protocnemic pairs

arise independently of the stomodwuni, and some way from the oral pole. When the appearance

of the tentacles has established the topographical regions of disk and column wall, the metacnemic

pairs are also found to arise somewhere on the latter, usually nearer the oral than the aboral

extremity. Only later do they grow upward, and then inwardly along the discal wall, and in

most cases ultimately reach the stomod^um and extend down it.

A mai'ked distinction may thus be established in the place of origin of the different mesen-

terial pairs, the distance from the oral apertures varying with the relative age of the mesenteries;

the earliest pairs arise circumorally, the later pairs are some distance removed. This further

supports the contention that the Anthozoa are not primitively cyclical forms, but suggest an

ancestry in which the organs appeared bilaterally, in an antero-posterior succession.

Several early stages, obtained in the development of bud polyps, suggest that in the asexual

method of increase thei"e is the closest agreement in the order of appearance of the mesenteries

with that above described foi' the sexually produced polyps. The earliest stages have not been

secured, and the evidence is therefore not so complete as in the larvae The youngest ])ud is one

of Chrdocord arhiiHctda, in which eight protocnemes are already present, all united with the

stomodanun. Shortly below the stomoda^mi onl}' four mesenteries remain, and bear mesenterial

filaments; then two of these disappear, and the remaining couple are continued much farther, and

))ear filaments almost to their termination. The musculature at this stage is too weak to permit

of the actual arrangement in pairs being determined by means of it, but from the greater length

of one pair of mesenteries, and the stronger development of its filaments, it may reasonably be

assumed that it represents the fii'st pair of mesenteries, and that the order of disappeai'ance of

the others indicates their successive origin.

In other buds of C'ladoconi examined, all the protocnemes are already developed, the

Edwardsian mesenteries complete, and the fifth and sixth pairs incomplete, just as in larva? at or

about the time of fixation (PI. VIII, fig. 01). Buds of Solcnmfrxa have also been secured, in

which only four pairs of mesenteries are complete and ))ear mesenterial filaments, while the two

incomplete pairs are without filaments, and disappear in advance of the other mesenteries (Pis.

XI and XII). The bud polyp of Asti^angia, whose mesenterial plan is represented on p. -1:60,

indicates a somewhat later stage. In the very early l)ud of Mtidrepom. alr(>ady I'cferred to. all
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the protocnemes are present, but their relative sizes are in conforiiiit,y with those of the Inids of

Chtdoc/ira and Soli'/iasfra'a, and may indicate a like successive origin.

Summarizing, we find: (1) That the twelve protocnemes arise as six bilateral pairs in a defi-

nite sequence, which is probably the same throughout the Madreporaria, and conforms with that

characteristic of most Actiniaria. (2) The first two or three pairs arise at the angle l)etween the

stomoda>um and the larval wall, while the later mesenteries first appear on the column wall, some
distance from the oral aperture. (3) Two pairs of directives are always present, formed from
the third and fourth pairs of the mesenterial sequence. (4) The first four pairs unite with the

stomodicum in the order of their appearance {Edwardsia-stnge^, and a long interval elapses

before the fifth and sixth pairs become complete; the fifth pair may develop somewhat in advance

of the sixth pair. In some cases the fifth and sixth pairs are permanently incomplete. (5) The
development of the protocnemes in asexualh^ produced buds is in close agreement with that of

sexually produced polyps.

FIRST CYCLE OF METACNEMES.

While much attention has been given to the order of appearance of the six pairs of protoc-

nemes in the Madreporaria and Actiniaria, comparatively few observations have been recorded

with regard to the order of development of the pairs of metacnemes. For the Madreporaria,

the establishment of the latter becomes a matter of great importance, seeing that upon it is

dependent the order of appearance of the septa, a question already nmch discussed by students

of the hard part of corals, but with varying results.

The transition from the protocnemic to the metacnemic stage of Anthozoan development is

one of the greatest morphological significance. Lacaze-Duthiers (1872) was the first to realize

this in the Actinia\ and in his resume of the development oiActinhi equina (p. 3(32) he writes:

" Le nombre, la grandeur, la position et la sjmimetrie des pai'ties ne sontpas determines par

les memes lois a toutes les epoques. Ainsi la loi qui preside a la multiplication des parties depuis

Torigine jusqu' au nomljre douze, n'est pas la meme que celle qui r%it la multiplication apres

que ce chiffre est atteint."

As regards sexually produced coral polyps, no previous accounts of the actual order of appear-

ance followed by the metacnemes are available. The embryological oliservations of Lacaze-

Duthiers, von Koch, and Wilson, so far as concerns the polyps themselves, practicallj^ cease with

the protocnemic stage. Wilson describes the mesenterial condition in young polyps of Manicina,

but gives no account of the sequence according to which the .stages have been reached.

I have been fortunate in rearing young polyps of Siderastrsea radians as far as the

completion of the first cycle of metacnemes, and the various stages in the appearance of the

latter have been obtained. Full details will l)e publislicd later, but the diagrammatic figs. 6 {a-c)

indicate the actual results. The polyps at fixation contained onlj' the six pairs of protocnemes,

as usual, four pairs complete and two pairs incomplete. The fact that the protocnemes retain

this proportional development enables the dorsal and ventral, or sulcular and sulcar aspects, to be

determined. The polyps remained thus for about a month, the first and second cycles of tentacles

appearing in the meantime; then, in the largest specimens, a mesenterial pair was observed

within the dorsal exoccele on each side, situated toward the aboral region of the column. A few
daj-s afterwards, a similar mesenterial pair appeared within each of the middle exocceles, the

dorsal pairs at the same time extending higher up the column. Later, a mesenterial pair was
formed within each of the ventral exocceles; so that six new isocnemic pairs were now present,

diminishing in vertical and radial length from the dorsal to the ventral side of the polyp,

according to their order of appearance. The fifth and sixth protocnemic pairs remained

incomplete throughout.

The six unilateral pairs of mesenteries, of three different sizes, continued their growth j^ri

passu with that of the polyps as a whole, and when the latter were about three months old became

nearly equal in size, constituting a distinct second cycle. In time, the mesenteries, growing both

upward and downward, extended the full IcMigth of the column and partly acro.ss the disk, but in
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IK) instaiuo did they stretch wholly across, and become united with the stomodfeum. Subsequent

pxaniination. hy means of sections, showed that in each pair the retractor muscles were disposed

on the faces turned toward each other, thus resembling the unilateral pairs of the first cycle.

B

Ir.

Sidtraslra-a milians.—Three diagrammatic figures illustrating the order oj appearance o£ the first cycle iif metacnemes in larval polyps.
The Roman numerals I are opposite the protoencmic pairs, and the letters A-C indicate the succession of the metacnemes.

While the actual mode of appeaianc(> of the mesenteries could be thus followed step by step in

Siderastrivd, young polyps of Fai'lafraguin were obtained with the mesenterial conditions shown
on pp. 509, 510, and from these certain conclusions are Marrantcd. Four pairs of second-cycle mes-
enteries are present in fig. 15^, in addition to the six pairs of protocnemes. Of the four metacnemic
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pairs, the two larger are situated witliin tlie dorsal or sulcular exoccele on each side of the polyp,

and the two smaller pairs are within the middle exoca>le on each side (see also, PI. XIV, tig. 109).

In addition to these two instances, a number of eaidy mesenterial stages have been secured

from young buds, and there is little doubt that the process of metacnemic development in these is

exactl}' the same as that followed by polyps with direct larval predecessors.

Fig. 86, on PI. XII, represents a transverse section through the stomodteal region of an

expanded bud of Solcmistru'd. I'he protocnemes are in the Etl/'x( /'dxia-sta.ge of development,

and within each of the dorsal or sulcular exocoeles a pair of metacnemes has appeared. Sections

of the same bud, taken a little below the iniici- termination of the stomodseum, reveal, in addition,

a rudimentary pair of metacnemes within the middle exoc(ele on the right side, though no trace

of new mesenteries appears in the left middle exoccele; the sulcular pairs are also much further

developed than in the upper region, and are much larger than the single middle pair (fig. 87).

The stomodival region of another bud of Solenastra»a, somewhat younger than the former, is

represented on PI. XI, tig. 82. Of the protocnemes, four pairs again are complete and two

pairs incomplete. In this instance the first two pairs of metacnemes are very rudimentar3', and

aj^pear within the middle lateral exocieles. not as before, within the sulcular exocceles. The new

pairs are slightly better develoj^ed in sections somewhat lower, but no dorsal or ventral pairs were

encountered.

In later buds of SoJcna.ttried six pairs of metacnemes occur, a pair within each of the primary

exocfBles, and these exhibit a developmental succession from the suk^ular (dorsal, axial) aspect to

the sulcar (ventral, abaxial). In older buds all the pairs are equal in size, forming a regular

hexameral second cycle, and this is the adult condition of most of the polyps in a colony (fig. 81).

The diagrammatic representation of the mesenteries of a young polyp of Axtnaigid xolUaria

on p. -160, also indicates a like dorso-ventral succession for the second order of mesenteries in

this species.

Buds of CUtdocora ui'lmxcuht reveal somewhat similar conditions in the appearance of the

metacnemes (p. -1:58). Fig. 61, on PI. V^III, represents a transverse section through a bud in

which two pairs of mesenteries are present, in addition to the six pairs of protocnemes; of the

latter onh' the Edwardsian mesenteries are complete and bear mesenterial filaments. The two

pairs of metacnemes (A, A) are very rudimentary, and extend but a short distance down the

column wall, and are devoid of mesenterial filaments. The proportional development of the

protocnemes enables the dorsal and ventral aspects of the polyps to be determined, and serves

to indicate that in Vladocora the first metacnemes appear within the ventral or sulcar exocoeles,

as compared with their dorsal or sulcular origin in Solenastnva (PI. XII). Comparing fig. 87 with

fig. 61. the sulcar aspect in both genera is seen to be the outer or abaxial with regard to the rest

of the colony, while the sulcular is the inner or axial; therefore, in the two species the metacnemic

succession proceeds from opposite aspects.

PI. VIII. fig. 62, represents a transverse section through a somewhat older bud of Vladvcorn.

The specimen is exceptional in that the dorso-lateral pair of protocnemes is missing from the

left side, so that the polyp is pentamerous. Five alternating pairs of metacnemes also are

present, and their interest in the present connection lies in the fact that they show a marked

gradation in the extent of their development, in passing from the outer to the inner aspect.

Mesenterial filaments occur on the pairs in the sulco-lateral exocu?les, and the longitudinal

muscular fibers are also determinable. This latter character is apparent on the metjicnemes in

the middle lateral exocceles, but no trace of mesenterial filaments occurs. The single pair in the

sulculo-lateral exoccele is very rudimentary. The proportional development indicates the same

relationship as fig. 61. nameh', that the metacnemic se(juence is from the abaxial to the axial

border of the polyp. At a little later stage the polyps of Cladueoru consist of six protocnemic

pairs, all the members complete, and of six alternating metacnemic pairs, all incomplete and

equally developed. Many jjolyps in a colonj' are found in this condition.

The manner of appearance of the first cycle of metacnemes in asexually produced coral

pol3'ps is thus in closest agreement with that in larval polyps. In both cases they arise as

isocnemic pairs within the six primary exocoeles, and in bilateral order from one aspect of
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the polyp to the other, the aspect viuying, however, in ditl'erent species. In Sidetyistrxa,

Solendstrse.a, Favia, and Astmiigia the succession is from the dorsal to the ventral side, in buds

of CJadocc/ra from the ventral to the dorsal. The exceptional succession in the latter may be

in some way dependent upon the more rapid growth which tiikes place on the abaxial side of

the buds, as compared with the axial. Before it can Ije regarded as actually characteristic

IT TE

B

Fig. 7.

Vladocina arbusnda.—FoxiT diagrammatic figures illustrating the order of appearance of the mesenteries In bud polyps (r/. Pis. VI-VIII).

(In b the lower bilateral pair marked V, V, should have I)een lettered VI, VI.)

of the species, it will be necessary to follow the sequence in polyps reared directly from larvfe,

as in the case of Siderustrs'a. Until such is carried out, it may be taken as a general rule that

the development of the second order of mesenteries is from the dorsal to the ventral aspect

of the i^olyp; that is, from the anterior to the posterior border.
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A wide distinction in tiieir niaiiuer of appearance thus separates the members of tlie second

order of mesenteries from those of the first order. The primary mesenteries appeal- in hilatei^al

pairs, in a succession which is first toward one aspect and tlien toward the other aspect of

the polyp, and so on, and only later do they constitute unilateral pairs, in which the musculature

is on the faces turned toward each other. With the exception of the directive pairs, the two

members of each unilateral pair arise at different times, the dorso-lateral pairs being constituted

of mesenteries II and V, and the ventro-lateral pairs of mesenteries I and VI, in the protocnemic

sequence; and for a long period the lateral pairs are anisocnemic. The secondary mesenteries also

arise in a bilateral manner, but are in uitllateml {hocnem ie) jxiiI's from thehHjiiuving, and in any

polyp the\' are formed in only one succession, from the dorsal to the ventral aspect, alternating

with the primary pairs, and situated within the primary exocceles. In mature polyps the secondary

mesenteries are all equal, except perhaps in their vertical extent, and are arranged around the

polypal wall with perfect hexameral radial symmetry, all traces of their bilateral succession

being lost.

Where coi-al polj'ps attain consideraiile size, as in Orhieella careniona and PhyUangla

ainei'icana, the members of the second order of mesenteries often become united with the

stomodffium. In doing so they follow the same antero-posterior succession as that characteristic

of their order of appearance in the young polyp (see fig. 9A, p. i64).

SECOND CYCLE OF METACNEMES.

The order of appearance of the second cycle of metacnemes, or third order of mesenteries,

may now be considered. Tliese, wlien complete, consist of twelve equal pairs, a pair within

eacli of the exocQ?les between the protocnemes and the first-cycle metacnemes. The succession

has not been followed upon any coral polyp reared directly from the larva, but sufficient evidence

is forthcoming from the asexually produced polyps of several species to indicate in a general

waj' the manner in wliich it is carried out.

Mature polyps of Cladoc<»^a arhuscula and Astrangia solitaria usually contain a certain num-

ber of second-order metacnemes, but apparently never the full complement of twelve pairs. It

is therefore possit)le to obtain from these cei-tain intermediate stages in the establishment of the

cycle. PL VI, fig. 49, represents a section through the stomoda?al region of a polyp of Gladocora

with sixteen pairs of mesenteries. Of these the six complete pairs are jirotocnemes, the six alter-

nating pairs are first-cycle metacnemes, and the four pairs remaining are the only representa-

tives of the second-cycle metacnemes. The latter are but feeblj^ developed, and without

mesenterial filaments. The fact of greatest importance, in comiection with the four new pairs

of mesenteries, is their restriction to only one exocoele within each of the six primar\' systems;

they are not developed in both the exocceles within the two ventral sj'stems, as considerations of

symmetry would suggest. It will be also obsei-ved that in each case thej- occur within the

exoccele on the dorsal asjaect of the second-order mesenteries {ef\ p. 4.58).

The polyps of Cladocora arhuscula very rarelj^ pass beyond the stage with- sixteen mesen-

teries, whicli corresponds externally with thirty-two tentacles. For the further mesenterial

sequence therefore other species will be employed.

All the members of an isolated group of eight separate pol_yps of Astrangia, solitaria were

decalcified and sectionized, and the stage reached in the mesenterial development of each is

diagrammaticalh' represented in figs. 8 {a-g). Camera lueida drawings of a transverse section

from two difl:erent individuals are also given on Pis. V and VI, figs. 43, 47. The seven

diagrammatic figures reveal that no two polyps in the group were alike in their mesenterial

arrangement, so that the series may be taken as affording a fairly complete representation of

the order of mesenterial development generally followed in this species.

Fig. 8« is taken fi-om the smallest of the poh'ps. In this instance three members of the

protocnemes are still incomplete, and only four pairs of metacnemes have yet appeared, situated

within the dorsal and the middle primary exocceles. The sequence of the first-cycle metacnemes

is evidently similar to that of the polyps of Siderastrxa above described (p. 45(!). In the next
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hirgest pol_vp (tig. 8'^) the tir.st two cycles of mesenteries are fully established, a pair of metaenemes

having appeared within each of the six primary exocceles.

n

Aalranffia solilaria.—Fig. 8. Series of diagrammatic figures (a-g) illustrating the order of appearance of the mesenteries of the flist and
second cycles of metaenemes. «, Four isocncmic pairs of the first cycle of metaenemes are present (II), while three of the protocnemes

are not yet united with the stomodseum.

n n

Fig. s6.

Aatranfjia gnlitarin.—The protocnemes are all complete, and the si.\ pairs of first-cycle metaenemes have all appeared.

Fig. Sc presents the tirst appearance of the third-cycle mesenteries or second-cycle metaenemes.

which are to be especially studied. A new pair of mesenteries has appeared within the exoc(jele



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 461

on each side of the dorsal directives and the pair of dorsal second-cycle mesenteries, and a similar

pair within the left middle system III.

n

Fig. 8e.

Aslrangia solUaria.—Three pairs of second-fyele metaonemes (III) have arisen toward the dorsal aspect of the polyp.

Fig. 8d.

Astrangia salitarla.—Two additional pairs of second-cycle metacneme-s have appeared: as yet only a single i>nir of second-cycle metacncmes
is contained within each primary exoctelc.

In fig. 8d two additional pairs occur, one in the right middle system, and one in tlie left

ventral system. Two other polyps sectionized from another colon\- exactly correspond with

fig. 8^.

Vol. 8—No. 7 5
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The polyp from which tig. 8e was taken contains a like number of mesenteries, but the right

middle system includes onh" one pair of mesenteries, while the right ventral has two.

m in

Fig. 8e.

Aslranffia sotitaria.—The development of the mesenteries within the ventral exocoelic chambers is exceptional in that it is in

advance of that in the right middle exoeoele (c/, fig. 47, PI. VII.

In tig. 8/j from another polyp, a third-cycle pair occurs in each of the six i^rimary systems.

m nr

n n
m
Fig. S/.

Astraiifjia svUtaria.—A pair c»f second-cycle metacnemes now occurs within each primary exoeoele.
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So far the series serves to demonstrate the important fact, first suggested t)y Oladoan'a,

that in the establishment of the third oi'der of mesenteries only a single pair lirst arises within

each of the six primary sj'stems, not two pairs—one in the exocoele on each side of the second-

cycle pair—as might have been expected. Further, the pairs do not appear simultaneouslj', any

more than do the members of the first and second cycles. They present evidence of a general,

though not rigid, succession from one border of the polyj) to the other. What this aspect is,

whether dorsal or ventral, can not be determined in polyps at this late stage, seeing that the

protocnemes are all complete. In isolated polyps apparently no means is available for such an

important determination; the relative sizes and vertical extent of the second-cycle mesenteries

are of no assistance. The latter are now practically of the same size, and any variation they

may present is of very uncertain value. However, as in most species the succession of the second-

cycle mesenteries is found to be from the dorsal to the ventral aspect, I have disposed the figures

in such a way that they indicate a like succession for the first six members of the third cycle.

m -^ HI

m

IT

Fig. ig.

Astrangia mliiaria.—Au additional pair of tertiary mesenteries has appeared wittiin the right middle exoccele (</* tig. 43, PI. V).

In some instances (fig. Sc) the growth is more rapid on one side than on the other, and in fig. %e

the right middle pair has lagged Ijohind. In ^-1. soltturla, at any rate, a certain amount of

individuality in growth is exhibited by each sextant, and mesenteries may appear in one irrespective

of the condition in other divisions.

Clearl}-, in order to complete the third cycle of mesenteries according to the hexameral plan,

a second pair of mesenteries must now arise in each of the six i^rimary systems, and within the

exoccele on the ventral aspect of each of the second-cycle mesenteries.

Such has already taken place in fig. ^g in connection with the rigiit middle system, but a

lagging behind occurs in the left ventral system, as only a single mesenterial pair is yet developed.

Polyps of AsfraiKjlaxiiUtdria rarely exhibit more than seven or eight third-cycle mesenteries;

no specimen with the full twelve pairs has been met with. The further stages necessary to

complete the third order may, however, be obtained from the larger polyps of the closely allied

Phylldngia ainericana.
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Fig. 9/t represents a transverse section throiiuh a polyp of P. innertcdiKi. in whicli ten pairs

of mesenteries are eompletc; six pairs represent the protocnemes, while the other four pairs

belono- to the second order. The remaining two pairs of secondaries are still incomplete. The

full complement of twelve tertiary pairs is present, except for one pair in the dorsal exoccele of

the two ventral primary systems. Here, as before, it will l)c understood that the dorsal and

ventral aspects wer(> not actually deterniiiia)>lc.

Fig. it/, from a still largt'r polyp of Plnjlhuujin. reveals twelve pairs of complete mesenteries

belongiiu'- to the first and second orders, and twelve alternating pairs of incomplete mesenteries

representing the third order. At the dorsal extremity a few pairs of mesenteries of the fourth

order liave also appeared. Polyps of Phijlhuui'ia rarely contain more than this number of

mesenteries, so that it has not been possible to follow tiie method of growth of the fourth

order. All that can be asserted from tig. 9/ is that the mesenteries of the fourth order begin to

Fig. 971.

Phyllanrjia omerimna.—Order of appearance of the metacncmes continued. Other pairs of second-cyele metacncmes (III) are present, and

four pairs of the first-cycle metacnemes (11) are now united with the stomodteum. The succession of growth is from the dorsal to the

ventral aspect. .

make their appearance at one extremity of the polyp, which is pii>b;d)ly the same as that at which

the members of the second and third orders first arise.

The sections of the polyps of Farin fragam represented on page 51t>, and of Manicina areolatn

on page 504, reveal that in the.se .species the order of appearance of the third-cycle mesenteries

follows a succession closely comparable with that in Clad^cora. Asfni/ir/ni, and Phylhnigia.

The order in which the twche pairs of tertiary mesenteries are developed may be thus

summarized:

The members of the third order of mesenteries arise in successive isocnemic pairs, after

the establishment of the secondarj' mesenteries, within the exoctelic chambers between the

pairs of the first and second orders of mesenteries. In a general way, two stages of growth are

distinguishable: First, a single pair arises within each of the six primary .systems, that is, within

onlj' one of the two exocceles, the succession being from one aspect of the polyp to the
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other; second, another pair appears within each of the remaining exocojiic chambers, thedilferent

members of the series of six paii's following the same succession as the first series of six pairs.

The regularit}' is liy no means strictly adhered to; growth in one sextant of the polyp may
be in advance of gi'owth in another, independently of the general dorso-ventral succession.

Part or all of the twelve pairs necessary to complete the order may be characteristic of any

species. Ultimately all the tertiary pairs attain the same radial extent, which is less than that

of the secondaries.

APPEARANCE OF MESENTERIES IN POLYPS REPRODUCING BY FISSION.

All the examples referred to above, as attaining a cyclical dispositioh of the mesenteries in

the adult polyp, are species reproducing asexually by gemmation. A perfect regularity, as regards

the radial length of the mesenteries of the different cycles, obtains in these, exactly as in sexually

Fig. 9i.

' Phyllangia americana.—All the secondary mosenteries are now united with the stomodseum. and along with the members of the tirst order

(protoenemes) constitute the first cycle of mesenteries. Four pairs of third-cycle metacnemes (fourth-order mesenteries, IV t have

appeared on the dorsal side.

produced polyps. The organs do not continue their growth indefinitely until reaching the

stomodieum; only the members of the first order of six pairs, or, in larger polyps, those of

the second order also, become united with the stomodseum. The remaining orders extend for

definite radial distances from the body wall, uniform for the menii)ers of any one cycle, and in

the main cliaracteristic of the species. The adult arrangement lias been shown to be otherwise

with species in which asexual reproduction by oral fission prevails; and this whether the new

polyps become distinct, each with its own tentacular system, or whether they remain incompletely

.separated, and give rise to meandering tentacular and discal systems (p. 448).

In describing the mesenterial arrangement in the genera Mivandrtua and Colpoj^hylUa

(p. 440), it was found tluit the mesenteries at most are divisible into only complete and incomplete

pairs, but that the alternation is b\- no means constant. Sometimes several complete pairs are

found without anj' intervening incomplete pairs, while, when the latter do occur, they are very
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variable in the extent of their development. One pair may extend nearly as far as the stomoda?iim,

while another may bo m('r(^ly incipient; further, the complete or inconii)li'te pairs belonging- to

opposite sides bear no bihitcral relation to one another.

In these genera, therefore, the mesenteries manifestly arise in single exoccelic pairs at almost

any region of the colony, though more freely in the regions 'of forward growth. The new

jKiirs, however, do not continue as a separate incomplete cycle, but become larger and larger, and

ultimately come into union with the stomodseum, w hile otlicr new pairs appear in the meantime.

Similar relationships of the mesenteries are also dt>scrit)ed for Z^np/ii/Ilia, Favia^ Acjoriria.

and others. In transverse sections mesenteries of all sizes are found, representing ditl'erent

stages of growth, but without any regular alternation of small and large pairs; the Roman
numerals only approximately indicate any ordinal relationships of the pairs. Here again, one can

only assume that the ditierent pairs arise for the most part independently of any cyclic plan, and

that each pair continues to increase in size, and may ultimately become complete. If the polyp

be in an actively growing condition, fission will again step in, the mesenteries which before

were incomplete now become complete, and new pairs continue to arise in the daughter polyps

in the same irregular fashion.

When the very regular cyclic arrangement of young polyps of Jfanidna nrcdhda is com-

pared witli that after fission is well established (p. .503, ct *ry.), it is seen that the order of appear-

ance of the mesenteries is becoming fifndamentally altered. It is manifest that single pairs arise

at any point, and grow independently of the others already present, so that in different primary

cxocxeles they may be one, two, three, or even four incomplete pairs.

It may therefore be accepted as a general rule, that in genera reproducing by fission, the

mesenteries are not developed according to any regular cyclical sequence, once fission has become

estaldished; but they arise as isolated exoctelic pairs, in regions of most forward growth, and

each and all the pairs may ultimately become complete. This is moi-e fully illusti-ated under

fission in JShinivlna and Fai'la (p. .502, ct seij).

INCREASE OF MESENTERIES IN PORITES.

As already mention(Hl, the tentacles and mesenteries in the genus Porltex are always twelve

in number, and larval in the extent of their development, the Edwardsian mesenteries alone being

complete. Very exceptionally polyps are met with in which these organs may be increased to

fourteen, sixteen, or even twenty-four, the polyps maintaining a circular form, like that of the

ordinary polyp, only larger. Similar numerical increases are likewise occasionally found in the

septa of individual corallites. A studj^ of transverse sections of these lai-ger polyps reveals that

the increase in the number of mesenteries proceeds in a n)anner different from any yet described

in the ^ladreporaria. The diagrammatic figures 10 and 11, and the camera drawings on PI. V
(fig.s. 41, 1:2), will serve to explain the various sequences followed.

In fig. 41, and lOff, is represented a transverse section through the stomodroal region of a polyp

in which fourteen mesenteries are present, that is, two beyond the usual number. The twelve

primarj' mesenteries are easily determinable from the arrangement of the retractor muscles, and

retain their original condition, that is, four i)airs (I-IV) are complete and two pairs (V, VI) are

incomplete. Within the sulcar or ventral entoccele, however, another complete pair (A, A) has

been added, and the sulcar directives are pushed farther apart. The retractor muscles on the

newly added pair are on the faces of the mesenteries turned toward each other, so that each forms

with the adjacent directive mesentery a unilateral pair, in which the retractor muscles are on the

mesenterial faces turned from one another as in directives proper.

The next stage (fig. lOJ) obtained is one in which eighteen mesenteries occur: fourteen are in

the same condition as in the previous polyp, and the four additional members are situated within

the entocceie of the seventh pair. The l)ilateral pair, B, B, is very rudimentary at this level, but

becomes proportionally better developed a short distance below the stomoda^al region; each

member forms with the adjacent moiety of pair C, C a unilateral, anisocnemic pair, in which the

retractor muscles are vis-a-vis. A similar stage is represented in the next figure (fig. H),).

except that an unpaired complete mesentery is added within the entocceie of the hist liilateral
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pair C, C. In the polyp from which fig-. li)(l was talten a pair of (-omplete mesenteries occurs,

in place of the unpaired member of the previous polyp. Below the stomoda?al reg'ion, the mem-
bers of pair D, D are found to belong to the smaller series, corresponding in size with pair B, B.

Fig. 10a.

Poritea.—Fig. 10. Increase of mesenteries beyond the protocnemic stage, as exhibited by various polyps. The six pairs numbered I-VI and
represented by thicker lines are the protocnemes. a. An arlditional bilateral complete pair(.\. A) occurs within the exoccele of the

ventral pair of directives.

All the additions thus far arc within the entoccele of the ventral pair of directives, but in

fig. 11 the new mesenteries are disposed within the entocosle of the dorsal directives. In lla,

Fib. 106.

Poritca.—Two further bilateral pairs have been added; one (B, B) incomplete, an'l another (C, C) complete. Mesenteries III. A, on each,

side form unilateral isocnemic pairs, in which the retractor muscles are on the faces of the mesenteries turned away from each other,

as in directives; mesenteries B. C, on each side constitute unilateral anisocnemic pairs.

three bilateral pairs are represented, all tlie members of which are attached to the stomodteum.

The retractor muscles are so disposed that, as in the previous instances, the members of the first
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new pair form with the adjacent members of the primary directives an isocnemic pair of directives

on each side, and the moieties of the next two bilateral pairs form a pair on each side, in which

the muscles are turned toward each other.

Fig. 10..-.

Porites.—A single additional mesentery (D) has appeared without a eiirresponding member to form a pair.

Fig. lib is the diagrammatic representation of fig. 42, PI. V, which is taken from a section of an

enlarged polj'p of Poritcs. The figure of the section will give some idea of the difiicultios involved

in unraveling the relationships of the various mesenteries to one another. It is onlv by deter-

Poritrs.—FnuT additional bilateral jiairs are present. The pair D, D is uniteil with the stomodaum, but below this region is shorter than

pair C, C, showing that it belongs to the mieroonemic series.

mining the faces of the mesenteries bearing the retractor muscles, and the proportional sizes of

the mesenteries, that the primary and the later mesenteries can be established in their relations'

to one another. Comparing tig. ll^.i with fig. 42, it is seen how the pairs in the actual section
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correspond one by one with those in the diagrammatic plan. It is further manifest that no other

arrangement of the pairs than that ottered would represent the primary mesenteries with the

characteristics they present in ordinary polyps. In the region here figured, the dorsal directives

Porites.—Fig. n. Increase of mesenteries continued. All the additions occur within the dorsal directive entoccele. a, Three new pairs

(A, C) occur, all of which are united within the stomodsium.

belong to the smaller series of mesenteries as well as the new bilateral pair next to them, and as

in the previous figure the adjacent moieties of each pair constitute a pair of directives. The

PoriVra.—Section of another polyp, helow tlio stomodieal region. Mesenteries IV, A, on each side constitute mierodirectives, and B, C are

uliiNocncnnc pairs (cf. PI, V, fig, 42).

next two mesenteries on each side form a unilateral pair in which the ventral moiety is large and

the dorsal small.
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Fig. lie is from a transverse section tlirough the stomodseal region of a ijolj'p in which twenty-

four mesenteries are present, arranged in twelve bilateral pairs. The primary dorsal directives

(IV, IV) are incomplete at this level, as often happens in ordinary polyps. The unilateral paired

arrangement of the six new pairs of mesenteries, as regards the complete and incomplete moieties,

is exactly the reverse of that of the primarj^ mesenteries. In the former, the incomplete

members have their musculature on faces directed ventralwards, while in the latter it is toward

the dorsal aspect. Four isocncmic pairs occur in which the retractor muscles are on the faces

turned away from one another (directives), and eight anisocnemic pairs in which the musculature

is on the faces turned toward each other.

Of the many living polyps examined, none showed a stage lieyond that represented in fig. lU:

In one or two instances where twentj'-four mesenteries occurred, the stomodaum was found

to have undergone fission in the dorso-ventral or directive plane, and with each stomodaeal tube

were associated six pairs of mesenteries, arranged exactly as in ordinary polyp. Of the six pairs

in each fission polyp, three belong to the primary series of mesenteries, and three to the later

formed pairs (p. 514).

E ^ ^
D

Porilf\-<.—Six new mesenterial piiirs Iiave Hi.peiire<l. equaling in number and eorrespondiiiir in arrangement, only in reverse order, with the

protucncmes.

The results may he summai'ized as follows:

1. In P<>r/'/>:s new m(\senteries beyond the primai'v six pairs are added at only one region,

which is within either the doi'sal or the ventral directive entoccele.

2. The additional mesenteries appear successively in complete or incomplete bilateral pairs,

the latest formed arising within the entocoele of the previously formed pair. Sometimes the

moiety of a pair on one side may arise a little in advance of the moiety on the other side.

3. The longitudinal muscles on the mesenteries are so arranged that the members of the

first additional pair constitute with the sulcar or sulculai' directives, as the case may be, two

isocnemic pairs, in which the musculature is on the faces tui'iied away from one another. In the

succeeding ))ilaterai \)airs, tlie musculature is alternately on opposite faces, so that the eighth

and ninth bilateral \kuvh on each side form a unilateral ])uii- in which the muscular faces are

turned toward each other, and likewise the tenth and eleventh pairs. On the twelfth bilateral

pair the retractor muscles are on opposite faces, as in directives ])roper.

4. Below the stomodroal region both the primary and additional pairs consist of alternately
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longer and shorter mesenteries (anisocnemic), with the exception of the directives, which, whether

lateral or axial, consist of equal moieties (isocnemic).

5. When the numlwr of mesenteries in a polyp reaches twelve pairs, stomodseal fission maj'

take place, in such a manner that six primarj- and six new mesenteries are associated with each

stomodteum.

A great distinction is thus established between the manner of appearance of the metacnemes

in Porites and that in other coral polyps. In the former, the additions are shown to take place in

bilateral pairs at only one region, and within an entocoele, while in the latter it has been shown

that the additions are made in unilateral pairs all round the polyps, within the six primary

exoccelic chambers. In Porites, the unilateral pairs consist of a larger and a smaller moiety

(anisocnemic). without the formation of hexameral cycles, while in other Madreporaria the

members of a pair are alike in size throughout (isocnemic), and in the end the diffei'ent pairs

constitute cycles.

Later results suggest that the additions in Porites are to be regarded as stages in the process

of fissiparous gemmation. (See foot-note, p. 496.)

INCREASE OF MESENTERIES IN MADREPORA.

In a recentl_y published paper," I have fully described the peculiar manner in which the

increase of mesenteries beyond the protocnemic stage takes place in Madrepora. The process

is again alluded to on p. 51.5, in connection with fission in Madrepora, and is illusti-ated by three

diagrammatic figures (fig. ISff-c). Fundamentally, the increase takes place in the same manner

as in Porites, that is, by liilateral pairs, which are disposed within the directive axial entocoele.

But in any one polyp of ILtdri-pora additions are made at both extremities, whereas, in Porites,

they are restricted in any one polyp to either the dorsal or the ventral directive entocoele.

Six new pairs seem to rise simultaneousl}^ in Madrepora , as against the successive order in

Porites; for some time one or two of the paii's may be united with the two stomodajal tubes,

without any connection with the column wall.

MESENTERIAL FILAMENTS.

The edges of all the complete mesenteries, after ceasing their connection with the

stomoda-um, are provided with the Anthozoan structures known as mesenterial or gastric

filaments, and likewise the free edge of most of the other mesenteries, which at no time extend

transversely so as to reach the stomodseum. In dissected polyps the filaments appear as

dense, white, thread-like organs, connected with the mesenteries, usually straight and \'ertically

descending in the upper region, hut greatly convoluted below. In the living condition, they are

frequently extruded through the mouth and polypal wall, as white coiled threads, along with the

portion of the mesenteiy to which they are attached. They are generally strongly marked ofi'

from the rest of the tissues in microscopic preparations, on account of the lirightly-staining

character of their cellular constituents.

On the incomplete mesenteries, the filaments, as a nile, commence a short distance from the

uppermost region of the polyp, and terminate below somewhat In advance of the mesenter\';

occasionally thej- are absent from the last cycle of mesenteries, or remain incipient. On
the other hand, the filaments are borne by the complete mesenteries only after ceasing their

connection with the stomoda'um. At first they arc straight, but soon become greatlv

convoluted, on some mesenteries more than on others.

Structurally, the filaments display the same essential characters in all the species examined,

and are simpler than the coi'responding organs in the majority of Actiniaria. Throughout the

]\Iadreporaria, so far as yet known, the actual filament consists of only a single median lobe, in

contrast with the trilobed condition of most Actinian filaments. In transverse sections the

organs appear as cordate or disk-like expansions of the edge of the mesenteries. In addition

to the actual terminal filament, the mesenterial epithelium immediately behind is usually much

swollen on each side, and is either sharply rounded oflf from the rest of the endoderm or passes

"" The Morphology of the Madreporaria.—II. Increase of Mesenteries in Madrepora beyond the Protocnemic

Stage." Ann. Mag. Nat. Hist., Ser. 7, Vol. X, 1902.
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jrraduiillv into it. F'igs. 14, 39. 44, 4.5, 57, and 09 will give .some idea of tlio varietj' of form

presented in triinsvers(> sections.

Histologitiilly. a filament differs in passing vertically from one region of the polyp to another,

and also exhibits a variety of cellular constituents in different parts of the same section. In

the complete mesenteries the actual boundary between the stomodreal ectoderm and the mesen-

terial filament is by no means well defined. As shown on PL VI, tig. 51, the deeply-staining

ectoderm of the stomodieum, at the termination of the latter, appears to pass around and for some

distance along both sides of the mesenteries, and as the latter liecome free thcA' are capped with

the ectoderm. In transverse sections (fig. 57^') the filament at tirst is cordate, the mcsogloea

bifurcating and supporting the lateral wings. The anterior and lateral borders of the filament

differ in no respect histologically from the stomod»al ectoderm, while the posterior borders

are ordinarj' mesenterial endoderm. The first part of the filament in most corals is of this charac-

ter, but continues thus for a longer distance in some ionn {C7adocora, Astrangia) than in others.

The stage is never represented in the filaments of mesenteries which are unconnected with

the stomodieum. It passes gradually into the ne.xt stage, which represents the longest part of

the filament (fig. 57(). The anterior or inner portion of the filament is constituted mostly

of nirrow nematocysts, clear and granular gland cells, and supporting cells, while laterally and

behind the cells become shorter, supporting cells predominate, and the ciliation is .stronger

than elsewhere. The mesogloja of the mesentery passes but a short distance into the filament,

and there bifurcates, each half being directed forward, horizontally, or backward, and quickly

thinning out. Immediately in front of the mcsoglceal expansion nervous elements are usuallj'

recognizable, and less often muscular fibrils. The latter ma}^ also be present along the hinder

mesoglteal border, as a continuation of the mesenterial muscle layer {ef. also figs. 44, 45, PI. V.)

Passing to the lower regions of the polyp, tli(> filaments usually liecome broader in transverse

sections, and large, oval, thin-walled nematocy.sts, with a very distinct spiral thread, are the chief

feature. So abundant are the stinging cells that in some cases they make up by far the greater

proportion of the whole filament, the supporting cells serving as a kind of matrix (PI. VII. fig.

58; PI. XIII. tig. !)4)".

The swollen mesenterial endoderm. immediately behind the filament, must in no ways be

confounded with the two lateral lobes of the trilobed Actinian filament. In these the three

lobes are very di.stinct structures, both as to their form and histology, and each is supported upon

a separate mesoglteal axis. The apical part of the middle lol)e (Drusenstreif) is mainly glandular

in character in the upper region of the polyp, and a few small nematocysts usualh' occur. On
their antero-lateral borders, the two lateral lobes are constituted wholly of ciliated supporting-

cells, being known as the ciliated bands or Flimmerstreifen. Between the glandular streak

and the ciliated bands is found a patch of tissue, which as a rule bears a clo.se re.seml)lance to

undifferentiated endodermal epithelium, and has been termed the intermediate streak.

Comparing the coral filament with that of the Actinian, it is manifest that the organ in the

former is represented by the middle lobe of the latter, and there is nothing which corresponds

morphologically with the lateral lo])es. The lateral lobes of coral pol^yps never contain a

separate mesogheal axis, and histologically they bear the close.st resemblance to the ordinary

me.sogkeal epithelium. In Actinians the lateral ciliated lobes disappear aborally, and also dis-

tallv on the incomplete mesenteries, while in certain genera {('(tri/iiorf/K, Ji/iodaet/.s) the lateral

lobes are altogether wanting, when the filament is essentially like that of the Madreporarian

polyp.

Histologically the postero-lateral region of the coral tilaiuent. especially in Miuh'i pant

(p. 474), closely recalls the ciliated streak of anemones, and its .strong ciliation also suggests a

similar function.

The filaments on the imperfect mesenteries often remain in a rudimentary condition, and

afiord instructive stages in the development of the organ. The free edge of the mesentery is

"None of the mesenterial filaments examined ever show the nematocysts partly extruded, in the manner

described and figured by Bourne for Fungm. (1893, pi. XXIV, fig. 28), and by Pratt for Neohelia (1900, pi. LXIII,

fig. SV. but in the polyps of certain Pacific corals I have observed the phenomenon noticed liy these authors.
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capped by a tissue which stains brightly, and consists mainly of ciliated supporting cells, but

is not sharply separated from the unmodified mesenterial epithelium. The mesog-lo?a is not

swollen or ))ifurcated, and the eiidoderm immediately behind never becomes lobed. Such
incipient filaments ocour on the secondary mesenteries of Orbicella and Cladocora (fig. 57a), and a

somewhat further stage is represented l)y Saleinisfr^n (fig. 85). The figures should be compared
with the early stages in the development of the filament met with in larxie (PI. XV), and also

in l^or'deH (fig. 38). There is the closest resemblance between the two phases, leading to the

conchision that phylogenetically they represent similai' structures, whether continuous with the

stomodanil ectoderm or remaining free from it.

GL.\NDITLAR MODIFICATIONS.

The filaments of many species of corals undergo a peculiar histological modification, the

organs within restricted limits becoming almost wholly glandular. In the fresh tissues, the alter-

ation is indicated by the part being of a golden yellow color, instead of the usual dull white; while

in preserved material the same parts are much darker than the rest of the filament, above and
below. A transvei'se section through one of these modified regions, taken from OrhiccJlu aim uJuris.

is represented on PI. IX, fig. 69. The filament has become enlarged in diameter, and its cellular

constituents are remarkably uniform in character. The latter are long, clearly defined, columnar

cells, radiating in a fan-like manner from the expanded mesoghcal base. Each cell is filled with a

finely granular substance, and on staining a nucleus is rendered visible. The free margin presents

no indication of ciliation, but, in places, globules of some liquid appear in the act of oozing out,

while the organ is enveloped in some secretion, evidenth" issuing as the polyp was preserved.

The secretion is of a faint yellowish color, slightly difl'erent in refraction from the Canada
balsam in which the sections are mounted. The same filament, as it appears in a partly

tangential section, is represented in fig. 70. The cells in the middle are cut transversel}', while

peripherally they tire seen more lengthways. The well-defined polygonal outline of each cell in

transverse section is very characteristic.

After maceration, the preparations (fig. 71) reveal that the filament comprises only two
kinds of cells: (a) long, columnar gland cells, of the same diameter throughout, and charged

with granular matter; and {h) equally long, narrow supporting cells. Nematocysts are altogether

wanting. The modification extends over a ver}' restricted vertical range, for on following the

sections of the filament, both upward and downward, the normal, more complex structure soon

appears.

The actual presence in some cases of a secretion surrounding the filament, and tlie character

of the cells themselves, leads to the conviction that the structure represents a purely glandular

organ. Such a histological specialization is very exceptional among Zoantharian tissues. One
of the functions of the ordinary mesenterial filament is deemed to be the production of a

digestive secretion, and it is manifest that in these special filamental regions an increase in size

and number of the secretory cells has taken place, to the exclusion of nematocvst and other cells,

with the exception of the ever present supporting cells.

A comparison with the section through the unmodified region of the same filament, repre-

.sented in fig. T^, at once suggests the manner in which the alteration has taken place. The
portion of the mesentery included in the figure is at first very narrow, but just behind the

filament its epithelium and mesogkea become swollen, and as the latter enters the filament it is

flattened, terminating in a branch to each side. The boundary between the filament and the

swollen mesenterial endoderm is clearly defined. The comparkson of fig. 61t and fig. 72 renders

it evident that in the former the whole of the filament has taken on the glandular character,

while the unmodified basal area is the swollen mesenterial epithelium, now. however, so closely

apposed to the filament, as to be distinguished only histologicall}-.

Intermediate stages in the production of the glandular organ from the normal filament are

afforded b}' the filaments of 3[;r<iii</riiiti (PI. XXI). A transverse section of one of these is

represented in tig. 144; the right side of the filament presents the usual histological details, while
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to the left side most of the cells have become enlarged and glandular. In lower sections the

whole of the tilanient takes on this latter character, becoming at the same time much larger

(fig. 145).

The glandular cells in JIafiDidrina differ from those in Orhicella only in the fact that the

contents of the cells are a bi-ighter yellow in color; being unaffected by stains, they stand out as

very conspicuous areas in microscopic i)reparations. In Furiii fragum also the contents are

bright yellow.

The glandular nioditication appears to be .somewhat generally distributed, having been

found in Orhicilhi <irr<>2><i>'<i, 2IiV(()i(lrlna hthyrinthiva, Fuvlafnigitut^ and Coljiojyhi/lliit. gi/rona.

Its occurrence appears to be somewhat sporadic. Only a few of the filaments in any one polyp

undergo the alteration, and its vei"tical extent is always very limited. In Orhicella and Favia

two or three mesenteries, out of the usual twelve pairs, are thus distinguished, and in Mxnndrina
the proportion is much the same. In one instance, in a portion of the brain coral, the two

mesenteries of a pair were thus altered.

A still further development in the same direction is presented ))_y the filaments of Jfeanrf/'/wa

(fig. 14:5). In transverse sections of ordinary filaments, the endodermal lobes immediatelj'

behind are not sharply marked ott' from the rest of the mesenterial epithelium; the cells are

exceptional in the amount of vacuolization, and the comparative paucity of the zooxanthclhe, but

are not essentially different from the ordinary mesenterial endoderm (fig. 143). Where the

glandular alteration has taken place, the cells, not onl}' of the filament, but also of the mesenterial

epithelium for some distance behind, are nearly all of a uniform character, and the elongated

nuclei of the supporting cells are arranged in a zone. In fig. 145, three, coarsely granular,

gland cells are represented, the granules staining very deeply, but the remainder of the cells are

filled with an extremely fine graiudar matter, which stains but slightly. The nuclei of the cells

are oval, and distributed through the tissue with an ai)proximate uniformity, and perfectly

clear gland cells are altogether absent. Instead of the filament being separated from the

mesentery by a distinct groove on either side, as is the ca.se elsewhere, its cells are directh'

continuous with those of the mesenterial epithelium, and these latter have undergone a like

glandular modification for some distance, passing gradually into the ordinary mesenterial

endoderm.

Thus the elements of two different tissues—filamental and mesenterial endoderm—may
a.ssume a like specialized character.

MESENTERIAL FILAMENTS OF MADREPOKA AND I'ORITES.

The histological characters of the mesenterial filaments of Madrcponi are such as to call for

special note. A transverse section of one of these is represented on PI. II, fig. 14. The meso-

glfi-al lamella from the mesentery enters a short distance into the base of the filament, and there

bifurcates; the two halves are directed backward into the lateral regions, where they thin out

and are lost. The filament thus becomes divided into three distinct areas, a larger antero-lateral

area, and two smaller posterior crescentic regions, each characterized by special histological

elements. In front the cells consist of long, narrow, supporting cells, amongst which are

numerous clear and granular cells, and a few small thick-walled nemtocysts, though the latter

are plentiful only in the proximal region. The cells of the posterior crescentic areas are all of

one kind—narrow, ciliatiid, supporting cells, with the deeply-staining nuclei wholly restricted to

the inner two-thirds of the cells (fig. 135); the ciliation is also stronger than anterioi'ly. Though
some such difi'erentiation between the middle and posterior areas of the filaments is found in

other coral pohps, the distinction is rarely so marked as in Madnjxjra. In sections stained in

borax carmine the posterior regions are an intense red, and present a sharp contrast with the

rest of the filament.

The middle region corresponds in histological detail with the glandular streak of the middle

lobe of the Actinian filament; while histologicallj' the crescentic areas most distinctly recall

the ciliated bands of the lateral l()l)es of the Actinia*. In these latter the ciliated bands ai-e

constituted wholly of ciliated supporting cells, and the condition in Madrcpora serves to
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demonstrate how .similar, higlily specialized tissues may recur in different regions. The marked
dov(>iopment of the hiteral ciliated area in ilddrepora may be conceived as associated with the

complex circulatory system of the porose corals, but the weakness of the filaments in the allied

genus Parifen scarcely bears out such a suggestion.

Mature polyps of Puritea usual!}' contain four pairs of complete mesenteries in the upper

region, but the dorsal directives often become free before the lower termination of the stomo-

d;eum is reached (tigs. 80, 41). Mesenterial tilaments, however, are found on only the three

remaining pairs of mesenteries, I, H, III; the free edge of pairs IV, V, VI is covered with

the ordinary mesenterial epithelium (PI. Ill, tig. 29). For a short distance below the stomo-

danun the tips of the older mesenteries are provided with a deeply-staining tissue, in no ways

distinguishable from the stomodseal ectoderm with which it is continuous (PI. IV, tig. 38);

and no shai'p boundary line here separates the filament from the rest of the endodermal epi-

thelium. Some distance lielow the stomodieal region, however, the filament takes on the normal

character, and lateral endodermal lobes may be formed on the hrst and second pairs (tig. 39),

though they persist for a very short vertical distance.

The limited development of the mesenterial filaments in Porites, on only two or three of the

pairs of the mesenteries, is in close agreement with the results of Fowler (188S) upon polyps of

Seriatopom. In ^S'. suhulata Fowler found the mesenterial filaments to be well developed on only

one pair of mesenteries, the two marked 3 and 10 in the author's notation, and corresponding with

the pair marked I, I in the present paper; the mesenteries numbered 1, 5, S, Id, corresponding

with pairs II, III, wei-e generally devoid of any '"filamentar" thickening. The proportional

development of the filaments thus corresponds with the order of appearance of the mesenteries,

EXTRUSION OF MESENTERIES AND FILAMENTS.

In corals reproducing by gemmation the filaments are i-arely so strongly developed as in

tissiparous species. In the latter, certain of the filaments ai-e more important than others, and

t)ecome greatly folded and convoluted, attached to the free edge of the mesentery all the way
(PI. XXII, fig. 1-48). The mesenteries bearing such strongly developed filaments are capable of

partial extrusion through the walls of the polyp, either upon irritation or injury to the latter,

sometimes in such quantities as to nearly hide the surface of the colony. Extrusions may appear

at any part of the column wall or disk, as well as through the mouth. In the living polyp the

mesentery and filament sent out are easily distinguished one from the other; the former is

usuallj^ thin, colorless, and transparent, while the latter is opaque white, and disposed in irregular

loops and coils. The extruded mesenteries in some species are faintly green in color, perhaps

due to the large number of zooxanthelliB in the endodermal epithelium. In polyps preserved

with the mesenteries thus partly extruded, some of the filaments are also found displaced within

the upper polypal regions, and even within the chambers of the edge-zone. In Cladoeora the

filaments have been observed to enter the tentacular cavities, and occasionallv they are found in

the perithecal continuations of the polypal cavity.

The phenomenon takes place most readily in fissiparous genera, upon strong irritation or

after rough handling of the colony, and the extrusions are more copious in these forms than in

genera reproducing by gemmation, but probably there are few corals in which it may not occur

occur to a greater or less degree. It has, however, never been observed in the numerous colonies

of S'idi'mstrxa kept under observation.

Examination of the column wall and disk of the polyps, under ordinary' conditions, fails to

reveal any apertui'es comparable with the " Cinclides " of the Actiniaria, through which it may be

supposed that the hlaments can pass. The absence of cinclides. and the irregular disposition

of the extrusions over an\' part of the column wall and disk, make it evident that the openings are

merely temporary, and capable of formation at any jioint, structural continuity being again

established when the mesenteries are indrawn. On examining the surface of the column wall,

immediately oh withdrawal of the filaments, the apertures could lie observed, and have been found

to remain open for a short time; gradually, however, they close over, and all evidence of their

former presence is lost.
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On PI. VIII, fig. 64, i.s given a section through the infolded apical region of Orhleelhi, in

which the filament, and the iiiesenteiy to which it i.s attached, ai-e shown in the act of passing

through an actual perforation of the column wall. The extra-polj-pal portion of the filament is

charged with numerous, large, thin-walled, oval nematocysts, and the disrupted column wall

reveals no histological peculiarities.

The extrusions from coral polyps can scarcely be compared with the ejection of "Acontia,"

a phenomenon characteristic of the Sagartiiue among the Actiniaria. Acontia ar(> thread-like

structures, which are but feebly attached to the mesenteries, and pass through permanent aper-

tures (cinclides) in the column wall of the polyps, or through the mouth, the mesentery in no

wavs following. If not wholly liberated from the polyp, the acontium can be indrawn. The

extruded filaments of corals, on the other hand, still retain their normal position along the

contorted edge of the mesentery, and a portion of the latter passes out along with them. The

function of both is pro))al)ly the same, as in -ach case the organs are strongly charged with

nematocysts, and less so with gland cells.

ORIGIN OF :mesenterial filaments.

Probably there is no subject ailording greater diversity of opinion among writers on the

Anthozoa than that of the ectodermal or endodermal origin of the mesenterial filaments. In the

Alcyonaria the problem has heen made the subject of special study by E. B. AMlson (1884); in

the Actiniaria, by McMurrich (1891); while H. V. Wilson (1888) has made it the object of lengthy

notice in the coral Manicina.

The actual facts of the case are briefly as follows: In the adult polyps of all three groups,

the stouiodasal ectoderm is in absolute I'ontinuity with the mesenterial filaments of the complete

mesenteries, as the latter become free at the lower termination of the stomodfeum. and the two

agree closely enough in th«Mr histological detail to sugg(\st a common origin. Further, the fila-

ment differs markedly in structure from the mesenterial endoderm, and would thus appear to

have no connection with this layer. Likewise in very early larval stages, the same unbroken

passage from the stomod;eal ectoderm to the filament is often found to exist, though rudiments

of the filaments may l)e present on the primary inesentei'ies before or independent!}- of their

union with the stomod^um. Were the complete mesenteries only to be taken into account, as

ill the Alcyonaria, the prol)lem would Ije much simplified, but in both Madreporaria and

Actiniaria exactly similar filaments to those on complete mesenteries are found on the int'omplete

mesenteries, which remain free from the stomoda'um, and hence are never in contiiuiity with

its ectodermal lining.

The independence of the filamental and stomodajal tissues within the early larva or bud,

along with their histological difference, led E. B. Wilson to regard the six ventral filaments in

the Alcyonaria as endodermal; on the other hand, the apparent continuity with the stomodwal

ectoderm of the two dorsal filaments from the beginning, and the closer histological resemblance

of the two structures, caused Wilson to regard these as ectodermal.

From evidence of a like character. McMurrich, in 18!tl. came to the conclusion that the

Dri'isenstreif or glandular streak on the middle lobe of the Actinian filament is of endodermal

origin, while the ciliated bands on the lateral lo))es are ectoaermal. Returning to the con-

troversy in 1899, McMurrich. from his investigations of the mesenterial filaments in Znaufhux

sociutun, again concludes that the ciliated bands nuist be conceived as ontogenetically distinct from

the glandular streaks. Regarding the ectoderm and endoderm of the Ccelentera as representing

but an approximation to the diblastic condition of the higher groups, McMurrich is constrained to

regard the distinction between an ectodermal and endodermal origin of any of the organs as

of relatively little moment. With this understanding, he concludes: "the ciliated bands are

probably in all cases ectodermal, and that in some mesenteries at least, the glandular streaks are

endodermal. yet I am prepared to accept as correct the ectodermal origin of the glandular streaks

in other mesenteries." The "intermediate" epithelium of the trilobed Actinian filament

McMurrich is inclined to regard as ectodermal; my own observations, on species where it is

favorably developed for study, lead me to consider it as endodermal.
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The structural iinifoniiity of the filaments in all Madreporaria. and the absence of lateral

lobes bearing ciliated bands, simplifies the matter somewhat in this ^roup, as compared with the

Actiniaria. From its relationships to the mesentery, its form and histological structure, the

Madreporarian filament for the greater part of its course undoubtedly corresponds with

the middle lobe of the Actinian filament. In the simple condition of the latter, the organs are

indistinguishable in the two groups, and without doubt a common phylogenetic origin must

be assigned them.

In connection with the origin of the filaments, H. V. Wilson was the first to attach impor-

tance to a reiiection of the stomodseal ectoderm, which takes place at the inner termination of the

.stomodffium. This occurs in both adult and larval polyps. On PI. VI, fig. 51, representing a

transverse section through the terminal stomodteal region of an adult polyp of C ladomra, the

ectoderm is seen to line not only the outer surface of the wall, but has also become folded round

the edge of the stomodwum, and comes to occupy the inner or endodermal surface of the

organ, thence passing for some distance along both faces of the complete mesenteries, and

seeming to give rise to the mesenterial filaments as the mesenteries become free. Similarly, on

the left side of fig. 56. a vertical section through the stomodseum of Cladocora, the ectoderm

becomes folded at the termination of the wall, and is then continuous with the mesenterial

filament. The right side of fig. 2 shows the same relationship in Madrtpora.

On PI. XIV, fig. 112, a transver.se section through an early larva of Favia^ also disi^lays a

tissue on the endodermal surface of the stomodseum, in all respects resembling that of the

stomodteal ectoderm. Separated by the first pair of mesenteries, it forms a distinct, deeply-

staining lobe, in both the larger and smaller primary chambers, and differs greatly from the

surrounding endoderm. In sections a little higher, the reflected ectoderm is wholly wanting,

and the .stomoda?al lining is purely endodermal {cf, figs. 126, 127).

The stomodteal ectoderm, reflected in this way around the lower edge of the stomodteal wall,

occurs to a greater or less degree in probably all Madreporaria. Invariably, the mesenterial

filaments of the complete mesenteries seem as if they took their origin from it, and the histo-

logical re.semblance is very close. The extent of the reflection along the ccBlomic surface of the

stomodffium, and also outwardly along the mesenterial faces, varies much with the amount of

retraction or expansion of the polyps, for in the latter condition the stomodsval wall and edge of

the mesentery come to be almost in the same vertical straight line, and no reflection is then

apparent.

Wilson, in his studies of the early larvte of 2Iuiiicina,io\\i\A the stomodteum to be applied to

the column wall, and its ectoderm appeared to pass down the inner surface of the wall, even before

the first pair of mesenteries had appeared. In later stages the ectoderm of the stomodaBum was

reflected up the endodermal surface, and all the primary mesenteries, except the first pair, were

considered to receive their filamental tissues from these ectodermal tracts, though some filaments

Avere found to be present on the mesenteries before the union of the latter with the stomod^um

had been effected. With regard to the origin of the filaments on the mesenteries which never

reach the stomodteum, prol)ably few students of the embryology of the Anthozoa will be

prepared to follow Wilson in his suggestion (p. 220) that these receive their ectoderm from

a reflection along the entire length of the c<jelomic surface of the stomodanmi and peristome

(the epithelium ;<, of Wilson's tigs. 50 and 55). Its acceptance, in the case of the incomplete

mesenteries of some species, would demand that the inner lining of nearly the whole of the

upper region of the polyps should consist of ectodermal tracts.

A typical example of the condition of the filaments found in larvie is presented by the

transverse sections of the larva of Faola fraguin represented on PI. XIV. For the greater

part of its length the inner (ccelenteric) layer of the stomoda'um resembles the rest of the endo-

derm, but toward the internal end it begins to assume a histological character more nearly

resembling that of the ectodermal lining. The cells are now narrow and closely arranged, and

the numerous brightly-staining nucl(>i form a definite zone, marking ofl' the region very distinctly

from the ordinary endoderm. This is the so-called •"reflected ectoderm " of Anthozoan literature.

In Favut it passes along the flrst pairs of mesenteries for a short distance, and as these sever
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their connection witli t!i(> stoniodanun they are tipped with a tissue of like nature. Iiiereasint;' in

extent, it is continued as the mesenterial tilament along the edge of the tirst pair of mesenteries,

almost as far as their termination at the aboral end of the larvse, ceasing on one mesentery a little

in advance of the other (</. also Pis. XVIII. XXV).
At this early stage the mesenterial tilament is not sharply marked otl', except histologically,

from the rest of the mesenterial epithelium. Its numerous luiclei stain brilliantly in borax

carmine, and structurally it is indistinguishable from the stomodival ectoderm. This resem-

blance, combined with the absolute continuity of the two at the ct)mmencoment of the tilaments,

would seem to remove all d()ul)t that the two—stomodjeal ectoderm and the mesenterial filaments

—

are of one and the same origin.

Hut the conclusion becomes less certain wiieii the incomplete mesenteries are taken into

accoiuit. for along their free edge is a tissue of exactly similar nature; yet the mesenteries are in

i\() way connected with the stomoda'um. and there is no apparent means by which the incipient

tilament can have lieen in unity with its ectoderm.

The early appearance of the tilaments on the second pair of mesenteries is represented in

fig. 11"2, from a section taken a little above the termination of the stomoda-um. At first onh'

one mesenter}' displayed any marginal modification, but in the figure the tilament has appeared

on the other member of the pair, while lielow it is as strongly developed on both as on the first

pair of mesenteries, but disappears in advance of the filament of the latter. In some of the

sections coming below that represented in tig. 112 there is the feeblest hint of the tilament on

the mesenteries of the third pair, which scarcely extend beyond the endodermal lining.

It is manifest therefore that the filaments on the second pair of mesenteries originate

quite independently' of any connection with the stomodicum and of the reflected ectoderm.

From a study of the condition.s in both the third and the second pairs it is inconceivable how at

any earlier stage, say before the middle eml)ryonic tissues had broken down, that any such

connection could have been established. The refiected ectoderm passes backwardly ))ut a short

distance along the ccelomic surface of the stomoda?um. and there is no possibility of its working-

its way u'pward, across what I'epresents the disk, and then downward along the free edge of the

mesentery. The presence of filaments on the second pair of mesenteries before union with the

stomoda'uin would imply that a similar developiiK'ut may also take place on the third pair of

mesenteries before their union, and sections reveal that sucli actually occurs. It is also manifest

from tile sections, that before the union of the mesenteries with the stomodanmi is efi'ected. there

is no means l)y which the free margin of the former can have come into contact with the reflected

ectoderm.

From the conditions represented in the larva> of corals generally, the conclusion is reached

that the mesenterial tilaments may originate independently of any connection with the stomoda?al

ectoilerm. and may therefore ))e assumed to be endodermal.

The tilaments on both the complete and incomplete mesenteries at the early stages of lai\al

development present but little histological differentiation, except in the case of the tilament on

the tirst mesenterial pair. They consist mainly of supporting cells, and stain nmch more deeplj-

than the ordinary endodermal lining, but gland cells and nematoc^'sts ai"e scarcely determinable.

Similar details are often presented by the edge of adult mesenteries, which always remain free

from the stomoda?um, showing that in the orders beyontl the primary the filaments originate in

tiie same manner. In these cases the tilaments may never become fully developed, but remain

in an incipient or rudimentary condition. This is illustrated l>y the mesenteries of OrhivfUa

(icrajwra. The six pairs of mesenteries of the tii'st cycle are complete, and filaments are well

developed below; similar filaments appear on the mesenteries of the second cycle, which fail to

reach the stomoda?um; but on the third cycle of twelve pairs the mesenteries are merely tipped

with a deeply-staining tissue, which is indistinguishable from that on the tilaments of larvae.

Further, some mesenteries bear incipient tilaments only in their upper course, while the organs

are fully developed below. C'ladocora ariuscula also aflords similar illustrative examples (PI.

VII). The edge of a mesentery in its upper course is rej)resented in tig. 57 r/, and the filament is

seen to be quite rudimentary; beU)w the stomoda'al region, however, the tilament on the same



MEMOIRS OF THE NATIONAL ACADE^NIY OF SCIENCES. 479

mesentery i>^ full}' formed (tig. 57 c). If the filaments of the incomplete mesenteries originate

from a reflected tract of stomoda^al ectoderm, it might reasonably be expected that they would be

l)est developed in the uppermost region of the polyp, whereas, as a matter of fact, they are here

absent or only incipient, even when fully developed below.

All the evidence seems to favor the view that in the Madreporai'ia the mesenterial filaments

first appear independently of any connection with the ectodermal lining of the stomodajum, but

that in the case of the complete mesenteries such a continuity is early established, while with

incomplete mesenteries the separation is permanent.

When describing the adult mesenteries, it is shown that the first part of the filament differs

in form and structure from that below, and histologically is indistinguishal)le from the stomodajal

ectoderm, with which it is in direct continuity. It is manifest, therefore, that between the

actual stomoda?al ternnnation and the conunencement of the true filament there is a tract which

partakes more of the nature of the stomoda?al ectoderm than of the filamental tissue. It forms

the connecting link, as it were, between two tissues which may be considered as wholh- distinct

both phylogenetically and ontogenetically. Such, it may be conceived, is the significance of the

"reflected ectoderm" as seen in corals. It is the stomodwal ectoderm passing along the mesenter\'

to establish structural continuity with the upwardly growing fllament.

The strongh" ciliated charai'ter of the stomodseal ectoderm marks out the layer as specially

concerned in the circulation phenomena of the polyp, and the same must be affirmed to a less degree

of the upper part of the mesenterial fllament. For the proper carrying out of this it is manifest

that a close histological continuity should be maintained between the two structures, and it can

be conceived that in estal)lishing this the stomoda?al ectoderm passes some distance down or

along the mesenterial edge to meet the upgi-owing filament proper.

The mesenterial fllaments on the incomplete mesenteries are the homologue of those on the

complete filament, but the latter are in more or less direct histological contiiuiity with the

stomodfeal ectoderm by a downgrowth from the latter, while the others are free throughout.

In his recent paper (1900, p. 73), Appellof contends for the ectodermal origin of the whole

Actinian filament, his fig. 2.5 showing a distinct passage of the stomoda?al ectoderm down the free

edge of the mesentery. The occurrence of an interval of endoderm between the stomodteal

ectoderm and early filament, such as McMurrich (1891) and I (1899) have found in other larvse,

Appellof would explain as the result of a more or less accidental severance of continuity upon

retraction of the larva". Such a suggestion would scarcely be applicable to the conditions

already described in the larvaj of Favia, for the first indications of the filamental tissue occur at

very difl'erent levels on the various mesenteries, in some instances at a considerable distance

below the stomoda3al termination. On the view presented above, the appearances which Appellof

desci'ibes in Urtichm are not dii*ectly concerned with the formation of the filament; the downward
growth of the ectoderm from the stomoda'al wall is merely the means of establishing continuity

with the true filament which will appear independently below.

BASAL DISK, SKELETOTROPHIC OR SKELETOGENIC TISSUES.

Under these terms will ))e included the three Coelenterate layers—ectoderm, mesogla?a, and

endoderm—which everywhere cover the surface of the skeleton in the living portion of a coral.

G. von Koch (1SS2) has fully demonstrated that the ectodenn alone is the true skeletogenic laj'er,

and is actually adherent to the corallum; l>ut it is convenient to study along with it the associated

niesoglcea and endoderm. The early stages in the growth of the young polyji after fixation

(PI. XIX) reveal that the basal disk onl}' is concerned in the formation of the skeleton, and

therefore all the subse^juent foldings, invaginations, and evaginatioiis of tiie skeletotrophic

tissues are but so many extensions of this region of the polyp, produced pari jkikku with the

deposition of the calcareous particles. The theca, septa, costie, columella, and all the teeth,

spines, etc., connected with them, represent so many foldings of the basal disk, for all take their

origin from the same continuous layer, and their surface remains covered by it so long as they

belong to the living parts of the polyp.
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Ill most instances, and especially in the perforate corals, the skeletotrophic layers comprise

the greater proportion of the soft parts of the colony upon decalcitication. The superficial

tissues as a whole—colmnn wall, tentacles, and disk—are always much less in superficial area

than the skeleton-covering tissues. The polyps, as a rule, extend a little more deeply within the

skeleton than is the amount of their expansion above.

To study with any degree of success the skeletotrophic tissues of a coral, it is necessary that

decalcitication be carried out. Lining the corallum so very closely, it is impossible to make
a minute examination of the polypal layers in xitu with the thinness to which sections of the

skeleton can be ground. In the process of dissolving away the skeleton by means of acids, scarcely

any distortion of the tissues appears to take place if the latter have been properly hui'dened. and

the same may be said of the histology of the skeletogenic layer.

The polypal region set free by decalcification is very complicated in its drtailed characters,

and varies greatly for each genus. An exact representation may be obtained by making a plaster

cast of the surface of auy dried coral, and then dissolving away the latter. The superficial tissues

seen in the living or preserved colony are found to represent but a small proportion of the polyp.

The space formerly occupied l)y the thecal wall is now free, and in the case of genuniferous species

each polyp presents much more individuality than under ordinary conditions, while in fissiparous

genera, like 2fxandrina and ColjJophylUa. the polypal systems stand out as very distinct, continuous

ridges, separated laterally by deep grooves formerly occuj)ied by the collines. The septal and

columellar projections are now represented by so many deep lateral and vertical inturnings of

the polypal tissues, and their arrangement can lie studied in detail, though adding little to what

is obtainable from the skeleton itself.

The height of the decalcified polyp gives the depth to which in the living condition the

soft tissues extend downward within the corallum, revealing how comparatively superficial in

every case is the living portion of a colony. For example, after decalcification the polypal tissues

in Porites astra^oidt-s vary from 3 to 5 mm. in thick^iess; the polyps of Sidcrastnea railimin are

3 mm. in height when freed from the skeleton, and those of the larger 8. siderea are •! nun.

Polyps of OrlnceJJa (icrojxmi scarcely extend for 1 cm. within the skeleton of the colony, and the

same is the case even with the polypal sj'stems of the large colonies of Mixandrhui.

In the upper region of decalcified polyps the skeletotrophic walls as a rule present a

diflercnt structural ai)pearance from those below. Al)ove, they are more transparent and

delicate looking, but as the lower region is approached the walls gradually become firmer in

character, white, and strongly opaque. This structural alteration is seen in nearly all the

forms examined, and is evidently due to the pronounced histological change, referred to l)elow.

which takes jjlace in the cndoderm in passing from al)0ve downward.

Histologically the three skeletotrophic layers differ much among themselves, and also in

different regions of the polyp. They will now be described as seen in sections.

ENDODERM.

In the upper part of any polyp the skeletal endoderm. as a rule, closely resembles tliat of

the column wall, disk, and mesenterial epithelium; or, as in PI. XVIII, fig. 129, it maybe some-

what narrower, being represented by a very simple columnar epithelium. Gland cells of various

kinds, supporting cells, and scattered zooxanthelhv are the usual constituents, but no trace of

any muscular fibrils nor of a nerve la^'er has l)een found.

As th(^ more proximal regions of the polyps are approached, the layer begins to undergo

a peculiar modification. It be(!omes much broader and is highly vacuolated, exhibiting in

sections a delicately reticular structure, the individuality of the cells being wholly lost (figs.

129, 73), while the chief constituents—nuclei, cytoplasm, zooxanthellre, and the contents of the

few granular gland cells—are mostly accumulated in a marginal zone. The differences in char-

acter l)et\veen the endoderm in th(> upper regions and l)elow are represented by figs. 44, 45, and

73. 7.'>. In OrhiceUd (PI. X. tig. 73) the layer is 0.1 mm. broad below, while above it is about

0.03 mm. in thickness (PI. IX. fig. (is).
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In some species the thickened endodenii is crowded throughout its extent with granules

of various size, which render the layer dense and nearly opaque in sections. This is especially

characteristic of jUtrangia soli.fnria (PI. V^, figs, -i-i, 45) and /)/c/ioc(enia. sfokesi. The granular

particles are usually non-staining, and are thus distinguished from the nuclei which are also

present, situated near the margin. In Dlcliocmiia the granules are green (p. -i.^O). Very rarely

they are arranged as if constituents of an oval cell; more usuallj' they arc scattered uniformly
through the whole or part of the layer, without any suggestion of being contained in special

gland cells. The condition in the lower skeletal endodermof Solenastrxa, represented on PI. X,
fig. 79, is somewhat intermediate; large cells full of coarse granules occur, and in addition

to these are many isolated granules.

The thickened skeletotrophit; endoderm of the rissiparous genera 2fxandi'i)Hi, 3Lnricina,

ColpophylUa, and also Orblcellu, has very few contents; a few small scattered nuclei, here and
there a zooxanthella, and perhaps a few granules, are all that can be made out, the layer being

vacuolated in either a rounded or irregular manner. In the porose genera Madrejxira and
Porltes practically no modification ocicurs; the skeletotrophic endoderm is much alike in character

in all parts of the polypal cavity, as well as in the canalicular outgrowths. Also in Stdenintrxa

.scarcely any ditierence is api^arent between the upper and lower skeletotrophic endoderm
(PI. XXIII, fig. 1.56). This genus is fui'ther exceptional in that the calicoblast ectoderm I'emains

a broad layer throughout.

The great thickening of the endoderm sensibly diminishes the mesenterial loculi l)elow;

while the comparative fewness of the nuclei, their small size, and the .sparse protoplasmic

contents would indicate that the cellular activity is much diminished compared with the upper
regions of the polyp.

Wherever the calicoblast layer is in an active condition the endoderm overlying it presents

a corresponding state. In the upper parts of polyps, where skeletal growth is proceeding as a

result of the activity of the calicoblasts, the endodermal cells overlying the latter are highly

protoplasmic, stain deepl}', and present all the evidence of functionally active cells. A marked
instance of this occurs in connection with the aboral termination of the interseptal loculi. It is

here that from time to time the dissepiments are formed which cut off the pol3'p from the lower

portion of the corallum; below the last dissepiment the skeleton may be considered as dead,

while above it is covered with the soft polypal tissues. The production of dissepiments must
be constantly taking place in a vigorously growing coral, hence the calicoblasts at the actual

base remain in a more or less permanent condition of activity, as represented on PI. X, fig. 73.

The figure shows that the colunmar character of the cells is limited to the actual fiat base of

the chambers, the calicoblasts l)eing insignificant along the lateral walls. Fig. 73 is also

specially instructive as showing how the endoderm immediately overlying the active calicoblast

laver differs from the layer on the lateral walls, where the calicoblasts are non-active. The
endoderm has Ijecome much thinner, the cells are fully charged with j)rotoplasmic contents,

and stain deeply.

The skeletotrophic endoderm overlying the upper parts of septa which mav be supi)osed to

be in a growing condition, is also uuich thinner than that lining the wall of the calice and inner

parts of the septa at the same level. This diversity is very marked in fig. 129, Pi. XXIII,
representing a mesentery of Miv<tndrina with the skeletotrophic tissues associated with it.

It is manifest that the outer calicoblasts can obtain their nutriment and the calcareous salts

wherewith to form the dissepiments only in so far as these pass through the overlying endoderm
and mcsoglcea; hence wherever the former are in a functionally activ^e condition the endoderm
would be expected to show a corresponding modification, as compared with regions where it

overlies non-functional cells.

MESOGLCEA.

The mesolgoea of the skeletotrophic tissues is nearly everywhere a thin lamella, but, as a

rule, it thickens a little along the line of attachment of the mesenteries to the corallum. At this

place, and more or less scattered over the whole surface, are found peculiar cone or wedge-shaped
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structures which appear as processes of the niesoglfta. In sections the processes are striated

toward their free extremitv, which in methyl blue and in carmine always stains much more deeply

than the remaining mesoglcea. Their function would seem to be to bind the soft tissues to the

corallum. Where the insertion of a mesentery on the column wall is seen in longitudinal section

the processes appear as represented in tig. 95, PI. XIII.

The nature and origin of the mesogloeal processes has Ijeen specially studied bj^ Bourne (1899).

He shows that they are formed from special ectodermal cells which he terms (/csnioci/tefi. These
take their origin from certain cells in the calicoblast layer, and become secondarily attached to tlie

mesoglcea. The processes thus formed may be known as desmoidal processes, though Bourne

employs the term desmocyti' for them, as well as for the cells liy which they are produced.

The desmoidal processes may occur at any part of the outer skeletotrophic tissues, but arc

most numerous in areas along which the ti.ssues may have to withstand, as it were, the strain

of any muscular activity of the polyp. The attachment of the mesenteries to the skeletotrophic

tissues represents such areas, and here desmoidal processes usually occur in numbers.

Also, as shown in tig. 67, PI. IX, thev are specially developed in colonies along the line of

separation of one polyp from those adjacent. It is o))vious that at the point def<. j.rr. the polyp

upon expansion will tend to raise the skeletal covering from its adherence to the edge of the

calice; hence to meet this the skeletotrophic tissues are provided with a special development

of desmoidal processes. However fully expanded a polyp may be, it is never al>le to detach

its basal wail from its adherence to the coi'allum.

The whole manner of distribution of the desmoidal processes fully supports Fowler's (1899)

suggestion that the structures are special devices for maintaining the adherence of the polypal

tissues to the skeleton. Their purpose in many ways is comparable with that of the liga-

ments in the higher animals. They do not occur over the actively growing regions of poh'ps;

the skeletotrophic ectoderm is hei'e a continuous epithelium (PI. II, tig. 8).

ECTODERM OR CALICOBLAST LAYER.

The l)asal ectoderm or calicoblast layer is of much importance in studies of the morphologj'

of the Madreporaria. seeing that by it is produci'd the entin' skeleton, or coral as popularlj'

understood. The nature of the layer, and the mode of formation of the skeleton by it, have been

the subject of much controvei'sy, with which the names of Milne Edwards and Haime. A. R.

von Heider, G. von Koch. Miss Ogihie. and G. C. Bourne are associated. Bourne (1899) has

recently sunuuarized tht- various views as to the structure and formation of the skeleton, and

has made a very thorough study oi the process as it takes place in ditferent genera of Antliozo;i.

With regard to the Madreporarian skeleton he finds, with \'on Koch, that the calicoblast layer is

everywhere a simple epithelium, the cells rounded, colunuiiir, or fused together, and that the

calcareous matter is laid down wliolly external to the polyp. He thus difi'ers from von Heider

and Ogilvie, who concluded that tlic calicoblast ectoderm was a multilaminar layer, and that the

skeleton resulted from calcification within the cells. Thi> calicolilasts described by von Heider

are shown to correspond with the desmocytes of Bourne, and are not concerned with the

secretion of the sktdeton.

The results from the jtresent study fully conKrni those of von Koch and Fowler as to the

unilaminar condition of the calicoblast layer and the ectoplastic formation of the skeleton.

L sually the layer is only well de\eloped within regions of active gi'owth, as toward the

uppermost part of the eorallites (PL 11, fig. 8), or aborally, where dissepiments arc in course

of formation (PI. X, tig. T3). Elsewhere the calicol)lasts form an extremely flattened layer;

in tS/'deraxfrfea, however, the structure is the same practically throughout the whole of the

skeletal area (PI. XXIV). As a rule desmocytes are wanting where the calicoblasts are well

developed, l)ut are plentiful where the cells are nonactive, especially along the line of attachment

of the mesenteries to the basal wall.

In some instances {M(idr<'j:w/'<f. fig. 1*3) the skeletogenic ectoderm shows distinct cell

limitations, as in ordinary columnar epithelium; but generally these are lost, and the contents

are arranged in a contiiuious manner and largelv vacuolated.
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Between the calicoblast layer and the actual skeleton, Bourne has found what he terms a

ViinHlnij meiiihrane, separating the polypal wall from the calcareous matter. This occui's

wherever decalcification of properly preserved material is carefully carried out, but to my mind
represents the remains of the colloidal matrix in which the skeleton is deposited. At the growino-

apex of Madrepura a contimious ground substance remains after decalcification, and tills the whole
of the space occupied b\' the corallum, behaving toward reagents exactly like the mesogloea

between the ectoderm and endoderm. It presents a striated, scale-like appearance, altogether

similar to that of the calcareous libers of the skeleton of 2Ladi'epora (tigs. 18, 19). The strife have

manifestly been produced by the calcareous skeleton laid down within a perfectly homogeneous
substance. This latter is evidently secreted by the calicoblasts, but only under the most
favorable conditions, as near the actual tip of rapidlj' growing branches, can it be found persisting

throughout the skeleton. Elsewhere the organic matrix has either wholly disappeared, or is so

insignificant as not to persist in a continuous form on decalcification. Stages in its disapi^eai-ance

can be easily followed in Madrepora^ in passing downward from the apex of branches, and it

becomes obvious that the mesogltEa-like covering on the outside of the calicoblast layer is but

the densest, most recent part of the matrix, which is persistent, and within which calcareous

fibers will be deposited.

The skeletotrophie tissues of Siderastrsea and Madri'pxjra ^vill be described in somewhat more
detail.

The skeletotrophie liiyers of Siderastrmi present certain features which distinguish them
from most corals (PI. XXIV, figs. 157. ItiO). The endoderm broadens but little in passing from

above downward; it is strongly vacuolated throughout, and contains numerous granules and a

few zooxanthelliv, but all traces of cellular divisions are lost. The skeletotrophie mesogtea

is everywhere thin, forming only a mere dividing line between the ectoderm and endoderm.

The skeletogenic ectoderm has practically disappeared where the mesenterial mesoglrea unites

with the bodv wall, and the mesoglcea has become swollen in a triangular manner, and is finely

striate, giving rise to desmoidal processes. The latter are found only in association with the

mesenteries, where these unite with the calicinal wall, or more frequentlj- where perforated by
synapticula (fig. 15!>).

The calicoblast layer of Siderastraea is remarkable in that it persists as a broad, uniform

layer throughout the polyp, even in regions where the corallum may be assumed to be in a less

active condition, as along the lateral surface of the septa. Its usual appearance is represented in

figs. 157, 160. It is strongly vacuolated, with numerous tine granules which stain deeph', and seem

as if constituting a matrix in which the vacuoles are formed. The ectoderm nowhere presents

the characteristics of a columnar epithelium; cell limitations are indistinguishable, and larger,

deeply-staining bodies among the granules are probably nuclei. Where decalcification has been

carefully carried out, fragments of the homogeneous organic ground substance, within which the

skeleton is deposited, remain behind, closely adherent to the calicoblast layer.

Sections of decalcified material of Madrepora through the growing region at the apex of

branches, usually show a broad, columnar calicoblast epithelium, much broader than the ciliated

endoderm of the canal system (PI. 11, figs. 8, 1(1). Cell limitations are more or less clearly

indicated, and the cells are largely vacuolated, the protoplasm being finely granular, and more
concentrated toward the periphery of the layer. The nuclei arc rounded and arranged mostly

along a middle zone, but are not as regular in position, nor as numerous, as in the colunuiar

cells of the endoderm. There is no indication whatever that tlie layer is more than one cell

thick, or that transverse cell division ever takes place.

In the first few sections through the actual apex, where the spaces left by decalcification are

very narrow, the calicoblast laj'er is even a little broader than in the sections represented, and

the vacuolization is not so pronounced. In sections some distance from the apex, the layer

begins to narrow, and soon it is represented by flattened cells which are often .scarcely percep-

tible. This is the condition for the most part throughout the colony, and is inconsistent with

much functional activitv.
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Ill the most actively growing regions of the colony, where the calicoblast layer forms a

broad columnar epithelium, the mesogkea appears as a unifoniily thin layer, entirely free from

anv connection with the coralluiii (tigs. 8,16); but in other areas, wlien decalcitication has ))cen

carried out slowly, the middle layer displays numerous desmoidal processes on its skeletal surface

(fio-s. 7, 17). The most pt>rfect forms of desmoidal processes are conical or p^-ramidal, the base

projecting outward; usually they are seen in longitudinal section, but occasionally in transverse

section. Toward their free edge the processes stain much more deeply than elsewhere, and are

very finely striate, the stria' lieing practically parallel and of equal length. The actual edge of

th(? desmoidal processes is usually jagged, as if torn from some attachment.

Elsewhere the mesogheal lamella exhibits smaller, less regular elevations, which are similarly

deeply stained and striate. When a process is <'ut through transversely, either radiating strise

are presented at all the levels, or a punctate appearance is revealed. Nuclei are scattered atiout

the origin of the processes, but are never found witliin it. The ijrocesses are undoubted

outgrowths of tiie thin mesoglceal lamella, the actual continuation being readily observed; but

the deeplv-staining character toward the free edge indicates that some structural alteration has

taken place.

Madi'i'pora otiers special advantages for a study of the nature and relations of the skeletal

matrix, as. owing to the rapid growth taking place at the apex of the branches, the admixture of

ground sulistancc and calcareous deposit is here better preser\-ed than in many corals. In apical

2>olyps, which have been hardened in chromic acid, and slowly decalcified by means of weak acetic

acid, the organic matrix of the skeleton is obtained hi situ. It presents exactly the appearance

of a striated mesoglceal substance, and behaves toward reagents in the same way, and is wholly

devoid of nuclei. The fine stritv are arranged in a scale-like manner (fig. 18). The matrix is

liest developed at the terminal region of the corallites, and is densest toward the polypal surface,

gradually thinning toward what would lie the primary center of calcification within the })ranch.

In most preparations it is shrunk from the calicoblast layer.

Looking at fragments of the corallum under a low magnification (about 60) the surface has

the appeai'ance of minute imbricating scales. They are somewhat polygonal in outline, and the

free edge is directed obliquely forward, the whole indicating a spiral arrangement, most

pronounced in the smaller l)raiiches. Lender a higher magnification, however, each of the

apparent scales is seen to ])e but the exposed terminal portion of an obliquely arranged fiber,

proceeding from the deeper regions of the corallum, and the superficial scale-like appearance

is produced by the overlapping of the numerous fillers. This is also seen in sections of the

skeleton starting from the surface, but the drstinction between one fiber and another practically

disappears a little lielow the surface. The free edge of each fiber is often slightly jagged, not

rounded and smooth, as if torn from some other connection. Viewed by transmitted light, each

fiber has an indistinct, delicate, fibrillar appearance, with alternating lighter and darker trans-

verse bands, somewhat recalling a striped muscle fiber (fig. 1!))." The matrix left upon decalcifi-

cation is thus closely repeated in the microscopic characteristic's of the newly formed skeleton.

In studving the relations of the corallum to the .soft tissues, sections have been made
through the apical region of liranches in which decalcification has but partly proceeded. It is

found that the middle jiortion or center of calcification is the first to disappear by the action of

the acid, the periphery', where most organic ground substance occurs, being last.

"Dr. Ogilvie (1896, j). 217) also gives ii figure of the 'enlargeil calcareous fibers oi Madreporti, terminating in

what she considers to be calicoblast scales. According to the view there presented, the scales are calcified calico-

blasts, but as shown above the polypal tissues afford no support for such a conclusion. The organic matrix referred

to by Miss Ogilvie is proved to be a homogeneous, jelly-like substance secreted by the calicoblast layer, within

which the calcareous fibrillie are laid down in a scale-like manner.
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GASTRO-CCELOMIC CAVITY.

The term gastro-ccjelomic is applied to the whole of the iiitenial, endoderm-litied cavity of

coral polyps, including aii}"^ outgrowths or continuations which it may possess. In some ways

the designation is preferable to the terms gastro-vaseular cavity or ccelenteron, generally

employed for the polypal cavity in Anthozoa. For from the considerations of van Beneden

(ISyl), and E. B. Wilson (ISS-t), there seems some evidence to support the view that the space but

incompletely inclosed by the mesenterial filaments is the morphological equivalent of the gastric

cavity, or enteron, of the higher Metazoa. while the remainder of the internal cavity, partitioned

by the mesenteries, is the morphological representative of the c«?lom of the Enterocuela.

Among colonial corals the gastro-cceloraic cavities of all the polyps in actual union with one

another are in commimication. and the nutrient fluid can pass from one to the other. This is a

persistence of the conditions consequent upon asexual development, whether this takes place by

gemmation or by lissiparity. In gemmation new polyps arise whollj' or in part from the column

wall of other polyps, and the internal cavities of the two are common for a time. Thus the

developing bud of Mudrepora, shown in the series of figures on PI. Ill, arises altogether from

the ccenosarcal wall of the colony, and its ccelomic cavity during the primary stages is repi-e-

sented by one of the superficial canals of the colony. In the develoi:)ing polyp of Solenastrxa,

represented in section in PI. XII, fig. 87, a distinct partition wall, lined with endoderm on

both sides, now partly sejiarates the bud from the parent; but interruptions occur at more or

less regular intervals, which permit of a circulation between the two cavities.

The mode of communication of the various polj'pal cavities in a colony varies somewhat in

different forms. In genera like Porites, Siderastrsea, and Agaricia, in which the poly^DS are

separated from one another merely along a common calicinal wall, intermesenterial apertures

i-emain along the line of union, while the polyps are partitioned mesenteriallj'. In Sidermtrxa

septal partitions also occur, at any rate during retraction; for peripherally the column wall

comes to rest directly upon the septal covering, so that only a very narrow space is left on each

side between the mesenterial and the sept;d wall (PI. XXIII, fig. 156). The channels of commu-

nication of four adjacent polyps of Porites over the thecal edge are represented on PI. Ill, fig. 31,

taken from a section through the superficial region of a colony in which the polyps were in a

retracted condition. The fragments of the corallum seen are the slightly exsert septa, and the

canals pass over and around them.

Adjacent polyps of Orhicella and Solenastrxa are also placed in communication intermesen-

terially at the superficial line of union of the polyps. During retraction the apertures are not

connected directly with the main cavity, but through the intermediation of its perithecal

prolongations. The same method of superficial intermesenterial communication holds for the

contiguous rows in the genera reproducing by incomplete discal fission, e. g., Maiandrina

(PI. XX, fig. 138), Colpophyllla^ Manichia, hophyUia. In these, however, the polyps which

are united in the same discal system have no independent cavity, the one continuous chamber

is shared in common. The poh'ps do not attain true individualit\-; they can best be understood

(IS so many mesenterial and stomodff'al systems within a general cavitj'.

The numerous polyps constituting a colony of Madrcpura are likewise in communication by

means of the superficial canals, which are continuous over the thecal edge with«the main gastric

cavit}' (PI. I, fig. 2); but in the great group to which Madrepora and also Porites belong—the

Porosa—there is another and more conjplicated system of comnmnication than that afl'orded by

the superficial canals. Anastomosing radial canals are given off by the basal (skeletotrophic)

part of the body wall, in such a way that they appear as if penetrating the corallum which

separates one polyp from another, and thus place the different ccelentera in union; in Jfadrepara

they further come into communication with the superficial canals.

The radial canals are given (jff very closely in both Por'ttca and Mndrepora^ and are disposed

both mesenterially and intermesenterially, without any apparent regularity. As many as five or

six may be seen in a single transverse section (PI. I, figs. 3-6). Thej' are not so numerous in the
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upper region of the apieal polyps of 2Tadivj)or<( as below. In tig'. •!. rej)rcsenting an apical polyp,

no radial opening-.s occur on either .side, though an uninterrupted continuit}' of the corallum for

such a distance appears to be somewhat unusual. The superficial canals in exsert corallites of

Mddrepora are mostly longitudinal in direction: 1)ut transverse connections occur, and the canals

may be also interrupted by skeletal growths. Decalcitied preparations show that the canal

system does not as a rule prolong the gastro-ccelomic cavity at the aboral end of the polyps; in

both Por'ites and Madi-i-pimi the polyps and their canals are abruj^ly ti-uncated.

The internal canal system in the Porosa is morphologically basal in origin. For it is

established that the whole of the skeletotrophic tissue is derived from the primary basal disk,

and all its cvaginations and invaginations are but so n)any foldings and complications of the

walls of this region of the polyp. The canals of the perforate corals ma_y therefore be compared

M'ith the basal communicating canals of colonial Actiniaria, such as those of Pulythoa among the

Zoanthese. Though exerting a profound influence on the character of the corallum, the canal

system of the Porosa has but little morphological significance, and in any natural classification

of corals appears altogether unworthj^ of the importance which has been assigned it by

systematists.

The fundamental ditl'crence between colonial non-perforate and perforate corals may be

thus stated: In the Aporosa the gastro-ccelomic cavities of the component poh^ps of a colony are

in communication oidy by superficial apertures along the c-ommon line of union of the column

wall and base, while the Porosa have in addition a means of comumnication bj' basal anastomosing

canals.

Compared with that of the Actinian polyp the gastro-ctelomic cavity of the Madrepoi-arian

polyjj is much more subdivided and intruded upon, both radially and peripherally, ijarticularly

in its lower region. In addition to the mesenterial partitions, shared in common with the

Actiniaria, a like number of radiating septal invaginations usually occurs, while columcilar.

spinous, and synapticular productions still further break it up centrally and peripherally.

Moreover, the calicinal wall itself is often produced upward as a peripheral, circular wall.

and, so far as it extends lievond the line of union of the ct)lunin wall and base, divides the

coelomic cavity, as well as its mesenterial partitions, into inner and outer moieties, the latter

constituting the cavity of the edge-zone or Randplatte.

During expansion the upper part of living polyps is elevatinl for some distance wholh'

beyond the corallum. and in distinct polyps the free portion is cylindrical, in form closeh'

recalling an Actinian polyp (figs. -16, 48). Here the subdivisions of the gastro-ccelomic cavitj'

are onlv mesenteric, and are arranged periphei'ally into entoc(i>li<' and exoccelic chambers in a

strictly Actinian fashion. The fleshy parts of fissiparous genera likewise become extended

for several millimeters, the oral disk appearing as a meandering platform fringed by the zone of

tentacles, and the column wall on either side as a nearly vertical sinuous parapet: thera\ity is

divided into entoccelic and exoccelic chambers, l)ut not with any cyclic regidarit}'.

In retracted polyps not only is the oral region withdrawn within the calice, but the

perithecal wall becomes more nearly apposed to that innnediately coxering the skeleton, and

closeh' reproduces the outer corallar form, thus largely obliterating the intervening gastric space.

Proximallv the polypal cavity extends some distance within the corallum. or rather the

corallum has intruded within the polyp; and in these lower regions the cavity becomes

subdivided in a most complex manner by skeletal ingrowths. In addition, the skeletotrophic

endoderm becomes greatly thickened proximally, and further encroaches upon the chambers,

but apparent!}' the mesenteries always cease before the lower termination of the polypal

cavity is reached."

a Nothing like the peculiar obliteration of the polypal cavity which Sclater (1886) describes in Stephanotrochus

has been encountered. In all cases the crelomic cavity persists as far as the proximal floor of the polyp. According

to Bourne (1893, p. 219), the polyp in Fungia does not desert the lower part of the calice, but remains adherent to

tlie basal plate. Yet even here Bourne finds that the primary and secondary mesenteries are carried upward as

growth proceeds, and are confined always to the upper moiety of the calice; the lower moiety consists only of

chambers lined with endoderm and undivided by mesenteries.
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In the upper region of the calice the septal invaginations as a rule stretch but a short distance

radially into the gastro-cceloniic cavity, the portion of the polypal cavity included between one

septum and another being spoken of as an interseptal chamber or locuius. As the lower regions

are approached, the septa extend farther and farther centrally, subdividing the cavity more and

more, until ultimately they unite in the middle to form or share in the columella. Where such

central fusion takes place, the gastro-ccjelomic cavity is divided into interseptal chambers, which

in transverse section are wholly distinct from one another, laterally and centrally (figs. 55. 84-).

If the septa of all the cycles, both entocreiic and exoco^lic, extend as far as the center of the

polyp, each chamber is simple, and includes within it only one mesentery {Solcnastriva, fig. S-i);

but when younger cycles extend only part way toward the center, each chamber is incompletely

subdivided, and may contain two or more mesenteries (figs. 54, 55). All stages toward the com-

plete isolation of the septal chambers are represented in passing a series of transverse sections in

review, from above downward, the primary septa being the first to unite centrallv. Where the

septa do not completely fuse centralh', in other words, where they do not form a solid

columella, the interseptal polypal chambers remain in open conmumication at the middle

throughout the polyp {Mceandriva, PI. XXI, fig. 142).

The actual manner in which the interseptal chambers terminate proximally is best studied

in entire, decalcified polyps. In some species they narrow gradually in an oblique manner,

while in others they terminate abruptly. AVhere the chambers are oblique, the polyps gradually

diminish in transverse area as the lower region is approached, the newer chambers ceasing in

advance of the older. This is characteristic of the genera OcuUim^ Favia, Agaricia, Mseandrhia,

3{anici?iii, and hophyllla. In Oi'McMa, Solenmtrxa^ SideraMtrxn, Cladomra, Astrangta, Porifes,

and most Mad/vjMira, the polypal chambers are of practically the same sectional area from begin-

ning to end, though the truncation of the newer chambers may occur a little in advance of that

of the older. In mature polyps of the last series of genera, the basal floors of the mesenterial

chamljers may all occur at practically the same level, as if all had been cut off by dissepiments

formed simultaneously.

PI. V, rig. 42, representing transverse sections through Porifes, shows how the central cavity

is encroached upon by the S2jine-like, columellar projections; according to the level at which the

section is made, they may be either distinct or in continuity with the septa. The presence of

synapticula results in a similar encroachment on the outer regions of Sidenoitrira., at the same

time leading to a disappearance of the peripheral portion of the mesenteries (PI. XXII).

The extent to which the gastro-coelomic cavity may be prolonged over the edge of the calicinal

wall, before it terminates at the line of comnumication with the adjacent polyps, varies greatly in

different species. In the older regions of colonies of Ucidina, the interval between one poljq) and

the next may be a centimeter or more; the mesenteries may, however, cease before the spiral

line of union of contiguous polyps is reached. In Cladomra the outside of the theca may be

covered for 5 or mm. by the fleshy tissvies, and the mesenteries subdivide the inclosed chamber

for practically the whole distance (PI. VII, fig. 54:). The calicinal wall in OrlkdJa and

Siili'U'tKtrtfa is prolonged 1)ut a shoil distance above the level at which the contiguous polyps are

united with one another. Just as the calicular portion of the polypal cavity is partitioned and

intruded upon by .skeletal growths, so is the narrower extracalicular space; the mesenterial

contiiumtions divide it into vertical chambers, and costal ingrowths usually alternate with the

mesenteries, corresponding with the septa internally. In Mudreponu where no perithecal

mesenteries occur, the space is broken up by costate ridges, which are more numerous than the

septa within. Here, however, the skeletal i-idges actually come into contact with the superficial

wall and support it, and were it not for transverse conuuunications the perithecal cavity would

be typically repi'esented by a series of distinct vertical canals.

SYNAPTICULA.

Sj'napticula are solid calcareous ))ars of various form which unite adjacent septa across

the interseptal locuius. They are formed by the enlargement of granulations on opposite faces

of adjoining septa, growth continuing until the projections meet in the middle of the interseptal
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space and fuse, without tlic presence of any intervening- .soft ti.ssues. Intermediate stages in the

formation of ind(Mitations of the skeletotrophic walls linino- the iiiterseptal spaces are presented

by corals in which the septa bear only oranulations. The complete skeletal fusion necessarily

leads to the piercing of the skeletotrophic tissues originally covering the granulations, and by

means of which the calcareous additions are made. The mesenteiy contained in the interse])tal

chamber is likewise perforated as a result of the skeletal growth across the chamber containing it.

Much discussion has arisen as to the systematic value to be assigned a synapticulum, accord-

ing as it is compli^ted by the simple enlargement of two granulations, or l)y the intercalation of

one or more additional centers of growth. The former \vd\e been termed by Pratz (1882)

"False synapticula," and the latter "True synapticula." The polypal tissues themselves show no

distinction, accoixling as one method or the other is followed, and for discussion as to their

importance in skeletal morphology the works of von Koch (LSitti, p. 2.59), Ogilvie (189(5, p. 18-1),

and Vaughan (1900, p. 47) among others may be consulted.

The genus S!<lr(iHti-:ri( is especially favorable for a study of the relationships of the polyp to

these characteristically Fiingid structures (Pis. XXII. XXIII). In the corallum of Sidi:mdi'xa

the synapticula are seen as vertical rows of short, thick, nearly circular bars, stretching from

one septum to another across the interseptal space, and mainly restricted to the peripheral

region of each corallite." Upon decalcification of a polyp the soft tissues remaining are found

to be made up of a large number of radiating vertical lamelhe. In the upper region these are

united centrallv, but are mostly free from one another below, and all terminate at aliout the same

level. The complete separation of the lamelhe results from the fact that in the lower region of

each corallite the septa extend all the way from the calicinal wall to the central columella, and,

uniting with the latter, wholly cut off one septal loculus from another. In its natural state

each lamella is separated ])asally from the lower part of the corallum by a delicate horizontal

dissepiment, exactly as in other corals, except that the dissepiment in its course may encounter the

synapticula. The lamelhe thus represent the interseptal polypal tissues freed by decalcification;

each consists of two lateral walls which lined adjacent septa, and above contains a single mesentery,

while below it is empty.

A surface view of an isolated interseptal lamella, slightly enlarged, is represented on PI.

XXII, fig. 152. The edge to the right is central in regard to the polyp. For nearly the whole

of its length the lamella is Y)erforated toward its peripheral border by three rows of round or

oval apertures. Smaller lamelhv may bear only two rows of perforations, while again there

may be four more or less complete rows in some of the larger polyps. The apertures in the

lamellte represent the spaces which before decalcification were pierced by the skeletal synapticula,

and in each corallite the increase takes place above and centrally.

Various sections of jjolyps of S. ddcfca are represented on PI. XXIII, and from these the

relations of the fully formed synapticulum to the polyp as a whole can be ascertained. In both

transverse and vertical sections each interseptal chamber appears as if composed of several

wholly distinct .segments, the skeletal matter which separates them representing the synapticula.

Some of the chambers are wholly or in part occupied by a mesentery, while others are

empty; in the few instances in which the section of a chamt)er does not include a perforation,

or rather a synapticuhun, the loculus is complete from center to periphery. A consideration

of the varied appearances which would result from sections at different levels through the

complete lamella (fig. 152) will aid in an understanding of the ai)pearances presented })y the

difb'rent interseptal chambers. The synapticula never wholly isolates any portion of the internal

cavity, though they must interfere with the effectiveness of the peripheral circulation.

The sections further demonstrate that a gradual atrophy of the mesenteries takes place in

the lower and peripheral parts of the polyp as these become invaded by the synapticula. In the

uppermost polypal regions all the mesenteries are attach(>d to the column wall and disk, and six

pairs extend inwardly as far as the stomodsum ; but a little below the level of the stomod.eum

the peripheral attachment l)ecomes lost, while in the lowest sections no part of the me.senteries

whatever remains.

«For excellent reprei^entatioiis of the syna])ticula in S!ihrai>lr;rn see Miss ()y;ilvie's paper, 1896, pp. 180-1S2.



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 489

All stages in the resorption of the lower parts of the mesenteries can be observed. ^Vhere

the action i.s in progress the peripheral edge is free and tapering, although the mesentery was

originally attached by this to the wall (fig. 158). The mesogloea is seen to break up into distinct

pieces, and the endodermal epithelium is in diiierent stages of disorganization; tei'ininal

fragments appear as if about to break ofl, and occasionally free particles are met with. The
mesenterial debris thus set free i.s evidenth' injested by the endodermal epithelium lining the

chambers, for the layer is here of exceptional thickness and the large cells are crowded with

granules and irregular fragments, which closely recall those given off from the disintegrating

mesentery.

Fig. 1.53, taken from a retracted polyp, reveals that the mesenteries do not extend as far as

the most perijjheral chaml)ers, although the region rei^resentcd is no lower than the stomodteum.

In some cases a fragment of the mesentery may persist in the second chamber, but its imperfect

character indicates that it is about to disappear; even where the section does not actually

encounter a synapticular interruption the peripheral tissue is atrophied.

In the tangential section, fig. 156, the mesenteries all extend vertically beyond the first

transverse rows of synapticula. but in the chambers below they begin to exhibit the various

stages in absorption.

That the mesenteries are actually pierced liy the synapticular formations is manifest from

the preparations. AVhen serial sections are passed in review, it is seen that the mesentery

whoUj' surrounds the upper and more central perforations left by the removal of the synapticula,

and frequently the mesenterial me.sogloea becomes swollen, and presents .striated areas, such as

are formed l)y the desmocytes where a mesentery is inserted on the calicular wall (fig. 157).

Miss Ogilvie has attributed an altogether different origin to the .S3'naijticula, in her account

of these structures in Fmiyia and Siderastreea. Commenting (jj. 170) upon Bourne's description

of the synapticula in Fungia. she states: "The important point is that they neitlwr ' inttrr\qiV

nor '^^V/'w' tlie mesenteries.'''' Further, it is a.ssumed all along that the l)ody wall is specially

invaginated from below to produce them". Had an examination of tlie actual polj'pal tissues

been made it is impossil)le to see how any support could have been adduced for such statements,

any more than would be forthcoming for the production of simple tubercles on the septa.

Professor Bourne, in his paper, "The Anatomy of the Madreporarian coral Fungicr'' (1887),

also describes somewhat similar mesenterial relationships in the genus Fnngia, only here the

synapticula are in .single vertical or oblique bars, not in Aertical rows, as in Siderantrsea. In the

upper regions of the interseptal chambers there are no synapticula, and the mesenteries are free

to radiate across the whole space between the stoniod;eum and the periphery of the disk, but in

the lower portions of the loculi the continuity of the mesenteries becomes interrujited In'

the sj'napticula. Owing to the much larger number of vertical bars across the broad .septa

of Fiing'iii^ the intersynapticular cavities in sections greatly outnumber those of Slderastra'a,

and the mesenteries do not extend wholly across any .segment, being represented by a small

projection at each extremity of the chamlier (Bourne's figs. 13, 15). Bourne's explanation

(1887, p. 19) of the significance of the .synapticula, that "physiologically the\^ seem to .serve

_

as stays or buttresses, giving solidity and coherence to the coralluni." is probably the most

correct of any yet offered. From the disappearance of the mesenteries below, almost ^;»ari^(7.<s?<

with th(> d(>vi'Iopment of the synapticula. the circulation of the digestive fluids and functional

activity witliin the .synapticular region becomes diminished, and it is very doubtful if. as ]\Iiss

Ogilvie (p. 171) .suggests, the main advantage is that "an increased endodermal surface is

afforded within the visceral cavity."

"Acting upon thi.s suggestion of Miss Ogilvie, Delage and Herouanl, in tlieir "Traito ile Zoologie Concrete, Tome
II, pt. 2, Le.s Ciflenteres," 1901, liave constructed two ingenious diagrammatic figures (pi. 62, figs. 1, 2), attempting

to show Ikjw the ba.'iUl infolding of the soft wall of the polyp proceeds in the formation of Ijoth bar-like and lamellar

synapticula. The polyps of Sideraxlrwa give no support whatever for such a conception. From the interseptal

lamella rejjre.^ented on PI. XXII, fig. 1.52, it is manifest that each synapticulum i.s formed independently of the

others, not from a continuous infolding of the hasal part of the skeletogeuic layer, as Ogilvie and Delage & Ilcrouard

assume.
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Where the mesenteries are pierced and tixed by synapticuhi it is manifest that their retractile

power will bo lost; hence, only centrally and above will they still be able to extend and retract.

\\'ith this, perhaps, may be associated the fact that the polyps of l)oth Siderastrsea and Agaricia

are able to expand above the coralliim the least of any species coming- under observation.

Colonies of the former have been Icept in aquaria for months, and the polyps raise themselves

but little above the corallum.

COLUMELLA.

If the aboral surface of a coral polyp be examined after decalcification, either as a whole or

by means of sections, its middle aifords certain indications as to the nature of tlie columella. If

the calcareous tissue in the center of the corallite ))(> elevated and solid, it intrudes, as it were,

into the central basal part of the polyp, just as the septa intrude radially, and upon its

removal a conical chamber remains. The soft tissues of the intersoptal loculi are then wholly

distinct from one another, for a greater or less vertical distance from the base, and in transverse

sections the loculi are separated both laterally and centrally (figs. 55, 84). The calcareous

deposit in these cases extends radially from without the boundary of the polypal tissues to the

central deposit. If, on the other hand, the middle of the corallite be occupied l>y a spongy or

merely convoluted calcareous mass, irregular chambers remain, which represent so much of the

gastro-ctelomic cavity of the polyp, and serve to maintain the difl'ercnt interseptal loculi in

counnunication (fig. 142).

The details represented by polypal sections, however, atford no evidence as to how the

columella has been produced, whether as an upgrowth of the floor of the corallite, or by fusion

of the free edges of the septa, or by both combined. This can best be ascertained from an

examination of the skeleton itself.

ORDER OF APPEARANCE OF SEPTA.

PROTOSEPTA.

In accordance with the division of the mesenteries into Trotocnemes and Metacnemes, the

septa appearing in association with them will be described as "Protosepta" and "Metasepta"

respectively. The protosepta will include the six primary septa appearing within the primary

entoco^les, and the six septa which appear within the primary exocoeles; all the succeeding

septa, arising within the entocu?les oi exocceles of the later mesenteries, will be metasepta. The

septa within the directive entocceles are known as " Directive Septa," and are axial in position.

Sometimes, as in Mad/rpom, these can l)e distinguished from the other protosepta by their

greater or less size, and thus give a marked bilateral character to the calices.

Prof. H. de Lacaze-Duthiers (1873) was the first to observe the origin of the primary septa

in coral larvie, his researches lieing conducted upon the simple, perforate coral, Adroldcs

calijcidans. The description and figures indicate that twelve independent septa appeared simul-

taneously, one in each mesenterial chaniber, while the young polyp was at the protocnemic

stage of development. Apparently from the beginning each septum was constituted of three

pieces, arranged in a Y-shaped manner, the bifurcated end being peripheral. Prof. G. von Koch

(1882) subsequently obtained similar results for this species, at the same tim(> fully establishing

the ectodermal origin of the skeleton. In a paper, "Evolution du Polypier da Fiidjellimi

aiifJiophyllunu'" Lacaze-Duthiers (189-1) refers to young specimens of this species with only six

septa and six tentacles, and in later coralla, where twelve septa occur, the members of the second

cycle are much smaller than those of the first. G. von Koch (IS.SS) had previously demonstrated,

by means of serial sections of adult coralla, that Flahellum at its earliest stage is provided with

only six septa, and that an alternating cycle of six i\ppi^ars later.

In one of his last works on corals, Lacaze-Duthiers (18!»T) makes further important contribu-

tions to our knowledge of the early stages in the development of the septa, so far as the process

can be followed by ol)servations on the living polyp and macerated coralla. A very complete

series are given, illustrating the appearance of the septa in BalunophylUa regia, as well as notes
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on those of CaryophyUin atid other t'orui.s. The corals Lcptopsaiuniui and Cladfrpmmnua^ hi

addition to AstroidcK and BdlanopIiyUia, were found with twelve primary .septa appearing

simultaneously.

Prof. G. von Koch's paper (1897), on the development of Can/ophyUia cyat/n/.^, indicates

that in this imperforate coral the six entocoelic septa are the first to appear, and ai-e early

attached to the theca, which arises a little later and independently of the septa. The alternating

exocoelic septa appear somewhat later than the entocoelic, and like them are uniform in size, but

shorter in their' radial extent. The basal plate preceded the development of the septa, appearing

at first as six independent, somewhat triangular, calcai-eous deposits, which afterwards fused

with one another. Here, again, the protocnemes alone are developed, and only as far as the

£^dicanhi/i-stage, the fifth and six pairs being incomplete.

Mj' results on the origin of the septa in the fissiparous coral Manicina areohda, so far as

they go, coincide with those of Lacaze-Duthiers and von Koch. The septa appeared as

upgrowths of the basal plate, covered on both sides by the basal wall of the polj'p (fig. 137). The
first six septa appeared simultaneously, within the entocceles of the larva at the Edwardsia-stii,gQ

of mesenterial development (fig. 13.5); on the other hand, no exoctelic septa had arisen when the

young polyi>s were preserved, although an interval of over a week had elapsed since the appear-

ance of the entocoelic membei"s. There is good reason to suppose, however, that the primary

exocfelic members never appear in Manicina, as exocoelic septa seem to be absent from the

adult.

In numerous polyps of Siderastrsea I'odians reared from larxa;, the six members of the

primary cycle of septa appeared sinndtaneously, within the six primary entocceles. three or four

days after fixation of the larva, and in practically all cases were equal in size. Eai'h septum

was at first a simple lamella, with the upper edge distinctly serrated, and the lower edge flat and

adherent to the glass to which the poh'p was afiixed. A da_v or two after the formation of the

first cycle of entosepta, the six exosepta began to make their appearance, in some cases practically

simultaneouslj% but in others in successive bilateral pairs from the dorsal to the ventral aspect

of the polyp (p. 102). Thus in fig. 12(', a septum occurs in each of the two dorsal exocceles, a

rudimentary meml)cr in each middle exocoele, while in the ventral chamber no skeletal formation

is 3'et apparent. Figs. S, c, although representing different stages, were taken from two different

polyps of the same age.

The young polyps of Siderastrsea in the end presented two complete cycles of protosepta,

a primar}' cycle consisting of six equal entosepta, and a secondary C3'cle of six equal exosepta,

the latter series having appeared later and remaining a little smaller than the former. The
protoseptal stage was completed within the first fortnight after the extrusion of the larv». In

the later growth of the septa the peripheral extremities assumed a Y-shape, the additional

portions appearing in some instances as distinct formations, and in others as continuations of the

primary simple septum.

The a})ove examples all agree in the fact that the six entocoelic septa arise simultaneously at

the developmental stage marked by the presence of six pairs of mesenteries, and with the

Edwardsian mesenteries alone complete. Lacaze-Duthiers' figures of Balanophyllia, regia

indicate that when the septa appear all the twelve mesenteries are united with the stomodreum,

l)ut no microscopic sections were made to confirm this. In Astroides, BalanopihylJia, and others,

the exocoelic septa appear along with the entocoelic, but an interval elapses in Cktryophyllia,

Flahellum, and Sider'astrsea before this takes place, while in J/anicina they are wholly wanting.

Where exosepta are developed, the six members usually appear together, hut in certain

polyps of S. radians a decided dorso-ventral succession in bilateral pairs was followed.

The siuudtaneous appearance of the cycle or cycles of protosepta in corals, and their

uniformity in size, are in marked contrast with the successive order of development followed

by the pairs of protocnemes. In no case do the septsi appear until the six primary pairs of

mesenteries ai'e fully established, and then the six members of the cycle arise together. The

septal sequence most nearly conforms with that of the tentacular, in which the members of a com-

plete cycle, or both inner and outer cycles, appear together.
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It must 1)6 bonic in iiiiiid tliiit the protocnemes lire pnutieully established at the time the

larva settles, and that no skeletal furinatioii takes place before the sedeiitarj- stage is assumed.

During- the sul)se(iueiit growth of the coral, the new septa (metasepta) are found to arise in a

dorso-veiitral succession, approximately 7^^^/ 7>r/.s-.s» with the pairs of mesenteries, and it may he

conceived that if the larva» settled witii only a few jiairs of mesenteries developed then the primary

septa would show a corresponding succession in their appearance.

In most adult polyps of ]'<ir!tvf< and Mmlrepont the protoseptal stage is retained, six ento-

cfelic members and six exoctelic forming a larger and a smaller cycle. Very often some of the

twelve septa are wanting. :in(l usually one or both of t!ie directive septa are much larger than

Fig. 12.

Skkrastr.ra rndians.—.Series ilhistratinf; llic dcvelopmem <A the protosepta in liir\ iil polyi)s. Tlu' ouht while ring represents the epitheca.

a. Six equal entosepta are present, developed simultaneously, fc, Six e<iuaKsmalleri'xosepta now oeeur, also developed simultaueonsly,

and alternating with the six primary entosepta. c. Successive appearance of the exosepta from the dorsal to the ventral aspect of the

polyp, observed in ti few eases,

the latei'al, thus exhibiting a liilatcral syiiimetry. corresponding with that of the mesenteries and

tentacles.

The young bud of Jladrejwni, repvesenU'd in section on I'l. ill. pro\es that in asexual

growth all the pi-otocnemes may make their appearance before se])tid ilevelopnient commences, so

that it seems not improl)al)le that the protosepta may arise simultaneously in bud as well as in

larval polyps.

It is manifest from the examination of l)uds of other genera that tlie septa occur in accordance

with the number of the mesenteries at any particular stage, or at any rate their downward

extension is in conformity with the mesenteries present. It is found thtit as the mesenteries
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disappear downward so do the septa; or conversely, as the pairs of mesenteries increase in num-

ber the septa follow. This is well shown in the series of sections of the bud of Sohnmtrsea

on PI. XII. In the transverse section, represented in tig. 89, nine protocnemes are present,

and the same number of alternating septa, the latter indicated by the septal invaginations. Only

one representative of the incomplete lifth and sixth pairs (V) occurs at the stage, and with it is

associated a smaller septum. This mesentery disappears a few sections below, and then the

septa become octaraeral, in correspondence with the four pairs of mesenteries i-emaining; as

others of the mesenteries disappear the septa are found to follow, and in the last section obtained

(fig. 90) only six mesenteries and six septa occur.

Whatever be the arrangement of the septa in adult corals, all the evidence seems to indicate

that either six or twelve protosepta constitute the fundamental plan for all Madreporaria,

whether recent or extinct. Thus, by means of serial sections, Prof. G. von Koch (1889) has proved

that the coral CanjophylJia nigom, which Moseley (1881), from his studies of the adult, tirst

described as octameral, is reallj' hexamei'al in its early stages. At first, six septa of the primary

cycle are present, then six septa of the second cycle, and it is only with the appearance of a third

cycle that modifications are intnjduced which lead to the production of the adult octameral

condition. Lacaze-Duthiers (189-1) refers to the eight or ten systems of septa exhibited by

Flahelhiiii, yet the early stages are typically hexamerous.

Lindstrom's results in I'egard to the coral Duncunla are also of the same character.

Pourtales (1871) regarded this in the tirst instance as a living meml)er of the order Madreporaria

Rugosa. With regard to the tetramerism of its septa, Lindstrom, as quoted by Pourtales,

writes:

" There seems to oe no I'eason to class this species, Duncania, among the Rugosa, which

commonly are considered to have four septa of the first order. In making a thin section of the

apex of a Duncania I distinctly saw six septa of the first order, which met in the center."

There is also evidence, from the results of Ludwig and Pourtales, that some of the Palaeozoic

Tetracoralla exhibit a like hexameral primary condition."

Solenastrxa Jnjude-'< is hexameral as far as the third cycle of septa, but the additions beyond

this take place in such a manner as to wholly destroy such symmetry. The septa of adult polyps

of Ma?iicma and Favia, which reproduce by oral fission, exhibit no hexameral plan, yet the early

stages have been found to be of this type, and such can probably be assumed of fissiparous corals

generally.

The instances are sufficient to show how little importance can be attached to the disposition

of the septa in the adult coral, when discussing the broad relationships within the group. The

whole history of any form must usually be known before its true nature can ])e determined,

or any great importance assigned its adult peculiarities. The soft parts afi^ord the surest guide

for morphological comparison, from the greater certainty with which the relationships can be

determined, owing to the man_y structural details available for correct orientation.

It has already been shown that, as regards the appearance of the twelve protocnemes, there is

evidence of practical uniformity throughout the Actiniaria and Madreporaria; the several diver-

gences in the later mesenterial sequence, distinguishing the great grouj^s, make this their starting

point. As regards the septa, also, there is good reason to expect that the six or twelve proto-

septa will be found characteristic of both living and extinct corals, and that all the numerous

types of metaseptal sequence likewise make this their point of divergence. The distinctive

characters of the principal divisions of the Zoantharia are not manifest from the beginning, but

from the completion of the jirotocnemic stage.

METASEPTA.

The endeavor to establish the order of appearance of the septa beyond the primary stage

presents many difliculties; no uncertainty can possibly arise as far as the protoseptal stage, but

"The subject is further discussed in a paper: "Relationships of the Rugosa (Tetracoralla) to the living Zoan-

thew." Johns Hopkins Univ. Circ, vol. xxi, no. 15.5; also, Ann. Mag. Nat. Hist., ser. 7, vol. x, May, 1902.

Vol. 8—No. 7 7
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it is doubtful if the next step in septal development is yet fully understood. Milne Edwards

and Haime (1857) first attempted with any degree of thoroughness to determine the law govern-

ing the septal sequence of corals, and gave expression to their general results in the well-known

figure on PI. A5 of the Atlas accompanying the " Historic." Their investigations, however, were

conducted almost exclusively upon adult coralla, the determining factors being the comparative

sizes and radial extent of the different septa. The relative size and extent of the septum were

conceived to indicate the order of appearance; the largest, most developed septa, were the oldest

or first formed, the smallest were the last formed.

Prof. G. von Koch, in the course of his wide and thorough studies of coral morphology, has

investigated the laws governing the order of appearance of sei)ta more fully than any other

writer. His results are largely founded upon the order of appearance and relative magnitude of

the septa in serial sections of fully developed coralla, a method far more likely to yield reliable

results than an examination of only the superficial characters of the calice. He concludes that in

the main the law^ of Milne Edwards and Haime expresses the actual facts of the case—a new sep-

tum alwavs appears l)etween two older septa, and as a rule a perfect cycle is present before the

septa of the next cycle arise.

Unfortunately, thore is no account available of the order of development of the first meta-

septa in their relation to the mesenteries, and yet it is only upon this relationship that the iirob-

lem can be satisfactorily solved. Both Lacaze-Duthiers and von Koch describe such early stages

in the formation of the corallum, but in no case is the relationship of the mesenteries indicated.

One of the facts frecjuently emphasized in the present investigations is that the formation

of the septa follows very closely upon the appearance of the mesenteries. In ordinary cases,

whatever be the numljcr of mesenterial pairs present, an entoscptum and an exoseptum are

associated with each. This is clearly shown in the serial sections of the young bud of

Solenastrcea (PI. XII); the polyps of Axtraiujln (fig. 47), rhijlJangia, and Cladocom (fig. -ilt) are

also very instructive in this respect. The correspondence in the number of mesenteries and

septa at all stages can l)e established with the greatest certainty; if any mesenterial cycle is

incompletely developed so is the septsil. In Jl/i/ilcina (tig. 13;^) and Pectinia septa appear as a

rule only within the entocoelic chambers, but one corresponds with even the youngest of the

mesenterial pairs.

Transverse sections of Manicina sometimes reveal septal invaginations within the exocoelic

chambers, as in fig. 13a, although by far the majority are entosepta. On following the sections

toward the distal region, however, mesenterial pairs are usually encountered which correspond

with the apparent exoceelic septa seen below. Thus tlie latter are really entosepta which in their

downward growth exceed that of the mesenterial pair within wliose interspace they occur.

H. V. Wilson (1888) states that the septa of Manlchui may for a time be exoccelic, but it is

doubtful if higher sections would not have revealed the corresponding mesenteries. Bourne

(1893) also found a few exocoelic septal invaginations in Fuiujid, though only entosepta are the

rule; here, again, it is likely that the more distal regions of the polyp would have revealed the

corresponding mesentei'ial pairs.

From an examination of a large number of stages in the growth of various species, it becomes

manifest that the seipience of the septa beyond the protoseptal stage follows very closely that of

the mesenteric succession. Knowing then the order of appearance of the mesenteries, that of

the septa can be determined also. The metacnemes have been shown to appear, not a cycle at a

time, but in successive Ifilateral pairs fi-om one aspect of the polyp to the other, and the septa

must follow a like se([uence. Although in the end the mesenteries and septa of any one cycle

become practically equal in size, yet the early stages render it evident that adult size docs not

conform with order of appearance.

A difficulty arises, however, in connection with the exosepta. It has been established

throughout that the exosepta, like the cxotentacles, always constitute the last or outermost

cycle; the entosepta form all the internal cycles, the sum of the entosepta corresponding with

that of the exosepta. But at all stages in the development of most corals, from the protoseptal

stage onwards, exosepta occur. The important question therefore arises, whether the exosepta
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of the early stages become the entosepta of the later or adult stage, or whether the exosepta

remain exosepta throughout their existence. It is clear that whichever method is followed will

lead to very different fundamental results in formulating the law of septal sequence.

The former condition appears to be verj- generally assumed. According to this, the six

primary exosepta are considered to represent the second order of entosepta found in the developing

coral in which the primary and secondaiy orders of mesenteries have appeared. The outermost

C3^cle of twelve septa, constituting the third cycle, would be exosepta, and represent new forma-

tions, alternating with the twelve older septa. The twelve pairs of tertiary mesenteries on their

appearance would include these thii'd-cycle septa within their entocoeles, and thus the exosepta of

a previous stage would become the entosepta of a later stage. The next cycle of septa would

consist of twenty-four exocoelic members alternating with the first, second, and third cycles, and

on the appearance of the quaternary mesenteries these would likewise become entosepta, followed

by a fifth cycle comprising onlv exosepta.

My investigations so far give support to the view that the exosepta remain exosepta

throughout, and that new entosepta arise with the new pairs of mesenteries. The results, how-

ever, are not yet sufficiently complete to fully estaiilish the method. Such a relationship agrees

with what actuall}' takes place during the growth of the different C3cles of tentacles; an exoten-

tacle i-emains an exotentacle throughout the life of the polyp, those appearing early being dis-

placed by the later entotentacles.

ASEXUAL REPRODUCTION.

By far the majority of corals are colonial in habit, and in nearly all cases the colony is

produced as a result of the non-sexual or vegetative reproduction of an original, sexually-formed,

simple polyp. It follows that in any study of the Madreporaria much attention must necessarily

be given to the various methods of polypal increase other than by larvtv.

Some few instances are known in which colonies are formed b\' the direct union or aggrega-

tion of individuals originally distint't. For these G. von Koch (1890, p. 376) employs the term
" AsrsTresrated Colonics," to distina'uish them from colonies produced bv the budding or fission of

a single polvp. Von Koch describes such aggregated colonies in the usually simple coral, Balan-

ophyU'ia V'/rrucaria, and shows that in all probability they have been produced from originally

free and distinct larva} which settled near one another, their skeletons afterwards becoming fused

in a common deposit. Lacaze-Duthiers (1899) describes the production of somewhat similar

aggregations, ''boquets," in certain specimens of CaryopliyUia obtained from Port Vendres.

In the process of fixation of the larva; of Sidermtrxa radian>< I have actually observed such

aggregations taking place, and have followed the formation of colonies therefrom as far as the

production of the tentacles and earlj' stages in the appearance of the skeleton."

The foregoing, however, are only exceptional instances of colony formation, and need not lie

further noticed in any general consideration of the subject.

The manner in which polypal increase is brought about, whether by budding, or by fission,

or l)oth combined, varies greatly in different species, and is the main clause of the immense variety

of form assumed by colonial corals. So far as the resulting types of growth can be studied by

observation of the skeleton alone, they have been described by writers such as Dana, Milne

Edwai-ds and Hainie, and Duncan, and an extensive terminology has arisen in connection there-

with. Dr. A. Ortmann (1890). in his paper "Die Morphologic des Skelettes der Steinkoralleu

in Beziehung zur Koloniebildung," has summarized the methods of colony formation in a very

detailed manner, and at the close of the account applies the results in part toward a c-lassification

of the Madreporaria. Von Koch, in various contributions, has also given nuich attention to

the process of coral budding, especially as re\'ealed by means of serial sections of the corallum.

As the earliest stages in the production of any new polyp nuist necessarily take place within the

soft tissues of the parent, the study of these should yield results of fundamental importance.

So far as the species of corals under observation are concerned, all the methods of asexual

polypal reproduction can be reduced to two tj^pes, which result in very different morphological

"" Aggregated Colonies in ^ladreporarian Corals." Amer. Nat., vol. xxxvi, 1902.
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conditions. 1 recognize veg-etative growth only by hiddhuj and by fission. Tiip differences

manifested within esich division are mainly such as are dependent upon the position and method

according to which the process takes place, and these do not in any way modify the essential

distinctions between the two types.

When studying the mesenteries of adult polyps, two great divisions were determinable.

In one section, including the genera OrlnceUa^ Solenastrsea, Ocidina, Cladocora, Astrangia,

PhyUanqia, and S/demsf,raia, the mesenteries of all the polyps in a colony were found to be

arranged according to the regular, hexameral, cyclic plan, with two pairs of directives; while in

the other section, embracing the genera Favia, Dichocfenla, hopliylUa, Manicina, Msmndrhia,

and ColpojjhyUia, the mesenteries have lost their hexameral cyclic regularity, including the

directives, and little more than a distinction into complete and incomplete pairs can be established.

It was further found that the tirst-mentioned group comprises genera whose asexual growth is by

gemmation, while tissiparity is characteristic of the latter. In whatever position the buds are

produced, whether on the disk, upper part of column wall, intercalary, marginal, apical,

ccenosarcal, or stolonic. matters not; the polyps retain a hexameral disposition of the organs.

Also, whether the products of fission assume an individuality, or remain as constituents of a

complicated system, makes little difference as regards the irregularity of the arrangement of the

mesenteries, tentacles, and septa.

This fundamental difference in the adult polyps of the two groups seems to be determined

by the fact that in gemmation the polyp as a whole is formed practically as a new individual,

whereas, in ffssiparity, some parts at least of the essential organs of the new polj'p are obtained

fully formed from a parent polyp. In the one case the polyp as a whole is free to develop

according to a deffnite plan characteristic of the species, while in the other new organs are to be

added and adapted to parts already formed, and tissiparity may again take place before any

second regularity has been established. Growth in the one is altogether new, and in the other

it is patchwork—some regions new, some regions old.

it has not been possible to determine whether in every case of gemmation the mesenteries are

formed wholly independent of those of the parent. In some instances they certainly are. and in

others it seems very prol)able. In very young buds the mesenteries are already found to be

wholly cut off' from those of adjacent polyps, and the bud is free to develop as symmetrically

as any sexually-produced polyp.

Either one or the other method of growth is in the main characteristic of any species;

sometimes a case of simple fissiparity may be found in a species where gemmation prevails," as in

Mndrepora and Porites, but the converse has never been found—that is, the production of buds

where ffssiparity is the rule.

Intermediate stages are not wanting which seem to indicate how the passage from the one mode

of colonial growth to the other has l)een brought about. In corals like CJadocora and Ocidina

the buds usually arise toward the upper extremity of the column wall, and it is easy to understand

how gemmation may overstep, as it were, the usual boundary and occur on the discal wall. Such

apparently happens, for occasionally polyps of C. arhuscidd and 0. diffusa are found in which

two oral apertures are inclosed within one system of tentacles, and a common coliunn wall and

theca occur. In such cases the two polyps may be ci^ual, or one may be larger than the

other. ^licroscopic (>xamination of these shows that the normal hexameral regularity of one of

the polyps, along with the presence of two pairs of directives, has in no way been disturbed, and

the other polyp is either perfectly hexameral, or evidently on the way to become so. Such double

polyps can certainly not be regarded as fission products, at any rate not according to the plan

followed where ffssiparity prevails. They seem best undei'stood as discal buds, or as examples

of ffssiparous gemmation (see foot-note).

It is but one step from discal budding to oral fission, or perhaps the conception may 1)6

"The Ofca^ional instance-s of simple fit'sion in corals reproducing by gemmation have since been found to be a

modified form of budding, which I have termed " Fissiparous Oennnation " ; the products are altogether different

from those in onlinary fis:?ijiarouH growth, being cyclical, liexamerous polyps, with two pairs of diret'tives. This

disco\'ery greatly strengthens the seiiaration l:)etween the two groujjs of corals. " Morphology of the Madre-

poraria.—IV. Fissiparous Gemmation." Ann. Mag. Nat. Ilist. (Injiress.

)
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simplified by regarding the latter as stomodajal budding; but, as already stated, the step

involves an important morphologit-al distinction. Although the stages in division of the mouth

or stomodanun have not been actually observed, the results to be detailed below prove conclusively

that in fission the stomodajal wall is actually divided into two equal or unequal parts, and that

the complete mesenteries inserted on each part go along with it, and help to form the new or

daughter polyp. The plane of fission is entoccelic, and usually at right angles to the directive

plane and longer oral axis; hence, only one pair of directives is retained by each of the two

primary daughter polyps (p. 505). Were fission to proceed no further in all probability the

luesenteries in their later growth would assume the hexameral plan, and the polyps would only

differ from a larval or liud polyp in having but one pair of directives. In most instances,

however, the daughter fission polyps are again subjected to fission, so that they never attain a

truly regular cyclic character.

The process of polvpal gemmation and fissiparity, as revealed by individual species, will

be briefly described. Madixpora, Solcnastnea., and Cladocora will serve as examples of the

former, and McDilclna and Favia as illustrations of the latter phenomenon.

BUDDING IN MADREPORA.

Madrcpom is a favorable foi-m on which to study extratentacular gemmation, in a region in

which there is no perithecal continuation of the mesenteries (coenosarc). The early stages are

reproduced on PL III, figs. 22-;i7, taken from longitudinal sections of a very young bud, a little

below the apex of a branch.

All the sections represented are from the left side of the median axis of the bud, but the

sections on the other side exhibit the same details. The right end is upper in relation to the axis

of the branch on which the bud was situated, and the left end is lower. Fig. 22 is from the median

dorso-ventral plane passing through the stomoda?um and the axial entocreles. The polyp is yet

scarcely raised above the general surface of the coenosai'c; the ridges above and below (right

and left in figure) probably indicate the commencement of the axial entoccelic tentatcles, and the

included depi'ession the central part of the oral disk. Compared with that of the colony

generallj', no histological difference is yet presented by the outer ectoderm. Communication

between the exterior and the superficial canal sj'stem has just been definitely established, the

mesogloea of the ccenosarc passing directly into that of the stomodasal wall. The stomodfeal

walls hang freely within a superficial longitudinal canal, differing in no important respect fi'om the

others around; but as the sections are taken in a longitudinal direction, the canals appear much
longer than in the case of transverse sections (PI. I, figs. 2-6). The endoderm of the canal has

undergone a marked alteration from that lining the canals and gastric cavitj^ of the polyps. It

is broader, more stronglj' ciliated, non-vacuolated, and zooxanthellie are practically absent, though

present in the surrounding canals; long, narrow, supjiorting cells, with abundant protoplasmic

contents, are the chief constituents. As best shown in figs. 23 and 24. the endoderm of the canal

becomes thinner and more normal toward the periphery- of the chamber; the inner and outer

layers—ectoderm and endoderm—of the stpmodseal walls are histologically alike.

The stomoda?al wall for a few sections bej'ond that represented in fig. 22 appears as a

projection from the superficial wall of the colony, hanging freely within tiie canal; the periphery

of the projection exhibits four vertical mesoglceal strands, connected with a lower transverse

strand. Later, as shown in fig. 28, three central cavities appear and separate the ridges into

four distinct components. The lower transverse connecting strand is the horizontal continuation

of the stomo.dt^al wall, and tlii^ vertical strands represent the mesenteries, not yet separated from

one another. The stomodanil wall is continued, as it were, along the free edges of the mesenteries,

as often happens in adult polyps. In the next section, fig. 24, the upper and lower (right

and left) projections have become free, l>nt the two inner are still united l>j' the stomodseal

prolongation.

The two inner mesenteries afterwards, fig. 25, become free, and now the uppermost of

the four is united with the boundaiy huer of the canal, and in the later sections ceases to exist.

Immediately below the uppermost mesentery is a slight ])rojection of the cojnosarcal endoderm
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surrounding a mesoglieal iixis. which represents a rudimentary mesenterv; and a few sections

beyond, another rudimentary mesentery is revealed. Thus the six mesenteries of one side of

the adult polyp of ifadri-jyira are accounted for, four large and two small. The uppei' and

lowermost of the four complete mesenteries now begin to diminish in size, and in tig. "id

have disappeared at th(> place at which the skeletotrophic layer of the canal is united with the

ccenosarc; the uppermost of the two rudimentary mesenteries has likewise passed away.

There now remain oidy th(> two middle mesenteries of the larger four, and the lower of the

rudimentary two, and of the former, the upper is much larger than the lower. The dilference

is more marked in tig. 27, where the lower mesenterv is disappearing, again at the union

of the skeletotrophic layer with the superficial wsill; the rudimentary mesentery has already

disappeared. A little later, the remaining mesentery has united with the skeletotrophic layer,

and is soon lost in sections l)eyond.

The series of sections illustrates, in the clearest manner, that Inids of Madrepora arise

along the superficial wall of a simple external canal, independently of any structural connection

with the other polyps, though in comnuuiication with them by means of the canal sx'stem. The

six pairs of mesenteries are fully established before the tentacles appear, and the septa are as

yet whollv unrepresented. The rudimentary stage of the bud as a whole would indicate that

very little time elapses between the development of the ditferent pairs of mesenteries, if,

indeed, they do not appear simultaneously. Four of the pairs of mesenteries unite early with

the stomodffium, pr()))ably originating along with it; the two remaining pairs are independent

of the stomodasum tln-oughout. The complete and incomplete nature of the mesenteries thus

early indicated is retained in the adult polyp; for a short distance the four larger complete

mesenteries are already united with the skeletotrophic tissues, but the others have a free courses

from l)eginning to end.

The musculature at this .stage is too rudimentary to atford any assistance in determining

which are the directive mesenteries. But comparing tlie arrangement with that in transverse

sections of 2[adrcjiora (PI. 1), there can be no doubt that the four pairs of mesenteries inserted

on the stomodajum represent the eight complete mesenteries, which in the adult extend along the

stomodivum. and that the two pairs of rudimentary mesenteries correspond with the free pairs.

V and VI, of the adult. The outer mesenteries, right and left, will be the directives III and W

.

and the two inner pairs, I and II, will be the first and second bilateral pairs. The right end of

the sections being uppci- or axial, and the left end lower or abaxial. in relation to the colony, it

is clear that the axiul-abaxial relations of the complete and incomplete mesenteries are exactly

as in an adult polyj).

Each of the complete mesenteries, on becoming free from the stomodanun. is somewhat

clul)-shaped in section, but no sharp distinction yet exists between the tilamental portion

and the epithelium along each face, or, indeed, from the endoderm of the outer wall generally.

On Fl. II, fig. 20, is represented the mesentery from another bud, at a somewhat later stage,

showing the early development of the tilament. The terminal region stains a little more

deeplv than the lateral, owing to the greater closeness of the cells, and consequent greater

number of nuclei, but the tissue passes into that of the mesenterial endoderm by an insensible

gradation. The gland cells and nematoblasts, cluiracteristic of the adult filament, are not yet

distinguishable.

The strong ciliation of the whole endoderm in the bud, in the earliest stages of development,

is probably to be associated with the greater need of bringing an extra supply of mitrient fluid

to the rapidly growing parts, while as yet the polyp is unal)le to take in food for itself through

the oral aperture. It is only later, when direct connnuiucation with the exterior has been

established for some time, that the ditlerent polypal functions l)econie more restricted to special

regions, and the.se exhibit corresponding histological modifications.

The subsequent development of the Mndrejxira bud takes place by an upward growth beyond

the general .surface of the colony. In radial polyps the lower (sulcular) region grows more

rapidly than the upper (sulcar), so that the former comes to lie outside and the latter on the
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inside in recrard ti) the axis of the braneh. In this way the axial and abaxial rehitions are
established.

Dr. G. H. Fowler (1887, p. 12) has contributed some In-ief notes upon the budding- of

Miiih'epara anpera (Dana), founded upon an examination of the soft tissues of the developing

lK)lyps at the apex of the branches, while G. von Koch, in his paper "Die ungeschlechtliche

Vermehrung (Knospung und Stockbildung) von Madrepora," 1893, has made an important
study of the same sut)ject, but more particularly with regard to the skeleton. The short account
of Fowler indicates that the stomo(keum is invaginated to a considerable depth into the future

polyp cavity before it is perforated, and also apparently before any mesenteries arise. The first

mesenteries, already bearing filaments, are formed from the walls of the canals, apparently

independently of the rest of the polyp, the connection with the stomodaHun being established

later. The process of gemmation in Fowler's species is thus altogether difl'erent from that

in the West Indian Madrepora.

Many attempts have been made to obtain the early stages in the gemmation of Porites,

but without any material results. Sections through polyps with six or eight tentacles show a

corresponding numljer of complete mesenteries, but the remaining members necessary to

make up the normal six pairs are also present, though not developed to the same degree as

in older polyps. It may be that in Pontes, as in Madrepora, the full complement of twelve

protocnemes is produced at a very early stage and before the tentacles make their appeai-ance.

BUPDING IN SOLENASTR^A.

Ainong Astrsean colonies, such as OrhiceUa and Solenastrma, new polyps may l)e either

intercalary or marginal in origin. By means of the latter the colony spreads laterally, while the

intercalary buds serve to occupy the larger superficial area as the colony rises in height.

The earliest marginal buds observable in colonies of Solenastrsea are already' separated from
adjacent polyps on the inner side hy an external groove, while the outer side, forming the

periphery of the colony, is necessarily independent of other polyps. Sections made through one
of these marginal buds, preserved in the expanded condition, reveal at different levels the details

represented on PI. XII, figs. 86-90.

Through the transparent tissues eight pei-fect mesenteries were seen to be already developed,

but no tentacles were yet apparent. Fig. 86 is from a transverse section through the free

stomoda'al region of the column wall. All the protocnemes are present, but only the eight

Edwardsian mesenteries are yet complete, while in the exocoele on each side of the dorsal

directives the rudiments of a pair of second-cycle mesenteries (A, A) are visible.

The section represented in fig. 87 reveals the conditions at the level at which the l)ud is

connected with the mother polyp on the inner side, but is free on its outer aspect; from the

arrangement of the mesenteries the outer side is seen to be the sulcar or ventral aspect, and the

inner the sulcular or dorsal border. The eight Edwardsian mesenteries alone bear mesenterial

filaments, and the retractor muscles are sufficiently well developed to enable the pairs of directives

to be determined. The pairs of metacnemes within the sulculo-lateral exocteles are better

developed than in the previous figure, and another pair (B) has appeared in the left middle lateral

exocoele, but the corresponding pair on the right side is undeveloped, and at this stage mesentery
V has nearly disappeared on the same side. The boundary wall between the bud and the fully

developed polyp is perforated in a number of places, and by this means comnmnication between
the gastro-cajlomic cavity of each is permitted. The portions of the skeleton of the adult polyp,

added on the upper pai't of the section, represent the exsert septa, the polyp })cing in an expanded
condition; the entoccelic septa are large and the exocoelic small. No continuity between the

mesenteries of the ])ud of the adult polyp are represented in this or any of the sections. To the

right, at the angle between the wall of the bud and the adjacent polyp, are the first indications of

another bud.

Fig. 88 is taken from the region of the polyp wholly embedded in the corallum, except for

a limited area on the right upper side; the l)ud polyp is now entirely separated from that
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adjacent. On the riylit upper .side of the directive axi.s the tifth and sixth protocnemes,

incomplete from the beginning, have now disappeared, as is also the case with the pair of

metacnemes on the same side. Mesenterial filaments are no longer present on the dorsal directives

(IV, IV), and the pair of metacnemes has also disai)peared from the middle exoccele on the left

side, but the dorsal pair (A), though very feeble, still persists.

The arrangement of the septal ingrowths, present as yet only on tlie left lower side, is very

instructive. The largest occur within tlie entocwle of the pairs of directives; two are found

between the left dorsal mesentery and the mesentery of the tirst bilateral pair (IV-II); two
between this last mesentery and the mesentery of the second bilateral pair (H-I), while only one

appears between this and the left ventral directive (I-III). Three of the septal invaginations

are exocoelic, the exocoele of the dorso-Iateral pair of protocnemes (II, V) is provided with one,

but the septum of the exoccele of the ventro-lateral pair (I, VI) is as yet undeveloped. The
entocoele of the persistent pair of metacnemes (A) also contains an invagination.

In the section from a still lower region, represented in tig. 89, fully developed filaments

are retained only on the first three bilateral pairs of protocnemes. Only nine mesenteries are

present, the mesentery remaining in addition to the Edwardsian mesenteries is the fifth memlier

of the left side. A septum occupies each chamber between an}- two mesenteries, whether the

two constitute a pair or not; the septum in the entocoele of the left dorso-lateral pair is small,

and soon disappears along with mesentery V. The skeletal fragments within the middle of the

gastro-coelomic cavity' represent the first ai^pearance of the columellar projections.

In fig. 90 only mere traces of six of the mesenteries persist, the first pair being the strongest;

the number of septa is also six, corresponding with the number of mesenteries. With one

exception the septa are all united in the middle, otherwise the gastro-coelomic cavity is divided

into as many separate chambers as there are septa.

Another bud of about the same age presents a difl'erent condition with regard to the

appearance of the first two pairs of metacnemes from that just described (fig. 82). The
protocnemes are at the JE'dwardsia-stnge, and within each of the median lateral exocceles are the

rudiments of a bilateral pair of metacnemes (A, A), which are somewhat better developed in

sections below the stomodieum.

The tentacles in the bud have already appeared, and exhi))it an interesting .stage. Fig. 83

is taken from a slightly o})li(iui> section, the upper half througli the free portion of the tentacles,

and the lower through their attachment to the periphery of the disk. The polyp was expanded

to such a degree that the peristome projected in a cone-like nuinn(>r ))eyond the zone of tentacles,

and, as seen in the middle of the section, the Edwardsian mesentaries extend as far as the

stomoda?al walls. Ten of the tentacles show a regular alternation of large and small members,

and, superposing the section on that in fig. 82, the tentacles arising from the entocoeles are seen

to be the larger, and those from the exocceles the smaller. In place of the single median lateral

prototentacle on each side are three tentacles, as yet incompletely formed. These will lie found

to correspond in position with the incipient pair of metacnemes in the median lateral exocceles,

and serve to establish that the metatentacles arise practically simultaneously with the metacnemes,

an entoco'lic and an exoccelic member together.

A third bud. somewhat older than either of the two described, was also studied, and the

details of its lower region are represented on PI. XIII, fig. 91. The upper right side is the border

toward the centre of the colony, and the lower left side is the outer aspect. The relationships of

the mesentei'ies, as befoiT, show the inner border to be the sulcular aspect, and the outer border

the sulcar. In the stomodieal area six pairs of protocnemes and six pairs of metacnemes occur,

and of the foi'mer all the pairs are comjtlete on one side, but tlie members of the fifth and sixth

pairs are incomplete on the other side.

In the region rei)resented only four pairs of the metacnemes occur, the two pairs on the

upper left side having disappeared some distance above. Mesenterial filaments occur on the

Edwardsian mesenteries, but not on the fifth and sixth bilateral pairs; and septal invaginations,

both entocnelic and exoccrlic, a))pear within practically all the mesenterial spaces.

The lower sections demonstrate the same relation as in the jirevious bud, namely, that as the
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mesenteries diMiippeiir, so do the corresponding septal invaginations; the metaonemes disappear

first in unilateral pairs, the protoenemes in bilateral pairs. In the anterior part of the section is

seen the beginning of another poh'p.

Two soniewliat older ])uds sectionized presented the following conditions: In one only ten

pairs of mesenteries were developed, five complete and five incomplete, in regular alternation; in

the other eleven pairs occurred, six complete and five incomplete.

The results thus briefly indicated may be summarized:

(1) The polyps of So/cnastnea, produced asexually by gemmation, pass through the Edi.mrdsia-

stage of mesenterial development, in which four pairs of the protoenemes are complete and two

pairs incomplete, just as in larval polyps.

(2) The metacnemes begin to nialic their appearan(;e before this stage is passed over, that is,

before the union of the fifth and sixth pairs of protoenemes with the stomodseum takes place.

(3) The first metacnemes appear along the polj'pal wall, at about the level of the inner termi-

nation of the stomodanim, as isocnemic pairs within the dorsal or sulcular primary exocffiles, but

in one case within the median lateral exocoeles.

(4) In relation to the colony as a whole the dorsal or sulcular side is inner (axial), and the

ventral or sulcar outer (abaxial). The succession of the metacnemes is therefore dorso-ventral,

antero-posterior, or from the axial to the abaxial side of the bud.

(5) The mesenterial filaments and mesenteries disappear below inversely as the order of their

development; first, the metacnemes in unilateral pairs, then the protoenemes in bilateral pairs.

(6) In the same transverse section the growth on one side of a polyp may be slightly in

advance of the growth on the other side.

(7) The metasepta and metatentacles, both entoccelic and exocoelic, arise practically pari

passu with the mesenteries.

BUDDING IN CLADOCORA.

The young buds in Cladocora aAiwcnla generally occur singly toward the upper part of the

column wall of the terminal polyp of the sub-colonies. What seems to be discal budding has also

lieen found to take place, when both the parent and daughter polyps are surrounded by a con-

tinuous system of tentacles and a single column wall; but the extratentacular buds seem rarely to

arise above the level of the corallite. The reproductive power of any polyp is very limited, for

as a rule not more than three or four polyps are connected in a sub-colonj^, and among these is

rarely more than one immature example. Each polyp in its turn may give rise to buds, either

before or after becoming distinct from the rest of the sub-colony. At a very early stage the

growth of the lower abaxial aspect of the bud is in advance of the upper or axial aspect, thus

giving rise to the obliquity of the polyps to one another.

Numerous extratentacular buds of slightly different sizes have been studied, and in most

specimens eight complete and four incomplete mesenteries are already present, their arrangement

and musculatui-e agreeing with that of the protoenemes in larva? of the same stage. In one

case the fifth and sixth developmental pairs were absent, and, following the sections downward,

only four mesenteries were present a short distance below the stomodffium; then two of these

disappeared; the two remaining, which represented the first developmental pair of mesenteries,

were continued much farther, and bore mesenterial filaments almost to their termination. At

this early stage none of the mesenteries were in any way connected with the extrathecal continu-

ations of the mesenteries of the parent polyp, so that evidently the buds arise on the column

wall quite independently of any of the other organs of the parent, as happens in Iladivpora, and

as appears to be also the case in Solenastrsea.

PI. VllI, fig. til, represents a transverse section through a bud in which two pairs of metac-

nemes have appeared, in addition to the six pairs of protoenemes. Owing to the diflerence of

level at which the corresponding details occur on the inner and outer surface, as a result of the

obliquity of growth, it is usually impossible to obtain all that is desired in one section; the figure

is therefore a combination of the inner and outer regions of sections at slightly different levels.

Above the bud is a portion of the edge-zone of an adjacent polyp.
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The sulco-suIcHlar axis is a little to the side of the axial-abaxial plane. Only the eight

Edwardsian mesenteries bear mesenterial filaments, and these alone are complete. A pair of

metacnemes (A) have made their appearance in the exocoele on each side of the sulcar directives;

they are feebly developed, and extend for only a few sections below the termination of the

stomodifium. The three septa—two entosepta and one exoseptum—already developed at the

upper side of the bud are seen to be continuations of the costaj of the adjacent polyp.

Fig. 62 is taken from a bud at a somewhat later stage, pi-eserved in a partly expanded con-

dition, so that sections could be obtained almost independently of the skeleton. The .specimen is

exceptional in that only five pairs of protocnemes are present, instead of the usual six. The

directives lie in the axial-abaxial plane, and development is most forward on the outer abaxial

aspect of the bud. Five alternating pairs of mesenteries, ])elonging to the second cycle, have

made their appearance within the primary exocceles, and the pairs exhibit a progressive order of

development from one aspect of the polyp to the other: the two lower pairs are the largest, the

musculature is well developed, and mesenterial tilaments occur at their free edge; the middle pairs

are smaller and without any trace of tilaments, while the uppermost pair is quite rudimentary.

Sections through five exsert septa are shown at the lower border, and are both entoccelic and

exoccelic.

The section is of interest as indicating the tendencv to irregularities in the early formation

of the bud, but more particularly as exhibiting the pi-ogressive development of the metacnemes

and their filaments from one side of the polyp toward the opposite side, and the appearance

of both entoccelic and exoccelic septa in connection with the metacnemes, pari passu with the

growth of the latter.

The section represented in fig. GU is through the protruding cone-like disk of a fully expanded

young polyp, and is of importance as showing that the fifth developmental pair of protocnemes

may become complete in advance of the sixth pair. On the left side is seen the outwardly

reflected lower edge of the stomodteum passing along the three lateral mesenteries, and the

ectoderm of the stomoda-um has assumed a very synmietrical form. Below the stomodfeum the six

pairs of protocnemes are ecjually developed, and the six pairs of the first cycle of metacnemes

have also made their appearance.

Extratentacalar genuuation in Cl((docora proceeds therefore exactly as in Sohviastrwa,

except in the one important fact, the metacnemic succession is reversed. In the latter it is

from the dorsal to the ventral surface, while in the former it proceeds from the ventral to the

dorsal. However, before this exceptional sequence in Cladoconi can be regarded as established,

it will be necessary to confirm it on polyps arising directly from larvw.

Transverse sections were made through a double polyp of ( 'ladoami, that is, one where two

oral apertures are surrounded by only a single system of tentacles and the two polyps have

only a common column wall. One polyp was normally hexamerous, having two orders of

mesenteries, not nuich difierentiated in size, and including two pairs of directives; it difl'ers in

no essential respect from a normal simple polyp. A small polyp to the left is evidently a bud

which has arisen on the discal wall of an older polyp, and as yet is imperfectly developed,

having only seven pairs of mesenteries, including one pair of directives. In the stomodwal

region four of the pairs are complete and two incomplete.

If the sections lie compared with those of the fission polyps oi Mimiidrinii nudlutrid (p. 50.5,

ct seq.) most important distinctions are at once manifest. In the two latter a normally hexamerous

polyp has become divided through the stomoda^um into practically equal halves, each half

having only a single pair of directives, while in Chulncord a new polyp is growing by the

side of another, which still retains the primary arrangement of the mesenteries, including two

pairs of directives."

FISSION IN MANICINA.

M(mictna areolata is one of the most favorable corals on which to study the process of

continuous fission, on account of the readiness with which small colonies provided with only a

" The morphological significance of such double polyps in Cladocom and other corals has since been fully dis-

cussed in a paper on " Fissiparous Gemmation." See foot-note, ji. 496.
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Fio. 13 (a-c).

Mmilehm nirr-tata.-Figs. 13. Series of diagrammatic figures illustrating the mesenterial sequence in larvaj and larval polvps. a b arc taken
from H. V. AVilson'o (18S8) account of the development of this species, a. Stage with two pairs of protocnemes, one pair of which is
united witli the stomodwum {rf. Wilson's lig. l.s,. I, stage with three pairs of i>rotocnemes. two pairs united with the stomodioum (c/.
\\ils(jn s hg. 27). c. Stage with four pairs of protocnemes (c/. I'l. xix, fig. 134). <l. £c/icarrfsm-stage. The larva is now fixed and remains
at this stage for a considerable time, during which the six eiitocoelic septa are developed, and also the two cycles of tentacles (c/
PI. XIX, fig. 135). e. Stage with six pairs of protocnemes, all united with the stomodseum, and the first cycle of metacnemes.
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Fig. 13 (/, a).
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few oral apertures, and of a size suitable for sections, can be obtained. H. V. Wilson (1888)

has traced the development of the primary mesenteries in the larvffi of this species, from the

first to the sixth pairs, and has also shown that in young- polyps, provided with only one oral

aperture, the mesenteries are arranged in three hexamcrous C3^cle8. The first cycle comprises

twelve pairs of complete mesenteries, two pairs of which are directives; the second cycle also

contains twelve alternating pairs; and the third twenty-four. At this early stage the polyps of

Maiucina therefore correspond exactly, so far as regards the mesenterial arrangement, with

any normal hexactinian Madreporarian or Actiniarian polyp. The diagrammatic figures on pp.

503, 504 represent most of the stages in the appearance of the mesenteries of Ifanicina. The
earlier sequences have been already descril)ed (p. 450), so that attention need tie directed only

to the later stages, which illustrate the phenomena of fissiparity. In Kingston Harbor young
polyps of M. areolata., with the disk bearing only one, two, or four oral apertures, are not

infreciuentl}' found, fixed to older colonies of the same species, or to other corals or small

pebbles.

Fig. 14a.

Manicina areolata.—Figs. li. Diagrammatic flgure.s illustrating fission, a, Polyp with two oral apertures, twelve pairs of complete mesente-
ries (I, II), twelve alternating second-cycle pairs (III), twenty-four third-cycle pairs, and a few members of a fourth cycle. Associated

with each stomodseum are .six pairs of mesenteries, three pairs of which are protocnemes, a pair of directives being at opposite

extremities. The plane of fission is within the entocoele of the middle pair of complete mesenteric^ on each side.

Fig. 14:i( represents the conditions in a transverse section of Manicina. through the

stomodwal region of a polyp with two oral apertures. The twelve pairs of complete mesenteries,

including the two pairs of directives, represent the first and .second cycles of dg. 13(/, and compri.se

two alternating orders, primary and secondary, each of six mesenterial pairs; the twelve pairs

of large incomplete mesenteries constitute the third order, the twenty-four next in size a fourth

oi'der, while here and there, at regions of most forward growth, occur rudimentary pairs,

which are the first indications of a fifth order. The originally simple stomodajum has become
divided into two, and half the complete mesenteries of the primary polyp are now associated

with each .stomodieum. The plane of fi.ssion pa.s.ses through the entoctele of the middle lateral

pair of complete mesenteries on each side, and a single pair of directives at the opposite

extremities of the pol_yp remains attached to each stomodanini. The plane of fission is thus at

right angles to the directive plane, which is also the plane including the longer oral axis of the

simple polyp.

/
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Were the sepunitioii of tlu^ disk iind colunin wall to be completed at thi.s stag'e. across the plane

of tission, it is clear that two similar daughter polyps would be produced. In each ca.se one

moiety of the middle mesenterial pair of one side would form with the corresponding mesentery

from the other side a pair, attaclied to the side of the stomodanun opposite the directives. But

the longitudinal muscles of the two mesenteries in each pair would be arranged so as to face one

another, instead of turning from one another, as in the case of the directives; in other words,

the complete me.senteries of each polyp would include only one pair of directives, and five pairs'

in which the retractor muscles are vis-a-vis. The six pairs of complete mesenteries attached to

each stomodiBum would then constitute a tii'st cycle, the six large alternating pairs a second, the

twelve next a third cycle, and the odd pairs would r(>present the commencement of a fourth

cycle.

The almost perfect regularity in the numl)er, arrangement, and extent of development of the

mesenteries found in tiie above example appears to )>(> rather exceptional, for other specimens

of JI(/n/'ci/ia sectionized reveal man^- irregularities. Fig. l-ih represents the mesenteriid arrange-

ment in a second polyp, also bearing two oral apertures. The details are those presented by a

single section toward the lowei' termination of each stomodanun. The hexameral regularity has

been altogether lost, or perhaps was never reached. But here again the plane of fission passes

through the entoccele of two opposite pairs of complete mesenteries, at right angles to the direc-

3

no i4(..

ilaniciiui artulala.—.\iiothcr polyp witli twci oral aperturf-s. The mt'.suiiturie.s have entirely lost their hexameral cyelic regularity, and
of the protocnemes only the directives at opposite ends can be determined with certainty.

tive plane, and one of the two pairs of primary directives is found at each extremity. More than

six pairs of complete mesenteries are united with each stomoda'um, and only in two or three

regions of the polj'pal wall are any members of the second and third cycles developed; the hex-

ameral cyclic plan will be entirely lacking in the daughter jjolyps as in the original, and two
or more complete mesenterial pairs may occur in succession, without any alternating incomplete

members. In the sections higher than the one represented other pairs of small mesenteries

occur, l)ut do not in anj- way assist towards the production of the hexameral regularity-. At the

left end of the polyp two single large mesenteries occur, without any corresponding member to

complete the pairs; higher sections demonstrate that one moiety has simply disappeared in

advance of the other.

In a third bi-oral )K)lyp studied the alternation of tirst, second, and third C3-cles of mesen-

teries was a little more regular than in the last example, but was by no means perfect all round;

one stomodicum was provided \\ ith six pairs of complete mesenteries, while to the other eight

pairs were attached.

Young polyps of 2Iun!einu with three oral apertures are not so plentiful as specimens with

two or four apertures. It seems not unlikely that after the tirst division into two, each stomo-

dteum is again divided at about the same time, and thus the stage wdth thi'ee apertures w'ould

rarely occur.
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Fig. 14c'is a diagramiiiatic representation of tlie mesenteries in a Manlcina colony with four

oi'al apertures. Tlie longer axis of any one stomodffiura is now in a different plane from tiiat of

others, and the two primary pairs of directives ai-e widely separated, but still situated at the

opposite extremities of the colon\'; the two middle stomodwa have no directive mesenteries

inserted on their walls. The plane of separation of each stomodteal system with one exception

passes through two entocoeles. The rule holds so far as the divisions on the lower side are

concerned, but on the left upper side the division plane is exoccelic, a condition which is

pi'obabl}' to be regarded as an individual irregularity.

The number of mesenteries connected with each stoniodreum is inconstant; the stomodasum

at the right extremity Vtears twelve, the next fourteen, the third twelve, while that at the left

end has seventeen. The alternating incomplete pairs are still more irregular. In one or two

FIG. 14c.

Manicina armtata.—Polyp with four oral apertures. The mesenteries exhibit a tendency to an arrangement in alternate complete and
incomplete pairs. The regions of most vigorous growth are at the opposite ends, where also the primary directives are still situated
The fission planes are entocoelic, except tor the irregularity at the upper left hand earner.

cases they are wholly al)sent from the exoccele ))etween two pairs of complete mesenteries; in

many others only one pair occurs; while in a few chamljers two or three pairs, representing the

second and third cycles, are developed. As in the previous figure, the tendency in the older

regions is toward a system of alternating incomplete and complete pairs, and only at i)laces of

most forwai'd growth are the third and fourth cycles represented. The incomplete mesenteries

further exhibit great variation in the extent of development at one and the same level; some
pairs are nearly as large as the complete mesenteries, while others are rudimentary. The
variability is such as to indicate that when the members of the younger orders increase in size

they may ultimately unite with the stomodajum. and newer pairs appetir in their exocceles.

Under such circumstances it is scarcely possible to determine a cyclical plan.
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The phenomena presented by the early divisions of ^[((n'loiiKi clearly prove that fission actually

takes place in a phme at rio-ht angles to the long- axis of the mouth and stomodauun; otherwise

the regular distribution to each daug'hter stomodajum of six complete pairs of mesenteries,

derived from the primary twelve pairs, with one pair of directives only at opposite extremities,

would be iucouceival)le. Although among the many living colonies whicli have been examined,

examples in which the oral aperture or stomodseum was in the actual process of division have

not been observed, yet fre(|uently two small luouths are found in close proximity, suggesting

that they have arisen from the splitting of a single larger aperture.

The later divisions in Mauiclna reveal that the tission of the stomodreum, along with its

associated mesenteries, is not always median, or results in the production of equal halves.

Sometimes in living pol^'ps a very small aperture will be found, as if cut off from a larger, and

only a few mesenteries are associated with it compared with the number united with the latter.

FISSION IN FAVIA.

Favia fragum occurs in some abundance on the I'eefs throughout the West Indies, forming

small, convex, hemispheroidal or irregular colonies, usually four to five centimeters in diameter.

m EI m in cL.

Fig. 15 (a-d).

Favia fragum.—Figs. 15. Diagrammatic, figures illustrating the mesenterial seijuenco and fission in iarrfe. a, Larva with three pairs of

protocnemes, of which only one pair is comijletc (</. PI. XIV. fig. 112). b. Larva with three protoenemic pairs, of which two are

complete (c/. PI. XV, tig. 113). r. Larva with five pairs of protocnemes, of which three pairs are complete and two pairs incomplete
(c/. PI. XV, fig. 115). (/, Larva at stage of li.tation, with Edwardsian mesenteries complete and fifth and sixth pairs incomplete.

New polyps are added to the colony Ijy division of the older polyps, apparentl}' never by bud-

ding. A polyp sometimes exhibits two or three oral apertures on a single elongated or ti-iangu-
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lar disk, surrounded by a single system of tentacles; and in the difl'erent polyps of anj' colony

all stages can be traced in the separation of the results of fission. It is therefore a verj^ favor-

able species for the study of polypal fission. G. von Koch (1890) has already described the

process as it occurs in the coralluni of the nearly allied species, Fav'ia camernom.

Fortunatelj', also, in F. fiHujuin a complete series of stages illustrating the development of

the mesenteries within the larva and young polyp is available, a series extending from the larva

with only one pair of complete mesenteries to polyps with such a nimiber as results in fission.

The oldest stage reached )iy the mesenteries of the simple polyp is represented in fig. 15y, but the

earlier stages may be briefly noted (figs. 15 («-/').

The twelve primary mesenteries are all developed at or shortly after the time of settling,

when the larva exhibits the conditions represented in fig. \ad, four pairs of mesenteries complete

and two pairs incomplete. Free swimming larvas, extruded from mature polj'ps, ai-e readilj^

obtained, but can with difficult}^ be induced to settle, and development proceeds very slowly.

Fig. 15c.

JliriVi /raflum.—Young polyp with four pairs of metacnemes (A, A; B, B). Tlie succession of the second-cycle mesenteries is bilateral, from

the dorsal to the ventral aspect (<^. PI. xiv, fig. 109.

)

However, on foi'eign objects, such as dead coral or old shells, to which the mature colonies are

adherent, young polyps ai'e sometimes found in difl'erent stages of development. These have

grown from larvffi which on extrusion settled around the parent, and it was from such larval polvps

that the stages represented in the text figures were taken.

Fig. 15(^ is fi"om a young polyp in which four isocnemic pairs of mesenteries are present, in

addition to the primary twelve. In the upper stomodasal region all the latter are inserted on the

stomodival wall, but the fifth and .si.xth pairs tjecome free before the termination of the stomo-

dieum is reached, and at this place the protocnemes are in exacth' the same condition as in fig. \ad.

The four pairs of new mesenteries are situated within the dorsal and middle primary exoccelcs

on l)oth sides of the polyp, and the dorsal pairs are somewhat further developed than the mid-

dle pair.s.

Vol. S—No. 7 8
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Fig. 16/ represents the mesenterial condition obtained from a transverse section through the

lower part of the stonioda'uiu of another decalcified polyp. The six protocnemic pairs are now

n

r
Fig. 15/.

/"ario/rai/iim.—Young polyp in which all the pairs ot protocnemes (I) are united with the stomodajum, and the six pairs of first-cycle

metaenemes (II) are developed.

all complete, and six alternating pairs of metaenemes are fully established as a second cycle.

The next figure, from a somewhat larger polyp, shows the commencement of the third cycle of

Fai'ia /rapion.—Polyp with six pairs of second-cycle metaenemes (III). The succession is from the dorsal to the ventral aspect.

mesenteries (fig. 15f/); its development also is proceeding by isocnemic pairs in a dorso-ventral

or antero-posterior order.
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The polyps of Farla growing' directly from larva? are thus seen to follow a very definite

sequence in their mesenterial growth, a sequence which bears the closest resemblance to that

characteristic of other larval corals which have been examined. Each is provided with two
pairs of directives, and the mesenteries are arranged in two or three radial cycles, according to

the usual hexameral plan. It is at about the stage represented by tig. 1.5y that fission is introduced.

Two larv^al polyps were secured, each provided with two oral apertures, but still sur-

rounded by only one system of tentacles and a simple column wall. They thus represent the

earliest stage in fission. At such a stage the polyps are very short, and rather iri-egular in form
when preserved, so that it is practically impossible to secure in one section the complete arrange-

ment of the mesenteries around the stomodieum. The diagrammatic figures are therefore con-

structed })y combining the relationships of the mesenteries in the various serial sections. In each

polyp the stomodit'um has been divided throughout its length into two distinct tubes, and a'

definite number of mesenteries is associated with each.

The mesenterial system of one of the double polyps is represented by tig. 16/t. Compared
with the stage in fig. l?ig two additional pairs of mesenteries have become complete, so that four

pairs are inserted on each stomodseum. Instead of the two new complete pairs arising as a pair

on each side of the directive plane, as considerations of synimetry would suggest, both are

situated on one side of the angulated directive axis of the polyp, though from the section alone

Flu. 16/i.

Favia/ratfum.—First stage of fission in a larval polyp.

it is impossible to say which of the four pairs actually represent the additions. The members
of the second cycle include only a single pair of mesenteries in each exoccele, except in the two
exocoeles adjacent to the right pair of directives, where third-cycle pairs are developed.

The two polypal halves are thus nearly alike, the original single stomoda>um having been
divided practically down its middle, so that half the mesenteries are attached to each moiet^^

The plane of fission crosses the directive axis, passing through the entocoele of two lateral pairs

of complete mesenteries on opposite sides. Growth is taking place more rapidly at the upper
right side than elsewhere, and the pair of directives has thus been pushed to one side of the

median i^lane. so that the directive plane no longer divides the polyps into etiual halves.

Were the halves to be completely separated at this stage, it is clear that a pair of mesen-

teries would be formed in each new polyp, by the approximation of a mesentery from the two
opposite sides, the musculature in the two moieties being on the faces turned toward each

other; an ordinary pair of mesenteries would lie thus produced, and each polyp would have

but one pair of directives. Thus, from the beginning, an important difference in the nature of

the mesenteries would be established between fission polyps and single polyps reared directly

from larva;; the distinction between the orders to which the mesenteries primarily belonged

also begins to t)e lost.
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Fig. 16/ represents tlie mesenterial plan in the second hioral polyp. In the living- condition

one oral aperture was nuicii smaller than the other. api)earing as a mere perforation in the disk,

and sections reveal that a less number of complete mes(Miteries are associated with it than with

the lai'ger. In the diagram the smaller stomodasum is to the left, but is represented (njual

with the other. In the actnal transverse sections it displays eight strongly marked vertical

ridges, corresponding with the eight mesenteries attached to its inner side, while the large

stomodEemu bears ten. Here, again, it is seen that the plane of fission passes through the

entocoele of two opposite pairs of lateral mesenteries, and growth is proceeding more rapidly at

one region—to the lower right—of the polyp than at another, so that the directive axis does

not coincide with the longer diameter, but is turned towaid the dorsal surface.

Attention may now lie directed to the fully develop(>d polyps constituting a colony of Favia,

ni order to ascertain what are the results of tission ujion these. As already remarked, the

mature polyps are found to exhibit very varied conditions with regard to the stage of tission.

They are i-arely circular in <-ontour, l>ut poh-gonal or gi-eatly elongated, and at times deeply

angular; in the majority of adult polyps only one oral apertui'e is surrounded ])y a tentacular

S3'stem, but sometimes two or three mouths occur on a single disk.

A transverse section of a decalcified polyp is represented on PI. XIII. fig. 93, and indicates

much variability and irregularity in the disposition of the mesenteries, ditlering greatly from

Klfi. Hit.

Far/It friifimu.—First stage of fission in nnnthi-r larv:il polyp.

the perfect regularity of the early larval polyps. The organs are paired throughout, but

no reo-ular hexamei'al cyclic arrangement can be established. Difl'ei-ent stages of growth are

represented in dift'erent regions; in some places there is an indication of a tricyclic plan, but

more often only a dicyclic arrangement is manifest, and at times this is obscured by three or

four pairs of mesenteries of equal ordinal value occurring togethei-.

In the upper jiart of the stomodteum all the mesenteries may be complete, except a pair here

and there in process of growth, but in passing downward some pairs become free in advance of

others, indicating that tliey are not all of the same ordintd vtilue.

The mesenterial pairs are always isocnemic, and the retrat-tor nuiscles are invariably on the

faces turned toward one another; in tran.sverse sections of over a dozen polyps examined no

directives occurred.

Adult polyps of the genera iKOpliyllia (p. 4iit), Ayaririd (tig. Itil), Ilsfandriita (tig. lil),

ColpophyUif-U and Diclioccania (fig. 119) display a like irregularity of mesenterial arrangement

and absence of directives. The actual stages in tission have not been traced in these, but from

their prevailing mesenterial arrangement it is manifest that the process proceeds in the same

way as in the young polyps of Manicina and Favia.

Several Actinite :dso exhil)it the phenomenon of fissipai-ity. and certain investigations have

been made as to its influence upon the meseutei'ies and other oi'gans. Dr. G. H. Parker (1S99) has
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given an account of the longitudinal lission in the common Actinian, Metridhim marginatum

Milne Edwards, and .shows that the asexualh' formed polyps do not reproduce all the featuj-es

characteristic of the sexually produced individuals. In some of the specimens examined, Parker

found that fission of the stomodival tube was still incomplete, the oi'gan being Y-^haped, a single

inner end opening into the gastro-vascular cavity, and the two outer ends opening each through

a distinct mouth on a single disk. Generally in the fission specimens each mouth was mono-

gl3'phic (provided with only one gonidial groove), instead of diglyphic, as in normal forms; and

with the monogh'phic condition was associated only one pair of directives. No evidence was

forthcoming as to the formation of new siphonoglyps or new directives in fission polyps, while

there were practically twice as manj' non-directive mesenteries in double specimens as in single

ones. In any given case the assumed plane of division passed through either two primary

exocoeles or two entocojles, nev-er a primary entoccele on one side and a primary exocoele on the

other. The production of regular hexamerous diglyphic specimens 1)y non-sexual methods was

not observed; such specimens were found to number about one-fifth of the total collected, and

are with good reason assumed to be the products of sexual reproduction.

The West Indian stichodactylinous anemones, Actinotryx sanctl-Tlioinx Duch. and Mich.,

and Rimvdea fiorida Duch. and Mich., also reproduce by discal fission, and frequentlj' more than

one oral aperture is pi-esent within a single tentacular zone. In the latter species as many as

seven mouths have Ijcen found on a single disk, thus recalling such a coral form as Maniclna.

Professor McMurrich's (1SS9«) anatomical studies of these two species, and also mine (1900), have

shown that the mesenteries in both species are irregularly' arranged, and in some polyps no

directives occur, while in others only one pair is present.

The results on poh'pal fission in corals may be thus summarized:

1. The larval polyps of fissiparous species develop for a time like other hexamerous species.

Before the introduction of fission the mesenteries are regularly arranged in two or more alter-

nating hexameral cycles, and two jsairs of directives are present.

2. The first fission plane passes through the entoccele of two lateral mesenterial pairs,

approximately at right angles to the directive plane and longer oral axis, and divides the

stomodieum and the mesenteries attached to it into practically equal halves, so that onlj- one

pair of directives is inserted on each stomodseal tube.

3. For a time the jjroducts of simple fission continue their development according to the

regular cyclic plan, ])ut before long fission is repeated, and each stomodteum and the mesenteries

associated with it may be again divided into equal halves, or one part may be larger than the

other. In probably every division the fission plane is included within two opposite entoco?les.

At an eai'ly stage in the development of fission polyps growth may proceed more rapidly at one

region than at another, and thus introduce irregularities in the cyclic plan.

4. Bej'ond the two prinnuy pairs no new directive mesenteries are ever introduced, so that in

any fissiparous colon}', however large, only the protocnemic directives occur, situated widely

apart, at what ma}' be regarded as the two morphological extremities of the colony.

With such results before one, it is clear that care must be exercised in attemjiting to establish

relationships from the absence of one or both pairs of directives in mature polyj)s of both corals

and Actinians. The history of the individual polyp must be taken into account before such an

occurrence can be regarded as a specific peculiarity. As a general rule, one would be justified

in assuming, asexual reproduction l)y fission for poh'2:)s with onl}' one or no directives, especiall}^

if accompanied by irregularities in mesenterial growth.

FISSION IN PORITES.

Polyps displaying a bioral disk arc \erv rare on colonies of Parltes. After an examination

of scores of living colonies of all the West Indian species, onl}' a single example exhibiting this

condition has been found, although polyps showing an increase of tentadi^s beyond the usual

twelve are bj- no means scarce; from these all stages in the development of the mesenteries

beyond the primary six paii's are readily secured. These proportions present a marked contrast
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with those of the closely allied polyps of Jfadnponr, eiilaro-(>d polyps are friMiuently found on

colonies of Madrepm'a, provided with two oral apertui-es, and twent_v-four mesenteries are

already pi'esent at one stage or another of their development.

For the most part, the enlarged polyps of Pcr/'fex are circular in section, and any increase in

the number of tentacles merely results in the enlargement of the polyp, without altering its out-

line. The polyp with two oral apertures had, liowever, assumed an oval form, l»ut the tentacles

remained disposed in a single cycle, as in ordinary polyps.

Ill a former paper (Johns Hopkins Circulars, June, lUOO), and again on p. 44(j, it is shown

that in IWHes the increase of mesenteries beyond the protocnemic stage takes place axially, l)y

the addition of bilateral pairs within (>itlier of the directive entocieles. and that in the end thej'

constitute both isocneniic and anisocnemic i)airs. In some polyps the new mesenteries are added

within the dorsal entocoele, and in others within the ventral entoccele, but never within lioth

chaml)ers in tlie same polvp. All stages from the occurrence of a single pair of new mesenteries

to six pairs have been already described.

Serial transverse sections of the PoT-ifo? polyp displaying the bioral condition were prepared,

and by studying these at different levels the arrangement of the mesenteries represented in

---a

---.m

Fig. 17.

Pontes.—Diagram illustrating polypal ftasioii in a bud polj'p. Within the entocoele of the ventral pair of directives (III, III ) six bilateral

pairs of mesenteries («-/) have appeared, and the stomodfeum has been divided into two distinct tubes. The complete and incomplete

pairs of mesenteries and the musculature are so arranged that when the two polypal halves separate, each polyp will have six pairs of

mesenteries arranged as in ordiitary polyps.

fig. 17 has been established. Two stomodseal tubes are distinct thi'oughout their length, and

twelve pairs of mesenteries are present, six pairs associated with each stomoda>um ;ind tirranged

as in a single polyp. All the additional mesenteries htive lieen added witiiin the ventral

entocoele, the inclosing directives (III, III) of which lia\e been j)ushed widely tipart. The figure

.should be compared with fig. llf, on p. 47(', representing the arrangement in :i poly]) also with

twelve mesenteritd pairs, but in \vhich only one stomodical tube occurs.

From tht> figure itself (fig. 17), it would be difficult to determine within which of the two

directive entocceles the incretise has taken place, or which half is primary and which half

secondary. In the actual sections the mesenteries on the ventral aspect are closer together, and

disappear first in passing from al)Ove downward. From the .sections of the various polyps at

intermediate stages, it is clear that polypal fission in Porites is eft'ected only after the successive

addition of six bilateral pairs of mesenteries, the complete and incomplete members alternating in

such a way that the moiety of the six new pairs on one side resembles the moiety of the six primary

on the same side. When the two fission polyps are completely separated along the axial ])lane, a

pair of directives will be formed for eticli polyp, ))v the approximation of one of th(> inembeis of

the primary dorsal directives (IV) and the coiTesponding member of the last-formed ventrtil pai r (/').
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The plane of fission coincides with the primaiy directive plane which passes through the

primary dorsal and ventral directive entocceles and longer oral axis, and divides the enlarged

polyp into equal halves with twelve mesenteries to each; of these, six are the protocnemes and

six are new formations.

As the order of appearance of the mesenteries beyond the protocncmic stage in Porites

differs from that in other coral polyps, so its method of fission is altogether different. In most

corals the plane of fission is at right angles to the directive or median axis of the polyp, whereas

in Porites it is along the directive plane; each of the two primar}^ daughter polyps in ordinary

fission has only one pair of directives, but in Porites the mesenteries are arranged exactly as

in the larval polyp, and each fission polyp bears two pairs of directives. (See foot-note, p. 496.)

FISSION IN MADEEPORA.

When describing, in a recent paper", the method of addition of new mesentei'ies in

Madrejxira, beyond the protocnemic stage, the process of fission was also noticed, so that for

the present purpose it is only necessary to bi'iefly reiterate the facts there brought forward. On
examining most colonies of Madrepora with a lens, a few polyps are found which are slightly

larger than the others, and bear more than the usual twelve tentacles, any even number from

sixteen to twenty-four being represented. The tentacles form, however, only a single cycle, as

in ordinary polj'ps (PI. I, fig. 1 h). Such polyps seem to occur anywhere over the surface of

a colony, wherever vigorous growth is in progress, but have not lieen found in the oldest parts of

colonies, nor on the under surface of palmate colonies, where conditions of growth are not

very favorable.

Fig. 18a.

Madrepora,—Figs. 18. Series of diagrammatic figures illustrating polypal fission and the manner of increase of the mesenteries beyond

the protoenemic stage. Two stomoda-al tubes are present from the beginning, either connected by one or two mesenterial strands

or altogether distinct, a, Four new bilateral pairs (A-D) are present within the ventral directive entoccele. and two others connect

the two stomodseal tubes.

Most of the larger polyps are strongly oval, the longer axis being at right angles to the

axial-abaxial plane. Out of forty or fifty enlarged polyps examined, only one or two did not

already display two oral apertures, and of nearly thirty specimens scctionized transversel}' each

bore two distinct stomodieal tubes. Compared with the enlarged polyps of Portfes those of

Madrepora are therefore characterized by the earh' production of the bioral condition.

Transverse sections reveal that in practically every case twenty-four mesenteries— that is,

dou])le the number in ordinary polyp.s—are already developed, though in different examples they

exhibit somewhat different relationships. Sixteen complete mesenteries occur, and the remaining

eight are incomplete, the paired ai'rangement agreeing with that of simple poh'ps.

« "The Morphology of the Madreporaria.—II. Increase of Mesenteries in Madrepora beyond the Protocnemic

Stage." Ann. Mag. Nat. Hist., ser. 7, vol. x, 1902.
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The different polyp.s studied exhibit one or another of three successive stages toward

complete fission. These are diag-rammaticalh' represented in tigs. 18 («-c). The primary mesen-

teries are indicated by thicker lines, and are numbered from I to VI; the new mesenteries are

denoted l)y the letters A to F, no successive order in their appearance being assumed thereby.

Fig. IKii.

Madrepora.—Fission continuetl. The same number of mesenteries are still present within the ventral directive entoeoele, and a single

pair (E, E) occurs within the dorsal directive entoccele, while only one mesenterial strand connects the stomodsea.

The figures reveal that new mesenteries are added in bilateral pairs, disposed axialh' in both the

dorsal and ventral entocceles. No stage in which less than twenty-four mesenteries were present

has been found.

Special interest attaches to the mesenteries in figs. 1S«, ls/>. which connect the two stomodical

Fig. ISf.

Madrepora.—Fission continued. Two mesenterial pairs (E. F) now occur within the dorsal directive entoeoele, and the stomodseal tubes

are wholly disconnected. The macrocnemes and microcnemes and arrangement of the musculature on the faces are such that if the

polyp were divided into two halves along the median axis the mesenterial arrangement in each polyp would be the same as in an

ordinary polyp with only six pairs of mesenteries. {(/, PI. I, fig. 4.)

tubes. In fig. 18« two of these are present, in fig. lsl> only one, while in fig. 18c the connection

has ceased altogether. In the paper ali-eady mentioned, it has been shown that these connecting

mesenteries are a result of the pi-actically simultaneous division of the primary stomodieuin and

the appearance of the new mesenteries. The adjacent mesenteries, situated between the two
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stomodieal tubes, for a time retain this connection throughout the length of each stomodseuui.

Serial transverse sections indicate that later the naiddle portion of each connecting mesentery

begins to grow radially across the disk, and that when it reaches the vertical column wall it

divides into two distinct mesenteries, which constitute a bilateral pair. The division extends

all the way from the upper to the lower termination of the stomodseal tubes, the successive stages

in the process l)eing easily followed. As shown bv %. ISh, the dorsal connecting mesentery

becomes divided and stretches to the column wall in advance of the ventral member.

That no earlier stages, exhibiting a sequence in the ajapearance of the six pairs of new

mesenteries, have been met with, such as are described for Porites, seems strongly' to suggest that

the additional six pairs arise practically simultaneously, in all probability j9«r4 passu with the

division of the primary stomodseum. In the earliest bud polj-p of MudrejMra which has been

obtained, representing a stage before any tentacles appear, all the twelve mesenteries are already

present, and the oral perforation appears to have been just established (p. 497). It would also

seem that in the formation of new polyps by fission a like simultaneous development takes place,

and thus no intermediate stages between the twelve and twenty-four mesenteries are to be

expected.

The results from the two methods of asexual reproduction in coral polyps—budding and

fission—may be thus contrasted:

(1) Polyps arising as Ijuds pass through the same stages as regards the order of appearance

of the tentacles, mesenteries, and mesenterial filaments as the larval polyps of the same species,

and the adults of both are alike.

(3) Excepting Porltes and Madrcpora, polyps originating by discal fission, whether completely

or but partly separated, never wholly resemble the sexuallj'-produced polyp. No new pairs of

directives are formed, and the mesenteries do not assume a hexamerous or other regular cyclical

arrangement.

(3) Poh'ps of Porites and Madrepora arising by fission resemble larval polyps in having two

pairs of directives and four anisocnemic pairs of mesenteries. (See foot-note, p. 496.)

SEXUAL REPRODUCTION.

DISTRIBUTION OF GONADS.

Although the asexual method plays such a prominent part in coral growth, yet the pro-

duction of sexual elements, for the formation of entirely new individuals, appears to be quite as

important as in other groups of animals where sexual reproduction alone prevails. In West

Indian waters, colonies of Favia fragum, Manieina areolata, Siderastrxa radians, and Porites

davaria seem to be nearh' always fertile, while species of Madrepora, Orhicella, and Cladocora

are, as a rule, found without sexual cells.

Several observations upon the distribution of the gonads in the Madreporaria have been

recorded by other writers, but, as in the Actiniaria, no general rule is apparent with regard to the

monoecious or dicjecious character of the polyps. Thus Moseley (1882) found Seriatopora to be

unisexual; Fowler mentions the occurrence of ova only in Madrepora durvillei, Turhinaria, sp.,

and in Sphenotrochusrid>esce7is, while Puei/Jojjorah'evicornisis moncecious. H. V. Wilson merelv

states that Mdnicina areolata is hermaphrodite. Gardiner (1900, p. 367) found all the polyps of

Ccenopsammia which he examined to be female, without any trace of male generative cells.

In the course of the present studies many instances of fertile pol3'ps have occurred. A
portion of a colony of Mxandrina lahyrintliica sectionized bore gonads on almost every

mesentery, and in this case ova and spermaria were closely associated. In a few instances both

kinds of sexual cells are found on the same mesentery (PI. XX, fig. 140), but usually they are

developed on separate mesenteries, the number of male mesenteries being greatly in excess of

the female. The merest suggestion of an alternation of male and female mesenteries is

manifest; thus, one member of a pair may bear spermaria and the other ova, but at other

times two or three ova-bearing mesenteries are intercalated between a number of sperm-bearing
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mesenteries. Four to eight spermaria may be present on a .single mesentery in section; but

the number of ova is much less, usuall}' one or two, rarely reaching four or live. In the

hermaphrodite mesenteries the ova are invariablj' situated toward the fixed end of the

mesentery, and the spermaria nearer the free edge, that is, more central.

Faviafragiaii is likewise monrecious, and in this species also the two kinds of sexual cells

may occur on the same mesentery, though more often they are on different mesenteries within

the one pol_vp. In one large colony examined, the cavity of practically every polyp was crowded

with larva% all at the same stage of development. In addition to these the mesenteries were

swollen with spermaria and ova, all apparently at a similar stage toward maturity—the ova

having a large nucleus and nucleolus, and the spermaria with the tails of the spermatozoa

already developed.

On a colony of Parites clavaria most of the individual polyps contained sevei'al free larvpe,

again all at about the same stage of development. In this instance, ova onh" were present on the

mesenteries, usually one large egg to each, and of numerous polyps examined from the same

colonv none bore male sexual elements. In transverse sections of a polyp of Madrepora x>almata

a single ovum occurred on three of the four lateral complete mesenteries, but not on any of the

directive mesenteries.

Female gonads were moderately developed in a colony of Isopkyllia dipsacea. In transverse

sections some of the mesenteries exhibited three or four ova, restricted in their distribution

toward the insertion of the mesentery in the body wall. Most of the mesenteries of a polyp of

Orhicella radiata also contained ova, again situated toward their insertion in the polypal wall;

likewise polyps of Slderastnea siderea. In the last the ova were greatly distorted and irregular

in form, as if adapting themselves to the very narrow interseptal loculi.

From the above examples, it is impossible to say how far sexual differentiation has proceeded

within Madreporarian polyps. In all instances where a unisexual character would be indicated,

only female cells have been found, and then somewhat sparsel_y. Spermaria have never been

found alone, but always in association with large numbers of ova." It may be that coral species

are mainly moncpcious, l)ut that ova are first developed (protogynous), and later spermaria,

either on the same or different mesenteries. Further, the ova are, as a rule, restricted toward

the fixed or peripheral margin of the mesentery, while in Actiniffi generally they are disposed

about the middle of the radial length of the mesentery.

Apparently very little importance can be attached to the particular mesenteries on which

gonads may occur, for where present in numbers they are found on practicall}^ all the mesen-

tei'ies, both complete and incomplete. In Orhicella rad'udu anv of the mesentei-ies of the three

cycles may bear ova; as shown on PI. IX, fig ^%^ ova occur on a small incomplete mesentery,

while they are not developed on the larger complete member. In Actinian studies the distribution

of the gonads on particular mesenteries is considei'ed to be of some importance for systematic

purposes, but manifestly the production of a few sexual cells on cei'tain mesenteries can not be

of much significance, when in riper polyps they may possibly be found on all the organs.

Within its lift'timc a polyp may give rise to more than one series of ripe sexual cells, for

individuals charged with fully developed larva; also contain numbers of nearly ripe eggs, still

within the mesogloea of the mesentery.

Viviparity would appear to be the rule among corals, though Wilson records the extrusion

of eggs and semen from 2httucina, and I have also found this to happen in F'avia. It may be

doubted whether such occurrences take place under normal conditions, as in lioth instances

highly developed larvie have also been found within the gastric cavity. Similar promiscuous

extrusions of sexual cells are likewise found to take place among anemones. From Rliod<(ctis

sancti-TIwmce, Aulaetinia stelloides, and others unfertilized eggs and semen have been found

to be extruded in abundance, while from both species mentioned larv;v at an advanced stage of

development have also been otitained.

a Miss Pratt (1900) describes Neohelia as probably monoecious, spermaria only being present.
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From the few records yet available, it is impossible to determine how far the different

species of corals have any regular breeding season; such would scarcely be expected under the

uniform conditions of temperature characteristic of tropical waters. During the month of Julj'

four or live different colonies of Siderastrxa radians were collected, all having polyps charged

with free larvte. while other collections made at different times from the same locality never

yielded fertile colonies. From another locality larvse of this species were secured during the

middle of March.

Most of the larvte to be here described were collected in the early months of the year (March,

April); but larvie of Manicina areolata and Favia fragum seem to be extruded nearly the whole

year round.

SPERMARIA AND OVA.

In their detailed structure, the spermaria and ova of corals are much like the corresponding

elements in the Actiniaria. A mesentei\y bearing two spermaria, in addition to three ova. is

represented on PI. XX, tig. 140, taken from Mxandi'ina. The fertile portion of the mesentei\v

is greatly swollen, and the mesogliea is thin and surrounds each ovum and spermarium as a verj'

delicate sheath. The mesenterial epithelium has undergone certain moditications: toward their

base the cells are much vacuolated, and without any recognizalde protoplasmic contents. Cell

limitations are not obvious, and the nuclei are arranged in a very deffnite zone toward the

margin, along with the other protoplasmic contents of the cells.

The spermaria are crowded with deeply-staining, spheroidal, sperm cells, each with several

still more deeplj'-staining particles or nuclei. A similar stage has ])een figured by Professor

Hickson for Alcyonium (1895), and also described by Ashworth (1899) for Xenia. Occasionally

a central cavity containing a coagulum is already developed, and here and there this is tilled with

the projecting tails of the spermatozoa. Without any doubt the ova and spermaria are developed

from the mesenterial epithelium, as in other Anthozoa, and the cells wander into the mesoglcea

and become encapsuled by it. but none of the earliest developmental stages have been found.

The spermaria fi'om another colony of 3/xaiuhi»a, instead of being nearly spherical, are

narrow, and extend along the transverse length of the mesentery for some distance, and display

constrictions, as if made up of four or five fused spermaria.

On one occasion, ripe spermatozoa were observed in the act of extrusion from a polyp of

Favia fragum, the process taking place by the same jerking motion as when larvfe are liberated.

They were of the same form as those of Actinia equina, described and figured by Lacaze-Duthiers.

that is, a pear-shaped head with a laterally fixed tail.

A mesentery bearing two large ova is represented in fig. I-IO, again taken from Msemidrina.

The eggs contain a large amount of vacuolated, finely granular yolk. The vacuolization is very

uniform except peripherally, where the ovum stains more deeply, owing to the greater concen-

tration of the protoplasm. In the same region deeph'-staining granules are also numerous. The

germinal vesicle is large and homogeneous in structure, and is unaffected hy carmine stains, but

readily takes up aniline blue. The germinal spot is usually situated close to the margin of the

germinal vesicle, and differs from the latter in staining intensely in liorax carmine.

AVhite, spheroidal, unfertilized eggs were extruded singly from Faciafragum on sevei'al

occasions, after floating around in the gastric cavity for several hours. Examined under the

microscope, the ova underwent a great variety of irregular movements for about an hour, sending

out lobate processes, tirst from one region and then rapidly from another.

The experiences of von Koch, Wilson, Haddon, and those here recorded render it manifest

that the eggs in coral polyps are ripened in batches, not a few at a time, and that the larva»

develop equally; for in all cases where larvaj have been obtained from any polyp thej' occurred

in numbers, and practically of the same age, while many far advanced eggs were present in

the mesenteries preparing for another series. This is usually the case in the Actiniaria, l)ut

excej^tions may occur, as where larviv at all stages have been .secured from the same polyp at one

time. Fowler (1888, p. 13) states that the ova in Sj^henotrochus ruhe^cen)s were in various stages

of maturation.
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LARV^ AND POSTLARVAL DEVELOPMENT.

In all corals yet observed, the segmentation of the ovum and early stages in the development

of the larva take place within the internal cavity of the polyp, and are therefore not easily

accessiVile for study. The extrusion of a few eggs and semen, which sometimes occurs, appears

to be fortuitous in character, and is not to be regarded as the normal method of sexual reproduc-

tion. It is a little remarkable, that in the many sections of adult polyps which have been pre-

pai-ed, none of the intermediate stages between the egg and the fully developed larva have been

secured, though fertile polyps, and others containing free advanced larvae, are by no means rare.

Pro))ably by keeping under observation, for a lengthened period, colonies which are known to

be fertile, it would be possible to secure the earlier embryonic stages; polyps which are charged

with advanced larva? often contain in addition nearly ripe eggs, from which another batch of larvi\;

might soon lie expected.

From the colonies of 21aniclna areolata^ which H. V. Wilson had under observation for

a period of several months, eggs, semen, and larvffi in \evy different stages were extruded. The
first specimens of coral poured forth eggs and semen on the 15th and 17th of March, while on the

20th the polyps had given birtli to larva* a little more advanced than the planula. After this date

only larvffi were ejected, their stage of development becoming much more advanced as the

Bahama season progressed.

Among iVctinians also the larvie are usually ejected in an advanced stage of development;

but unfertilized eggs and semen are extruded from a few forms— Urticina crasucornis, Metridium.

marghidfun, Sagartia jKtrast'tica, and CerkuitJms irn'mhranaeeus, so that different investigators

have found it possible to follow the segmentation and early embryonic stages of these.

Manicina areolata is the only coral in which the segmentation and formation of the germinal

layers has hitherto been followed. But the early stages of development, as far as the formation

of the skeleton, seem so completely alike in the Madreporaria and Actiniaria that the fuller

details obtainable within the latter group may be considered to hold for the former. Appellof

(1000), in his admirable paper, "Studien fiber Actinien-Entwicklung," has followed very com-

pletely the early stages in the development of the Actinian Urticina cras.sicorm'», and at the same

time reviews the results of other workers throughout the Zoantharia in the light of his own.

The following account will be restricted to a description of the larvae either upon extrusion

or shortly after, and as far as their subsequent development has been traced. During the

course of the present investigations numerous larvaj of the following species of corals have

been obtained: Manicina areolata, Favia fragum, SiAerantrxa radians, Poriten clavaria,

IsopJtyllia dij)sa,cea, and Agaricia agaricites; not always, however, under circumstances in which

their future history could be followed. In some cases it has been possible to trace their

growth through various stages, but in others only the larva; themselves are available for study.

Some of the larvie were preserved directly in corrosive acetic, and others in formol. The former

method gives the best results. During preservation nuicus was often extruded from the

unicellular ectodermal glands, resulting in the adherence of foreign particles to the larval wall;

often also the larva? collapsed when transferred to the preserving medium.

Where the superficial tissues of vivipai'ous polyps are partly transparent, the larva? can

be seen moving about within the gastro-coeloraic cavit}-, coming into view above and then

disappearing below. Very often thej' enter the tentacles, and may remain there for some time,

so that when the polyps retract they give rise to small protuberances of the surface. Whether
the motion within the polypal cavity is due to the larva's own ciliary activit}', or is brought

about as a result of the general circulation of the internal nutritnit fluid, is not readily ascertained;

certain larva? are provided with cilia and able to swim about inmiediately on extrusion, while

others remain motionless for a short time, showing that cilia are not yet active.

The actual extrusion of the larva? seems always to take place suddenly, not with the slow

convulsive movements more usual in parturition in other groups. In Manicina areolata the

larviB were ejected through the mouth in batches, a dozen or so at a time, by a peculiar jerking

motion of the adult: but in Porites clavaria, Favia fragum, and Siderastrsea radians they
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appeared singly, or only two or thi-ee at a time. Probably the larvte are able to made their exit

through the tips of the tentacles, as well as through the mouth, though owing to the rapiditj^

with which the process takes place J have never been able to assure myself of this method, even

when, as in the case of Siderastrscd, colonies have been watched for hours. Von Koch states

(ISyT) that the larvffi of Caryophyll'ia cyathus pass through the tips of the tentacles. The various

polyps of a colony contiiuie to give out larva? for several days, or even for a week or two, and

then the supply ceases, or for some time one or two individuals may appear at long intervals.

Development appears to proceed equalh' within most of the polyps in any colony. In the

fertile colonies of J^avia or Siderustrxa the majoritj' of the polyps contained larvaj all at the

same stage, and in I'orite.s such was the case with most of the polyps within any restricted area.

On first extrusion the larva- of corals are spheroidal, oval, pear-shaped, or elongated rod-like

bodies, varying from 1 to 3 nun. in length, the outer surface uniformly ciliated throughout. The
vai'ious forms assumed by the different larvfe of Favia fragum. extruded about the same time,

indicate the more usual shapes (PI. XllI, tigs. 96-100). Lacaze-Duthiers (1873) figures the larva

of Axiroides cd/i/eular/s as elongated and assuming a spiral form, von Koch (1897) that of Caryo-

phyllia cyathus as pear-shaped. The individual larva, however, often manifests the iwwer of

retraction and of altering its shape, so as to be at different times oval, pear-shaped, spheroidal,

or riattened and cake-like. In the majority of cases, one end, usually the anterior during progres-

sion, is much broader than the other, though when the larva has been extruded for some time

these relations are frequently reversed. Thus, the pear-shaped larva of Favia fragum has at

first the broad end at the aboral forward pole, but later the broad end is oral or posterior

and the narrow end is aboral. A similar alteration of form has been noticed in Siderastrma

nidiaiix, but most of the larva? of this species have a narrow aboral and a swollen oral pole from

the beginning. Twin larviv, with two oral extremities and one aboral, have been extruded by

polyps of the species just mentioned. No coral larva has 3'et been described in which the aboral

extremity bears the tuft of larger, less mobile cilia sometimes met with in Actinians.

Coral larvfe are able to swim about either immediately on extrusion or shorth' after. For the

iirst few minutes they may remain motionless, either at the surface of the water or on the bottom

of the vessel, then, cilia having been formed, active movements of both rotation and translation

commence. Some gyrate throughout the depth of the water, coming to rest from time to time;

others remain nearer the surface or accumulate around the sides of the vessel. Within one to

three days a few of the more vigorous examples would become attached to the sides of the

glass vessel or other object, and remain thus for some time, then become active again, and

afterwards refix themselves. But the great majorit}' seemed unable ever to settle, and continued

alive for daj's or weeks, without much motion, and apparently without undergoing further

development. If fixation did not take place during the first two or three days it was never found

to occur after, though some of Wilson's larva? of Maiiicijia settled after swimming around for

three weeks.

When first extruded, coral larvw are dense and opaque, and either colorless or slightly

brown; afterwards they may become slightly distended, and as a result the wall appears thinner and

inoi-e nearly transparent. Occasionally the iarvie are set free in a distended form, when they are

more transparent from the beginning. The alteration from the opaque to the more transparent

condition is brought about by an important change in the internal endodermal tissue, described

below. Under the microscope the colorless or nearh' colorless outer ectoderm can be distin-

guished from the inner endoderm, and in all species examined the latter bears zooxanthellse,

which give a yellowish color to the internal mass.

The oral pole, whether narrow or t)road, is usually darkly colored externallj*. Examination

of the living larvi^? under the microscope, and also by means of sections afterwards, reveals that

the color is due to the presence of numerous zooxanthella' or yellow cells toward the oral end.

Usually these occur within the ectoderm cells, but sometimes, as in hnpliyUia dipsacea (PI. XXV,
fig. 165), they crowd the endoderm cells around the oral e.xtremity, and the ectoderm contains

I'oniparatively few. In both cases the zooxanthellte are densely aggregated toward the apex,

whic'h in consequence is the darkest area. In general the alga^ are sparingly distributed
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throug-hout the (Midoderm, uiul thus give rise to the fiiint brown eolor of the hirvre iis a whole.

Only rarely do they oceiir lieyond the oral region of the ectoderm.

From time to time the zooxanthelhe are .seen to l)e set free from the ectoderm cells, and

in the end thev wholly disappear from the outer layer, the larva becoming uniformly colored.

Occasioniilly they persist for a short time within the jx-rioral aiea after the larva has ))ecome tixcd.

The presence of numerous symbiotic zooxanthelhe within such a restricted region of the

larva during its interpolypal existence, and their disappearance .shortly after the larva is set free,

arc i)henomena upon which no explanation has yet been offered. In no adult corals are

zooxanthcllie found within the ectodermal cells; it is wholly a larval condition.

When the larvte are tirst extruded, the oral aperture is usually indeterminable, but a very

minute opening apjjcars shortly after, often situated a little to one side of the actual apex,

and later the wall inunediately around the mouth bcconu's slightly depressed. Extrusions of

zooxanthella?, and what seem to be yolk granules in a nnuais-like mass, have been observed to

take place from time to time through the newly formed mouth. This phenomenon conunences

shortly after the larva' are set fi'ee, and continues for some time. Lacaze-Duthiers (1ST:3) has

figured the ejection of waste material actually taking place in the larv* of Astroides, and it is

also found to be a conmion occurrence in Actinian larvte. It is manifest that this is the larva's

method of getting rid of the surplus zooxanthelhe, yolk, and cell debris remaining after the

formation of the narrow endodermal layer from the original nearly solid internal tissue. Sec-

tions of late larva' are generally found to contain free zooxanthelhe, and what seem to l)e cells in

process of disintegration (tig. 112), while in early larviB the intei'ior may be wholly tilled with a

compact vacuolated tissue (PI. XXV).
Some time after their extrusion, the larva' may enlarge a little, and begin to lose their

opacity, or this may not take place until they settle. Through the more transparent wails the

internal attachment of the mesenteries can be seen, and their numlier and course determined.

Usually three or four pairs of mesenteries are indicated at this stage, one or both of the lateral

pairs generally extending as dark, thickened bands farther down the polyp than the two axial

pairs (PI. XVil, tig. 125).

In nearly all cases sections of the freshly extruded larva reveal an almost solid interior, into

which the very narrow stomoda'um has pushed, as it were, its way; also three or four pairs of

mesenteries are more or less developed (Pis. XVIII, XXV). Afterwards the four pairs of

mesenteries seem to grow (|uickly, so that ])y the time of settling ;dl may be united with the

stomoda?um, two additional pairs—the fifth and sixth developmental ijairs—having appeared in

the meantime; the latter, however, never unite with the stomoda^um for a long time after

fixation. All the ^ix pairs of protocnemes were already present in freshly extruded larvffi of

Is(,j>l,ylli(i dij^sdetd. Tentacidar protui)erances seem never to make their appearance before the

fixation of the larva, nor has any trace of skeletal matter been observed during the free swinnning

stage.

Within a day or two after extrusion the individual larv* settle by the forward aboral pole,

on any suitable surface which presents itself, and usually independently of one another. Should

the aboral extremity of the larva be narrow, it rapidly flattens after fixation; the larva as a

whole shortens greatly, swells laterally, and for the first time the diflerentiation into basal di.sk

and column is established.

F'ixation may take place in close proximity to the parent colony, and in siu'h cases

probably directly after liberation. It is a common occurrence to find a few young polyps

adhering to the lower, dead surface of colonies of Manlclna and Favia. Lacaze-Duthiers (1899)

has also shown that in the CanjophyJl'm obtained from Port Vendres "bouquets" of the coral

have been produced, evidently by the larva' fixing themselves on the exposed region of other

corallites, and, thus attached, growing to their full dimensions and giving a semblance of budtling

or tissiparity to the usually simple coralla. Von Koch (1890) also de.scribes "aggregated"

colonies in B(da>iiij>]n/lJ!ii, which could only have originated in the same manner.

A still more remarkable instance of colony formation, from the union of individuals originally

free and distinct, occurred during the fixation of the larvje of Slderastrsea radians. The lar\a;

settled in groups in such close proximity that when expanded the polypal walls pressed against
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one another, and produced angulated outlines. In one instance a colony thus produced consisted

of thirty-two primaril}' free larva?, in another twelve larvte associated themselves, in a third

seven, while several groups of three or four poh'j)s were formed. Some of these colonies lived in

small aquaria for three or four months, during which time the tentacles and skeleton appeared.

To all appearances they would, under natural conditions, have given rise to actual colonies,

indistinguishable from ordinaiy colonies produced by gemmation. (See foot-note, p. 495.)

Of the numerous larvre extruded l)y corals comparatively few seem to settle, and in aquaria

the greatest difBculty and uncertainty are experienced in securing permanently fixed individuals.

Sometimes a number will l)ecome fixed, while under what appear to be exactly similar circum-

stances fixation seems impossible. In addition to the somewhat unnatural conditions under which

the larva may be placed in aquaria, it seems not improbable that the ripeness of the larva? for

settling may also be a factor. In my experience, if fixation be not efl'ected within two or

three days after extrusion, it does not take place afterwards. The larvas will then remain resting

or slowly swimming about for an indefinite time, apparently undergoing no development what-

ever. Larvie of .V. rach'anx have been kept thus for a period of twenty daj's.

Difterent measures were employed to provide the larvse with suitable surfaces for fixation,

and at the same time permit of their examination later. Glass dishes and small pebbles were

placed in the vessels, and cover glasses fioated vertically V)y means of pieces of cork. These

jDrovisions, however, were of little service. The most favorable position appeared to be the sides

and bottom of the glass vessels in which the colonies were living. The larvfe being properly

settled, the vessel was broken with care, and the fragments bearing the larva? distributed to other

vessels in which coral colonies were already established. Many larva? were .secured in this way,

fixed to transparent pieces of glass, and could be taken out at any time, and examined in small

glass dishes as ti'ansparent objects under the microscope.

Once the larvie were fixed, they appeared quite vigorous and hard}-, and continued their

growth even under unfavorable conditions; while larvae which remained unfixed, though kept

alive and active for several weeks, never increased in size or underwent development in any waj^.

Ectoderm.—The larval ectoderm is very broad compared with the same layer in the adult

polyp. In section the ectoderm of the larva of Agaricia measures 0.1 mm., and that of Favia

fragion 0.08 mm. Most of the usual Anthozoan cellular elements are alreadj' differentiated at or

before extrusion; gland cells, nematoblasts, supporting cells, and nervous elements occur, but

no muscular fibrils have been recognized. No observations have been made on fresh macerated

material, but the various cells separated somewhat freely from certain of the specimens preserved

in formalin.

Both transverse and vortical sections of the ectoderm exhibit certain zones characterized bv

diflerentiations in the cellular constituents (fig. 165). The greater number of the nuclei are

aggregated about the middle of the layer, and inwardly they occur in diminished numbers as far

as the mesogla?a. B\' reason of the deeply-staining character of the nuclei their zone of

distribution stands out strongly in moderately thick sections, and macerations show that it

comprises the nuclei belonging to the supporting cells; the more deeply situated nuclei are

those of the gland cells, developing nematocysts, and nervous elements.

The outer half of the ectoderm comprises the swollen portion of the gland cells and the mature

nematocysts. embedded, as it were, in a matrix of supporting cells; the margin frequently

shows the swollen bases of the cilia, which stain ver}' strongly in method blue.

The inner zone is not well defined, and in early larvfe is usuallj' characterized by the presence

of large numbers of developing nematoblasts. These stain deeply, appear nearly homogeneous,

but with a nucleus to one side, and are arranged irregularly at all angles to the other constituents;

as thej' mature they migrate peripherally, and become arranged at right angles to the surface of

the layer.

The gland cells ai'e a ver^' important constituent of the larval ectoderm, and their contents

are nearly always finely granular, and usually remain unstained. Sometimes the vacuolar part

extends nearly, if not altogether, across the layer, and on preservation the larvi« often throw out

large quantities of mucus, when the cells become clear.
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As already mentioned in tleseril)ino- tiie external eharacters, the ectoderm cells may contain

zooxanthella;, mainly restricted to the oral pole, but at times occurring sparsely throughout.

At the aljoral extremity of all the larvw examined the ectoderm undergoes an important

alteration: nervous elements become developed to such a degree as to suggest that the region

represents a special sensory organ. The general features of the diHerentiation are much the

same in each species (PI. XXV, fig. 165). From the narrow mesogloea a number of delicate

fibrils extend parallel with one another and at right angles to the layer, and unite in a reticulum

which in sections seems largely made up of the cut ends of nerve fibrils. The nerve layer may

be very })road, and on the outer side is continued into the ectoderm cells. The latter are usually

more elongated, and more compactly arranged; the mucous cells are greatly diminished in inun-

bers, and the nematocysts and supporting cells have undergone a corresponding increase.

The special nervous development is not restricted to the actual aboral pole, Init extends

some distance up the wall, gradually becoming weakei- and weaker, until ultimately, a little

below the middle of the larva, it is scarcely distinguishable.

I have described the occurrence of a similar sense organ at the aboral pole of the larva of

Lebni/nia coraUi<jen>< (1899), and Professor McMurrich (1S'.»1) has found the same in the larva

of RKodacth sand i- Thorn a'. It is suggested that the organ is in some way associated wnth

the forward position of this end of the larva in swinmiing, and disappears when the larva

settles by this extreiuity. jVppellOf (1900) has found a less marked ectodermal modification at

the aboral pole of tiie larva of Aetaila equinu^ liut in this species no special nerve layer is

developed. The layer is clearer than elsewhere, and the cells are long and extraordinarily fine,

and some even seem to terminate in two or more fine fibrils, while on the outside a group of

longer, less mobile cilia occurs. Appellof observed no corresponding difl'erentiation in the aboral

ectoderm of Urticin/i.

2£oKth and SUmiodxum.—When the larvsv are first extruded an oral aperture as a rule is

indeterminable, though a few hours afterwards a small circular opening can be made out, and

later the wall around may be partly depressed. Transverse and longitudinal sections through the

oral pole of freshly extruded individuals also indicate that for a time the mouth and stonuxheum

are not functionally active, and the ectoderm at the entrance to the interior often ajjpears without

any 1)reak. In sections through the stomoda-al tube an extremely narrow lumen occurs, })ut

the condition of the canal does not suggest that ciliary activity has been estal)lished, any more

than the nearly solid interioi- of many of the larva' would permit of the circulation of a nutrient

fluid. The storaodteal ciliation is not always distinguishable, yet when fully active the cilia

here are the strongest in the whole polyp. The deeper parts of the ectodermal epithelium at

this stage contain the develoi)ing stages of many nematocysts, and the nuclear zone so character-

istic of the .stomodieal ectoderm in adult polyps is not yet strongly differentiated.

The ectoderm never stops short all the way round at the actual inner termination of the

stomoda?al tube, l)ut is partly reflected along the endodermal surface, and thence becomes

continuous with the mesenterial filaments, passing down the free edge of whatever mesenteries

are wholly complete (PI. XVIII, fig. 127). In endeavoring to establish the homology of the

mesenterial filaments, nuich significance has been attached' to this reflected ectoderm, and to the

apparent passage of the stomodieal ectoderm on to the mesenteries (p. -ITT).

Endodenn.—Much variation exists as to the condition of the interior of the larva? when

the latter are newly hatched. In some instances it is filled with a highly vacuolated tissue, so that

the larva is a nearly solid mass of spheroidal cells; other larvte are hollow toward the middle,

but provided with a In-oad endodermal lining. A comparison of the figures on Pis. XV and

XXV will give an idea of the ditterent internal conditions which have been encountered.

The vacuolated tissue filling the coelenteric cavity appears as if made up of distinct spheroidal

or polygonal cells, each with a definite boundary, and having a nucleus applied to the wall.

Each cell is occupied almost completely by a large vacuole, but around the walls arc granules of

different sizes which do not stain. The appearance of the tissue is the same throughout, in what-

ever direction the sections mav be made. Zooxanthella- are numerous and may be uniformly
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distributed, or, as in Agaricia, are more restricted toward the oral extremity and periphery

(lig-. 165).

In larvffi of Agaricla and Isophyllia the endodermal tissue is in its most compact condition,

and in both transverse and longitudinal sections slits or lines of demarcation are present, which

limit one portion of the tissue from another. Along the margin of the slits the cells have more
contents, and the boundaries of the mesenterial filaments and more central part of the mesen-

teries are also shown, the tissue appearing as a matrix in which these organs are embedded.

The slits thus serve to delimit a parietal, mesenterial, stomodasal, and middle endodermal tissue

(PI. XVIII). In some larvje the slits are represented bj' wider, more definite spaces, especially

in the stomodieal region, while below the stomodseum the middle endodermal tissue can be seen

in process of breaking down. Onl3' the middle tissue, however, undergoes disorganization;

that lining the wall and mesenteries persists as a thickened mass for a long time. Where the

process has continued for some time the middle of the larval cavity is occupied bj- organic debris,

comprising granules of various kinds, fragments of cell walls, and zooxanthella; (PI. XIV,
fig. 112). This is afterwards extruded by the larvre shortly after the establishment of the oral

aperture (PI. XIII. fig. 96).

For a long time the parietal and mesenterial endoderm remains enormouslj' thickened, arranged

in high vertical ridges, all the cells of the same vacuolated character, in both respects difi^ering

from the epithelium of the mature polyps. G. von Koch (1897), in his paper on the development

of CaryoplnjlJia cyathxs, and later in "Das Skelett der Steinkorallen," has drawn particular

attention to the parietal thickenings of the endoderm in larvae of this and a somewhat later stage.

As a rule the endodermal thickenings assume a definite form and relation with the mesen-

teries, which varies as the latter increase in number. In the section of the larva of F. fragum,
represented in fig. 116, they are ten in number, two axial thickenings and four bilateral pairs; at

a later stage another pair will be formed, and ultimately a thickening will occur in each of the

twelve mesenterial interspaces. Von Koch (1896) has found similar endodermal swellings in the

corals Astroides, Balano2}hyUla, and Caryophyllia, and in the Hydroids Coryne and Tuhularia;

Haddon (1890) figures exactly similar structures in the larva of EnpKyllln.

The thickenings correspond with the positions which later will be occupied by the calcareous

septa, and von Koch has applied to them the term Prosepta (Vorsepten). It is not to be assumed

that the}' in anj' way represent the septa, or are concerned in their formation, for they are just

as well developed in Actinians, e. g. , Lebrunia, which never form a skeleton. From their

structure and arrangement, von Koch supposes that in the larva the endodermal thickenings

function as elastic supporting organs; that they are the physiological predecessors of the septa.

Morphologically they are seen to be the remnants of the vacuolated endoderm, which, at an

earlier stage, practically filled the interior of the larva.

When the larva settles the thickenings still persist in the lower region, and extend intermesen-

terially along the base and for some distance up the column, as shown in the section of

Manicina (fig. 137). The septal invaginations of the ectoderm arising later are formed within

the prosepta, so that the skeletotrophic endoderm is greatly thickened from the beginning.

Apparently in the larval prosepta we have the precursors of the enormously thickened

vacuolated skeletotrophic endoderm, already described as characteristic of the lower aboral region

of a great number of corals.

The prosepta are thus the persistent representatives of the endodermal tissue, which at an

earlier stage completely occupied the internal cavitj- of the larva\ The middle portion of this

tissue becomes disintegrated, and the debris exti'uded from the larvw, while the peripheral portion

persists, becomes associated with the skeletal ingrowths, and undergoes more or less histological

alteration.

In the larva of the Actinian Lehrunla (1899) I have already described a somewhat similar,

nearly solid condition of the interior, and in this case the tissue of the earliest larvae showed

definite narrow spaces, which were regarded as indicating a primitive ccelom. These spaces

correspond with the narrow slits and limitations met with in the freshly extruded larvaj of

Vol. 8—No. 7 9
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Agarieia and IsophyJUa. In the later larv;e of Lebrunia the central part of the vacuolated tissue

had heeomo broken down, and cell debris and zooxanthelhe were seen to escape througli the oral

aperture; and thus tlie adult ctelenteron was produced, though for a long time the parietal and

mesenterial endoderm remained greatly thickened.

Api)ellr>f, toward the close of liis paper, "' Studien iiber Actinen-Entwicklung." discusses my
conception that the endoderm of tiie larva of Lehranla is for a time nuiltilaminar, and concludes

that I am mistaken in my interpretation of the appearances. He surmises that Lebrunia is

exceptional in that its larval endoderm cells are greatly elongated and highly vacuolated, not that

they represent a parenchymatous mass, as my observations imply. The various coral larva3 here

investigated show that the more or less solid condition is by no means exceptional in the Zoantharia,

but is I'ather the rule. The question at issue is whether the appearances presented l)y sections

are due to the vacuolization of a comparatively few elongated cells, or whether the endodermal

tissue at this stage is composed of numerous rounded or polygonal cells forming an embryonic

parenchymatous mass.

In whatever direction sections are taken the appearances are the same, the tissue seeming

constituted of rounded or polygonal elements; there is never a radiating appearance, such as would

be expected did the cells represent a columnar epithelium. The absence of this can not be set

down to the disappearance of cell limitations, for such are everywhere very obvious. Moreover,

so far as can be judged, each vacuolated element is provided with a weli-detined nucleus, adherent

to the wall.

It is manifest, from all the stages available, that the central portion of the tissue becomes

disorganized shortly after the larva's extrusion, when functional activity of the stomodreum has

been established. As seen in sections, the middle of the larva at this stage is filled with granules

of various kinds, some staining deeply and others colorless; zooxanthelliB and fragments of what

seem to be cell walls are also plentiful. Were all the cells fixed to the mesogloea by their l)ase,

we should then have to assume that their centripetal ends ])ecome disintegrated and theflebris

extruded, a proceeding which would hardly be expected to occur.

LARVA OF AGAKICIA AGARICITES.

(PI. XXV, figs. 165-167.)

A colony of Agarieia, freshly collected, extruded numbers of larvae within a few hours, all of

which were directly preserved. The specimens were opaque and about 3 mm. in length; some

were strongly peai'-shaped, and others nearly sjiherical. and all swam about from the ))eginning.

So far as could be made out by examination of the living specimens under the microscojje,

no oial aperture was yet established; a few zooxanthelhe were present in the ectoderm ai-ound the

oral extr^'mity. Most of the larva- partly collapsed on preservation, whether in formalin or

corrosive acetic.

Sections reveal that the larvte are all at the same stage of development. The interior is

filled with a compact vacuolar tissue, leaving practically no free cavity, and six pairs of mesenteries

are developed, ail of which extend nearly the full length of the ituier cavity; four pairs of the

mesenteries are united with the stomodteum throughout its length, but the other two pairs nowhere

reach it. Mesenterial filaments are already borne by all the six pairs of mesenteries, and become

strongly developed toward the iiboral extremity of the larva. Both transverse and longitudinal

sections indicate that the oral aperture is not yet formed, though evidently just about to be so;

the stomodreal tube already shows a definite lumen, but at its outer extremity the ectoderm

cells still close over it, and would prevent any comnuuiication between the interior and the

exterior. No ciliation of the storaodieal ectoderm can be made out, though this character is

always very manifest in weil-preserved examples of the adult polyps. That the cilia in this

instance have not disappeared, owing to imperfect preservation, may be inferred from the fact

that the external ciliation of the ectoderm is still clearly shown.

The outer ectoderm of the larva is a very broad layer, and the usual histological elements

of the adult are already present, comprising supporting cells, gland cells, and nematocysts,

with the addition toward the aljoral extremity of a well-developed nerve layer. Zooxanthellse
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are very limited in iiuiiiher iind distrihiitioii. Only a few occur around the po.sitioii at which
the oral aperture will be formed, as noticed among- the external characters. The cellular

constituents of the ectoderm are distinctly shown in larvie doubly stained with borax carmine
and methyl blue, and the enlarged bases of the cilia are clearly distinguishable. Apparently on
preservation none of the gland cells extruded their contents, and these are now stained with the

carmine, while the supporting cells and nematocysts arc stained blue. Most of the gland cells

have finely granular contents, but others are clear, and they may extend nearly the whole width of

the layer. The nematocysts are small and not very numerous. In the deeper parts of the layer

are numerous clear, elongated l)odies, staining blue, with the nucleus red, which in all probabilitj^

rei^resent developing nematocysts. The nuclear zone is very sharplj^ limited on its outer margin,
and the peripheral zone, wholly devoid of nuclei, occupies nearly one-half the thickness of the

whole ectodermal layer, made up for the most part of the swollen gland cells.

About midway down the column wall an ectodermal nerve layer begins to appear. At first

very feeble, it Ijecomes better developed as the aboral extremity is approached, until at the

actual pole it is very prominent. What seem to be delicate nerve fibrils extend vertically from
the mesoglcea, and then unite in a broad meshwork: under high magnification the mesh exhibits

the cut ends of very delicate fibrils, especially well seen in transverse sections. At the actual

extremity the gland cells are less plentiful and nematoc3'sts are more numerous.
Throughout the larva the mesoglcea scarcely attains any appreciable thickness, but appears

as a mere dividing lamella between the ectoderm and endoderm; even in the mesenteries

it is barely seen as a definite la3'er. Associated with its endodermal surface are nuclear

bodies which stain deeply in methyl l>lue, and exhibit somewhat of a punctate character, as if

nuclei in some mitotic phase, but, owing to their minuteness, no further details can be made
out. Similar appearances occur also in connection with the mesoglcea of the mesenteries, and
maj' perhaps be concerned in the formation of the middle layer.

The endodermal cells are spheroidal or polygonal, and almost completely vacuolated. Zooxan-
thellas crowd the endoderm cells toward the oral end of the larva, and are sparsely distributed

throughout; they show a slight tendency toward a restriction around the periphery of the

endoderm. Although compact, the endodermal tissue presents a definite series of internal

boundaries associated with the mesenteries, which indicate the lines along which cavities or

passages will be formed when the larva becomes distended and the c(Blenteric cavity is ultimately

established.

The freshly extruded larvse of Agaricia are somewhat exceptional in the degree to which
the mesenterial development has already proceeded. In all the specimens examined the

Edwai'dsian mesenteries are complete, and though the fifth and sixth pairs are j'et free from the

stomodieum they extend vertically nearly the whole length of the larva. The dorsal directives

cease aborally a little in advance of the remaining three pairs of complete mesenteries.

Mesenterial filaments are strongly developed on the Edwardsian mesenteries, and less so on
the two incomplete pairs; in the former they are in direct continuity with the stomodsval

ectoderm, but it is obvious that this can not be the case with the latter. The filamental tissue on
the incomplete pairs only makes its appearance some little distance below the stomoda?um, and is

never so strongly developed as on the other mesenteries. On these the filaments are often weak
for some distance, ))ut toward their lower termination they become greatly developed, at least on
the mesenteries of the first and second developmental pairs. Here the^- are very conspicuous
objects in sections, and developing nematocysts and gland cells in various stages can be found.

The filaments' have already very definite boundaries distinguishing them from the rest of the

endodermal tissue.

LARVA OF ISOPHYLLIA DIPSACEA.

(Pis. XVII, XVIII, figs. 12.5-128.)

A colony of hophylUa was collected from which larvte were freely extruded from the

beginning. On their first appearance most of the larvte were rod-shaped, but others were
pear-shaped; at first the former would crawl along the floor of the vessel in a worm-like
manner, while the others would swim freely throughout the water. The larvaj were larger than
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those usually met with in corals, measurino- fully 3 mm. in length. "When tir.st extruded they

were den.sely opaque, and the posterior end (oral) was deeply pigmented. An hour or two after

being set free some became greatly distended at the aboral pole, and as a consequence were

more nearly transparent; others, again, became swollen at the oral exticmity, the opposite end

remaining narrow.

In the inflated larva represented in tig. 1^5 three pairs of mesenteries were already indicated,

all extending downward from the minute, circular, oral aperture. The mem])ers of one

pair of mesenteries extended nearly the whole length of the larva, and along their line of

attachment were umch darker and broader than the others. On one side of the pair were two

other faint mesenterial attachments, which continued but a short way down the polyp, while on

the other side was a third pair only just apparent, and having a still shorter vertical course. All

three pairs, however, start from the uppermost extremity of the polyp.

Some of the larva? immediately on extrusion were preserved in formol, and others in

corrosive acetic, when they threw out a quantity of mucus, which resulted in the adherence of

minute foreign particles. The distended larvte nearlj' always collapsed during the process of

preservation.

Transverse sections of tlie freshly extruded sjjecimens reveal that the larvie are practically

solid bodies, the interior being tilled with a compact vacuolated tissue, bearing numerous nuclei

and zooxanthelh*. Boundaries in the vacuoliir endoderm are indicated toward the middle, in

association with the mesenteries, and in the middle of some of the larvse there is a faint indication

that the endodermal tissue is beginning to break down, but as yet they are practically solid.

Towai'd the oral extremity the endoderm is crowded with zooxanthelhe, which are only

spaiingly distributed elsewhere. An examination of the outer ectoderm reveals comparative I3'

few alga?, and these are scattered somewhat uniformly throughout the layer. The strong

pigmentation of the oral extremity, noticed among the external characters, is manifestly due to

the accunudation of zooxanthellw within the oral endoderm, not, as is more usually the ca.se,

to their presence in large numljers in the ectoderm.

Both longitudinal and transverse sections through the stomodanuu indicate the absence of

any actual lumen in the tube, and the compact character of the interior of the larva, above

described, is not such as to suggest that the circulation of anj^ internal nutrient fluid had been

established up to the moment of li))cration.

The uppermost sections through the oral extremity reveal the presence of three pairs of

mesenteries, all extending from the outer wall to the stomodi^um. The ventral pair, however,

is represented only by the merest rudiments, and the dorsal pair extends but a short distance;

neither pair stretches downward the full length of the stomodseum. The middle of the three

pairs is by far the most important; its members are inserted on the stomodwum throughout its

extent, and when they become free the edge is tipped with a mesenterial fllament which appears

as a deeply-staining tissue, wholly resembling that of the stomodteal ectoderm; the two are in

absolute continuity with one another, and in every way seem one and the same tissue. The
mesenterial tilanient extends nearly two-thirds the length of the polyp, and is very conspicuous in

sections on account of the deeply-staining character of its constituent cells. The other

mesenterial pairs present no indications of filaments.

/. dijjsacea is of interest as showing tlie eai'ly stage at which the second and third pairs of

mesenteries are united with the stomodanim; indeed, they seem to originate at the angle between

the wall and .stomoda?al invagination, and thence grow down the colunui and the stomodteum.

The ectoderm is characterized liy numerous large clear gland cells, which give out their

mucus when the larvic are preserved. Many large nematocysts are also present, and the aboi'al

extremity displays a strongly developed nerve layer.

LARVA AND YOUNG POLYPS OF YkXW FRAGUM.

(Pis. XIII-XV, figs. 96-116.)

The polyps of several colonies of this species collected around Port Henderson, eaidy in

April, were charged with larv;e, which were extruded singly from tiuu> to time. Occasionally,

an imfertilized egg would also appear. The larvaj could be seen through the transparent walls
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of the expanded J^olyp as opaque white bodies, moving freelj' about in the gastro-ccelomic and

tentacular cavities; upon retraction individual larviv often remained within the tentacular cavity,

distending it and forming small protuberances on the surface of the colon3^ The usual occurrence

of the larvffi within the tentacles woidd indicate that they made their exit through the tips of

these organs, but although large numbers escaped while the colonies were "nder observation

the actual point of extrusion was never determined. They were either shot out suddenly,

with force enough to send them some distance, or merely escaped and fell on the general surface

of the parent colonv. ''

Some of the larvaj were able to swim about immediately on extrusion; others remained

motionless for a few moments either on the surface of the water or the bottom of the vessel, and

then commenced vigorous gyratory movements. The rotation was clock-wise when the lar^-aj

wei'e viewed with the narrow oral extremity upward. When first liberated, the larvaj show

considerable power of adhesion at any part of their surface; on transferring them from one

vessel to another they would often tix themselves within the pipette, and recpiire a considerable

force of water to dislodge them. Specimens might adhere either by their anterior or posterior

extremit}^ for a time, and then commence moving again.

When first expelled some of the larvw were rod-shaped bodies, about 2 mm. in length, and

rounded at each end; others were pear-shaped, the broader pole being directed forward and the

narrow end backward in translation; others again were oval or spherodial. The individuals,

however, were able to change from one form to another. Seen with the naked eye, or by means

of a lens, the larva? were sti'ongly opaque, an internal yellowish mass 1)eing distinguished from

a colorless or slightlj^ green external layer. The narrow, posterior, oral pole was for a long time

more darkly colored than the rest of the larva.

Under the microscope also the larvie were perfectly opaque, the ciliation was uniform, and

when first extruded no oral aperture nor mesenterial divisions could be discerned. The surface

appeared minutely granular, white dots being irregularly distributed over the ectoderm. The
denser coloration at the narrow oral extremitj' was seen to be produced by an accunuilation of

yellow cells within the ectoderm, which gradually diminished in number away from the extremity.

It was possible to determine that the coloration of the internal endoderm was also due to the

presence of zooxanthelhe. Soon after liberation, extrusions of yolk granules and zooxanthellte

from the oral extremity took place, and continued from time to time (fig. 96).

Many of the larvie underwent nmch alteration in shape. The oral extremity became swollen,

and the aboral narrow, a reversal of the primary condition (fig. 100); ))ut when first extruded

the larvffi sometimes exhibited the swollen oral extremity and narrow aboral.

Within a day or two certain of the larva? had settled to the sides of the vessel, becoming

flattened both orally and aboral ly; a few zooxanthellaj were still present around the oral

aperture, which had now become functional. Some specimens would again detach themselves

and move slowly around. After fixation the larvse were more transparent, and at first four

pairs of mesenterial divisions were visil)le from the outside, and later six pairs. The settled

larvae were soon able to extend themselves, and assume the coluninai' form, appearing greenish

in color.

The various stages of mesenterial development were quickly passed through, until all the

protocnemes were present, the Edwardsian mesenteries complete and the fifth and sixth pairs

incomplete. Beyond this no increase in the number of mesenteries took place during a period

of three weeks. Within four days six tentacular prominences were apparent, the larvic at this

stage usually appearing flask-shaped, with a broad base (fig. 107). During the early stages the

tentacles often became involved in the expanded discal tissues of which they were outgrowths,

and as a consequence were indistinguishable as separate organs. In a young polyp from another

batch of larva?, the six memlters of the inner entoco?lic cycle also appeared in advance of the

members of the outer exoccelic cycle (fig. 106).

One larva was secured attached to a fragment of glass, and could thus be examined as a

transparent object, and its later development observed. In seven or eight days the mesenterial

filameuts were visible on the first and second pairs of mesenteries as darker internal organs, and

in about fourteen days six small, clear, oval areas were recognizable within the entocoele of the
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six pairs of protocnemes, their occurrence suggesting some connection witli the first stages in the

formation of the skeleton (fig. 108). Thej' clearly correspond in position with the six septa of

2[unic!na (fig. 135), and it is conceivable that they represent invaginations of the basal wall

preceding the formation of the septa. No calcareous deposition however was observed to take

place within thorn; prol)ably the nnfavoral)le conditions under which the larva was kept interfered

with its normal dcNciopmcnt.

Small polyps are sometimes found around the larger colonies of Favia, and represent

larvic whii'h have fixed themselves immediately or shortly after extrusion. From these

several further stages of development have been secured, one of which is represented in fig.

109. The polyp is in a partly expanded state, and only the discal region is indicated, as seen

under a low power of the microscope. The six pairs of primary mesenteries are present, the

fifth and sixth pairs still free from the stomodaHim; in addition to these a pair of mesenteries has

appeared in each dorsal exocoele, and a small pair in each of the middle exocceles. At present

the metacnemic pairs extend but a short distance over the margin of the disk, but are continued

farther down the column wall. No mesenteries have j'et appeared within the ventral exocceles.

The significance of the stages in the mesenterial development here represented has been

already noticed in discussing the appearance of the metacnemes in the Madreporaria generally.

Of the tentacles six entoco^lic and six exocoelic members are already present, forming two

cycles, the inner tentacles a little larger than the outer, and both slightly knobbed. In addition

to these a tentacle has arisen in association with each pair of metacnemes. making sixteen in all.

At this stage it was impossil)le from their position to say whether the new tentacles were

entoccslic or exocoelic in relation to the pairs of metacnemi^s. I)ut it is significant that they follow

closely upon the development of the mesenteries. Most probal)ly they are the entocoelic

outgrowths which have appeared somewhat in advance of the exocoslic, following the sequence of

the prototentacles.

The ditterent stages secured in the development of Fdvla fragum afl'ord a complete series

illustrating the order of appearance of the mesenteries in coi-als, and it is desirable that they

should be presented in their regular sequence. The series extends from larvse with only one pair

of complete mesenteries to young polyps in which fission is instituted. The earliest stage occurs

in non-extruded larva» ol)tained from a colony after decalcification (fig. 112). Three pairs of

. mesenteries are present, l)ut only one pair is complete, and this divides the ccelenteric cavity into

two unequal chambers. In the larger of these is a second pair of mesenteries, not complete as

yet, but bearing rudimentary mesenterial filaments; in the smaller chamber is a third pair of

mesenteries, which are very rudimentary. The first pair extends almost the whole length of the

larva, the filaments strongly developed all the way; the second terminates some distance in

advance of the al)oral end; while the third has only a very limited course.

LarviB whi<li had been extruded a few hours when preserved reveal the next stage,

represented in fig. IIH. Two pairs of mesenteries are united with the stomod;eum, and, by

comparison with the previous figure, the new complete pair is evidently the dorsal pair, the

second of the mesenterial sequence. The ventral pair (III. Ill) is no lietter developed than in

the former figure, but in sections })elow the termination of the stomodanun a new pair has

appeared between the dorso-lateral pair (fig. 114). This is manifestly the fourth pair in the

mesenterial sequence, and it is inserted dorsal to the second pair. Also between the first and

second developmental pairs arc found the merest rudiments of another pair (V, V).

Sections of larva', a little older, and in one cast- of a young polyp already settled, present

the next stage, wher(> three ])airs of mesenteries are inserted on the stomoda'um (tig. 11;")).

Comparison with fig. IIH indicates that it is the third pair in the mesenterial sequence which has

now reached completion. The fourth pair extends more upward, and the fifth pair has reached

the level of the stoinodanun; the sixth pair has not yet reached the stomodfval region, but is

present below (fig. Uti). Finally, in larv;e which have just settled (figs. 10.5, 106), four

mesenterial pairs have become complete, and the fifth and sixth pairs are well developed in the

upper part of the cohunn, but remain free from the stomoda'um.

The sequence for the protocnemic pairs is thus complete. The first and second jiairs to

iirise become the ventro-lateral and dorso-lateral of the Edwardsian mesenteries, the third pair



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 531

constitutes the ventral directives, and the fourth the dorsal directives, while the fifth and sixth

jiairs, incomplete as _yet, arise on the ventral aspect of the second and first pairs, respectivelj-, the

fifth a little in advance of the sixth. (See diagrammatic figures on p. 508.)

A young polyp, settled on the same hlock of dead coral as a mature colon}', aft'ords the next

stages required in the sequence—the manner of appearance of the first metacnemes. The living

characters are shown in fig. 109, and a section through the decalcified polyp is diagrammatically

repi'esented on p. 509. The protocnemes are in the same stage as in the previous figure

—

the first four pairs are complete, but the fifth and sixth are still incomplete. Within the dorsal

and middle exocoeles on each side a pair of mesenteries has appeared, the dorsal pairs being

better developed than the middle. In fig. 15/", showing the arrangement in another decalcified

young polyp, six pairs of metacnemes have appeared, completing the second cycle, and all the

members of the first cj'cle are united with the stomodteum. The six metacnemic pairs thus follow

a dorso-ventral, or antero-posterior, order in their appearance, but are now practically equal and

constitute the second cycle of mesenteries.

Fig. log, p. 510, shows the manner of appearance of the first pairs of mesenteries which will

constitute the third cycle of twelve mesenteries, or second cycle of metacnemes, and it is at this

stage that fission is introduced (p. 511).

A tangential vei-tical section through one of the larvaj which had settled, but in which no

septal formation had yet taken place, is represented by fig. 110, and the right lialf of the same

section, more highly magnified, is represented by fig. 111. The four complete mesenteries extend

from the base to the upper wall, and present a muscular development on each face, the fibers

being cut obliquely. The endoderm is still greatly thickened, especially basally, while the

superficial ectoderm has undergone but little change; zooxanthelhc are altogether absent,

though present in abundance in the larva?.

A great alteration has taken place in the basal ectoderm. It is no longer a broad columnar layer,

but is represented by little more than fragments, whi( h include a few nuclei and granular matter

which stains deeply. The mesoglcea is likewise extremely narrow except mesenterially, where

it is much broadened. In these regions can be seen structures similar to the wedge-shaped,

striated, desmoidal processes characteristic of adult poh'ps, so that evidently these arise at a very

early stage in the fixation of the larva; hints of the same processes also appear intermesenterially,

whei-e the mesoglcea is extremely narrow. The larva from which the sections were taken had

been adherent to a fragment of glass for over a week, and, though no septa were formed, it is

verj' probable that the basal plate had already been laid down, as this is one of the first parts

of the skeleton to appear. The skeletogenic ectodenu is in mucii the same condition as in

adult polyps, in regions where growth is not proceeding rapidh'.

The passage from the narrow l)asal ectoderm to the broad ectoderm of the column at the

margin of the section is abrupt. The cells around the indented vertical part at the right

extremity of fig. Ill are somewhat modified compared with those beyond, and are probably

concerned in the formation of the epitheca. This is certainly th(>, case in the slightly older

polyp of Ilanicina represented in Hg. VM.

YOUNG POLYPS OF MANICINA AREOLATA.

(PI. XIX, figs. 133-137.)

To the verv complete description of the early stages in the development of this species given

by Dr. H. V. Wilson, in ISbiS, I have nothing to add, and will therefore proceed to the point at

which Wilson's i-esearches terminated, namel.y, the formation of the skeleton. The latest stage

reached in the growth of the Bahama specimens was one in which the twelve protocnemes

were present, only two pairs of which were connected with the stomod.eum. The stage is

comparable with that represented in fig. 13-1, PI. XIX {cf. Wilson's fig. 39), taken from a fixed

larva four days after extrusion from the jiarent colony.

Out of many batches of larva^ extruded from a small Jamaican colony onlj' a few individuals

became fixed, and after several days these were reduced to two, which continued to live for nearly

three weeks, though under somewhat unfavorable conditions. The larva? were attached to frag-
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nients of glass, and could be transferred from one jar to another, or submitted to microscopic

examination. Usually the}- were ivcpt in vessels in which living- colonies of other corals, such

as ClnJoeora and Ociditia, were already established.

Shortly after fixation the first four pairs of mesenteries reached the stomodieum. liut the iifth

and sixth pairs remained incomplete for the whole period, and no trace of any metacnemes

appeared. The tent^icles protruded toward the beginning of the second week, and, at the time they

could be definitel}^ recognized, were alreadj- twelve in number.

One of the specimens, viewed as a transparent object, is represented in fig. 135. The meso-

glceal portion of the mesenteries appears as a clear, colorless line; the Edwardsian mesenteries

are united with the circular stomodajum, while the fifth and sixth bilateral pairs are incomplete.

The kno})s of the retracted tentacles stand out as darker circular patches, arranged in two alternating

cj'cles of six each; the luembers of the inner cycle are entoccelic and those of the outer are exocfelic

in po.sition, varying but little in size. Within the entocoeles of each of the six pairs of mesen-

teries is seen the first indication of the skeleton, represented l)y narrow, septum-like deposits,

situated some distance from the periphery, and radiating toward the center. A l)asal graiudar

depo.sit, the first formation of the liasal plate, could also be distinguished, but was not studied

in detail.

The second polyp is rejn'esented in fig. 13t!, but the corallum has not developed to the same

degree as in the first polyp. In the dorsal or sulcular entoccele the calcareous deposit forms

two small oval areas; in the sulcar entoccele the deposit is also oval and small; while in the

lateral entocwles it bears more resemblance to a septum. The differences in extent of develop-

ment suggest that the six septa may not arise with complete uniformity, but under the unfavorable

conditions to which the polyps were subjected not much importance can be attached to the

result. Through the oral aperture two other skeletal deposits can l)e distinguished, the first

indications of the columella.

Fig. 135 should be compared with that given by von Koch (1897, p. 7<iO) of the fully expanded

young polyp of CaryojihyUia cyatJms. Here, also, the corallum appeared at the Edwardsian

stage of mesenterial development; the tentacles are in two alternating cycles of six each, and

the six primary septa have appeared, but are more peripheral in their distribution and are

already united with the circular theca. In Min/citia no thecal formation occurred during the

short period the development was followed, i)ut indications of an epitheca were observable.

Both of the yoiuig polyps of Jfan/'chiK were decalcified, with the object of ascertaining the

earl}- stages in the modification of the polypal layers, consequent upon the formation t)f the

skeleton.

A radial vertical section through one of the polyps, including two septal invaginations, is

represented in fig. 137. It was from such sections that von Koch (1SS2) estal)lished the external

character of the skeleton in corals. The actual outlines of the polyp are from a camera lucida

drawing, while the diagrammatic outline of the skeleton has been added.

The polyp is flattened in retraction, resting upon the skeletal upgrowths, and the mouth is

widely open. The right half of the section comprises a portion of a mesentery connected with the

stomoda'um, and bearing a mesenterial filament; the left half includes the section of a tentacle,

which is only distinguishable from the rest of the ectoderm by its greater thickness and the pres-

ence of large nematocj-sts. The columnar and discal endoderm is narrow and contains many
zooxanthella\ while the basal, skeletotrophic endoderm is greatly thickened, except over the

upper part of the septa. It is devoid of zooxanthella?, and in its other characters closely recalls

the layer as it occurs in the lower part of the skeletotrophic tissues in adult polyps (fig. 129).

The mesogloea is extremely narrow throughout.

Greatest interest attaches to the basal skeletogenic ectoderm. In the actual sections scarcely

anj' indications of the layer remain; it has either been removed by decalcification, or, more

probably, has become greatly reduced as a result of the formation of the skeleton, a condition

which has been found to characterize the older regions of most coral polyps. A few nuclei

occur here and there, and in places a detached mesogloea-Iike membrane, representing the

skeletal membrane of Bourne.

Where at each extremity the polyp turns upwaid the ectoderm for a sliort distance has
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undergone a similar modification, thougli not quite to the same degree; more of the cellular

character is retained than at the liase, but the passage into the broad ectoderm of the column is

abrupt. It is here that the epitheca is formed, and manifestly it is nothing more than the

upturned continuation of the basal plate. The epitheca and basal plate are covered only on their

inner surface by the polypal tissues, while the septal upgrowths from the l)asal disk are clothed

on both sides. The first two parts of the skeleton can therefore increase in thickness and extent

only on one face; but the septa are added to on both faces. The epitheca as j^et is unconnected

with the peripheral septal edges, but in older polyps it rests upon their free exposed margins.

POSTLARVAL DEVELOPMENT OF SIDERASTR^A RADIANS.

In both its free and incrusting condition Siderasirasa radiaru is a very abundant coral around

Jamaica, and fertile colonies have been obtained, and the development of the larvse and young

pol^'ps followed throughout a period of seventeen weeks.

In the earliest extruded larvse the oral aperture is already established, and the interior is

nearly filled with a vacuolated, parenchymatous tissue, containing numbers of zooxanthellfe

uniformly distributed throughout. Four pairs of mesenteries are present; two lateral pairs are

complete, but the dorsal and ventral directives are yet free. In later larvsB the ventral

directives are inserted on the stomodseum, and the fifth and sixth pairs of mesenteries have

appeared. The dorsal mesenteries were complete by the time the hirvic settled, the Edwardslan

stage being thus reached, but mesenterial filaments were found only on the first and second bilateral

pairs of mesenteries. The ectoderm is crowded with zooxanthellre at the oral pole, and a few

occur over all the layer, but })ecome very sparse in the older larvfe. At the aboral jjole the

nerve layer undergoes a strong development, and nematocysts are more plentiful than elsewhere.

Wide slits and .spaces, both intermesenterially and below the stomodjeum, began to appear

in the larvae shortlj' after extrusion, and represent the permanent gastro-coelomic cavity. Soon

the whole of the central part of the vacuolated tissue breaks down, and the middle of the cavity

is occupied by a mass of organic debris, among which are zooxanthella? and granules of various

kinds. Extrusions of such debris were bften observed from the free swimming larva?. Many
of the larvae became attached to pieces of glass, and the young polyps could thus be examined

under the microscope in their living condition as transparent objects, and the development of the

various organs and skeleton followed step by step. The full account of the postlarval development

will be published shortly, but the salient results may be here briefly sunmiarized.

Most of the larva? were pear-shaped, the swollen extremity as a rule being the oral or

posterior end in swimming. On fixation many grouped themselves together, and thus from

primarily free and independent organisms young colonies were derived. Six pairs of mesentei'ies

—

the Edwardsian members complete, and the fifth and sixth pairs incomplete—were present in

the newly settled larva.

Tentacles.—Six equal tentacles, representing a primary cycle, appeared a few days after

fixation; but are exceptional among all corals whose development has yet been studied in that

they arise from the exocoelic chambers, not the entocoelic, as is usually the case. Two or three

weeks elapsed before the entocoelic cycle began to appear, when the members developed either

simultaneously or in a successive manner. They were situated central to the first cj'cle to arise,

and for a long period remained smaller than the others. The development of the two primary

cycles of tentacles was thus centripetal, the outer exotentacles appearing first and the inner

entotentacles next.

The entotentacles of the adult Siderastrsea are bifurcated toward their extremity, and in

the course of their development in the larval polyps the two halves were found to appear

independently, and with a period of .several weeks intervening. The common peduncle was

developed later, and raised the two moieties above the disk. The exotentacles remained simple

throughout.

The second cycle of mesenteries having appeared, another series of tentacles protruded

from the six additional exocoelic chambers, and with the primarj' exotentacles formed an outer
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cycle of twelve. Later, .situated l)etween the cxoccelic c_ycle and the primaiy entotentacles, the

inembei-H of the second cycle of entotentacles ])egin to appear, as outgrowths from the entocoeles

of the second cycle of nie.senteries.

Thus the exotentacles, whether belonging to the primary or secondar}- order, appeared

before the entotentacles, and from the beginning the}' constituted the outer cycle, at first with

six and later with twelve members.

Mesenteries.—For about four weeks no increase beyond tlie six primary pairs of mesenteries

toolv place, and the fifth and sixth pairs remained free from the stomodanmi. Then a pair of

mesenteries appeared within the dorsal exocoele on each side of the polyp. Their first indication

was as two narrow lines along the column wall toward its aboral termination. These were

followed by a pair in the right and left middle exocoeles, and later by a pair in each ventral

exocoele. For several weeks the pairs remained of ditt'erent magnitudes, corresponding with the

order of their appearance from the dorsal to the ventral aspect (fig. 6, p. 456). After the third

month they began to extend across the disk, but, like the fifth and sixth pairs of protocuemes,

never reached the stomoda-um.

Caralliiiii.—Three or four days after fixation, the skeleton was first observed in the form of

six radiating septal upgrowths, practically equal in size, and situated within the six primary

entocoeles, about midway between the outer boundary and middle of the polyp. At the same

time a narrow peripheral calcareous ring was formed, its outer surface uncovered by polypal

tissues, and undoubtedly to be regarded as the epitheca. Macerations made later show the ring-

to be continuous with the Ixtmil jilate, which very early made its appearance. A day or two after

the formation of the first cycle of entosepta, the six exocrelic members began to appear, in some

cases simultaneously, but in others in successive bilateral pairs from the dorsal to the ventral

aspects (fig. 12, p. 4!t2).

During the course of the third week other calcareous deposits took place, some appearing

as augulated continuations of the primary septa, and others arising wholly independent. For

two or three months the further development consisted mainly in the increase in size and com-

plexity of the parts mentioned, the general impression being that of two cycles of septa, a larger

and a smaller, having their peripheral extremity enlarged in a Y-shaped manner, but free from

the epitheca. The columella was formed partly from independent upgrowths from the basal

plate, and partly by centripetal extensions of the entosepta.

On the establishment of the second cycle of mesenteries, which naturally corresponded in

position with the primary exosepta, new calcareous formations appeared independently at the

periphery of the entocfcles, and later fused with the primary exosepta already in the same

radius. The peripheral angulations of the primary exosepta became new and independent

exosepta, situated within the twelve exocoeles. The skeletal changes now going on were some-

what obscure and complicated, l)ut according to my interpretation they aflord clear evidence

that the members of the second cycle of entosepta nuist l)C regarded as new formations, even

though later they fuse with the remnants of the primary exosepta. The continuations of the

primary exosepta remain exosepta. and for the time being constituted the third cycle of septa.

A distinct dorso-veatralitj' was manifest in the development of the septa.



PART 11.

SYSTEMATIC.

CLASSIFICATION OF THE MADREPORARIA.

The absence of any extensive knowledge of the morphology of the polyps of the Madreporaria

accounts, in some measure, for the anomaly that the classifications of the group proposed from

time to time have been founded upon skeletal chai'acters alone. The l)est known, and until

recently most widely accepted arrangement, is that presented by Milne Edwards and Hainie,

in their Histoire Naturelle des Coralliaires (1857-1860). These writers divide the Sclero-

dermic Zoantharia, upon skeletal considerations only, into live sections: Madreporaria aporosa^

M. perforata, M. tubulosa, M. tahulata, and M. rugosa. According to Professor Duncan, in

Revision of the Families and Genera of the Madreporaria (1S8.5), the Tulnilosa no longer exists,

and the section Tal)ulata has been eliminated by H. N. Moseley." Duncan, however, accepts

the Madreporaria Aporosa, Perforata, and the Rugosa. J. ,). Quelch, in the report on the

"Challenger" reef corals (1SS6), altogether rejects the ancient group of the Rugosa, and mingles

its families with those of the more modern Aporo.sa.*

Mainly upon considerations of the presence or absence of a Randplatte or Edge-zone, von

Heider (1886) has suggested the possil)ility of subdividing the Madi-eporaria into Entliecalki

and Pxeudoth^odUa; A. Ortmaun (IS'.tO), from his studies of the thecal characters and methods of

asexual growth, recognizes the two orders Athecalia and Euthixalia, and subdivides the first into

tlyec suboixlers: Inexpleta, Synapticnlatu, and Pseudothecalia. The latest important attempt at

founding a taxonomic system, ])ased entirely upon skeletal charactei's, is the arrangement

proposed by Miss Ogilvie (181I7), as a result of her elaborate investigations on the microscopic

structure of the corallum.

While acknowledging the value of many of Miss Ogilvie's suggestions, the classification

advanced has ever3^where been received with hesitation. In his recent paper on the corals

of the Gulf of Lyons, Professor Lacaze-Duthiers (1897) contends for the retention of the

classification of Milne Edwards and Haime as entirely adequate for all practical purposes.

In the present connection it is not proposed to discuss all these suggested schemes. It is

generally admitted that the skeleton alone is inadequate as a basis upon which to establish a

natural classification. It is only needful here to refer to whatever attempts have been made to

utilize the anatomical characters of the polyp. In general, the skeleton of corals so very closely

reproduces the fundamental characteristics of the polyps themselves, that an approximate

knowledge of the essential features of the latter can often be surmised from it, much more than

in the case of the skeleton and soft parts of the more complex groups of animals. Thus, the

"See also Verrill, 1869, p. .318.

''Bourne, in the article " Anthozoa", in Lankester's Treatise on Zoology, adopts the cUii^silication of Duncan,

with the modifications introduced by Quelch. In doing so, he writes (p. 70) :
" It cannot be pretended that it is a

natural or a satisfactory classification, yet it is the hest which can be offered in the present state of our knowledge.

Other systems have been propoaeil, but they have not stood the test of critii'isni, and have been ephemeral."

535
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relationships of the septa to the mesenteries and tentacles being established, Professor Haeckel's

classification of the Aiithozoa into Tetracoralla, Hexacoralla, and Octocoralla, applies with equal

force to the polyps as to the coralhim.

It was early recognized that externally the polyps of corals verj^ closely resemble Actinian

polyps, and subsetiuent investigations along anatomical and histological lines hare but served to

emphasize the unity of structure. The question therefore natunilly suggests itself as to how far

the principles of classification adopted in the latter can l)e applied to the former. The earlier

subdivisions of the Actiniaria, as for example those adopted in Gosse's Actinologia Britaanica

(1860), and in Andres' Le Attinie (1883), rested wholly upon external characters. Mainly as

a result of the Actinological researches of the ))rothers O. and R. Hertwig (1879), the great

value of the arrangement of the mesenteries as an aid in classification was first realized. The

report by Prof. K. Hertwig (1882) on the " Challenger" Actiniaria, as well as subsequent contri-

butions b_v numerous workers, show how very widely and successfully anatomical characters may

be employed in determining phylogenetic relationships in the group. The main subdivisions of

the Actiniaria—Hexactinea\ Zoanthea?, Cerianthew—now rest most finnly upon the one character

of mesenterial development and adult arrangement, while other distinctive features found to be

associated with them pi-ove that the selection has ]\v no means an arbitrary significance." The

mode of development and adult arrangement of the mesenteries enable forms to l)e associated

which agree in more fundamental details than is possilile l)y any other selection, thus proving

that the mesenteries most nearly afford a basis for a true natural classification.

In addition to the aid from the mesenteries, systematic chanicters of greater or less value

among the Actiniaria are afforded by the arrangement and form of the tentacles; the distribu-

tion and extent of development of the musculature, especially the presence or absence of columnar

ectodermal muscle fibers, and the natui-e of the sphincter nuiscle; the presence of vesicular or

other outgrowths of the column wall; free, fixed, colonial, or simple habit; presence or absence

of acontia, etc.

We may now see how far these structural characters, so helpful among the Actiniaria, have

been or can be applied to the classification of the Madreporaria, or what others maj' be forth-

coming within the group itself. G. C. Bourne, in 1887, discussed the subject of the arrangement

of the Madreporaria in connection with his studies of the anatomj' of the soft parts of certain

species, and remarks (p. 12):

"It has long lieen felt that a classification of Madreporarian polyps based on a study of the

corallum alone is unsatisfactory, and that any attempt to remodel the old classifications should

depend on a systematic study of the relations between the corallum and the polyp. Owing to the

difficulty of obtaining material, and of dealing with it when obtained, the mimber of forms

examined is as jM't small, and the results of recent researches have not advanced us very far

towards an improved classification."

Later (p. 24), he writes:

"I have treated the (juestions relating to the corallum at length, because every fresh form that

is examined convinces me that the expectations formed of founding a new classification of the

Madreporaria on the anatomy of the polyp are to meet with disuppointment. There is singularly

little variation in the forms hitherto examined."

However, the same author (p. 29), regarding the presence or absence of radial symmetry and

of a " Randplatte" as of taxonomic importance, suggests the following arrangement as warranted

by the facts known at that time:

1. Madreporaria with no directive mesenteries and a perfectly i-adial synnuetry, Lophohelia^

Mussa, EuphyWui.

2. Madreporaria with directive mesenteries and a combined ladial and bilateral symmetry,

Tubinaria, Rhodojmimmia, Fnngia, and many others.

3. Madreporaria with reduced radial symmetrv and marked bilateral arrangement of parts,

Madrepora, PociUopara., Seriatopom.

« The tendency in Actinological writings is now to regard eacli of these three divisions as ranking in importance

with the principal divisions of the Anthozoa—Alcyonaria, Antipatharia, etc.
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4. Madi'epoi'iiria with a basal pseudotheca and no " Randplatte," FJahelhim.

None of these characters, however, can be reg'arded as of importance in the foundation of the

principal subdivisions of the group. Investigations on the Actiniaria, as well as those here given

on the Madreporaria, indicate the exact value to be assigned such details as the presence or

absence of directive mesenteries, while questions of sj'mmetry, unaccompanied by developmental

history, have very little significance. For example, the apical polyps of Madrepora exhibit

externally the most pei'fect radial symmeti'y, while the radial polyps from which they are derived

arc markedly bilateral. The presence or absence of directives is a secondary, not primary, char-

acter, already shown to be dependent upon the mode of asexual reproduction of the species, and

has therefore no fundamental significance. The marked bilateral arrangement of the parts in

Mitdrcpora , Pocllloponi, and SerlatojMira are a retention of larval characteristics.

The quotations from Bourne accuratel}' represent the opinion of zoophytologists with regard

to the classificatorv value of the Madreporarian polyp, and little progress along such lines has

since been made, while much attention has been concentrated on the skeleton.

Undoubtedly the mesenteries are the organs of greatest taxonomic importance among the

Anthozoa; for the tentacles and most other outgrowths which may occur are arranged in strict

accordance with them, and in the Madreporaria the arrangement of the septa follows most

directly upon that of the mesenteries. From a truly morphological standpoint all other polypal

structures are of subordinate value. It may, therefore, be safely accepted that so far as any

classification among the Madreporaria can be founded upon differences in the mesenteric system

it will be fundamental, and of course the same remark applies to the septal system, as this is

determined by the former.

Reviewing the arrangement of the mesenteries so far disclosed within the Madreporaria a

perfect uniformity' occurs as far as the protocnemic stage, or stage with-only six pairs of mesen-

teries. It seems doubtful, however, whether anj' species of living coral invariablj' retains this

primarj' condition in all its mature polyps. No such group of Actinians is now known since

Faurot (1895) discovered four or six pairs of rudimentaiy metacnemes in Edwardsia. By far

the majorit}' of the adult polyps of Porites and Madrepora never get beyond the protocnemic

stage, but occasional!}' such examples occur. According to Moseley and Fowler, the adult poh'ps

of Pocillopora and Seriatopora have only six pairs of mesenteries, but Verrill and Quelch

mention that occasionally' twenty-four septa are present, which would imply the occurrence of

twelve pairs of mesenteries in the polyp.

The protocnemic stage being probably alike in all modern corals, it is clear that any diver-

gences in the mesenterial plan must be looked for in the subsequent development, that is, in the

metacnemic succession.

Two altogether difi'cj'ent t}'pes of metacnemic sequence and adult arrangement are now
known—the one in which the metacnemes appear in vinilateral (isocnemic) pairs all round the polyp,

and in the adult present a cycli(^ disposition, represented by the majoritj- of corals; and the other

with a bilateral origin and arrangement of the mesenteries throughout, as j'et definitely ascertained

only for the genera Purites and Madrepora. The two tj'pes have been shown to be somewhat

comparable with the metacnemic sequence and resulting arrangement in the Hexactinia; and

Cerianthese among the Actiniaria, and I propose to make of them two Madreporarian groups

of nearly equivalent value as follows:

Entoenemaria.—Madreporaria in which the mesenteries always arise in bilateral pairs, and

beyond the protocnemic stage the increase takes place within one or both of the directive

entocoeles.

Cydocnemaria.—-Madreporaria in which the mesenteries beyond the protocnemic stage arise

in isocnemic unilateral pairs within the primary exocceles. The mesenteries in the adult are

usually arranged in two or more alternating cj'cles.

So far as our knowledge of the anatomy and development of coral polj'ps goes, the second

group will include the majority of recent forms, and fossil genera in which a regular multicyclic

disposition of the septa can l)e established, while the first will comprise P<>rlte»., Madrepora, and

probably certain fossil corals exhibiting a bilateral arrangement of the septa. The Entoenemaria
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were the earliest in tlie pliyloi,''eiietic histc/v of the Madreporaria, the Cyelociieinaria appearing

comparatively late.

It is, of eour.se, uncertain as to how far later researches on similar lines will reveal other sys-

tems of mesenterial and septal development. Any other distinct type which may lie discovered

will, however, merit recognition of ecjual value. Seeing that in the Zoanthese, among the Acti-

niuria. another wholly distinct type actually exists, the possil)ility should be home in mind.

Among the bilateral Paheozoie corals growth occurred in a bilati'ral manner at other than the

dor.sal or ventral axial regions; the septal growth in Zajthrentoid coi'als like SffijitihixiiKi and

Zaphi'etdls was undoubtedly unlike that in any of the foi-ms here described. In many respects

it suggests .such a development as would be followed in polyjis with a mesenterial se((uence like

that characteristic of the Zoanthea-."

One very suggestive result of the i-ecent study of corals is the demonstration that very

often an alteration of the .septal arrangement takes place between its primary plan and that in

the mature calice. Thus von Koch (1S89), by a complete series of transverse sections, has proved

that the octameral Canjophijlli<i ntijana is hexameral so far as the two primary cycles of

septa are concerned, and that it is only with the appearance of the third cycle that irregularities

are introduced which lead to the octameral plan characteristic of the mature corallum.

In this connection the remarks of Count Pourtales, in Deep Sea Corals (isTl), are also

particularly instructive. Discussing the order Rugosa he states:

"Mr. R. Ludwig has shown (H. von Meyer's Pala'ontographica, Vols. X and XIV) that the

tetaraeral arrangement claimed for the Rugo.sa is only apparent, there being originally six

primarj^ septa; but that further development in each system is asymmetrical, and that two of

the systems remain generally undeveloped. I had, before having knowledge of Ludwig's

resean^hes, come substantially to the same conclusions by the examination of L(q)hi>phyUain pro-

liferniih Edw. and H., from the carboniferous formation, a form very suitable for that study.

When the youngest stage of the coral is examined by cutting through the tip of the conical

Ldphopltyllnia pniliferiiin^ six primary septa and six interseptal chaml)ers are found, placed

synunetrically on two sides of a vertical plane, and unequally developed."

This reference of the septa of the Rugosa or Tetracoralla to a primary hexameral system

receives additional support from what is shown to be characteristic of the early polyps of the

Actiniaria and Madreporaria. The protocnemic stage of recent corals is hexameral, whatever be

the subsequent ari'angement, and the evidence given above would seem to prove a like

protocnemic stage for the ancient corals; in which case all the mesenterial and septal divergences

characteristic of the fossil corals took place from this stage, as in living corals and anemones,

and the adult tetrameral symmetry is only secondary.

The fact that in Porites and Madrepura only eight of the twelve protocnemes ever become
complete, and that in other pol3'ps the union of the remaining pairs with the stomodaium is

always long delayed, may perhaps be taken as suggestive of an ancestry in which the unilateral

pairs throughout consisted of a complete and incomplete moiety (anisocnemic), as in the Zoanthids

of to-day.

The adult hexameral plan is bj- no means invariable among recent Madreporaria. Duncan
(1S85, p. 7), discussing the definition of the Madrei)oraria Aporosa by ^lilne Edwards and Ilaime,

states: '" Moreover the hexameral arrangement of the septa is not constant; it may be pentameral,

beptameral, octameral, or decameral." The recent deep-sea genera nap>lop>lujUum Pourtales, and

Cuijn'ia Duncan, have been assigned tetameral septa, as is also the case with the Cretaceous

JlohmjKtix M.-E. and H. It will be necessary in these cases to ascertain the developmental

history of the corals before the exact value can be accorded their adult sj^mmetry.

Whether the primary plan of the mesenteries and septa of the Palreozoic corals were tetameral

or hexameral, it has been clearly shown that the mesenteries and septa increased in a l)ilateral

manner from two or more restricted regions. This was first emijhasized by Ludwig (18(32,

""Relationships of tlie Rugosa (Tetracoralla) to the living Zoanthese." Johns Hopkins Univ. Giro., vol.

xxi, no. 1.5.5; also, Ann. Mag. Nat. Hist., ser. 7, vol. x. May, 1902.
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1865) and Kuiith (1869-70), and i.s regarded by Neuniayr (1889) as a characteristic of the

highest morphological significance. The bilateralit}' in many forms is only clearly developed in

the early stages, but the external surface of corallites often exhibits pinnate streaks or i-idges

which correspond with the internal septa, and these deoionstrate conclusively the bilateral manner

in which the septa have arisen, e. g., Sfreptelmnia, Zajihrenfis.

In the Cj'clocnemaria the mesenteries are as a rule arranged in two or more regular cycles,

while in the Entocnemaria they are in one cycle only, with merely alternately large and

small members. In the absence of any knowledge of the soft parts of a coral we maj- assume

that in general the septa of the former group will be pol^'cyclic, while those of the latter will be

monocyclic or at most dicyclic. Where asexual repi'oduction by incomplete discal hssion prevails,

there is a tendency toward the dicyclic condition, but these forms can be readily distinguished

from the Paheozoic types with merely large and small alternating septa.

With regard to the further emplo5'ment of the mesenteries and septa of Madreporaria for

taxonomic purposes, the wide differences in the ai'rangement and nature of these organs in

gemmiferous and tissiparous genera may now be considered. In mature polyps of the former it

has been found that a cyclical regularity prevails, and two pairs of directives are alwa3's

present, but in the latter the introduction and continuance of fission carries with it marked

changes, not only in the mesenteries, but also in the septa and tentacles. No other polypal

characteristic seems to exert such a profound influence upon the nature of the compound coral

as a whole. But by no means can the results of fission be regarded as of such fundamental

significance as those distinguishing the Entocnemaria and Cyclocnemaria. The young polyps of

both gemmiferous and fissiparous genera are built upon exactly the same plan, and it is only with

the advent of vegetative reproduction that they liecome divergent.

Fissiparity would appear to be a condition which may arise in any group of corals, and its

occurrence does not necessarily indicate any natural relationship among the forms in which it

prevails. In anj' classiticatory scheme it can probabl}' be regarded as onlj' of subfamily impor-

tance, which is practically the position assigned it bj^ Duncan." In this case the divisions, in

whatever families the}- occur, may be defined as follows:

Geminantes.—Asexual reproduction takes place hy gemmation, and each polyp represents a

distinct individual. The tentacles, mesenteries, and septa are arranged in alternating cycles, and

two pairs of directive mesenteries are present in each polvp-

FtssqxuxDdes.—Asexual reproduction takes place by stomodiwal fission, without the production

of morphologically complete polj'ps. The tentacles, mesenteries, and septa, after fission is estab-

lished, are not arranged in regular alternating cycles, and no new directive mesenteries arise.

The arrangement and form of the tentacles in the Madreporaria can not attain that

systematic value which they possess in the Actiniaria. In the latter the origin of one or more

tentacles from a single mesenteric chamber is a character of nuich importance, and afl:'ords a

means of dividing the Hexactinite into the two suborders Actininte and Sticliodactylina?. In the

corals no instance of the stichodactylinous condition has been met with, and an}' other tentacular

characteristic so far disclosed seems worthy of onl^^ generic, rarely of family, recognition. With

the exception of the bifurcated entoc(£lic tentacles in the single geiuis Slderaxtrira, the organs

are invariably simple in corals. As a rule they are arranged in close, alternating, entacmreous

cycles, but in the Fungidic the cycles are distant and tend to lose their regularity of disposition.

The prevalence of the knobbed or swollen tentacular apex in corals is noteworthy, considering

how rarely it occurs in the Actiniaria (e. g., Corynactis, Riconlea, CornUhnorphnx). Tentacular

introversion is probabl}' very general throughout the Madreporaria, but rare among the

Actiniaria.

The sphincter muscle is another structure which the Herwigs first brought into prominence

as an aid in the classification of Actinian polyps. It occurs toward the apex of the colunui wall

in nearly all anemones, and, next to the arrangement of the mesenteries and tentacles, occupies an

important place in all Actinological .studies. Various types of sphincter are recognized, such as

« For later results, see foot-note, p. 541.
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"diffuse endodennal," '"restricted oiidoderiniil," "'constricted endodermal," " aggregated,

"

"single or doulile me.sogla?al,'' and one or another is usually found to be characteristic of

Actiniarian families.

When the polyps of the Madreporaria are taken into account, this structural feature is found

to be almost entirely wanting. In luost corals a circular endodermal muscle is present, ))ut it

rarel}' undergoes anj' increased development toward the apex of the colunui. such as can be

regarded as constituting a special sphincter. In the lai'gor polyps, like those of Orhiccllii and

I.'iojjInjUla,A slight concentration of niuscle fibers takes place, but only deserving of the title of

"diffuse endodermal muscle," which represents the simplest form of sphincter development

(PI. VIII, hg. tio). In IsophijlJiii (PI. XI. tig. 121) the mesogheal processes supporting the

musculature Ijecome a little more thickened and branched, and the whole structure mav perhaps

be regarded as having attained the next type of nuiscular complexity, that known as the

" restricted endodermal."

The mesenterial nuisculature, likewise, presents no important differentiations in the coral

species studied. Different degrees of development of the longitudinal retractor muscle are

indicated by more or less deeply folded or l)ranched mesoglcjeal plaitings, but present none of

the variety of form met with in the Actinia'. The basilar muscle is absent, and the parieto-

basilar appears to be the same.

The nature of the column wall and disk in Madreporarian polyps, likewise, affords few distin-

guishing features. It is in all cases devoid of the simple or complex outgrowths, suchasacrorhagi,

adhesive or spheroidal verrucfe, which characterize many genera and even families of Actiniaj.

In the more or less retracted condition, under which coral polyps generally will be studied, one

can merely distinguish forms with a smooth surface, as contrasted with exteriors which are

verrucose, the latter condition a result of the costal or septal denticulations upon which the

tissues come to rest.

Among the Actiniaria, Carlgrcn (1893) has employed the presence or absence of ciliated bands

to the mesenterial filaments, and the presence or absence of an ectodermal musculature and

ganglion layer on the colunui wall, as features of diagnostic and phylogenetic importance. As
already shown, the mesenterial filaments of all the Madreporaria are alike in the absence of

true independent ciliated bands, and any nuiscular or nervous elements with which the ecto-

derm of the column wall may be provided do not form distinct layers.

On the other hand, certain polypal characteristics occur within the Madreporaria which are

either wanting or do not assume much importance within the Actiniaria. Among these mav be

mentioned the resulting form of the colony due to the method of vegetative growth, the canal

system of perforate corals, the presence of S3'napticular perforations, the se|jtal and other invag-

inations of the basal disk, and the extrusion of mesenterial filaments along with the mesenteries

to which they are attached. All these will be found to be of systematic importance in polypal

studies, though not attaining the value assigned them in works concerned only with the skeleton.

The canal system of the Porose coi'als, representing as it does merely complicated outgrowths

of the liasal wall, has lint little morphological significance, though modifying the corallum and

polypal tissues profoundly. The importance assigned the presence or absence of the canal

systems in the classificatory scheme of Milne Edwards and Haime has been of great utility, but

the character has not that fundamental value which one would desire for a primary division, and

can not take precedence of the mesenterial and septal arrangement in any natural system. The
same must be said also of the synapticula, which are the chief characteristics of the Fungacea.

They are merely skeletal growths connecting adjacent septa, but in the genera Sldernatrpea^

Agaricia, and Fiingid they are certainly associated with peculiarities in the form of the tentacles

and their wide distance apart, hence their presence may be indicative of some deeper natural

relationship.

I have thus ))riefly indicated the anatomical and histological features in the species of Madre-

poraria here studied which are available for purpo.ses of founding a more natural classification

than those yet proposed. It must be admitted that twenty-six species, distributed among twenty
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genera, is but a mere fragment of the group for this purpose, even when combined with the

knowledge available from the labors of others. It should, however, be taken as a contribution

around which other researches may accumulate."

The only fundamental distinction which the facts as j^et seem to warrant is the recognition

of the two great groups, Entocnemaria and Cj^clocnemaria. The material studied is insufficient

to determine the exact taxonomic value of the canalicular system and the formation of synapticula.

Their small morphological value has been noticed, but it is not certain as to how far other

important structural features may be associated with their presence. From the conditions

already described in Siderastrsea and Agaricia, there would seem to be some connection between

the occuri'ence of synapticula and peculiarities in the tentacular system. I have therefore for

the pre.sent retained the divisions of Perforata and Aporosa, and Fungacea, until further results can

be obtained which will enable their precise significance to be understood.

From the few generic representatives studied, it would be premature to attempt a diagnosis

of the polypal characteristics of the families included, and I have therefore omitted such entirely.

No doubt some of the generic characters given should rank as of familj' importance. I hav^e

attempted to define the genera in terms of the polyp, at the same time giving the species from
which alone the characters have been drawn. To the definition of each genus I have added the

diagnosis given bj^ Duncan (1885) in the "Revision," so that in each case the skeletal and polypal

descriptions can be compared side b}^ side. It will be understood that the latter definitions are

founded entirely upon the types studied, and consequently may require modification as the soft

parts of other representatives become known. Before any genus or species of coral can be fully

known, it is necessary, of course, to possess descriptions of both the skeleton and the polyp, but

the scope of the present work is wholly confined to the latter, and docs not presume a complete

systematic account of the .species.

I have fully described onlj' a single representative of each genus, though in many cases

other species have been investigated. In the interests of systematic studies upon the West
Indian Madreporaria, it is highly desirable that a comparative description should be made of the

polyps of as many representatives of each genus as possible, in order to determine the range of

variation, and material for such is now in hand.

« Certain results, bearing upon the morphiological classification of the Madreporaria, have presented themselves

since the above was written, and are given in a series of four papers, "The Morphology of the Madreporaria," appear-

ing in the Annals and Magazine of Natural History, 1902-3. The distinctions already found between corals repro-

ducing by gemmation and by fissiparity obtain a greater phylogenetic significance from the fact that apparently the

one or the other method of growth is altogether characteristic of any particular species. There seems to be no
intermingling in a species as regards the two methods of asexual growth; it is shown that the few instances of

simple fission hitherto considered to occur in corals which are usually gemmiferous, are really examples of a peculiar

method of budding, which I have termed "fissiparous gemmation." Tlie distinction between fissiparous and
gemmiferous corals must be regarded as of greater taxonomic importance than is accorded it above. Further, the

mesenterial increase beyond the jirotocnemic stage, occurring in Forites and Madrepora, is shown to be associated with

fissiparous gemmation, hence the process can not be compared with the metacnemic growth in corals generally.

Studies upon other than West Indian representatives of the genera are necessary before the full morphological value

can be assigned the great differences between the mesenterial plan of PorUes and Madrepora and that of other corals.
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MADREPORARIA.

Anthozoa of which the polyps are either simple or colonial; the basal ectoderm gives rise to a

continuous external calcareous skeleton, usually consisting of basal, peripheral, and radial elements.

Colonial polyps are in communication around the proximal termination of the column, and sometimes

by basal canals perforating the skeleton. Tentacles in alternating cycles, often with a knobbed or

swollen apex. Stomodaeum smooth or ridged, without gonidial grooves or siphonoglyphs. The mesen-

teries include a primary cycle of six pairs, appearing successively in bilateral pairs, two pairs of which

are directives, and usually a second series which arise antero-posteriorly, as isocnemic exocoelic pairs

all round the polyp and become arranged in cycles, or as bilateral pairs at one or more restricted

regions of the polyp. Mesenterial filaments simple, without lateral ciliated bands. Lower region of

gastro-coelomic cavity subdivided by septal invaginations, alternating with the mesenteries, sometimes

perforated by skeletal growths. Reproduction sexual and asexual; asexual reproduction frequent,

by gemmation and fissiparity.

I.—ENTOCNEMARIA.

MaDREPORARIA in which THK MKSENTEUIES always arise IX BILATERAL PAIRS, AND

BEYOND THE PROTOCNEMIC STACE THE INCKEASE TAKES PLACE WITHIN ONE OR BOTH OF THE

DIRECTIVE ENTOC(ELES.

A.—SECTION PERFORATA.

MaDREPORARIA in WHICH THE BASAL DISK FORMS CANAL-LIKE OUTGROWTHS PERFORATING

THE SKELETON, WHICH IN COLONIES PLACE THE DIFFERENT POLYPAL CAVITIES IN COMMUNICA-

TION.
Family ]\rAJDRKPORm^*::.

Genus MADREPORA Linnaeus."

Polyps small, often dimorphic (axial and radial), forming- ramose, foliaceous, or incrusting- fixed

colonies, united one with another superficially by continuations of the column wall (coenosarc) without

lines of demarcation; pericalicular continuation of gastro-coelomic cavity by canals without mesenterial

prolong-ations. Free portion of column only slightly protrusible, more so in apical polyps; incapable of

overfolding; no sphincter. Tentacles of radial polyps six in number, equal, acute; tentacles of radial

polyps strongly bilateral in axial-abaxial plane, larval in extent of development, twelve in number, rarely

more; unicyclic, smooth, not knobbed at apex, iutrovertible. Stomodseal walls smooth.

Mesenteries unicyclic, in Eiliriirihi(i-sta.ge. rarely more than six pairs, when increase takes place by

the addition of bilateral pairs within the two axial entocoeles; all filamentiferous. Septal invaginations

usually twelve, dicyclic, entoccelic and exocoelic, axial and abaxial often largest, interrupted below, unite

centrally ( columella) , forming six distinct mesenterial loculi which terminate gradually or are truncated.

Gastro-coelomic cavities in communication throughout colony by a basal canal system, as well as by
pericalicular canals.

Asexual reproduction by columnar gemmation, rarely by fissiparous gemmation.

Examples.—Madrepora iinu-icdtn Linn.; f(iriii»' jirolifeni (Lam.), <rri</iy>rn/'s (ham.). /"/////-

ata (Lam.).

"" Colony very variable in shape, branching.', bu^h-shapeil, expaniling, flat, corymbiform, or foliaceous, peduni'ulate

or incrusting. Gemmation around the parent torallite and fn nn the siile ( if the other calices. Ca-nenchyma abundant,

spongy, reticulate, spinulose, growing exogenously froui the porous walls of the corallites. Calices variable in shape,

projecting or immersed, but never all so; terminal calices, or some among the mass, longest or largest (parents).

Septa distinct, variable in solidity, two opposite primaries largest and nearly meeting. Twelve tentacles, and one

larger than the others. No columella. An endotheca may exist, which occasionally becomes tabulate." (Duncan.

1885, p. 183.)

542
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MADEEPORA MURICATA Linnseus.

(PK I-III, figs. 1-27.)

External characters.—Madrepores are everywhere abundant on the reefs around Jamaica, and
in other places on tlie sea floor, where conditions are favorable. The three foi-nis, or rather

groups of forms, recognized bj' Brook (189.3), and by practically all writers, are always readily

distinguishable, and are often found living together. Broadly speaking, they are as follows:

1. The flabellate or palmate colonies, with large, flat or concave fronds, usually several

radiating from an incrusting l)ase: Forma jxtlmata.

2. .Much-bi'anched colonies, several branches radiating obliquely from a common center,

main branches about 1.7 cm. thick at the base: Forma prolifera.

'i. Large, more erect colonies than the last, less branched except toward the periphery,

stem and l)ranches much stouter, from 2 to 4 cm. thick: Forma cervicornls.

In Jamaican waters the three typical forms are distributed as follows: Thin flabellate colonies

occur ill tlie shallowest regions, ])eginning at a depth .sufiicient to permit of their extremities

being expo.sed during the lowest tides, and extending downward to several fathoms. Beyond a

fathom or two these are for the most part replaced by the palmate variety, in which the proximal

part of each division becomes very thick and may be nearly rounded, the distal region only being-

thin and flattened. Associated with the flabellate and palmate colonies may be the proUfera form,

but this rarely reaches so near the surface ^ii pahnata. At depths of from two to three fathoms

the true cervlcornin commences, and often forms dense thickets.

Whei'e a properly equipped lalioratorj^ is not established, some difficulty is experienced in

securing the polyps in a fully expanded state under conditions suitable for observation. In situ

they may soiiietimes be seen fully expanded, but, upon breaking off a fragment for closer

examination, the shock causes the polyps throughout the branch to retract. The axial polyps are

then retracted to such a degree that no trace of them is distinguishable, and the radial polyps

display only the tips of a few tentacles just within the calice. Brought into the laboratory in

this condition, and placed in the shade, they usually expand a little farther, so that the tentacles

of the i-adial polyps can be counted and their genei'al arrangement made out. At night they

expand to their full degree.

The whole of the living .surface of a colon}- is covered with a stnooth delicate tissue, which

adheres clo.sely to the skeleton over the costss and echinulations, but is free over the intervening

canal spaces. Microscopic examination reveals that the superficial covering of the skeleton is

for the most part double; an inner wall adheres directly to the skeleton, while the outer is more
or less free from it (PI. I, figs. 2-6). On full expansion of the polyps the outer fleshy covering

becomes slightly distended, and on retraction or preservation is partly depressed within the

intercostal grooves. The superficial tissues are continuous throughout, without any grooves

limiting one polyp from another. Over the greater part of a colonj' the polyps are clo.sely

arranged, separated by a very limited coenosarcal area; in the older regions the polyps are more

distant than in growing parts. When the polyps are expanded the superficial covei'ing of

the colony passes uninterruptedly into the column wall of the polyp, and the two are seen to be

direct continuations of one another (fig. \a).

The polyps found at the apex of branches differ so markedly from the lateral or radial

polyps that it will be neces.sary to describe the two separately. The apical pol^'ps are difficult to

obtain in a fully expanded condition for ob.servation ; usually they are I'etracted within the calice

to such a degree that no trace of the tentacles is presented. On favorable occasions, however,

the polyps extend beyond the coralhun for a distance of 3 mm., when they are seen to be

perfectly radial in their outward symmetr}-, and of the same diameter as the aperture of the

corallite lieyond which they protrude. The column wall is cylindrical, smooth, colorless, and so

transparent as to permit of th(^ internal mesenteries and short stomoda-um being .seen. At the

inner margin of the apex of the corallite the column wall of the pol^^p is in continuity with the

cceno.sarc, and distallv it passes uninterruptedly into the tentacles and disk.
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Ill their typiciil. fully developed condition, the tentacles of the apical polyps are only six in

number (tig. Ih). They arise at the margin of the disk from the alternate entoca?lic spaces, and

may terminate either acutely or in a rounded manner; they are broadest at their origin, and a

wide interspace occurs b(>tween any two adjacent members. The surface is smooth throughout,

no urticating spots being visible. During full expansion the tentacles raaj* be overhanging and

digitiform; when only partly retracted they are seen as six short vertical processes, protruding

bej'ond the mouth of the corallite. The marginal spaces between the tentacles correspond with

the exoccelic chambers, and are sometimes rounded, while in other cases small processes, like

rudimentary tentacles, are present.

The disk is circular, the central naked area being very small, and either flattened or slightly

convex, according to the state of distension. The twelve internal mesenteries, and their relations

to the other parts of the polyps, are easily seen through the transparent walls. The mouth is

extremely small, circular, and without prominent lips and gonidial grooves; sometimes the

lips are a little protruding. The diameter across the disk and tentacles is 6 mm., and the length

of a tentacle 2.5 mm.
All stages, from the twelve tentacles present in radial polyps to the six characteristic of

typical axial polyps, can lie observed toward the margins of growing colonies; and a study of this

region of a colony, especially in the ])almate forms, indicates that almost any of the radial polyps

bj- excessive growth may l>ecome axial polyps. In doing this the polyp increases in size, and

at the same time its tentacles undergo moditication. The six entocoi^lic tentacles l)ecome still largei'

and all equal, while the six exocoelic become less important and in time wholly disappear, but for

a long time one or more of the exocrelic tentacles may be represented by mere processes. Thus
a true external dimorphism exists between the typical radial and axial polyps, though the one

m&y pass into the other.

On several occasions the tentacles of an axial polyp were introverted, even while the column
wall and disk were still extruded; only six slight opacities remained to indicate the former

position of the outgrowths, and the margin of the column and disk as a whole was merely rounded.

The infolding of the tentacles was occasionally observed in the radial poh'ps; later, the tentacles

were slowly protruded, in the same way as described for the genus J'orittdi, where introversion

is more frequent and may be better observed.

The radial polyps, even when expanded to their full degree, never protrude far lieyond

the aperture of the calice, and, owing to the oblique, usually iiariform aperture of the latter, the

amount varies in different parts of the same polyp. At the sides, where the wall of the corallite

is lowest, the colunm wall is free for 1 to 2 mm., but is not seen anteriorly. As the aperture of

the corallites is rarely directed upwaixl, th(> plane of the disk of the expanded polyps is oblique

to the axis of the colony, or may be directed inward to the sides, or in almost any direction.

Wherever exposed, the column wall is smooth, thin walled, and partly transparent.

The tentacles of the radial polyps are, as a rule, twelve in number, but of diflerent dimen-
sions; six larger alternate with six smaller, the former communicating with the entocoeles

and the latter with the exocojles. The meml)ers of both series also vary in size among them-

selves. The larger tentacles are situated at the same distance from the center of the disk as the

smaller, so that practically the twelve constitute a single cycle, not differentiated into an inner

and outer cycle, as is most usual in coral polyps. All the tentacles are broadest at their

origin, but they narrow beyond, and may terminate bluntly or acutely. The relative sizes of

the different tentacles in each series have been alread}^ described, and are best undei-stood

from tigs, la-lo.

The distinctly bilateral chai'acter which the tentacles give to the lateral polyps is most
marked toward the ends of the branches, where growth is rapid and the polyps larger. In partial

retraction the anterior tentacle usually protrudes beyond the margin of the corallite, and

considerably beyond the other mem))ers. In the more proximal regions of a colony, where the

polyps are, somewhat smaller, the tentacles tend to become approximately equal, but even here

the anterior tentacle can generally be recognized by its being slightly moi-c swollen, and lighter in
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color than the others. The polyps oa the sides of galls are also very diminutive, apparently

undergoing retrogression (tig. If).

The form assumed by the tentacles is somewhat dependent upon the degree of expansion of

the polyp. When enlarged to their utmost they are digitiform and overhanging, occasionally

distinctly swollen at the apex; at other times, when not fully extruded, they are erect and

more subulate.

The disk is very small and flat, and, as just mentioned, may look in almost anj' direction with

regard to the axis of the branch, according to the plane in which the aperture of the coi'allite is

placed. The mouth is circular or oval, without thickened lips and gonidial grooves; looked

at from above, the aperture often appears excentric, being situated nearer the axis of the branch,

the axial tentacle overhanging (lig. lil).

The movements of the polyps are rather slow, and the tentacles rarely ever wave about like

those of anemones; in a colonj' one polyp may retract independentlj' of another. "White

mesenterial filaments may be extruded through the wall of any part of the polvp, but the

phenomenon does not readily take place.

The full complement of twelve tentacles is reached at a very early stage in the development

of new polyps; even in the second or third bud visible below the axial polyp they can all be

recognized. In some cases, however, developing polyps occur with only eight tentacles; the

two abaxial lateral and middle lateral of the smaller series, on each side, are the last to be

developed.

Slight variations may be noted as regards the polyps of the different forms of colonies. In

general the poljqjs of palmata are somewhat smaller than those of proUfera or cervicornis, but

they exhibit exactly the same relations in regard to the size of the tentacles. In the older parts

of all colonies the anterior tentacle is scarcely larger than the others, the polyps attaining a more

approximate radial sj'mmetry. Usually the tentacles seem more pointed in jMlinata, digitiform

examples not often occurring, but they ma}" assume this form when fulh' extended.

The corallites are often larger and more tubular in jxth/tata than in the other two/w/vwa', and

the disk of the polyps is directed toward the free growing edge. When fully expanded only

the disk and tentacles extend beyond the corallum, but practically no free portion of the column

wall can be seen except in the apical polyps. The disk is circular or slightly oval; the mouth

very small and circular or oval.

Immersed polyps are usually very numerous on palmate colonies, especially on the upper

surface of a colony, and away from the free growing regions. They are somewhat smaller than

the others, but all gradations can be traced toward the fully developed individuals. When alive

the immersed polyps very rarely extend bej^ond the corallum, and the tips of the tentacles only

are visible. Their smallness did not allow of any difi'erences in the size of the tentacles being

determined; in some examples less than twelve were present, while in others a greater number
were found. The scattered polyps on the under surface of palmate colonies are usually smaller

than those on the ujjper surface. Doul)le polyps with two oral apertures sometimes occur (fig. 1*').

The color varies but little in all the Jamaican Madrepores. Colonies as a whole are lighter

or darker shades of brown, sometimes becoming green, yellow, or orange. Different regions,

however, vary in intensity, some l)eing quite colorless and others darker than the general

surface. The coloration is wholly due to the presence in the endoderm of S3'mbiotic yellow cells

or zooxanthella"; where these arc few in number the coloration is faint, while where they are

entire!}' aVisent the area is altogether colorless, the white corallum showing through the thin,

transparent tissues. The tissues directly along the edge of the striae and apex of the echinulations

are devoid of color, there being over these, as shown in fig. 7, only a very thin endoderm without

zooxanthella". In the intervening spaces the yellow cells are abundant. The tissues at the apical

region of the corallites are usually colorless, and microscopic examination reveals that, though

the endoderm is well developed, zooxanthella? are absent (fig. S); also, as a rule, the axial polyps in

palmate colonies are colorless. The distal region of the jwlyps on the upper surface may be

colorless, while the under polyps are uniformly brown.
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Ill the same way the, hirge anterior teutaele of radial pol^'ps is nearly colorless, as is also

the case with the small tentacle on each side of it, and less so the next tentacle. In a partly

retracted condition the tentacles are often darker than any other region of the polyp, the

endoderm heino- thickened and its zooxanthelhe crowded; when fully inflated the color of the

polyps as a whole becomes paler. The absence of color toward the margins of the colonies prob-

ably indicates tliat these are regions of rapid growth, the polypal growth being in advance of

that of the multiplication of zooxanthelhe.

In no case have an}' traces of ectodermal coloration been found. This uniformity of color

of the West Indian Madrepoi-a is in marked contrast with the vivid and varied tints described

by Saville Kent for most of the species of the genus occurring on the Australian Barrier Reef

(1893).

Anatomy and lihUiJogy.—The column wall is everywhere very narrow, in sections measuring

0.08 mm. across. The ectoderm is constituted largely of unicellular oval gland cells with clear

contents. Sometimes the contents of the gland cells stain slightly, and in sections the mucus

can often be seen extruded, forming an irregular outer covering to the ectodermal cells. Small

nematocysts of two kinds occur somewhat sparsely—a long, thin-walled form in which the spiral

thread is distinctly visible, and a smaller thick-walled oval variety in which the internal thread

is scarcely recognizable. At the apex of growing branches the ectoderm cells are often much

longer than elsewhere, measuring 0.07 mm. (figs. 7-9).

The mesoglcea is throughout a very thin supporting liuuella, but wherever it attains much

thickness it is found to be clear, transparent, and homogeneous, without connective-tissue cells.

The endoderm varies somewhat in character, according as zooxanthellre are present or absent.

At the tips of branches, which in the living condition are colorless, the endoderm of the column

wall is a very narrow layer, the cells liut little vacuolated, and the nuclei comparatively large and

somewhat regularly arranged (fig. 8) ; but where the symbiotic algse occur the layer is broader and

the cells more vacuolated. All gradations can be traced between the total absence of the alg.e

and their presence to such an extent as to constitute nearly the whole layer. In radial sections

of the column wall are seen the cut ends of delicate endoderraal muscle fibrils, arranged in

a circular manner, and forming a very thin muscular layer, which extends the whole length

of the wall, and is continuous with the circular endodermal musculature of the tentacles.

This diffuse endodermal musculature probably acts as a sphincter during the retraction of the

polyps; there is, howevei-, no concentration of the muscle fibrils on mes;)gl(eal jilaitings. such

as can be regarded as forming a special sphincter muscle; the mesoglujal surface remains smooth

throughout.

Histologically the outer covering of the skeleton differs in no essential respects from that of

the column wall proper, the two being merely continuations of one another. Where the wall

rests upon the echinulations, continuity with the skeletotrophic tissues is established, and the

endoderm and mosoghea of the two pass into one another. Th(> figures show that the actual apex

of the echinulation is covered by its own skeletogenic ectoderm, the mesogla-u. and the outer

ectoderm. No muscle fibers are determinable in the coenosarcal endoderm, such as occur in the

free portion of the column wall.

In sections toward the apex of axial polyps, the corallar ridges are often unprotected

by soft tissues. This is probably due to the very tliin walls liaving broken down during

decalcification, but in most carefully prepared material no remains can be found, and the very

broad ectoderm overlying the canals j)asses inwardly as the calicoblast l.iyer.

The tentacles in strongly retracted radial polyps often ai)ii('ar as mere longitudinal ridges

of the wall of the polyps, and neither in longitudinal nor ti'ansverse sections is any part free

from the disk. ' In other cases, however, isolated circular sections of the tentacles are obtained,

showing tliat (luring retraction the organs may retain their <listiiictness as outgrowths of the disk.

Longitudinal sections ])resent no sharp line of separation between the upper region of the column

-wall and the tentacles. The transverse section through the tentacular region, represented in fig. 8,

exhibits the six larger and six smaller tentacles all at the .same level, and nearly filling the calicinal

eavitv: thev are outgrowths of both the entoccelic and exoccelic chamliers. the larger tentacles
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arising from the former. No intervening discal tissue occurs l)etween the origin of one tentacle

and that of the next, as is the case in the axial polyps. In the particular section represented the

larger tentacles are practicall}' all of the same size, but in other sections the anterior tentacle

predominates over the others, or at some levels maj' even be the only one represented; the

smaller tentacles, in their varying dimensions, correspond with their proportions in the living

polyps.

The tentacular ectoderm (tig. lo) is a uniformly broad layer, and in sections is roughly

divisible into three zones: (1) An outer, nearly colorless zone, with numei'ous nematocysts, and

verv few gland cells; (2) a middle, deeply-staining nuclear zone; and (3) an inner, less defined

tibrillar zone, terminating in a laj'er of delicate muscle fibrils, longitudinalh' arranged. Conical

cnidocils occur, seen especially in the living tentacle. The nematocysts are of the same form as

in the c(Enosarc, but the long \'ariety with a thin wall and strongly marked spiral thread is most

abundant. The nematocysts are distributed nearly uniformly throughout the length of the

tentacular wall, not restricted to special batteries as in most corals; proximally they are some-

what less numerous than above. In some sections a distinct nerve layer is manifest, situated a

little distance from the mesoghea.

The mesogloea is a thin supporting lamella, slightly thickened proximally. It may be partly

folded in retracted specimens, but nowhere'becoraes plaited for the purpose of affording additional

support to the musculature.

The endoderm exhibits marked variations, as in the case of the column wall. AVhere

zooxanthelliv are not present in the cells the layer is very regular, and much thinner than the

ectoderm; the cells are filled with protoplasm which stains slightly, and the nuclei are compara-

tivelv large and arranged in a very regular row. Where symbiotic alga' occur the layer as a

whole Ijecomes much broader, the cells are more vacuolated, and the internal limitations are very

irregular. The endodermal circular musculature is comparatively well developed.

Sometimes the endoderm of one tentacle will be entirely without zooxanthella?. while

another of the same polyp will be crowded with them along the whole of its length; in other

cases they Taa.y be absent from the distal region of a tentacle and occur proximally. Corre-

sponding variations have been noted in the coloration of the tentacles in the living polyp.

Below the tentacular region of retracted polyps the disk extends vertically for a short distance,

and then nearly horizontall}^ passing into the vertical stomodreum (fig. 11). The peripheral

discal area presents histological details similar to those of the tentacles, but the more central

region becomes narrower and nematocysts are rare, in the ectoderm, while granular gland cells

occur here and there. Zooxanthellte are usually sparseh^ distributed, or altogether absent from

the discal endoderm.

The six tentacles in the axial polyps are entocoelic in position, and therefore correspond with

the larger members of the radial polyps. Thej- are larger than in radial polyps, and in transverse

sections appear as triangular ridges of the disk; the longitudinal and circular musculatures are

somewhat better de\eloped than in the radial polyps, and the mesogloea is slightly plaited to

afford additional support for the endodermal fibers. The disk also shows the ectodermal

nuisculature very clearly; zooxanthellai are entirely' absent from the endoderm, otherwise the

histological details of both the ectoderm and endoderm arc the same as those of the radial polyps.

The stomoda?um is narrow and approximately circular in transverse sections, and the walls

hang verticall}' for some distance within the cujlenteron (fig. 2). They are of equal thickness

throughout, and present no indications of a gonidial groove. In the figure the wall narrows a

little toward its free extremity on the left side and terminates al)ruptly; on the right side of the

section the wall is seen to be in continuity with the filament of a mesentery, and the tissues of

the two pass insensibly into one another.

The surface of the stomodteum is strongly and uniformly ciliated; nematoc3'sts and graiuilar

gland cells ai-e numerous, some of the latter staining very deeply. An extremely weak ectodermal

musculature and nerve layer can be detected in transverse sections, and circular endodermal

muscle fibers in radial sections. Isolated typical cells are represented in fig. 13.

Transverse sections through the stomodseal region of both radial and axial polyps reveal
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eight complete mesenteries ;ind four incomplete members, arranged in ])ilateral pairs, as repre-

sented in tig. 4. The retractor muscles on the mesogheal plaitings are clearly distinguishalile,

and indicate that the two axial pairs of mesenteries ai-e the directives; the complete mesenteries

remain attached to the stomodanim at about equal distances apart throughout its length. In

serial transverse sections the incomplete mesenteries usually extend below the stomodseal area,

but occasionally thej' cease before its lower extremitj' is reached; their vertical extent is

greatest in the axial polyps. As the complete mesenteries become free they all bear mesenterial

filaments. The four pairs, equally developed, continue after the incomplete mesenteries have

disappeared (lig. 5); then the dorsal directives are lost, and shorth' afterwards the ventral

directives, and the four lateral mesenteries continue together for some distance (fig. 6);

soon the dorsal of the lateral pairs disappears, and finally the last pair. Thus a definite

order of disappearance is followed by the six mesenterial pairs in passing a series of transverse

sections in review, the pair considered to be the first to appear in coral larva? extending farthest,

and the most recent pairs to arise extending least. Sometimes the two moities of a pair die out

together, but more often the mesentery on one side will continue a little below the corresponding

member on the other side.

In the lower part of their course certam of the mesenteries, usually the first three develop-

mental pairs, become convoluted at their free edge; and as the septal invaginations here meet in

the middle of the polypal cavity, and give rise to distinct interseptal loculi, each mesentery is

frequently in a chamlier by itself.

No indication of anj' perithccal continuation of the mesenteries occurs; in living expanded

polyps the partitions can be seen to pass uninterruptedly from the column wall down to the

calicular cavity, and serial transverse sections confirm this.

On each face of a mesentery the endoderm immediately ))ehind the filament becomes consid-

erablj' swollen, and contains zooxanthellie and numerous granular gland cells; a few nematocysts

also are found. The endodermal enlargement extends nearl}? as far as the termination of the

mesenterj' (fig. 14).

In axial polyps the portion of the mesentery peripheral to the swollen region remains long

and very narrow, retaining its musculature and plaited mesoghea, and zooxanthelhe occur here

and thei'e. The first three developmental pairs of mesenteries in radial polyps may Ijecome

convoluted in the lower region, each bearing a mesenterial filament of the usual tj'pe, with

swollen endoderm inmiediately behind (fig. (i). The filaments are here often crowded with long

nematocysts, somewhat recalling the acontia of Actiniie, and may persist as far as the termination

of the mesentery. At their origin iti the polypal wall the mesenteries are \ery narrow, and

are situated at about equal distances apart all round. The endodermal epithelium is a nari'ow

layer and without zooxanthella?.

In the tentacular region of retracted polyps the mesentei'ics are very short transversely, and

the musculature is somewhat strongly developed, especially in axial polyj^s. The mesoghea is

here deeply plaited, but is smooth on the opposite face, where weak oblique nuiscle fibers are

indicated (fig. 12). In axial polyps the nuisculature of the four incomplete mesenteries is

developed almost as strongly as that of the eight complete mesenteries.

The gastro-ccelomic cavity proper, independent t)f its canal outgrowths, originates in the

buds in one of the ordinaiy superficial canals (figs. 22-27), but later becomes much larger and

provided with its own sj'stem of canals, and terminates proxinially either abruptly or in canalicular

prolongations.

For some distance downward the coelentei-on is approximately circular in outline, or oval

in many radial polyps: the contiiuiity of the walls is interrupted here and there by the canal

outgrowths, liut otherwise each polypal cavity is distinct.

The septal invaginations, which are mostly entoctelic, vary in extent; usuallj- only one, the

axial, is very pronounced, and may almost completely subdivide the gastric cavity. Toward

the lowermost region, where only two or four mesenteries remain, the polypal cavity is

nearly always completeh' divided into two by the union of the axial and abaxial septa; in other

cases, as in fig. (i, the central p<M'tion is almost obliterated liy six broad triangular septal
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invaginations; the contorted mesenteries may tlien be pressed into the various canals, and the

individuality of the polypal cavity is largely lost.

In its simplest condition, as in the free portion of individual polyps, the canal system consists

of the following: (1) A series of longitudinal and transverse peripheral canals within the grooves
between the contiguous ridges of the skeleton, and more proximally in the depressions .between

the echinulations. Their uninterrupted vertical extent is not great (tig. 2), and they become
very irregular in the echinulate region; even in the more distal areas the canals are connected
laterally, and by this means are placed in communication with one another. Below the costate

region of a corallite, both the vertical and lateral canals are so interrelated as to produce a more
or less regular peripheral reticulum. (2) As shown in figs. 3 to 6, the peripheral canal system
communicates l)y short radial canals with the ca?lenteric cavity of the polyps, several such canals

usually- occurring in each transverse section. The broader skeletal region of tig. i reveals, how-
ever, that internal enlargements and lateral communications between one radial canal and another
make their appearance within the wall of the corallite, so that the thicker regions of the corallum

arc penetrated throughout by a canal reticulum.

At the apex of the corallite, the peripheral system of canals also communicates with the

central polypal cavity over the edge of the theca (fig. 2).

The peripheral canals are somewhat flattened on their outer aspect, and often triangular in

transverse sections, but the internal are more circular; so close, however, is the reticulum in the

more apical region of the polyps that the canals are rarely seen in circular sections, but as

elongated, irregular communicating spaces. In the older parts of the colony, whei'e the space

occupied by the skeleton and by the canals is more equal, the latter are in more regular

concentric series.

The lining of all the canals is a very thin unilaminar layer of ciliated endodermal cells, the

deeply-staining nuclei of which are arranged with considerable regulai'ity; zooxanthellw are

usually absent, but are sometimes found in the skeletal layer of the superficial canals, and
even in the older and deeper regions of the corallum. The niesogkea is everywhere a thin

supporting lamella. The skeletogenic layer is represented in the growing regions by a broad
columnar layer (fig. S), but is scarcely determinable in the more terminal regions. Desmoidal
processes are numerous in places, and in the actual growing regions the skeletal matrix may
remain after decalcification (figs. 7. IS).

Ripe polyps seem very rare; ova only have oeen met with on one occasion.

Genus PORITES Milne Edwards and Haime.

"

Polyps small, distinct, forming' incrusting:, massive, foliaceous, or dendroid colonies, fixed or free;

united closely with one another along- a common thecal edge, without perithecal continuation of the
mesenteries. Column wall smooth and cylindrical, may partly fold over the disk on retraction,

no sphincter. Tentacles small, twelve in number, rarely more, unicyclic, sometimes in bilateral

larval stage, digitiform, smooth or tuberculated, introvertible. Stomodseal walls smooth.
Mesenteries unicyclic, rarely more than six pairs, when increase takes place by the addition of

bilateral pairs within the sulcar or sulcular entocoele, only three or four pairs complete and filamentifer-

ous. Septal invaginations usually twelve, entoccelic and exocoelic, interrupted, unite centrally

(columella) below, forming six distinct loculi, which are abruptly truncated. Gastro-ccelomic cavity of

polyps in communication throughout colony by a basal canal system, and also by marginal apertures.
Asexual reproduction by intercalary columnar gemmation, rarely by fissiparous gemmation.

Viviparous.

Examples.—Poritts at!tneoide.sLia.m., I', di-caricata Les., P.fareata Lam., P. dararid Lam.

«" Colony ramifying, or in tufts, or foliaceous, often massive, and lobed or low, incrusting or not. A basal

'epitheca invariable in the last instance, frequent in all. Corallites with trabeculate and perforate walls, not distinct

from those of their neighbors, and therefore without intermediate coenenchyma. Calices small, pentagonal. Septa

twelve or less, feebly developed, trabecular or spinulose. A small columella, forming at its free edge a knob or a

trabecular point or a style. Pali five or six, and not very distinct from the septal ends, in a circle arouii<l the

columella. Endotheca exists sparingly, and may be dissepimental or tabulate, or may be mere stereoplasm."

(Duncan, 188.5, p. 187.)
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PORITES ASTRyEOIDES Lamarck.

(Pis. III-V, fig.s. 28-42.)

External characters.—The species is met with in ul)undance in all the regions of eoral

trrowth. fi-oin a depth of ;3 or \ feet downward; sonietiiiies many colonies occur closely asso-

ciated, at other times they are widely scattered. The colonies form large, incrusting, hemisphe-

roidal, or nearly s])hin'i)idal masses, the surface usually sul)-botroidal or with gibbosities.

The polvps are small and closely arranged, completely hiding the surface of the coralhmi

when fully expanded. In this condition each appears to arise from a pentagonal thecal margin,

common to the surrounding jiolyps, without any division into calicular and perithecal regions.

On retrai'tion of the polyps, thi^ column rests upon the .septal edges, and the tentacular ring is

more central (tig. 34).

During full expansion the column is smooth, erect, and cylindrical, and so thin-walled as to

allow the internal mesenteries to be seen through. The diameter is 2 mm., and the height above

the corallum 3 mm.; as a rule the proximal and distal diameters are slightly larger than the

middle. Distally the column wall passes uninterruptedly into the tentacles, and is rarely folded

o\er the disk; usually, on fidl retraction, it is merely di'awn within the calice, the tips of the

tentacles and disk being still visible (lig. 3.5).

The tentacles are extremely small, digitiform or acute, smooth, and arranged in a single

cycle. They are practically e(|ual in size, but sometimes one of the axial members is slightly

larger than the others. In nearly all cases they are twelve in number, but on most colonies a few

larger polj^ps oicur in which the tentacles vary from sixteen to twenty-four. Usually they are

about 2 mm. in length. When the polyps are fully expanded the tentacles are overhanging, and

those of adjacent jwlyps intermingle. The organs art> freely introverted, and in som(> instances

they actually disappear, becoming part of the marginal tissues of the column wall and disk;

sometimes the colunui wall of a polyp may l)c extended to its full degree, but the tentacles are

indicated onl\- by twelve, lighter colored, circular or oval areas at the margin of the disk, each

with a niiiuite aperture in the middle (tig. 35).

The disk is ciri'ular. smooth, and very thin walled; the internal mesenteries can be seen

through, and theii- ai'tual arrangement around the stomoda'um determined (tig. 32). The mouth

is either circular or slightly oval.

The colors of the colonies as a whole are very variable, and often brilliant; indeed, the

species is one of the most gaily colored of all the West Indian corals, and, occurring in large

masses, often becomes an important constituent in determining the general coloration of the reefs.

As a rule the colonies are a bright blue, pale yellow, or yellowish green. Various colors occur

side by side, and sometimes one portion of a colony will be blue and another yellowish green.

The pale yellow colonies frequently exhibit restricted patches more brilliant than others, some

even becoming brownish; other colonies may be a dull yellowish-brown, or even a blackish-brown.

New polyps arise among the others mainly by intercalary gemmation. In all colonies many

young examples with less than twelve tentacles occur. Fissiparous gemmation has been observed

on one or two occasions (p. 513).

Certain colonies have been found which at first sight appeared in the normal health3^

condition, but on careful examination no actual polyps could be discerned; tentacles were

indistinguishable, and the whole polypal tissues, though pigmented, seemed in a state of decay.

Examined in the laboratory, the living polyps are seen to be constantly and quickly

retracting to a limited degree, and then slowly expanding again. When fully expanded, agitation

of the water mo\es them to and fro. They may retract l)elow the edge of the calice, the tips

of the tentacles still showing or wholly covered (tig. 35).

Numerous parasitic Cirripedes are usually found associated with the colonies, inextricably

inclosed liy the overgrowth of the corallum. Around these the polyps are smaller and more

closely arranged.

Aiiiifdiinj and Idstology.—The column wall is thin and delicate throughout, the mesoghea

appearing as a mere separating lamella. In addition to the usual supporting cells and clear

gland cells, the ectoderm contains numbers of cells with yellow granular contents (tig. 3t>). The
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color-beariug cells care much .-shorter than the height of the ectoderm layer, and occur at all levels

within it, from the free surface to the mesogloea. They readily separate in macerations, and are

very irregular in outline; the various stains have little effect upon them, except that the nucleus

comes out distinctly (tig. 37). The superiicial ciliation of the column is preserved in most

places. The endoderm is narrower than the ectoderm, and also contains numerous yellow

granular cells, while zooxanthellfc are very abundant. There is no evidence in sections of any

ectodermal or endodcrmal nuisculature, though in all probability weak endodermal fibers are

present, and bring about the overfolding of the column wall on retraction.

The stomodwum exhibits the usual histological structure as regards its ectoderm. Toward

the lower termination the latter becomes slightly thinner intermesenterially, and passes

backward for a short distance up the endodermal surface. Where the mesenteries are attached

it extends outwardly along both faces, and then appears to be continued downward as the

mesenterial filament. In retracted polyps the ectodermal layer is often folded vertically in a

very regular manner (fig. iiS).

In practically all the polyps examined only six pairs of mesenteries occur, and of these

four pairs are usually complete in the upper region, while the two remaining pairs never reach

the stomoda^um, and extend for only a short distance below the stomoda'al region. The sulcular

or dorsal directives are sometimes free throughout, and in other cases generally cease their

connection with the stomoda?um in advance of the other three pairs (fig. 30), which always

remain attached as far as the aboral termination. The three pairs of complete mesenteries

alone bear mesenterial filaments, and continue their cour.se some distance below the others.

Toward their lower extremity the first pair of mesenteries may become slightlj^ convoluted,

but the mesenteries as a whole have a comparatively short vertical extent, being practically

limited to the upper half or third of the polyp.

The retractor muscles of the mesenteries are moderately well developed on small mesogloeal

plaitings, and readily permit of the paired arrangement being established. The form of the

plaitings varies in diflerent mesenteries, and even in different parts of the same transverse

section, as shown in fig. 38. The mesenterial epithelium is distinguished by the predominence of

large, clear, gland cells; these constitute in places nearly the whole thickness of the endoderm,

while toward the free margin accumulations of protoplasm, nuclei, and zooxanthellse are to be

found. In a portion of one colony the contents of the glands had evidently been discharged into

the gastro-c(elomic cavity just })efore the death of the polyp, for, on being stained with ha?ma-

tosylin and sectionized, the whole of the upper region of tiie polyps appeared as if embedded in

a gelatinous mass, the secretion itself staining; feebly. On preservation the polyps exude a

large amount of mucus. Zooxanthelhe and yellow pigment cells, and an occasional large oval

nematoc\'st, also occur in the mesenterial endoderm. The mesoghjea is very nari'ow and homo-

geneous, but forms slender outgrowths for the support of the musculature.

The mesenteries in transverse sections are sometimes o1)served to be free at their peripheral

end for a short distance vertically, and rounded off (fig. 38). This is found opposite a radial

canal, so that ^vhere these outgrowths are formed mesenterially, the mesentery is without of

any peripheral support.

Immediately lielow the stomodseal region, the mesenterial filaments on the first three

developmental pairs are merely incipient (fig. 29), and never get beyond this stage except in the

first and second pairs of mesenteries. In these the filament becomes more or less definitely

rounded ofl' from the mesentery for a very short distance, and the mesogkea liifurcates within

it (fig ?>9). Comparatively few nematocysts occur in the filaments, and aie all of a medium size.

The skeletotrophic tissues comprise by far the greater proportion of the soft parts of a

colony, lining the walls of the coraliite and the whole of the canal system, while the mesenterial

tissues scarcely extend beyond the upper half of the polyps (PI. V, fig. -in). The endoderm is a

comparatively liroad layer, and below undergoes certain modifications; no cellular distinctions

can be made out. but the whole layiM-, with the exception of the free margin, exiiibits a vacuolated

condition. Fine granules along the walls of the meshwork stain with aniline blue, but not

readily with carmine; occasionally a yellow pigment cell or a zooxunthella may also occur.

Along a narrow zone, at the margin of the layer, nuclei, zooxantlielhv. ]iiguient granules, and
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protoplasm are accumulated, the first mentioned often formintr a vevy regular row. The layer

is thinner in the upper region of the pol^'^j, and the vacuolisation is not so complete; but even

here the cellular distinction is almost lost, except as regards the clear gland cells (figs. 38, 39).

The mesoglita is very thin throughout, and the skeletogenic ectoderm is distinguishable

only at the growing points, as a deeplj'-staining layer without distinct cell limitations {cal, fig.

38). The desmoidal processes are ever3^where feebly developed.

The individuality of the polyps is usually retained throughout their length, both under low

magnification of merely decalcified material and throughout microscopic sections. Each polyp

is, however, seen to be connected with the others, at difl'erent points along the whole of its

length, b}' the complicated svstem of very short canals which penetrate the skeleton; in transverse

sections at any level five or six canals are nearly always connected with each polyp (figs. 'J'K -12).

The polyps are truncated below, as in the case of the imperforate corals; the canals are thus

practically restricted to the lateral regions, not prolonging the polyp basally.

The gastro-cffilomic cavity of each polyp is most distinct in the upper region, as here the

septal invaginations are either wanting (figs. 28, 30), or proceed but a short distance centrallj-, and

rarelj' with any constancy all round. Both entocoelic and exocoslic invaginations may occur,

and at nearly any level one or other, or both, maj' be wanting. The septa in Poritea are

perforate, and in the polyp this is represented b\- interruptions in the invaginations. As the

lower regions are approached, the septal invaginations become more pronounced, and meet the

spine-like, columellar invaginations in the middle, thus cutting ofl' one portion of the cavity

from another (fig. 39). In transverse sections the septal invaginations are nowhere as regular

as in nonperforate corals (cf. figs. 42, 49).

To such a degree may the subdivision of the coelenteron proceed toward the terminal region

that, in sections, the individual polyps seem constituted only of a series of canals, some containing

mesenteries, but mostly empty.

In addition to the basal canalicular connections, the ccelentera of the polyps communicate

with one another over the edge of the theca, as in the case of other corals (figs. 31, 40).

Gonads have not been found in any of the polyps examined. In the outer polypal wall

appear many spheroidal bodies, which, at first sight, may be taken for spennaria. They never

occur, however, in the mesenteries, but usually in the endoderm of the column wall or disk

(fig. 36). They may be the sporogonia of the parasitic alga^ which are so prevalent within the

corallum, but the connection has not been traced.

II.—CYCLOCNEMARIA.

MADREPORAKIA IN WHICH THK MESENTERIES BEYOND THE PROTOCNEMIC STAGE ARISE IN

ISOCNEMIC PAIRS WITHIN THE PRIiMARY EXOCCELES. THE MESENTERIES IN THE ADULT ARE

USUALLY ARRANGED IN TWO OR MOKE ALTERNATING CYCLES.

B.—SECTION APOROSA.

MADREPORARIA IN WHICH THE BASAL DISK IS IMPERFORATE, AND THE GASTRO-CCELOMIC

CAVITIES OF COLONIAL POLYPS AKK IN COMMUNICATION ONLY AROUND THE PROXIMAL TERMINATION

OF THE CpLUMN.

A.—GEMMANTES.
ASTRiEID>E IN WHICH ASEXUAL REPRODUCTION TAKES PLACE BY GEMMATION, AND EACH

POLYP REPRESENTS A DISTINCT INDIVIDUAL. THE TENTACLES, MESENTERIES, AND SEPTA ARE

ARRANGED IN ALTEKNATtNG CYCLES, AND TWO PAIRS OF DIRECTIVE MESENTERIES ARE PRESENT

IN EACH POLYP.
Genus ASTRANGIA Milne Edwards and Haime."

Polyps smooth, either isolated or connected by a thin narrow basal continuation of the column wall;

tissues appearing delicate; perithecal continuation of g-astro-coelomic cavity and mesenteries; form

n "Colony incrusting. Corallites short, arising from calcareous basal expansions, close, more or less turbinate or

cylindriral. Calice circular, deep, and large. Columella papillary, and formed of a network of trabecuhe with
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incrusting colonies, or groups of more or less isolated corallites. Column wall cylindrical, elongated, on
retraction may almost completely cover the disk; no sphincter. Tentacles entoccelic and exocoelic,

incompletely tetracyclic, long and narrow, entacmseous, tubercular, with knobbed apex. Stomodteal wall
smooth.

Mesenteries regularly hexamerous, incompletely tricyclic, six pairs complete, two pairs directives,

all filamentiferous. Septal invaginations hexamerous, entoccelic and exocoelic, incompletely tetracyclic,

below nearly all united centrally, forming almost distinct mesenterial loculi.

Asexual reproduction by gemmation from the lower part of the column wall or the basal expansion.

Example—Avtranglu ttaliturla Lesueur.

ASTRANGIA SOLITAEIA Lesueur.

(Pis. V and VI, figs. 43, 44, 45, 47.)

External characters.—The species is met with all round the Jamaica coast, mainly in

regions of coral growth. Polyps of various sizes occur in groups of from three or four to a dozen

or so, incrusting blocks of dead coral or other objects, often on their under surface. The individ-

uals of a grouj) are either connected with one another by basal columnar expansions or stolons,

or are entirely free and separated for a greater or less distance. The corallites ri,se but little

above the surface of attachment, and the proximal region is frequently hidden by Nulliporcs. The
incrustations may continue their growth until they cover pnicticallj' the whole of the external

skeletal surface, or even pass beyond, the column wall retreating accordingly. Where Nulli-

pores are absent the column wall may extend downward over the external surface of the coral-

lite for two or three millimeters, and continue for some distance as a ba.sal expansion.

The column wall is smooth, delicate, transparent, and usually circular in outline, rarely

oval; the diameter varies from 3 to 6 millimeters. On full expansion it exhibits longitudinal

ridges and farrows, and on partial retraction the wall is withdrawn a little within the calice; but

during full retraction it maj' be greatly depressed, extending centrally so as to almost completely

hide the tentacles and disk. The upper portions of the septa are very distinctly seen through

the polypal tissues, and can be readily counted and their arrangement in cycles followed.

The tentacles are long and nari'ow on full expansion of the polyps, narrowing .slightly from

their origin to the free extremity, and terminating in a white, opaque, spheroidal swelling, very

distinct on full or partial expansion. The tentacular walls appear unusuallj' thin and

transparent, and are provided with close-set batteries of nematocy.sts, which stand out

prominently. Sometimes these are white, but are often a delicate iridescent green, moi'e rarely

brown. During full extension the tentacles remain overhanging. The arrangement in cvcles is

not readily followed, but it is easily seen that one tentacle arises over each septum, and the plan

can be determined from the.se. Six prominent septa form a first c^ycle, six smaller alternating

septa form a second cycle, while the third and fourth cycles rarely .show hexamerous completion,

and the tentacles correspond (fig. -43). The innermost tentacles are the lai'gest, measuring about

3 mm. in length.

The disk is circular, thin-walled, and tran.sparent, allowing the six pairs of complete

mesenteries to be seen through. A few minute green spots are arranged in radiating rows.

The mouth is very long transversely, slit-like when closed, oval when open; the lips are white

laterally, while the two extremities may be green. Four ridges can .sometimes be made out on

each side of the stomodivum; oftentimes the lips are drawn together in the middle, leaving only

two distinct apertures, one at each end. The mouth was triangular in one example, and seven

pairs of complete mesenteries could be seen through the disk, instead of the usual six, indicating

some structural irregularity.

Polyps living on the under surface of blocks of coral are often colorless throughout, or

di.splay only very delicate tints within restricted areas. In other cases the polyps are brightly

colored, brown and green predominating. The column wall may be jDurplish or brown, green

additions from the septal ends; outer papill» resembling those of the septa, or iliftei'ing in consequence of a larj^e

paliform tooth being on some septa. Septa unequal, not exsert, some imited, granular at the sitles, denticulate, and

often with a paliform tooth Cost;e vi.sible on the wall near the calice especially. Epitheca absent. Dissepimenta

few and distant." (Duncan, 1885, p. 66.)
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toward its free edge, the color often disposed in lines. The oenenil surface of the tentacles is

colorless, but green, white, or brown tubercles, and an opaijue white or green knob, are often

exhibited. The transparency and delicacy of the living tissues, as compared with other corals,

are due to the absence of zooxanthelhe.

On irritation the mouth opens suddenly, the polyps as a whole retract, and the colunui wall

becomes partly drawn over the disk and tentacles.

Anatomy and histology.— \i\ the retracted condition nearly the whole of the column wall is

withdrawn within the calice; at most only a very narrow zone extends down the exterior of the

corallite. In sections the column wall is very narrow, becoming a little thicker at its proximal

termination. The ectoderm is seen to be ciliated, and clear nmcous glands are abundant,

surrounded by supporting cells. The mesoglrea appeai-s only as a thin supporting lamella. A
feeble endodermal nmsculature can be made out. and zooxanthelhe are absent from the cndoderm.

The tentacles are both entoctelic and exocielic in position. The ectodermal layer is broad,

especially at the tip. and contains long, narrow nematocysts, both terminally and in restricted

regions laterally. In retracted tentacles the nematocyst areas overlap the rest of the ectoderm;

nervous elements are cleaidy displayed at the tip of the tentacle, and gland cells with clear

contents are numerous proximally. The mesoghjea is broader than in the column wall, and a

weak musculature is developed on either side. In the columnar endoderm, as elsewhere

throughout the polyp, occur numerous spheroidal bodies, usually with perfectly clcai- contents

and without a nucleus, and staining in carmine much more deeply than the other histological

elements of the tissues. In a few cases the spheroids are found with granular contents, or a

single nucleus may lie detected; rarely others present what seem to be stages of reproduction

by simple tission. The bodies are of about the same dimensions and form as ordinary zooxan-

thellffi, but their uniform structure, usually without any nucleus or vacuole, at once distinguishes

them from the symbiotic algse. They present all the characters of nutritive unicellular organisms,

and similar bodies are not infrequent in other species of corals, and also in anemones. Though

occurring throughout the endodermal layer, they are most numerous in the swollen mesenterial

epithelium, generally considered to be the principal seat of intracellular digestion (fig. -i.o). Their

strong power of taking up coloring matter makes them very distinctive objects, and in any polyj)

their distribution is somewhat irregular.

In vertical sections of retracted polyps the central part of the disk is partly inturned, so

that it appears nearly in the same vertical line as the stoniodical wall; Init histologically the line

of separation is very marked and sudden. The ectoderm of the disk resembles that of the colunm

wall in the al)un(lance of nuicous cells, and displays a very weak ectodermal as well as an endo-

dermal musculature. The stomodteum is very short and partly reflected at the lower termina-

tion. Its ectoderm is constituted almost wholly of ciliated supporting cells, the aggregated

nuclei t\)rming a distinct, deeply-staining zone. The layer is uniform all round, no distinct ridges

and grooves being determinable as in the next species.

Six pairs of complete mesenteries constitute the first cycle, and of these two pairs are

directives. In most cases two incomplete pairs occur within the primary exocceles, instead of

one or three pairs, as the laws of Actinian synuneti-y I'ciiuire (tig. 47). Of the two pairs in

each sj'stem, one belongs to the second mesenterial cycle and the other to the third cycle, though

both are nearly of tlu^ same size. In one polyp sectionized transversely only six pairs of com-

plete and six pairs of incomplete mesenteries were present; but usually some of the tertiaries

occur in addition, though very rarely the complete cycle of twelve is represented. The order

of mesenterial increase, as revealed by the many polyps of a single group, has already been

described (p. 459, d .svy.).

In the more distal region of the polyp the mesenterial nmsculature is well developed,

especially toward the insertion of the mesentery. The mesogla-a on the face bearing the

retractor muscle is thrown into complicated folds, varying greatly in degi-ee in dili'er(>nt mem-

bers. The opposite face of the mesogloea may be also slightly folded, and the nuiscle tibrils in

places are strongly developed and appear vertical in direction. The musculature is nearly as

strongly developed on the secondary and tertiary mesenteries as on the primary. In the lower
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regions the mesooluea of all tho nie.senterie.s becomes extremely thin, and the musculature is then

scarcely determinable (tig. 45). Where the mesogloea of the mesenteries is united witli that of

the colmnn wall it forms the usual desmoidal processes for attachment to the corallum.

Mesenterial tilaments may occui' on the mesenteries of all the three cycles, though as a rule

they are incipient on the smallest members. The tilaments on the imperfect mesenteries commence
as high as the stomodasal region, while on the primary mesenteries they are developed in conti-

nuity with the stomodieal ectoderm as the mesenteries become free. The terminal edge of the

stomodieal wall is continued along the twelve primary mesenteries for some distance, and the fila-

ment is there cordate in transverse section, and histologicallj^ resembles the stomodieal ectoderm

(fig. 44); later, the filament becomes rounded like that on the incomplete mesenteries, and nema-

tocysts and gland cells are more numerous than above (tig. 45). As a rule the mesenterial

epithelium is swollen and rounded immediately behind the filament. The mesenteries are but

slightly convoluted in the proximal region, and the filaments there become ci'owded with large

oval nematocj'sts, which show the spiral thread very distinctly.

The cells of the mesenterial endoderm are crowded with fine granules; and in the lower

regions all the veW outlines are lost, and the contents include somewhat coai'se granules, which

stain feebh' (fig. 45). The endoderm cells of the column wall and of the septal invaginations

are also densely granular, and contain in addition numbers of the brightly-staining, spheroidal

bodies referred to above.

As the proximal region of the polyps is approached, the interseptal loculi become more and

more distinct from one another, and the middle is almost entirely occupied by the columellar

invaginations. The mesenteries disappear before the aboral region is reached, or only mere

rudiments remain. The skeletotrophic endoderm is very narrow above (tig. 44), l>ut becomes

very broad below, and is crowded with densely granular material, all the cell outlines being lost

(fig. 45). The mesogloea is indistinguishable as a distinct layer, and few traces of the skeletogenic

ectoderm remain.

The corallum is penetrated throughout by a very delicate boring alga, which occupies the

corallar space after decalcification. It is most abundant in the superficial layers of the skeleton.

Spicules of boring sponges are also frequent.

Genus PHYLLANGIA Milne Edwards and Haime"

Polyps smooth, distinct, isolated or in close or distant groups, tissues appearing delicate and
transparent; perithecal continuation of gastro-coelomic cavity and mesenteries; form short incrusting

corallites of various sizes. Column wall cylindrical, often prolong-ed basally, on retraction may nearly

or completely cover the disk; feeble sphincter muscle. Tentacles hexamerous, tetracyclic or incom-

pletely pentacyclic, entocoelic and exocoelic, long and narrow, entacmasous, tubercular, apex knobbed.

Stomodseal wall strongly ridged.

Mesenteries hexamerous, largest polyps incompletely tetracyclic, six to twelve pairs complete; two
pairs of directives; all filamentiferous. Septal invaginations hexamerous, entocoelic and exocoelic, largest

polyps incompletely pentacyclic, radially short in upper region and below incompletly united centrally.

Asexual reproduction by gemmation from the base or basal expansion of the column wall.

ExAiiPi^E. ^J-'kyllanffiu (auerieaiia Edw. & Haime.

PHYLLANGIA AMERICANA Milne Edwanii^ ami Haime.

(PI. V, fig. 46.)

E^rternal characters.—The polyps occur in small groups of a dozen or so attached to blocks

of coral, stones, etc., often to their under surface. In any group the polyps vary much in size.

Some are still connected by the pericalicular continuation of the column wall, others only by a

« "Colony incrusting, forming clusters of moderately large turbinate t-orallites, close or rather distant. Corallites

rather short. Calices circular, except where crowded, deep. Columella small or well developed, traV)eculate from

the septal ends; with from one to three or four pillar!* rising from the base and uniting and joining the trabeculee;

upper surface ragged or papillose. Septa well developed, numerous, unequal, some exsert, entire or minutely

denticulated, granular, with or without paliform lobe. Costse usually well developed. Epitheca wanting. Endotheca

moderate. Basal expansion spreading, calcareous." (Duncan, 188.5, p. 67.)
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thin, broad, basal extension of the coralluin. while others are wholly' isolated. In a series of eight

polj'ps, none was distant more than 1.5 mm. from what might be regarded as the eentral pol\p;

three were still connected by a delicately ridged, band-like skeletal deposit, and of these one polj-p

was much larger than the othoi' two. The column wall of one appeared to have just rounded

itself otl', liut thf other was still united basally with the larger polyp.

The column is usually circular, })ut sometimes is slightly oval, and often oblique to the

surface of attachment, so that one side of the polyp is longer than the other. The column wall is

smooth, subcylindrical, and short, extending but a short distance over the outer edge of the

corallum, the remainder of the skeleton being hidden bv various kinds of Nullipores and other

foreign growths. The column can l)e overdrawn within the calice, so as to leave no central

aperture, and completely hide the disk. The lower terminal margin of the edge-zone in isolated

potyps is circular. Structurally the wall is very thin and transparent, and duiing full expansion

is situated some distance from the corallum; the internal mesenteries and the skeleton are seen

very distinctly through it.

The tentacles in the partly expanded condition are short and stout, with a broad base; they

become long and narrow when fully extended, terminating in a small opacjue swelling or knob.

The surface is tubcrculated, owing to the presence of minute nematocyst liatteries; otherwise

the walls are very delicate and perfectly transparent. The tentacles are about 8 nun. long on

full expansion, and difl'erent cycles exhibit but slight variations in length. Thirty were

countetl on one polyp, thirty-six on another, and tifty-four on a third. Owing to their closeness,

and small difference in size, it is practically impossible to determine from the tentacles themselves

their cyclic arrangement, but it is readil}' seen that one occurs over each septum, and these follow

the hexameral plan.

The disk is smooth, generally oval, verj- thin walled, and .so transparent as to allow of the

internal mesenteries being clearly seen. The peristome is usuall}' much elevated; the mouth is

slit-like, and extends nearly across the naked part of the disk. The stomoda-al walls are sharply

marked off' from the disk, and present very deep ridges and furrows; in four polyps the

I'idges were twelve in number, and in two other polyps eighteen ridges occurred. At each angle

of the mouth the disk is deeply rose-colored, thus affording a strong contrast with the whiteness

of the stomodfeal wall.

The tissues of the polyps as a whole seem veiy delicate, and on expansion are perfectlj'

transparent, mainly owing to the absence of zooxanthelhe. The proximal region may be slightly

brown, while the upper part of the column on partial extension is a rich dark brown. The discal

area is a delicate rose color. The angle at each end of the mouth is a much deeper ro.se, while

the tips and the lateral nematocyst batteries on the tentacles may be a delicate green, and the

general surface perfectly colorless and transparent. The ridges on the stomoda?al walls are a

dense white, and the intervening grooves darker. In fully retracted specimens the coloration

is much deeper, mostly a rich dark olive, except over the septal edges, which always stand out as

very distinct white ridges.

At night, in the laboratory, the polyps are seen distended to their utmost, raised a few

millimeters beyond the corallum, and the tentacles extended vertically upwards, horizontally,

or overhanging. In the ordinary day condition the polyps are partly expanded, raised ))ut little

above the corallum; the tentacles may then be erect or mingle with one another centrally, and

the mouth is open or closed. Sometimes the mouth will close quite suddenly, and then slowly

open; or it maj' open to such an extent as to permit of the walls of the stomodicum being visible

for the whole of their length, and even allow the actual interior of the polyp to be seen. On
irritation the mouth opens suddenly, and afterwards closes slowly.

Aiiutimty and hixtology.—The column wall as a whole is very thin, becoming a little thicker

toward the tentacular region. The ectoderm comprises mainly clear glandular cells and

supporting cells, with a few small nematocysts in the upper region. The mesoglcea appears as a

clear homogeneous layer. The endoderm is very narrow, and its free surface is even; zooxanthellaj

were wholly absent from the specimens examined.

Such a histological structure at once explains the clear transparent delicacy of the living
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tissues already noticed among the external eharaeters. The coloration of the living polj'p is

apparently superficial, for in no part of the ectoderm or endoderm can any elements, such as

pigment granules, be discovered, which may be considered as giving rise to the bright delicate

colors.

The ectoderm of the column wall is somewhat thickened at its lower termination, and passes

abruptly into the skeletogenic (basal) ectoderm lining the outside of the theca. Throughout tlie

polyp the mesoglcea is a jierfectly clear, homogeneous layer, in most cases indistinguishal)le from

the field of the microscope; an included cell occurs but rarely. In the distal region of thv

column the mesogUjea becomes broader, and immediately below the tentacular region is slightly

folded on its endodermal surface to aflford additional support to the endodermal sphincter nmscle.

The latter is but feebly developed, and is continuous with the circular musculature of the

tentacles.

The tentacles are both exocielic and entocalic in position. In sections through distended

specimens the ectoderm presents alternate swollen and narrow areas. The former correspond

with the tubercles noticed among the external features, and are constituted mainly of long,

narrow, thin-walled nematocysts with a close spiral thread, while the intermediate areas are

formed of a narrow epithelium resembling that of the column wall. In addition to the long

narrow nematocvsts, the apical knob contains a few oval nematocysts with a loose spiral

thread; a few large granular gland cells also occur in the deeper regions of the apical and lateral

thickenings. In longitudinal sections through retracted tentacles the ectoderm appears as a very

thick, irregular layer, the nematocyst batteries overlying one another, as in the SuJen<tstriea

(PI. X. fig. 7.5). The tentacular musculature is well developed, and immediately beyond is a layer

of very close, deeply-staining fibrils, with nuclei sparsely scattered among them. These extend

from the muscular layer for some distance, and end in a more or less distinct narrow zone. The

structure evidently corresponds with the nerve layer so frequently met with in the larger polyps

of the Actiniaria.

In retracted tentacles the mesogkea is folded on its endodermal border, and supports a

comparatively well-developed circular musculature. The endoderm is extremely narrow, the

cells are charged with protoplasmic contents, and show little or no vacuolization. Zooxanthellfe,

such as occur in most Zoantharia, are absent, but here and there throughout the polyp are the

spheroidal, homogeneous, deeply-staining bodies, already described as occurring in Astraiujia.

These are distributed more or less irregularly throughout the endoderm of the polyp, but are not

so numerous as in the species just mentioned.

The radial ectodermal nmsculature of the disk is arranged on fine mesoglceal plaitings, a

little stronger near the tentacular region; here also small nematocyst batteries are present. The

more central part of the discal wall is very delicate in all its three layers.

The stomodreal tube is very short in retracted specimens, and its lower extremity is folded

liackward and outward, and narrows intermesenterially. The ectoderm is strongly ridged

vertically, the ridges corresponding in number and position with the insertion of the mesen-

teries; the mesogloea and endoderm remain uniform all round. The ridges are practically

ecjuidistant in transverse sections, and hei-e the ectoderm bears large oval nematocysts and

graiuilar gland cells; in the intervening grooves the layer is narrower, and constituted mainly

of supporting cells. The ciliation is uniform all round, and very delicate ectodermal and endo-

dermal muscular tilirils can be seen in sections. The ectoderm of the ridges terminates in direct

continuity with the filaments of the complete mesenteries.

The mesenteries are hexamerous, but the arrangement in alternating C3'cles is rarely

completed all the way round. In one polyp .sectionized transversely (p. -tO-I), ten pairs of

mesenteries were united with the stoniodicum, and of these two pairs were directives. The

ten pairs consist of six i)rimary pairs and of four secondary pairs, the two remaining pairs

of this latter order being imperfect; in the uppermost stomodreal region, however, one of

the pairs becomes complete. An alternating tertiary order of twelve incomplete pairs may
occur, but as a rule some pairs are rudimentary or absent. Thus theie may be from six to

twelve complete pairs, according to the size of the polyi). and from two to twelve pairs of
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tertisxrv mesenteries. The sequence of the mesenteries in this species has been already noticed

(p. 4CA.)

The individual mesenteries are characterized by the thickness of the mesoglcea, and by the

intricacy and depth of the plaitinos for the support of the longitudinal musculature. The

foldings are nearly as complicated on the incomplete mesenteries as on tiie members of the tirst

and second cycles, and continue thus throughout the length of the mesentery; slight variations

in details occur in different mesenteries. The cut ends of the til)rils of the retractor muscle are

very miiuite. The oblique musculature on the opposite face is strongly developed, and the

fibrils appear to be nearlj' vertical indirection; in the case of the complete mesenteries a very

distinct plaiting of the mesoglcea takes place in the stomoda^al region, thus increasing the effectual

surface. The cells of the mesenterial epithelium Iti the upper regions are mostly tilled with

deeply-staining, protoplasmic contents, and only a few clear gland cells occur. In the lower

regions the layei- thickens, and the contents become finely granular, the cell outlines disappearing.

Filaments may occur on all the mesenteries, and closely recall those of Astram/ia. The

first part of the filament on the complete mesentaries is cordate in transverse sections, and

histologically resem})les the stomoda?al ectoderm, the tissue being of a similar character all

round. Soon, however, the filament Ijecomes circular, and nematocysts and gland cells are

more numerous on the anterior part of the filament; the mesenterial mesoglcea on each side also

becomes swollen immediately behind the filament. Still lower the filament is strongly charged

with large, oval, thin-waUed nematocysts. The organs are slightly convoluted below, and by no

means crowd the coeloniic cavity.

The septal invaginations extend centrally but a short distance, and only toward the

jjroximal region are both entocadic and exoca?lic invaginations represented. The skeletotrophic

endoderm is much thickened below, and is densely granular, the granules of different sizes being

somewhat uniformly distributed throughout the layer. The lateral walls of the invaginations

are deeply indented, corresponding with the granules on the septal faces.

Within the edge-zone the mesenteries are mostly incomplete on the inner side, so that the

perithecal chambers are but imperfectly divided.

Genus CLADOCORA Milne Edwards and Haime."

Polyps smooth, distant, forming bush-shaped or fasciculate colonies, free or fixed, and often

separated into subcolonies of from two to five polyps; perithecal continuation of the gastro-coelomic

cavity and mesenteries. Column wall smooth, cylindrical, elongated, on retraction may close over

nearly the whole of the disk. Tentacles hexamerous, entocoelic and exocoelic, tricyclic, or incompletely

tetracyclic, entacmseous, finely tuberculated, knobbed or rounded at end. Stomodeeal walls ridged.

Mesenteries regularly hexamerous, dicyclic or incompletely tricyclic, six pairs complete, two pairs of

directives, all filamentiferous, extrusible. Septal invaginations entocoelic and exocoelic, tricyclic or

incompletely tetracyclic, below unite centrally (columella), giving rise to twelve separate mesenterial

loculi.

Asexual reproduction by lateral columnar gemmation, rarely by fissiparous gemmation.

Example.— Vladoconi, <irhi(sciih(. (Lesueur).

CLADOCORA ARBUSCULA (Lesueur).

(Pis. VI-VIII, figs. 48-63.)

External cAaracfers.— Small bush-like colonies of this species occur in numbers in the

shallow waters of Kingston Harbor, and at other points around the coast, either free or attached

to loose pebbles or shells. Larger colonies are found in water of from three to six feet, and

thickly incrust the wooden piles of wharfs and buoys, or even the bottoms of boats plj^ing in the

harbors.

""Colony bush-shaped or branched or fasciculate. Corallites varial)!e in length, erect, often flexuous, cj'Hn-

drieal, and free laterally. Calices circular and shallow. Columella well develope<l. Septa exsert, subequal, rounded,

and finely dentated and granulated laterally. Pali exist before all the cycles except the last. Wall compact,

moderately thick. Cost;e simple, granular, or finely echinulate, straight. An incomplete epitheca, which often gives

rise to horizontal collarettes, may extend from one corallite to another. Endotheca scanty. Gemmation lateral and

often in pairs from the same height on the stem." (Duncan, 188.5, p. 70.)
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EiR'b colonj- is usually divisible into smaller subcolonies, in which a certain numner of the

polyps are .still united one with another b\- the column wall. In any distinct subcolony rarely

more than four or five pol3'ps are united, branching- at an angle varying from nearly a right angle

to about 45°. Sometimes a single polyp may be disconnected from all the others, or only two or

three ma\' be in union. All stages in the formation of subcolonies, by the disappearance of the

intervening portion of the soft tissues, are presented. Daring the process the proximal part

of the column wall of two united polyps becomes constricted more and more, and finally the last

connecting strand l)reaks down, and the polyps are completely isolated. The separation of

individual jjolyps is more frc([uent in some of the humbler, bushy colonies, while other colonies are

met with in which all the polyps are still united, no subcolonies being formed, or verj- sparsely.

The part of the skeleton exposed by the withdrawal of the lower perithecal portion of

the column wall and skeletotrophic tissues is at first clean and white, and covered with a very

thin epitheca; l)ut worm tub s, algse, etc., from the older, dead parts of the colony soon encroach

upon it.

The column wall is cylindrical, and extends downward over the outside of the skeleton for a

varying distance in different polyps, but rare!3' exceeding 5 mm. from the thecal edge. The surface

is smooth and semitransparent, and is very distinctlj' ridged and grooved throughout its extent,

the ridges corresponding with the costre and the grooves with the internal attachment of the mesen-
terial continuations. The mesenteries seem to extend the full length of the column, but sections

reveal that toward the lower extremitj^ some become free from their inner attachment, or may dis-

appear altogether (figs. 51, 54). When the polyps are expanded to their fidl extent, the column,

tentacles, and disk become removed some distance from the underl3'ing skeleton, and the columnar
ridges and grooves are not veiy pronounced. The column may extend upward as much as 4 mm.
bevond the theca, and the disk, becoming conical, may add another 4 mm. On full retraction the

tissues adhere very closelv to the corallum, following its elevations and depressions; above, the

column wall is overfolded, so as to cover the tentacles and greater pai't of the disk. On partial

retraction the column wall is sometimes constricted inacircular manner, just below the tentacular

zone. The lower, terminal edge of the column of the lowest polj^p in a subcolony is very sharply

defined, and the upper passes directl\' into the tentacles.

The tentacles are in three or four cycles, but be3'ond the first cvcle of six the arrangement
is difficult to determine, as but small variations in size are exhibited, and the C3'cles are closely

arranged. The general appearance is that of two alternating C3'cles of nearl3' equal size. The
total number of tentacles varies from twent3'-four to thirty-six; thirty and thirty-four are

most frequentl3^ counted.

All the tentacles are rather broad at the base, and narrow towards the apex, which is slightly

swollen or knobbed. In the expanded condition the organs are usually overhanging, often one

cycle to a greater extent than the other. Sometimes the members of the outer C3'cle may be

reflected to such a degree as to be opposed to the column wall, while those of the inner C3'cle

remain erect. Occasionally^ the tentacles ma3^ be shorter and more swollen proximallv, as in the

figure given In' von Heider of C. ce-ytitum (1881), but generalh' the\^ are long and narrow. In

one or two instances a tentacle with a bifurcated apex has occurred, each half provided with a

swollen tip.

The tentacular walls are verv delicate and transparent on full distention, bearing minute

white tubercles over the whole surface. Like the apical swelling, these are onlv thickenings

of the ectoderm, and on microscopic examination ai-e seen to be batteries of stinging cells. The
tentacles correspond in position with the septa and costiv, which are easilv seen through the semi-

transparent tissues; the inner tentacles are placed over the larger septa, and the outer C3'cle over

the alternating smaller septa. The tentacular ape?: has considerable adhesive power, holding

on to anv body brought in contact with it; the distal part of the stem also tends to fold round

an3' object. The length of the innermost tentacles during full extension ma3' be as much as tj mm.
The disk is smooth, circular, 2 or 3 nmi. in diameter, and radiately grooved in correspondence

with the internal complete mesenteries. In retraction it is depressed for some distance within

the calice, assuming a cup shape; but sometimes the pei'istomial region is elevated. The
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peripheral part is usualh' more vertical, and bear.s the tentacles at its rim. During full expansion

the disk may be raised centrally to the extent of 4 mm. beyond the tentacular zone, and in this

condition it is conical in shape, and swollen a little at the stomodival region; the walls are very

thin and transparent, and permit of the arrangement of the mesenteries being followed.

The stomodieum often protrudes a little, in which condition vertical ridges and furrows can

be clearly seen, six on each side. In pol3-ps partially exposed at the surface of the water, the

mouth becomes enlarged and circular in outline, to such an extent that the interior of the polvp

below the short stomodanim is visible.

The color of the polyps throughout is a lighter or darker shade of brown, due to the color of

the chromoplastids in the endodermal zooxanthelhe. The ectoderm itself is colorless and trans-

parent, as can easily be seen when living tentacles are examined under the microscope; hence

the whiteness of the tip and tubercles on the tentacles, and of the lining of the stomoda?al wall.

When the tentacles are contracted they become verj^ dark brown, except at the tips, the densitj^

in coloration resulting from the more closely aggregated unicellular alga>. The margin of the

peristome is at times a bright iridescent green. Where colonies occur on the underside of

some rock, or in such a position that little light reaches them, they may be colorless throughout,

or show all gradations from the normal intensity toward a bleached condition.

The species is very favorable for the study of lateral columnar gemmation, and different

stages have been already described (p. 501). A single polyp, or maybe two, arises from the

upper portion of the coluuin wall of another polyp, and in turn gives origin to other buds. The
perithecal portions of the mesenteries of the parent seem altogether independent of the mesen-

teries of the bud, but four or five cost* of the parent corallite are continuous with the same
number of the bud. Very rarely a bud may arise on the disk of a large polyp in such a way that

the two are surrounded liy a conmion tentacular sj'stem and a single column.

The buds develop to a certain extent before any septal foi'uiation can be recognized; in one

case twelve mesenteries could be made out through the semitransparent tissues of the distended

bud, without any evidence of septa or even of tentacles. The lower side of the bud grows in

advance of the upper, hence the angle which the axis of the bud makes with that of the parent

polyp; the lower tentacles likewise arise in advance of the upper. The manner of growth of the

mesenteries has already been descrilied (p. 458).

The colonies live well in aquaria, the numerous symbiotic algw in the endoderm serving to

keep the water aerated, without any artificial means or constant exchange. All the members of a

subcolony respond when one is irritated, but slightly later. On retraction, the disk is lowered,

and its peripheral portion and the tentacles are ranged along the inside wall of the calice, resting

on the septa (fig. -iS), so that the mouth and middle region of the peristome are alone visible;

the column wall is then drawn horizontally over the margin of the calice, the circular edge

nearly closing in the middle.

The most usual living condition appears to l)e one of moderate expansion, with the

tentacles erect or overhanging. Mesenterial filaments may be extruded, though very rarely,

through the mouth or other part of the disk, and have been observed displ'aced to such a

degree as to enter the tentacular cavities. They can be again indrawn. On narcotization with

menthol the tissues shrink somewhat, and the mouth becomes widely open and circular.

Anatomy and histologi/.—Throughout the whole of its length, extending from the outer row
of tentacles to its terminal proximal mcrgin, the column wall presents a uniform structure (figs.

52a, 69). The ectoderm is the best developed of the three layers, and comprises numerous

unicellular gland cells with the contents clear or feebly granular. They constitute almost the

entire layer, and are mostly- ovoid ia shape, and may extend the whole thickness of the laj'er.

The interstices between the cells are filled l)y ciliated supporting cells with rounded or oval

nuclei. Seen in surface view the ectoderm gives the ap])earance of a mosaic, the large

polygonal gland cells forming clear areas, limited by the supporting cells as a kind of matrix. A
few granular gland cells and small nematocysts are also present.

At its proximal termination the ectoderm thickens somewhat, and histologically is verj'

sharplj' marked ort' fi-oni the skclctt)trophic ectoderm. The uiesogltfa is usually \ery narrow, but

becomes thicker in the region of the mesenteries. ai)i)earing triangular in transverse sections;
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at its lower termination it also thickens, then immediately thins out as it passes into the

skeletotrophic tissues. The endoderm is a narrow, somewhat uniform layer, the eells of which
contain numerous zooxanthellre; clear gland cells are scarcely represented.

In all the tentacles a battery of nematocysts occupies the apex, and smaller batteries occur in

different areas along the whole length of the stem. The former gives rise to the white apex
noticed among the external characters, and the latter correspond with the smaller elevations

along the stem of the tentacles. In sections of extended tentacles the ectoderm is swollen in

the region of the batteries, and narrow in the intervening spaces (tig. 50). The nematocysts of

the batteries are long and narrow, the internal spiral thread being so tine as to be determined
with difficulty. Two kinds occur, one about half as long as the other; they are practically

limited to a peripheral zone in the ectodermal layer, and this they crowd to the exclusion of

nearly all other elements.

In the living condition the cnidocils are seen verj- distinctly as delicate triangular processes

from the surface of the ectoderm, and cilia occupy the areas ))etween. The larger nematocysts

when shot out present an elongated oval cyst, and a long thread strongly barbed and thicker

l^roximally, but very tine and .smooth distally. Of the .smaller nematocysts the thread is simple,

and only partly extruded in most cases. Elongated, deeply-staining, homogeneous Iwdies are to

be seen in the deeper parts of the ectoderm, and are no doubt developing nematocysts. Their

internal end borders almost directly on the mesogloea, so that in attaining maturity they

must migrate toward the periphery.

The rounded nuclei of the ectodermal cells stain deeplj', and stand out very distinctly from
the other parts of the layer. In sections they are arranged just within the nematocyst zone, and
a clear zone intervenes between the musculature and the nuclear region. Large, ovoid, gland cells,

with coar.seh' granular contents, occur throughout the ectoderm, and occupy- the greater proportion

of the laj'er in sections, but are not so numerous in the region of the batteries. The ectodermal

longitudinal musculature, though weak, is clearly distinguishable throughout the tentacles, the

mesoghfia supporting it being slightly sinuous in some examples. Compared with its condition

in mo.st other regions of the polyp the mesogloea of the tentacles is well developed. The
internal limitations of the endoderm are irregular, some portions extending more within the

lumen than others; zooxanthellse are numerous, and the endodermal musculature is very weak.

The ectoderm of the disk contains numbers of clear glandular cells, and an occasional

nematocyst; the endoderm is a broad layer, and zooxanthelhe are abundant within its cells. A
circular endodermal musculature can be readily distinguished, but no radiating ectodermal

muscle fibers have been detected.

In retracted polyps the central part of the disk is drawn somewhat internally, so that the

actual lips are formed by it, and here the endodermal musculature is most obvious; but a little

within the aj^parent mouth the ectoderm undergoes great histological modification, and assumes
the usual characters of the stomoda?al epithelium. The stomodwum is oval in transverse .sections,

so that the median axis of the polyp is easily determined. The walls are very short in vertical

sections, and folded verticall}' and transversely (fig. 56), and in some polyps the ridges opposite

the insertion of the mesenteries are well developed. At its lower termination the stoniodasal

ectoderm is strongly reflected, and passes for some distance along the two faces of the complete

mesenteries, becoming continuous with the mesenterial filaments (figs. 51, 60).

The structure of the stomodsal wall is the same all the way round in any transverse section,

there being no histological difl'erentiation distinguishing the ridges and furrows. Its ectodermal

layer begins to narrow below, and mesenterially is in continuity with the tissue of the filaments.

The ectoderm consists mostly of ciliated supporting cells, but long unicellular granulai' gland

cells, the contents of which stain deeply, ai-e also present. Many of the narrow gland cells

extend outwardly as far as the margin of the layer, that is, a little bejond the nuclear zone, and

are thus very distinct for this part of their length (fig. 5%). Long narrow neniatoc^-sts, and also

a large ov^al form, occur in the lower regions, and a great number of granular cells, especially

toward the mesogkjeal limits of the layer. No trace of an ectodermal musculature or nerve

laj-er can be seen.
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Six pairs of niesentei'ies, constituting the first order, are perfect, and of these, two pairs,

situated one at each end of the longer axis of the stonioda'uni. are directives (fig. -ilt): in serial

transverse sections these are the first to cease their connection with the stonioda-uni (fig. 51).

The second cycle of mesenteries also consists of six alternating pairs, which are of moderate

length in transvoi'se sections, hut never reach the stomoda'um; For some distance ))elow the

.stomodanuii little difierence exists in the radial length of the mesenteries of the two cycles, l)ut

toward the lower region the second-cycle members lose their filaments, and disappear in advance

of the others (figs. 54, 55).

Menil)ers of a third cycle of mesenteries usually occur. ))ut instead of consisting of twelve

pairs, that is, a paii- in the exoccele between each pair of mesenteries of the first and second

order, only two to six pairs are developed, all situated on the sulcular or sulcar aspect, as the

case may lie. in regard to the members of the first order (fig. 49). Often the two mesenteries

forming a pair are not of cipial length in transverse sections, nor do they extend for the same

distance along the length of the polyp. All the members of the third order extend but a very

short distance below the stomoda-al region. The uiesenteries of the two first cycles l)ear fila-

ments of exactly similar structure. ))ut they are rarely fully developed on the members of tiie

incomplete third cycle.

The mesenterial plan of an irregular polyp, having three pairs of directives, is represented

in fig. 53; proliably it represents a stage toward fissiparous gemmation.

When free the mesenteries are somewhat clavate in form in transverse section, very nari'ow

at their origin in the body wall, and l)roadening a little until th(>y terminate in the enlaigcment

of the filaments. The mesoglcea is narrow at its origin, and widens beyond, narrowing some-

what again toward its free end, and then enlarging at the base of the filament. It is a clear,

homogeneous layer without cellular contents, and the face bearing the retractor nuiscle is

thrown into deep, simple or slightly complicated folds, nearly alike throughout its radial

length, but a little more pronoiuiced in the middle. The opposite face bearing the (>l)li(|ue

musculature is smooth (fig. 59).

The retractor nuiscle extends as a simple layer of vertical muscular fibers over the whole

surface of one mesenterial face, and the musculature on the opposite face can be readily dis-

tingiushed in slightly oblique sections. Below the stonK)da'um the musculatui'e is equalh'

developed on each face of the mesenterj' for some little distance from the origin, and the fibers

on both faces are nearly vertical in direction. The nuiscle fibers can be traced for a short

distance along the l)ody wall, contiiuious with those from the mesentery, recallingthe parieto-l)asilar

muscles of the Actiniaria. As the mesenteries ])ecome shorter transversely, and lose tlK'ir fila-

ments, the nuisculature is of the same character :dl the way round.

As shown in fig. 51, the terminal portion of the stomoda'al wall becomes reflected outwardly,

.so that in transverse sections it is cut through twice. The ectoderm narrows somewhat, and passes

for some distance along the two faces of a mesentery, swelling a little and then terminating

rather abruptly. Traced section by section each mesentery ultimateh' severs its connection

with the stomoda?um, but is still capped l)y the same deeply-staining tissue; thus absolute

continuity is made between the stomoda>al ectoderm and the mesenterial filaments, and for some

distance the histological elements are nuich the same in both. In the section through the

terminal stomoda?al region, represented in fig. 51, all the stages in the sejjaration of the six ]>airs

of mesenteries can be observed, the directives 1)eing the first to become free.

A transverse section thi-ough a filament, just after the mesentery becomes free from tiie

stomodfBum, is represented in fig. 57/>. The outline for a short distance is cordate, and histologically

the filament is constituted of ciliat(Hl supporting cells, which are somewhat longer toward the apex

than lateralh'. Long narrow neinatocysts occur in this region of the polyp, mostly aggregated

al)out the apex, as well as granular gland cells, especially noticeable toward the internal limits.

The mesoglcea from the mesentery passes toward the middle of the filaments, enlarges somewhat,

and then sends a l)ranch to each side. The musculature can in most cases be distinguished on

both faces of the mesoghea of the mesentery, thence passing to the concave surface of the

filaniental portion. A j)unctate appearance is also presented around the convex border, indicating
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nervous elements; the posterioi' margins of the filament inclose a tissue exactly resembling that

of the mesenterial epithelium.

Traced below, the filament undergoes some change in outline, and two lateral lobes of

endoderm are developed to a greater or less extent. This is shown in fig. 57c. The lateral lobes

differ but slightly from the ordinary mesenterial epithelium, except that the cells are longer and

the nuclei are aggregated toward the free surface. As shown in the particular example figured,

the lobes on the two sides are not alwaj^s symmetrical.

Still lower in the polyp, where a certain degree of convolution takes place, large oval

nematocysts predominate in the filament, and gland cells are more numerous (fig. 58). All stages

in the development of the large nematoc3^sts can be traced, from one in which the contents are

perfectly homogeneous and deeply-staining, with no trace of any thread, to the more mature

forms whore the spiral thread is full}- developed.

The skeletotrophic tissue is narrow throughout, and the three layers—endoderm, mesoglcea,

and ectoderm—can usually be distinguished, though not always the last. The endoderm in

the upper region differs only slightlj' from its character in other regions of the polyp, being

a simple compact columnar layer, the cells of which contain zooxanthellie and much granular

matter. The mesoglcea is extremely thin, and rarely distinguishable as more than a dividing

lamella between the two cellular laj'ers. The appearance of the ectoderm in the upper, rapidly

growing parts of the polyp is represented in figs. 59, 63. The free border is jagged and irregular

in outline, as if torn from some other surface with which it was in structural continuity, and the

cells form a simple columnar epithelium. Away from the upper edges of the septa, etc., the

calicoblast layer becomes much reduced in thickness, and loses its columnar character; generally

a few desmoidal processes occur in sections near the insertion of a mesentery.

Toward the ffoor of the calice the calicoblastic layer is often found in an active condition,

and the endoderm over it is much thicker and crowded with coarse granules; in such cases

dissepiments are probably in course of formation.

The gastro-coelomic cavity above is only partlj' subdivided by the mesenterial and septal

invaginations (figs. 49, 53), and is continued over the edge of the calice as a narrow space, again

subdivided by mesenterial partitions and costal outgrowths (fig. 5-1:). In the lower regions -the

central part of the cavitj' ))ecomes more encroached upon by the ingrowth of the septa, and by

the great increase in thickness of the endodermal layer covering them (figs. 54, 55). Ultimately

the twelve entoccelic septa meet in the middle, and twelve interseptal chambers are formed,

wholly cut off from one another, and each pai'tly subdivided by the exocoelic septa which never

meet in the middle.

Genus ORBICELLA Dana."

Polyps verrucose, distinct, closely united one with another along' a polygonal hase, and forming

massive colonies of various shapes, fixed, incrusting, or free, with perithecal continuation of the

gastro-coelomic cavity and mesenteries. Column cylindrical, polygonal at the base, on retraction may
almost completely fold over the disk; diifuse endodermal sphincter muscle usually present. Tentacles

hexamerous, entoccelic and exocoelic, tricyclic or tetracyclic, tuberculated, sometimes swollen toward

the origin, rounded at apex, introvertible, cycles close or widely apart. Stomodaeal wall ridged.

Mesenteries hexamerous, usually di- or tri- cyclic, one or two cycles complete and filamentiferous,

two pairs of directives present. Septal invaginations entoccelic and exocoelic, tri- or tetra-cyclic, divid-

ing the gastro-coelomic cavity into partly distinct chambers.

Asexual reproduction by marginal and intercalary gemmation.

E.XAMPLKs.— <)rl)ici_'U(i (iitni(Iiir!.i< (Ell. & Sol.), 0. radlutu (Ell. & Sol.), O. cavernosa (Linn.).

""Colony of various shapes, convex, subspherical, subplane, short or tall, adherent, incrusting, or free.

Corallites united by continuation of the exotheca, which exists betn-een and beyond the costa' beneath the surface,

rarely by tlie costie themselves. Walls usually, but not invariably, stout. Calices with free circular margins, more

or less crateriform and elevated. Columella well developed, spongy, and not projecting, with a plain free surface.

Septa exsert or not, with well-developed laminn?, thicker near the margins tlian near the columella, where there is

often a paliform tooth, dentate. Costa' well developed, passing over tlie surface for some distance; where seen on the

wall of a t'orullite they are lamellar and well developed, often spiny. Endotheca well developed. Exotheca between

and usually beyond the costa', well developed. Eiiitheca may or may not exist. Gemmation inframarginal, and

from the area between the calices." {Helioitra'd , Duncan, 188.5, p. 104.)
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ORBICELLA ANNULARIS (Ellis A .Sulandei).

(Pls.'VIII-X tigs. 64-73.)

Eternal charactefs.—The .species occurs on conil annis in sniiill or large, fixed, nearly

.spheroidal masses; also as an incrustation occupying areas several feet across. Small isolated

colonies ai'e sometimes conical. In places it is an important constituent of the reefs. During

partial expansion the distal parts of the polyps are 3 or 3 millimeters apart, and on full

expansion the column becomes raised above the surface of the coi'aUam for about -S mm., in wliich

condition the individual polyps become so much enlarged that the columns may press against one

another. The column wall is smooth and cylindrical, and the proximal lioundary of each polyp

i.s indicated by a polygonal shallow groove. When retracted, strong external ridges and deep

grooves correspond with the septa and mesenteries respectively. The costal ridges are alter-

nately large and small. The column can be partly drawn, iris-like, over the disk, but never so

as completely to hide it; on very strong retraction of the polyps the exsert edges of the co.st8e

project greatl}% a.s if perforating the tissues.

The tentacles ai'e very short, appearing in two alternating cycles, usually of twelve each; the

inner and larger correspond with the primary and secondary septa, and the outer and smaller

with the tertiary septa. They vary very much in character under ditierent conditions of expansion

of the poh'p. Normally the tentacles are digitiform outgrowths, with a swollen apex, but during

full expansion the walls of the polyps may be swollen to such a degree that the tentacular

walls become involved in the disk, and practically' disappear, their position being indicated only

by slightly raised, light-colored, triangular areas, small and large alternating. In some polyps

the oi'gans are imperfectly developed, so that no definite protuberances are represented; at

other times mere pyramidal processes a^jpear at the apex of the costal ridges, a larger and inner

cycle alternating with a smaller and outer. During retraction the tentacles are hidden under

the overfolding cohunn wall. The organs thus differ much from those in O. radlatu (p. 4:i3).

The naked portion of the disk is about 5 mm. across. It is deepl^v depressed when the polyps

are expanded, and almost completely hidden on retraction. The peristome maybe much or only

slighted elevated, but there are no true lips, the l)oundai'v <>f the disk and stomodieum })eing

sharply defined by differences in pigmentation. The mouth is generally open and oval shaped,

and stomodfeal ridges are not distinguishable.

The color of the colonies as a whole is usually a steel gray or dark brown, and the tissues

generallj' ajapear dense and iiontransparent. In some the tentav^'les and disk are a bright (Mucrald

green, and an iridescent appearance is often produced by the presence of minute, white gran-

ules all over the colunui wall and middle region of the disk. The stomodical wall is colorless.

White, coiled mesenterial filaments may be extruded through temporary apertures in any

part of the superficial tissues, and may be again indrawn.

Asexual reproduction takes place by intercalary and marginal gemmation. Buds with only

eight tentacles have been observed.

Anatomy aitd liidohxjij.—The proximal region of the column wall is sinuous in transverse

sections, consisting of alternating larger and smaller ridges, separated by more or less acute

groo\es; the former correspontl with the costal evaginations, and the latter with the line of

attachment of the perithecal portion of the mesenteries. The wall consists of a broad ectoderm

and endoderm, l)ut the mesoglwa is thin, except at the line of attachment of the mesenteries.

The outermost layer is pi'ovided with scattered nematoc\'sts throughout its extent, and finely

granular, pigment matter occurs in its deeper regions, sometimes extending to the surface. The
granules appear as if irregularly distributed in patches among the various cellular constituents,

and in all probabilitv they function as pigment matter, and give rise to the dense opacpie appear-

ance of the living tissues; many clear gland cells occur in addition (figs. 64, 65).

Zooxanthellfe are very numerous in the endoderm cells, and a layer of delicate muscle

fibrils can be made out in vertical sections, especially in the distal region of the colunm wall.

The layer is sufficiently well developed to warrant its being regarded as a special sphincter

muscle of the diff'use endodermal type (fig. 65).
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The ectoderm of the tentacles is somewhat broader than that of the cokimn wall, and the

apical region is crowded with narrow nematocysts, showing distinctly the internal spiral thread.

Among these are a few larger cysts, which stand out very prominently on account of the highly

refractive character of the wall, axis, and spiral thread; usually one or more lateral liatteries

are also seen in sections. The longitudinal ectodermal and circular endodermal musculatures are

both clearly determinable, and outside the former a nerve layer is sometimes displayed.

Pigment granules occur very sparingly in the ectoderm of the disk, and in the living polyps

this area is usually more transparent than the column wall; clear mucous gland cells are

numerous, and nematocysts are developed here and there. A very delicate ectodermal and

endodermal musculature is present, and the external ciliation is sometimes persistent in preserved

material. The mesogkea is a rather broad layer, and numerous zooxanthelliTe are present in the

endoderm. In strongly retracted specimens the discal ectoderm is inturued for a short distance

within the stomodreal cavity (fig. 67).

The stomoda?um extends but a short distance verticall}', and at its lower termination is

folded outwardly and upwardly, so that in transver.se sections it may appear twice, the two

being a wide distance apart. Its ectoderm comprises at least two kinds of narrow neniatocj'sts, as

well as a few examples of a large, oval, thin-walled vai'iety. Different stages in the development

of the latter are easily recognized by the deepi3'-staining character of both the cyst wall and the

contents. Large, oval or spheroidal, unicellular gland cells occur, charged with large, colorless

or slightly yellow, spheroidal granules, which do not stain in hsematoxylin or boi-ax carmine;

the}' are prominent features in pll the internal tissues, ijoth mesenterial and skeletotrophic. In

addition to these are numerous gland cells with finer gr,anular contents which stain intensely.

Owing to the shortness of the stomodaHim, the backwardly folded condition of its walls in

retracted polyps, and the great number of mesenterial prolongations and septal invaginations,

the arrangement of the mesenteries can be determined only with difficulty. Two polyps section-

ized transversely contained twelve pairs of mesenteries, of which six pairs are complete and six

incomplete; among the former, two pairs, situated at opposite extremities, are directives. In

retracted polyps, where the column wall becomes overdrawn within the calice, transverse sections

pass through the latter twice, and all the mesenteries extend from one wall to the other. The

imperfect mesenteries stretch for some distance centrallj', but are never convoluted like the

complete members. Fully developed filaments are borne only by the mesenteries of the first

order, but at the free edge of the others a small number of cells with deeply-staining nuclei occur,

very readily distinguished from the undifferentiated mesenterial epithelium, though passing

gradually into it. From its close resemblance to the mesenterial filaments in the early larval

stages the tissue manifestly represents as an incipient filament.

The mesenterial epithelium is a broad layer, characterized by an abundance of gland cells

with large granules (fig. TiJ); many clear gland cells also occur, and nematocy.sts rather sparsely.

The mesoglcea is thickly de\eloped in i-etracted polyps, and the face on which the retractor muscle

occurs exhibits rounded folds or narrow plaits for giving additional surface to the nuisculature.

The foldings are somewhat irregularly disposed, and scarcely alike on any two mesenteries, and

are more strongly developed in some regions than in others (fig. 68). The oblique nuisculature

on the opposite face of the mesentery is distinct in the upper regions of the polyp, and where

the mesenteries shorten below, the fibers are nearly the .same in direction all the way round.

The perfect mesenteries are larger and become much convoluted in the middle region of the

polyp, nearly' filling the gastro-ccelomic cavity, t)ut the proximal region of the polyp is altogether

devoid of mesenteries. In vertical sections the organs are seen to be restricted to the upper

half or two-thirds of the polyp (fig. 67).

In the upper region the perithecal portion of the mesenteries extends wholly acro.ss the

space from the column wall to the skeletotrophic tissue; but toward the lower termination some

become free from the column wall, remaining attached only to the skeletal lining. The muscu-

lature is about equally developed on each face in the lower regions, and each set of fibrils

extends in the same direction, the mesogloea remaining nearlj- smooth; above, the face bearing

the retractor muscle is slightly plaited. The endoderm as a rule is much swollen toward the

insertion of the mesentery on the column wall. *
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The mesenterial filaments exhibit the usual histological details. Two or three kinds of nema-
tocysts and g-jand cells occur (fig. T^a), and the mesenterial epithelium innuediatoly l)ehind is not

alwaj's swollen to the degree usual in the Madreporaria. In the lower regions lai-ge oval nema-
tocysts'predominate.

The filaments on certain of the mesenteries undergo a glandular difl'erentiation within a

limited portion of their extent, and all stages in the process, from the normal filament to the

wholly glandular, can be followed. The general characteristics of these organs have already

been given (p. 473). Where best developed the filamental cells, with the exception of the

supporting cells, are all modified, and are filled with a finely granular sul)stance (figs. G9-71).

Septal invaginations occur within all the entoc«les and exocoeles, l)ut the entocoelic extend

by far the most centrally; the exocadic never appear as more than shallow internal depressions

of the skeletotrophic tissues. The entoc(jelic invaginations are usually twelve in lumiber, and

arc ajjproximately equal in their radial extent; six correspond with the mesenteries of the first

order, and six with the mesenteries of the second order. Although practically equal in size, the

twelve entocadic septa will therefore represent the first and second orders, corresponding with

the primai'y and secondary orders of mesenteries, while the twelve septa, cori'esponding with

the exocfjeles, will constitute a third order. An examination of the skeleton reveals that a slight

distinction in thickness and in radial extent can often be made between the septa of the first and

second order, while the members of the third never project far from the thecal wall. The
interseptal loculi are not completely separated from one another, that is, they remain in coumni-

nication centrally, indicating that the columella does not wholly occupj' the center of the calice.

Adjacent septa do not as a rule fuse within the central I'egion, and the center of the calice is

occupied for the most part by the large vertical teeth, one of which arises from (>ach septum of

the first and secontl orders. Outwardly, the costal evaginations are strongly developed, and are

on the same radii as the .septal invaginations.

The endoderm of the skeletotrophic tissues is a narrow layer in the upper region of the

polyps (fig. OS), and contains zooxanthelhe and conspicuous granular gland cells. As the more
internal regions are approached, the layer becomes much broader, and its cells undergo the usual

vacuolization, most of the contents being aggregated toward the free surface. Zooxanthelhe

and gland cells occur, however, as far as the basal extremity (fig. 73).

The skeletotrophic mesoglcea is everywhere ver}' thin, except at the insertion of the

mesentei'ies on the corallum, where it is broadened and bears numerous desmoc3'tes.

Corresponding with the smoothness of the theca, and of the faces of the septa, there is an
absence of indentations on the skeletal tissues, such as occur whei-e echinulations are present.

The skeletogenic ectoderm has almost wholly disappeared, except at certain places, such as

the edges of the costw and septa. At these the layer retains a considerable thickness (fig. 6(3);

longitudinal sections also reveal that the layer may he in an active condition along the extreme
l)asal area, and the mesoglcea here becomes a little broader (fig. 73). It is manifest that the

activity of the skeletotrophic layer in this region is associated with the formation of dissepiments.

Zooxanthelhv occur everywhere in the endod(>i'm. and algal filaments penetrate the skeleton

throughout.
Genus SOLENASTR/EA Milne Edwards and Haime."

Polyps smooth, very close or more distant, united along- a polygonal bas-e, perithecal continuation
of the gastro-coelomic cavity and mesenteries very restricted, sometimes none at all; form light, massive,
incrusting or free colonies. Column cylindrical, polygonal at the base, on retraction upper part folds over
the disk; no sphincter muscle. Tentacles tricyclic and hexamerous, tuberculated, swollen at apex.
Stomodaeal wall ridged.

Mesenteries dicyclic, hexamerous, both cycles filamentiferous, two pairs of directives. Septal
invaginations entocoelic and exoccelic, tricyclic, united centrally (columella), thus forming a separate
chamber below for each mesentery, transversely truncated below.

Asexual reproduction by intercalary, marginal, and fissiparous gemmation.

Example.— ,So/c/ia><tr;tii hyadc.s (Dana).

""Colony massive but light, convex above, incrusting or tall, often gibbous, rarely plane. Corallitea long or

short, united by a well-developed exotheca, which extends beyond the small costiP. Calices with free margins, which
are usually circular, but sometimes unsymmetrical in outline. Columella spongy or feebly developed. Septa thin

or stout, imperforate, dentate. J^ndotheca fairly developed. Oemmation extracalicinal." (Duncan, 1885, p. 107.)
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SOLENASTR^A HYADES (Dana).

(Pis. X-XIII, fiss. 74-91.)

External clutmcters.—Free colonies of this species are to ))e found lying on the sea floor at

the eastern end of Kingston Harbor, often incru.sting or inclosing some pebble, shell, or other

foreign ]}oA\. I have not met with it elsewhere around Jamaica.

The pol\-ps in an}- colon}- may be either very close together or wide apart, the polygonal

divisions between one polj'p and another being strongly marked. When the polyps are dis-

tended to their full extent, the column wall reaches 2 or 3 mm. beyond the corallum, and is

cylindrical, or it niaj- be slightly constricted at the middle and enlarge again distally. The

wall is adherent to the skeleton only at the polygonal line of union of adjacent polyps.

During partial expansion the column wall is somewhat infolded within the calice, and the

tentacles protrude from beneath, leaving the middle region of the disk and mouth exposed. On
complete retraction the calicular portion of the column wall is further depressed and overfolded,

almost completely hiding the disk and leaving but a small central aperture (tig. 74). The extent

of the perithecal part of the coliuun during retraction varies nuich in ditt'erent regions of a

colony, according as the polyps are close together or widely apart.

The column wall is smooth, thin walled, and ridged and grooved in correspondence with the

internal co.sta? and mesenteries. The costal areas are practicall}- equal, not divided into alter-

nately small and large divisions, as is more usually the case. The corallum shows very distinctly

through the thin, extracalicular portion of the column wall.

The tentacles are in three cycles, arranged according to the fornuda (i, 6, 12, and correspond

in position with the septa. The total, 24, is occasionally departed from; in young polyps it is

less, and very rarely it is more. The tentacles of the innei'most cycle are 2.5 mm. in length, and

ditt'er but little from those of the second cycle, while they are nearly double in size the members

of the last cycle. On the living polyp they appear as two alternating cycles of larger and

smaller tentacles, the inner and larger communicating with the entocceles, the outer and .smaller

with the exocoeles. Their lateral walls are provided with small urticating areas, white upon

a transparent background; the apex is white and rounded, or distinctly knobbed. On full

expansion of the polyps the tentacles are overhanging, and when all arc extended they practically

cover the colony, giving to it a delicate, pale brown, fleecy appearance.

The disk is smooth, circular, and radiately ridged and grooved, with rounded elevations

along the ridges, corresponding with the denticulations along the edges of the septa. The

discal diameter during full expansion is about .3.5 mm.

The peristome is often much elevated, ending sharply in the narrow, slit-like mouth. Under

some conditions the peristome and mouth are both rounded, and at other times the lips may

approximate in the middle, the two ends remaining open and serving as a means of communication

])etween the exterior and interior. The approximation may be so pronounced as to give rise

to the appearance of two quite distinct oral apertures. The stomoda-al walls display six white

lonoitudinal ridges with alternating grooves on each side, and are capable of almost complete

eversion.

Colonies as a whole are lighter and darker shades of brown, the tissues being delicate and

partlv transparent. The basal region of the column wall is often light brown, and the white

skeleton .shows through; on partial retraction the intracalicular portion of the column wall and

the disk ai'e dark brown, as well as the tentacles. The swollen tips of the tentacles and the

stinging areas are colorless, and iridescent green radiations are occasionally present on the disk

and on the inner face of tlu? tentacles. In some instances the polypal tissues on the under

surface of a colony were perfectly colorless and tran.sparent, and examination revealed an

absence of zooxanthella^ from the endoderm.

The polyps do not expand during the day with the same readiness as some sjjccies, but at

night are seen opened to their full degree. Irritation of one polyp is slowly responded to by

those immediatelv surrounding. Mesenterial filaments can be emitted through the mouth on
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irritation, and lui' again withdrawn. New individuals arise amongst the others at any spot along

the line of union of rontiguous polyps, and also urf)un(l the margin."

Anatomy aitd hlvtoltnii/.—The column wall is very thin in microscopic sections, the niesogluja

being scar'cely determinable as a distinct layer. The ectoderm is constituted almost wholly of

clear gland cells, and in vertical sections these are regularly arranged and lie closely together;

nuclei occur in the Intervals between one gland cell and another, and give rise to a discontinuous

zone about the middle of the layer. In the more internal parts occur smaller gland cells with

granular contents, and also a number of nuclei closely apposed to the mesoglo^a. The endoderm

is ver}^ thin, often not more than the diameter of a single zooxanthella; across. No nuiscle

fibrils are seen on either side of the mesoglcea, not even in the capitular region of retracted

polyps (tigs. 76-78).

The tentacular ectoderm is a broad layer, especially at the tip, where it is constituted largely

of supporting and nematocyst-bearing cells; fewer clear gland cells, and more of the granular

variety, occur than in the column wall. In retracted specimens the lateral nematocyst batteries

stand out prominently, while the intervening areas are very narrow (tig. 75). The nematocysts

are mostlj' of the long, narrow, thin-walled form, and an occasional large oval specimen maj' be

present, especially at the tip. A distinct longitudinal ectodermal muscle laver occurs, while the

endodermal nuisculature is weak, becoming a little stronger proximally. The endoderm is

richly supplied with zooxanthellie.

The disk presents no important histological differences from the column wall. The stomodivum

is verj- short in fully retracted polyps, its walls being greatly folded transversely, but in the

examples studied the ectoderm presents no special vertical folds with mesoglceal thickening,

although strong ridges are noted among the external characters.

The mesenteries are in two cycles of six pairs ea<'h, the first only reaching the stomoda?um

(fig. SI). Two pairs of directives occur in all cases. Beyond the primary and secondary cycles

new mesenteries are added in double unilateral pairs, of wliicli one pair becomes complete and

the other remains incomplete, in such a manner that no sidditional third cycle is formed. Such

enlarged polyps ultimately' undergo fissiparous gemmation. A septal invagination of the skeleto-

trophic tissue occurs within each entoc<ele and exoccele.

The mesenterial endoderm bears numerous clear mucous cells and zooxanthella?. The
mesogl(£a is a broad. cl(>ar. homogeneous layer above, but narrows below. For some distance

from the line of origin of the mesentery one face of the mesogliea is thrown into numerous close

folds for giving increased supjjort to the retractor nuiscle, l)ut the opposite face remains smooth.

Mesenterial filaments occur on all tiii> mesentei'ies, and are somewhat exceptional both in foi-m

and structure. The filament is nowhere shar})ly distinguished from the mesenterial epithelium,

l)ut the two tissues pass insensibly into one another. The free end of the mesentery is simply

clavate, the thickened region, whether filament or mesenterial endoderm, consisting mostly of

ciliated supporting cells (fig. 85). At the actual tip one or two nematocysts mny occur, and in the

lower convoluted region numerous large oval nematocj'sts are found as usual. With such a form

and structure the mesenterial filaments bear very clo.se comparison with the incipient stages of

the filaments on the incomplete mesenteries of most other corals.

The skeletotrophic endoderm is narrow in the upper region of the polyp, but becomes very

bi'oad below (figs. 75, 79). Zooxanthelhe are present throughout, and in the lower region gland

cells with exceptionally large uranules begin to be numerous; the individual granules are nearly

as large as the zooxanthelhe and are highly refractive. As the lower regions are approached the

endoderm undergoes an increase in thickness; the zooxanthellie and granular gland cells are still

plentiful, and along with the nuclei are nearly all aggregated toward the periphery of the layer.

The supixMting lamella of the skeletotrophic tissues is very thin throughout, only clearly

determinable as a distinct layer at the place of origin of the mesenteries, and in these regions

desmoidal processes can be distinguished. The skeletogenic ectoderm remains as a somewhat
distinct layer, even in the most proximal regions, though in some places more than others

« Fissiparous gemmation has since been found to occur.
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(fig. 79, 85). It nowhere becomes a typical columnar epithelium, but remains highly granular,

with indistinct cellular divisions, and nuclei here and there. The skeletogenic ectoderm, and

less so the mesogkea and endoderDi, are much indented, corresponding with the granules on the

septal face (fig. 84).

The gastro-ccelomic cavities of the ditl'erent polyps communicate with one another by means

of the perithecal continuations of the mesenterial chambers. In retracted polyps the perithecal

chambers are deeply concave outwardlj', the mesenteries being very short, liut the inner wall

against the theca is nearly flat.

In the upper sections of retracted polyps the twelve mesenterial chambers, separated from one

another by the septal invaginations, and each containing two mesenteries, are in conniiunication

with the middle of the gastro-cujlomic cavity. But below, each chamber becomes divided into

two by an exocoelic septal invagination, so that twenty-four mesenterial chambei's are formed, each

containing only one mesentery. These cham))ers are wholly distinct from one another in sections,

separated ])y the septa and columella; the exoseptal invaginations do not reach the columella,

but unite laterally with the entoseptal invaginations of the second order (tig. 84).

B.—F I SSIPARANTES.

ASEXUAL REPRODUCTION TAKES PLACE BY STOMODjEAL FISSION, WITHOUT THE PRODUCTION

OF MORPHOLOGICALLY COMPLETE POLYPS. THE TENTACLES, MESENTERIES, AND SEPTA, AFTER

FISSION IS ESTABLISHED, ARE NOT ARRANGED IN REGULAR HEXAMEKAL CYCLES, AND NO NEW
DIRECTIVE MESENTERIES ARISE.

Genus FAVIA Oken ".

Polyps verrucose, usually distinct, slightly distant; occasionally two or more oral apertures are

inclosed -within a single tentacular system; g-astro-ccelomic cavity and mesenteries prolonged peri-

thecally; form convex, hemispherical, free, or incrusting colonies. Column cylindrical, oval, or irregular

in outline, on retraction almost completely folded over the disk; no sphincter. Tentacles irregularly

multicyclic, entoccelic and exoccelic, stem tuberculated, knobbed or rounded terminally. Stomodeeal

ridges well developed, variable in number.
Mesenteries irregularly multicyclic, all fllamentiferous, directives present only in larval polyps.

Septal invaginations entoccelic and exocoelic, irregularly multicyclic, not -wholly uniting centrally;

mesenterial loculi only partly distinct, obliquely truncated basally.

Asexual reproduction by partial or complete fission. Polyps monoecious, viviparous.

Example.—Facia fragutn (Esper).

FAVIA FRAGUM (Esper).

(Pis. XIII-XV, figs. 92-116.)

External characters.—The colonies are usually small, .5 to 10 cm. in diameter, subhemispherical

or irregulai'ly shaped, attached b_v a narrow base to dead coral masses or other foreign objects,

and inhabit the shallow waters on the reefs. The_y are easily detached from their basal support.

The surface of the colony is appi'oximately regular when the polvps are retracted, but becomes

uneven during full expansion, as some polyps extend higher than others, and otherwise varv

much in size. The polyps may be either round, oval, or triangidar in outline, and on full

expansion are separated 6 or 7 mm. from one another. In the majority of cases onlj' one oral

aperture is surrounded by a tentacular system, but sometimes there may he two or even three

apertures on a single disk, and all stages toward complete fission by the ingrowth of the lateral

wall of the calice are to be met with on a colonv.

The polygonal lines of union of the column wall of contiguous polyps are not clearly indicated

by any smooth groove, but perithecal mesenterial attachments, alternating with the ccJstaj, are

""Colony hemispherical, convex, lobed, rarely suhplane, fixed, free or incrusting. Corallites united by their

cost* and by a cellular exotheca. Calices variable in distance, with free margins, subcircular, oval, deformed in

outline. The columella is spungy. - The septa are exaert, cross the wall, and the septo-fOstR> unite with those of

other calicea, or are separated by a groove. The sejita are dentate, and tlie inner teeth sinuilate pali. Endotheca

well develcipeil. Epitheca often exists. Increase by tissiparity, the resulting corallites soon becoming separate."

(Duncan, 188.5, p. 100. I
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distinct. Corresponding with the dentieulations of the costa?, the surface of the eolumii wnll is

strong!}' verrucose over its entire length, a larger series of verruciv alternating with a smaller,

the latter not always extending as far upward as the tentacular zone. On full expansion the

verrucffi are oval shaped, and arranged in single rows over each mesenterial interspace. During

full retraction the column wall is overdrawn within the calice, so as to completely hide the

tentacles, leaving onh- the middle region of the disk exposed.

The tentacles are arranged in several series, })ut appear approximately dicyclic, an inner,

larger cycle corresponding with the larger cost* and septa, and an outer, smaller with the small

costa3 and septa. When fully expanded, the tentacles of the itmer cycle are seen to be situated at

slightly different distances from the center of the disk, indicating separate orders, but no hexameral

or any other regularity can be established. In preserved colonies the tentacles appear as two

rows of short processes around the margin of the column. The total number may vary from

about thirty to sixty, according to the size of the polyp; thirty-six were present on a medium-sized

polyp.

The tentacular stem is finely tuberculated, bearing white urticating spots, and a rounded,

thickened area occurs at the apex, rarely appearing knob-like; otherwise the walls are very deli-

cate and ti-ansparent on expansion. Sometimes the tentacles, even during full expansion of the

polyp, are shrunk so that they appear darker in color, and the apex is broader than the rast.

On partial expansion the tentacles are elongated, and the members of contiguous poh'ps may
intermingle; usually they ai"e short, stumpy, and rounded at the apex.

The surface of the disk is finely verrucose, the vcrrucse being oval and arranged along the

radiating ai-eas, alternating with the internal attachment of the mesenteries. They exhiliit an

approximate cyclical arrangement. In the more circular polyps six radial ai-eas can be made
out, extending as far as the stomodieum, and alternating with the.se may be one, three, or five

shorter radial areas, the numlier being inconstant even in individual polyps. In larger polyps

more than six pairs of radii are seen to reach the stomoda?um. During partial expansion the

disk is deeply depressed, but on full expansion becomes strongly convex, extending abo\e the

tentacular zone in some cases as much as 5 mm. The diameter of the disk of an average, simple

polyp is about 5 mm. The peristouie may be much elevated, and the mouth at the apex is

elongated. The stomodteum is colorless, and during full expansion is seen distinctly through the

transparent tissues of the disk; slight ridges and furrows are present, usually, four to six on
each side.

The color of the ct)loiiies varies from a light, clear, yellowish green to almost ))lack, the

lower portion of the colunm being somewhat lighter, owing to the white corallum showing
through. A dark pigment is sometimes arranged in small oval patches, corresponding with the

verrucw, but the more general coloration is due to the presence of zooxanthclhe in the

endoderm; sometimes the disk shows a light green iridescence. In some instances a thin white

opacity occurs around the upper mai-gin of the column, opposite the large tentacles.

Asexual reproduction takes place by fission. Two or more oral apertures on an elongated

disk are the first indications of the formation of new polj'ps; later the tentacular zone and a

.septum from each side grow inward and complete the separation into two polyps, which remain

united only peripherally. In some cases fi.ssiparity results in two practically equal polyps, but

in most instances one is larger than th(> other. During the earlj' stages two oral apertures are

found close together, each smaller than usual.

Stages in the separation of the fissiparous polyps can be best made out in decalcified portions

of colonies. The polyps first divide superficially, and as growth continues thev separate further

and further below; the skeletal tissues also gi-ow inward from above downward, until the

mesenterial loculi of each polyp liecome separated all the \\ay. Instances occur in decalcified

colonies in which the polyps are wholly separated abov(\ each with its oral aperture, system of

tentacles, and column, Init below they apper as a simpl(> polyp. In a portion of a colony

decalcified twenty-two oral disks were counted, but only sixteen distinct aboral disks. The
process of fission in this species has been more fully described on p. 5Ub.
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The polyps are often expanded during- the daj', but like most other coi'als are seen at their

best at night time. The superticial tissues are then raised for several millimeters above the

skeleton, and appear thinner walled and slightly more transparent, allowing the white skeleton

to be seen through, and the various stages of fission to be more readily followed. White

mesenterial filaments can be extruded through any part of the polj'pal wall.

Colonies have been found at various times of the year bearing free larvae. Occasionally

simple young polyps are met with attached to older colonies, evidently derived from larvae

which settled directly in the neighborhood of the parent. The hexanieral cyclic plan prevails

throughout the simple polyps, but is lost when fissiparity commences.

Anatiimy and hhtoldgij.—The ectoderm of the column wall is a narrow layer with numerous

clear gland cells, but no granular gland cells, nematocysts, nor muscle fibrils are distinguishable.

The mesogloea is nearly as broad as the ectoderm, and connective tissue cells are present hei"e

and there. The endoderm is crowded with zooxanthellse, and delicate circular muscle fibrils

can be made out.

The tentacles are very short in sections of partl}'^ retracted polyps. The ectoderm of the

swollen apex is a broad layer, its peripheral half crowded with long narrow nematocj'sts, bearing

a closely spiral thread. In the deeper regions occur nuniei"ous, strongly stained examples in

diti'erent stages of development; a larger nematocyst, showing the central axis very distinctlj-,

may occasionally be seen. The urticating spots noticed amongst the external characters appear

in sections as lateral rounded elevations of the ectodermal layer, and bear nematocysts similar to

those of the knob. The merest trace of an ectodermal musculature occurs. In preserved

specimens the tentacular endoderm practically leaves no lumen above, its cells being largely

vacuolated and crowded with zooxanthellic; the muscular fibrils are also slightly better developed

than in the ectoderm. The discal endoderm consists mainly of clear gland cells, and the ectodermal

and endodermal musculatures are of the weakest character.

The stomodfeum is very short in vertical sections, terminating below in a rounded edge

intermesenterialh', while mesenterially it is continued into the mesenterial filament. Where the

stomoda;um is widely open the surface is even, but where it is closed strong vertical ridges and

furrows occur. The ectoderm is a very uniform layer of strongly ciliated supporting cells, with

interspersed large oval nematocj'sts, and the endoderm is nearly devoid of zooxanthella?.

The number and arrangement of the mesenteries are vei'y variable, depending upon the size

of the polyp and the rate of gro\vth at any particular region. Three orders can usually be made

out, though rarely presenting a cyclic regularity (fig. 93); no directives have been found in

the manj' polyps sectionized, though they occur in the larval polyps. The last cycle of

mesenteries extends but a short distance vertically, and all the mesenteries may bear filaments.

The mesogloea is usually strongly developed, and one face is much plaited for aft'ording support

to the retractor muscle. Toward their lower termination many of the mesenteries are convoluted

at their filamental edge, but the foldings are not so numerous as to crowd the gastro-coelomic

cavity.

The mesenterial filaments,are of the usual type, with the swollen mesenterial epithelium behind

highly v^acuolated. Some of the filaments become greatlj' enlarged proximally, and charged with

large oval nematocysts with the thread arranged in a wide spiral; transverse sections through

these are not infrequent in sections, and present a verj' characteristic appearance (tig. t'-I).

Two or three of the filaments in each polyp undergo a special glandular modification (p. -±74);

for a short distance vertically all the cells, with the exception of a few supporting cells, become

enlarged and charged with a bright yellow, finely granular substance.

Only entoccelic septal invaginations occur throughout the greater part of the polyp, alter-

nately large and small, corresponding with the similar pairs of mesenteries (fig. 93). In the

uppermost region, however, exocoelic invaginations extend a verj' short distance inwardly and

verticallj'.

Proximally, the interseptal loculi are never wholly cut off from one another, there being no

solid columella in the corallum.
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Tlio >;kcletotr<)phic tissues present no exceptional charactor; the endoderm is a delicate layer

tliroiiuhout. increasing in tliiclvness and vacuolization in the proximal regions; the gland cells

are practically all of the clear variety, and zooxanthellfe appear lait sparingly. The layer is

sharply indented in places, corresponding- with the echinulations on the face of the septa.

The pol\'ps are iiermaphrodite: ova and sperniaria may he liorne in close contiguity bv the

same mesentery, though more often they are on separate mesenteries. Occasionallj' a mesenterj',

in section, will contain only a single large ovum.

Gonads, along with far advanced larva-, were present in all the polyps of several colonies at

Bluetields. during the month of November. Larvae were also liberated from colonies collected

in April, while other colonies contained neai'ly ripe eggs.

Genus DICHOCCENIA Milne Edwards and Haime."

Polyps verrucose, close or more distant, the line of separation distinct or absent, very variable in

size and outline, one, two, or many oral apertures on a sing-le disk; g-astro-coelomic cavity and
mesenteries prolonged perithecally; form massive, pedunculate, hemispherical, or plane colonies.

Column cylindrical, oval or irregular, on retraction folding over the tentacles and periphery of the disk,

no sphincter muscle. Tentacles irregularly multicyclic, entocoelic and exoccelic, stem knobbed or

rounded terminally. Stomodaeal ridges well developed, very variable in number.
Mesenteries irregularly multicyclic, all filamentiferous, directives absent. Septal invaginations

mainly entocoelic, but in places exoccelic, not wholly uniting centrally.

Asexual reproduction by stomodseal fission, which may be complete or incomplete.

Example.—Divluicwnia »i<>kem Edw. and Haime.

niCIIOOCENIA stores: Milne Edwards and Haime.

(PI. XVI, figs. 117-120.)

External chiiracten.—Colonies of this species have been obtained at a depth of 10 or 12

fathoms in attempts to trawl over the Pedro Banks. It is not met with in shallower water, so

that its habitat diifers somewhat from that of the other species here described, which have all

been obtained at wading depths.

The polyps have been examined only in the retracted condition, when they scarcelj' project

above the general surface of the colonj'. The individual polyps or polypal systems vary consid-

erably in magnitude and form. The largest ai'e oval, or narrow and elongated, the smallest

circular or subtriangular; the long diameter may vary from 1 cm. to several centimeters, and

the short diameter is usually only H mm. Sometimes only one oral aperture occurs on a disk,

but often two or more are present. The two or three small colonies a\-ailable for study do

not exhibit the meandering discal systems such as are figured in "Florida Reefs", PI. X.
The external lines of division between the individual polyps are mostly well marked, and usually

subpentagonal in outline; in some instances, however, they arc indistinguishable.

The column wall is strongly ridged and grooved in the reti'acted state, the ridges exhibiting

small mammiform verruca, corresponding with the echinulations along the costal edges. In

retracted polyps the upper part of the column is partly overdrawn, and the greater portion of

the disk remains visible.

The tentacles appear as if arranged in two alternating cycles, and are both entoctjelic and

exoctelic.

The disk shows feeV>le radiating ridges and furrows, and upon retraction is much depressed

within the calicc The mouth is elongated and remains partly open; the lips are thickened and

protrude slightly. The stomodieal wall is thrown into deep ridges and furrows, the number
vaiying much in different polyps, according to the size of the oral aperture.

Asexual reproduction takes place by fissiparity, and appears to be in most rapid progress

""The colony is massive, pedunculate, hemispherical, lobed, or plane, and the large upper surface presents

numerous low caliees, some circular in outline, others united in short series. Coluiiiella small, sublamellar, or

subi)apillary. Septa well developed, entire, usually exsert. Pali before most of the septa. Costic rather large,

spinulose, and merging into the granular, dense, and highly developed intercalicular ccenenchynia, and they are

seen to the base. Epitheca rudimentary. Endotheca exists. Increase by fissiparity and upward growth,

accompanied by ccenenchymal develojiment." (Duncan, 188.5, p. 99.)
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around the niargiu of the colonies. The polyps are here more closel}' arranged than toward
the middle of the colony, and different stages in the separation of the daughter polyps can be
followed.

The height of decalcified polyps is about 5 mm., and in fresh material the lower one-third of

the embedded tfssues is of a dark-green color, contrasting strongly with the upper, pale-colored

tissues. The number of septal indentations is very irregular; all luunbers from six or eight to

twenty may occur, and exhibit different degrees of radial intrusion from above downward. An
indentation may be double in the upper region and single below.

Andfomy and histology.—The ectoderm of the column wall is constituted of long columnar
cells, among which are few mucous cells and no nematocysts. Small, highly refractive pigment
granules occur, distributed throughout the layer with an approximate uniformity. There is no
evidence of the granules being restricted within limited groups, or of concentration toward the

the inner portions of the layer. The granules are colorless in preserved material, but green in

living polyps, and are no doubt the chief cause of the green coloration of the polyp, and the

general opacity presented by the external tissues. The mesoglea is very thin, but thickens a

little along the line of attachment of the mesenteries. The endoderm is a broad layer with an

abundance of small zooxanthelhe, as well as a few cells with colored granules.

The ectoderm of the tentacles is a greatly thickened layer, and, except proximall}', is

crowded peripherally with nematocysts of two kinds—the long narrow form, and a short, stout,

highlj^ i-efractive variety; pigment granules are sparsely distributed throughout. The ecto-

dei'mal musculature is well developed, and the nerve layer is sometimes seen at some little distance

from the mesogheal surface. The endoderm tills the lumen in I'etracted tentacles, and is crowded
with zooxanthellffi; a weak endodermal muscle is also distinguishable. The ectodermal and
endodermal musculatures of the disk are clearl}^ i-ecognizable, and nematocysts are found in the

peripheral region. The stomodanmi is short in vertical sections, and deeply folded transverse! \';

large nematocysts occur in the outer zone of the ectoderm, and gland cells with granular

contents are scattered about. The stomodteal ectoderm terminates in continuitj^ with the

mesenterial filaments.

A small polyp sectionized transverselj' contained only four pairs of complete mesenteries,

and four pairs of incomplete mesenteries alternating with these (tig. 119). In the upper region

eight corresponding entocoslic septal invaginations occur, practically equal in size; below, how-
ever, a slight in\'agination is found within the exocceles, thus constituting a third order of septa.

In some instances a menaber of a third cj^cle of mesentei'ies is developed. Another polyp

contained eighteen pairs of mesenteries, but no pairs of directives were found. The mesen-

teries are long in transverse sections, narrow above and broad below, whei'e they branch

considerably. The mesenterial epithelium is greatly swollen on the side bearing the retractor

muscle; the mesogloea is perfectly homogeneous, and is much and deeply folded to give an

increased surface for the retractor nuisde (fig. 120). The oblique musculature is also strongly

developed, and toward the insertion of the mesenteries the mesogloea becomes folded for its

support. Sections of the muscle fibers indicate that thej' are practically vertical on each side

of the mesentery.

The mesenterial tilaments are simple and rounded above, in places sharplj^ marked off from

the endodermal enlargements behind; in many, however, there is no sharp line of distinction

between the filament and the mesenterial endoderm. Proximally, where the mesenteries branch

greatly, thefflaments are likewise much developed, and here they bear large nematocysts and gland

cells with coarsely granular green contents. The lower skeletotrophic tissues are characterized

l\y an abundance of chlorophyll-like granules within the swollen endodermal layer. Even to

the naked eye these give a strong green appearance to the lower third of the polypal tissues upon

decalcification, and in sections the granules are seen to be thickly distrilnited throughout the

layer. The granules vary a little in size and are more refractive than the surrounding cellular

constituents. They appear to be of a similar nature to the granules occurring within some- of

the glandular cells of the mesenterial filaments, and are found only sparingly in the upper

poh'pal endoderm; zooxanthelhe here appear to take their place.

Vol. 8—No. T 12
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Genus ISOPHYLLIA Milne Edwards and Haime."

Polyps large, coarsely and irregularly verrucose, tissues dense and strongly pigmented; one or

many oral apertures on a single disk, which is often prolonged linearly; give rise to massive fixed

colonies, convex or subplanate above. Gastro-ccelomic cavity and mesenteries prolonged perithecally

around the margin of the colony. Column wall occasionally distinct, generally united with that of

the contiguous rows along a comnion narrow or broad thecal edge; on retraction may fold over

the tentacles and lateral portions of the disk. Sphincter muscle well developed. Tentacles approxi-

mately dicyclic, entocoelic and exocoelic, introvertible, short, stem with circularly arranged urticating

areas, rounded or knobbed terminally. Stomodaeal walls deeply ridged.

Mesenteries irregularly dicyclic, in irregular stomodseal systems; all filamentiferous; directives

absent; mesenteries and filaments partly protrusible. Septal invaginations mainly entocoelic; interseptal

chambers not wholly distinct below.

Asexual reproduction by partial or complete fission.

Example.— koj>hyllia dipsacea Dana.

ISOPHYLLIA DIPSACEA Dana,

(P1^^. XVII, XVIII, liKH. 121-128.)

External characters.—The colonies are convex or flat, massive, non-incrusting, attached by

a narrow base, and subcircular or irregular in outline. The specimens met with often attain a

diameter of 5 or <! inches, and occur on the reefs from a depth of 3 or 4 feet downward. The

discal areas are mostly continuous, hut in places the column wall extends across, and completely

separates one discal system from another. The systems are arrangfed in a somewhat radiating

manner, especially in young colonies, but the disposition becomes more irregular in older

specimens. The separate discal .systems vary nuich in their extent; sometimes a simple polyp

occurs with only a single oral aperture, but in most cases the disks become meandering as a

result of imperfect tission. Lender ordinary conditions of retraction, the distal thickened margin

of the columnar areas extends more than half-way down the calice, and becomes overfolded so as

to cover the tentacles and peripheral portions of the disk. The colunm wall extends over the

margin of the colony for nearly a centimeter, inclosing continuations of the gastro-i-telomic

cavity and mesenteries.

The superficial tissues as a whole appear very coar.se, and are dark and non-transpa'-ent,

causing the colonies to stand out prominently against the white coral .sand of the sea floor, or

against other lighter corals. Examined closely, the surface of 1)<)th the column and disk presents

a finely granular appearance, which on microscopic investigation is shown to be duo to aggre-

gations of granules within the ectodermal cells.

The line of union of contiguous columnar areas is clearly indicated by a shallow groo\e, which

is smoother and less densely pigmented. The surface of the column generally is very irregular

under ordinary retraction, and the septal spines and teeth give rise to rows of protuberances,

varying in size and height, and only approximately representing larger and smaller alternating-

rows. They appear as verruca^ on the retracted polyps, and are scarcely noticeable on full

distention. Owing to the thickness and opacity of the tissues, the lines of attachment of the

internal mesenteries are ordinarily not visible externally.

On retraction the tentacles are hidden under the partly overhanging columnar areas, and on

expansion they appear in two alternating rows, the outer a little smaller than the inner. They

are short, either narrow and columnar, or swollen and tapering, with an opaque white apex,

either in the form of a distinct knob or as a mere lighter area. The surface of the stem bears

oval or irregularly shaped nematocyst thickenings, with the long axis arranged circularh*;

otherwise the walls are nearly colorless and transparent.

n "The colony is massive, convex above or subplanate. The corallites are in short or long linear series, whicli

are united by their walls completely, or having a slight groove between them, or united below by the walls and

close to the surface by costie and exotheca. Calicular centres distinct in the series. Columella spdngy. Sej^ta

numerous, much spined. Collines stout, tall, may be furrowed on the top. Endotheca abundant " {Si/mphi/llia,

Duncan, 1885, p. 91.)
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Under ordiiKirv conditions the diseal areas are deeply depressed, and flat or si iohtly concave;
on full expansion they are raised a ji'reat height above the corallum. The surface appears
very coarse, owing to the presence of much granular matter and the verrucse over the septal

spines; near the periphery, in the area more or less hidden by the overhanging column wall,

the disk seems thinner, and the dense pigmentation is almost wanting.

Usually the oral apertures appear as narrow slits, about 3 mm. in length, with the long axis

along the length of the disk; at other times they are situated at the apex of a conical peristome.

Wtien open the mouth is oval or nearly circular in shape, displaying the intense white stomodival
walls. The latter are strongly ridged and furrowed, the number of ridges varying in different

polyps from twelve to twenty-four: when the mouth is partly opened a sharp line of

demarcation exists between the disk and stomodanun. The mouths are about 7 nuii. apart in

the living condition, and about 5 mm. in preserved colonies.

The i)revailing colors are dark green, brown, and yellow, with minute, opacjue white,

superficial granules, distriluited practically i«ll over. These latter interfere somewhat with the

distinctive characters of the other colors. The j'ellow color predominates along the thecal ridges,

and the green along the valleys. In-egular, opaque white, cream, or green patches are sometimes
present on the disk, ending in streaks toward the periphery—that is, in the region covered bv
the overfolding coluum wall."

On irritation numerous prolongations of the mesenteries and filaments are extruded through
various reu'ions of the bodv wall; sometimes the greater part of the colony will be thus covered,

presenting a very Iteraggled appearance. On withdrawal, the apertures through which the

mesenteries protruded may be so large as to be visible with the aid of a lens, and remain open for

.some time; afterwards they close and leave no external evidence of their former presence. The
thin transparent mesentery can be easily distinguished from the dense white filament in any
protruded portion, and the former is often greenish in color.

Anatomy (ind hiatology.—The ectoderm of the superficial bod}- wall is remarkable for the

abundance of a linelv granular pigment substance within the cells, and for the comparative fewness

of the clear gland cells. This condition is no doubt the principal cause of the dense opacity of

the outer tissues already described. The pigment matter is unaffected by carmine stains and
hrematoxjdin, and appears yellowish brown or greenish in sections, and in macerated tissues. It

is mainly restricted to the deeper regions of the layer, where it is either continuous or distributed

in more or less isolated irregular patches (tig. 122). Toward the tentacular region of the column
wall clear gland cells are more numerous than elsewhere.

The mesoglcsa is of moderate thickness, and contains numerous connective tissue cells

distributed throughout. Sometimes their processes are seen in connection with the endoderm,
sometimes with the ectoderm, or may even stretch across from one layer to the other. A slight

difference in consistency in the mesogloea i.s also apparent in preparations stained with aniline

blue; lighter, tube-like portions extend across the whole laj'er, or in other sections appear as

so many circular disks staining less deeply than the surrounding mesogloea.

Zooxanthelhi? occur in large numbers in the endoderm of the column, while the musculature

is strongh' developed in the upper region, more so than in any other species here described.

The inner surface of the mesogloea, for some distance, forms pointed, rounded, or dendriform

plaits for its support, and the muscular tibrils themselves are somewhat large in transverse

section, constituting what must be regarded as a definite endodermal sphincter muscle (fig. 121).

The whole form resembles -vhat has been described in certain Actiniaria as a "restricted"

sphincter muscle.

The tentacles in retracted polyps are crowded under the overhanging thickened edge of

the column wall, and may or may not be introverted. Histologically they differ much from
the column wall. The ectoderm is a deep layer, containing numerous gland cells and a mai'ginal

zone of very narrow nematoc3^sts; the graiuilar pigment matter is absent from the more

"Prof. A. E. Yerrill (1901) alludes to the very varied colors of the IsophylUa at Bermuda. He notes that some
specimens were pliosphorescent at nijfht, and that this property seemed to lie related to the white pigment.
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proximal rciiioii, hut occiirts more distally. iuul ;m octodoi-iual musculature is strongly developed.

The eiidoderm eoutaiiis few zooxautlieli;e.

The peripheral ectoderm of the disk presents a wide contrast from that of tlie more central

area. The latter very closely resembles the outer layer of the colunui wall. Iteiiig opa(jue

throughout, with the j>ranular matter strongly developed; at tlie periphery, however, the

ectodermal cells are longer, a larger number of clear gland cells are present, and little granulai'

matter occurs. A few nematocysts may also bo pr(>sent, but apparently no ectodermal muscidature

is developed. The mesogltfa is a little thinner than in thecolunm wall, and its endt)dermal asjicct

is plaited for the support of the musculature, most niarived in the peripheral region.

Ti-ansvei-se sections of the stomodanun display strong vertical ridges opposite the insertion

of the mesenteries, while the intervening areas are much thinner; large oval nematocysts occur

in the ectoderm of the ridges, but are absent from the grooves, which in their turn are more
strongly ciliated. The ridges and furrows thus present somewhat the same histological diti'er-

ences which exist between the general ectoderm and the gonidial grooves in Actinians. The
granular pigmentation chai-acteristic of the ectoderm of the column wall is absent from the

stomodival ectoderm; the mesogkea is everywhere thin, and only a weak endodermal nnisculatur(>

is developed.

The mesenteries are without any regular cyclic arrangement, and no directives occur. The

greater number of the pairs arc complete, but alternating incomplete pairs are also present in

places, the ditlerent pairs varying in size. The incomplete members are evidently recently

developed pairs which in time will become complete.

The mesoghea on the mesenterial face bearing the retractf)r muscles is wavj' in transverse

sections, or forms numerous plaits, which, however, vary greatly in the extent of their develop-

ment, both in dilierent mesenteries and in different regions of the same mesentery-. In the

middle region of some of the mesenteries both mesogkeal faces are sinuous for some distance, and

the oblique muscidature on the opposite face is strongly developed. The mesenterial epithelium

is narrow above, but becomes verj' broad below, and consists mainly of clear gland cells;

zooxanthellre are also pi-esent. In the lower region most of the mesenteries become much
con\'oluted, and nearly till the septal loculi. Mesenterial filaments are borne on all the mesenteries,

whether complete or incomplete; the mesenterial endpderm behind is swollen in some instances

and not in others. Clear gland cells are somewhat numerous in the upper course, and in the

lower are many large oval nematocysts. In some cases the hlament has undergone complete

glandular modification, and the areas stand out very prominently in sections, as the contents of

the gland cells are a deep yellow. The modification is limited to the filament, without involving

the endoderm behind.

The skeletotrophic tissues are characterized by the great thickness of the endoderm in the

lower regions, and by its almost complete vacuolization. Actual cell outlines have altogether

disappeared, and the few protoplasmic contents are aggregated in a narrow marginal zone. The
calicoblast layer is broad in some regions; numerous desmoidal processes occur along the

course of the insertion of the mesenteries, and here the mesogloea is nuxch broadened.

The septal invaginations are only entoc<£lic, and do not encroach much upon the gasti"o-

ccelomic cavity until neat- the aboral end of the polyp, but even here the interseptal chambers
are not distinct from one another.

Female gonads were present on some of the mesenteries, restricted in their distribution

toward the insertion of the mesentery in the body wall. Generally onh' three or four ova are

seen in a transverse section of any mesentery, and may occur on either the complete or

incomplete mesenteries.
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Genus MANICINA Ehrenberg."

Polyps verrucose, incompletely separated, forming broad, continuous and sinuous discal and columnar
systems, and giving rise to small, massive, elongated or subhemispherical colonies; attached when
young by a conical pedicle, but afterwards free with a subcorneal or nearly flat base. Column wall
distinct throughout in young, later partly united along the apex of broad inturned collines; in

retraction may fold over the tentacles and cover the marginal area of the disk; no sphincter. Perithecal

continuation of the gastro-coelomic cavity and mesenteries; proportionately more in young. Tentacles
in three or four irregular, alternating, entacmseous cycles, entocoelic and exocoelic, short, introvertible,

rounded or knobbed terminally, surface of stem with oval urticating areas. Oral apertures numerous,
variable in size. Stomodseal walls deeply ridged.

Mesenteries hexamerous and regularly multicyclic in young, with two pairs of directives; later, in

irregular, multicyclic, stomodeeal systems without additional directives; all filamentiferous; increase in

regular hexamerous cycles in young, but irregularly by unilateral pairs later.

Mesenteries and filaments protrusible. Septal invaginations mainly entocoelic, regularly multicyclic

in young, more irregular later.

Asexual reproduction by continuous stomodseal fission. Polyps monoecious, viviparous.

Example.—Manicina urcolatit (Limi.).

MANICINA AREOLATA (Limiieus).

(Pis. XVIII, XIX, figs. 129-i:?7.)

E.rternal chwracters.—Isolated colonies of all sizes, from 2 to 9 or 10 cm. in length, are

met with in shallow water all round the coast of Jamaica; while from somewhat deeper regions

examples have been obtained as much as 20 cm. across. Young specimens are attached by a
small base to some pebble, coral, or shell, but older specimens are free. In their early condition

the colonies are somewhat crateriform, but soon become elongated and strongly sinuous, very
deep Ijays and convexities being formed along what might be regarded as the primary axis.

Circular forms are sometimes found. When young the axial line joining all the oral ajiertures

may be near!}' straight, but later is strongly indented. The discal areas are nearly always
continuous, rarely separated by a transverse division, and are often arranged in parallel rows.

The column wall extends over the thecal edge as far as the base in young polyps, but less so

as the colony enlarges. In older specimens it ma\' extend for about 5 mm. down the theca, the

remaining naked poi'tion of the corallum being coated with a thin epitheca, to which small

molluscs, worm tubes, etc., adhere. In the retracted, or even partly retracted, condition, the

column wall extends within the calice for some distance. It is incapable of completely closino-

over the disk on full I'etraction, but folds over the tentacles. During full distension the polyp
may extend upward for a centimeter or more bej'ond the corallum.

The column wall is strongly ridged, in alternate broad and narrow areas, the former only
corresponding with septa. The ridges bear closely arranged verrucre, slightly thicker and
differently colored from the rest of the wall. The apex of the broader areas is often prolonged
a little, almost recalling the acrorhagi of certain anemones.

During retraction the edge-zone adheres closely to the skeleton, the echinulations of the

costw showing through; but on full expansion the wall becomes raised some distance above the

corallum, and is then practically smooth, the verrucas being represented by small opaque spots.

The tentacular zone constitutes a distinct boundary between the column wall and disk,

and is comparatively broad on full expansion of the polyp. Three or four alternating cycles of
short, stout tentacles occur in young polyps, the members of the innermost cycle being ahout 5

nun. in length. The alternations, however, are rarelj' regular; smaller tentacles m&y mingle with

""Colony massive, free or pedunculate, broad-based, subhemispherical, tall, and convex or subcorneal or short.

Corallites with their walls fused with those of their neighbors, except in young forms. Calicinal valleys long, broad
and deep, united by simple or broad and furrowed collines. Calices with indistinct (-entres. Cohnnella .«poiigy,

essential. Septa close, thin, strongly granulated laterally, the principal with a palifonn lobe, and with the free

edge divided by fine teeth, which are regular, close, and largest near the columella. The connnon plateau is

furnished with cost;e, which are delicate and dentate, and are jjartly covered by an epitheca, which is readily

detached. Endotheca abundant, unequal." (Duncan, 1885, p. 88.)
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the hiru-cr. In fully cstulilishcd colonies the tentaele.s appear pi-actitally dieyclic. and are both

eutocu'lic and exoeielie in position; the former are the more internal, and correspond with the sei)ta

below, while the exotentaeles have no eorrespondini;' septum beneath. Usually the tentacles are

shortly conical, with a white opaque apical swellinj;'. not t'ormiui;- a distinct knob; at othei' times

they are narrow(M'. and more elongated, and the apex appears as a sjiheroidal knob. White, oval

or irregular nematocyst batteries, varying in size and arranged circularly, occur all over the

surface. On full expansion the tentacular walls may become invohcd in the discal tissues, to such

an extent that they appeal- as mere circular patches, l)arely distinguishable except for the pi-esence

of the denser apical region. Under certain conditions some of the tentacles have l>een found

couipletely introverted, oval apertures indicating their ])osition externally; under these circum-

.stances the disk appears as a smooth, naked, tlattencKl expansion, not sharj)ly n-.arked off from

the colnum.

The disk is verrucose, usualh* depressed, and ridged and grooved radiately, the grooves cor-

responding w'ith the luesenteries. The radiating areas are larg<M- and smaller, but the alternation

is not always i-egular; whei'e the discal system is elongated the areas become more transverse.

Numerous oral apertures occur along the discal depressions, and vary nuuh in size. Some may
have a longer diameter of 2.5 nuu.; the smaller are circular, but others are oval, the gi-eater

diameter being always along the larger discal axis. The mouths are usually open, allowing the

.stomodfeal wall to be seen, and often occur on a distinct raised peristome; when closed they

appear as mere slits in the disk. In the condition of partial ex])ansion the apertures occur at

intervals of about half a centimeter, the numl)er varying, of course, with the size of the colony.

The stomoda'iuu is sharply marked off fn^u the disk, no rounded lips intervening; under

certain conditions it may be partly extruded. The walls are very deeply ridged, as many as

seven or eight, or even ten, ridges occurring on each side. They can be seen to correspond with

the line of attachment of the mesenteries on the internal side, and thus represent the number of

complete mesenteries associated with each stomodanim.

During full expansion the polypal tissues are semi-transparent, and the internal mesen-

teries can be seen through. In one case seven pairs were found to reach the stomoda?um, and in

another ten pairs; in one colony the numbers of perfect mesenteries around four oral apertures

were 12. l.i. 17, and 20, respectively. The course of the mesenteries from th(> periphery towards

the stomoda'um, as seen through the disk, is mostly at right angles to the calice wall. In so?ne

pairs the course is curved, while in those most distant from the oral aperture it may form an

•obtuse angl(>. The mesenteries are also seen extending the whole way down the edge-zone, as in

the column wall of an A<'tinian.

The color is very variable, even in colonies living within the same area. Yellowish brown,

as in so many other corals, is the fundamental color, and upon this may lie sup(>rposed an

ectodermal opai[U(> white or green. The eolunni wall generally exhibits only lighter and darker

shades of brown, due to the internal zooxanthelhe; and sometimes the whole colony- may be of this

character. The disk in most cases is lighter than the rest of the colony, often an t)paque pale

gi"een; the color here appears (juite superiicial. as if ])ro(luced by some dense, opaque white or

pale green ectodermal deposit. The rows of verruca' also may be opaque white, while the ground

color is green. A similar appearance, though somewhat less dense in character, may occur on

the upper region of the colunui wall. In numerous colonies at Bluetields the coloration was

distributed in darker and lighter irregular patches. WIkmi the polyps are fully distended, the

distinctive colors largely disappear, the tissues becoming a p ile brown, and more or less trans-

parent. The tentacles are always colorless and transparent, but more opa(|ue over the lateral

urticating areas, and entirely so at the apical swelling. .V dull, white ring may surround the

oral cone.

Colonies have been collected of which the gastro-coeloraic cavity contained numerous free

swimming larva\ readily seen through the partly transparent tissues. Many also circulated

freely within the tentacular cavities. Most of the larva' were elongated, with a light broader

pole, directed forward in progression, and a dark luown. narrow, jxjsterior j)ole. At times they
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moved al)out very rapidly within the interior of the parent, and numbers would be shot out

together on irritation.

In the increase in size of the colony by partial di.scal fission, pairs of small oral apertures are

freijuently observed very close to one another, each exhibiting- but a few stomoda-al ridges

(eight to ten), in such a way as to leave little doubt that the two have resulted from the

division of a single large aperture.

The polyps do not readily respond to irritation, but retract and expand slowly. White
mesenterial filaments, with parts of the mesenteries to which they are attached, are extruded
through the mouth upon slight disturbance, and can be again withdrawn. On irritation the

filaments may protrude in great profusion through any part of the disk, but no apertures are

ordinarily distinguishable. Large ([uantities of nmcus were emitted on preservation of the

colonies. The action of the superficial ciliation can be readily observed liy placing some light

particles on the middle of the disk; the particles are carried slowly outward, and for some dis-

tance down the edge-zone.

An((f(iiiii/ (111(1 hhtohigy.—The column wall is a thin layer throughout. In the ectoderm

unicellular mucous glands, with clear contents, arc very abundant, and less so small narrow
nematocysts. No pigmented granular cells are seen, the tissues, as noted amongst the external

characteristics, being nearly transparent. The mesogloea is thin, except where united with the

mesenteries, and the endoderm is much narrower than the ectoderm, and its cells contain

zooxanthelhv. Very delicate endodermal muscle fibers can also be detected, but in the upper
region no concentration of the fibrils occurs in any way suggestive of a sphincter muscle.

In sections of retracted polyps the tentacles are frequently found introverted within the

entocffilic and exocoelic chambei's. The ectoderm is a much thickened layer, crowded with long

narrow nematocysts, with a very distinct spiral thread. They are more numerous apically, and
at places corresponding with the lateral thickenings; a few gland cells with deei)ly-staining

contents occur, and also developing nematocysts in the deeper situations. An extremelv weak
ectodermal and endodermal musculature can be distinguished, and the endoderm is a comparatively

thin layer without zooxanthelLt.

The disk difl'ers but little from the column wall, except that all the layers are somewhat
thicker, and both the ectodermal and endodermal musculatures are better developed; small

nematocysts also occur peripherally.

The stomoda^al ectoderm is thrown into very deep vertical folds, each ridge cori'esponding

with the point of attachment of a mesentery, and supported by ii long, narrow, mesoglceal axis.

The layer is very broad, and the well-defined nuclear zone is situated a little below the free

surface; A-erj' large nematocysts, showing the internal thread, occur here and there, and in the

deeper regions others can be traced in various stages of development (figs. 129, ]31).

Two principal orders of mesenteries are present—complete and incomplete, each pair

embracing, as it were, a septum. At irregular intervals are pairs of much shorter mesenteries,

which appear to be in process of development, but not representing a distinct order or cycle.

The order of appearance of the mesenteries for this species has been already described; larval

polyps are regularly hexameral (fig. 132), but this is lost after fission is instituted (p. 502, et .scfj.).

The mesoghea on the face bearing the retractor muscle is usually folded, but, as shown by
figs. 120 and 130, no regularity is maintained, and the opposite face may also be deeply simious.

The mesenterial filaments as a rule are present on all the mesenteries, but on the youngest
members they may be only incipient.

Septal invaginations are found within all the entocoelic chambers, and occasionally one is seen

within an exocoelic chamber; but in these latter instances higher sections usually reveal a pair of

small mesenteries, so that it may be doubted whether exosepta ever really occur.

As shown in fig. 129, the skcletotrophic endoderm varies greatly in character in the difi'erent

regions, being greatly thickened and vacuolated in the lower and peripheral areas, and narrow
over the septal invaginations.
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Genus COLPOPHYLLIA Milne Edwards and Haime."

Poljrps verrucose, incompletely separated, g-iving- rise to broad, continuous, flexuous, discal and
columnar systems, and producing massive, light, flattened or slightly convex colonies, fixed by a broad
or pedunculate base. Column wall united with that of contig-uous rows along a broad common plateau,

having a restricted, perithecal continuation of the gastro-ccelomic cavity and mesenteries, better

developed at the periphery of the colony; in retraction the column wall folds over the tentacular zone
and covers the margin of the disk; no sphincter. Tentacles in tw^o, alternating-, slightly entacmseous
rows, entoccelic and exocoelic. Disk with numerous oral apertures, variable in size; stomodseal walls
deeply ridged.

Mesenteries acyclic and mainly complete, with occasional incomplete developing pairs ; arranged in
irregular stomodaeal systems; all filamentiferous; directives absent, except in larval polyps; increase by
irregular addition of unilateral pairs; partly extrusible. Septal invaginations mainly entoccelic, uniform
when fully developed, not all meeting in the middle.

Asexual reproduction by incomplete fission.

Example.— ColjMphyllia gyrosa (Ell. & Sol.).

COLPOPHYLLIA CYKOSA (Ellis & Solander).

(PL XXII, fig. 148.)

External characters.—The species occurs somewhat spai'ingly in Kingston Harbor and on
the I'eefs oiitsi(l(% the colonics forming- massive, hemispherical or irregular l)Iockson the sea floor,

which are usually easily detached. The broad discal valleys, thick thecal ridges, and strongly

developed septa give the species a coarse apjiearance in sita compared with most other corals.

The distance from the apex of one thecal ridge to another is variable, but is usually between

2 and 3 cm. Tiie valleys are sinuous, never extending for more than a short distance in a

straight line, and usually sloping toward the jjeriphery; a very shallow depression also occurs

along the middle of the thecal ridges. A broad edge-zone is found around the margin of tha

colony, and also a narrow extracalicular continuation of the cwlomic cavity and mesenteries

along the contiguous thecal rows.

The polyps are very rarely seen in their expanded condition. During the ordinary

condition of retraction the upper margin of the column wall is withdrawn within the calice for

about half the height of th(> tliecal ridges, and appeal's almost in contituiity with the disk, the

tentacles being completely hidden by it. The wall is divided into longitudinal ridges and furrows,

in correspondence with the internal septa and mesenteries, and the marginal teeth on the septa

give an external verrucose appearance to the walls. In some places the longitudinal ridges are

all equal, but in most a much smaller verrucose ridge alternates with the larger, though never

for more than three or four consecutive pairs.

In the retracted condition of the polyps the tentacles are entirely hidden under the

overfolding column wall, and have not been seen fully extended. ^Microscopic examination

indicates the presence of lateial nematocyst areas and of a large terminal battery, so that in all

probability thay closely resemble the tentacles of Manicina.

The disk is radiately divided around the oral apertures by the internal mesenteries and septa,

or, where the valle\'S are long and straight, the divisions become more parallel; verrucfe occur

over the areas corresponding with the septa, but not all the rows extend as tar as the stomodteum.

The oral apertures are oval or round when open, slit-like w'hen closed, the longer diameter

being along the length of the disk. The apertures are from 1 to 2 cm. apart. The stomodival

walls are provided with sti'ongly marked vertical ridges, live to ten on each side, and in the living-

condition they appear intensely white against the darker valleys.

The general coloration of the polyps !n. situ is light or dark brown. Examined more closely,

the column wall is brown with grayish verrucal rows. The disk may exhibit a bright, iridescent

" "Colony massive, light and fragile, with a broad base, or pedunculate. Corallites united by their costae, the

walls never fusing at the calicular surface, where they are very slender. Calicinal valleys moderately long, flexuous,

large, deep, with the calieinal centers more or less distinct. Columella rudimentary or none. Septa excessively

thin, long, slightly exsert, and striated laterally; their free margin is delicately toothed and slightly excised near the

middle. The common plateau has small lamellar costw, broken up by dentations wliich are horizontal." (Duncan,

18S5, p. 94.

)
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green, arranged in parallel or I'adiating rows, while the verruca? along the septal ridges are gra\'.

The green may predominate to such an extent as to give a decided tinge to the colony as a whole.

White mesenterial Hlaments can be extruded through any part of the superficial tissues, and

quantities of mucus are given out on rough handling or preservation.

Anatomy and histologij.—The column wall is delicate and deeply folded in preserved material.

The ectoderm is a broad layer in which large, clear gland cells are by far the main constituents;

in many places extruded mucus can be seen adhering. Supporting cells appear to merely serve

as lines of separation between the closel}^ arranged gland cells. In the lower region of the

ectoderm the cells contain finely granular matter, very irregularly distributed. In some spots

the granular matter may be wholly absent, and the clear contents extend the whole thickness of

the layer; in others it is deposited but a short distance from the mesogla'al boundary, and gives

the appearance of interstitial cells, each with its own rounded nucleus; again, in restricted

areas, the cells may be wholly granular as far as the outer surface of the ectoderm. Long, narrow

uematocysts occur here and there. In tangential sections toward the periphery of the ectoderm

a very regular polvgonal arrangement is presented by the gland cells, the supporting cells occu

pying the interstices. The outer ciliation is obvious in most preparations.

The mesoglcea of the column wall is thin and nearly homogeneous; included cells occur but

rareh'. The endoderm is, like the ectoderm, highly glandular, and in addition contains many
zooxanthella?. A delicate circular musculature is developed, but presents no indication of

forming a special sphincter in the terminal region.

The tentacles exhibit a bi'oad ectoderm, and at intervals along the sides and at the apex

are peripheral zones of nematocysts, all of the long, narrow variety, with a close spii'al thread.

A distinct zone of nerve fibrils is present toward the discal termination, and the ectodermal and

endodermal musculatures are both well represented.

Histologically the disk differs in no important respect from the column wall: the endodermal

musculatui'e is of the weakest character, while the presence of an ectodermal muscle layer is

not determinable with certainty. The stomodajum is oval, and of considerable vertical length;

in retracted polyps it is deeply folded both longitudinally and transversely, so much so that in

some transverse sections it appears for half a dozen times. The very pronounced vertical

I'idges noted amongst the external characters are not so marked a feature in transverse sections,

especially when the stomoda?um is open. The ectoderm exhibits the same histological structure

all the way round; the mesoglcea is usuall}^ thicker at the positions corresponding with the

insertion of the mesenteries, and in some places regular ridges arc formed. Very few nema-

tocysts occur in the stomoda-al ectoderm; the cells are nearly all ciliated supporting cells, while

granular gland cells are distributed at intervals.

The mesenteries are only divisible into complete and incomplete pairs, there being no regular

cyclical arrangement; further, the alternation of complete and incomplete pairs is by no means

uniform; sometimes Jwo or three successive alternations may occur, and at other times all the

pairs will be complete for some distance. There is little doubt that the incomplete pairs are but

new pairs in process of growth which will ultimately become complete, and can not, therefore,

be regarded as representing a distinct order. No directives occurred among a large number of

mesenteries examined.

The mesoglceal lamina of the mesenteries is very variable in character, being in .some places

broad and in others narrow. The foldings for the longitudinal musculature, as a rule, are only

feeblj' developed, but on one member of a pair the}' may be very pronounced, while scarcely

distinguishable on the other. The oblique musculature is weak above, but stronger below. The

mesentei'ial epithelium is broad, and comprises mainly clear gland cells; ver\' often the clear

secretion is preserved in the act of extrusion.

The mesenterial filaments are of the usual type, but certain of the mesenteries become greatlj'

convoluted below, the filament following the convolutions all the wa}'; in such ca.ses the

convolutions in section constitute a very close, irregular mass (fig. liS).

The septal invaginations are in nearly all cases entoccelic, but occasionally a short invagination

may occur without any associated mesenteries being discoverable, so that probably the septa may
appear somewhat in advance of their corresponding mesenteries and thus be exoccelic.
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Genus M/EANDRINA Lamarck."

Polyps verrucose, incompletely separated, forming' mainly continuous, meandriform discal and
columnar systems, and giving rise to massive, convex, g-ibbose, subplane or subspheroidal colonies, fixed

by a comparatively narrow or broad base; perithecal continuatiofa of the g-astro-coelomic cavity and
mesenteries at the margin of the colony. Contiguous column walls united along a narrow, common,
thecal ridge; on retraction capable of folding over the tentacles and covering the lateral margins of the

disk; no sphincter. Tentacles in two, alternating, slightly entacmseous rows, entoccelic and exocoelic,

introvertible, short, rounded terminally, stem with irregular urticating areas. Disk with numerous,
closely arranged, small oral apertures. Stomodseal walls deeply ridged.

Mesenteries all complete, with occasional incomplete developing pairs, arranged in irregular stomo-

dseal systems; all filamentiferous; directives absent; increase irregularly by addition of single unilateral

pairs. Mesenteries and filaments protrusible. Septal invaginations entoccelic and exocoelic, dicyclic,

interseptal loculi incompletely separated below.

Asexual reproduction by continuous incomplete fission. Polyps monoecious.

ExAMi'i-E.

—

Jl^vaiidriiKi Inlii/rinthicui (Ell. c'i Sol.).

MyEANDKIXA LABYRIXTIIICA (Elli.'j&Solander).

(Pis. XX-XXII, figs. 138-147.)

External characters.—The colonies :ire iiias.sivc, sub.sphcvoidal, the upper surface uniformly

rounded, not thrown into <;il)ho.'<ities. The .species occurs in ahundancc on the reefs around

Jamaica, often forminj^' blocks several feet across, and Kxed )>y a narrow, irregular base; even

large colonies are free or are readily detached when collecting.

The external appearance of the living colonies varie.s greatly according to the condition of

expansion or retraction of the superficial soft ti.ssues. The general relations during partial

retraction are Itest conceived of as a double .svsteni of meandriform depressions, separated by a

fringe of short tentacles. One series of grooves is formed by the continuous, narrow, discal areas,

the other by the united column walls of two contiguous polypal systems. The discal troughs are

much deeper than the colunuiar, and occur within the united calicis; the slight columnar depres-

sions run along the common thecal edges or collines. iind the line of union of the two adjacent

column walls is clearlv indicated at the bottom.

On full expansion the superticial tissues become distended to such a degree that they are

raised for several millimeters at)ove the skeleton, the discal region increasing from 2 to 8 mm.
across. Along the line of union the two contiguous cohunn walls remain atHxed to the skeleton,

so that the walls on each side rise almost vertically from the line of attachment, and may actually

apply themselves to one another })y their outer surface, or remain separated only l)y very steep

valleys. In the former case the two contiguous fringes of tentacles intermingle in such a way
that the whole surface of the colony presents to view little more than the enormously enlarged.

convex discal areas. During maximum expansion the tentacles and the \erruca' may almost

entirely disappear, the walls of the former becoming part of the flat discal tissues. In the

fully retracted state the appearances are reversed; the dee])er valleys are now formed by the

di.scal areas, and the ridges by the columnar expansions resting on the septa. The column may
become partly overfolded, and under some conditions the two overfolding walls connected with

each discal .sj'stem may extend horizontally, and almost come into actual contact, so as to

completely hide the tentacles and disk.

The column wall appears thick and opaque when the polyps are retracted, but more delicate

and tran.sparent when fully expanded. The surface exhibits verruco.se ridges and smooth

furrows, corresponding respectively with the internal septal and mesenterial divisions. The

« "Colony massive, dcnso, convex, gibbose, subplane or subsplieroidal, largely fixed by its base. The series of

corallites unite by their walls, which are compact, and produce long, simple ridged collines. The valleys are

sinuous, long, but vary in length, depth, breadth, and meandroid nature. Calices mostly indistinct, some may be

circumscribed. Columella formed by masses of spongy tissue well developed. The septa are close, parallel, thei^

inner edge thickened and enlarged transversely; upper margin denticulate, moderately granular laterally. Union of

the transverse enlargements (jf neighbouring septa near the columella often occurs, and gives a paliforni appearance.

Endotheca and epitheca exist." (Duncan, 188.5, p. 88.)
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verrucas form alternating larger and smaller rows, corresponding with the larger and smaller

septa helow, and are round, lighter in color, and closely arranged: they may appear contiguous

in the larger rows, hut are more distant on the shorter. A narrow,' smooth area at the base of

the walls indicates the line of union between one column wall and another, while distallj- it

passes uninterruptedly into the tentacles. When the body wall is lying upon the skeleton the

discal valleys are about 4 mm. across.

The tentacles form a narrow fringe along the two margins of each discal area. They are

short and dicyclic, the members of the inner row slightly larger than those of the outer; the

former correspond with the larger entosepta, and the latter with the small exosepta (tig. 131»).

During ordinary extension the inner tentacles are 2 mm. long; they are broad at their origin,

and either terminate bluntly or are slightly knobbed. On full expansion the knob is displayed

as a thickened, lighter, opa(iue area, the tentacles as a whole being shortened but more swollen.

The surface of the stem is almost covered with small, oval or irregularlj^ shaped, white, urticating

spots, none, however, so large as that at the apex.

The naked portion of the disk is very narrow, about 2 mm. across in the retracted condition,

and is usually depressed. Its surface is verrucose in parallel or slightly radiating rows, the

rows corresponding with the septa below, while the grooves between correspond with the

mesenteries.

The oral apertures are very small, oval, or slit-like, or may be circular when opened to their

full extent. The larger axis is along the length of the discal areas, and is about a millimeter

long: during retraction the apertures are separated from one another hy a distance of 2 or 3

mm. The stomoda?al wall is thrown into deep vertical ridges and furrows, varying in number
from three or four to eight on each side (tig. 14-7).

The color of the colonies in general is dark or gi-ayish brown when the polyps are retracted,

or green may predominate. The discal areas often show a superticial, opaque green, or may be

dark brown; the column walls for some distance on each side of the line of union may also be

bright green. The tentacles are a transparent dark brown. All the external tissues become
more translucent and lighter in color when the polyps are fully expanded, appearing then as a

pale brown. Small grayish spots usually occur over the verruciv along the middle of the ridges.

On irritation, or under unfavorable conditions, white me.senterial hlaments can be emitted

through the mouth, disk, and column wall, sometimes in such profusion as to almost cover the

whole of the colony.

The usual method of reproduction consists in the formation of additional oral apertures on

the discal areas, each aperture having a distinct stomodseum and mesenterial system associated

with it. No further polypal separation as a rule takes place, the tentacles and column wall being

part of the general system. Occasionally the column wall may grow transversely, and thus cut

off a portion of the disk l>earing one or more apertures.

AiKitoniy aud Iuiit'iIo<jy.—The ectoderm of the column wall is characterized in places by an

abundance of cells containing finely granular pigment, which gives a relative opacity to the

sections wherever it occurs. The granules are situated mostly in the deeper poi'tions of the

layer, but are sometimes contiiuied as far as the surface. They no doubt influence the external

coloration, and give rise to the comparative opacity of the tissues already noticed in the living

retracted polyps. In addition to the granuliferous cells, numbers of clear, unicellular, nuicous

glands occur, extending across the whole thickness of the layer, and rendered very conspicuous

by reason of the perfect transparency of their contents. The long supporting cells constitute,

as it were, a matrix in which these broadei-. granular, and mucous cells are embedded, and the

nuclei form an interrupted zone just within tiie margin; small, narrow nematocysts iilso occur.

The mesogla?a is a comparatively WvMl- developed layer in some polyps, but thin in others,

varying with the state of exjjansion or I'etraction of the polyps. Included connective tissue cells

are somewhat numerous, ami a delicate tibrous and vacuolated appearance is presented b\- sections

.stained in picro-carmine.

The endoderm is of about tiie same thickness as the ectoderm, and its cells contain zooxanthella?.

These are mostly restricted to the inner (mesoglceal) two-thirds of the layei'. while the nuclei and
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protopla.sm of the endo(l(>riiuil colls are move obvious jieriphei'ally. Only the faintest indication

of iin endodermal musculature occurs, even in the most distal region of the column.

The tentacles are seen in transverse and vertical sections as simple outgrowths of the maroin

of the disk, and a wide Uimen remains in the partly exi)anded condition (tig. !;>!>). The cells

containing pigment granules are here much less numerous than in the column wall, and are mainly

restricted to the proximal region. The ectoderm is bi-oad; and long, narrow nematocvsts occur

in patches along the walls and at tlie apex, rendered very obvious by the internal s])iral thread.

The tentacular ectodermal and endodermal musculatures are moderately developed, and toward

the apex a very distinct ectodermal nerve layer occurs.

The disk presents no histological features distinguishing it from the cohunn wall, except

that the endodermal musculature is somewhat better developed, and pigment granules are more
numerous in the middle regions than toward the periphery.

Th(> itomodivum is remarkable for the prominence of the vertical I'idges. In transverse

sections the}' stand out as very dehnite rounded projections of the wall, opposite the insertion

of the mesenteries, and histologically they differ somewhat from the intervening intermesenterial

depressions (tig. 147). The mesoghea at the base of the ridges is a little swollen, and sends

processes among the ectodermal cells. The latter are mainly long, ciliated, supporting cells, the

nuclei of which form a deeply-staining zone. In the deeper parts of the ridges are found numbers

of pigmented j'-aiui'ar cells; large oval nematocvsts with a spiral thread, along with a second

nuich smaller form, occur peripherally, along with granular gland cells. The ectoderm and

mesogloea of the grooves are narrow, the former containing but few granular cells and nema-

tocvsts; the ciliation is uniform all round the stomoda'um, or may be somewhat stronger in the

grooves than in the ridges. A muscular layer of the weakest character can be distinguished on

the endodermal surface of the mesogloea. In partly retracted specimens the lower portion of

the stomodiVHim extends horizontally for some distance between the mesenteries, while as

these latter cease their connection they become tipped with a tissue resembling the ectoderm

of the stomoda?al ridges, and directly continuous with the mesenterial filaments.

The mesenteries are arranged in iniilat(>ral pairs throughout, but vary iiuich in size. By far

the majority of the pairs reach the stomodieuni. but incomplete pairs occur here and there, some
large and some small; these will evidently in time also Ijecome complete. In the several

stomoiheal systems represented in fig. l-tl all the pairs were complete. th(^ number of mesenterial

pairs inserted on each mesentery being xariable. The separation between one polypal system

and another is always in the entocoelic plane on each side, as ali'eady described in the section on

fission (]). 513).

In transverse sections through the soft tissues covering the most distal part of the calicular

ridges the mesenteries on opposite sides of adjacent polypal systems may or may not correspond

with each other (fig. ISS). They are arranged at practically etjual distances aj)art, so that the

entoccelic and exocojlic 'hauibers are about equal. In the upper region the septal invaginations

are both entocoelic and exoccelic. but occasionally the latter invaginations are wanting; in the lower

part of the polyp only entoccelic iiigi'owths occur (fig. 142). In the corallum it is seen that the

small exosepta have a corresponding short vertical range. As shown in fig. 13S, the edge of the

mesenteries after leaving the column wall has a free course before becoming adherent to the

skeleton; some of the mesiMiteries, as toward the right end of the section, are becoming

attached to the skeletotrophic tissues while others are yet free. The boundary groove of two

column walls is therefore not attached directly to the skeletoti'ophic tissues, but through the

intermediation of the mesenteries. In fig. 1?>'.} all the mesenteries are connected with the skeleton.

The mesenterial mesoglcea is comparatively well developed, and on the I'litoccelic face is finely

plaited to afi'ord additional supj)ort to the nuisculature. while the exoccelic surface is smooth;

here, as elsewhere in the mesoghea, included connective tissue cells are conunon. The muscidar

fibrils are very delicate, and in the upper region extend nearly in the same direction on each

face. Among the many mesenterial pairs passed in review no dii'ectives have been observed.

The mesenteritil epithelium is crowded with clear gland cells, and zooxanthelliv aiv plentiful.

In the lower region of the [jolyps certain of the mesenteries become greatly convoluted; the
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mesog^loea also becomes very thin, and the epithelium in some cases undergoes a glandular

moditication.

The filaments are of the usual Madreporarian type, with the mesenterial endoderm swollen

behind (fig-. 143). Numerous long, narrow, nematocysts occur, and more rarely one of the large

oval form; supporting cells almost surround the hinder region, and diminish in length towards

the mesogheal axis. Granular cells, somewhat similar to those in the column wall and stomoda;um,

are found in the anterior portion of the filament.

The swollen mesenterial endoderm immediately behind the filament is remarkable for the

abundance of large, pyriform, clear or almost clear, gland cells. Zooxanthella? are here absent,

except in the lower regions, and very few granular gland cells are seen. In most instances the

expanded region terminates gradually, passing into the ordinary endodeniial lining (figs. 143-14.5).

Certain of the filaments become glandular in chai'acter throughout a part of their course,

having their cells either wholly or in part charged with a bright yellow, granular substance. A
similar glandular character may be assumed also by the swollen mesenterial endoderm immediately

behind the filament, no sharp line of separation distinguishing the two series (figs. 144, 145).

The endoderm of the skeletotrophic tissue is a narrow epithelial layer in the upper region of

the polyps, and contains zooxanthelhe and clear gland cells, but in the lower region it undergoes

a great alteration. It gi'adually increases in thickness until it is enormously broad, and loses at

the same time most of the zooxanthelhi? and granular cells; the nuclei diminish in size and are

accumulated toward the free surface, and the whole tissue stains but little. The supporting

lamella is clearly distinguishable, and desmoidal processes occur practically throughout its

skeletal surface, though more pronounced along the line of attachment of the mesenteries. The

ectoderm or calicol)last layer is a uniform, thin epithelium in the regions of active growth, as at

the edges of the septa. The region around the insertion of the septa in the polypal wall also

appears to be one of active growth, the cytoplasm and large nuclei of the calicoblasts staining

deeply.

The polyps are hermaphrodite; male and female elements may occur on the same mesentery

(fig. 14u), or on separate mesenteries (fig. 146).

P'amily OCTJI^I>rir>>E:.

Genus OCULINA Milne Edwards and Haime."

Polyps smooth, usually spirally arranged, raised obliquely from the surface of the colony, distant,

except toward the apex of the branches, form fixed arborescent colonies or tufts. Perithecal portion of

the gastro-coelomic cavity and mesenteries (edge-zone) greatly prolonged, may pass into "coenosarc."

Free portion of column cylindrical or somewhat conical, overfolding on retraction; no sphincter.

Tentacles hexamerous, tricyclic, entocoelic and exocoelic, minutely tuberculated and knobbed. Disk

circular, often prolonged in a conical manner. Stomodseal walls feebly ridged.

Mesenteries hexamerous, dicyclic, six pairs complete, all filamentiferous, two pairs of directives.

Septal invaginations hexamerous, tricyclic, entocoelic and exocoelic, unite centrally (columella) in lower

region, and divide the gastro-coelomic cavity into twelve distinct loculi, each with two unpaired

mesenteries.

Asexual reproduction by columnar gemmation at the apex of the branches; rarely by fissiparous

gemmation.

Example.— Oculina diffusa Lamarck.

" "Colony arborescent or in tufts, torallites arranged more or less distinctly in ascending spiral series, or scattered

irregularly, prominent or sunken, often arising from an incrusting base. Cceiienchynia solid and smooth or tinely

papillose. Calices circular, oval, prominent or depressed. The columella either well developed and papillary at

the surface, compact at the base, or rudimentary. The septa are well developed, entire or slightly spinulose where

free, some exsert. Pali exist before all the septa except those of the last cycle. Costii' as striations, or decided

jirojections extending a short distance from the calicular margin. In rapidl>- growing forms there is no ccenenchyma

independent of the buds. Endotheca may exist." (Duncan, ISS.5, p. 41.)
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OCULINA DIFFUSA Lainank

(PI. XXII, tig. 149.)

FMernul charnet<-rx.—Small colonies of this species arc m(>t witii in almiidance in the shallow

waters of Kingston Harlior. attached to loose objects on the sea floor; also in similar positions at

Bluetields Hav. J^aro'e ahorescent colonies, Id to l'^ cm. across, occur among the coral growth

rfithin the lIarl)or a little beyond Port Royal, and also on tlic piles of the Port Royal Dockyard.

In these latter places they are associated with large ccilonics of Cladoenra nrhtxc\d(i, l)oth species

appearing as light or dark brown arl)orescent masses.

The column wall is much prolonged perithecall\ . a wide interval separating one polyp from

another, except in the neighborhood of the ape.\ of the branches, where the individuals are

closelv arranged. The polyps are usually raised soine distance above the general surface of the

colony in an ol)lii|ue manner, and are either circular oi- <>\al in sintion. They are subspirally

disposed, and the actual line of unit)n of c(.ntiguous colunm walls is not always determinable.

The external grooves corresponding with the internal attachmentof the extracalicular mesenteries

are at first very ])r<)nounced. l)ut tend to disappear toward the proximal termination of the polyp;

this actually takes i)lace oidy in the older parts of a colony. On full expansion the column

wall becomes raised above the edge of the theca, and is cylindrical, smooth, thin-walled, and

transparent.

The tentacles are in three cycles, and usually number :i4. arranged in the formula (!, •'>, 12.

The members of the first and second cycles are practically equal in length, and measure 5 mm.;

they narrow but slightly from the proximal to the distal extremity, and the tips are colorless and

slightly swollen. The surface is minutely tubercular, owing to the presence of clusters of

nematocysts. The tentacles may be erect, spreading, or overhanging, according to the state of

expansion of the polyp; on full retraction they appear as mere processes of the disk.

The disk is circular in polyps situated some distance from the apex of the branches, and alunit

4 mm. across on full expansion. During ordinary conditions it is depressed or flat, buttheperi-

stomial region may become conical on full expansion, extending l)eyond the tentacular zone for

some distance (tig. 14!t). Radiating ridges and grooves are presented, and the internal mesenteries

can be seen through: of these latter six pairs reach the stomodteum, and six pairs extend about half

way across the disk. Polyps occasionally bear two oral apertures on a large oral disk, sui-rounded

by a single sy.stem of tentacles (tissiparous gemmation).

The mouth is slit-like, and the stomodteum shows six white longitudinal lines on each side,

corresponding with the attachment of the perfect mesenteries.

The colunm wall is light or dark brown in color, tiie grooves being always darker than the

ridges. The tentacles and disk on full extension are a light brown, becoming much darker in

i-etracted examples. The lips and stoniodieum are white. The white edges of the septa and costa>

show through very distinctly, especially on full expansion, when the colonies as a whole assume

a lighter appearance. Examples obtained from shady places, as under the wharfs at Port Royal,

may be perfectly colorless from an aV>sence of zooxantiiellie.

Asexual reproduction takes place by columnai' budding at the apex of the branches; tissi

parous gemmation also takes place occasionally. In the laboratory the polyps remain partly

expanded during the day, and are greatly distended at night. On retraction the column wall is

drawn, iris-like, within the calice, so as to cover and conceal the tentacles and mo.st of the

peristome. Irritation of one polyp is responded to by others inmiediately around, and retraction

proceeds after a short interval.

Anatomy and Jilsfdhx/i/. —The elongated colunm wall and perithecal skeletotrophic tissues

inclose between them a large ccjelomic space, partitioned longitudinally by the perithecal portion

of the mesenteries. The superficial longitudinal chambers thus torme<l dift'er from those of most

corals in that they are not again partly subdivided by costal ingrowths or echimdations, the

outer surface of the corallum being nearly smooth; very shallow stria; above indicate the former

position of the perithecal mesenteries, but the intervening space is not raised into strong costa'

or echinulations. In retracted polyps the distal region of the column is drawn deeply within the
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calice, so that transverse sections show an outer and an inner cohminar wall before the tentacular

zone is reached. The inner chambers are here partly subdivided by the septal intrusions.

The ectoderm of the outer wall is made up almost entirely of unicellular mucous glands,

the contents of which are perfectly clear; supporting- cells surround each gland cell, their

aggregated nuclei giving rise to a distinct middle zone. Gland cells with granular contents occur

in the deeper parts of the layer, and small deeply-staining nuclei. Both the mesoglu-a and

endoderm are extremely thin, and the latter contains zooxanthelliv. Nematocysts are apparently

absent from the ectoderm, and oidy the weakest endodermal musculature can be detected in the

upper region. Where the mesenteries are united to the outer walls of the corallum the usual

striated mesoghjeal processes are pi'oduced for attachment along the skeletal grooves, but are

weak in character, and continue to be observable for some distance awav from the mesenteries;

in fact, they occur somewhat freely throughout the skeletal tissues. Perhaps the increased

distril)ution is in some way determined by the unusual smoothness of the corallum, rendering

increased attachment for the soft parts necessary. The skeletogenic ectoderm is extremely

narrow, even in the growing parts of the corallum.

The tentacles are very short in retracted specimens; the ectoderm is deeply folded, and much

swollen at the stinging areas. The apex is the broadest part of the layer, and the nematocysts

there are of two kinds: a small, narrow, thin-walled form, which also occurs in the lateral areas,

and a large, oval, thick-walled form restricted to this region of the tentacle. The layer also

contains numerous clear and granular gland cells, similar to those in the column wall. An
ectodermal musculature is clearly distinguishable on slight sinuations of the mesogloea, and from

it delicate fibrils pass to a nerve layer. The endoderm cells contain numerous zooxanthellse,

and also give rise to a weak endodermal nuisculature.

The stomoda?um is oval shaped in transverse sections, and the ectoderm is thrown into five or

six folds on each side, which, however, bear no constant relationship witli the attachment of the

mesenteries. Owing to the oblicjuity of the polyps, one end of the stomodicum generally termi-

nates in advance of the other in a series of transverse sections. The ectoderm passes for some

little distance along the two faces of each of the complete mesentei-jes, and the mesenterial fila-

ments of all the perfect mesenteries appear as if continuations of the stonioda'al ectoderm. The

stomodseal ectoderm is constituted of ciliated supporting cells, among which are long, narrow,

gland cells, with tine granular contents; in contrast with the gland cells of the cohunn wall,

these stain deeply and extend beyond the nuclear zone to the free sui'face of the ectoderm. A
few large nematocysts are also scattered about, but apparently none of the smaller forms. The

mesoglcjea is extremely thin, and no nuisculature is determinable on either side of it; the

endoderm contains many zooxanthellic.

Six pairs of mesenteries reach the stomodajum, while other six alternating pairs remain

incomplete throughout. The musculature is extremely weak in the upper region, so that it is

(lithcult to distinguish whether directives are present or not. In the proximal regions the

musculature becomes better developed, and is supported on delicate mesogloeal folds, and here it

is possible to make out the two pairs of directives.

The mesenterial tilaments on the complete mesenteries are in contiiuiity with the stomodasal

ectoderm, and histologically the two are nuich alike, being constituted of ciliated supporting

cells, gland cells, and narrow nematocysts. At first the filanu>nts are cordate in section; later

thev are nearly circular, and the mesenterial epithelium liehind is swollen, so that a trilobed

character is given to the free extremity of the mesentei'y as a whole. In the lower regions the

mesenteries become convt>luted, and the filament is not sharply marked ott from the endodermal

epithelium. Large and small iu"natocysts, .similar to those in the ectoderm of the stomoda'um,

are numerous in some of the filaments, but not in all. The filaments on the imperfect mesen-

tei-ies, which never reach the stomoda-um, are first indicated in the distal region ))y a small

group of deeply-staining nuclei at the free extremity; soon, however, they develop .so as to

exactl}' resemble those of the complete mesenteries, and in the lower region it is impossible to

distinguish between the tilaments of the two cycles. The mesenterial endoderm throughout con-

tains numerous zooxantlu'lLe.
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For somo distaiu-e l)olow the ^itoniodaHini tho ca-lonteroii is iniperfecth' partitioned f)y tlio

septal invaginations, but toward the base it becomes divided into twelve distinct loculi, each of

which contains two unpaired mesenteries. Central to the loculi are sections through the invagi-

nations which covered the pali and columella; they are at first fi'ee. l>ut below are continuous

with the septal invaginations. At first each loculiis is partly divided along its peripheral border

by the exocoelic septal invaginations, but these disappear in the lower regions, and each loculus

is then a simple chamber. The convoluted mesenteries at first crowd the loculi, but afterwai'ds

wholh' disappear.

C—SECTION FUNGACEA.

JIADKErORARlA IN WHICH THE MESENTERIES AND THE BASAL WALL LINING THE INTERSEPTAL

LOCULI ARE PERFORATED HY SKELETAL BARS. TENTACLES OFTEN SMALL, SIMPLE OR DIMORPHIC,

WIDELY SEPARATED.
Family PI^ESIOFTJIsrr+ir)^T^;.

Genus SIDERASTR/EA Blainville."

Polyps smooth, distinct, form compact, massive, convex or plane, incrusting' colonies; united with
one another along a common polygonal edge, without perithecal continuation of the mesenteries.

Column wall smooth, short, not overfolding on retraction. Tentacles small, knobbed, in somew^hat
irregular cycles, distant from one another; sessile and exposed on retraction; dimorphic—an inner

(entoccelic) series bifurcated, an outer (exoccelic) series simple. Stomodseal walls smooth.
Mesenteries completely or incompletely tricyclic; six pairs complete, two pairs of directives, all

filamentiferous, perforated by synapticula. Septal invaginations entocoelic and exocoelic, completely or

incompletely tricyclic; incompletely separated for the greater part of their length, and perforated by
several longitudinal rows of circular skeletal ingrowlhs (synapticula).

Asexual reproduction by intercalary and marginal gemmation. Viviparous.

Examples.—Side'mstnva ti/dereif (Ell. & Sol.), Siderastrasa radians (Pallas).

SIDERASTR^A SIDEREA (Ellis c*c Sohuicier).

(Pis. XXII-XXIV, %.s. 1.50-160.)

External characierti.—Colonies of this species often form large, massive, compact, siibsphe-

roidal or incrusting masses on the sea floor about the reefs. The polyps are closely arranged and
polygonal in outline at the base: adjacent polyps are united along a narrow, conuuon calicinal

wall, so that no pericalicular continuation of the column wall and gastro-ccelomic cavity is possi-

ble. The polyps in a colony are not disposed in any regular plan; a slight tendeiu'V to a linear

or circular arrangement is apparent in places, but the iutei'calation of new individuals at any
spot introduces irregularities.

The polyps do not readily expand, and even when this does take place the superficial tissues

are raised only a little above the corallum, and the column is somewhat dome shaped, not assum-
ing the regular cylindrical form characteristic of coral i)olyps generally. Outside the tentacular

zone, but not sharply marked ofi' from it, is a very limited, smooth, polygonal area, which is all

that represents the cohunn wall during partial or complete retraction. In the latter condition

the superficial tissues are deeplj' depressed, and lie closely over the septa, being thrown into

corresponding ridges and furrows (fig. 156).

The tentacles in jiartly n-tracted polyps appear as short, stumpy processes of the disk, widely

separated from one another, the tentacular zone occupying nearly the whole of the superficial

area of the polyp (fig. 15U). They are broad at the liase, ))ut narrow a little terminaliy. becom-
ing swollen at the apex. The inner entoccelic members are bifurcated distallv, and during
retraction one moiety is disposed on each side of the underlying septiuu; the outermost exoccelic

""Colony massive, convex or plane, dense, incrusting. Corallites united by thin and often indistinct walls.

Calices subpolygonal, deep, margins rounded. Columella small, jiapillary, made up of ascending trabecula?, which
often fuse, here and there, into a mass. Septa solid, rather close, thin, denticulate where free, often uniting. Two
rows of synapticula close to the wail unite the opposed septal lamelUe, and tend to till up the interseptal loculi near

the wall. Septa imperforate. Endotheeal dissepiments few. Gemmation submarginal." (Duncan, 188.5, p. 134.)
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tentacles on the other hand are simple, and the apical swelling lies over the apparent inner

termination of the septum below (tigs. 151, 154, 155). The organs remain exposed, the column

wall being incapable of closing over them, but so minute are they that in completely retracted

preserved material it is often impossil)le to distinguish them, even with the aid of a lens. When
fullj^ expanded the tentacles are short; the common stem of the bifurcated form extends but a

shoi-t distance, and the apex of the bifurcations is rather pointed, and beai"s a white nematoblast

area. The simple tentacles have a short, thick stem, and the apex is rounded, tipped with a

battery of nematocysts.

The hexameral cyclic arrangement of the tentacles can be determined with a little care. No
difference in size can be determined among the bifurcated examples, and these are disposed so as

to form two or three alternating cycles; but the twelve members which should constitute the

third cycle are not always present. The simple, outermost tentacles represent a fourth cycle,

more or less polygonal in form, and equaling in number the sum of the three inner C3'cles, a

multiple of six being rarely present.

In rare cases one or more entotentacles of a fourth cycle may be developed, as in the polyp

from which tig. 150 was taken, even though the third cycle is not completed in all the other

systems. In such cases the exotentacles would be considered as the fifth cj'cle.

The naked portion of the disk is smooth, and very limited in extent in comparison with the

broad tentacular zone. During partial retraction the peristome is elevated, the mouth is long

and oval, and the white lips contrast strongly with the dark- brown disk. The stomodffium is

smooth, without permanent ridges and furrows.

On the sea floor the colonies as a whole appear a characteristic reddish-brown color. On
closer examination the disk is found to be somewhat darker than the rest of the polyp; the areas

along the lines of union of adjacent polyps and also over the septa are lighter, the corallum partly

showing thi-ough. The tentacles are a little paler: but, on the whole, the polyps are remarkably

uniform in color. The young polyps on a colony are for some time much lighter colored than

the rest. When a living colony is broken across, the superficial part of the skeleton for about a

centimeter in depth is frequently of a pink color, contrasting strongly with the corallum ])elow,

which is a dense white.

New polyps arise along the line of union of adjacent polyps, and for some time they usually

project slightly above the general surface of the colony. The extrusion of mesenterial filaments

through the mouth or polypal wall has not been observed.

Anatomy and lihtoJogy.—The ectoderm of the column wall contains numerous clear gland cells,

and here and there a small oval neniatocyst in which the axis is clearly distinguishable. The
mesoglcea is everywhere extremely thin except along the line of attachment of the mesenteries.

The endoderm contains numerous zooxanthella?, and only the merest trace of any circular

nmsculature can be detected.

The tentacles have a very characteristic relation in conformity with what has been noted

amongst the external characters. In transverse sections through the uppermost region of

retracted polyps, passing through the sloping disk, the outermost series of tentacles are first

come upon, appearing as simple, nematocyst-bearing swellings of the ectodermal laj'er, directly

overlying the .septal ridge (fig. 15-lr). A little below these the bifurcated tentacles appear in

section, but in this case each knol) of the tentacle is situated laterally, one along each side of the

septal invagination, and the intermediate connecting tissue, which passes over the septal edge,

resembles that of the disk (fig. 155). Each half of the ajaical portion of the tentacles stands out as

a wing-like thickening of the superficial wall, and outwardly is crowded with long, narrow,

stinging cysts; but the peduncle, as such, wholly disappears, becoming involved in the discal

tissues. No ectodermal or endodei-mal muscle fibers have been recognized on the walls of the

tentacles.

The disk presents no histological characters distinguishing it from the column wall, except

that a slight musculature is developed in connection with both the ectoderm and endoderm.

The stomoda?um is folded both vertically and horizontally in retracted polyps, and the aboral

termination is directed outwardly and backwardly. Twelve complete mesenteries are attached
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internall}' at about equal distances apart, and the backwardly directed, free edge of the stoniiHlanini

passes outwardly for sonic distance aioni;' tiieir faces, and is continuous with the mesenterial

tilaments. A few neniatocvsts are foiuid in the stoniodival ectoderm, and louu- narrow alaiui c(dls

toward the outer part of the layer. The me.soglcea is extremely delicate, while the endoderm is

slightly broader tlian tiiat of the colunm wall.

Three orders of mescMiteries occur. The members of the tiist ordei- reach tiie stomoda'um:

the secondary pairs ma}' extend centrally nearly as far as the stomodanun; while those of the

third cycle are some distance away, but are nevertheless well developed (tig. 153). Apparently

the complete condition should be six pairs of perfect mesenteries, two pairs of which are

directives; six alternating pairs constituting the second cycle; and twelve alternating pairs making

up the thii'd cvcle—twenty-four pairs in all. This regularity, however, is not attained in any of

the polyps sectionizcd transversely. In two examples only one pair of directives occurs, the

corresponding axial paii- having the retractor muscles on the faces turned toward one another.

Eleven mesenteries extended as far as the stomodanim in one polyp, while the twelfth never

reached so far; in another specimen the two pairs of directives were normally developed.

Usuallv one or more of the pairs necessary to complete the twelve pairs of the outermost, tliird

cj'cle are wanting; rarely one or more pairs of a fourth cycle are present.

Except in the u])pcrmost region, each interseptal locidus appears broken up into separate

chambers, as a result of the presence of synapticula. The mesenteries extend as far as tin?

peripheral lioundai'v of the polyp only within the uppermost stomoda'al region; below this

region the interseptal loculi are devoid of any contents in their peripheral chamliers. the

mesenteries having wholly disappeared. In some cases the mesenteries maj^ extend across two

chambers, as seen in transverse sections, l)ut rarely more; in vertical pei'ipheral sections traces

can sometimes be found extending through three or four I'ows of synapticula (tig. 15(i). The

manner of disintegration and resorption of the peripheral and aboral areas of the mesenteries,

as they become perforated by the synapticular growths, has been already described (p. 4S7).

Centrally some of the mesenteries extend more than halfway down the length of the poly])s. but

none reach the aboral termination, and all are much shorter peripherally; in the middle part of

their course they become somewhat convoluted.

In the upper region the retractor nuiscles of the mesenteries are comparatively well

developed, arranged on slight foldings of the mesoglcea which extend nearly across the face

(fig. 15S); in favorable sections the oblique musculature on the smooth face of the mesentery is

also distinguished. The mesenterial epithelium contains numbers of zooxanthella; and irregular,

highly refractive granules. Sometimes these latter occur singly, at other times in groups, or

even in rounded masses; they seem to be inclosed in vacuoles, and are perhaps products of

digestion. The granules seem more numerous where the disorganization of the mesenteries

is taking place, so that probably the products of this activity are absorbed by the more centripetal

mesenterial epithelium, as well as by the endoderm of the skeletotrophic tissues.

Fully developed mesenterial filaments occur on all the mesenteries, including those of the

second and third cj'cles, which never reach the stomoda?um. In the stomodajal region the

incomplete mesenteries exhibit only the earliest stages in tilaniental development; the tissue

at the free end stains more deeply than the rest of the epithelium, but is not swollen (tig. 158).

Lower, however, the filaments bec-ome rounded, nematocysts and deeply-staining gland cells

occur, and the mesenterial epithelium immediately behind is usually swollen and rounded ofl';

in some cases, as in fig. 159, no endodermal swelling occurs. In the aboral region the filament

disappears some distiince in advance of the mesentery.

In retracted polyps the gastro-ccelomic cavity above is divided centrally only liy the

mesenterial partitions, but in the peripheral portion it is subdivided in addition by the septal

invaginations (fig. 153). The interseptal loculi are very narrow, and where the larger septa meet

in the middle some of the interseptal chambers are wholly cut oft' fi'om one another, each partly-

subdivided peripherally bv the shorter exoccelic invaginations. Owing to the presence of

synapticula, and the union of the septa with one another centrally, the polypal cavity in sections

appears greatly subdivided and intruded upon. The individual interseptal chambers never
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become wholly distinct centriilly: groups of two, three, or four chambers, as the case may be,

coninumicate and feebly hang together after decalcification.

The skeletotrophic tissues are strongly developed, and both the ectoderm and endoderm
remain broad la3^ers throughout; the mesoglcea, on the other hand, is only determinable as a

dividing line between the two. The endoderm is constituted largely of clear gland cells, the

nuclei and zooxanthelliB arranged in a more or less distinct marginal zone. Peripherally

in the upper region, and throughout the lower region, very deeply-staining, finely granular

protoplasmic ditt'erentiations occur (tig. KiO); in the avidity with which they take up stains such

as hematoxylin, carmine, etc., and on account of their finely granular structure, they recall nuclei

in the early stages of mitosis. They are distributed in the deeper parts of the layer, usually

close to the mesoglcea, and sometimes are present in large numliers.

In the peripheral and lower regions the calicoblast layer remains very broad; in fact, as

broad or even broader than the endoderm (fig. 1.57). It has lost all the ordinary characters of a

columnar epithelium; cell divisions are not determinable, and the contents are mainly protoplasmic,

with numerous very large vacuoles, and small, rounded granules, which stain readily. The
granules are often arranged in irregular rows, stretching from the mesoglcea to the free surface,

in which latter region they ivre most crowded. Now and again very small ovoid bodies are met
with, which readily stain; thej^ appear to be the same as those described liy Bourne as modified

nematoblasts.

In the more central parts of the polyps the calicoblast layei' is somewhat thinner, and nuclei

are more numerous, and h<n-e it is found assuming a more columnar character. Deeply-staining

desmoidal processes occur, most usually connected with the synapticula (fig. 157), though not limited

to this position. The skeletotrophic tissues in both species of Siderca^trxa are exceptional in the

slight increase in thickness which the endoderm undergoes from above downward, as well as in

the persistence of the calicoblast ectoderm as a broad layer.

Female gonads were found in many of the polyps sectionized from one colony. The ova occur

singly, or two or three together, near the attached end of the mesentery, and are elongated and
rather irregular in shape, having to adapt themselves to the very narrow interseptal loculi

within which the mesenteries occur. The length of an ovum is often three or four times the

breadth. They mu}^ occur on any of the mesenteries of the three orders.

Family LOPHOSERID^Ti;.

Genus AGARICIA Lamarck."

Polyps smooth, discal and tentacular systems distinct, but columnar boundary indeterminate;
arrang-ed in subconcentric groups which are more or less radiately separated; united with one another
along: a common thecal edge, which is strong'ly marked concentrically, but usually less so radially; the
gastro-coelomic cavity and mesenteries are continued at the margin (edge-zone); forma frondiform or
horizontally flattened foliaceous skeleton, with polyps on both sides or only on upper side, fixed by a broad
incrusting base. Column wall not overloding on retraction; no sphincter. Tentacles rudimentary or
small, tubercular or digitiform, distant from one a.nother, subcyclical, exocoelic wanting.

Mesenteries irregularly multicyclic, directives wanting; all filamentiferous; increase by irregular
intercalation of single unilateral pairs. Septal invaginations entocoelic and exocoelic; irregularly
multicyclic. Interseptal loculi perforated above by circular skeletal ingrowths (synapticula).

Asexual reproduction by complete discal fission ?

Examples.—AgariciafragUh Dana, ^1. agaricitev (Linn.).

Vaughau (IVtOl, p. 63) agrees with Gregory in combining the genera Agariciaand. Mycedkmi,
and recognizes only the two West Indian species, .1. fntgiliii and ^1. (igaricitt'><. The specific

distinctions are, however, very slight, ))ut among living colonies, as with the coralla also,

coarser and more delicate forms can always be separated. Structurally I have been unable to

detect any important difi'erences l)etweeii the two species. Only ^1. frag'diH will be here

described.

« "Colony foliaceous and irregular in shape. Calices on one or both surfaces, circumscribed or limited at least

on two sides, in transverse or concentric .series, which are separated by unequal rid;jes (collines), over which the

confluent septo-cost;e pass. Columella tuberculous, pa])illose, or comprecsod, Septa confluent, not numerous.

Comraiin plateau striated and nakeil. Synapticula exist." (Duncan, 18S.5, p. IGl.)
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AGARICIA FRAGIUS Dana.

(Pis. XXIV, XXV, figs. 1{>1-164.)

Externa} cluiracterx.—Colonies form delicate, flattened, .MulxMrcular oi- irregular expansions,

attached to .some coral lilock hv a broad, irregular base. Young colonies may be wholly incrust-

ing, but later the thin peripheral regions liecome fi'ee. Typical examples are very regular in

form, the polyps arranged in incomplete concentric series. Where freedom of growth is not

permitted, the colony ma}' lie irregular in outline, and vertical exj)ansions may then arise from

its general surface, bearing polyps on both sides. The thickness of the central region varies

greatly, and a gradual thinning takes place toward the periphery, which is very delicate. In an

actively growing colony the periphery is a broad marginal zone without actual polyji.-^. and the

polypal tissues are continued on the under surface.

The thecal ridges are arranged concentrically and I'adiateh', but the regularity is often

departed from; the concentric ridges are more pronounced than the radial, and some project

higher than others. Similarly with the radial ridges, some are nearly of the same height as the

concentric ridges, and may inclose two or more polyps of which the radial ridges remain lower.

In the retracted condition the central region of each polyp is deeply depressed within the calice,

so that each polypal area is distinctly separated from the others. The usual distance from one

concentric ridge to another is 3 nnn. and from one radial ridge to another 2 mm.
As shown in the transverse section represented in tig. Iti4, the side of the polyp toward the

peripherv of the colony is more spreading than that toward the center, and thus the stomotheum is

not alwaj's in the middle of the disk. Owing to the arrangement of the thecal ridges in a roughly-

concentric and radial manner the form of the individual polyp becomes somewhat quadrangular.

The edge-zone at the margin of the colony is very delicate, and closely adherent to the

corallum; sometimes it covers only a very limited peripheral portion of the under surface, the

remainder being hidden by various foreign growth.><; in other cases it may spread for some distance

over the surface of the foreign body to which the colony is adherent.

The column wall of the individual polyp is very limited in extent, but i.s a little broade?- along

the concentric borders than on the lateral borders. The boundary l)etween the column wall of

one polyp and that of another is only approximately determinalile along the apex of the thecal

ridges; there is no dividing groove in the soft tissues limiting the individual polyps, such as is

found in most corals.

The superficial polypal tissues are .smooth, and so thin as to allow the septo-costte to be seen

through. In retraction these give rise to somewhat prominent ridges on the column wall, those

of adjacent polyps corresponding and being continuous. The septal ridges are vi.sible from the

outside, and diti'erent orders are represented. In most places only alternately large and small

elevations are indicated, but elsewhere members less completely developed maj' denote later cycles,

or perhaps new septa in process of growth, which in time will attain the dimensions of the others.

The complete number of septal ridges on .seven polyps was found to be as follows: IS, 20. 22. 2-i,

26, 28, 30, numbers which possess no hexameral constancj'.

The boundary between the column wall and disk also is not well defined, owing to the irreg-

ular arrangement, and. in some cases, apparent absence of the tentacles. During retraction no

overfolding of the wall takes place, so that the tentacles, disk, and mouth are always expo.sed.

On expansion of the polyps the superficial walls are raised ])utashort distance above the corallum.

and the column wall ])ecomes only approximately cylindrical in form, remaining attached along

the thecal edges.

The tentacles are very rudimentary; indeed, in some living colonies they were indistin-

guishable even with the aid of lens, and such is often the case in preserved colonies. In other

instances the merest tubercular elevations over the larger septo-costas were the only indications;

none ever occur over the alternating small .septo-costfe, which on subsequent examination are

found to be exoccelic in position. The tentacles usually vary in number from ten to eighteen,

and are comparatively widely separated from one another. Where no tentacles ai'e api«irent

there is clearlv no line of demarcation to be established between the disk and the column wall of
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the polyp. The org^ans occur ovei' the apparent centripetal termination of the septa, and no

cyclic regularity can be established (p. 429).

The disk is small, subcircular, smooth, thin-walled, and very limited in extent. The mouth

is small, circular or oval in shape, sometimes with a prominent peristome.

The general color of the colonies as a whole is a bright reddish brown, and minute, emerald

green circles indicate the positions of the numerous mouths. Observed with a lens the bright

green, peristomial color fades gradually toward the middle of the disk. Sometimes a faint

iridescent green extends over the whole surface of the colony. The septo-costse show through

the tissues as lighter lines. Occasionally the green oral coloration may be absent, or replaced

by a bright orange color.

New polyps ai'ise near the margin of the colony, but from the external indications it is

impossible to sa_v whether l)y gemmation or lissiparity. The mesenterial arrangement, however,

agrees with that of other forms in which tissiparit}' is undoubted; Ortmann (1890, p. 288) places

the species under the division of "'Ccenenchymknospung."

The species occurs somewhat sparingly in shady places on the coral reefs around the Port

Royal Cavs, from a depth of 3 to 4 feet downward. The bright, reddish brown color of the

colonies as a whole renders them very conspicuous against the white dead coral blocks to which

they are usually attached.

Anatomy and liiffolixji/.—The outer superficial coveringof the colony is very delicate, and the

same remark may be made of the tissues as a whole; the column wall in sections is onlj' 0.023 mm.
in thickness. It forms very deep ridges and furrows, and in preserved material usually rests

directly upon the skeletotrophic tissues of the septal ridges (fig. 162). Mesenteries are attached

along the lines of depressions, but their vertical extent is very limited as they approach the

thecal wall, increasing toward the more central part of the polyp. Little or no histological

distinction separates the column wall, the tentacular zone, and the more central part of the disk,

while in sections the tentacles themselves are onlj' detei-minable by the occurrence of a few

closely arranged large nematocysts in certain swollen -regions (fig. 103).

The ectoderm of the column wall contains numerous clear gland cells, and small nematocysts

occur here and there, and in some jjlaces accumulations of granular matter are found in the

deeper portions of the layer. The mesogloea appears as an extremely delicate supporting lamella;

the endoderm is also a comparatively thin layer, and its cells contain only a few zooxanthella>.

The tentacles are represented in sections as single, slightl}' swollen batteries of nematocysts,

0.05 mm. across, situated over a septal ridge, and disposed at different distances from the oral

aperture. A weak ectodermal and endodermal musculature can be detected in connection with

the tentacles, though not in any other region of the outer wall. The stomoda?um is smooth all

around and presents no distinctive features.

The mesenteries are delicate structures, the mesogloea being thin and the epithelial layer

verj' narrow. The retractor nmsculature is feeble, and is supported upon slight mesogheal

foldings; zooxanthellre occur but sparselj' in the endoderm. Peripherally the mesenteries have

only a short vertical extent, but centrally they extend nearly the full vertical height of the polyp.

The mesenteries are irregular in number and arrangement, and, as in the case of polyps

reproducing by fission, directives are always absent. A transverse section through a polyp

immediately below the stomodsval region is represented in fig. 161, from which it is seen that

little regularity obtains in the relative sizes of the mesenteries, and in the alternation of larger

and smaller pairs; as shown in fig. IGi, from a section through the stomodteal region of another

polyp, a regular alternation of complete and incomplete pairs may occur. The incomplete pairs

as a rule vary much in size, and in places a pair may be missing, while of the complete pairs

some may cease their connection with the stomodfeum in advance of the others, or even one

moiety before the other. In one polyp all the mesenterial pairs, with one exception, were

united with the stomodieum, and entoccelic and exocoelic septal invaginations occurred with

perfect regularity. The number of complete pairs bears no suggestion of an3' hexameral

symmetry; seven equal pairs are present in the polyp from which fig. 164 was taken, and eight

pairs in another polyp.
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In sections throuyh the upper regions of the polyp the continuity of the nicsentories is often

interrupted by the presence of synapticuhir ])erforations; further, some of the mesenteries are

continuous from one polyp to another. The continuity of the mesenteries of contiguous polyps

is without doubt to be associated with the abs(Mice of distinct jiolyjial limitations noticed amono-

the external characters, and also with the confluent septo-cost;v characteristic of the genus;

probably also it hns some bearing upon the method of asexual growth of the colony, which calls

foi' moi'e detailed study.

Mesenterial tilaments occur on all the mesenteries, but in the upper region are very

rudimentary in character, and imperfectly separated from the mesenterial epitheliinn. In the

lower region of the polyp many of the tilaments undergo an enormous develo]iment in connection

with the convolution of the mesenteries. They mostly All the septal loculi, and l)ear numerous,

closely arranged, large nematocysts, and many clear, brightly staining gland cells, and others

with coarsely granular contents.

The skeletogenic ectoderm is i-arely determinable in ordinary decalcified material, but

desmoidal processes are lunneroiis along the line of attachment of some of the mesenteries. The
skeletotrophic endoderm reuuiins a very narrow layer throughout, undergoing but little increase

in thickn(>ss in the lower regions.

In the ordinary condition of retraction the gastro-ccelomic cavity is very limited in extent.

The central cavity is prolonged upward and outward ])etween the mesenteries and the septa as

far as the edge of tiie theca, and is there placed in communication with that of adjac'cnt polyps

(fig. 162). Downward tlie cavity soon diminishes in peripheral extent, and centrally is lu'oken

up into distinct cham))ers by the inward growth of the septal invaginations which meet in tii(>

middle. For some tlistance the interseptal loculi are crowded with the enlarged and convoluted

mesenterial filaments.
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EXPLANATION OF PLATES.

Wherever the skeleton is shown in relation to the soft parts it is repi'esented by uniformly

dotted areas. The ectoderm is usually indicated 1)V the conventional columnar epithelium, the

niesogloea by a black line, and the endoderm as a tinted layer. In sections drawn under low

magnification, as in PI. 1, fig-s. y-(), the calicoblast layer is usually not indicated, the mesoglo'a

appearing to rest directly upon the skeleton. The retractor muscle on the mesenteries is

conventionality represented by small processes from the face of the mesoglu»a. The orders or

cycles of mesentei'ies and septa are denoted by Roman numerals.

REFERKNOE LETTERS ON THE FIGURES.

cal calicoblast layer.

cal. w calicinal wall.

col. w column wall.

d directives.

des. pr (lesmoidal jirocesses.

disk disk.

ect ectoderm.

ect. m ectodermal muscle.

end endoderm.

end. m endodermal niu.-<clf.

en. t entotentacle.

ex. t exotentacle.

gr. gl granular gland cells.

m mesentery.

m. fll mesenterial filament.

mes mesogUea.

m. end mesenterial endoderm.

nem. bat nematocyst battery.

nr. 1 nerve layer.

ov ovum.

o. a oral aperture.

r. ect reflected ectoderm.

r. m retractor muscle.

Sep. inv septal invagination.

sk skeletotrophic tissue.

ak. ect skeletotrophic ectoderm or

calicoblast layer.

sk. end skeletotrophic endoderm.

sk. mx skeletal matrix.

sper spermarium.

sph. m sphincter muscle.

st stomodicum.

sup. can superficial canal.

syn synapticulum.

t tentacle.

zoox zooxanthel la.
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PLATE I.

MADKEPORA MURICATA Linnanis.

Fk;. 1.—'I, Polyps at the apex (if a branch of J/, cervicornls. The single apical pulyp is larger than the five radial or

lateral polyps, and bears only six equal tentacles, h, An apical polyp viewed from above. The
comparative radial extension of the mesenteries can be seen through the transparent discal wall, c, A
radial polyp, partly expanded, viewed from the side, d, e, Fully expanded radial polyps viewed from

above, g, f, Redncedpolypsgrowingongallsproducedby the presence of algal growths. Ji-o, Different

polyps of M. jialmata; j, jiolyp with only ten tentacles; /, a double polyp with two oral apertures;

0, two retracted intercalary polyps. Enlarged.

Fiii. 2.—Longitudinal section through a retracted radial polyp. Tlu> polyp- is withdrawn within the calice, the

actual oral aperture (o. n. ) being situated much below theajiex of the corallite. The tentacles (/. ) appear

as thickenings of the inturned discal wall. On the right side the stomodfcal ectoderm is in continuity

with the filament at the free edge of a mesentery. The me.senteries and their filaments are convoluted

below, and different portions are seen in section. On the left side the gastro-ca'lomic cavity is in

communication with the superficial canals over the edge of the theca. X 50.

Fio. 3.—Transverse section through a retracted radial polyp, at about the level t. in the previous figure. The upper

part of the polyp is axial and the lower abaxial in relation to the branch on which it was growing.

All the six pairs of mesenteries stretch from the skeletotrophic wall to the inturned disk. A tentacular

protuberance ari.-^es from each me.'^enterial chamber, tlie entoccclic members being larger than tlie exocti'lic.

At this level the anterior tentacle (lower in the figure) is no larger than the other entotentacles, while

the exoccelic member on each side of it is scarcely seen as a jjrotulierani'e. The outer column wall

(ccenosarc) rests upon twenty-four costal ridges, but no iieritbecal jirolongations of the mesenteries

occur. X 50.

Fio. 4.—Transverse section through the same polyp, at the level of the stomoda;um (about in. in fig. 2). The
axial-abaxial relations are the reverse of those in fig. 3, that is, the lower side is axial and the upper is

abaxial. X 50.

Fid. 5.—Transverse section through another polyp, .some distance below the stomodfeal region. < )idy three pairs of

mesenteries now occur, the other three having disappeared. The black oval botlies in the endoderm of

this and the next figure represent a parasitic Protozoon. X 50.

Fill. (i.—Transverse section through the same polyp at a still lower level. Only two pairs of mesenteries are present,

but owing to their convoluted character each appears several times in the same section. The polypal

(.avity is greatly encroached ujion by six septal ingrowths. X 50.
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platp: II.

MADREPORA MURICATA IJnna-us.

Fig. 7.—Transverse section through a portion of the external covering of tlie skeleton (coenosarc) and the superticiai

longitudinal canals. The outer endoderm of the canals is crowded with zooxanthellie, while they are

more sparse internally, wliere the endoderm is narrow. The calicoblast layer has almost disappeared,

liut the denser part of the skeletal matrix remains, associated with desmoidal processes. X 320.

Fi(i. .s.—Transverse section through the tissues covering the uppermost part of the skeleton of an apical ]iolyp,

representing a superticiai canal and part of one adjacent on the right side. The outer ectoderm i.s

much broader than in the previous figure, and the calicoblast layer {cnl.) is also better developed. The
endoderm lining the canals is devoid of zooxanthella', and the uiesogla'a is only a mere lamella.

X 320.

-Cells from the cccnosarc: u, Two varieties of nematoblasts; /<, supporting cells; r, granular cell from

endoderm, containing two zooxanthelloe. X 450.

-Transverse section through a portion of a tentacle .showing the well-developed nerve layer (»»•. /. ), the

cnidocils, and cilia on the ectoderm and endoderm. X 320.

-Longitudinal section through the disk ami uppermost part of the stomod;eal wall. X 320.

-Transverse section through two mesenteries (directives), and the stomodieal wall and skeletotrophic

tissues to which they are attached. X 300.

-(I, Two gland cells from the stomod;eum; h, group of ciliated supiiorting cell.s from thestomodicum. 450.

-Transverse section through a mesentery, terminateil by a mesenterial filament. X 320.

-Cells from mesenterial filament; a, various gland cells; h, nematoblast; c, supporting cells fmni posterior

region of filament; d, cell with zooxanthelL'e from the mesenterial epithelium. X 450.

Fuj. 16.—Transverse section through a canal near the apex of a branch, showing the deep calicoblast layer, an<l the

narrow ciliated endodermal lining of the canal. X 320.

Fio. 17.—Section through a decalcified canal wall some distance from the apex. X 320.

Fici. IS.—Section through the wall of a canal, and a portion of the organic matrix remaining after slow decalcification.

The section is taken from near the growing apex of a lirancli. Toward the upper part the matrix is still

connected with the canal wall, but elsewhere has become slirunken from it. The matrix shows no
cellular structure, but in a])pearance \-er\- closely resembles the actual skeleton as seen in surface view

{cf. fig. 19). X 320.

Fig. 19.—Surface view of part of the macerated corallum near the growing apex. X 320.

Fig. 20.—Mesentery from a liud, showing the early development of the mesenterial filament; the latter is at first

indistinguishable from the mesenterial epithelium. X 320.
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PLATE III.

MADREPORA MURICATA Liniueus.

Figs. 22-27.—Series fif sections through the coenosaro, illustrating the formation of a bud. For explanation, see p. 497.

X50.

PORITES ASTR^OIDES Lamarck.

Fig. 28. —Transverse section through the upper stomoda^al region of a partly expanded polyp. X 110.

Fig. 29.—Transverse section of the same i)olyp, immediatel)- bel<ivv the stomod;cal region. Rudimentary mesenterial

filaments occur on only the first three developmental pairs of mesenteries. X 110.

Fig. 30.—Transverse sectiim through a jiartly expanded polyp. The polyp is somewhat deiwessed within the calice,

so that the middle of tlie section includes the stomodical region, and the periphery includes the greater

part of the circular theca, the two wholly separated from one another except at a narrow region on the

right side. Within seven of the twelve primary mesenterial chambers is a transverse section of an

introverted tentacle ((.) , the apex of the tentacle being represented in four of the sections by a specially

thickened region. The ectoderm of the tentacles is now internal, and the endoderm external. Only

three i)airs of the i)rimary mesenteries are complete, the dorsal directives having become free, their

rudiments being seen still inserted on the .^tomodfcal wall. The stomodical ectoderm is regularly

folded, but in a different manner from fig. 28. The double cohnnn wall ceases a few sections below, and

the continuity of the mesenteries, from the thecal wall to the stomodicum, is then established. X 50.

Fig. 31.—Transverse section through the uppermost region of the caliciiial edge common to four contiguous polyps.

The partial limits of the four polyps are shown by four curved lines. Rudiments of eight exsert septa

occur, and the first indications of two mesenteries. The gastro-coelomic cavities of the four polyps are

in superficial (onnnunication by means of the interseptal spaces. X 50.
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PLATE V.

PORITES ASTR.-EOIDES Lamarck.

Fio. 40.—Vertical section througli a Jiolyp, a little to one side of the oral aperture. The laterally folded stomodceal

wall {st.) is included in section, with three mesenteries attached. Portions of three introverted

tentacles ((. ) are also included, the one to the left showing the external opening and the thickened apex.

The column wall to tlie left rests ilirectly upon the thecal wall, while to the right a narrow canal per-

mits of communication of tlie polypal cavity with the one a<ljacent. X 50.

Fig. 41.—Transverse section through the stomod:eal region of a polyp with seven pairs of mesenteries—that is, <nw

pair (A, A) more tlian usual—situated witliin the entocicle of the ventral directives (III, III). (The

ventral surface is placed above and the dorsal is lielow, a reversal of the usual iiosition throughout the

draw^ings.) X 100.

Fig. 42.—Transverse section a little lieldw the stomodseal rcginn ni a jiolyp liaving ten pairs of mcienteries—that

is, four pairs (A—D) more than usual (cf., (ig. 11 li, p. 4(i'.i). y .'iO.

ASTRANGIA SOLITARIA I.esueur.

Fig. 43.—Transverse section tlirongh the tentacular region of a retracted ]"ily]i, showing the relatiimshii) of the

mesenteries, and tlie tentacular outgrowths from each mesenterial chamber ((•;'., tig. 8g, p. 463).

The exoco'Iic tentacles are the smallest, and the others vary in size according to the order of the

entoccelic chandler from which each arises, the six largest conimunicating with the si.x [irimary

entocceles (I). X SO.

Fig. 44.—Transverse section througli a mesenterial fllament, immediately below the stomoda'al region, and jiart of

the skeletotrophic tissue lining the wall of the septal loculus (sk. ). At this level the filament <Ioes not

differ histologically from the stomodfeal ectoderm, and the skeletotrophic endoderui is very narrow.

The calicoblast layer is practically absent, only a few nuclei occurring here and there. X 300.

Fig. 45.—Transverse section through a mesentery, and part of the lining of the septal loculus in which it is inclosed.

The mesenterial filament is here more characteristic in form, and the endodermal epithelium immedi-

ately behin<l is much swollen on each side. The skeletotrophic' endoderm is now greatly thickened and
highly granular. The dark circular Viodies are jirobably nutritive jiarticles. X '^00.

I'llYI.LANGIA AMERICANA Milne Edwards it Haime.

Fic. 46.—Two polyps, united only by a basal skeletal expansion. The colunin wall is so transparent as to allow the

skeleton to Vie seen through. The polyp to the left is nearly fully expanded, the iieristome protruding

as high as the tentacles; the polyp to the right is partly retracted, the column wall nearly covering the

tentacles. The tentacles are knobbed and tubercular.
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PLATE VI.

ASTRANGIA SOLITARIA Lesueur.

Fig. 47.—Transverse section of a polyp through the stomodseal region. The mesenterial notation is given in fig. 8e,

p. 462. At this level some of the mesenteries stretch in undivided continuity from the column wall to the
stomodieum, only sections of the exsert septa being represented; others are already separated into

calicular an<l periealicular parts by the upgrowth of the thecal wall. X 50.

CLADOCORA ARBUSOULA (Lesueur).

Fig. 48.—Portion of a colony constituted of two subcolonies, one having three united polyps and the other two.

Fig. 49.—Transverse section through the stoniodieal region of a polyp, presenting the relationships of the mesenteries

and septal invaginations. The perithecal part of the polyp is not represented. (See also p. 4.58.) X 50.

Fig. 50.—Transverse section of a retracted tentacle, showing the distriliution of the nematocysta in isolate<l projecting

batteries, x 300.

Fig. 51.—Transverse section of a porti(_>n of a polyp through the lowermost part of the stomocheal region. The
stomodical ectoderm is reflected along each of the three mesenteries still connected with the stomodwum.
The pair of directive mesenteries to the right are now altogether free, but each is capped by a tissue

exactly like that lining the stomodieum. Mesenterial filaments are already developed on the incomplete
mesenteries, which never reach the stomodwum. The perithecal parts of the mesenteries do not
exactly correspond in number with the intercalicular mesenteries, those of the younger members not
having yet reached so far. X 50.

Fig. 52.

—

a, Transverse section through a portion of the column wall. The ectoderm comprises mostly large gland
cells, and the endoderm contains many zooxanthelUe. b, Transverse section through a part of the lower

stomodical region. The ectoderm is constituted mainly of ciliated sujiporting cells and granular gland
cells, those in the deeper parts of the layer differing from the more i)eripheral. X 320.

610



NAT. ACAD. SCI€NCES, VOL. 8. SEVENTH MEMOIR. PLATE VI.

nem.baL

"^^^ ^iwli^'"
'^"- '°-

Fig. 49.

j'lJ«iMV";|l'iii>'','|;''' ,..

iiiii?

FfG. 52a.

»• ft. . 'i

Fia. 52 b.
Fio. SI.

J. E. D. del. SCO JTHOCAUBnC.aAtTtMORE







PLATE VIT.

CLADOCORA ARBUSCULA (Lesueur).

Fig. 53.—Transverse section of an enlarged polyp, with a triangular st(mioda;al tube and three pairs of directives (D).

The alternation of complete and incomplete uiesenteries is irregular. X 50.

Fio. 54.—Transverse section through the lower jiart of a polyp, showing how the polypal cavity is encroached uiion

and subdivided into more or less distinct chambers by the septal ingrowths. The skeletotrophic endo-

derm is somewhat thickened, compared with its condition in the upper region. The perithecal parts

of the mesenteries are now beginning to cease their connection with the skeletotropliic wall. X 50.

Fig. 55.—Transverse section of the same polyp at a still lower level. The perithecal part of the polypal wall is

here absent, and the jiolypal cavity is liroken up into twelve distinct loculi by the middle union of the

septa. A remnant of the polypal cavity yet persists in the center. The mesenteries have nearly

disappeared. X 50.

Fig. 56.—Vertical section through the middle part of tlie disk and tlie stomodicum, showing the folded character of

the latter in retracted polyps. <Jn the left side the stomodical wall is in connection with a mesentery,

while on the right it is free and narrowed. X 120.

Fiii. 57.

—

a, Transverse section of the free extremity of a.mesentery of the second order, showing the earliest appear-

ance of the mesenterial filament, h, Transverse section through a mesenterial filament immediately on

becoming free from the stomoda^al region, c, The same filament some distance below the stomodseal

region. (8eep. 472.) X 320.

Fi(4. 58.—Section of a jiart of a convoluted mesentery, with tlie filament at each end containing large oval nematocysts

with a s])iral threa<l. X 250.
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PLATE VIII.

CLADOCORA ARBUSCULA (Lesueur).

Fig. 59.—Transverse section through a part of tlie discal region of a retracted polyp, with two attached mesenteries

(directives) and the entoccrlic septal invagination {sep. inr.). The skeletogenic ectoderm {cat.)

lining the inner calicinal wall is a very distinct layer at this level, and also along the innermost

part of the invagination, l)ut is absent from the lateral surfaces. X 320.

Fig. 60.—Transverse section through the elevated peristome of a bud polyi>. Five pairs of complete protocnemes

are present; the incomplete sixth pair is represented below, along with the six pairs of first-

cycle metacnemes. The reflected stomodwal ectoderm (r. eel.) is seen on the left side (cf., fig. 51).

X 120.

Fig. 61.—Transverse section of a butl polyp with eight complete mesenteries, which at the level represented are

filamentiferous. Two unilateral pairs of metacnemes (A,A) have appeared on the ventral, sulcar, or

outer border. X TO.

Fig. 62.—Transverse section of a pentameral bud [lolyp, with the metacnemic pairs showing successive stages ip

development from the lower (abaxial) to the upper (axial) aspect. X 70.

Fig. 63.—Section of tlie upper skeletotrophie layer, where the calicoblast layer is well developed. Desmoidal

processes are indicated by the striated bodies, but in the section are free from the mesoglica. X 320.

ORBICELLA ANNULARIS (p:ilis c'c Solauder).

Fig. 64.—Radial section througli the column wall, perforated for the passage of a mesenterial filament and the

mesentery to which it is attached. (See p. 475.) X 300.

Fig. 65.—Radial section through the infolded edge of the column wall of a retracted polyp. The endodermal

musculature forms a weakly diffuse endodermal sphincter muscle; pigment granules occur in groups in

the ectoderm of the outer part of the wall. X 300.

Fig. 66.—Section through the skeletotro]ihic tissue lining the upper part of the theca. The edge of the liroad calico-

blast layer (eel.) is irregularly jagged. X 400.
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PLATE IX.

ORBICELLA ANNULARIS ( Ellis & S.ilander).

Fk;. (57.—Radial vertical section of a dec-aleitied, partly expanded, pulyp. The colunni wall on each side passes

uninterruptedly into a tentacle, liearing nematocysts at the apex; the disk is elevated around the mouth,

and is partly indrawn, the actual stoniodseal ectoderm commencing a little within the tube. The
mesenteries are represented by sections in different directions, and are limited in their distribution

to the upper half of the polyp. On the left side a mesentery is cut obliquely, stretching from the

column wall to the disk, and on the right side one stretches from the disk to the skeletotrophic lining

of a seirtum. The two oval bodies a little above the middle are sections of the modified glandular

mesenterial filaments, found within this an<l other species. The lower half of the polypal cavity is

practically empty, but is largely intruded upon by the thickened endoderm of the skeletotrophic tissues.

On the left side the polypal cavity is continued over the thecal edge, but its communication with the

adjacent polyp is interrupted, while on the right side the continuity is preserved. Desmoidal processes

(des. i^r. ) are strongly developed at the point of separation of the polyp and the others adjacent. X 70.

Fig. t).S.—Transverse section through a complete and incomplete mesentery and the entoseptal invaginations which
inclose them. The larger mesentery stretches from the thecal wall to the inturned column wall, and
about the midille its mesogla?a is deeply folded on both faces for the support of the retractor and oblique

musculature. Toward its insertion on the skeletotrophic tissues the mesogUeal foldings are more
normal, and occur only on the face liearing the retractor nmscle. The small incomplete mesentery

hears a single ovum. No exosepfal invagiuati(ju are present at this level. X 110.

Fio. 69.— Transverse section through a portion of a mesenterial filament which has become wholly glandular and
greatly enlarged. Drops of the secretion are represented oozing out in places. The glandular cells are

supported behind upon the swollen mesenterial endoderm. X 320.

Fk;. 70.—Tangential section of a similar glandular filament. The middle gland cells are cut transversely, and are

polygonal in outline, while the marginal are cut obliquely. X 320.

Fic. 71.—Free glandular and supporting cells from a mesenterial filament. X 150.

Fill. 72.—Transverse section through a mesenterial filament, showing the more usual structure, for comparison with

the glandular mollification in tig. titt. X 320.
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PLATE X.

ORBTC'ELLA ANNULAKLS (KWis & Colander'*.

Fig. 73.—Vertical section lhroufi;h the skeletotrophic tis.sue lining an interseptal chamber at its basal termination.

In xitu the basal part of tlie loculus would rest upon a skeletal dissepiment. The endoderm at the

sides is greatly thickened, measuring 0.1 mm. in section, and i.-^ largely vacuolated \\ith Init few

lirotoplasmic contents; the calicoblast layer of the lateral walls has nearly disappeared. The endoderm
at the flattened termination of the loculus is much narrower, and closely resembles the layer in the

upper parts of the polyj)S. The calicoblast ectoderm {cal. ) is also a well-developed columnar epithelium,

resting upon the skeletal membrane {sk. m.). The latter is w-ell shown, and in some places is united

with the ectoderm and in others free from it. At the left edge it is continued along the lateral wall.

Desmoidal processes from the mesogloea are developed, extending across the calicoblast layer to the

skeletal membrane. The active condition of the calicoblast probalily denotes that the formation of a

dissepiment was in process when the polyp was preserved. X 300.

S()LKXASTR.EA HYADES (Dana).

Fiii. 74.—(iroup of live polyps. The uiipermost is nearly fully expanded; the others are in different states of

retraction. In some the tips of the tentacles are just visible, while in others they are completely covered

liy the overfolded column wall, only the middle of tlie peristome being visible. Enlarged.

Fi(i. 75.—Transverse section through a portion of the upper region of a retracted polyp. The section includes a

knobbed tentacle, and shows the lateral nematocysts arranged in projecting groups. The nerve fibers are

also clearly seen at the base of the knob. The ectodermal and endodermal musculatures of the tentacles

are cut obliquely, and the latter is seen in continuity with the musculature of the mesenteries. The
skeletotrophic endoderm is here a very narrow layer (//. fig. 79), and the calic(.)blast layer has almost

disappeare<l. X 300.

-Vertical section through the column wall, showing tlii> arrangement of the cleargland cells in the ectoderm.

X 900.

-Tangential section thinugh tlie ectoderm of the cnhnun wall, to the outside of the nuclear zone. The
interstitial supporting cells oidy partly separate the gland cells, which arc polygonal in transverse

section. X 900.

-Tangential section tbrnugh tlie ectoderm uf tlie column wall at the level of the middle nuclear zone.

X 900.

-Longitudinal section through the skeletotrophic layers toward the lower termination of the J"ilyp. The
endoderm is greatly thickened, and contains many large granules, either scattered or aggregated within

distinct cells. The calicoblast layer is finely granular, and presents no cell outlines. X 300.
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PLATE XL

SOLENASTR^A IIYADES (Dana).

Fig. 80.—Transverse section througli tlii' upper part of a retracted polyp. .\t this level all the nie.«enteries extend

from the thecal wall to the inturned column wall. X 100.

Fig. .si.—Transverse section through the stomoda;al region of the same polyji, showing the relationships nf the two

orders of mesenteries and the septal invaginations. X 100.

Fig. 82.—Transverse section through the stomodaeal region of a bud polyp. The protocnemes are at the Edwardsian

stage of development, and a pair of metacnemes (A, A) has ajipeared within each nf the middle primary

exocceles. X 110.

Fig. 83.—Oblicjue section of the same bud |)olyp, including the central peristome and the outer zone cif tentacles. ( )n

the right side a tentacular i)rotuberance is already formed from the entoccele of the rudimentary pair

of metacnemes (A). X 110.

620



NAT. ACAD. SCIENCES, VOL. 8. SEVENTH MEMOIR. PLATE XI.

J. E. D. del. *, HOKN »co «nioc*ysnc.»AtiTMo«e





Vol. 8—No. 7- -15 621



PLATE XII.

SOLENASTR^A HYADES (Dana).

Fig. 84.—Transverse section through the lower region of the same polyp as that from which figs. 80 and 81 are

taken. At this level the entocrelic and exocoelie septa are all fused in the middle to form the columella.

Twenty-four distinct loculi occur, each containing a single mesentery. The outer indentations of the

locular walls correspond with the strong granulations on the faces of the septa. X 100.

Fig. 85.—Transverse section through a septal loculus, about the middle of the lengtli of the polyp. The filament of

the included mesentery is somewhat incipient in ciiaracter, not being sliarply separated from the

stomodical endoderm. The skeletotrophic endoderm is comparatively narrow, and the calicoblast layer

is well developed in places. X 300.

Figs. 86-90.—Sections of a bud polyp takei' at different levels, representmg the order of appearance and relation-

ships of the mesenteries and septa. In tig. 86 two metacnemic pairs (A, A) have appeared within the

dorsal exocoeles. For fuller description see pp. 4.')6 and 499. X 100.
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PLATE XTTT,

SOLENASTR^A HYADKS (Dana).

Fig. 91.—Transverse section through another bud piilyji of Stilfiiiislr:ni, showing file proportional (levelo]inient of the

mesenteries. (See \>. 500. ) X 100.

FAVIA FRAGITM (ICsper).

Fkj. 02.—Section of aboral surface nf a decalcitied polyp; the lateral invaginations correspond with the various'

septa, and the middle with the skeletal processes from the Hoor of the calice. No hexameral regularity

can be established. X H.

Fi(i. 9.S.—Transverse section of a polyp through the stomoibeal region, showing the irregular arrangement (if the

mesenteries and septal invaginations. The latter are mainly entoc«elic. X 45.

Pi,;. 94.—Tangential section through a mesenterial filament in the lower region. The middle jiart is .rowded with

large nematocysts. X oSO.

Fi(i. 95.—Section through a mesentery along the edge by whicli it is adherent to the corallum. Conical or

wedge-shaped desmoidal processes {ih's. pr.) extend all tlie way, some of them lieing cut transversely

toward the lower part of the section. X 320.

Fid. 95a.—Transverse section through a mesentery, just below the stomoda^um. Tlie mesenter\- is divided into

two parts by a discal invagination which appears as a canal. (See p. 434. ) X 70.

Kios. 9(i-100.—Larva'. Figs. 9fi-99 represent the various forms of the larvfe immediately after extrusion; fig. 100

with file oral pole swollen and the aboral narrow, the form often assumed a day or two after extrusion.

Fig. 90 is viewed as a transparent object, tlie others by reflected light. Extrusion of cell debris is

represented as taking place from the oral aperture in tig. 96. Enlarged.

FiG. 101.—Form assumed by larva which never attained fixation.

Fig. 102.—A free swimming larva, about 10 days old, in which twelve tentacular prominences occur.

Fig. 103.—A larva shortly after settling. The larva is now tlaftened, but non-transparent, and only f.mr pairs of

mesenteries are indicated on the outside.

KiG. 104.—Upper view of a distended, non-transparent larva, a few hours after settling. The twelve mesenterial

chambers are already formed.
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PLATE XIV.

FAVIA FRAGUM (Esper).

Fk;. 105.—A somewhat later larval stage than that represented on PI. XIII, tig. 104. The Edwardsian mesenteries are

complete, hut the fifth and sixth pairs have not reached the stomodjcuni.

Fk;. 106.—A young polyp, about a week after .settling, with si.K equal entocn-lic tentacular prominences; viewed from
above.

Fk;. 107.—Another young polyp, showing six tentacular prominences. About a week after settling.

Fk;. 108.—A young polyp about three weeks after fixation. Tentacles were visible under certain conditions of

expansion, but not in the preserved ])reparation from which the drawing was made, having evidently

become part of the polypal wall. The four irregular dark patches associated with the two lateral

complete mesenteries on each side repi-esent the mesenterial filaments. The six oval lighter areas

within the primary entocceles indicate the place of origin of the six primary septa.

Fig. 109.—A much later larval polyp, viewed from above. The twelve prototentacles are already estaljlished, and
an additional tentacle has appeared within the dorsal and middle interspaces on each side. Transverse

; sections of the same polyp (p. 509) reveal that a pair of metacnemes has arisen on the column wall,

within the dorsal and middle exocifle on each side, so that the additional tentacles are outgrowths of

the entocoeles of the new pairs of metacnemes. The entocrelic metatentacles, like the prototentacles,

thus arise in advance of the exoco?lic members (p. 432).

Fk;. 110.—Vertical tangential section of the young decalcified polyp representeil in fig. lOS. The four complete

mesenteries are seen in their vertical extent, and in such a section divide the polyp cavit}' into five

chambers. The basal ectoderm (calicobla.st layer) which produces the basal plate has almost disap-

peared. X "0.

Fk;. 111.—The right half of the same section more highly magnified. Remnants of the calicoblast ectoderm are .seen,

along with feeble desmoidal processes, especially at the basal extremity of the mesenteries. X 300.

Fk;. 112.—Transverse section through the stomodai-al region of a larva taken from a preserved fertile polyp; the

dorsal surface is lower and the ventral is ujiper. Only three pairs of mesenteries are developed, one
pair of which is complete; pair II, II is better developed tlian pair III, III. Cell debris and free

zooxanthell* are seen in the larval cavity, now well established. The "Reflected ectoderm" is well

shown on the endodermal side of the stomod;cum. X 250.
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PLATE XV.

FAVIA FRAGUM (Esper).

Fic. 113.—Transverse section through tlie stomod<T?al region of a larva after six liours' extrusion. Two pairs of

mesenteries are here complete. X 200.

Fig. 114.—Transverse section through the same larva, a little below the stomoda?al region. Two additional pairs of

mesenteries (IV, IV; V, V) are developed at this level, but no trace of a sixth pair. X 200.

Fir,. 11.5.—Transverse section of a somewhat older larva. Three pairs of mesenteries are here comi)lete. and the

fourth and fifth pairs extend higher than in the last larva. X 200.

Fig. 116.—Transverse section of the same larva a little below the stomodieal region. Six pairs of mesenteries are

now present, filaments oc-ciirring on the first three developmental jiairs. X 200.
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PLATE XVI.

DK'HOCCENIA ST0KE81 Milne iMhvar.ls :iik1 Haiiue.

Fig. 117.—Transverse .section through part of the upper region of a strongly retracted polyp, showing how the iliscal

tissues may be drawn downward within the polypal cavity, so as to form the so-called mesenterial

funnels {cf. fig. 95a). (See p. 434.) X 100.

Fifi. lis.—Transverse section of the disk invaginateil between twci mesenteries. The section is much lower than

that from which the former figure was taken. X 100.

Fici. 119.—Transverse section through a small separate polyp with four pairs of <'(.implete mesenteries, none of

which are directives, and four incomjjlete pairs. The septal invaginations are mainly entoctelic. The
stomoda'al ridges and grooves are well shown. X 100.

Fi(i. 120.—Transverse section througb a mesentery with comjilicated mesogheal jilaitiugs for the su]iport of the

retractor nniscle. X 300.

630



NAT. ACAD. SCIENCES, VOL. 8. SEVENTH MEMOIR. PLATE XVI.

m.fil.

sep.mv.

Fig. 118.

Fig 119.

J. E. D. del. A. MOCK aco urMOCAuer:c.BAiTn4onG







PLAT XVII.

ISOPHYLLIA DIPSACEA Dana.

Fici. 121.—Vertical section through the overfolded part of the column wall of a retracted jiolyp, nli<i\vin.ir the n]ihincter

muscle supported on somewhat complicated mesogiO*al foldings. X 200.

Fid. 122.—Vertical section through a part of the column wall. Dark granular matter occur.s in restricted ))atches

witliin the ectoderm. X 220.

F[i;. 123.—Free portion of a mesentery terminated by a mesenterial lilament. Tlie musculature is here very feeble,

and the mesogl(ca is narrow and smooth on liotli faces. X 300.

Fiii. 124.—Isolated nematocysts; a, from tentacular ectoderm; h, from mesenterial filaments. X 900.

Fi(i. 125.—Larva shortly after extrusion. The wall is partly trans] larent, and shows three pairs of mesenteries; one

strongly developed pair extends practically the full length of the larva, while the two others extend but

a short distance. Enlarged,

l'"!!;. 126.—Transverse section through the uppermost stomodreal region of a freshly e.xtruded larva. Two pairs of

mesenteries with thickened mesogln^a extend from the column wall to the stomodreum, but the ventral

pair (III, III) is free. X 200.
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PLATE XVni.

ISOPHYLLIA DIPSACEA Dana.

Fi(i. 127.—Transverse .section througli tlie stomodiieal region of tlie same larva as tliat from which the section

represented on PI. XVII, tig. 126, was taken. At tiais level the ventral pair of mesenteries has already

disappeared, and the members of the dorsal pair are very rudimentary. " Reflected ectoderm " is seen on
the upper and lower borders of the stomodieum. Thi' larval cavity is occupied by a highly vacuolated

tissue containing many zooxanthelU'e. X 200.

Fig. 128.—Transverse section through the game larva below the stomoda-al region. The members of erne [lair of

mesenteries are very strongly developed and bear filaments. The polypal cavity is still tilled with the

vacuolar tissue, which shows divisions here and there, especially around the mesenterial filaments. An
odd mesentery is strongly developed on the lower surface, and is probably to be regarded as an

irregularity. X 200.

MANICINA AREOLATA Linnams.

Fici. 129.—Transverse section through a complete mesentery toward the lowei' part of the stomoda^al region, including

the portion of the stomod;eal wall and skeletotrophic tissue to which it is attached. The mesogkcal folds

supporting the retractor muscle are simple, and mainly restricted toward the basal insertion of the

mesentery. The muscular fibrils on the other face of the mesentary are well developed, especially

toward the middle, where they are cut obliquely; elsewhere they are cut practically transversely. At

this level the skeletotrophic endoderm lining the calicinal wall is greatly thickened and vacuolated,

with very few protoplasmic contents, and the nuclei limited toward the margin; the skeletotrophic

endoderm of the septal invagination is, however, very narrow. There are practically no remains of the

calicoblast layer nor desmocytes, and the skeletotrophic mesogUea is a thin lamella. X 300.

Fig. 130.—Transverse section through an incomplete mesentery, terminated at its free extremity by a rudimentary

mesenterial filament. The face of the mesoglica bearing the retractor muscle is very deeply plaited

almost throughout its extent. A comparison with fig. 12H shows how greatly the mesoghcal folds ujay

vary within the same species. X 300.
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PLATE XIX.

MANICINA ARKOLATA Linminis.

Fig. LSI.—Transvei'se section through the stoniodiieum of a polyp, .showing the relationship of the I'idges and fnrrow.s

to the internal attaelinient of the mesenteries. X 110.

Fic. 132.—Transverse .section through a >-oung polyp toward the inner termination of the stomod;eum. The mesen-

terial plan is represented on p. 504, fig. 13/. At this level the edge-zone is already terminated at some
places, but persistJ at others. Only certain of the perithecal continuations of the mesenteries extend

thus far, and some have ceased their connection with the skeletotrophic wall, while retaining that with

the column wall. The isolated portion of the column wall at the upper side of the figure is exception-

ally distended, and only fragments of the mesenteries are included. X 70.

Fiii. l:!3.—Freshly extruded larv;e. In the one viewed from above ( h) tliree pairs of mesenteries are already united

with the stomod;eiini, and three other pairs are free. Enlarged.

Fig. 134.—Another lar\a, about four days old, adherent to a jilate of glass. The mesenteries are at almost the same
stage as in the larva represented in fig. 1.33 (h), but pair III, III, has not yet reached the stomodanim.

Enlarged.

Fiii. 13.5.—Young polyji, twenty-one days after extrusion, fixed to glass and viewed as a transparent object. The
tentacles are incapable of complete retraction, and appear as twelve s])heroidal knobs arranged in two
alternating cycles of six each. The eight Edwardsian mesenteries are complete, but the remaining four

are incomplete. The skeleton is represented by six entocadic radiating septa; the basal plate was also

developed, but is not shown. X 70.

Fig. 136.—Another young Jiolyp of the same age, in which the formation of the six septa has not proceeded

regularly. The first trace of the columella api)ears in the middle. The tentacles are not distinctly

seen, having become depressed in the discal wall. X 70.

Fig. 137.—Vertical section of tlie young polyp represented in fig. 136, after decalcification. The section passes

through the wide oral aperture; the stomod;cum terminates freely on the left side, but is in union with

a mesentery on the right side. A tentacular thickening occurs on the left, and serves to delimit the oral

disk and column wall. The Ijasal disk is practically devoid f)f any ectodermal (calicoblast) layer, but

toward the free column wall at each end it begins to appear. A septal invagination occurs on each side,

the polypal wall resting upon them. Histologically the endoderm of the basal disk differs from

that of the column an<l oral disk. X 200.
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PLATE XX.

M.'EANDRINA LAP.YRINTIIICA ( Kllis & Solandor).

Fig. l;i.S.—Transverse section thrcmt;li the ui>per part of the polypal tis.sues covering a collinal riilge; the column
wall anil mesenteries on one side belcjiig to a different series of ])olyps from those on the other

side. The irregular parts of the corallnm incln<led are the first traces of the exsert sejita and thecal wall.

The septa at this level are both entoccelic and exocadie^ the former being much better developed.

Certain of the mesenteries are free for some distance at their inner extremity, and others are already

attached to the skeletotrophic tissues. The mesenteries are arranged at practically equal distances

apart, and no directive pairs occur. The pairs of the two adjacent .systems do not correspond. X "5.

Fiii. TlXi.—Transverse section through the tentacular region of the same retracted colony. The middle skeletal area

represents the thecal wall common to two polypal systems; small exoseptal invaginations occur in

addition to the entoseptal. The rounded evaginations of the mesenterial siiaces represent the tentacles;

the entotenta<'les (en. /.) are larger than the exotentacles (cc. t.). X 75.

Fk;. 14(1.—Section through an incomplete mesentery, and ]iart of the wall of the septal loculus in which it is inclosed.

Three ova and two s])ermaria occur within the mesentery. The skeletotrophic endoderm is highly

vacuolated, the nuclei and protoplasmic contents aggregated mainly toward the margin. X 110.
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PLATE XXT.

M^;ANDRINA LABYRINTHICA (KIHs a Solander).

Fi(i. 141.—Transverse section through the stomodfeal region of part of a ccilony, including four stonioda>a ami their

associated mesenteries. The number of mesenteries inserted on each stomoda'um is variable, and in

the portion represented no incomplete pairs occur. Tlie septal invaginations at this level are mainly

entocu'lic. The line of separation between each stomodieal system i)asses through two entocceles, never

tlirough an exoccele. Xo pairs of directives ever occur. The eudoderm is not represented. X 40.

Fi(i. 142.—Transverse section at a still lower level, showing how the polypal cavity is encroached upon by the

ingrowth of the entosepta and their fusion in the middle. In some cases the interseptal loculi thus

produced are wholly distinct in section, but elsewhere several are in communication. The two
mesenteries included within each loculns belong to adjacent pairs, no exosepta being present. X 110.

Fig. 143.—Section tlirough a mesenterial filament and the swollen part of the mesenterial endoderm innnediatelv

l)ehind. X :!20.

Fig. 144.—Section through another filament, in wliii-h many nf the cells du the left side are filled with granular

contents. X 320.

Fig. 145.—Section through a jiart of a mesenterial filament in which the cells have all become enlarged and
glandular, the modification having also affected the swollen endoderm behind (see p. 473). Three
granular gland cells are found iu the section, in addition to the clear gland cells. X 400.

Fig. 14(1.—Section through a mesentery containing two ova. X 300.
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PLATE XXTT.

M^ANDRINA LABYRINTHICA (Ellis & S.ilander).

Fii;. U7.—Transverse section tlirough two stoniodfeal ridges opposite the insertion of the mesenteries, showing the

difference in histological character between tlie ectoderm of the ridges and that of the grooves. X 300.

COLPOPHYLLIA (iYKOSA (Ellis & Solander).

l'"iii. 14S.—Section through the convolutions at the free extremity of a single mesentery; each ciirivnhnion is termi-

nated by a nie.senterial iilament. < 70.

OCULIXA DlFFrSA Lamarck.

Fni. Hil.— Portion of a liranch of a living colony, showing tlic iliffercnt forms assumed liy the polyjis on expansion

and retraction.

SIDEKASTK/E.\. SIDEREA (Ellis & 8olander).

Fi(i. l.'iO.—Retracted polyp. The septa are seen through the ))artly transparent polypal walls, and superficially the

arrangement of the entoctelic and exoctelic tentacles on the disk. The Roman numerals indicate the

cycles to which the entotentacles and entosepta belong, the outermost cycle comiirising only exotentacles

and exosejita. The first, second, ami third cycles of entotentacles and entosepta are complete, except

that a third-cycle tentacle and septum are wanting in the lower left-hand system. In the upper left-

hand system a fourth-cycle entotentacle and entoseptum have appeared.

Fig. 151.—Fully expanded tentacles: a, Bifurcated entoctelic; /(, simple exoccelic. Enlarged.

Fig. 152.

—

Xn interseptal lamella from -S'. rddians, freed l)y decalcification and slightly magnified. When in situ the

lamella lines the two walls of an interseptal loculus and incloses a mesentery; the left vertical border is

peripheral, the right central; the curved upper border is in continuity w-ith the disk, the lower is

adjacent t(j a dissepiment. The three vertical rows of apertures represent the spaces formerly occupied

by synapticula. ?< 20.
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PLATE XXlll.

SIDKKA.STR/EA hiIl)EKP:A (FAVm Sz Solainier),

Fig. 153.—TransversB seL-tinn liimugh the stomoda;al region of an adult polyp. .Six pairs of complete mesenteries

constitute the first cycle, six alternating pairs the second cycle, and only ten pairs are present in the third

cycle. At this level the mesenteries nowhere extend as far as the peripheral limits of the interseptal

loculi. Both mesenteries and loculi are interrupted by the synapticula which connect adjacent septa.

Septa occur within both the entocreles and exoca^les, and in some cases are fused at their central termi-

nation. X It'O.

Fi<;. 1.54.—Transverse section through the upper part of the disk of a retracted jiolyp. The discal walls are resting

directly upon the ti.ssues covering the septal edges. The simple apical knoljs of two exocadic tentacles

(represented diagrammatically) are seen lying directly over the edge of the exosepta. X 110.

Fici. 15.5.—Transverse section through the lower part of the disk of the same retracted polyp. The section at this level

includes the synapticula, which are seen perforating the mesenteries, and an entocoelic tentacle with two

apical knobs, one on each side of the entoseptum. X 110.

Fic. lot).—Tangential section througli a part of the peripheral region of a polyp, exhibiting the short vertical extent

of the mesenteries, and also the slight increase in thickness of the skeletotrophic tissue from above down-

ward. The column wall rests directly upon the tissues covering the septa, and is thrown into ridges and

grooves corresponding with the septa and mesenteries. X 70.
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PLATE XXIV.

SIDERASTR.EA SIDEREA (Ellii- iiml SoUuuler).

Fig. 1.57.—Portion of tlie .skeletotrophic wall with a mesentery attacheil, from the middle region of a polyp. The

mesoglcpa of the mesentery is greatly swollen and striated at the extremity where it comes in contact

with the skeleton, and the calicohlast layer, very broad elsewhere, is here absent. X 400.

Fk;. 158.—Transverse section through an incomplete mesentery in the stomoda>al region. The incipient mesenterial

filament, the mesoglo'al plaitings supporting the retractor muscle, and the glandular character of the

mesenterial endoderni are represented. The peripheral end of the mesentery has already undergone

resorption toward its tixed extremity, -and is free from the skeletotrophic tissue.« and greatly narrowed.

X 300.

Fic;. 159.—Transverse section through a mesentery, a short distance below the stomoda-al region, along with its

attachment to the skeletotrophic tissues. The mesenterial filament is here fully developed. The calico-

blast layer is as broad as the endodermal layer, and is highly granular and vacuolated; a portion of the

skeletal matrix is persistent on the right side. The mesogUca is expanded along the line of attachment

of the mesentery to the septal invagination. X 300.

Fig. 160.—Portion of the skeletotrophic wall from the lower region of the polyp. It iliffers bat little from its char-

acter in the upper part of the polyp. X 400.

AGARICIA FRA(;ILIS Dana.

Piii. 161.—Transverse section through a polyp immediately below the stomodical region. Xo regular alternation of

larger an<l smaller mesenterial pairs can be established, and no directives occur. Xt the upper right-

hand corner tw(j mesenteries are united by their free extremity. X 70.

Fig. 162.—Transverse section through the upper part of a portion of two retracted polyps. Thepolypal walls all

round are practically resting u])on the septo-costje. In the middle left of the section the exsert septo-

costa are seen in section free from the calicinal wall, and the mesenteries of the two adjacent polyps

are continuous. The gastro-ca-loinic cavity of the two polyps are likewise in communication along

the sides of the septo-cost». . On the upper right the mesenterial chambers and mesenteries have been

broken up l)y the formation of synapticula. X "0.

p,,;. leii-Radial section of a portion of the disk showing a slight tentacular prominence. X UO.
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PLATE XXV.

AGARICIA FRAGILIS Dana.

Fig. 164.—Transverse section through the stomodpeal region of a polyp with seven pairs oi complete mesenteries

anil seven alternating incomplete pairs. The upper part of ttie section, with the transversely shortened
mesenteries, is the aspect toward the middle of the colony, the lower is toward the periphery. The
septal invaginations are both entocix-lic and exocoelic. No directives are present. X 70.

AGARICIA AGARICITES (Liniui'us).

Fi«. 16f).—Vertical section through a freshly extruded larva'. On the right side the stomoda'al ectoderm is in

continuity with the mesenterial filament of a mesentery extending the whole length of the larva.

Zooxanthell'e are mainly aggregated in the endoderm around. the stomoda-al invagination; a few occur

witiiin tlie oral ectoderm. Tlie larval cavity is wholly occupied by a vacuolated tissue; the ectoderm at

the aboral extremity is greatly modified from tliat elsewhere, nervous elements being very prominent
and gland cells sparse. X 250.

Fid. 166.—Transverse section through the stomodaeal region of a larva. Four ]iairs of comiilete mesenteries and two
incomplete pairs are present, but no endodermal cavity is yet formed. X 'iOO.

Fig. 167.—Transverse section through the same larva, shortly below the stomodwal region. .\11 tlie six pairs of

mesenteries are filamcntiferous, including tlie fifth and sixth pairs, which are throughout free from the

stomoda'um. Divisions in tlie vacuolated tissue are feen associated with the mesenteries. X 300.
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