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No. XX.—ON "POLYTREMA AND SOME ALLIED GENERA. A STUDY OF
SOME SEDENTARY FORAMINIFERA BASED MAINLY ON A COLLEO
TION MADE BY PROF. STANLEY GARDINER 1N THE INDIAN OCEAN.

By Svoxey J. Hiorsox, F.R.8., Professor of Zoology in the University of Manchestor.
(ComMuxicaTEn 5y Pror. J. BTANLEY GARDINER, MA., FRS., FIL.8)

Read 4th May, 1011,
(Plates 30—32 and one Text-Figuns.}

L INTRODUCTION.

BOME years ago Professor Stanley Gardiner sent to me a small collection of
Stylasterina from the Indian Oeean for investigation and description; but T found
meluded in the consignment some purple and yellow corals which, having a superficial
reseinblance to some varieties of Listichopora, might easily be mistaken for Stylasterina
in the process of sorting out the speeimens of such 2 large eollection as Prof Gardiner
made in the course of his expedition. Having no special knowledge of the Foraminifars
it did not oceur to me at once that these large dark red and yellow corals could have any
relation to the well-known genus Polytrema, but firther investigation convineed me that
the specimens were identical with or closely allied to the speeimens collected in the Gulf
of Manaar by Captain Warren and described by Carter (5) as Polytrema eylindricum,

Carter's description of his new species was very hriaf and T found it very diffieult to
understand the reason for including it in the genus Polytremea, us there are many characters,
apart from its great size and its colour, in which it differs from the Polytrema miniacenm
that is found in the Mediterranean Sen agd elsewhere and is so well known to roologists
hy the researches of many investigators. | endeavoured, therefore, in the first place to
clear my mind as to the essential characters of the genus Polytremea; but, on referenge
to the literature, I came across a great diffieulty which it took me some time to unravel,

The accounts given of the structure of Polytrema by different authors of repute are
not consistent, and the ineonsistencies cannot be aceounted for by any supposition that
they are due to gross inaceuracy of observation and description,

Fortunately there is in the Manchester Museum the large and valuable collection of
Foraminifera made by Mr E. Halkyard and included in this collection are several specimens
of Foraminifera labelled Polytrema minimosum, On making & careful examination of ong
series of speeimens in this collection from the West Indies T found that the structure of
the surface corresponds very closely with the description given by Carpenter and is totally
different to that given by Max Schultze, Merkel and Lister, but on the other hand the
descriptions given by Max Schultze, Merkel and Lister agree quite accurately with the
strueture I was able to ohserve on the specimens colleoted at Nice and from o loeality off
the Kermadecs in the 8. Seas,

L1
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444 FERCY HLADEN TRUST EXPEDITION

This led me to test the provisional hypothesis that the specimens examined by

enter and those examined by some of the other observers belong to quite distinet
genera, 1 therefore searched through all the many bottles of Corals, Aleyonaria and other
speeimens of marine fiuna in the laboratory and examined any red puh]ma I could fing
that had the least resemblance to a Polytrema; and I also examined & large numbar of
specimens of the genus in the collections at the British Museum,

The result was to prove eonclusively that there are at least two distinet genera of
Foraminifera included in the group of specimens which are usually labelled in Museums
* Polytrema miniaceum” and that thess two genera differ from one another by constant
and well defined characters. For the form that is certainly common in the Mediterranean
Sea but is also widely distributed in other parts of the world I propose to retain the generie
name Polytremea, for the other genus which does not, so far as my information goes at
present, oceur in the Mediterranean Sea at all, I propose the new generic name Homotrema,

But to return to the specimens identified as Polytrema cylindricum. A critical
examination of my own specimens proved that their structure was in many respects quite
distinet from that of either Polytremas or Homotremes, and having convinced myself that
they are not gross, overgrown or hypertrophied specimens of either of thess two gonera
I propose now to constitute for them a new generic name Sporadotrema.

I wish to acknowledge the assistance T have received in the course of this investigation
from Mr H. Sidehottom, a weil-known authority on the Foraminifera, and from Professor
Burrows of the Manchester University whoss advice T have followed in the construstion
of the new gemeric names.

I am also indebted to the authorities of the Free Public Museum at Liverpool for the
loan of the type specimens of Speradotrema eylindricum and to Mr Kirkpatrick for his
assistance in my study of the specimens of Polytrema in the British Museum.

The very fine set of specimens and preparations of the genus Polytrema made hy
Mr F. Halkyard which was recently presented to the Manchester Museum with the rest
of his rich collection of Foraminifera has been of invaluable assistance to me in the study

of the penus,

II. DIAGNOSES OF THE THREE GENERA.

1. PoLYTREMA.

The original description of this genus given by Pallas (14) is as follows :

Millepora mindacen—M. pumila subramosa rubra, punetis crebris impressis minutis.
Maris Mediterranei, Americani, Indicique Corallia.

Tournefort® committed himself to the view that this coral was the beginning of the
true rved coral, Le. Corallium. It was Risso, in 1826, who separated it from the genus
Millepora, but Dujardin, in 1841, first placed it tentatively among the Rhizopoda

Coming down to more recent times the more important papers on the genus are by
Max Schultze (15), Mébius (13), Carter (3) and Merkel (12).

* Mem. Acad. Sei. 1700, p. 35,
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The coral may be in the form of small flat enerusting disks on corals, shells and rocks,
or in the form of short branching coralline structures rising from a flat and sometimes
gpreading base. The usual size of the branching forms from the Mediterranean Eea, is
about 3—d4 mm. in height and 4—5 mm. in diameter at the base. The flat encrusting
fovms are very variable in shape and size, the largest patch from the Mediterranenn
L have seen is 6 mm. in length but of irregular shape. The specimens from other parts
of the world do not seem to mrow much larger than the Mediterranean gpecimens,  The
greatest height attained by the branched apecimens in Mibius' large eolleetion off Mauritius
was only 35 mm. The finest speeimen [ have seen came from the Ki Islands in tha Maulay
Archipelago (Plate 30, fig. 1, Plate 81, fig. 8), Siboga station 250, 90 metres. Tt is 7 mm.
in beight and one branch alone is 6 mm. in langth.

The colonr is usually pale red, of a tint that has variously been described as
“cinnabar,” “ carmine " or “ peach colour,” but, pale pink and white varieties are known,

There can be no doubt that the genus has a very wide distribution in the tropical and
temperate seas. It certainly oceurs in the Mediterranean Sea, the Indian Ocean, the Malay
Archipelago and the 8. Pacific Ocean (Kermadecs, Funafuti, ete.) but T have not yet found
any specimens from the W, Indies or from the shores of the American continent.

It is not necessary to describe the structure of Polytrema in detail but it may be
useful for purposes of comparison with the two allied genera (of. pp. 447 and 450) to state
the principal characters that can be used for distinguishing the genus, :

The surface is perforated by two kinds of pores, the larger or pillar pores
(“Pleilerporen” of Merkel) gradually shelving from a diameter of 008 mm, to
a diameter of 0°03 mm. and the smaller and far more numerous pores or foramina
opening abruptly with a diameter of about 0-005 mm. (Plate 32, fig. 23). Below
the surface there is a series of laminae perforated by foramina similar to those
of the surface lamina and these laminae are connectsd together and supported
by the hellow pillars (Pfeiler) (Plate 32, figs. 18 and 27). The walls of the
pillars are not perforated by foramina but there may be one or more than
one passage (“Lochern™ of Merkel) by which the cavities of the pillars are
connected with the intralaminar spaces.

2 -~HoMOTREMA.

It is difficult to determine whether the original specimens deseribed under the names
Millepora minioceum, Polytrema covalline and Polytrema minioceum by Pallas, Risso
and Dujardin belong to this new genus Homaotrema or to the genus Polytrene,  Lamarek
(10) described his specimens of Millepora rubra, some of which came fiom the * American
ocean,” a8 “ sublobate, poris crebris minutis punctata.” T believe these specimens belong
to the new genus Homotreme. The specimens described by Max Schultze (15) clearly
belong to the genus Polytrema and it is evident that the specimens deseribed by Carpenter
(2} belong to the genus Homotrema, Max Schultze’s specimens eame from the Mediterranean
and he states that he examined Carpenter’s specimens which came from the South Sea, and
although they showed more variation than his, he had ne doubt they were the same speeific
form. Sehultze’s opinion that the speeimens from the two localities are undoubtedly the

SBECOND BERIES—Z00LOGY, VOL. XIV. i



448 PERCY BLADEN TRUST EXPEDITION

same species iz difficult to understand when the descriptions given by the two authors are
compare, : ’

Carpenter for instance lu.jﬂ- stress on the fact that “ th'ﬁ ﬂl.ll‘fM‘E Iy ﬁlwam l!lI'l’![]]Mﬂi
and “the areclm are porous while their boundaries are composed of solid shell substanes.*
In describing the internal structure he says that the chambers eommunicate hy large
circular pores and smaller orifices, It is noteworthy that he does not state that the walls
of the chambers are perforated by foramina nor in the figure does he show any foramina
except those at the surface. Carpenter’s statement moreover that * sometimes ita stalk,
instead of branching swells into a globular protuberance” is quite consistent with the view
that the form he described wns o Homotrema. I have not seen any specimens of Polytrema
for which this statement of the shape could be considered accurate®,

It Max Schultze's account of Polytrema be compared with that of Carpenter it will
be noticed that on all these important points the two authors are at varianes, _

Carter (8) evidently examined a large number of specimens which he eonsidered to be
Polytrema minigceum from the Mediterranean Sea and from other parts of the would,

His figure 6 of the species appears to we a composite production, the upper part
being taken from a trus Polytrema and the lower part from a Homotrema. I have never
seen any such combinstion of the characters of the two genera in any one specimen.  Both
his figures and his description appesr to have been composed from notes taken from
the examination of & number of specimens of a mixed eollection of the two menera.

The very careful and aceurate deseription of Polytrema by Merkel gives absolutely
no support to Carter's visws,

~The coral may be in the form of fat encrusting disks, or of a short erect coralline
strudture rising from a flat and sometimes spreading base and showing an expanded erown
gpringing frem a constricted stallk terminating in & number of short arms or verrues
(Flate 80, fig. 2, Plate 81, fig. 9). The size of the erect forms in my collection is Fom
5—65 mm, in height, 4—6 mm. in diameter across the crown, and 2—3 mm. in diameter
across the stalk. The specimens of flat encrusting forms that I have seen are (1) from
8. America 12 %7 mm. and 8 x 8 mm.; (2) from Coin, Peros Banhos Atoll 6 % 8 mm. and
6x 6 mm. The colour is nearly always red, but the tone of colour i= darker and more
purplish than is ustally the case in Polytremat.

One series of specimens from Coin, Peros Banhos Atoll, was pink, and T have seen

* Pnllas, p. 262, wrote " Americana varistas pleromque verruem magnm inmqualis speciem habet, qus
superficie sparsos ramubos exserit,” This is remarkable beeause it would apply admirably to many specimens of

Hemotrewn in my collection but not to any sporimens of Polptrona, and at present thers is nob any evidence
that the genus Polytrema oceurs on the American const although HMuwmstrems iz commo.

f Noteon colour.  As it is very difficult to express in words the exaot differenoe in colour bitween these
“red” corals I have eonsolted Mr H. Cadness of the Manchester Municipal School of Art and the supmestion he
meakes is that the term “apricot red " might apply to the specimens of Polytrema from the Mediterranesn Ses
and * salmon-colour * to the specimens from the West Indies. Tt is of considerahle interest, in this connection,
to note that Pallas in his deseription of Millepora arinsacen reconds his observation of a diferency in colour
betwonn his specimens !l"ﬂl.ﬂ__ the Mediterranenn snd those from the American s, the former being in all
probabilicy specimens of Polytrema and the latter of Homotrema, His words are, * Color hujus elagantisaimi
Corallicli ex Mari Mediterranco allati, pallide rossus solet, interdum snturation. Quod in Coralliin Tndicls

reperitur pulchre cinnabarinum colorem exhibet, ssturatissimam vero specimina in Coralliis testingue sxesis
Marie Americani reperinnda,”
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some white specimens, but it is probable that all of these were technically dead. The
distribution of Howmistrema is still imperfectly known, but I have seen specimens from the
Ki Islands 120 fme. and from Celebes in the Malay Archipelago, from wvarious localities in
the Indian Ocean, fromn the West Indies, and from the Coast of 8. America.

In hoth Homotrema and Polytrema, as in other sedentary goralline structures, the
form of the full grown skeleton is very variable, but the study of a large number of
specimens shows that in Polytrema the ramification 1s more complete and the branches
lomger and more slender than in Homotrems, This difference between the genera s not
only indieated by Pallas (p. 446 footnote), but also by Lamarck, who by the use of the word
*sublobata " instead of * subramoss " sugmests that his own specimens of Millepora rubra
did not branch. In Homotrema the larger specimens often assume a mushroom shape, the
free end being considerably expanded and giving off short blunt processes, whereas the
proximal end is contracted into a relatively slender stalk.

The combination of the two charaeters of colour and form are frequently sufficient to
determine a specimen without the use of any magnifying glass at all. But of course no
specimen can be determined with eertainty to be a Polytrema or a Homotrems until its
surface characters have been examined by at least a half-inch microscope objective.

The deseription of the structure of Homotrema for comparison with that given for
Polytvema on p. 445 is as follows,

The surface is marked by clearly defined areclae about 0°1 mm. in diameter
perforated by a large number of small foramina, "001l mm. in diameter. The boun-
daries of the areolae are solid, and there are no pillar pores. Below the surface
there may be seen a number of chambers communicating with one another by
large open passages and bounded by solid walls. There are no hollow pillars
and no foramina except those on the outer walls of the superficial chambers
(Plate 32, figs. 19, 22, 28).

3. BroRADOTHEMA.

The specimens of this genus that were tirst discovered were found by Captain Warren
in the Gulf of Manaar and deseribed by Carter (5) under the name Polytrema eylindricum,
By the kindness of the authorities of the Public Musenm at Liverpool I have been able to
examine the type and co-type specimens. They belong to the " Amirante” facies® of
Sporadotrema but are very small specimens. The type specimen is 6 mumn, in height and
2 mm. in diameter. The illustration of Polytrema miniocewm in Brady's Plate CI, fig. 5,
of the Challenger ©Foraminifera” reprezents a Sporadotreme. There is a specimen of
Sporadotrema similar in general structure to the ** Amirante " facies in the British Muoseum
from the Macclesfield Bank and there is also in the same institution a pink specimen
resembling the “Saya de Malha” facies. I have examined the type specimen ﬂ-f Carter's
Polytrema mesentericin in the British Museum and found that it belungﬂ alfo to the
genus Sporadotrema, but it is a distinet species. The type specimen is very much water-
worn and the locality from which it eame is unknown, but I have found a number of fine
specimens in a eollection of Aleyonaria made by Professor Haddon in Torres SBtraits.

* For an EIP]nmt.-iu_n of the use of this tern see p. 431
LY R
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8. cylindvicim, facies Providentiz.

Providenca (D. 7) 70 fathoms. Several large specimens (Plate 30, fig. 3).
8 eylindricum, facies Amirantise.

Amirante (E 1) 29 fathoms, 2 specimens,

Amirante (E 2) 20 fathoma.

Amirante (E 9) 34 fathoms (Plate 30, fig. 6).

Amirante (E 12) 32 fathoms.

Amirante (E 13) 20—22 futhoms,

All the above are salmon eolour,

Saya de Malha (C 1) 150 fathoms.
Baya de Malha (O 16) 26 fathoms, 2 small specimens (Plate 30, fig, 7).
Providence (D. 4. 10. 05) 50—78 fathoms.
Cargados Carajos (B 9) 30 fathoms.
The above are orange coloured.

The type of the species is red in colour and belongs to the “ Amirante" facies, It
carne from the Gulf of Manaar. In the British Museum there is an orange eoloured specimen
of the Amirante facies from the Macclesfield bank.

8. eylindricum, facies Saya de Malhensis.
Saya de Malha (C 16) 26 fathoms.
Saya de Malha (C 18) 29 fathoms (Plate 30, fig. 4).
Providence (I 4) 78 fathoms. )

In the British Museum there is a specimen of this facies, locality unknown,

Sporadotrema mesentericum (Carter),
This species is found in Torves Straits (Plate 30, fig. 5).

V. BOME NOTES ON STRUCTURE.

The siliceous spicules.  All the specimens of the three genera [ have examined have
the habit of picking up and incorporating the siliceous spicules of sponges. This habit is
not' peculiar to these genera but occurs in other genera, such as Corpenteria ; and it is
probably eomparable with the habit of picking up sand graine and other foreign bodies by
the arenaceous Foraminifers, as in some cases I have found grains of sand and the frustules
of Distoms (Cosetnodiscus, ete.) enclosed in the chambers. Lister (11) speaks of the sponge
spicules taken up by Polytrema as * a temporary scaffolding for the support of the extended
peeudopodia, in advance of the proper wall” The number of sponge spicules seen in different
specimens varies very considerably. In many specimens of Sporadotrema the spieules ars
so numerous that the free edges may be said to bristle with them, in others only a few
seattered spicules may be observed. (Sume of the spicules may be faintly seen in Flate 31,
fig. 16.} In the chambers broken fragments of siliceous spicules are invariably found but
in the solid ealeareous walls of the chambers and partieularly in the eentral hard core of
the larger specimens of Sporadotreme very fow spicules can be found. Tt is difficult to

h3—2



456 PERCY SLADEN TRUST EXPEDITION

believe that any of the spicules that are seen at the free edges are cast off when they have

served the purpose of a * temporary support for the extended peeudopodia ™ because the
greater number of them are firmly fixed into the solid calcareous skeleton and cannot be
withdrawn by pulling hard with a pair of forceps. Nevertheless there are far fawer
spicules in the caleareous substance, at a little distance from the free edges, than one would
expect to find if it is o fact that they remain unchanged as a matrix for the deposit of the
caloium carbonate. I am forced to the conclusion that in the process of the deposition
of the calcareous skeleton many of these siliceons spicules are dissolved. If there is not
aome solution of the silex it is very difficult to aceount for the numerous fragments of
spicules that cccur in the intralocular protoplasm. The spicules are taken up whole at
the ends of the branches and so far as I ean observe at the ends of the branches only.
No spicules or fragments of spicules can be seen in the foramina that perforate the sides
of the main stem, base or branches. The fragments of spicules in the chambers therefore
pngt be derived from spieules taken up when thoss chambers were first formed and at the
growing points, or possibly passed down to them with the flow of protoplasm from other
chambers at the growing points. At the growing points however all the spicules seem to
be perfect, at least they are much longer than the diameter of the chambers and very
much longer than most of the fragments of spicules found in the older chambers. The
spange spicules must therefore gither be foreibly broken or partly dissolved after they are
ineorporated into the substance of the organism and it seems to me that the view that they
are partly dissolved is the more reasonable of the two.

It is difficult bo aceount for the presence of the spicules in these Foraminifera. They
are- quite eonstant in their oceurrence and consequently it seems probable that they play
somi essential part in the physiological processes of the species. The regularity of their
arrangement and the fact that, usually, very few other foreign bodies than the monaxon
siliceous spicules of sponges are found, show that they are not picked up at random but
selected fiorn the mud in the neighbourhood and deliberately placed m position.

That they are of foreign origin there ean be no reasonable doubt. The sponges from
which they eollect their spicules must live in the neighbourhood of the Polytremids, or the
Polytremids must live in & region where sponge spicules play un important part in the
formation of the sand or mud.  Not infrequently the sponges cover a part of the Foraminifer
or, in some cases, completely overwhelm it. This is a special danger to which the Poly-
tremidm and some other caleareous organisms ave exposed. Forty years ago there was
an interesting discussion on the origin of the silicecus spicules in these Foraminifera.
Gray (7) and Carpenter (2) maintained that both the siliceous spicules and the caleareons
gheleton are the products of the same organism, Max Schultze (15} and Carter (3) on the
other hand strongly opposed these views and maintained that the siliceous spicules are of
foreign origin. The controversy would be of little mora than academic interest in these
days were it not for,the fact that in o recent paper Kirkpatrick (9) has sugpested that
Merlin, which he eousiders to be a sponge, does actually secrete siliceons spicules and a
caleareous chambered shell. Having had an opportunity of examining the structure of
speeimens of Merlin and arrived at different conelusions to those of Kirkpatrek I will
postpone the discussion of this question to a subsequent paper.
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The structure of the shell, In comparing the three genera, attention may be called
to the relative hardness and density of the skeleton. In Sporadotrems and particnlarly
m the * Providentizm " facies of the genus and in S. meesentericum the skeleton as a whole
is very hard and rigid. This hardness of the skeleton may be expressed by th-E use of
Clarter’s words © Consistence stony.” In Polytrema on the other hand the cousistency of
the skeleton is very brittle. Tt may be easily crushed into fragments between the finger
and thumb. In Homotrema the consistence of the skeleton is intermediate between that
of Sporadotrema and Polytrema.

This difference in eonsistence is due to the difference in structure of the thres genera.
The structure of the branches of Palytrema is very difficult to understand when taken by
itself The structure of the branches of Homotrema and Sporadetrema seem to me to
throw light wpon it and render its understanding more easy. If the growing end of a
branch of & Sporadotrema is examined it will be found to eonsist of a cirele of more or less
biconvex or almost spherical chambers arranged on edge at the tip of the branch. The
convex surface facing outwards of each of these chambers is perforated by foramina, the
convex surface facing inwards is not perforated by foramina (Text-fig. A). The free edge of
each chamber is produced into three or four tubular processes sometimes arranged like the
points of & cock’s comb (Plate 31, figs. 15 and 16). In well-preserved specimens one or more
of these tubes has a trumpet-shaped mouth the lips of which are the beginnings of a new
chamber. Tubular processes similar to those at the edge are sometimes situated on the
inner convex surface. Surrounded by these terminal chambers there is an interlocular
apace [Text-fg A i), :

The structure of the branches of Polytrema is far more difficult to understand, and
the deseriptions given of it by Schultze, Mobivs and Merkel are not consistent. After
carelul observation of several specimens from different parts of the world I am quite
convineed that there is a wide range of structure of these parts and that a new series of
investigations hased on the study of & large number of specimens is very desirable. There
can be no doubt that zoclogists who have given their attention to the Foraminifera have
been inclined to “lump” all the Polytremide into one species. I believe that when the
detailed structure is more carefully examined thers will be a swing of the pendulom and
the genus Polytrema will be split into a large number of species.

However, I will in this statement refer only to one or two points upon which there is
inconsistency of statement in the deseriptions of previous writers and then describe what
1 believe to be the structure of the growing point of specimens of Polytrema minigcenm
from the Mediterranean.

Miibius describes in the branches of specimens of Polytrema he obtained in Mauritius
a central canal (eine centrale Kammer) around which the chambers are arranged spirally
or in circles. Merkel denies the existence of a true central canal but describes excentric
ecanals and spaces opening to the exterior with imperforate walls (Scheidewiinde) formed
by the fusion of the pillar walls. Lister writes of “axial spaces” which open widely at
the ends of the branches. :

The spaces with imperforate walls, soraetimes opening to the exterior at the end of
the branches, can be clearly distinguished in some specimens (Text-fig. B i); but in a very




458 FEROY SLADEN TRUST EXPEDITION

large number of specimens they do not oeeur at all and the presence of centrie or excentrie
ecanals is certainly not an essential feature of the structure of the branches of the genus
Pﬂfytwem or of its species P. minigeewm,  The statement that the branches of Polytrema
consist of 8—4 joints (gliederartigen Abschnitten) made by Merkel and confirmed by a
good figure, is not of general application. I have examined a very large number of
specimens from the Mediterranean Sea and from other localities and I have not yet been
fortunate enough to discover a single one that eorresponds with this deseription, The
chambers of the arm of a Polytrema are very variable in shape and size and they
eommunicate freely with their neighbours of the same row or stratum. Their outlines
are indieated only by the pillars (Text-fig. B ). At the free end of a branch there may
be seen o varisble number of openings. In the disgrammatie text-illustration B, T have
shown four such openings. Of these three may be regarded as homologous with the

(3

Fi.g.. 1. Disgrams to illusteabe the structure of the growing points of A Spevadotrama, B, mwmﬂ_
C. Hemotrema, ¢ incomplete chambers, ¢ completed chambers, © interlocular spaces, P pillar pores of

Polytréma,

openings of incompleted chambers and the fourth (7) as the opening of an interloeular eanal
or space. The incompleted chambers have walls perforated by foramina on the sides that
are free and external as in Spovadotrema, but unlike Sporadotrema the walls separating
one chamber from unother that lies internal to it are also perforated by foramina.

The wall of & chamber that separates it from an interlocular space is imperforate.

At the growing point of a Sporadotrems (text-illustration A) there is, as a rule, only
one circle of 4;:]14“ubm-u'enclﬂsi.t1§ an irvegular interlocular space. In Polyfrema on the
other hand there may be a closter of ehambers, two, three or more deep on one side, and
one or two deep on the other, enclosing an excentric or possibly in some cases a centrie
interlooulur space, The pillars P represent the distal and proximal sides of chambers of a
row and their eavities are really interlocular spaces which may be continuous with the walls
of the deep seated interlocular canals,

The characteristic feature of the branch of a Polytrema is that the chambers appear
to -be very i]':'H.giilﬂl' in outling and this 18 due to fusion of ;|1|_'—;'|ghhuuﬁng chambers which
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may be exploined as an expansion of the communicating passages which are seen in
Sporadotrems and Homotrema, ;

In Homotreme (text-illustration ) there are apparently no interlocular spaces, I‘n
a vertical section through one of the verrues a cluster of chambers may be seen, communi-
eating with one another by large irregular passages.  All these chambers, Bx0afIL thean at
the surface, have solid walls which are not perforated by foramina. The chambers at the
surface exhibit n convex outer wall perforated by foramina. At the apex of cach verruea
a few chambers, with incomplete outer walls, can always be scen,

The foramine. When a specimen of Sporadotreme is decaleified and stained, one of
the most noteworthy features to be seen is a series of approximately parallel moniliform
tubes which break np into branches at the inner end before terminating in a perforated
membrane on the outer wall of & chamber and open by a gingle large aperture at the
surface (FPlate 32, fig. 32).

These tubes line the foramina, as can be seen in a stained section of hard and soft
parts together, and they are of a chitinous texture, Smilar chitinons tuhes have been
described and figured for Polytrema by Merkel and Mohius, but whereas in Sporadotreme
the tubes may be as much as 2 mm. in length, in Polytrema they are rarely more than
"02 mm. in length. In Polytrema the tubes are ustially simple, but as Merkel has correetly
pointed out they sometimes divide st their inner snds.  In Sporadotrema they are simple
only in the region of the terminal chambers: but on the Lranches and stems they always
divide into a considerable number of smaller tubes which terminate in the chambers. In
the figures I have drawn only three or four of these secondary tubes—that is the number
that can be seen in a thin vertical section—ut there must be actually nine or ten branches
springing from each of the main foraminal tubes,

In many of the tubes there may be seen a few or in some cases several chitinous plates
stretehing transversely aoross the tubes and these plates have all the appearance of the
tabule of a tabulate coral exeapt in texture. Tn the specimen of Sporadotrema mesenterioum
that I have examined these tabule seem to be more pronounced than in the other species
and, as shown in Plate 32, fig. 25, the foraminal tubes in this species have the appearance
of being regularly tabulate.

Two important questions naturally arise concerning these tabulw: (1) Are they
complete tabule, that is to say, do they completely occlude the foramen? (2) Are they
supported in any way by ealeareous tabulse?

To the first of these questions it is diffcult to give a definite answer, In nearly all
the good sections I have examined of decaleified sections and of ground seotions of the hard
parts they seem to be perforated, but it is still quite possible that in some cases they do
completely close the passage. With such delicate structures as these are, it is always
diffieult to determine the extent of the damage done either by the process of decaleifisation
or of grinding.

To the second question the answer is that in Sporvadotrema mesentericum there are
certainly narrow projecting shelves of calcareous substance supporting the chitinous
tabule (Plate 82, fig. 83), and it is probable that they also occur in some of the clder
foramina in S, cylindricum as well, -
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In Carpenteria the chitinous tubes were shown by Mibius (18} to be marked by
tranaverss lines, and these lines probably represent ring-shaped thickenings of the chitin.

In Polytrems they are shown to be marked by a series of rings (see Plate 32, fig. 31,
copied from Merkel (12}).

In Sporadotrema (fig. 32) they are usually moniliform and frequently marked by
a series of ring thickenings. These facts alone, which are easily demonstrable, point
to the conelusion that the growth in thickness of the ocuter wall is not continuous but
marked by a series of intermittent stages of activity, and it is at each of these stages
of activity that the narrow calcareous shelves are or may be formed.
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EI{P‘LJ‘LNATIDH OF THE PLATES.

E'LATJ_-: a0,

Fig. 1. I’ﬂfﬂ;'\clliulhﬁﬂfﬂmmﬂl._ A spcnil:nm from 90 metres off K1 Tslands 1!- I.:l‘.I:IfI:I'I'I.EI1::'!]"-.1J E:h-'_'l.w_il'l-g I:.L.n
characteristic pule pink (or apricot red) colour.

Tig. 2. Homotrema vitbrum from Providence 50—78 fathoms x 4} diameters, showing a darker (salmen
colour) red tint.

Fig. 3. Speradotreni eglindricut, fae. Providentim; from Providence 70 fathoms = 2 dia meters, showing
the characteristic orange yellow colour. :

Fig- 4. Sporadotrema cylindricum, fac. Saya de Malhensis, Sayn de Malba 29 fathoms x 2 diameters,
showing the pale pink colour. e
Fig. 5. Sporadstrema weseniericun from Torves Straits 2 2 diameters, showing the characteristic dark

red eolour. .
Fig. 6. Sporadotrema eylindricum, fae. Amirantim. Amirsnte 34 fathoms x 2 diameters, showing a
- darker red colour than (in Fig. 4) fac. Saya de Malhensis, i
Fig. 7. Sporadotrema eylindricum, fac. Amirantise, Saya de Malha 28 fathoms x 1} diameters, . This is
an orange colowred variety of the facies. ;

Prare 31.

Tig. 8. Polytrema minioceuns,- A specimen from 90 metres off Ki Tslands (Siboga Expedition) x 4}
dismeters, showing the branching method of growth,

Fig. 8. Howotrema rubrum from Providence 50—78 fathoms 4 dismeters, showing the charscteristic
solid and tuberculate method of growth. A

Fig. 10.  Sporadotrema eylindricum, fac. Providentiw; from Providence 70 fathoms x 2 dismeters. Note

~ that the magnifieution of this iz moch less than that of Fime, & and 9.

Fig. 11 Sporadstrema wesenterioum (Carter) from Torres Straits {Haddon coll) » 2 diameters.

Fig. 12. Sporadotrema mesentericum from Torres Straits % 2 diameters.  Side view showing the convex
surfaces marking the cutlines of the chambers, ]

Fig. 13, Sporadatrema cylindricum, fac. Saya de Malhensia, Saya de Malba 20 fathoms x 2 diametera

Fig. 14. Transverse section through & stem of Speradetrema cylindrioum, fac, Providentis = 5 diameters,
showing the thick outer wall perforated by the foramina, and the ring of chambers surrounding a
more solid core. Pl 32, fiz. 20. L R B

Fig. 15. Sporedotrema cylindricum, fac, Saya de Malbensis. A terminal branch x 9 diameters, To

" show the cuflines of the chambers clearly marked st the extremity where they are superimposed,
becoming less clearly marked as the walls thickened and quite obliterated at the base of the branches
aud below.

Fig. 16. Sporadotrems cylindricum.  View of the same specimen ag in fig. 15, to show the free edge,
The spout-like openings of the terminal chambers may be seen snd also the scaffolding of spicules
which support the growth of the terminal chambers,

Fig. 17. Vertical section through Palytrema oylindricunt, fac. Providentim » 0§ diameters, showing the
arrangement of the chambers in the stem and in one of the branches,

Frare 32,

Fig. 18. Transverse section of a thick branch of & Polytrema, showing four concentrie cireles of chambers,
% 100 diameters. p. pillar pores,

Fig. 19, Transverse section of one of I:h-e J'mamjcnaa Provesses of E-Hﬂmﬂh‘dm Elhﬂ'l'i'i]'lg that T-['IE e
wall (0} of the cuter circle of chambérs alone are foraminate. The other chambers compoing the
process are not arvanged in definite circles, have imperforate walls but communieate with ohe another
by large open passages.  x 100 diameters,

BEQOND BERIES—Z0O0OLOGY, VOL. XTIV, 50
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Fig. 20, Transverse section through the hase of & branch of Speradotrema, showing o single ircle of
chambers with very thiok and continuous euter walls perforated by foramina (). Within the circle
of chambers there is a core of caleium carbonate perforated by interlocular passages (i =6
diameters. Compare this drawing with the photographs on Plate 31, figs. 14 and 17.

Fig. 21. Burface view of a portion of a stem of Sporadotremn, showing the irmguhr NTPESARATE of ke

foramina {eg), x50 diametera.

Fig. 22 Sarface view of a portion of o Homotrema, showing the arecls (4) perforated by foramina and
bounded by solid walls. » 50 diameters,

Fig. 23. Surface view of a portion of a Polytrema, showing the pillar pores (P) and the foramina
perforating all the other parts of the surface () x50 diameters.

Fig. 28, Drawing of a growing point of a specimen of Speradstrema cylindricum, fae, Amirsotie,
showing the young chambers (ec) at the edge with a cock's comb row of short tubes (T) opening
freely on the distal margin,  x ciren B dinmeters. Compare this deawing with the photographs on
Plate 31, figs. 15 and 16,

Fig. 25, Vertieal section through a lamina of Sporadotrema messntericum to show the tabule in the
foramina (f). These tabule are probably never guite complete but perforated in the centrs by
& pore {compare fig. 33). x 20 diameters, y

Fig. 26. Transverse section of a part of a branch of Sporadotrema to show the relation of the foramina
to the chambers (g, ¢} X cirea 15 diameters,

Fig. 27. Transverse section of a part of a branch of Palyfrema to show the relation of the pillar pores
{£') to the chambers () and the interlocular spaces (i), % cirea 200 dismeters.

Fig. 28. Trunsverse section of a part of a branch of Homotrema to show the perforated outer walls

of the external chambers and the passages which establish communication between the cham bers.
= oirca 200 diameters,

Fig. 28, Vertical section through the base of the stam of Sporadotrema cylindricum, fac. Amirantie,
showing three of the initial chambers (ic). These chambers can be recogmised by their regular oval
-shape and by the foramine which perforate their walla Camera drawing x 10 diameters,

Fig.'80. Chitinous tnbes lining the foraming of Carpenteria raphidodendron. Copied from ‘Mhius (13).
" Plata VL fig. 8. = 150 diameters.

Fig. 81. Chitinous tubes lining the foramina of Polytrema mindnooum, Copied from Merkel (12).
» 580 diametera

Fig. 82. Chitinous tubes lining the fornmina of Sporadotrema.  x 150 dinmeters,

Fig. 83. One of the joints in a foramen of Sporadotrama, very much enlarged, to show the narrow
shelf-like tabula
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