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96 Dr. J .  E.  Duerden on t£e 

called labyrintMca, then the name must be r¢par~a, because it 
occurs earlier on the page than labyrinthiea. 

I f  this conclusion be contrary to the International Rules~ 
they must  be very strange rules. 

As to whether, when the type has been test, the two names 
are to be regarded as denoting the same species or not, is 
entirely a matter for mutual discussion between arachnolo- 
gists, who, if possible, would come to some defiuito c~uelusioa 
on the point. 

X I V . m T h e  Morphology of the .~adreporar~a.mII. Increase 
o.f Mesenteries in Madrepora beyond the Protocnem~e Stage. 
By J .  E.  DUEr~DEN, Ph.D.,  A.R.C.Sc.  (Lend.),  Brace 
Fellow, Johns  Hopkins University ~. 

I~r the ' Johns  Hopkins University Circulars ' (1900)~ I refer 
briefly to the discovery that in the genus Petites the mesen- 
teries beyond the primary six pairs (protocnemes) are added 
in bilateral pairs, within the entoceele of either the dorsal or 
ventral pair of directives. This method of mesenterial increase 
is shown to differ from that characteristic of recent corals 
generally. The results are also briefly contrasted with the 
method of mesentorial increase occurring in the three great 
divisions of the Actiniaria--Hexactinim, Zoanthea~, and 
Cerianthe~e. The close resemblance of the polyps of Madre- 
pora t to those of Petites, with regard to the number ancl 
arrangement of the tentacles and mesenteries, suggested that  
perhaps a similar mode of mesenterial addition might be 
followed in that genus also, and the present investigation was 
undertaken to determine thi~. 

]n ~¢Vest-Indian waters at least three well-known types of  

* From the ' 3ohns Hopkins University Circulars,' vol. xxi. No. 157~ 
pp. 59-66 (April~ 190,.9,). For Part I. see ~ Annals' for May 1902 ~ 381 

t Since the paper was written I have received Mr.J T. Wa~lani 
¥aughan's reports, " Some Fossil Corals from the Elevated Reefs of 
Curacao, Arubo, and Bonaire," and "The Stony Corals of the Porto 
Rican Waters," 1901. Following Brook (1893 b ¥aughan points out that 
~one of the species at present called Madrepora were included within 
this genus by Linmeus in 1758, ~nd that therefore the name cannot be 
retained for the forms embraced by Dana~ Milne-Edwards and Haime, 
and later authors. Vaughan suggests its replacement by lsopora, a term 
first empl~>yed by Studer in 1878 in ~ subgeneric sense. More recentl 
Prof. A. E. Verrill (1901) has come to the conclusion that the Aeropor y 
of Oken (1815) has much better claims for adoption in place of Madre- 
pora. 
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Morphology of the Madrelooraria. 97 

Madrepora colonies are recogMzed--M, palmaga, M. cervg- 
corms, and M. prollfera. The late George Brook (18.93) 
regarded all these as but ~ r m ~  or varieties of one species; 
Gregory (1895, 1900) at first accepted Brook's suggestio% 
but~ following upon a visit to the West Indies, reverted to the 
Lamarckian arrangement of the specific distinctness of the 
three; Vaughan (1001) follows Brook in considering them as 
only varieties of one species; Verrill (1901) agrees with 
Brook and Vaughan. So far as my own observations upon 
tile living polyps extend, and upon their anatomy and 
histology~ there are no differences of importance among the 
three types of growth~ and a discussion of their specific recog- 
nition or otherwise becomes restricted to the peculiarities of 
form assumed by the skeleton. 

The radial polyps of all the West-Indian Ma&'eporce are 
characterized by the presence of only twelve tentacles, six 
~ntoccelic and six exocoeli% forming a single cycle~ and 
usually varying in size in such a manner as to suggest larval 
relationships. On almost any colony~ whether of the arbo- 
rescent or palmate type of growth, polyps are occasionally 
met with which are slightly larger than the others and bear 
tentacles beyond th~ usual twelve, any even number fi'om 
sixteen to twenty-four being represented. As the number of 
tentacles on any polyp is an indication of the number of 
internal mesenteries, it was to the polyps possessing more 
than twelve tentacles that attention was directed. 

To procure these for microscopic examination involved con- 
siderable labour and care. The polyps of 3_faclrepora are so 
small that the tentacles can only be counted with the assist- 
ance of a lens~ and then only when in an expanded condition. 
Among a hundred polyps perhaps only one would display 
more than twelve tentacles, and on some colonies, especially 
those living near the surfac% no such examples whatever 
would be found. By carefully chipping around the desired 
individual it could be isolated on a fragment of the colony of 
suitable si~e for study. The polyps were killed in corrosive- 
acetic or in formol~ afterwards transferred to alcohol, then 
slowly decalcified with hydrochloric acid, and stained and 
sectionized. 

The radial polyps and corallites of Maclrepora are~ as a 
rule~ oval in section~ the axial-abaxial diameter being the 
longer (fig. 1). The polyps with from sixteen to twenty or 
more tentacles were still more elongated~ but with the longer 
diameter at right angles to the axial-abaxial plane (fig. 7), 
the tentacles still ibrming a single uninterrupted cycle all the 
way round. Two oral apertures were present on the disk of 
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98 Dr. J .  E.  Daerden on the 

upwards of thirty enlarged examples found;  in only one or 
two doubtful instances was but one mouth remaining. Ev i -  
dently therefore the increase of tentacles and mesenteries 
earl.:: results in oral fission~ if the two, indeed~ do not proceed 
lJar~joassu. The  plane of fission coincides with the median 
or axial-abaxial plan% and in some rare instances the two 

I V  

.f 

V~ 

FIG. I. 

Transverse section through the stolnod~al region of a projeeti~,~ radial 
polyp of Madrepora. In relation to the axis of the branch tile lower 
aspect of the section is axial and the upper is abaxial. The two 
mesenteries~ 1K, IP ,  formin~ a bilateral pair, are the dorsM direc- 
tives, and mesenteries III~ l I I  are the ventral directives. Mesen- 
teries II, V and I, KI on each side constitute two anisoenemie 
unilateral pairs, q'he polypal cavity is in communication with the 
superficial canals by means of several radiating canals. The outer 
polypal wall (e0enosare) is supported upon twenty-four costal ridges. 

I'n this and all the fi~'ures the tbree ecelenterate layers are repre- 
sented as follows :--The ectoderm by the conventional columnar 
epithelium; the ~neso.qlcea by a thick black line; and the endoderm 
as a clear layer. Owing to its narrowness the calieoblastic ectoderm 
is unrepresented, the skeletotrophie mesoglcea appearing to cover the 
eorallum directly. The skeleton or corallum-is indicated by the 
dotted areas. 

polypal halves appeared to be in process of separation by tim 
ingrowth of the middle tentacles and septa, Increase in the 
number  of  polyps in any  colony of  Madrepora by means of  
fission must, however,  be very  insignificant compared with 
the usual increase by coenosarcal gemmation.  

] ' he  early stage at which oral fission is accomplished ia 
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Morpholoyjt of the Madreporaria. 99 

the larger polyps of Madrepora is in marked contrast with 
the same phenomenon in Porites *, for in nmnerous examples 
of the latter with tentacles and mesenteries in excess of 
twelve, often from twenty to twenty-fore 5 I have only come 
upon one or two instances in which two oral apertures were 
displayed on a single disk. The problem of mesenterial 
increase in polyps of Madrepora is therefore more complex 
than in Petites, tbr from the beginning the new mesenteries 
in Madrepora are associated with two stomodmal tubes instead 
of only one. 

A transverse section of an ordinary radial polyp of Madre. 
peru through the stomodmal region is represented in fig. 1. 
Attention will be directed only to the mesenteries. Twelve 
of these are present, arranged in six bilateral pairs, of which 
two pairs, II[, IV, situated at opposite extremities, are 
directives, and two pairs, V, l/I, are incomplete--that i% are 
not attached to the st~omod~eum. The retractor muscles are 
sufficiently well developed on mesoglceal p]aitings to admit of 
the paired arrangement of the mesenteries being established. 
In  the figures the mesenteries are numbered I to VI, in accord- 
ance with the order in which ttie pairs are usually found to 
appear in the course of embryonic and larval development of 
both corals and anemones. Throughout their course the fifth 
and sixth mesenterial pairs never become inserted on the 
stomod~eum, but disappear shortly below the lower termination 
of the stomo&eum, and never bear mesenterial filaments. In 
Actinological literature the remaining eight complete mesen- 
teries are known as the Edwardsian mesenteries; and the 
polyps of Madrepora, like those of Porltes, are said to retain 
in the adult condition the Edwardsia-stage of mesenterial 
development, a stage passed through in the growth of most 
~ladreporaria and Actiniaria. 

Nearly all Madreporarian polyps pass beyond the stage 
~vith only twelve mesenteries, usually, by the addition of 
ahernating isocnemic pairs within the six primary exocoeles, 
which in the end constitute one or more distinct cycles. 

* In the course of my former investigations on the order of mesenterial 
increase in Petites (19()0) no evidence was presented that the additions 
in the end resulted in polypal fission. From an examination of material 
collected later it appears that when six new pairs of mesenteries hay6 
been formed the enlarged polyp, now possessing twenty-four mesenteries~ 
may undera'o division into equal halves, at any rate so far as concerns the 
oral aperttlre, stomodmum,-and mesenteries_ The mesenteries in each 
daughter polyp are arranged exactly as in ordinary polyps arising as 
buds. The introduction of fission, however, in no way modifies the 
morphological significance of the pinnate order in which the increase or' 
naesenteries takes place. 
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100 Dr.  J .  E .  Duerden  on the 

While  this is t ak ing  place the fifth and s ixth p r imary  pairs  
as a rule become complete. As  a l ready mentioned, _Petites 
among corals is characterized by  ~he mesenteries beyond the 
protocnemie stage being added in bilateral pairs, disposed 
pinnate ly  wi thin  ei ther the dorsal or ventral  entoco~les. 
Fur ther ,  tlle incomplete fifth and s ixth pairs never become 
united with the stomodseum. Figs .  2 and 3, with their 
explanations,  will make  these differences clear. 

IV 

F r 

B B 

l l I  

Fro. 2. 

Diagram representing the order of appearance of the second cycle of 
mescnter[es in most modern corals. The primary mesenteries, I -  VI, 
are in the same condition as in the adult polyps of Madrepora, except 
that the fifth and sikth pairs are nearly united with the stomoda~um. 
Within each of the six primary exoczeles a new pair of mesenteries, 
.A-C, has appeared, the sequence being represented by the compara- 
tive sires of the mesenteries from tl~e dorso-lateral to the ventro- 
lateral exocoeles. Later all the primary mesenteries become inserted 
on the stomodteum and the second cycle pairs are equal. Afterwards 
the third cycle mesenteries arise successively in unilateral pairs 
within the exocceles between the pairs of the first and second cycles, 
first on one aspect of the second cycle mesenteries and then on the 
other aspect, and afterwards become equal in size. Thus several 
possible regions of growth occur within each prin.ary exoccele, each 
capable oJ? giving rise to an isoenemic mesenter-ial pair-. 

Over  a score of the large polyps  of Madrepora were 
sectionized t ransversely.  All possessed more than twelve 
mesenteries,  and two stomodeeal tubes, divided all the way, 
were already present  ; but  as regards the meseuterial  increase, 
practical ly only  three different s tages are represented, in each 
of which twenty- four  mesenteries a lready occur at one phase  
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Morphology of the Madre2oraria. 101 

or another of their establishment. The three conditions are 
represented in figs. 4-6, from camera lucida drawings of actual 
sections. 

The earliest stage obtained is that represented in fig. 4. 
Twelve complete mesenteries are present and eight incom- 
plete members, all attached to the inner boundary-wall of the 
polyp. From the disposition of the musculature and the 
relation of the complete to the incomplete members there is 
no difficulty in ascertaining which are the primary twelve 

r~ 
I I  

X 1 
f,7 Vl 

0 0 
D 

FIo. 3. 

Diagrammatic arrangement of the mesenteries in a polyp of Por~ies, 
showing the manner of increase of the mesenteries beyond the six 
primary pairs. These latter are indicated by the thicker radial 
lines, and numbered I - V I .  Four new bilateral pairs, A-D,  have 
been successively added at one region within the entoccele of the 
ventral directives, I I I ,  1117 the latter having become pushed far 
apart (cp. fig. 6). In  some polyps of .Petites the new mesenteries are 
added within the dorsal directive entoccele instead of the ventral. 

mesenteries. They are indicated by the same numerals as in 
the simple polyp. Ventrally they have become widely sepa- 
rated from the dorso-ventral plane which passes through the 
entoccele of both pairs of directives, but in a symmetrical 
manner, so that six are on one side and the corresponding six 
on the other. As yet additional mesenteries are found only 
on the ventral (axial) side of the polyp~ situated within the 
directive entoccele ( lI / ,  111). They consist of two bilateral 
10airs of complete mesenteries and two incomplete pairs (A-D), 
the lettering not necessarily possessing any significance as to 
the order in which the mesenteries appeared. Each member 
of the new outermost complete pair (A) forms with tlle 
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102 Dr. J .  E. Duerden on t~e 

primary complete directive mesentery adjacent to it (III) a 
new pair of directives~ the musculature being on the faces of 
the mesenteries turned away from one another; the nexg 
incomplete and adjacent complete new mesenterics on each 
side form a unilateral anisoenemic pair (B, C), in which the 
musculature is on the faces turned toward each other, as in 
pairs I a n d  VI  of the simple polyp. The two members of 
the middle bilateral pair (D,/-))  of incomplete new mesen- 
teries have as yet no corresponding complete mesenteries 
wherewith to constitute a unilateral pair. The primary dorsal 
(abaxial) direcLives (IV, IV )  arc somewhat widely separated, 
but no new mesenteries are intercalated between them. 

With the exception of the presence of ~wo stomodzeal tubes 
instead of only one, the disposigion of the new mesenteries so 
far exactly resembles the stage in the mesenterial increase in 
_Porites represented in fig. 3. 

r Y  I F  _ 

V 

I I F  J 

g D 

F r o .  4. 

Transverse section through the stomodzeal region of an enlarged polyp, 
wholly retracted within the eorallum. The stomod~eum is divided 
into two tubes, which are connected by two mesentery-like strands. 
Four pairs of new mesenteries, .4-/);, are present in addition to lhe 
six pairs in simple polyps. 

Special importance attaches to the two mesentery-like 
sh'ands which cmmect the two st;omodmal tubes. Sometimes 
they are short, as in the section represented, or they may be 
much longer, the stomodma then being widely apart. For a 
long time their significance was difficult to understand~ and it 
was only from a study of the early stages in ordinary budding 
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MorphologZt of tl~s Madre2oraria. 103 

in Madre})ora that a satisfaeto W solution of their presence 
was reached. Full  consideration of them will be deferred 
until later. In the meantime it will be noticed that eight 
mesenterial insertions~four primary and four new--are 
associated with each stomod~eum, which is the number charac- 
teristie of an ordinary adult polyp ; also that four incomplete 
mesenteries belong to each polypal half. Thus~ regarding 
each of the mesentery-like strands as representing two mesen- 
teries~ the full complement of twelve mesenteries is associated 
with each stomodreum~ as if the latter were separate polyps. 

U IF B B IP" rl 

! 

1! i F1 
Ill ~ . 111 

B 
c D D c 2) 

Fro. 5. 

Tr,msv~rse section through the stom~dEeal region of another enlarged 
polyp, with the dorsal and lateral areas free. Only a singqe mesen- 
terial strand connects the stomod~eal tubes. New mesenteries, A-D, 
have been added within the ventral entoccele, and one pair, .E, E, 
within the dorsal entoccele. 

Fig. 5 displays a further stage in the mesenterial develop- 
ment. There are now seven complete mesenteries extending 
fi'om each stomod~eum to the body-wall, and only a single 
connecting strand. Evidently the two additional complete 
mesenteries (E~ E) represent the dorsal member of the two 
connecting mesenteries in the previous figure. They now 
form a new bilateral pair situated at the upper aspec~ of the 
polyp--that  is, within the entoccele of the dorsal directives 
(IV~ 1V)~ and the musculature is so disposed that the mesen- 
tery to the left constitutes a pair of directives with the primary 
directive mesentery on that side~ and likewise with the t~vo 
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10t Dr. J. E. Duerden on t]~e 

on ~he right side (IV, E). New mesenteries thus occur at 
the two axial extremities of the polyp, within both the dorsal 
and tile ventral entocceles, and each stomo&eum has asso- 
ciated with it a dorsal and a ventral pair of directives, as in 
ordinary adult polyps. 

Fig. 6 represents the final stage. Eight mesenteries now 
stretch from each s~omod~eum to the body-wall, and the two 
tubes are wholly disconnected, qAhe two additional mesen- 
teries (F, F) are disposed within the entoccele of the dorsal 
pair of mesenteries (E, E) shown to be added in the previous 
figure, and the retractor muscle is arranged on the faces turned 

E F 

J t ~ -  ..:? 
BCD C ~.~ 

[IZ 

Fio. 6. 

Transverse section through a third polyp in which the two stomodaeal 
tubes are altogether distinct from one another. Four pairs of mesen- 
teries, A-l), have been added within the ventral entocoele, and two 
pairs, E, I', within the dorsal entoccele. 

towards each other, so that each mesentery will form an 
isocnernic pair with the corresponding incomplete mesentery 
(D) on the ventral aspect, a pair comparable with the mesen- 
t e r i e s / / a n d  V of the simple polyp. 9 he mesenterial system 
associated with each stomoda~um is now constituted exactly 
as if each represented a distinct polyp (ep. fig. 1). 

The three sections from separate polyps clearly demon- 
strate that in Madrepora new mesenteries beyond the proto- 
cnemes are added in bilateral pairs within the primary ento- 
ccele of the dorsal directives and also of the ventral directives. 
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Jl£O~ThOIOjy of the Madreporarla. 105 

For the disposition of the musculature and the relation of the 
complete and incomplete members leave no doubt that the 
mesenteries numbered I to VI on each side are really the 
protoenemes of the original polyp, and therefore the four 
bilateral pairs (A-D)-- two complete and two incomplete-- 
on the ventral aspect are new pairs which have been added 
within tlle eutoccelo of tile primary ventral directives, nosy 
pushed widely apart; and similarly with the two bilateral 
pairs (E, F )  on the dorsal aspect within the primary entoccele 
of the dorsal directives. 

The accompaniment of fission of the stomoda3al tube, in- 
volving a separation of tile mesenteries attached to it into 
two series~ has really no bearing upon the manner of meseu- 
terial succession, which alone is sought to be established. I 
have already carried out investig.ations on mesenterial deve- 
lopment and stomoda~al fission m the West-Indian corals, 
Manieina areolata (Linn.), Fav~a fragum (Esper)~ and 
Moeandr~na lab yrinthica (Ell. & Sol.), &e. ; but from the 
beginning the metacnemes in these are added in unilateral 
exoccelic pairs, as already described for the majority of 
actinians and corals (fig. 3), and the introduction of fission in 
no way modifies this method. Fission commences in young 
polyps of M. areolata and F.fraffurn after the third or fourth 
mesenterial cycle has become established. No new pairs of 
directives arise in the fission polyps, and the plane of division 
is not through the directive entocceles as in Madreporaj but 
is usually at right angles to the directive plane. 

During the growth of the second cycle of mesenteries in 
most corals and actinians the fifth and sixth developmental 
pairs of protocnemes become complet% but t~lis never happens 
in tile enlarged polyps of Maclrepora nor of Porites; the new 
pairs are also anisocnemic with the exception of those consti- 
tuting directives. 

Tile sequence represented in the three figures is that charac- 
teristic of all the polyps examined~ but variations in the 
number of tile mesenteries which may be relegated to either 
the dorsal or ventral extremity have been met with. Fig. 7 
represents a section through a polyp in which three additional 
pairs (C-E)-- two complete and one incomplete--are already 
added dorsally~ and only two pairs (A~ B)~one  complete 
and one incomplete--ventrally. In all the examples pre- 
viously considered no more than two new pairs are placed 
dorsally, tile remaining four being ventral. Tile connecting 
pair in fig. 7, whether in the end attached dorsally or ventrally~ 
will separate the two members of a bilateral pair of incomplet~ 
mesenteries. From tile arrangement of the musculature, and 
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106 Dr. J. E. Duerden on the 

the relationships of the complete and incomplete mesenteries, 
it is clear that each polyp will, upon separation along tile 
axial plane, possess twelve mese-nteries with the paired 
arrangement exactly as in the adult. 

Another polyp exhibited thirteen complete mesenteries with 
several alternating incomplete members, associated with one 
stomod~eum, while on the other stomoda~um were inserted the 
normal eight. Several large ova were developed in the single 
connecting mesentery of one polyp, while they were absent 
t¥om the remaining mesenteries. 

We may now return to a consideration of the median 
mesenterial strands connecting the two stomodzeal invagina- 
tions. In some polyps two of these are found to extend as 
vertical partitions throughout the length of each stomod~eum, 
and at the uppermost extremity of ti~e polyp they pass along 
the narrow central portion of the disk intervening between 

tr 

I1 ' ! 

Fio. 7. 

Tranaver~e section through a large polyp projecting nil the way round 
from the general surface of the colony. Only two mesenterial pairs, 
A, B, occur within the ventral entoccele, while three pairs, C-E, 
have been added ~ithin the dorsal entoccele. 

the two oral apertures. Sometimes only one may be present, 
extending the whole way; in others the partition has disap- 
peared above, but is complete below; while again, as in 
fig. 6, both partitions may be wholly, absent, each presumably 
represented by the two distinct parrs of mesenteries (E, E ;  
F, F )  which stretch from the stomodmum to the dorsal region 
of the body-wall. 

That each connecting strand actually becomes divided into 
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M orpholoyz/ of the Ma&'eporaria. 107 

two mesenterles, and that these effect a union with the vertical 
boc~y-wall, is clearly shown in the series of partly diagram- 
matic transverse sections (fig. 8~ A-D): taken at different 

e, 0 

• q B 

C D 

F~G. 8. 

Diagrammatic figures taken at die, rent levels fi'om a single polyp to 
iliustr~tte the manner in which a single mesenterial strand joining 
two stomod~eal tubes becomes inserted on the polypal wall as a pair 
of distinct mesenteries : A is towards the inner termination of the 
stomodmum,/9 is from the upper extremity of the polyp, and B and 
C from intermediate sections. 

levels from a single polyp. Fig. A is from a scctiorr through 
the lo~er stomodaeal region, where only a single straight 
mesentery joins the two stomo&eal tubes. The dorsal 
connecting mesentery i s ' a l ready divided~ and presumably 
is represented by the two mesenteries, e, e (cp. fig. 5). In 
fig. B, taken from a section a little higher, the connecting 
mesentery is directed in an angular manner toward the dorsal 
part of the body-wall, and in the next it is actually inserted 
on the wall ; while in the last figure (D), from a section near 
the upper extremity of the polyp~ the two halves are alto- 
gether apart and appear as two distinct mesenteries~ f ,  f 
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108 Dr. J. E. Duerden on the 

The musculature is strongly developed throughout, whether 
the mesentery be simple or divided. 

From the series of sections it appears that the two con- 
necting mesenteries, which originally pass straight across the 
portion of the disk intervening between the two oral apertures, 
first begin to extend from their middle towards the periphery 
of the disk, and when that is reached each half becomes 
distinct. The separation then proceeds down the polypa[ 
wall~ until ultimately the partition is divided throughout, and 
two mesenteries, each connected with its own stomodmum 
from the beginning~ are now fully established~ and in all 
respects resemble the older complete mesenteries. 

Tile new incomplete mesenteries have a much simpler 
origin. They are never connected with the stomod~eum, but 
in serial transverse sections can be seen to arise somewhere 
towards the upper extremity of the polypal wall, and to extend 
vertically as well as radiately for but a short distance. In 
no case do they pass downwards as far as the incomplete 
members of the primary series. In one or two instances I 
have failed to discover them• The incomplete meseuteries 
never bear filaments~ but the complete mesenteries are all 
filamentiferous for some distance below the inner termination 
of the stomoda~um. The connecting mesenteries, while still 
unattached to the column wall, also bear filaments at their 
free edge. 

A knowledge of the early stages of gemmation in ordinary 
polyps of Madrepora assists towards all understanding of tlle 
peculiar relationships of the mesenteries during the process of 
fission. Figs. 9-13 represent a series of sections through a 
very young polyp from near the apex of a branch of M. pro- 
l(fera. The stage is so early that no tentacles have yet 
appeared. The bud is formed wholly from the superficial 
covering of tile colony over one of the ordinary peripheral 
canals, and structurally is entirely unconnected with the 
older polyps, though in communication with them by means 
of the canal system. The sections are vertical and are taken 
from only one side of the polyp, but an exactly similar series 
is found to occur on the other half. 

Fig. 9 is from a section passing through the oral aperture, 
• ° . r ] ~  wlnch has just been fo~med. ~ he stomodzeal walls appear as 

simple in|u~nings of the superficial wall of the colony. The 
section is in the directive plane passing th,'ough the two 
directive entocceles, so that no trace of the mesenteries is 
included. The two slight elevations of the outer wall are 
probably the first indications of the axial entoccelie tentacles. 
Itxe endodermal ep~diehum of the bud~ including that folmmg 
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Morphology of the Madreporarh~. 

FIG. 9. 

• y . . . , , , : : .  . 
tdo , . ."  :: 

FI~. 10. 

Fro. 11. 

Fla. 12. 

t i t  rr  ~ ~ ~ 

Fla. 13. 

Figs. 9-13.--Series of sections illustrating the early stages in the 
formation of a bud polyp of Madrepora. 
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110 Dr. J. E. Duerden on the 

both tile inner and outer lining of the stomodseum, differs 
altogether from that elsewhere lining the canals and gastric 
cavity of the polyps ; the cells are columnar, strongly ciliated, 
non-vacuolated, and stain deeply. 

Fig. 10 is from a section a little to one side of the oral 
aperture, and reveals four mesenteries extending vertically 
fi'om the outer wall as far as the inturned stomodseal wall. 
In fig. 11 the two outermost mesenteries have become free at 
their lower extremity, but the two inner still retain their 
connexion with the infolded margin of the stomodseum. Iu 
tile next figure all the primary mesenteries are free from the 
stomodmum, but the one to the right is connected with the 
innerwa]l of the peripheral canal. To the left of the mesentery 
the rudiment of an additional mesentery has now appeared. 
In the succeeding figure (fig. 13) the mesentery at tile extreme 
right has disappeared and a rudiment of a second new mesen- 
tery occurs. Thus all the six mesenteries--four complete 
and two incomplete--of one side of an adult polyp of Madre- 
ioora are accounted for. 

The important facts in the present connexion which the 
series of sections serve to demonstrate are as follows : - - l .  In 
tile formation of a bud of Maclre_pora the six pairs of mesen- 
teries characteristic of the adult polyps are all present at a 
very early stage, perhaps appearing simultaneously. 2. Tile 
four complete pairs arise at or near the angle between the 
disk and stomodseal wall, and extend alt the way down the 
latter, and also radiate along the outer wall. 3. The two 
incomplete pairs arise on the body-wall (not yet differen- 
tiated into actual disk and column) some distance from the 
oral aperture, and from the beginning are wholly free from 
the stomodmum and extend only a st(err distance. 

The above results from the bud-polyps may now be compared 
with the conditions occurring in the fission polyps of Madre. 
pora. That no succession in the appearance of the new six 
pairs of mesenteries has been met with in the n.umerous 
fission polyps examined is evidently due to the circumstance 
that, as in the bud, all the six pairs appear at a very early 
stage, if not simultaneously. The presence of mesenterial 
strands connecting the two stomodseal tubes may be brought 
about by the close association of the complete mesenteries 
with each stomodseum at the time of separation of the latter. 
Obviously fi'om the insertion of the mesenteries at about 
equal distances all round the stomodseal wall only two adja- 
cent members will be directly opposite each other~ and, 
arising from the same proliferating band of tissue, may grow 
as single lamella~ down the opposite aspect of each stomodseal 
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MorThologl/ qf the Maclreporaria. iii 

wall, and thus for a time remain as partitions uniting the two 
stomodmal tubes. It  is only later, when each single partition 
begins to extend radiately across the disk and passes down 
the body-wall, that each strand becomes two distinct mesen- 
teries and the mesenterial system for each polyp is normally 
established. The early appearance of the incomplete mesen- 
teries and their perfect freedom from the st;omodoeum in the 
fission polyps are features likewise reproduced in the young 
bud polyps. 

It has ah'eady been mentioned that the number of tentacles 
on the larger polyps may vary from sixteen to twenty-four, 
indicating that the passage fi'om the twelve-tentacle stage to 
the stage with twenty-four is not abrupt. That such a 
succession should characterize the appearance of the tentacles~ 
though not of the mesenteries, can be easily understood. In 
the development of corals and anemones it is found that, as a 
rule, the number of tentacles corresponds with the number of 
mesenterial chambers, the appearance of new tentacles following 
very closely upon the formation of additional mesenterial 
chambers. In the earliest stage of mesenterial addition in 
Mattrepora (fig. 4) only eighteen mesenterial chambers are 
fully established, neglecting the two axial chambers where 
additions are taking place ; thus there would be only as many 
tentacles. Fig. 5 possesses two additional peripheral mesen- 
teries, hence two additional mesenterial chambers and 
tentacles. When all the mesenteries are connected peri- 
pherally twenty-four mesenterial chambers will be present, 
affording the. possibility of twenty-four tentacular outgrowths. 

The enqmry may now be made as to how far the meta- 
enemie sequence characteristic of Porites and Madrepora 
conforms with what is already known of the mesenterial 
development of the Zoantharia generally. The development 
and anatomy of most modern corals reveal that the meta- 
enemes are added as unilateral isoenemie pairs within the six 
primary exocoBlie chambers, as in fig. 2~ and the septa follow 
a corresponding succession. One, tw% four, &c., unilateral 
pairs may arise successively within each primary system, and 
in the end become arranged in one, tw% three or more cycles. 
The first cycle of metaenemes consists of" six equal pairs, the 
second of twelve, the third of twenty-four, and so on. The 
metacnemes~ unlike the protoenemes, exhibit perfect radial 
symmelry when the members of each cycle are fully deve- 
loped; the presence of two pairs of directives imparts a 
bilateral character to the six pairs of primary mesenteries. 
Departures from the hexameral plan are not infrequent iu 
corals~ but apparently no form has been described which 
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112 Dr. J.  E. Duerden on the 

introduces a different fundamental type of metacnemic succes- 
sion. The absence of directives and the irregular mesenteric 
systems described in certain colonial corals--Lophophyllia, 
Mussa, .Euphyllla, &c.--are probably in all cases due to 
asexual methods of reproduction, and do not indicate the true 
characteristics such as would be revealed by polyps developed 
directly from larva~. 

Similarly with modern Aetinians~ exclusive of Zoanthids 
and Cerianthids. Their metacuemic sequence conforms most 
closely with that of modern corals. In many the metacnemes, 
even of the first cycle, are incompletely established (Ecl- 
wardsia, Gonactin~a, Oractis, Peachia), bat so far as they go 
they indicate no new type of development. Dr. O. Carlgren 
(1897) has lately described an Actinian, Enrloccelactis, tile 
adult characteristics of which seem Co show that the second 
and third cycles of mesenteries have been added in unilateral 
pairs within the primary entocce]es, the directive entocoe[es 
excepted. The discovery is full of suggestiveness in con- 
nexlon with the entoccelic succession followed in Petites and 
Madrepora. Carlgren, however, is inclined to rez, ard tim 
arrangement as merely an exception to the general plan of 
Hexactinian development~ and places the genus under the 
subtribe Actininse. 

The entoccelic growth of mesenteries and septa is also 
different from anything which has yet been definitely esta- 
bl!shed among fossil corals, including the Rugosa of Pala~o- 
zorn times. It must be acknowledged that our acquaintance 
with the septal succession of extinct corals is very incomplete ; 
a study of nmnerous types by means of serial sections wi/1 be 
necessary before an adequate knowledge of' their method of 
growth is available. Thanks to the labours of R. Ludwig 
(1862, 1865) and A. Kmlth (1869), we are more or less 
tamiliar with the septal plan of a large number of Rugose 
corals, in so far as this can be determined from the ridges and 
grooves exhibited on the outer surface of the coralla. Ac- 
cording to Ludwig the primary plan in the Rngosa is hexa- 
merous, whereas Kunth assumes a tetrameral condition both 
for the prima~y and secondary stages. Both writers find the 
metasepta to be added successively at four regions, in a manner 
which finds its expression in what is now known as Kun~h's 
law. 

Some of Ludwig's descriptions and figures (pl. xxvii. 
figs. 2) indicate that new septa were added within all the six 
primary chambers, while some few septal pairs appear to 
have been added axially, L e. within an entoccele, as in 
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MorT~olog!t of the Madreporarla. 113 

.Madrepora and Poritea. The definite establishment of ~his 
is a matter of the highest importance. 

Recently (1902), 1 have been able to confirm the observa- 
tion of Pourtal~s (1871) as to the primary hexameral character 
of the Rugose coral Lophophylum proliferum (McChesney), 
and by means of serial sections have definitely established 
tile metaseptal sequence. The structure of Palaeozoic corals 
so nearly conforms with that of recent forms as to warrant 
the assumption that the relationships of the polyp to the 
corallum were the same as those now thoroughly understood. 
The metaseptal arrangement in Lophophyllum is such as t:o 
indicate that the mesenterial additions took place successively 
at one region only within four of the six primary exoeoelie 
chambers ; two of tile chambers are the middle exocceles and 
the other two are the exocceles on each side of one of the 
axial (directive) pairs of primary mesenteries; no additions 
were made in the two remaining primary exocce'es. So far 
as tile septal arrangement in Lophophyllu~n can be taken as 
representative of tile Rugosa generally, the order is shown to 
be most closely related to the living Zoantliea~. In this group 
of mainly tropical and colonial Actinians the metacnemes are 
added in succession at one region within the primary exoccelo 
on each side of the ventral pair of directives, whereas in the 
Rugosa they were added in two middle primary exocceles in 
addition. 

With their entoccelic metaenemes, therefore, Porites and_ 
_MadreTora cannot yet be brought into conformity with either 
the extinct Rugose corals or the living Zoanthid polyps, 
seeing that these are characterized by exoccelic additions. Iu 
one learnt% however, they all agree. The metacnemes in the 
Zoanthete and in Petites and Ma&'epora arise successively, a 
bilateral pair more or less simultaneously on opposite sides 
of the polyp. In the end they are arranged on each side of 
tile polyp so as to constitute unilateral pairs consisting of a 
complete and an incomplete moiety (anisocnemic), whereas 
in ordinary Hexactinians the metacnemic unilateral pairs 
are constituted of equal moieties which appear together 
(isocnemic). 

The Cerianthids present in their mesenterial growth a 
method which most nearly approaches that under considera- 
tion, though differing in several important details. While 
Actinian writers such as Boveri and McMurrich hold that the 
first four pairs of mesenteries to arise represent the fbur 
Edwardsian mesenteries, van Beneden (1897) considers that 
no such relationship can be maintained, and the results of 
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114 On the Morphology of the Madreporar~a. 

Carlgren (1897) upon the arrangement of the musculature 
would seem to indicate the sam% as only one pair of directives 
are represented. The most important characteristic of the 
Cerianthem in the present connexion is that the later mesen- 
teries are always developed within the axial entocoele on the 
asulcar aspect of the polyp~ and that the organs in the adult 
remain as bilateral pairs. Carlgren has shown that the feeble 
retractor muscles in each mesentery are always on the face 
turned away from the directives--that is, the mesenteries do 
not constitute unilateral pairs in which the faces bearing the 
retractor muscles are vis-a-vis; as in all other Actinians and 
corals. 

The numerous researches of the late H. de Lacaze-Duthiers 
and those of G. yon Koch have demonstrated that the proto- 
septal stage of many modern corals is hexameral ; I have also 
established the same for several West-Indian species, and a 
like plan would seem also to have been characteristic of the 
extinct Rugosa. It is with the appearance of the metasepta 
that fundamental divergences are introduced. These seem to 
afford hope that they may serve as a means for arranging the 
Madrepomria on a more strictly morpho]ogical basis than is 
at present possible. At least three fundamental types are 
now known :--a~ the cyclical, characteristic of most modern 
corals; b, the bilateral exocoeli% in Lophophyllum and 
probably other Rugosa; c, the bilateral entoccelic~ now 
demonstrated for Porhes and Madrepora. 

The essential results may be now summarized :-- 
1. In most of the polyps of the genus Madrepora only the 

six bilateral pairs of primary mesenteries are developed, of 
which four pairs are complete and two incomplete. On any 
colony a few enlarged polyps may possess a greater number 
of mcsenteries. The new mesemeries beyond the primary six 
pairs are added in complete or incomplete bilateral pairs at 
only the two axial extremities, the entocoele of the dorsal and 
ventral directives. The cyclic disposition is never assumed ; 
the directives form isocnemic pairs~ but the other pairs are all 
anisocnemic. 

2. The pinnate method of mesenteria] increase is distinct 
from that characteristic of most recent corals; in these the 
metacnemes are added in isocnemic pairs all round the peri- 
phery of the polyp~ within the six primary exocceles, and in 
the end constitute one or more distinct alternating cycles. 

3. The method of mesenterial increase beyond the proto- 
cnemic stage occurring in Madrepora is also characteristic of 
the genus Porites~ except that in any one polyp of Porit~s the 
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On the Fishes of t~e Family Sbromateida~. 115 

new mesenteries are disposed at either the one or the other 
extremity, not at both. 

4. Six new bilateral pairs of mesenteries appear practically 
simultaneously in ~ladrepora, but only later do they all 
extend down the polypal wall. In ~Porites the new pairs 
tbllow one another in a regular succession. 

5. In .Madrepora the mesenterial increase is early associated 
with fission of the stomodmum and in the end probably with 
complete polypal fission, in which half the mesenteries of 
each fission polyp are derived from the primary twelve of the 
original polyp and the other half are new fbrmations. The 
resulting paired arrangement of the mesenteries, including the 
presence of two pairs of directives, is exactly as in primary 
polyps. Fission of the stomod~um appears very late in 
.Porites, not until after the full establishment of six new pairs 
of mesenteries. 

(References in No. 155, Jan. 1902 ; see ~ Annals '  for May 
J90~.) 

XV.- -A  Revision of the Fishes of the Fami[# Stromateidoa. 
By C. TATE REGAN, B.A. 

SINCE the revision of this family by Gill ~' in 188=~, when he 
considerably enlarged its limits as understood by ~tinthcr J-, 
no additions have been made to our knowledge of its affinities. 
The character which has always been taken as diagnostic of 
this family is the presence of teeth in tile oesophagus, and 
Gfinther grouped the fishes which possessed this character 
into two genera, Stromateus and Centrolophus ; to these Gill 
added tile genus SehedoyMlus, placed by Gtinther in the 
Coryph~enidm, the genus Palinurichthys (Pammelas, Gthr.), 
placed by Giinther in the Carangidm, and the species _Psenes 
anomalus (Trachynotus anomalus, Schleg.). Gill subdivided 
lhe family thus constituted as follows : -  

Subfamily C~w~oLoP~I~m, 
with complex elongate gill-rakers extending backwards from the epi- 
branchials of the last #ll-arch, 11 abdominal and 14 caudal vertebrm, 
protractile premaxillanes, and normal persistent ventral fins. 

Genus 1. Centrolophus; body elongate, dorsal spines slender. 
o,. Schedophilus ; body ovate, dorsal with 4 short stout spines. 
3. Zirus; body ovate, dorsal with 6 to 8 short stout spines. 

* Gill, Prec. Am. Phil. Soc. xxi. p. 664 (1884). 
t Giinther, ' Study of Fishes,' p. 452 (1880). 
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