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F108 Coelenterata-Hydrozoa

INTRODUCTION

Stromatoporoids are an extinct group of
organisms, exclusively colonial in mode of
growth, which secreted a calcareous skele
ton having the form of irregular rounded
masses, relatively thin sheetlike expansions,
and branched or unbranched subcylindrical
structures. Some individual colonies exhibit
thickness of more than 1 m. and width
ranging to nearly 2 m. Others are small,
with greatest dimensions less than 1 cm.
Fossils recognized as belonging to the group
are distributed from Cambrian to Cretace
ous, but they are most abundant in some
Silurian and Devonian formations, where
they may be important reef-builders. Most
stromatoporoids show a tendency to split in
layers parallel to the surface of the colony,
and they break less readily and evenly in
directions transverse to these layers. The
surface of some colonies is very smooth and
devoid of visible markings, whereas that of
others is characterized by presence of many

small moundlike elevations. These monti
cules, called mamelons, may be regular or
very irregular in distribution, and they may
bear radially diverging small channels
which subdivide outward.

Biological placement of the stromato
poroids is not firmly established, as indi
cated by the fact that various authors have
suggested their assignment among algae, for
aminiferal protozoans, sponges, hydrozoans,
some other branch of the coelenterates, and
even bryozoans. Conceivably, they represent
an independent phylum of invertebrates, not
known by students of living animals, but
this seems unlikely. The consensus of spe
cialists is that the stromatoporoids are coel
enterates which may be segregated as an
order of hydrozoans or treated as a class
somewhat closely related to the hydrozoans.
They are designated here as an order of the
Hydrozoa.

MORPHOLOGY

GENERAL FEATURES OF THE
SKELETON

FORM OF COLONIES

The skeletal form of stromatoporoid col
onies is variable-massive, laminar (sheet
like), and dendroid (Fig. 86,1-3)-and as
with corals, form of growth may be in
fluenced by environment, although this is
not always easy to determine. Some genera
and species, nevertheless, are distinguished
by their adoption of a massive growth habit
or a laterally expanded laminar form. The
dendroid colonies generally have been
judged to belong to a special group unre
lated to the others, some authors going so
far as to exclude them from stromatoporoids
altogether. The main reason for this some
what strange interpretation is the presence
in dendroid forms of a prominent axial
canal, which is construed to be restricted to
these dendroid colonies, but in fact it corre
sponds to structures very common in mas
sive and laminar stromatoporoids; these are
the axial canals of astrorhizae, to be de
scribed. As noted in the discussion of classi
fication, almost every family of stromato
poroids contains one or more dendroid

growth forms directly allied to a massive
genus. Although the validity of generic dis
tinction of some of these related forms is
doubtful, they are provisionally recognized
as separate.

Stromatoporoid colonies generally are
free, but some form incrusting growths on
other organisms or are intergrown zonally
with them, especially where stromatoporoids
occur with massive and laminar tabulate
corals or less commonly with dendroid tabu
lates like Trachypora (Fig. 87). A more in
timate sort of association is observed with
the fasciculate tubular organism known
since 1841 under the name of Caunopora
PHILLIPS, which really is a Syringopora
(Fig. 88). Such intergrowth is found only
in Paleozoic rocks to which this commensal
tabulate is restricted; it has not the taxo
nomic value supposed by BARGATZKY (1881)
when he introduced the generic name Dia
pora, because it is found in various genera
(as Clathrodictyon, Stromatopora, Stroma
toporclla, Actinostroma, and Roscnclla).

SIZE

The size of colonies is a notably variable
character, although it may have some bear-
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FIG. 86. Stromatoporoid colonies, showing some features of growth form and structure. 1, Stachyodes
verticillata (M'CoY), Dev., Ger., a ramose form, X 1.5 (50·). 2, Clathrodictyon variolare (ROSEN), SiL,
Est., showing prominent mamelons on surface and latilaminae in section of colony, Xl (50·). 3, Actino-

strom clathratum NICH., M.Dev., Eng., basal surface of colony showing many lamellae, XO.5 (50·).

ing on definition of a species or even of a
genus. For instance, Actinostroma is dis
tinguished by commonness of colonies hav
ing unusually large size, whereas Clathro
dictyon and Stromatoporella generally are
represented by rather small laminar colon
ies. Mesozoic stromatoporoids generally are
diminutive, as compared with Paleozoic
forms.

FIG. 87. Longitudinal section of Trachypora eircu
lipora KAYSER, a tabulate coral, encrusted by
Stromatoporella sp., M.Dev.(Givet.), Belg., X6

(49·).

SKELETAL STRUCTURE
CHIEF ELEMENTS

The underside of a colony, whether
stalked or not, may be covered by an epi
theca. The main mass of a colony consists
typically of transverse elements, termed
lamellae and vertical ( radial) elements,

c c

FIG. 88. Intimate intergrowth of a stromatoporoid
(Stromatopora hiipschii) with the tabulate coral
Syringopora, M.Dev., Ger., long. sec., X 12. Tubes
of the coral, which generally have been described as
Caunopora, are marked by "C" on the figure (49n).

© 2009 University of Kansas Paleontological Institute
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FIG. 89. Part of stromatoporoid colony (Stromato
pora polyostiolata. M.Dev., Ger.) characterized by
unusually prominent mamelons with openings of

astrorhizal canals at their summits, X 1.5 (50·).

termed pillars. Lamella, which signifies a
diminutive thin sheet or fine lamina, is em
ployed for the microscopic transverse layers
of stromatoporoids. The upper surface of
various species belonging to different gen
era bears more or less prominent rounded
or pointed elevations, termed mamelons,
and at the center of these is the opening of
an astrorhizal axial canal which trends sub
vertically downward from the surface (Fig.
89). The astrorhizae, which comprise star
shaped systems of outwardly branching
canals, are clearly defined (Fig. 90) or not
discernible, according to whether the sur
face corresponds to a stage within a lamella
or between successive lamellae in building
the colonial skeleton. In like manner and
depending on the particular structure of the
colonial skeleton (coenosteum), general

FIt;. 90. Stellate pattern of surficial laterally ex
tended branches of astrorhizal canals, seen on
slightly weathered specimen of Stromatoporella
ei/eliensis (BARGATZKV), M.Dev., Ger., Xl (50·).

ornamentation of the surface is tuberculate
or reticulate.

The coenosteum of stromatoporoids is es
sentially trabecular in structure. In most
forms, the skeletal elements consist of well
differentiated lamellae and pillars approxi
mately perpendicular to each other (Fig.
91,1), but in some the skeleton has an open
or close reticulate texture formed by undif
ferentiated elements (Fig. 91,2).

LATILAMINAE

Vertical growth of some colonies proceeds
in a periodic manner which results in build
ing fairly regular, moderately thick com
posite sheets having lateral continuity.
These layers, consisting of several individ
ual lamellae, split apart readily along their
interface contacts; they are termed latila-

Actinostroma

2 Stromatopora

FIG. 91. Lamellae and pillars of stromatoporoid
skeleton shown by longitudinal sections. 1, Actino
stroma clathratllm NICH., Dev., Eng., X 18, with
thin lamellae and relatively stout pillars (50). 2,
Stromatopora concentrica GOLDF., M.Dev., Belg.,
X3, with less regular structure of pillars, X3 (49·).

© 2009 University of Kansas Paleontological Institute
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Stromatopora

FIG. 92. Latilaminae. 1, Naturally fractured segmenl
)f colony of Stromatopora concentrica GOLDF., M.
Dev., Ger., showing clearly marked thick layered
;tructure denoting latilaminae, Xl (50). 2, Longi
:udinal section of Actinostroma devonense LE
:OMPTE, V.Dev., Bdg., showing pillars and lamellae
IDd indicating hiatus in growth between successive
latilaminae (boundaries marked by "L") , X3

(49n).

minae (Fig. 92,1). The presence of
latilaminae is not confined to any par
ticular species or genus, but they are best
illustrated by some colonies of Stromatopora
~onccntrica. Latilamination occurs in stro
matoporoids composed of reticulate tissue,
1S well as in those having well-differen
tiated skeletal elements. Among the latter,
vertical pillars generally are restricted to an
individual latilamina, but it happens that
>ome extend without interruption across
boundaries of these layers. Boundaries be
tween latilaminae may be marked by in
:reased density or consolidation of the
lamellae, by localized intensification of pig
ment, by a change in structure, such as re
placement of reticulate tissue in the upper
part of zones of Stromatopora conccntrica
by well-defined pillars or by greater de
velopment of astrorhizae at the base of
zones.

A structure which sometimes is confused

with this regular latilamination is an irre
gular zonation produced by more or less ex
tensive interruptions in growth, such as are
common in tabulate corals. These interrup
tions are indicated by changes in orienta
tion of skeletal elements and astrorhizal
systems, and not uncommonly also by inter
calation of a thin layer of sediment (Fig.
92,2).

The origin of latilamination has not yet
been explained precisely or satisfactorily.
Generally, it is thought to denote periodic
halts in growth, or alternating acceleration
and retardation of growth. The very regu
lar periodicity which characterizes it is not
observed in all stromatoporoid colonies of a
given deposit.

2 Atelodictyon

FIG. 93. Meshes of lamellae as seen in tangential
sections. 1, Actinostroma devonense LECOMPTE, V.
Dev., Bdg., showing ddicate rodlike horizontal de
ments enclosing subtriangular open spaces, some
what resembling structure of a hexactinellid sponge,
X12 (49·). 2, Atelodictyon fallax LECOMPTE, M.
Dev., Bdg., showing irregular vermiform pattern

of opemngs in lamella, X 12 (49·).
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Actinostroma

2 Clathrodictyon

FIG. 94. Structure of lamellae and pillars. 1, Actino
stroma intertextum NICH., M.SiJ., Eng., showing
uneven spacing of lamellae, X 10 (52). 2, Clathro
dictyon fastigiatum NICH., SiJ., Eng., tang. sec. in

plane of lamella, X30 (50).

LAMELLAE

As compared with the layers termed lati
laminae, the lamellae are very thin, for very
many of them occur within a single latila
mina; also, lamellae are evident in numer
ous species of stromatoporoids which lack
latilamination. Each lamella consists of a
calcareous fibrous network which intersects
or impinges on pillars, or separates two
contiguous stages of pillars. In genera such
as Actinostroma, the meshes of the lamellar
network have polygonal form resembling
the arrangement of siliceous spicules of
some hexactinellid sponges (Fig. 93,1); in
others, the meshes are partly open on one
or more sides, making a meandriform pat
tern as in Atelodictyon (Fig. 93,2), or a
vermiculate design,' as in Clathrodictyon
(Fig. 94,2); by thickening, the network be
comes a nearly continuous compact sheet

which here and there is pierced by pores, as
in Stromatoporella. Among some forms,
especially of Silurian age, the meshes of the
lamellae join the pillars at variable levels
(Fig. 94,1), but in a large majority of
species, the lamellae maintain nearly con
stant levels so as to define regular floors or
platforms, arranged one above another (Fig.
91,1). In genera such as Actinostroma,
Atelodictyon, and Syringostroma, the lamel
lae generally are very thin, but in Hermato
stroma, Stromatopora, Stromatoporella, and
others, they are relatively thick. An evolu
tionary trend toward thickening of lamellar
structures seems to exist in some lines, as
among Syringostromatidae, but variation in
thickness may be influenced by ecologic fac
tors or it may reflect specific differences.

In many genera, lamellae disappear local
ly or generally. This gives rise to more or
less uninterrupted tabular-bearing interpil
lar spaces extending vertically or sinuously
through parts of a colony. Numerous au
thors have interpreted such structures in
correctly as zooidal tubes.

Lamellae are homogeneous in some gen
era (Fig. 92,2), but cross sections of them
in others reveal a dark axial line which has
led some authors to conclude that the
lamellae are bipartite (Fig. 95,1,2). This
axial line may be light, instead of dark, as
a result of bleaching. TRIPP (1932) con
siders such structure to be a fundamental
character, because it offers resemblance to
some living athecate hydroids. The pre
sumed bifoliate stromatoporoid lamellae are
interpreted by him as the combined roof of
one layer and floor of the next following
layer, and this he terms the "closed type"
(Stromatoporella, Clathrodictyon). Simple
unipartite lamellae, interpreted as having
had only a coenosarc cover, represent the
so-called "open type" (Actinostroma, Stro
matopora, Parallelopora). Distinction of
these two types lacks the definiteness sup
posed by TRIPP, for axially divided lamellae
occur in some specimens of Actinostroma
and invariably are present in its Mesozoic
descendants, Actinostromaria (Fig. 95,1).
Moreover, proposed classification on this
basis disregards important relationships in
dicated by other characters. The dark axis
actually is a microstructural feature con
sisting of aligned centers of calcification,

© 2009 University of Kansas Paleontological Institute
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2 Stromatoporella

FIG. 95. Structure of lamellae and pillars. 1, Actino
stromaria stellata CHALMAS, U.Cret.(Cenoman.), Fr.,
showing dense axial line in pillars and lamellae,
long. sec., X 12 (49n). 2, Stromatoporella pertabu
lata LECOMPTE, U.Dev.(Frasn.), Belg., long. sec.
showing thin clear axial line in several lamellae,

X12 (49·).

and the term "primary lamella" frequently
applied to it, like "secondary cover" for
clear tissue enclosing it, manifestly lacks
histological significance. The existence of
an axial canal, as inferred by NICHOLSON

(1886), is not supported by observation, for
the dark axis does not represent a passage
way filled by sediment but is a concentra
tion of carbonaceous pigment within cal
careous substance which is identical to the
enclosing clear secretion.

PILLARS

The radial or vertical skeletal elements of
the stromatoporoid coenosteum in many
species are termed pillars. They are classed
as continuous if they extend through a
number of interlamellar spaces, or discon
tinuous pillars may falsely suggest existence

of continuous pillars, as commonly in Her
matostroma and Syringostroma, but exami
nation shows clearly that the pillars are in
terrupted by the lamellae (Fig. 96). Exist
ence of an axial canal in the pillars, which
has been reported in some genera, is as un
founded as that in lamellae; the annular ap
pearance of pillars in tangential sections of
some species (as Stromatoporella) is pro
duced by invagination of a lamella in the
plane of the section, for the lamellae may
be bent sharply around extremities of the
pillars.

RETICULATE TISSUE

Stromatoporoids classed as having reticu
late coenosteal structure are distinguished
by lack of well-differentiated lamellae and
pillars, for the transverse and radial skeletal
elements tend to be intergrown intimately.
The reticulate tissue is of two types, one
characterized by greater distinctness of
transverse elements, and the other by domi
nance of the radial or vertical elements, but
there are also intermediate forms which are
not referable definitely to either type.

In the type species of Clathrodictyon, the
transverse and radial elements join without
break in continuity to form horizontally
elongated vesicles having sufficient regular
ity of arrangement in successive layers to
provide an appearance of lamellation (Fig.
97). This sort of structure, which may be
called subreticulate, grades through an in
termediate series into types having lamellae
and pillars more and more sharply distinct
but without loosening of their close bond-

FIG. 96. Structure of lamellae and pillars. Longi·
tudinal section of Hermatostroma schluteri NICH.
Dev., Ger., showing interruption of pillars by lamel·

lae, X12 (49n).

© 2009 University of Kansas Paleontological Institute
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FIG. 97. Structure of lamellae and pillars. Pattern
sh0:-vn by longitudinal section of Clathrodictyon
veslculosum NICH. tot MURIE, M.Sil.(Clinton.), Ohio,

XI5 (20).

ing together. Transverse sections of the ver
tic.al elements of specimens belonging to
this group commonly exhibit a vermiculate
~ppearance (Fig. 94,2). Stromatopora, and
10 lesser degree some forms of Paralielo
p'ora, show network meshes elongated ver
tically and more or less disarranged, so that
lamellation is not discernible; chambers be
t",:een the verti~al elements are traversed by
thm tabulae (Fig. 88). The reticulate tissue
of these forms also is not strictly definable
as a structural type distinct from that char
acterized by well-differentiated lamellae and
pillars, for in Stromatopora concentrica the
reticulate tissue develops typical pillars in
upper parts of the latilaminae, and in other
species of this genus, skeletal elements are
clearly. separate and mutually perpendicular.
. Stra~ght or curved thin oblique partitions
10 honzontal chambers are observed in all
types of tissue. These partitions are inter
preted as astrorhizal septa, because the ex
tent of their occurrence is correlated with
degree of ramification exhibited by astra
rhizae.

Thickening of skeletal structures is so
great in some colonies, that the chambers
are consid~r~bly re~uced in size and nearly
closed. ThiS IS espeCially common in Stroma
t~porella and most pronounced in S. ob
ltterata.

ASTRORHIZAE

Structural features. The most remarkable

structures of the stromatoporoids are the
features named astrorhizae by CARTER

( 1880). At the surface of the coenosteum
an astrorhiz:,- consists of a stellate system of
furrows which lack walls of their own' the
furrows spread radially from a cir~ular
openi~g which is located typically on the
summit of a mamelon or less commonly on
~ts flank and they tend to branch proceed
109 ?utwardly (Figs. 89, 90). A central
op.enmg seems to be lacking in the astra
rh~zae of some Silurian and Mesozoic species.
Distally the furrows ramify into the normal
network of the coenosteum and become
confluent with neighboring systems (Fig.
98,1a); laterally also they communicate free
ly with chambers of the coenosteum. Among
forms having interpillar tabulate chambers
these spring upward from lateral canals of
astrorhizae, and they may join different
levels of such canals (Figs. 98,lb,2). The
whole structure of the coenosteum is in fact
in close relation with the radiation and
ramification of astrorhizal canals.

In many stromatoporoids, the astrorhizae
are superposed exactly at each lamellar
stage, so that the center of any astrorhizal
system is occupied by a vertical canal ex
tending from base to summit of the colony,
or through one or more latilaminae, or
through some lesser thickness (Fig. 98,3).
In some species the astrorhizae are not
superposed, but vary in placement from one
growth stage of a colony to another' this
irregularity seems to be much less co~mon
than has been supposed, however. Thus, re
ported lack of superposed astrorhizae in
Actinostroma and use of this character as
criterion for distinction of this genus from
Actinostromaria are erroneous.
App~oximate uniformity of spacing of

astror.hlz~e on. the s';Irface of hemispherical
coloDies 10 spite of mcrease of this surface
by growing is realized by subdivision of the
astrorhizal systems in their upward growth
(Fig. 99).

The diameter of the vertical canals and
that of their radially outspreading branches
are highly variable, as is also the rate of
diminution in size of the canals away from
astrorhizal centers; these measurements
have value only for distinction of species.
On the other hand, some genera are char
acterized by the very prominent develop-

© 2009 University of Kansas Paleontological Institute
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ment of these structures and others by their
delicate dimensions. This variation, com
bined with differently pronounced closeness
of normal lamellation, explains the weak or
strong contrast between astrorhizal struc
tures and surrounding tissue as seen in ver
tical sections. Thus, the remarkably delicate
astrorhizae of Actinostroma have escaped
the notice of many observers; also, reported
absence of astrorhizae in Hermatostroma is
an error which may be ascribed to the near
matching in size of the astrorhizal canals
and the coarse meshes of associated coenos
teal tissue.

The occurrence of astrorhizae in den-

droid stromatoporoids has not been per
ceived generally, and because of their pre
sumed absence, HEINRICH (1914) excluded
this group from true stromatoporoids. Their
existence, however, hardly admits doubt.
Each colony has a single astrorhizal system
consisting of a large axial canal and delicate
branches which, as in massive stromato
poroids, are disposed parallel to the lamella
tion.

The ramifications of astrorhizal systems
may be superposed during their vertical de
velopment, or they may alternate in posi
tion. Mamelons are invariably associated
with the superposed type, either continuous-

FIG. 98. Structure of astrorhizae. 1, Trupetostroma tenuilamellatum LECOMPTE, U.Dev.(Frasn.), Be1g.; la,
tang. sec. showing well-defined astrorhizal canals, X3; lb, long. sec. through an astrorhiza showing tabu
late vertical canals intersecting lateral canals, X 12 (49-). 2, T. thomasi arduennensis LECOMPTE, M.Dev.
(Givet.), Be1g., long. sec. showing tabulate vertical canals enclosing horizontal ones between them X 12
(49-).3, T. ruedemanni LECOMPTE, U.Dev.(Frasn.), Be1g., long. sec. through a vertical astrorhizal canal,

X 12 (49-).
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FIG. 99. Structure of astrorhizae. Longitudinal sec
tion of Hermatostroma perseptatum LECOMPTE, U.
Dev.(Frasn.), Belg., showing subdivision of vertical
astrorhizal canals that proceeds as colony develops,

X3 (49·).

ly or intermittently, but more or less rapid
compensation in upward building of the
surface characterizes the other type.

The axial canal and its branches are in
tersected obliquely by straight or curved
tabulae (Fig. 98,23). These tabulae occur
in all species, but exhibit a high degree of
variability; generally they are more abund
ant in astrorhizae with canals of relatively
large diameter. Their mode of origin and
their function are unexplained.

Among Mesozoic stromatoporoids de
rived from Parallelopora, especially the
Milleporellidae and Milleporidiidae, an im
portant change occurs in attitude of the
branching astrorhizal passageways. While
these run in essentially horizontal position
in Paleozoic forms, they tend in later types
to become vertical. The Milleporellidae
show star-shaped groups of the canals still
present on horizontal surfaces but there is
no axial canal, the center of the astrorhizal
system being occupied by a close-packed
bundle of canals which partly spread out
radially at certain interlamellar levels, sub
dividing and passing into the tabulae-bear
ing vertical chambers (zooidal tubes of
authors) between the pillars. Such structure
is well shown by Steinerella mecosola. In
Milleporidium, the branching astrorhizal
systems have disappeared, the well-defined
large tabulate tubes which replace them in
the cortical zone passing downward into
narrow tabulate chambers of normal type.

This progressive transformation of the
astrorhizal systems parallels evolution of

the pillars into vertical lamellae which tend
to form enclosed tubes with close-spaced
tabulae that take the place of vanished hori
zontal lamellae. Indeed, the general trend
of stromatoporoid skeletal evolution seems
to be a progressive development of tabulate
vertical chambers.

Significance. The function of the stroma
toporoid astrorhizal systems has not been
determined. They cannot well be interpreted
as equivalent to incurrent or excurrent
canals of sponges, which are distributed
irregularly and are unrelated to particular
morphological features of the sponge skele
ton. Among stromatoporoids, the secretion
of coenosteal tissue was manifestly in
fluenced by the features called astrorhizae,
branches of which penetrate all of the
skeletal meshwork in the manner of a
hydrorhiza. Concordant with minute mor
phological details of the skeleton, they are
seen to be particularly developed as a carpet
at the base of latilaminae in Paleozoic forms
and also next above a hiatus which defines
a surface of necrosis. Their role is evidently
one that contributes to building the colonial
skeleton, therefore.

CARTER (1880), who first used the term
"astrorhiza," interpreted these structures as
stellate systems of stolons corresponding to
the hydrorhyzae of Hydractinia echinata,
and with this homology TRIPP (1929)
agreed very nearly in showing close resem
blance between astrorhizae and the spines
of Hydractinia. NICHOLSON (1886) accepted
the views of CARTER and extended compari
son to the anastomosing branchwork of
coenosarcal canals in the coenosteum of
Millepora. He concluded that primary stol
ons of coenosarc occupied the axial canals
and stolonal branches filled the astrorhizal
furrows, but found no reason to think that
any of the canals housed zooids. KUHN
(1939), on the contrary, has expressed judg
ment that the axial canals are the only
structures recognizable as zooidal tubes, and
more precisely, definable as emplacements
of blastostyles.

The existence of zooidal tubes in stroma
toporoid colonies has been a subject of much
controversy. NICHOLSON asserted their oc
currence in all stromatoporoids, pointing
out that in the Actinostromatidae they are
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FIG. 100. Supposed zooidal tubes in stromatoporoids.
Laterally directed passageways shown in the central
part of this longitudinal section of Paralldopora
paueicanaJicuJata LECOMPTE, M.Dev.(Givet.), Belg.,

seem not to be zooidal tubes, X 12 (49·).

represented by the normal, poorly differen
tiated interpillar spaces and that in the

Stromatoporidae they consist of sporadic
tabulae-bearing tubes. The presence of zo
oidal tubes is contested by HEINRICH (1914),
TRIPP (1929), YABE & SUGIYAMA (1930),
PARKS (1935), and KUHN (1939), although
none offers explanation of the tabulate ver
tical chambers which especially characterize
the Stromatoporidae and related forms. It
is very difficult to interpret these chambers
as zooidal tubes in forms such as the Devon
ian Parallelopora paucicanaliculata (Fig.
115) and the Mesozoic Stromatoporellina
and Steinerella, in which all interpillar
spaces bear tabulae. Vertical sections of
these stromatoporoids show features strik
ingly similar to sections of Hydractinia
echinata (Figs. 100, 101) and especially H.
circumvestiens, as remarked by NICHOLSON.

Between the spines of Hydractinia with
their irregular large horizontal prolonga-

FIG. 101. Structure of modern hydrozoan, Hydractinia f!chmata (FLEMING), North Sea, as shown by
longitudinal sections; la, X3; lb, X50 (49n).
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tions which are strikingly like the branched
astrorhizal systems of stromatoporoids, the
entire coenosteum consists of parallel nar
row vertical chambers traversed by close
spaced thin tabulae. In H. echinata, these
chambers are mostly delimited by trabecular
pillars but some are tubular. They connect
with the large horizontal canals which be
come confluent with the furrows on flanks
of the spines. At the surface they furnish
passageway for hydranths or coenosarcal
stolons, and at junctions of 2 or 3 of them,
zooids grow upward. NICHOLSON states that
in H. circumvestiens the vertical tubules,
which he interprets as zooidal tubes, are
most strongly developed.

MICROSTRUCTURE OF SKELETAL
ELEMENTS

The microstructure of stromatoporoid
skeletal elements has not yet been studied
adequately. The most striking presently
known feature is contrast between micro
structure of the Paleozoic and Mesozoic
forms. Skeletal elements of the latter are
finely fibrous wherever observed, but among
Paleozoic genera, this structure is found
only in Amphipora.

PALEOZOIC FORMS

Two essential types of skeletal elements
are recognized among Paleozoic stromato
poroids on the basis of microstructure: the
compact type and the cellular or vacuolar
type.

Compact type. The compact type is ob
served in the Actinostromatidae, Clathro
dictyidae, and Labechiidae. The only struc
tural feature of Clathrodictyon and some
species of Actinostroma is occurrence of a
dark axis in skeletal elements, which, as pre
viously noted, has been interpreted errone
ously as evidence of a bipartite construction
of the lamellae and canaliculation of the
pillars. The axis is recognizable even where
pigment is lacking, for microcrystalline sub
stance along this line is differently oriented,
as shown by examination of thin sections
under crossed nicols. A weakly fibrous
structure indicated by some specimens may
not be an original character, because some
degree of recrystallization seems to affect
most of these fossils. Such alternation prob
ably accounts for a false cellular microstruc-

ture in certain examples of Actinostroma,
which seems to be only granulation of the
recrystallized calcite.

Cellular type. The cellular type of skeletal
elements predominates in Paleozoic stroma
toporoids. It prevails in the Stromatoporidae,
Stromatoporellidae, and Syringostromatidae.
The differentiation of subtypes of structure
in this group, which has been attempted,
such as regular porous, spongy, and irregu
lar vacuolar, lacks value because these terms
mostly reflect only conditions of preserva
tion, the pores being enlarged progressively
by alteration which transfers calcite from
secreted fibrils to crystalline fillings of ad
jacent minute spaces. It happens that micro
structure may not be recognizable at all,
and this is especially common in Stromato
porella. Nevertheless, a certain systematic
variation is observed: for instance, the cel
lules of the skeletal fiber are generally
smaller, more regular, and better aligned in
Stromatoporella than Stromatopora (Figs.
102,3,4). In the series Syringostroma-Trupe
tostroma-Hermatostroma of the Syringo
stromatidae, an evolutionary trend is seen
in an increased regularity of the cellules, in
their elongation, and in their alignment in
single row along margins of the skeletal ele
ments (Figs. 96; 102,2).

A tubular structure which has been re
corded by NICHOLSON and others in various
species (as Stromatoporella granulata, S.
eifeliensis, Parallelopora ostiolata, P. gold
fussi, Stachyodes verticillata) is nonexistent,
for identification of it rests on misinterpre
tation of sections in one plane. Actually,
these forms exhibit a microreticulate struc
ture defined by a fine dark-pigmented mesh
work as it is particularly clear in the type of
Parallelopora ostiolata (Fig. 102,1), but ac
cording to state of preservation, this may
appear as a fine longitudinal striation, as
commonly in Stachyodes. No trace of a
canal system filled by sediment is found;
the pigment underlining the reticulation is
purely carbonaceous and occurs in secreted
calcium carbonate. This reticulate structure
may result from an alteration which en
larges the original cellular alveoles at ex
pense of surrounding fibrillar tissue. In any
case, it is not confined to particular genera
and within a single genus it may coexist
with normal cellular structure, being ob-
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served in forms other than those noted by
NICHOLSON (such as Stromatopora, Syringo
stroma, Trupetostroma, Hermatostroma).
In H. beuthii one may see marginal cellules
enclosed by dark vertical and transverse
fibers in a pattern exactly corresponding to
that of the microreticulate structure of Paral
lelopora ostiolata.

Meshed-fiber type. A rather distinct type
of skeletal microstructure not previously
mentioned is found in the Paleozoic genus
Synthetostroma. The lamellae of this form
are composed of intricately intermingled
fibers which, combined with interlamellar

1 Parallelopora,...,

partitions, produce a complicated pattern in
vertical sections.

MESOZOIC FORMS

Fibrous type. Except for Dehornella and
Ceraostroma, which have a compact type of
skeletal microstructure, Mesozoic stromato
poroids are characterized by fibrous struc
ture. Two sorts have been distinguished by
STEINER (1932) and YABE & SUGIYAMA

(1935): one termed radial, consisting of
fibers arranged perpendicularly to the axis
of a skeletal element; and the other called
fasciculate or "water-jet," comprising fiber
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3 Stromatopora 4 Stromatoporella

FIG. 102.' Microstructure of stromatoporoids. 1, Partdlelopora ostiolata BARGATZKY, Dev., Ger., long. sec.
showing microreticulate structure, X48 (50-). 2. Trupetostroma tenuilamellatum LECOMPTE, V.Dev.
(Frasn.), Belg., long. sec. showing regularly arranged cellules, X 12 (49-). 3, Stromatopora carteri NICK.,
M.Sil.(Wenlock.), Eng., tang. sec. showing closely spaced cellules in skeleton, X48 (50). 4, Stromatoporella
granulata NICK., M.Dev.(Hamilton), N.Y., tang. sec. showing features resembling those of 3, X48 (50-).
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bundles which open more or less shortly
outward somewhat from the axis, with or
without a central dark line. Actually, the
arrangement of fibers is much more varied;
the fibrosity may be complex, and in some,
highly diffuse; and centers of calcification,
generally marked by a concentration of dark
pigment, may not be juxtaposed in ton
tinuous alignment along the axis but are
quite dissociated, each with its own aureole
of fibers.

Dehornella exhibits an aberrant sort of
concretionary microcrystalline structure, for
parts of skeletal elements, generally along
the axis, show single extinction under
crossed nicols. This structure is like that of
Ceraostroma described by KUHN (1926) and
interpreted by him to denote a primitive
chitinous composition, marking transition
from calcareous hard parts of typical stroma
toporoids to the chitinous hard parts of
various living hydrozoans.

RELATIONSHIPS OF PALEOZOIC AND
MESOZOIC TYPES

The contrasts, as well as some similarities,
in the nature of skeletal microstructure ob
served in Paleozoic and Mesozoic stromato
poroids call for elucidation. STEINER'S
(1932) hypothesis that the Paleozoic forms
originally possessed a fibrous structure and
that this has been lost by secondary altera
tion is difficult to conceive, especially as re
gards species which exhibit the cellular type
of microstructure. It is hard to understand
how recrystallization could produce such
regularly arranged cells of nearly constant
size in some genera, and how it could ex
plain the evolutionary progression recog
nized in the family Syringostromatidae.
The change in structure observed at the
close of Paleozoic time must be interpreted

as having subordinate taxonomic signifi
cance, because most of the Mesozoic genera
manifestly belong in families which contain
Paleozoic forms, and in all other characters
they are closely similar or identical to older
genera.

The classification and interrelations of
microstructural characters are too little es
tablished by present knowledge to permit
using them as a basis for taxonomy of the
stromatoporoids. Most authors, in agree
ment with NICHOLSON, recognize micro
structure as having value for defining gen
era, or less commonly, species. HEINRICH
(1914), neglecting reservations expressed by
NICHOLSON, made this the prime basis of
general classification and, restricting the
order very arbitrarily, divided Paleozoic
genera into two families: Actinostromatidae,
with homogeneous pillars; and Stromato
poridae, with porous or tubular structure.
This too comprehensive grouping takes no
account of textural characters and by asso
ciating distantly related forms lacks utility
for study of phylogeny. According to
STEINER, these 2 Paleozoic groups continue
into the Mesozoic, characterized by new
structural elements, the Actinostromatidae
acquiring fibrous radial structure with a
dark axis, and the Stromatoporidae assum
ing a fasciculate fibrous structure. This con
cept leads her to place Siphostroma, which
has textural features indubitably close to
the Stromatoporidae, in the Actinostroma
tidae, and to exclude from this family Bur
gundia, which is very close to Clathrodict
yon. Moreover, a number of Mesozoic gen
era are too poorly described to provide in
formation on microstructure. From all view
points, it is judged premature to undertake
classification of the stromatoporoids on
microstructural characters.

SYSTEMATIC POSITION OF STROMATOPOROIDS

Lack of definiteness in conclusions based
on comparison of structural features of
stromatoporoid hard parts and those of liv
ing organisms, supplemented by uncertainty
as to the significance of astrorhizae, which
are the most particular character of this
group, has led authors to explore affinities
with different main divisions of the inverte
brates, especially Foraminifera among the

Protozoa, the Porifera, and Hydrozoa
among the Coelenterata.

RELATIONS TO FORAMINIFERA
Classification of stromatoporoids among

Foraminifera has been advocated especially
by HICKSON (1934) and PARKS (1935), bas
ing opinions chiefly on certain resemblances
of Actinostroma to the foraminifer Gypsina
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plana. The arguments advanced relate only
to secondary characters, however, or are
not relevant, such as (1) analogy in appear
ance of reticulate structure seen in tangen
tial sections, which is of little significance;
(2) interpretation of coarse vertical astro
rhizal canals of Actinostroma as passages for
protrusion of pseudopodia; (3) explana
tion of lamellae in Stromatoporella as con
sequent on alignment of chambers, with
pillar-supported interspaces serving only for
separation of their rows; (4) existence of a
basal layer of chambers different from others
in the colony, corresponding to the micro
spheric or megalospheric proloculus of For
aminifera; (5) occurrence in some stromato
poroids of tubes called caunopores, assumed
to represent one of the alternating genera
tions observed among foraminifers; (6)
variability in size, form, and arrangement
of chambers, as observed both in stromato
poroids and Foraminifera. Lack of validity
of most of these points is self-evident. For
example, no reason is known for presump
tion that a certain layer of stromatoporoid
chambers is equivalent to a foraminiferal
proloculus; the so-called caunopore tubes
are identified with reasonable certainty as
belonging to tabulate corals; and variation
in patterns of chambers in itself means
nothing. How can the closed chambers of
Foraminifera, compared with the open
meshes of stromatoporoid tissue, signify
taxonomic affinity? To imagine that the
open meshes represent degeneration finds
support in no observations, and it runs
counter to what is known of evolutionary
trends among stromatoporoids, in which
the essentially trabecular skeletal tissue tends
to a lamellar development with formation
of closed tubes. Finally, the essentially spiral
architectural plan of Foraminifera is wholly
unknown in the stromatoporoids, and not
to be found among them are foramina like
those of Gypsina.

RELATIONS TO SPONGES
The hypothesis of affinity between Stroma

toporoidea and Porifera has been supported
by many, chiefly on the basis of analogy,
plausible at first sight, between the astrorhi
zae of stromatoporoids and the water canals
of sponges. HEINRICH (1914) and TWIT
CHELL (1929) especially held this view. An

astrorhiza, for the authors, suggests an in
geniously modified rhagon type of sponge,
but the astrorhizae are perfectly concordant
with morphological peculiarities of the
stromatoporoids, including a lamellar dis
position, which is not observed in the Porif
era. Actually, the coenosteum of stromato
poroids contains no space untouched by the
highly ramified astrorhizal systems and (in
some forms) by the tabulate inter-pillar
spaces inrooted on these. Secretion of the
skeleton is controlled so plainly and mi
nutely by the astrorhizal structures that
these cannot be interpreted as a simple sys
tem of water passageways.

The absence of spicules in the coenosteum
of stromatoporoids is an impassable obstacle
to classification with sponges, and this has
not been overlooked by authors. TWITCHELL
has drawn argument from a strange speci
men of Stromatopora centrota which shows
abundant broken skeletal elements, and
these he regards as fragments of spicules.
Judging from the published figures, this
interpretation is highly dubious, and if cor
rect, there is still need to determine whether
the spicules really belong to the stromato
poroid or to a parasitic sponge. At all events,
and contrary to TWITCHELL'S assertion, the
described specimen is very exceptional.

Some stromatoporoids having structure
interpreted to represent a sponge in con
tracted state are recorded by TWITCHELL.
The supposed contracted condition (as in a
cited specimen of Syringostroma densum)
exhibits none of the compensations of skele
tal elements which should be found, and
the observed structures are in perfect agree
ment with the recognized evolution of the
family.

RELATIONS TO HYDROZOANS
Most authors have subscribed to views of

CARTER (1877) in interpreting the stromato
poroids as ancestors of modern hydrozoans.
Among these authors are STEINMANN
(1878), NICHOLSON (1886), WAAGEN &
WENTZEL (1887), DEHORNE (1920), KUHN
(1927, 1939), TRIPP (1929), and STEINER
(1932). For reasons which follow, the view
is also adopted here.

(1) The astrorhizae, which constitute so
characteristic a peculiarity of the stromato
poroids, find satisfactory explanation only
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according to this hypothesis. Unlike the
canals of sponges, which are more or less
complex systems deeply penetrating tissues
in discordant manner, the astrorhizae are
concordant with skeletal structure and con
trol details of its development. An astro
rhizal layer marks the beginning of new
growth after an accidental hiatus or com
pletion of a latilamina. The principal
branches which ramify distally are joined
laterally by a network of secondary canals
extending to all chambers defined by the
skeletal fibers. Such structures are closely
similar to the hydrorhizae of the Hydrozoa.
The evolution which astrorhizae undergo
in Paleozoic and especially in Mesozoic
time, leads to structures which diverge
somewhat from observed features of the
hydrorhizae, but nevertheless maintain re
semblance to features shown by some species
of Hydractinia.

(2) The existence of zooidal tubes, in
part of the Stromatoporoidea at least, has
been cited by NICHOLSON and others as a
determining argument, if not sole one, for
classifying these organisms as hydrozoans.
Doubt that these tubes exist or firm denial
of them has led some authors to reject the
hypothesis of affinity between stromato
poroids and hydrozoans. This rejection of
presumed affinities on such basis is not justi
fied, however, for by no means all living
hydrozoans possess zooidal tubes. Among
stromatoporoids, it may well be that zooids
could develop only on the superficial net
work of coenosarc, leaving no trace in hard
parts of the coenosteum. As admitted by
NICHOLSON, without doubt this was the case
in the families Actinostromatidae and
Clathrodictyidae, which are characterized
by skeletal structure very closely similar to
that of certain modern athecate hydroids.

The zooidal nature of the narrow vertical
tabulate chambers of trabecular construc
tion among Stromatoporidae, Stromatopor
ellidae, Syringostromatidae, and more or
less tubular in Stromatoporidae, Milleporel
lidae, Milleporidiidae, has not been proved.
This is difficult to understand, both in the
Stromatoporellidae where these structures

are so little developed and sporadic, and in
certain species of Parallelopora, in the Stro
matoporidae, and in the derived Mesozoic
families where these structures comprise all
tissue between the astrorhizae. But as al
ready stated, some hydractinians have es
sentially comparable structures. NICHOLSON
(1886, p. 68) has drawn attention to Hy
dractinia circumvestiens (Pliocene, Eng
land) which has a coenosteum traversed by
many vermiform tubules, approximately
vertical and parallel; these tubules are in
terrupted at various levels by irregular, hori
zontally disposed small chambers, which
bend upward at nearly regular lateral inter
vals toward large pillars (spines) of cribri
form texture that may be pierced by an axial
canal. The tubules must have served for
lodgement of zooids or for passage of coeno
sarcal stolons. NICHOLSON emphasized the
close resemblance of this form with the
Stromatoporidae rather than the Actino
stromatidae. A vertical section of the chitin
ous skeleton of H. echinata (Fig. 101)
shows a comparable structure, which also
is strikingly like some species of Parallelo
pora and the Mesozoic Milleporellidae,
although the closed tubes of the latter are
less developed than in H. circumvestiens.
New studies of the coenosarcal structure in
relation to the more or less tubular coeno
steum of Hydractinia are needed to throw
light on skeletal changes observed in Paleo
zoic Stromatoporidae and their Mesozoic
descendants. Without rejecting possible ex
istence of zooidal tubes in the stromatopor
oids, it seems preferable to designate the
structures on which their presence is in
ferred, simply as vertical tabulate chambers;
it is interesting to note that they are re
lated closely to the astrorhizae.

(3) Stromatoporoids exhibit some peculi
arities which are observed commonly among
coelenterates but are unknown in the
sponges or foraminifers. These include fre
quent interruptions in growth, latilaminar
structure, and the tendency to build thick
deposits of the sort characteristically asso
ciated with reefs.

EVOLUTION
The problem of distinguishing and trac

ing evolutionary trends in stromatoporoid
skeletal structure is almost untouched, main
ly because appropriate means for investiga-
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tion have been lacking. Study of thin sec
tions is insufficient because it permits ob
servation of structures only at somewhat
widely spaced planes. The method of pro
gressive grinding and making peels or photo
micrographs of polished surfaces at closely
spaced intervals, has not yet been employed,
and this alone seems to be available as
a source of needed information. Some appli
cations of this method which we have made
to study of the skeleton have not been pur
sued far enough to permit definitive conclu
sions, but a few essential features may be
indicated.

If attention is directed to families which
persist into Mesozoic time, one may per
ceive plainly an evolutionary tendency to
ward disappearance of transverse lamellae
with concurrent development of radial ele
ments; the horizontal trabecular structures
gradually are replaced by tabulae and finally
these are the only transverse skeletal ele
ments of the colony. The first step of this
evolution appears in Stromatoporella, in
which a few vertical chambers of moderate
height traversed by tabulae are seen (Fig.
95,2). These structures are slightly better
defined in the Syringostromatidae, even
though genera of this family retain well-de
veloped lamellae (Fig. 100). The tendency
is emphasized in the Stromatoporidae, es
pecially Parallelopora, which leads to the
Milleporellidae and the Mesozoic Millepor
idiidae. In the Middle Devonian (Givetian)
P. paucicanaliculata, lamellation already ap
proaches disappearance and all chambers be
tween the pillars are intersected by tabulae
(Fig. 100); these chambers have been de
scribed by many authors as zooidal tubes.

Increasing dominance of vertical elements
and replacement of horizontal trabeculae by
tabulae are associated with a tendency of
the pillars to develop into vertical lamellae,
which evolve progressively toward the form

of closed tubes. The first stages of this must
be sought in study of Paleozoic forms. Evo
lution shown by Parallelopora paucicanali
culata is already such that successive trans
versely ground surfaces show a practically
continuous network and only rarely a few
isolated pillars. The tendency is accelerated
and more generalized in Mesozoic, even
among Actinostromatidae. In A ctinostro
maria (Jur.-Cret.), the lamellation is still
well marked but discontinuous in all spe
cies. Some forms, such as A. salevensis show
by grinding a somewhat persistent network
indicating a lamellar and tubular evolution
of the vertical elements. The lamellae are
not replaced by thin tabulae, but they ex
hibit important changes. Lamellae bend up
ward in the form of pillars and pillars turn
outward into lamellae, so that relations of
these two skeletal elements differ wholly
from those of their ancestor Actinostroma.

Among the Stromatoporidae, these evolu
tionary tendencies which were already well
defined in Paleozoic time, became accentu
ated in the Mesozoic. They reached their
maximum in a descendant of Parallelopora
called Stromatoporellina (Jur.) , in which
lamellation has disappeared almost entirely,
tubulation of the coenosteum is advanced,
and all vertical chambers are traversed by
tabulae. This genus leads to the Milleporel
lidae (Jur.-Cret.), in which tubulation is
accentuated and lamellae definitely have dis
appeared. The Milleporidiidae (Jur.-Cret.),
derivatives of this family, include the end
products of stromatoporoid evolution; they
are characterized by perfectly developed
tabulate tubes and in the cortical part of
colonies larger and more cylindrical tubes
seem to represent remains of differentiated
astrorhizae. Moreover, skeletal evolution
shown by the last-mentioned families is ac
companied by a transformation of the astro
rhizal system.

CLASSIFICATION
The various systems of classification pro

posed for the stromatoporoids reflect large
uncertainties in assessing taxonomic value
of the diverse morphological features of this
group, often interpreted without considera
tion of phylogeny or notion of affinities
with living hydrozoans. Particularly unsatis
factory are classifications which have been

made on basis of Paleozoic forms alone. The
work of chief contributors is noted chronol
ogically.

WORK OF NICHOLSON
The essential starting point and most

fundamental work on stromatoporoids con
sist of studies recorded by NICHOLSON
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(1886). Based on penetrating knowledge of
the morphology of these fossils, he divided
stromatoporoid genera known to him in
two main groups: (1) forms which he as
signed to the family Actinostromatidae,
characterized by absence of zooidal tubes;
and (2) forms included in the Stromato
porida:e and Labechiidae, provided with
zooidal tubes. The first group was judged
to be related rather closely to the hydractin
ians, whereas the second was interpreted to
stand near hydrozoans of the "family Mille
poridae" (now referred to the order Mille
porina-not the family Milleporidiidae,
composed of Mesozoic stromatoporoids).
Although NICHOLSON'S plan was accepted
and developed by later workers such as DE
HORNE (1920) and STEINER (1932), no good
reason is seen for admitting passage from
the Stromatoporidae and Labechiidae, char
acterized by single-type zooids, to the Mille
porina, which have dimorphic zooids of
coenosarcal type unknown in any stromato
poroid. Moreover, the skeletal structure of
the Stromatoporidae and the families de
rived from it is much more like the partly
tubular coenosteum of Hydractinia than
colonial skeletons of Millepora. Summary of
NICHOLSON'S classification is given in the
following table.

Nicholson's Classification of
Stromatoporoids

Hydractinoidea. Forms without zooidal tubes, re
lated to hydractinians; Actinostromatidae, Idio
stromatidae.

Milleporoidea. Forms with zooidal tubes, related to
milleporids; Stromatoporidae, Labechiidae.

STUDIES SINCE 1900
Chief contributions to understanding of

the relationships to one another of the var
ious kinds of discovered stromatoporoids
and efforts to produce useful classification
of them are contained in publications by
HEINRICH, DEHORNE, KUHN, TRIPP,
STEINER, YABE & SUGIYAMA, and LECOMPTE.
The conclusions of these investigators may
be summarized and compared.

All Paleozoic genera were divided by
HEINRICH (1914) into 2 families, defined
on the basis of skeletal microstructure, but
Mesozoic stromatoporoids were not con
sidered. Defects of this treatment have been
pointed out in the discussion of microstruc-

ture. Megascopic features of several Meso
zoic genera clearly indicate assignment to
the Actinostromatidae and Stromatoporidae,
despite the fact that their microstructure dif
fers from HEINRICH'S diagnosis for these
families, which follows.

Heinrich's Classification of
Stromatoporoids

Actinostromatidae. Microstructure of skeletal ele
ments homogeneous.

Stromatoporidae. Microstructure of skeletal elements
porous or tubular.

Essential features of NICHOLSON'S classifi
cation were adopted by DEHORNE (1920),
but she added the family Burgundiidae, re
garded as intermediate between Actinostro
matidae and Stromatoporidae. The Burgun
diidae seem too closely related to the Clath
rodictyidae to permit acceptance of this
classification; also DEHORNE'S Stromatopori
dae include Mesozoic forms (erroneously
ascribed to Stromatopora and Stromatopor
ella) which clearly belong to other families.
An outline of her classification follows.

Dehorne's Classification of Stromatoporoids
Actinostromatidae; Actinostromatinae, Clathro-

dictyinae.
Burgundiidae.
Stromatoporidae; Stromatoporinae, Stromatoporel

linae.

A classification of the stromatoporoids
was published by KUHN (1927, 1939). Study
of their evolutionary trends and phylogene
tic relationships led to the conclusion that
the Stromatoporidae are the ancestors of
modern hydroids by descent through fam
ilies named Disjectoporidae and Stromato
porinidae. The Disjectoporidae, however, in
clude genera which do not seem to form a
link between the Paleozoic Stromatoporidae
and Mesozoic genera assigned by KUHN to
the Stromatoporinidae; the Disjectoporidae
comprise a side branch. Also, because macro
structure of the Stromatoporidae and Stro
matoporinidae is the same and because evo
lution of Mesozoic forms is exactly in line
with that of Paleozoic genera, skeletal mi
crostructure is not a valid criterion for
separation of these families. KUHN judged
that the Actinostromatidae constitute be
ginning of an independent line which in
cludes the Labechioidea, interpreted as an
order. This seems unacceptable because the
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Labechioidea have structural characters
which are essentially the same as those of
Stromatoporoidea. KUHN'S arrangement of
divisions is indicated below.

Kuhn's Classification of Stromatoporoids
Stromatoporoidea (order), Cam.-Cret.

Actinostromatidae, Cam.-Cret. Clathrodiciyidae,
Cam.-Perm.

Stromatoporidae, Ord.-Perm.-> Disjectoporidae,
Perm.->

Stromatoporinidae, Trias.-Cret.-> Hydroidea
( order), Rec.

Labechioidea (order, possibly derived from Actino
stromatidae), Ord.-Dev.

Sphaeractinoidea (order, possibly derived from Dis
jectoporidae), 'tlr.-Cret.

According to TRIPP (1929), all stromato
poroids have characters closely approaching
those of athecate hydroids (gymnoblasts),
for the same two types of structures are
found in both; the pronounced lamdlar
structure of the hydroid Podocoryne is
matched by equivalents in the Clathrodictyi
dae, Stromatoporellidae, and Syringostrom
atidae, and the predominant continuous
vertical skeletal elements of Hydractinia are
seen also in the Actinostromatidae, Stroma
toporidae, Milleporellidae, and Millepor
idiidae. In addition, the partly tubular and
tabulate skeleton of hydractinians and that
of fossil forms can be cited as sign of rela
tionship which needs elucidation. TRIPP
made valuable contribution to the study of
systematic relationships of the stromatopor
oids, but his definition of groups, given be
low, is no improvement over that of HEIN
RICH.

Tripp's Classification of Stromatoporoids
GROUP 1. Closed-tissue forms, with bipartite lamellae.

Skeletal fiber massive, as in Clathrodictyon.
Skeletal fiber porous, as in Stromatoporella.

GROUP 2. Open-tissue forms, with simple lamellae.
Skeletal fiber massive, as in Actinostroma.
Skeletal fiber porous, as in Stromatopora and

Parallelopora.

Important studies by STEINER (1932) led
to the conclusion that phylogenetic relation
ships of the stromatoporoids were not de
terminable, and accordingly she sought to
erect a classification based on structural
characters and distinguished by lack of any
morphological hiatus. Placement and sub
division of the stromatoporoids by STEINER,
as outlined below, satisfactorily indicate re-

lationships to living Tubularia on one hand
and Hydrocoralla on the other.

Steiner's Classification of Stromatoporoids
Tubularia.
Stromatoporoidea.

Hydractinoidea; Ellipsactinidae, Actinostromati
dae.

Unnamed division; Siphostromatidae, Burgundii
dae.

Milleporoidea; Stromatoporidae, Milleporellidae.
Hydrocoralla.

Study of Mesozoic stromatoporoids by
YABE & SUGIYAMA (1935) are basis for a
classification of these forms in three fam
ilies. As given below, this is incorporated in
classification now adopted.

Yabe & Sugiyama's Classification of
Stromatoporoids

Stromatoporidae. All skeletal elements generally
trabecular, interspaces tabulate; with or without
astrorhizae.

Milleporellidae. Vertical skeletal elements dominant
over lamellar and tending to form closed tabulate
tubes; astrorhizae weak or lacking.

Milleporidiidae. Vertical skeletal elements persistent,
lamellar or tending to form closed tubes; tabulate
interspaces include large ones of zooidal nature
and small ones; horizontal elements lamellar,
much reduced; no astrorhizae.

CLASSIFICATION ADOPTED IN
TREATISE

Classification published in papers by LE
COMPTE (1951, 1952) is adopted in the
Treatise. As far as seems practicable in the
state of present knowledge, this is defined
by considerations of phylogeny and atten
tion is given to features of skeletal struc
ture, including microstructure in manner
supplementing other characters. Division of
the stromatoporoids in 2 main groups, as
proposed by NICHOLSON and followed by
others, cannot be maintained, for structures
presumed to show relationship of these
fossils with millepores do not exist. Also,
oversimplified division in large groups
based on microstructure, as in classifications
by HEINRICH and TRIPP, is unnatural.

Analysis of older classifications and re
study of many genera have led to rejection
of some proposed family units and different
allocations of some genera. Thus, Burgundia
is interpreted to belong to the Clathrodictyi
dae and the family Burgundiidae proposed
by DEHORNE is not recognized; similarly
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the Siphostromatidae of STEINER'S classifica
tion is not accepted because Siphostroma
seems clearly to belong to the Milleporel
lidae. Ellipsactinia and the Ellipsactiniidae
are judged not to belong with the stromato
poroids, and Sphaeractinia, which STEINER
included in this family, is assigned to the
Actinostromatidae. The classification of
YABE & SUGIYAMA is adopted with only
minor alterations for Mesozoic stromato
poroids; this includes recognition of the
family Milleporidiidae, based on Millepori
dium, which STEINER failed to distinguish
from genera of the Milleporellidae.

The subcylindrical to dendroid colonies,
which some authors (HEINRICH, 1914;
KUHN, 1939) have excluded from the
Stromatoporoidea, call for discussion be
cause of question about their relation to the
massive and laminar types of growth.
NICHOLSON (1886) grouped the 3 genera of
dendroid form known to him in the family
Idiostromatidae; of these, ldiostroma is here
assigned to the Syringostromatidae, Stachy
odes to the Stromatoporidae, and Amphi
pora to uncertain classificatory status. This
distribution is in agreement with RIPPER'S
(1937) conclusion that all or nearly all
dendroid stromatoporoids belong to genera
or at least to families composed mainly of
massive forms. Dendroid (*) and massive
(U) pairs having almost identical skeletal
structure include *Actinostromarianina (V.
Jur.) and UActinostromaria (Jur.-Cret.);
*Dendrostroma (Dev.) and **Stromato
porella (Sil.-Carb.); *Parksia (V.Jur.) and
UStromatopora (Ord.-Perm.); *Stachyodes
(MDev.-V.Dev.) and uParalielopora

(Dev.--?Perm.); *ldiostroma (Sil.-Dev.)
and UHermatostroma (Sil.-Dev.). The
presence of a single large axial canal in
dendroid colonies has served to mislead
many authors; actually this is simply an
astrorhizal axial canal from which branches
extend into lamellar portions of the coenos
teum precisely as in massive colonies. The
family Aulaceridae includes Ordovician and
Silurian genera of dendroid form, charac
terized by exceptionally large size of the
axial canal and its division into bulbous
chambers by strongly arched tabulae. Here
belong Beatricea and seemingly also Cryp
tophragmus. They are classified among the
stromatoporoids, even though their struc
tural peculiarities and stratigraphic place
ment indicate that they are a very early,
surprisingly divergent assemblage.

The families recognized in the Treatise
section on Stromatoporoidea are listed be
low with record of their known strati
graphic distribution and statement of the
number of genera included in each (shown
by figures enclosed by parentheses).

Divisions of Stromatoporoidea

Stromatoporoidea (order) (67). Cam.-Cret.
Actinostromatidae (family) (7). Cam.-Cret.
Clathrodictyidae (6). Cam.-Jur.
Stromatoporellidae (4). Sil.-Carb., ?Trias.
Syringostromatidae (6). Sil.-Jur.
Stromatoporidae (12). Ord.-Cret.
Disjectoporidae (4). Perm.-U.Trias.
Milleporellidae (4). Jur.-Cret.
Milleporidiidae (2). Jur.-Cret.
Labechiidae (10). Ord.-Cret.
Aulaceridae (6). Ord.-Sil.
Uncertain family (1). Sil.-Jur.

PALEOECOLOGY
Paleoecologic relationships of the stroma

toporoids have been studied little, perhaps
partly because taxonomy of the group is
mostly unfamiliar to geologists and partly
because these fossils are most abundant in
calcareous rocks where observations of their
occurrence are difficult.

The environments to which stromato
poroids seem best suited are about the same
as those preferred by the corals. Both are
adapted to reef building, but the stromato
poroids seem to tolerate a muddy bottom
less well than many corals. Massive and
globular colonies tend to occur in rather pure
limestone, whereas laterally expanded sheet-

like colonies commonly are found in im
pure limestones or in interstratified marly
and clayey beds; in such a setting, inter
preted to signify less shallow seas, rather
rare laminar stromatoporoids are found as
sociated with coralline bioherms in Devon
ian sections of the Ardennes region. Like
the tabulate corals but in much smaller de
gree, the coenosteum of stromatoporoid col
onies exhibits variations, especially in thick
ness of the skeletal elements, development of
lamellae and pillars, and in spreading apart
of these. This variability partly is an ex
pression of local environment.

Paleozoic stromatoporoids contributed to
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building reefs much more commonly than
the Mesozoic forms. The Silurian and Dev
onian rocks of many regions contain nu
merous stromatoporoid-bearing bioherms
and biostromes, some of which have con
siderable thickness and lateral extent. Re
markable are such masses in the Silurian of
Gotland, attaining thickness of 10 to 20 m.
and horizontal dimensions of several hun
dred meters; these are distributed in crin
oidal limestones and marls. Locally, reef
like deposits consist exclusively of stroma
toporoids, but generally tabulate corals and
compound rugose corals are associated with
them; also, algae of Solenopora type, es
pecially Pilotrix, are intergrown with the
coelenterate colonies and serve to bond frag
ments together (HADDING, 1941). Globular
algae such as Sphaerocodium and Spongio
stroma occur in beds below and above the
reefs but not in them. The abundance of
broken, more or less worn fragments of
corroded stromatoporoid colonies and the
presence of the algae are cited by HADDING

as evidence of very shallow water, but as
shown by the fine sediment associated in
the reefs, evidently they were not formed
close to a more or less rugged coast but in
relatively quiet offshore waters, probably
between 5 and 50 m. deep.

In Devonian strata of the Ardennes, bio
herms and biostromes composed mainly or
exclusively of stromatoporoids occur as lenti-

cular bodies interfingering with surround
ing calcareous sediment. Associated tetra
corals, tabulates, and algae (Sphaerocodium,
Girvanella) are quantitatively less important
but individually of large size. Conversely, in
reefs composed mainly of corals, invariably
small, remains of stromatoporoids generally
are absent, but if present, they are very thin
laminar growths. Massive stromatoporoids
of Devonian time were able to grow and
build reefs in turbulent waters; corals living
in this environment formed large colonies
but below the zone of strong wave action
their skeletons were small and flattened.
Analysis of geologic sections containing reefs
built by stromatoporoids, which brings to
notice many disconformities, common occur
rence of ripple marks, and local deposits of
broken, worn reef organisms, indicates shal
low-water environment.

Mesozoic stromatoporoids have very little
importance as reef builders, even though
they are associated locally with reef-formers
such as the hexacorals, rudistid clams, and
nerineids, and they occur commonly in
oolitic limestones which denote a neritic,
shallow-water environment. There are few
algae, unless the Chaetetidae found in many
places belong here at least partly. Chiefly
important from paleoecological viewpoints
seems to be the association of stromatopor
oids with hexacorals.

Family ACTINOSTROMATIDAE
Nicholson, 1886

[nom. correct. LECOMPTE, herein (pro Actinoslromidae NICH.,
1886)]

Colonies massive, flattened, or rarely
dendroid. Coenosteum composed of well
differentiated trabecular skeletal elements;
lamellae consisting of a hexactinellid net
work formed by processes joined at regular
or irregular levels to more or less continuous
vertical pillars. Astrorhizae narrow. Micro
structure of skeletal elements massive or
fibrous. Cam.-Cret.
Actinostroma NICHOLSON, 1886 ["A. clathratum]

[=?Actinostromella BOENKE, 1915; Gerronostroma
YAVORSKY, 1931]. Skeletal elements essentially
perpendicular to one another; lamellar network
commonly formed by complex meshes connected
at regular or variable levels to pillars. Skeletal

SYSTEMATIC DESCRIPTIONS

Order STROMATOPOROIDEA
Nicholson & Murie, 1878

Hydrozoans distinguished by a calcareous
coenosteum basically of trabecular nature,
generally with distinct transverse elements
(lamellae) and vertical or radial elements
(pillars) or with varied sorts of reticulate
structure evolving lamellar elements that
tended to become tubular; exclusively colon
ial, massive, sheetlike, or dendroid in
growth. A characteristic structure possessed
by all but a few genera is termed astrorhiza;
it consists typically of a central canal directed
normal to the surface and of laterally diverg
ing, outwardly branching furrows on the
surface or canals below the surface. Surface
with or without tubercles (mamelons).
Cam.-Cret.
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FIG. 103. Actinostromatidae. 1, Actinostroma astro
ites, M.Sil., X 10.2, A. devonense, V.Dev., X3.

fibers compact (20). Cam.-L.Carb., cosmop. (This
genus generally has been distinguished from Acti
nostromaria by its lack of superposed astrorhizae,
but this character is not reliable, since they do oc
cur in some species of Actinostroma. Mesozoic
species assigned to Actinostroma actually belong to
Actinostromaria, as shown by their fibrous skeletal
structure.)--FlGs. 92,2; 93,1; 103,2. A. dev
onense LECOMPTE, V.Dev. (L.Frasn.), Belg.;
long., tang., long. secs., X3 (49).--FIGs. 86,3;
91,1. • A. clatllratum, M.Dev., Eng.; 86,3, exterior
of base, XO.5; 91,1, long. sec., XI2 (50·,50).
--FIG. 103,1. A. astroites ROSEN, M.Sil. (Wen
lock.), Eng.; long. sec., XIO (50·).--FIG. 94,1.
A. intertextum NlcH., M.Sil., Eng.; long. sec.,
X 10 (52).

Actinostromaria CHALMAS in DEHORNE, 1920 [·A.
stellata]. Coenosteum like that of Actinostroma
but laminae very discontinuous and more delicate
than pillars, which also may be interrupted; the
lamellae constitute a simple, regular network, gen
erally with quadrangular but also pentagonal
meshes, all in the same plane and many opening
on one or more sides so as to produce a meandri
form pattern. Pillars commonly are formed by up
ward turning of lamellar processes. Astrorhizae
highly branched, disposed in vertical systems
formed by several canals arranged in bundles.

Skeletal elements characterized by prominent dark
axis surrounded by perpendicular crystalline fibers
(7). lur.-Cret., Eu.-N.Am.-Afr.--FIGs. 95,1;
104,3. • A. stellata, Cret. (Cenom.), Fr.; 95,1, long.
sec., X 12; 104,3a,b. long and tang. sees. X 12
(49n all);--FIG. 104,1. A. salevensis DEHORNE,
Cret., Fr.; tang sec., X 12 (49n).

Actinostromarianina LECOMPTE, 1952 [·Stromato
pora milleporoides DEHORNE, 1920]. A dendroid
form with massive base and cylindrical branches:
coenosteum as in Actinostromaria, pillars bending
sharply from axis, occupied by a narrow astrorhizal
canal, to meet surface perpendicularly. Astrorhizae
feebly developed (18). U.lur., Eu.--FIG. 104,4.
·A. milleporoides (DEHORNE), V.Jur., Rumania;
4a,b, long. secs. X3, X12 (49n).

Atelodictyon LECOMPTE, 1951 [·A. tallax]. Coeno
steum laminar or globular; pillars typically super
posed, with appearance of continuity, but restricted
in some to interlamellar spaces; lamellae in a sub
hexactinellid network, or showing in tangential
section cellular to chainlike structure. Astrorhizae
in vertical systems. Fibers compact. M.Dev., Belg.
(Superficially, coenosteum structure resembles that
of forms commonly assigned to Clathrodictyon.
which have pillars not subordinate to lamellae,
however.)--FIGs. 93,2; 104,2. ·A. tallax, M.
Dev.(Couvin.), Belg.; 93,2, tang. sec., X 12; 104,
2, long. sec., XI2 (49·).

Pseudolabechia YABE & SIGUYAMA, 1930 [·P. granu
lata]. Colonies laminar. Coenosteum like Actino
stroma, but distinguished by horizontal lamellar
processes not in regular superposed layers and in
having vertical columns formed by considerably
thickened, upward converging pillars, and marked
on the upper surface by large tubercles. Astrorhizae
lacking (46). Ord.-Sil., Eu.-Asia.

?Circopora WMGEN & WENTZEL, 1887 [·C. taveo
lata], Perm., lur., Eu.-Asia.

?Sphaeractinia STEINMANN, 1878 [·S. diceratina].
lur.-Cret., Eu. Imperfectly known, possibly syn
onym of Actinostromaria.

Family CLATI-lRODICTYIDAE Kiihn,
1939

[nom. correct. LECOMPTE, herein (pro Clathrodictyonidae
KUHN, 1939) I

Coenosteum essentially composed of dis
continuous pillars and lamellae intimately
associated in manner forming subvesicular
tissue, or in varying degrees differentiated.
Astrorhizae present. Coenosteal elements
compact or microcrystalline. Cam.-/ur.
Clathrodictyon NICHOLSON & MURIE, 1878 [·C.

vesiculosum] [=Stictostroma PARKS, 1936 (par
tim)]. Typically laminar but may be globular or
massive, with skeletal elements poorly differen
tiated to distinct; pillars restricted to interlamellar
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spaces, but closely associated with lamellae, which
are the predominant structures; interlamellary
septa may be abundant. Astrorhizae present or
absent (22). Cam.-Dev., cosmop., Perm., Japan.
As currently defined, this genus contains groups
showing 2 sorts of structures: forms like the type
species, with vesicular or subvesicular tissue lacking
clear differentiation of pillars and lamellae (Fig.
97); and forms having well-defined lamellae and
interlamellar pillars which may be bifurcate or

hollow cone-shaped (Fig. 105,2). Some authors
hold that one form merges with the other through
progressive straightening of lamellae and separa
tion of pillars, but the second group possibly is
generically distinct.--FIG. 97. ·C. vesiculosum,
L.SiI.(Clinton.), Ohio; long. sec., X 10 (50).-
FIG. 105,3. C. striatellum ORB., M.SiI.(Wenlock),
Eng.; long. sec., X24 (50).--FIG. 105,2. C.
amygdaloides LECOMPTE, M.Dev.(Couvin.), Belg.;
long. sec. XI2 (49·). Also, FIGS. 86,2; 94,2.

2 Atelodictyon

3b Actinostromoria 4b Actinostromarianina

FIG. 104. Actinostromatidae. 1, A. salevensis, Cret., X 12. 2, A. fallax, M.Dev., X 12. 3a,b, A. stellata, Cret.,
X 12. 4a,b, A. milleporoides, V.Jur., X3, X 12.
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5 Actinodictyon 60 Stromotoporello 6b

FIG. 105. Clathrodictyidae, Stromatoporellidae. l/l,b, B. ,""orc}'ii, U.Jur., X3, X 12. 2, C. amygdaloides,
M.Dev., X 12. 3, C. striatellum, M.Sil., X24. 4, D. ocuJatum, Dev., X3.5, A. ca"adense, M.Sil., X 10.

6a,b, S. granulatll, M.Dcv., X12.

Actinodictyon PARKS, 1909 [eA. canadense; SD
BASSLER, 1915]. Cocnosteum composed of sub
vesicular tissue traversed by evenly spaced large
spongy pillars (24). M.Sil.-U.Dev., Eu.-N.Am.-
FIG. 105,5. eA. canadense, M.Sil., Hudson Bay;
long. sec. Xl0 (51).

Burgundia CHALMAS in DEHORNE, 1915 reB. trinor
chii] [=?Circoporella HAYASAKA, 1917]. Growth
form laminar, spheroidal, domed, or irregular,
with surface marked by mamelons; predominant
are well-defined continuous lamellae, more or less
wavy and separated from one another in different
specimens or parts of the same colony, or pardy

lenticular; pillars mosdy short and straight, bifur
cate at top or expanded at one or both extremities,
restricted to a single interlamellar space; some pil
lars long and crooked, unbranched or branched to
anastomosing, not restricted to a single interlamel
lar space; these two types may alternate zonally.
Astrorhizae large, in vertical systems with branches
abrupdy terminated in interlamellar spaces. Lamel
lae in tangential sections show well-marked reti
culate or meandriform structures. Skeletal elements
compact, microcrystalline, or granular; a dark or
clear filiform axis may be recognized in lamellae
and rarely in pillars (6). Jur., Eu.-Afr.-Asia. This
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genus is closely allied to forms of Clathrodictyon
having well-differentiated skeletal elements; it is
distinguished by pardy disordered, branched or
anastomosed pillars extending through 2 or more
lamellae. So-called zooidal tubes noted by some
authors, which rarely occur in sections, seemingly
are parts of astrorhizae.--FIG. 105,1. "B. trinor
chii U.Jur., Fr.; la,b, long. and tang. secs., X3;
Ie, long. sec., X12 (49n).

Stylodictyon NICHOLSON & MURIE, 1878 ["Syringo
pora columnaris NICH., 1875]. Coenosteum very
dense, formed of well-differentiated lamellae and
interlamellar pillars traversed by nearly equidistant
stout columns between which curved laminae
occur in alternate open and close-spaced groups
(22). Dev., N.Am.-Russ.

?Clavidictyon SUGIYAMA, 1939 ["C. columnare].
Colonies columnar, dendroid, or bundled; surface
granulose; axial portion composed of reticulate
tissue but peripheral part having well-defined
lamellae joined by interlamellar pillars. Astrorhizae
lacking (37). M.Sil., Japan.

?Pseudostylodictyon OZAKI, 1938 ["P. poshanense].
Columns much thicker and more widely spaced
than in Stylodictyon and formed by bulging of
lamellae only. Astrorhizae seem to be lacking (23).
Ord., China.

Family STROMATOPORELLIDAE
Lecompte, 1951

Skeletal elements thick, well differenti
ated, comprising continuous, regularly
spaced lamellae and discontinuous pillars
confined to interlamellar spaces but super
posed in some forms. Straight or tortuous
vertical chambers bearing tabulae are poorly
developed. Astrorhizae strong. Skeletal ele
ments have porous microstructure. Sil.
Carb., ?Trias.
Stromatoporella NICHOLSON, 1886 ["Stromatopora

grantdata NICH., 1873] [=?Clathrocoilona YAVOR
SKY, 1931; Stictostroma PARKS, 1936 (partim)].
Generally laminar, free, with basal epitheca, or en
crusting; skeletal elements fairly well individual
ized and nearly equal in importance; pillars
typically limited to interlamellar spaces, with ten
dency to superposition in some; vertical tabulated
chambers few and short. Astrorhizal systems well
developed, commonly associated with mamelons.
Skeletal elements cellular (20). Sil.-Carb., cosmop.
None of the Mesozoic forms described under this
name seemingly belong to the genus.--FIG. 105,
6. "S. granulata (NICH.), M.Dev.(Couvin.), Belg.;
6a,b, long. and tang. secs., X12 (49); also FIG.
102,4. Other species, FIGS. 87, 90, 95,2.

Dendrostroma LECOMPTE, 1952 ["ldiostroma ocula
tum NICHOLSON, 1886]. Dendroid colonies with
coenosteum like that of Stromatoporella, with
thick, well-differentiated pillars and lamellae, the

pillars being limited to an interlamellar space.
Large axial astrorhizal canal and its lateral
branches intersected by partitions (17). Dev., Eu.
--FIG. 105,4. D. oculatum (NICH.), Dev., Ger.;
long. sec., X3 (49n).

Synthetostroma LECOMPTE, 1951 ["S. actinostrom
oides]. Free or incrusting colonies. Much-folded
lamellae of complex structure, with parallel or
intertwined fibrils, and pillars limited to inter
lamellar spaces but superposed. Astrorhizae very
strongly developed, intersected by numerous parti
tions (17). M.Dev., Belg.--FIG. 106,3. "S.
actinostromoides, M.Dev.(Givetian), Belg.; long.
sec., X12 (49").

?Lithopora TORNQUIST, 1900 ["L. koeneni]. Struc
ture like Stromatoporella but the sparse vertical
chambers seemingly lack tabulae. Microstructure
unknown. M.Trias., Italy.

Family SYRINGOSTROMATIDAE
Lecompte, 1951

[nom. correct. LECOMPTE, herein (pro Syringostromidae LE.
COMPTE, 1951»)

Well-differentiated continuous pillars and
lamellae, thin in early forms but grad
ually thicker in later ones; vertical tabulated
chambers more or less numerous and well
developed. Microstructure cellular or reticu
late in Paleozoic genera, uniformly in early
forms but later tending to marginal locali
zation; fibrous in Mesozoic forms. Skeletal
elements with dark axis. Sil.-Jur.
Syringostroma NICHOLSON, 1875 ["S. densa; SD

NICH., 1886]. Free or incrusting colonies with
coenosteum built of more or less continuous, strong
pillars of straight or slighdy sinuous form, and
reticulate, generally thin, continuous lamellae
which show axial lines. Vertical tabulated cham
bers slighdy to well developed. Astrorhizae gen
erally well developed. Skeletal fibers alveolar (19).
Sil.-Dev., Eu.-Asia-Austral.-N.Am.--FIG. 107,2.
S. centrotum GIRTY, Sil., N.Y.; long. sec., X 10
(51 ").--FIG. 106,2. S. baccatum LECOMPTE, M.
Dev.(Givet.), Belg.; long. sec., X12 (49").

Hermatostroma NICHOLSON, 1886 ["H. schluteri].
Skeletal elements thick, subequal and mutually
perpendicular; interlamellar chambers well de
limited, typically rounded, and commonly divided
by partitions; vertical tabulated chambers more or
less numerous. Astrorhizae generally prominent.
Skeletal elements with marginal cellular or canali
culo-cellular structure (20). Sil.-Dev., cosmop.-
107,4. "H. schluteri. M.Dev., Ger.; tang. sec., X20
(49); also FIG. 96.--FIG. 99. H. perseptatum
LECOMPTE, U.Dev.(L.Frasn.), Belg.; long. sec.,
X3 (49*).

Idiostroma WINCHELL, 1867 ["L. caespitosum; SD
BASSLER, 1915]. Dendroid or fasciculate colonies;
pillars superposed and lamellae distinct; large
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astrorhizal axial canal and lateral branches inter
sected by partitions; vertical chambers tabulated.
Skeletal elements with cellular marginal structure
(45). Sil.-Dell." N.Am.-Eu.-Asia-Austral.---FIG.
107,3. 1. roemeri NICH., Dev., Ger.; transv. sec.,
X3 (49-)

Syringostromina LECOMPTE, 1952 [-Stromatopora
choOati DEHORNE, 1920]. Moderately large, irregu
lar subconcretionary colony with coenosteum as in
Syringostroma; thin, closely spaced, continuous,
parallel pillars are intersected by filiform, widely
separated lamellae, between which the vertical
chambers are divided by numerous, very thin
tabulae; in tangential section, the lamellar system

shows an extremely fine, complete or meandri
form network. Astrorhizae very strongly developed,
superposed, with scanty, irregular branches. Skele
tal elements longitudinally striate or with trellis
structure (18). V.fur., Eu.--FIG. 106,4. -S.
choOati (DEHORNE), U.Jur.(Lusit.), Port.; tang.
and long. sees., X 12 (49n).

Trupetostroma PARKS, 1936 [-T. warreni]. Com
pact lamellae pierced by circular pores correspond
ing to chambers and marking evolutionary ten
dency toward thickening; strong pillars super
posed; vertical tabulated chambers very well de
veloped, connected with astrorhizae. Cellules of
skeletal elements tend toward marginal localization.

40 Syr~'."gostromino 4b
l. '

FIG. 106. Stromatoporellidae, Syringostromatidae. la,b, G: steinmanni, U.Jur., X2.8. 2, S. baccatum, M.
Dev., X 12.3, S. actinostromoides, M.Dev., X 12. 4a,b, S. choOati, U.Jur., X 12.
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10 Trupetostromo Ib 2 Syringostromo

3 Idiostromo 4 Hermotostromo

FIG. 107. Syringostromatidae. la,b, T. warreni, Dev., XI0. 2, S. centrotum, Sil., Xl0. 3, I. roemeri, Dev.,
X3. 4, H. schliiteri, M.Dev., X20.

Astrorhizae prominent (27). Dev., N.Am.-Eu.-
FIG. 107,1. *T. warreni, Dev., NW.Can.; la,b,
long. and tang. sees., XlO (51*).--FIG. 98,1.
T. tenuilamellatum LECOMPTE, U.Dev.(L.Frasn.),
Belg.; la,b, tang. and long. sees., X3, X12 (49*);
also FIG. 102,2.--FIG. 98,3. T. ruedemanni LE
COMPTE, U.Dev.(L.Frasn.), Belg.; long. sec., X 12
(49*).

?Ceraostroma KUHN, 1926 [*C. steinmanni]. Col
ony incrusting, skeleton probably chitinous orig
inally and secondarily calcified. Continuous pillars
and wide-spaced lamellae enclosing extended ver
tical chambers, which bear thin partitions. Astro
rhizae well developed (13). U.lur., Eu.--FIG.
106,1. *C. steinmanni, U.Jur.(Tithon.), Aus.;
lap, long. and tang. sees., X2.8 (48*).

Family STROMATOPORIDAE
Nicholson, 1886

[=Coenostromidae WAAGEN & WENTZEL, 18871

Colonial form massive, laminar, incrust
ing, or dendroid. Coenosteum has more or
less open or close reticulate structure, lamel
lation tending to be lost in the reticulation
of tissue or to be supplanted by pillars which
in certain forms evolve in vertical lamellae.

Vertical tabulated chambers numerous.
Astrorhizae more or less well developed.
Microstructure cellular or fibrous. Ord.
eret.
Stromatopora GOLDF., 1826 [*S. concentrica]

[=Coenostroma WINCHELL, 1867; ?Prisciturben
KUNTH, 1870; Pachystroma NICH. & MURIE, 1878;
Rosenia WAAGEN & WENTZEL, 1887]. Growth
massive or laminar, and in some, latilaminar.
Coenosteum may be differentiated in strong ver
tical pillars and stout simple (not bifid) lamellae,
but it shows a general tendency toward a closely
reticulate structure with progressive loss of lamel
lation. Interpillar tabulated chambers present.
Skeletal elements cellular. Astrorhizae more or less
prominent (20). Ord.-Perm., cosmop.--FIGs.
91,2; 108,2. *S. concentrica, U.Dev.(L.Frasn.),
Belg.; long. sees., X3, X12 (49*,49); also FIG. 92,
1.--FIG. 109,1. S. pachytexta LECOMPTE, M.Dev.,
Ger.; long. sec., X3 (49*). Other species, FIGS. 88,
89, 102,3.

Dehornella LECOMPTE, 1952 [*Stromatoporella hy
dractinoides DEHORNE, 1918]. Small laminate in
crusting form, entire surface covered by conical
mamelons with opening of axial canal of stellate
astrorhizae at summits; coenosteum beneath mame-
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Ions composed of continuous pillars, tortuous and
very irregular in thickness, joined by uneven cross
bars; between mamelons, continuous lamellae are

fairly distinct and very irregular pillars are dis
continuous and commonly restricted to an inter
lamellar space. Pillars cut transversely reveal a pig-

lb

40 4b 3b
I

Porksio

FIG. 108. Stromatoporidae. la-c, S. haug;, U.Cret.; la,c, X12; lb, X3. 2, S. concentrica, M.Dev., X12.
la,b, P. douvillei, U.Jur., X6. 4a,b, T. zonatum, Dev., X 12.
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Stochyodes
5 Dehornella

PBS

FIG. 109. Stromatoporidac. 1, S. p«"yteztll, M.Dcv., X3. la,h, P. ostiolata, M.Dcv., X20. ]a,h, S. c"oDati,
U.Jur., X12. 4a,h, S. flerticillatll, Dev., X2, X12. 5, D. "ydr«tinoides, U.Jur., X6.
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FIG. 110. Stromatoporidae. Stachyodes radiata, V.
Dev., X3.

mented core which undergoes extinction in polar
ized light, possibly indicating substitution of
chitin (18). V.]ur., SW.Eu.---FIG. 109,5. ·D.
hydractinoid~s, V.Jur.(Lusitan.), Port.; long. sec.,
X6 (49n).

Parallelopora BARGATZKY, 1881 [·P. ostiolata; SD
NICH., 1891]. Massive free colonies with loosely
reticulate coenosteum, pillars predominating and
lamellation tending to disappear; the stout, more
or less continuous. pillars are straight or tortuous,
and they show tendency to develop in vertical
lamellae evolving in closed tubes. All interpillar
spaces bearing thin tabulae. Skeletal elements es
sentially cellular or in some reticulate. Astrorhizae
strongly developed (1). D~v.-?P~rm., cosmop.--
FIG. 109,2. ·P. ostiolata, M.Dev., Ger.; 2a,b, tang.
ancl long. sees., X20 (49·); also FIG. 102,1.--
FIG. 100. P. paucicanaliculata LECOMPTE, M.Dev.
(Givet.), Belg.; long. sec., X12 (49·).

Parksia LECOMPTE, 1952 [.Stromatopora douvill~i

DEHORNE, 1918]. Delicate dendroid colonies with
entirely reticulate coenosteum of Stromatopora
type. Axial astrorhizal canals very large, with
coarse lateral branches dipping obliquely and con
formably to lamination. Microstructure fibrous,
without pigmented dark axes; the fibers, which
are longitudinally oriented at axis, bend toward
periphery so as to produce wavy extinction under
crossed nicols (18). V.]ur., N.Afr.---FIG. 108,3.

·P. douvillei (DEHORNE), V.Jur., S.Tunisia; 3a,h,
transv. and long. secs., X6 (49n).

Plassenia YABE & SUGIYAMA, 1931 [·P. alpina].
Massive colonies with wavy, perforate lamellae and
interlamellar spaces connected by lamellar or
rarely columnar vertical partitions, the lamellar
ones being irregularly folded and laterally various
ly joined to one another dividing the interlamellar
spaces into numerous minute chambers elongated
in various directions; extremely thin tabulae occur
uncommonly. Vertical astrorhizae bear lateral
branches at irregular intervals. Tangential sections
show an irregular network with subcircular meshes,
but more commonly elongated or curved in various
directions. V.]ur., Eu.

Stachyodes BARGATZKY, 1881 [·Stromatopora
(Caunopora) v"ticillata M'Coy, 1851] [=Spha"o
stroma GURICH, 1896]. Dendroid, fasciculate, or
submassive colonies with compact or reticulate
coenosteum more or less differentiated in distinct
pillars especially in peripheral parts; lamellae fili
form, intersecting all tissue. Large axial astrorhizal
canals crossed by many straight, oblique, bent, or
vesiculose tabulae; adventitious canals distributed,
conformably to lamellation. Skeletal elements com
monly showing fine longitudinal striae but prob
ably essentially microreticulate (1). M.D~v.-V.D~v.•
Eu.-Austral.---FIG. 109,4. • S. v"ticillata
(M'Coy), Dev., Ger.; 4a,h, long. sec., X2, X12
(50·). Also FIG. 86,1. ---FIG. 110. S. radiata
LECOMPTE, V.Dev.(L.Frasn.), Belg.; long. sec.,
X3 (49·).

Stromatoporellata BAKALOV, 1910 [·S. mammilaris].
V.Trias., Bulgaria.

Stromatoporellina KUHN, 1927 [·Stromatopor~lla

haugi DEHORNE, 1917] [=Epistromatopora, Para
stromatopora YABE & SUGIYAMA, 1935]. Massive
mamelonate or branched colonies; coenosteum of
Parall~lopora type, with continuous subparallel pil
lars, straight or slightly bent, rarely trabecular,
mostly lamellate and showing strong tendency to
produce adjoined tubes, partly meandriform, of a
single type crossed by thin regular tabulae. Astro
rhizae well developed, with many tortuous branches,
distally ramified; few horizontal canals appear in
longitudinal sections. Skeletal elements lacking
dark axis are composed of microcrystalline fibers
in fine poorly defined bundles (14).]ur.-Cr~t., Eu.
Afr.-Asia. (Since this form is allied to Parall~lo

pora, rather than Stromatopordla, as presumed
by KUHN, the generic name is very ill chosen.
Stromatopor~llina embraces forms defined by YABE
& SUGIYAMA [1935] as Epistromatopora, with
granules concentrated in axes of skeletal elements,
and Parastromatopora, with oblique fibers.)--
FIG. 108,1. ·S. haugi (DEHORNE), V.Cret., Fr.;
1a,c, long. and tang. secs., X12; 1b, tang. sec.,
X3 (49n).
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Stromatoporina KUHN, 1927 r-Stromatopora torn
quisti DENINGER, 1906]. Cocnosteum strongly
larilaminar with structure like Stromatopora,.lamel
larion remaining evident in the reticulation of
tissue; pillars irregular, showing no tendency to
form tubes; all intercolumnar spaces bearing thin
tabulae. Astrorhizae present. Microstructure fibrous,
fasciculate, or radial, without dark axis (14).
Trias.-Cret., Eu.-Asia. The type species not having
been studied, description is based on DEHORNE'S
(1920) species: Stromatopora choDati, S. romanica,
and S. arrabidensis.--FIG. 109,3. S. choDati
(DEHORNE) , V.Jur.(Lusitan.), Port.; 3a,b, tang.
and long. sees., X12 (49n).

Stromatorhiza BAKALov, 1906 [-Thamnaraea? gran
ulosa KOBY, 1888]. Coenosteum entirely reticulate,
as in typical Stromatopora, but lacking tabular

partitions and with homogeneous skeletal elements
bearing a strong dark axis. U.lur., Eu.

Tienodictyon YABE & SUGIYAMA, 1941 [-T. zona
tum]. Colonies massive, with zonal structure and
finely granulose surface; strong lamellae of fine
trabecular structure separate the zones, which in
lower parts consist of reticulate tissue with meshes
pardy intersected by tabulae, and in upper parts
mainly comprise subvertical pillars joined to
lamellae by their expanded ends and connected by
thin partitions in lamellar disposition. Astrorhizae
readily visible in longitudinal sections. Dev., China.
--FIG. 108,4. -T. zonatum; 4a,b, long. and
tang. sees., X 12 (55).

?Stromatostroma BAKALov, 1910 [-So triasicum].
U.Trias., Bulgaria.

40 Milleporidium 5 Milleporello

FIG. 111. Disjectoporidae, Milleporellidae, Milleporidiidae. 1, S. arzieri, L.Cret., XP: 2, D. iaponica, M.
Perm., ><50.3, B. kochi, V.Trias., X7. 11, M. rt:mesi, V.Jur., X 12. 5a,b, M. adnatlca, L.Eoc., X6.

© 2009 University of Kansas Paleontological Institute



PB8 Coelenterata-Hydrozoa

Family DISJECTOPORIDAE Tornquist,
1901

Massive forms composed of regular or ir
regular trabecular tissue, traversed by
strong, continuous vertical astrorhizae with
tabulated canal and stellate, generally short
branches. Perm.-V.Trias.
Disjectopora WAAGEN & WENTZEL, 1887 ["D. mille

parae/armis]. Coenosteum composed of trabeculae
forming a rectangular network. Astrorhizae with
large axial canals, bearing tabulae, horizontal
branches generally narrow (42). Perm.-Trias.,
Asia.--FIG. 111,2. D. ;apanica YABE & SUGI
YAMA, M.Perm., Japan; long. sec., X50 (55").

Balatonia VINASSA, 1908 ["B. kachi]. Spheroidal
colony composed of vermiform elements, in central
part arranged loosely in somewhat regular layers,
but close and radially disposed toward periphery.
Astrorhizae with straight axial tubes, invariably
tabulate, and few branches, restricted to outer
layers. V.Trias., Eu.--FIG. 111,3. "B. kochi, U.
Trias., Hung.; long. sec., X7 (54").

Carta STECHOW, 1921 [pro Carterina WAAGEN &
WENTZEL, 1887 (non BRADY, 1884)] ["Carterina
pyramidata WAAG.-W., 1887] [=Arduorhiza
WAAG.-W., 1889; Carterinula STRAND, 1926]. Large
massive coenosteum composed of an irregular net
work of trabeculae traversed in all directions by
many continuous astrorhizae with strong axial
canals and large branches irregularly ramified in
tersected by trabecular pseudosepta (33). Perm.,
Asia.

Irregulatopora WAAGEN & WENTZEL, 1887 ["I. un
dulata]. Massive or laminate colonies, coenosteum
composed of irregularly arranged trabeculae form
ing an irregular meshwork. Astrorhizae irregular,
with trabecular tabulae (42). Perm., Asia.

Family Mll..LEPORELLIDAE Yabe &
Sugiyama, 1935

Massive or incrusting forms, coenosteum
lacking lamellae; vertical elements partly or
entirely lamellar, showing strong tendency
to form closed tubes of uniform diameter,
intersected by tabulae. Astrorhizae still very
apparent are grouped in vertical bundles,
extending radially sideward into coenosteal
tissue; they are related to narrow vertical
tabulate chambers. Jur.-Cret.
Milleporella DENINGER, 1906 ["M. sardoa] [=lstri

actis CHALMAS, 1883]. Subglobular colonies with
mamelonate surface; trabecular or lamellar pillars
tend to form incomplete or closed tubes joined by
filiform cross pieces disposed in lamellar form;
tangential sections show a fine fibrous network of
regular polygonal meshes, mostly open in meandri
form or hieroglyphic patterns. Astrorhizae in close

vertical bundles, laterally digitate with uneven
arrangement and extent; in tangential sections,
they appear as stellate groups of twisted, branch
ing, anastomosed passages which disappear in
tissue without appreciable diminution in size.
Structure microcrystalline (8). ,ur.-Cret., Eu.-
FIGS. 111,5; 112,3. M. adriatica (CHALMAS), L.Eoc.,
Italy; long. and tang. secs., X6 (49n).

Siphostroma STEINER, 1932 ["S. arzieri]. Colony
with wavy laminae; pillars generally continuous
but locally interrupted and irregularly distributed,
partly lamellar and tending to form tubes bearing
thin, weakly convex tabulae; in expanded inter
spaces, pillars are absent, tabulae being replaced
by subvesicular dissepiments; lamellar platforms
few but thick or reduced to a single space or
formed by bending of pillars. Tangential sections
show a trabecular net of mostly open meshes in
tersected by irregular vague canal-like spaces, pos
sibly astrorhizal. Pillars commonly have a dark
axis with perpendicularly placed fiber bundles
around it; locally, pillars are formed of clearly
separate, superposed calcification centers and their
fibrous aureoles. Tabulae consist of adjoined dark
granules without fibrous covering (34). L.Cret.,
Eu.-FlGs. 111,1; 112,4. "S. arzieri, L.Cret.(L.
Valang.), Switz.; 111,1, long. sec., X12; 112,4a,
tang. sec., X12; 112,4b, long. sec., X82.5 (49n).

Steinerella LECOMPTE, 1952 ["Stromatopora meco
sola STEINER, 1932]. Coenosteum composed of
parallel vertical elements, partly trabecular, mainly
differentiated in lamellae which tend to form im
perfectly or entirely closed tubes with thin tabulae.
Astrorhizae very strong, grouped in vertical bun
dles which partly bend horizontally with upward
and downward bifurcations that pass into narrow
tabulate intercolumnar chambers; in tangential
sections, they form stellate groups with axes
marked by many large recurved tubes. Micro
structure fibrous, fasciculate, without dark axes
(18). L.Cret., Eu.--FIG. 112,1. "S. mecosola, L.
Cret.(Neocom.), Switz.; 1a,b, long. and tang. sees.,
X6; 1c, long. sec., X12 (49n).--FIG. 112,2. S.
10xola (STEINER), L.Cret.(M.Valang.), Switz.;
2a-c, long. secs., X 12, X 12, X55 (49n).

Tosastroma YABE & SUGIYAMA, 1935 ["T. tokuna
gai]. Like Siphostroma but having platforms de
veloped intermittently at the same level (47). U.
'ur., Japan.

Family Mll..LEPORIDIIDAE Yabe &;

Sugiyama, 1935
Coenosteum entirely of tubular structure,

lacking lamellation. Relatively large, uni
form, tabulate tubes are distributed some
what regularly among small ones compris
ing the bulk of tissue. Astrorhizae lacking.
Jur.-Cret.
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Steinerella

F139

FIG. 112. Milleporellidae. la-e, S. meeoso/a, L.Cret.; la,b, X6; Ie, X12. 2a-e, S. /oxo/a, L.Cret.; 2a,b,
X 12; 2e, X55. 3, M. remesi, U.Jur., X6. 4a,b, S. arzieri, L.Cret., X12, X82.5.
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Beotricio 30
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FIG. 113. Labechiidae, Aulaceridae. la,b, B. llodulosa, U.Ord., X2. 2a,b, L. cOllf~ta, M.Sil., X 10, X 12.
la,b, S. columllar~, Ord., X4.

Milleporidium STEINMANN, 1903 [-M. r~m~si]. Col
onies dendroid. Large Iabulate tubes, formed from
small ones of the axial region, are located in the
cortical region. The meandriform pattern of the
network seen in. transverse sections indicates that
union in tubes formed by vertical elements is
imperfect; irregular canal-like structures suggest
astrorhizal structures, although these are lacking
(36). /ur.-Cr~t., Eu.-Afr.--FIG. 111,4; 112,3.
-M. r~m~si, U.Jur.(Tithon.), Aus.; 111,4, long.
sec., X 12; 112,3, lang. sec., X 12 (both 49n).

Myrioporina KUHN, 1939 [pro Myriopora VOLZ,
1904 (non REUSS, 1846)] [-Myriopora Imb~~ki

VOLZ, 1904]. Coenosteum composed of alternating
layers of vermicular and rectilinear elements, the
latter containing rounded tubes surrounded by a
cyclic system of pores; pillars partly differentiated
in tubes (16). ?U./ur., Sumatra.

Family LABECHIIDAE Nicholson, 1885
Massive or laminar colonies with trans

verse skeletal elements typically composed of
vesicular tissue, rarely of horizontal tabulae

which invariably lack lamellar arrangement;
vertical elements are laminae or strong
radially disposed pillars, spiniform or con
tinuous. Astrorhizae present rarely. Ord.
Carbo
Labechia M.EDW.-H., 1851 [-Monticularia cOllf~ta

LONSDALE, 1839]. Surface covered with tubercles,
coalesced in some, making vermiform crests.
Coenosteum composed of strong pillars with com
pact microstructure, joined by thin transverse plates
which commonly form a vesicular tissue. Astrorhi
zae lacking. Ord.-Carb., Eu.-Asia.-N.Am.--FIG.
113,2. -L. conf~ta (LoNSDALE), M.Sil.(Wenlock),
Eng.; 2a,b, long. and lang. secs., X 10, X 12 (50-).

Aulocerium PARKS, 1909 [-A. savagei]. Coenosteum
entirely composed of vesicular tissue, lacking pillars
but pierced by vertical tubes conlaining strongly
concave Iabulae (24). Sil., N.Am.--FIG. 114,3.
-A. savag~i, M.Sil., Ill.; long. sec., XI0 (51).

Dermatostroma PARKS, 1910 [-Lab~chia papillata
JAMES, 1878]. Thin incrusting colonies covered
by closely spaced papillae; coenosteum lacking pil-
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lars, formed of thin leaves enclosing irregular
chambers (24). Ord., N.Am.

Labechiella YABE & SUGIYAMA, 1930 [-Labechia
serotina NICHOLSON, 1890]. Like Labechia but
pillars more regularly arranged and transverse
elements nearly horizontal or slightly concave.
Astrorhizae present (46). Sil.-Dev., Eu.-Asia.-
FIG. 114,2. -L. serotina (NICH.), Dev., Eng.; long.
sec., X 12 (50).

Lophiostroma NICHOLSON, 1890 [-Labechia?
schmidti NICH., 1890] [=Chalazodes PARKS,
1908]. Colonies laminar, surface bearing promi·
nent pointed or blunt mamelons; coenosteum
formed by very wavy lamellae, with close-spaced
conical elevations in position of the mamelons and
forming pillars (20). Sil.-?Perm., N.Am.-Eu.
Asia.

Ludictyon OZAKI, 1938 [-L. vesiculatum 1. Den
droid colonies composed of vesicles growing centri
fugally; surface of vesicles covered by numerous
very short pillars (23). Ord., China.

Rosene11a NICHOLSON, 1886 [-R. macrocystis]. Mas
sive or laminar growths largely composed of lenti
cular or cystose lamellae, which bear rudimentary
spiniform pillars on t1:leir upper surface, not reach·
ing to next higher lamina (20). Sil.-L.Carb., N.
Am.-Eu.-Asia.--FIG. 114,4. -R. macrocystis, M.
Sil.(Wenlock), God.; long. sec., X 12 (50).

Rosenellina RADUGUlN, 1936 [-R. wellen/ormis].
L.Sil., Russ.

Stromatocerium HALL, 1847 [-So rugosum]. Like
Labechia but with pillars replaced by vertical
lamellae. Ord.-?L.Carb., N.Am.-Eu.-Asia.

Stylostroma GORSKY, 1938 [-So crassum]. Irregu·

3 Aulocerium

2 Labechiella

".. ......-- .............

~
,........ ~......

h!::::
~ ""';.- -

~ ----- -- -
~ ~ -
~

lI ...

la

lb Amphipora 4 Rosenella

FIG. 114. Labechiidae, Incertae sedis. lap, A. ramosa, Dev., X12. 2, L. serotina, Dev., X12. 3, A. savagei,
M.Sil., X 10. 4, R. macrocystis, M.Sil., X 12.
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larly hemispherical or laminate colonies with in
complete subvesicular lamellae strongly waved,
intersected by'stout pillars in fan-shaped arrange
ment. Possibly identical to Labechia (9). V.Dev.
L.Carb., Russ.

Family AULACERIDAE Killin, 1927

Branching colonies with a large axial
canal divided into bulbous chambers by
strongly arched tabulae, surrounded by
vesicular tissue, with or without intersecting
pillars or canals. Ord.-Sil.
Aulacera PLUMMER, 1843 ["Beatricea undulata

BILLINGS, 1857]. Colonies distinguished from
Beatricea only by lack of pillars and longitudinally
folded surface. V.Ord.-Sil., cosmop.

Beatricea BILLINGS, 1857 ["B. nodulosa]. Cylindri
cal unbranched colonies, surface wrinkled or cov
ered with mamelons; a large axial canal is divided
by strongly arched tabulae and surrounded by
concentric vesicular tissue, generally prominent,
and traversed in some forms by radially disposed
pillars. Ord.-Sil., N.Am.--FIG. 113,1. "B. nodu
losa, V.Ord., Ky.; 1a,b, transv. and long. sees.,
X2 (50).

Sinodictyon YABE & SUGIYAMA, 1930 ["S. colum
nare]. Fasciculate or laminar colonies with large
axial canal divided into bulbous chambers by
highly arched tabulae, bearing spines on their
upper surface; peripheral zone composed of con
tinuous closely spaced lamellae which are locally
vesiculose and joined by short pillars or rarely by
pillars extending through several layers (46). Ord.,

Manchuria.--FIG. 113,3. "S. columnare; 3a,b,
long. and transv. sees., X4 (55).

Thamnobeatricea RAYMOND, 1931 ["T. parallela].
Like Beatricea but branching and with much re
duced vesicular area (29). M.Ord., N.Am.

?Cryptophragmus RAYMOND, 1914 ["C. antiqua
tum]. Dendroid colonies with large wall-enclosed
axial canal, divided into bulbous chambers by
irregularly spaced, strongly arched partitions; in
ner side of canal wall bears a deposit of vesicular
tissue. Peripheral tissue composed of thin, weakly
separated calcareous leaves traversed by many
radially disposed circular openings (28). M.Ord.,
N.Am.

?Cladophragmus RAYMOND, 1931 ["C. bifurcatus]
(29). M. Ord., N.Am.

Family INCERTAE SEDIS
Amphipora SCHULTZ, 1883 ["Caunopora ramosa

PHILLIPS, 1841]. Delicate dendroid colonies, with
or without a large axial canal; thin rectilir.ear or
vesiculose platforms may divide the canal or be
lacking; coenosteum essentially reticulate, with
more or less continuous pillars present in some,
tending to form a marginal row of large vesicles;
chambers with or without dissepiments. Skeletal
elements generally bear a strong dark axis sur
rounded by radial fibers. Sil.-fur., Eu.-N.Am.
Afr.-Asia-Austral.--FIG. 114,1. "A. ramosa
(PHILLIPS), Dev., Eng.; 1a,b, transv. and long.
sees., X 12 (50). Certain Mesozoic branching forms
described 'as Stromatopora douvillei DEHORNE be
long to this genus; they lack an axial canal and
marginal vesicles, closely resembling some Paleo
zoic stromatoporoids.
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MORPHOLOGY
The siphonophorids are highly specialized

polymorphic hydrozoan colonies consisting
of different kinds of modified medusoids
and polypoids, which in association are
adapted for a planktonic or nektonic ex
istence at or near the surface of seas in all
parts of the globe (Figs. 115-117). Many of
them, like the Portuguese man-of-war
(Physalia), possess a float.

The polypoid individuals are classifiable
in three categories: gastrozooids (siphons),
dactylozooids (palpons), and gonozooids.
(1) The gastrozooids are the only members
of a colony capable of ingesting food. They
have a polypoid form but are provided with
only a single long hollow tentacle that com
monly bears lateral contractile branches
(tentilla) that terminate in a complex bunch
of nematocysts. (2) The dactylozooids differ
from gastrozooids in absence of a mouth
and in having unbranched basal tentacles.
Highly modified dactylozooids consist sim
ply of a hollow tentacle-like body which may
be associated with gonophores, being then
termed gonopalpons. (3) The gonozooids
or reproductive individuals may have poly
poid form, resembling gastrozooids even to
the extent of possessing a mouth, but they
lack tentacles. Commonly they consist of
branched stalks called gonodendra, which

bear clusters of gonophores and may also
have gonopalpons.

The medusoid individuals comprise 4
types: swimming bells (nectophores),
bracts (hydrophyllia), gonophores, and
floats (pneumatophores). (1) The necto
phores have the form of a true medusa with
velum, 4 radial canals, and a ring canal,
but lacking mouth, tentacles, and sense or
gans. (2) The hydrophyllia are thick leaf
like gelatinous bodies containing a simple
or branched radial canal. (3) The gono
phores are dioecious sexual members of the
colony which may have a medusa-like form
and in the Chondrophorina may be set free.
(4) The pneumatophores are inverted bells
consisting of an external exumbrellar wall
and an internal subumbrellar wall (air sac),
between which is a gastrovascular space
that may be divided into chambers by trans
verse partitions.

All individuals of a colony are budded
from a stem (coenosarc) which may be long
and tubular or expanded radially into a disc
fused to the wall of the float. The individ
uals typically are grouped in clusters (cormi
dia), each of which contains closely asso
ciated different kinds of medusoids and
polypoids. In siphonophorids having a float
and long stem, the upper part of the col
ony with nectophores is termed the necto-
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~F.::::=::~---- tentacle

--- tentilla

FIG. 115. Calycophorina: Muggiaea, Rec., showing
swimming bell (nectophore) and trailing stem with
cormidia, X3.3 (L. H. HYMAN, Invertebrates: Pro
tozoa through Ctenophora, McGraw-Hill, New

York).

some, and the lower part provided with
cormidia is termed the siphonosome (Fig.
116).

DISTRIBUTION
Fossil siphonophorids are exceedingly

rare. Only 5 genera are now recognized as
included in this group, all belonging to the
suborder Chondrophorina and all repre
sented exclusively by the impression of their
floats. Two of these, from the Devonian of
New York and Germany, are classed among
the Velellidae. The remaining 3 genera be-

long in the Porpitidae and range in age
from Middle Ordovician to Late Devonian
being known from scarce remains found i~
North America, Australia, and Europe.

CLASSIFICAnON
The number of known fossil genera in

each category is recorded in the following
tabulation.

Main Divisions of Siphonophorida
Siphonophorida (order) (5). M.Ord.-Rec.

Calycophorina (suborder). Rec.
Sphaeronectidae. Rec.
Diphyidae. Rec.
Prayidae. Rec.
Hippopodiidae. Rec.

Physophorina (suborder). Rec.
Forskaliidae. Rec.
Agalmatidae. Rec.
Physophoridae. Rec.
Anthophysidae. Rec.
Rhodaliidae. Rec.

Rhizophysaliina (suborder). Rec.
Rhizophysidae. Rec.
Physaliidae. Rec.

Chondrophorina (suborder) (5). M.Ord.-Rec.
Ve1ellidae (2). U.Dev.-Rec.
Porpitidae (3). M.Ord.-Rec.

Order SIPHONOPHORIDA
Eschscholtz, 1829

[nom. correct. HARRINGTON & MOORE, herein (pro Siphono·
phora ESCH., 1829) I

Highly polymorphic, free-swimming or
floating colonies composed of several types
of polypoid and medusoid individuals at·
tached to a stem or disc; polypoids without
oral tentacles; medusoids never developing
into complete medusae and rarely free. M.
Ord.-Rec.

Siphonophorids are typical pelagic ani
mals, inhabitants of the surface of the seas
in all parts of the world, more abundant in
warmer waters. A few forms live in mod
erate depths.

Suborder CALYCOPHORINA
Leuckart, 1854

[nom. correct. HARRINGTON & MOORE. herein (pro Calyco~

phorae LEUCK., 1854) I
Siphonophorida without float; summit of

colony consisting of one or more necto
phores. Rec. (Fig. 115).

Genera belonging to this suborder are
classified in 4 families, none of which con-
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nectosome

siphonosome

~~~ stem

gonophore

FIG. 116. Physophorina: Agalma, Rec., showing
small apical float above stem with swimming bells
(nectosome) (L. H. HYMAN, Invertebrates: Protozoa

through Ctenophora, McGraw-Hill, New York).

among a circle of nectophores and opposite
zone of proliferation. Several living genera,
including Forskalia KOLLIKER, 1853; Agal
ma ESCHSCHOLTZ, 1825; Stephanomia PERON
& LESUEUR, 1807; Rhodalia, Nectalia HAE
CKEL, 1888; Physophora FORSKAL, 1775;
Anthophysa BRANDT, 1835; Dromalia BIGE
LOW, 1911.

Suborder RHIZOPHYSALIINA
Chun, 1882

[nom. correct. HARRINGTON & MOORE, herein (pro Rhizophysa.
li.e CHUN, 1882)]

Siphonophorida with large hollow float,
provided with apical pore; nectophores and
bracts absent; cormidia simplified. Rec.

The genera of this suborder are classified
in 2 families, none of which contains known
fossil representatives. They are: Rhizophy
sidae BRANDT, 1835, with oval float con
taining gas gland, succeeded by long and
stout stem bearing succession of simple cor-

tains known fossil representatives. They are: ffoat
Sphaeronectidae HUXLEY, 1859, with only air chomber---~~-----
one nectophore; Diphyidae ESCHSCHOLTZ,
1829, with 2, or temporarily 3 or 4 necto-
phores, the oldest definitive one differing __~~~~~~
from those subsequently formed in the pres- nectophore

ence of somatocyst; Prayidae KOLLIKER,
1853, with 2, or temporarily 3 or 4 necto
phores, all structurally alike; and Hippopo
diidae KOLLIKER, 1853, with many necto- tentacle ~_~......:;;;:::::

phores, all structurally alike. Many living
genera, including Sphaeronectes HUXLEY,
1859; Diphyes CUVIER, 1817; Praya, Galeo
laria DE BLAINVILLE, 1834; Hippopodius,
Abyla QUOY & GAIMARD, 1827.

Suborder PHYSOPHORINA
Eschscholtz, 1829

[nom. correct. HARRINGTON &; MOORE, herein (pro Physo·
phor.e ESCH., 1829) I I =Physonect.e HAECKEL, 1888]

Siphonophorida with apical float devoid
of pore, succeeded by length of stem com
monly divided into nectosome and siphono
some; forms with enlarged float have re
duced or absent nectosome and cormidia
crowded together beneath pneumatophore;
cormidia forming large and complex groups
comprising one or more dactylozooids each
with unbranched tentacle, one gastrozooid
with branched tentacle, one or more bracts
and clusters of gonophores commonly on
gonodendra with gonopalpons; cormidia
never set free as eudoxids; gonophores never
free-swimming. Rec. (Fig. 116).

Genera belonging to this suborder are
classified in 5 families, none of which con
tains known fossil representatives. These
are: Forskaliidae HAECKEL, 1888, with long
stem, well-developed nectosome with elon
gated nectophores encircling coenosarc in
many rows, and long tubular siphonosome;
Agalmatidae (nom. correct. herein, pro
Agalmidae) BRANDT, 1935, with normal
nectosome, normal or reduced siphonosome
and nectophores in 2 alternating rows, close
ly pressed together; Physophoridae ESCH
SCHOLTZ, 1829, with enlarged float, much
shortened stem and crown of dactylozooids
above siphonosome; Anthophysidae BRANDT,
1835, with greatly enlarged float, necto
phores absent and cormidia crowded to
gether beneath float; and Rhodaliidae
HAECKEL, 1888, with bell-like evaginated
portion of the float (aurophore) lying
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FIG. 117. Chondrophorina: Velella, a highly specialized modern siphonophorid with erect crest or sail;
1, entire spccimen; 2, section across part of colony (L. H. HYMAN, IntJertebrates: Protozoa through eteno

phora, McGraw-Hill, New York).

midia, commonly composed of one or more
gastrozooids with tentacle and one gonoden
dron bearing gonopalpons and clusters of
gonophores; and Physaliidae BRANDT, 1835,
with oval, crested, contractile float, and stem
shortened to budding coenosarc on ventral
surface of float from which there hang down
several large and small dactylozooids with
tentacles, bunches of gastrozooids without
tentacles and many-branched gonodendra
bearing gonopalpons, clusters of gonophores
and special gelatinous zooids of unknown
function. Few known genera, including
Rhizophysa PERON & LESUEUR, 1807, Epi
hula HAECKEL, 1888, and Physalia LAMARCK,
1801.

Suborder CHONDROPHORINA
Chamisso & Eysenhardt, 1821

[nom. correct. HARRINGTON & MOORE, herein (pro Chandra·
phorae CHAMISso-E., 1821)] [=Disconectae HAECKEL, 1888]

Siphonophorida with stem shortened to
flat coenosarc forming firm rounded or oval
disc together with float; float containing
many concentric air chambers; underside of
float with large central gastrozooid encircled
by gonozooids with mouth, medusiform
gonophores and marginal tentacle-like
dactylozooids; gonophores freed as medusae
(formerly regarded as separate genus named
Chrysomitra). M.Ord.-Rec. (Fig. 117).
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Family VELELLIDAE Brandt, 1835

Float with erect rounded crest; tentilla
absent. U.Dev.-Rec.
Vclella LAMARCK, 1801 [-Medusa tlddla LINNE,

1758]. Rec. (FIG. 1I7). Only living genus.
Plectodiscus RUEDEMANN, 1916 [-P. molestus]. Disc

elliptical in outline and with compressed conical
shape, external membrane ?chitinous; upper sur-

face with numerous concentric sulci giving a cor
rugated appearance; radial knobs or bosses may
be present, obscurely arranged in 3 or 4 cycles;
central part of disc bearing diagonal keel, flat
tened against surface (indistinct in type species).
CASTER'S detailed analysis of the remains shows
that they are pneumatophores of a vclellid siphono
phorid. U.Detl., N.Y.--FIG. 1I8,I. -P. molestus;
holotype, upper surface, XO.6 (RUEDEMANN).--

Plectodiscus

FIG. 1I8. Chondrophorina: Upper Devonian fossils of velellid type from New York. 1, Plectodiscus mole~tus,
holotype, upper surface, XO.6 (RUEDEMANN). 2,3, P. cortlandensis, holotype, upper surface, and oblIque

view from above (reconstr.), XO.6 (CASTER).
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FIG. 119. Chondrophorina: Paleonectris, L.Dev. 1,2,
exumbrellar and subumbrellar views of 2 speci

mens, X 1 (RAUFF).

FIG. 118,2,3. P. cortlandensis CASTER; 2,3, holo
type, upper surface and oblique view from above
(reconstr.), XO.6 (CASTER).

Paleonectris RAUFF, 1939 [·P. discoidea]. Body
discoidal, of circular to elliptical outline; exum
brellar surface rugose, with obscure, irregular
radial ornamentation (?radial muscular fibres) and
thickened, smooth, sinuous band (?flattened "sail")
crossing disc along a diameter; a few tentacles
protrude for short distance beyond margin; sub-

umbrella with numerous submarginal tentacles
(?tentacle-like dactylozooids) having slightly thick
ened tips; one specimen, which seems to have lost
all other elements, has a gaping hole in the center
surrounded by irregular ring concentrically striated
(?ring muscles); another specimen bears numerous
numer'lUS small, branched outgrowths (flattened
again., disc), regarded as gonostyles. Accepted
here is RAUFF'S view that the remains represent
pneumatophores of a velellid siphonophore. L.Dell.,
Ger.--FIG. 119,1,2. ·P. discoidea; 1,2, exum
brellar and subumbrellar views of 2 specimens,
Xl (RAUFF).

Family PORPITIDAE Brandt, 1835
[non Porpitidae MOORE I< JEFFORIlS, 1945 (ex Porpiles

SCHLOnlEIN, 1820, rugose coral) I
Corm high vaulted or flattened disclike,

without crest or sails. M.Ord.-Rec.
Porpita LAMARCK, 1801 [·Medusa porpiea LINNE,

1758]. Rec. Other living genus: Porpema HAECKEL,
1888.

Discophyllum HALL, 1847 [·D. peltalum]. Body
discoidal, elliptical in outline; upper surface crossed
by about 80 simple radiating bands of rounded
surface, increasing in width toward periphery; in
terspaces narrower than bands, with fine median
raised line; bands and interspaces crossed by nu
merous fine concentric lines. RUEDEMANN'S inter
pretation of the remains as pneumatophores of a
porpitid siphonophorid is very plausible. M.Ord.,
N.Y.--FIG. 119,1. ·D. peltalum; la,b, holotype
and paratype, X 1.15 (WALCOTT).

Palaeoscia CASTER, 1942 [·P. flowffl]. Thin, deli
cate disc (?chitinous in life) of circular outline;
porelike depression at center from which 16
grooves (in 8 pairs) radiate for 1/7 the distance
to periphery; very indistinct transverse lines be
tween some radial grooves; remainder of disc with
broad concentric corrugations. Accepted here is
CASTER'S view that the remains represent pneuma
tophores of the immature stage of a porpitid
siphonophorid. U.Ord., Ohio.--FIG. 119,2. ·P.
floweri; 2a, holotype X 1.15; 2b, paratype, X2.8
(CASTER).

Paropsonema CLARKE, 1902 [·P. cryptophya]. Body
compressedly convex to discoidal, of circular out
line; upper surface with 2 or 3 concentric cycles
of 52 to 60 radial bands looking like knotted
cords, separated by smooth, narrower bands bifur
cating at inner boundary of each cycle; main
radial bands bearing regular succession of con
centric rows of pores; center of disc occupied by
small circle from which fine lines radiate; ten
tacles (not preserved in type species) very numer
ous and delicate, some stronger than others and
?grooved (?hollow); lower surface marked by
irregular folds and wrinkles. Both FUCHS and
RUEDEMANN interpreted the remains as pneumato-
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FIG. 120. Chondrophorina: Ordovician fossils from New York and Ohio. l, Discophy/lum peltatum, M.Ord.,
N.Y.; la,b, holotype and paratype, X 1.15 (WALCOTT). 2, Palaeoscia {loUleri, U.Ord., Ohio; 2a, holotype,

X 115; 2b, paratype, X2.8 (CASTEll).
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phores of a porpitid siphonophorid. The ?hollow
tentacles, preserved only in P. mirabile (CHAP
MAN), originally referred to Discophyllum, may
represent large dactylozooids similar to the mar
ginal tentacle-like dactylozooids of Porpita and
the smaller tentacles either gonopalpons or smaller

feelers. Sil., S.Austral.; U.Dev., N.Y.--FIG. 121,
1,2. ·P. cryptophya, U.Dev., N.Y.; 1. lower sur
face, XO.5 (CLARKE); 2. upper surface of another
specimen, XO.5 (RUEDEMANN).--FIG. 121,3. P.
mirabile (CHAPMAN), Sil., S.Austral.; holotype,
upper surface, XO.3 (CHAPMAN).
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MEDUSAE INCERTAE SEDIS AND UNRECOGNIZABLE
FORMS

By H. J. HARRINGTON and R. C. MOORE

This section suffers acutely from the label
"hypothetical," as it deals with the less dis
tinct and more doubtful fossil records at
tributed to medusae. Some are, with a de
gree of probability that amounts to certainty,
impressions left by such organisms, display
ing enough distinctive features to deserve
generic recognition but wanting in essential
diagnostic characters to warrant their classi
fication among the trachylinids, leptolinids,
or scyphomedusae. These represent, there
fore, "genera incertae sedis" within the
medusoid assemblage. Others are less dis
·inct medusoid impressions displaying such a
paucity of relevant diagnostic features as to
make impracticable any generic assignment.
These represent "species incertae sedis," re
ferred by their authors mostly to the "gen
era" Medusites and Medusina, which, how
ever, have no status in coelenterate classi
fication. Medusites GERMAR, 1825 [·M.
capillaris] [=Lumbricaria GOLDFUSS, 1826],
was originally proposed for some problem
atic bodies now regarded as worm copro
lites, having no resemblance to medusoid

remains. Medusina WALCOTT, 1898 (type
species Spatangopsis costata TORELL, 1870;
SD CASTER, 1945), originally proposed "as a
generic term to include all species of fossil
medusae whose generic characters can not
be determined"( I), is a synonym of Spatan
gopsis TORELL, 1870 [·S. costata]. Clearly,
then, the medusoid forms referred to Medu
sites are incorrectly assigned to this genus
and have no valid generic designation, while
those referred to Medusina, none of which
resembles S. costata, cannot be placed in
Spatangopsis, and, therefore, also lack valid
generic designation.

Lastly, a 3rd group comprises unrecog
nizable forms inadequately described or
lacking cogent diagnostic characters, and
forms which, though having a vague medus
oid aspect, are now regarded as belonging
to other organisms, animal or vegetal, or as
inorganic impressions.

GENERA INCERTAE SEDIS
Cyclomcdusa SPRIGG, 1947 [·C. davidij. Margin

circular, without notches, lappets or tentacles; ?ex
umbrella with prominent concentric grooves and

FIG. 122. Cyclomedusa, L.Cam., S.Austral. 1, C. gigantea, holotypc, XO.95 (SPRIGG). 2,3, C. davidi; 2,
holotypc, X1.3; 3, another specimen, XO.9 (SPRIGG).
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Duodecimedusina

FIG. 123. Duodecimedusina, L.Dev., S.Am.; U.Penn., N.Am. 1, D. typica, U.Penn., Kans.; Ia,b, holotype,
?subumbrellar surface and side views showing pedestal, X 1 (KING). 2, D. ulrichi, L.Dev., Bol.; ?subum

brellar surface and pedestal, X 1 (ULRICH).

Paramedusium

FIG. 125. Paramedusium, ?Cam., SW.Afr.; P. africa
cum, holotype, XO.25 (KIESLINGER).

..,~!i,r...:,::"
... ,. "/.

fossil).] L.Dev. (Bol.), V.Penn. (USA).---FIG.
123,1. -D. typica, Penn. (Missouri), Kans.; la,b,
holotype, ?subumbrellar and side view, X 1 (KING,
in HARRINGTON & MooRE).---FIG. 123,2. D. ul
richi KING, L.Dev., Bol.; holotype, ?subumbrellar
and side views, Xl (ULRICH).

Madigania SPRIGG, 1949 [-M. annulata]. Margin
circular, without notches, lappets or tentacles; ?ex
umbrellar surface with numerous, conspicuous
concentric grooves and rugae; radial striae absent;
mid-field smooth or with raised central knob;
?ring canal present. L.Cam., S.Austral.---FIG.
124. -M. annulata; holotype, XO.4 (SPRIGG).

Paramedusium GiiRICH, 1930 [-Po africanum]. Body
discoidal, of circular outline; ?upper surface with
flat, very delicate radial ribs becoming coarser,
irregular and anastomosing near periphery; 2 con
centric grooves in distal 3rd of disc. ?Cam., SW.
Afr.---FIG. 125. -P. africanum; holotype, XO.25
(KIESLINGER) .

Peytoia WALCOTT, 1911 [-Po nathorsti]. Umbrella
with 32 lobes marked off by radial grooves, 4
large lobes 90· apart, 7 narrower, in each quad
rant; outer extremities of lobes forming 32 short,
round lappets; inner extremities with 2 short,
broad points projecting inward into mid-field; mid
field subquadrate, inner extremities of large lobes
at center of each side; tentacles and ring canal
absent. M.Cam., Can. WALCOTT interpreted the 3
known specimens as subumbrellar impressions and

FIG. 124. Madigania, L.Cam., S. AustraL; M. annu
lata, holotype, XO.4 (SPRIGG).

rugae which may extend to margin, and very
numerous, fine radial striae not continuous into
mid-field, which may contain raised central knob;
?ring canal present. L.Cam., S.Austral. Of the 3
species originally described by SPRIGG, C. radiata is
here regarded as a synonym of Tateana inflata
SPRIGG (=Ediacaria flindersi SPRIGG, p. F74).
Whether the remaining 2 are also synonyms of
Ediacaria is impossible to decide at present.--
FIG. 122,1. C. gigantea SPRIGG; holotype, XO.95
(SPRIGG).---FIG. 122,2,3. -c. davidi; 2, holo
type, X1.3; 3, another specimen, XO.9 (SPRIGG).

Duodecimedusina KING, 1955 [-D. typical. Body
subdiscoidal; lobes 12, regular, marked off by
radial grooves disappearing at mid-field; margin
cleft into 12 rounded lappets; mid-field smooth or
with small central circular depression. [All ob
served specimens occur at summit of a cylindrical
pedestal consisting of rock matrix (not part of
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FIG. 126. Peytoia, M.Cam., Can.; P. nathorsti, holo
type, probably an exumbrellar impression, Xl

(WALCOTT).

the mid-field as a central quadrate mouth, but
the specimens are probably best regarded as ex
umbrellar impressions.--FIG. 126. ·P. nathorsti;
holotype, X 1 (WALCOTT).

Protolyella TORELL, 1870 [·P. princeps (=Medu-

sites !alJosus NATHORST, 1881)] [=Hydromedu
sites FRECH, 1897]. Body discoidal; margin sub
circular; ?subumbrellar surface with large, circular,
smooth central area and outer annular zone crossed
by numerous radial grooves either simple, bifur
cating, irregular and anastomosing or bearing
"string-of-pearls" nodules (?gonads). L.Cam.,
Swed.-S.Austral.-?USA.; M.Cam., Czech. This
"form genus" is here extended to cover the L.Cam.
remains from S.Austral. described by SPRIGG under
Medusina; the bifurcating radial striation of "M."
filamentus, interpreted by SPRIGG as marginal ten
tacles, are here regarded as radial grooves of a
specimen in which the impression of the periph
ery is not preserved. Camptostroma ruseri
RUEDEMANN, L.Cam., N.Y., very different from
the type species C. roddyi. is also placed in this
genus. KIESLINGER regarded it as a synonym of
Protolydla ("Medusina") bohemica. but this seems
too extreme a view.--FIG. 127,6. ·P. princeps,
L.Cam., Swed.; holotype, Xl (WALCOTT).-
FIG. 127,5. P. radiata (LINNARSSON), L.Cam.,
Swed.; holotype, Xl (WALCOTT).--FIG. 127,1.
P. asteroides (SPRIGG), L.Cam., S.Austral., XO.95
(SPRIGG).--FIG' 127,2. P. mawsoni (SPRIGG),
L.Cam., S.Austral.; XO.9 (SPRIGG).--FIG. 127,
7. P. filamenta (SPRIGG), L.Cam., S.Austral.; holo
type, XU (SPRIGG).--FIG. 127,4. P. resseri

FIG. 127. Protolyella. Cam., Eu.-N.Am.-Austral. 1. P. asteroides, L.Carn., Austral., XO.95 (SPRIGG). 2,
P. mawsoni. L.Cam., Austral., XO.9 (SPRIGG). 3. P. bohemica, M.Cam., Czech., XO.7 (WALCOTT). 4, P.
resseri, L.Cam., N.Y., XO.5 (RUEDEMANN). 5, P. radiata, L.Cam., Swed., Xl (WALCOTT). 6, P. princeps,

L.Carn., Swed., X 1 (WALCOTT). 7, P. filamenta, L.Carn., Austral., X 1.3 (SPRIGG).
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FIG. 128. SpatangopSlS costata, L.Cam., Swed.; la-c, steinkern, Xl; 2a,b, subumbrellar impressions, XO.5;
3, same, another specimen, XO.7 (WALCOTT).

(RUEDEMANN), L.Cam., N.Y.; holotype, XO.5
(RUEDEMANN).--FIG. 127,3. P. bohemica (GoR
TANI) , M.Cam., Czech.; holotype, XO.7 (WAL
COTT).

Spatangopsis TORELL, 1870 [·S. costata (=Agela
erinus lindstromi LINNARSSON, 1871] [=Medusina
WALCOTT, 1898 (obj., type species Spatangopsis
costata TORELL, 1870; SD CASTER, 1945)]. Body
discoidal; margin subcircular; exumbrella smooth;
subumbrella with numerous radial grooves and
large cruciform mouth. One specimen shows large
semicircular interradial marking adjacent to mouth,
regarded as gonads. Specimens considered as
internal molds (sleinkerns) of gastric cavity are
pyramidal bodies with rounded base or with 4 to
5 rounded basal projections (?roof of gastric cav
ity), sides bounded by 4 to 5 sharp ridges meet
ing at apex and triangular areas between ridges
flat or with elongated rounded projections (?casts
of genital sacs). L.Cam., Swed.--FIG. 128. ·S.
costata; la-c, side, upper, and lower and side views
of a gastric steinkern, Xl; 2a,b, subumbrellar im
pressions, XO.5; 3, subumbrellar impression of
another specimen showing supposed gonads,
XO.7 (all from WALCOTT).

SPECIES INCERTAE SEDIS
"Discophyllum plicatum" BARROIS, 1891. Body

small, discoidal, of circular outline, with sharply
marked small, circular, ?depressed central area
and ?34 to ?40 simple radial ribs, exceptionally
bifurcating, separated by narrower, shallow
grooves; ribs with' obscure, irregular transverse
striae. L.Ord., Fr. BARROIS identified the specimens
with Actinophyl/um plicatum PHILLIPS, L.Dev.,

Eng., regarded the genus as a synonym of Dis
cophyl/um HALL (here considered as a porpitid
siphonophorid) and interpreted the remains as
isolated metamers of Anthomorpha BORNEMANN
(Archaeocyatha). STRAW opposed BARROIS'S view,
regarded Actinophyl/um and Discophyl/um as dif
ferent genera, and held the French specimens to
be specifically (?and generically) distinct from A.
plicatum. As here interpreted, the French speci
mens do not seem to belong in either Actinophyl
lum or Discophyl/um; though possibly medusoid,
their relations cannot be established at present.-
FIG. 129,la,b. "D. plicatum," 2, specimens, Xl
(BARROIS).

"Medusina" atava POHLlG, 1892. Impression circular,
with a broad, outer annular zone, concentrically
striated, a narrow, smooth inner ring, and a large
central mid-field with indistinct traces of 4 petalate
lobes 90· apart and 4 smaller, subrhombic exsert
lobes. Perm., Ger.--FiG. 129,3. "M." atalla, holo
type, Xl (WALCOTT).

"Medusina" boulangeri VAN STRAELEN, 1926.
Known from a single ?exumbrellar impression.
Umbrella convex; margin entire, circular, without
tentacles; outer annular zone narrow, smooth,
separated from large central zone by circular
groove; large central area with ?30 irregular
radiating grooves, some bifurcating, regarded by
VAN STRAELEN as shrinkage furrows due to desic
cation during entombment; center of mid-field
damaged. L.Carb., Belg.--FIG. 129,6. "M." bou
langeri; 6a,b, holotype, side and ?exumbrellar
views, XO.25 (VAN STRAELEN).

"Medusina" eisfeldensis ADAM, 1950. Known from
single specimen. Bell convex; mid-field about 1/3
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the diameter of ?exumbrella, with central knob,
indistincdy separated from outer annular zone
bearing ?12 obscure radial lobes, vaguely defined

by shallow radial sulci; margin scalloped into
short, round lappets. L.Trias., Ger.--FIG. 129,4.
"M:' eisfeldensis, holotype, XO.5 (ADAM).

FIG. 129. Medusae species incertae sedis.l, ':Discophyllum plicatum," L.Ord., Fr., Xl (BAllROIs). 2, "Ml!du
sitl!s bit;inctus," V.Jur., Ger.; XO.65 (HAECKEL). 3, "Ml!dusina" atat/a, Perm., Ger.; Xl (WALCOTT). 4,
"Ml!dusina" eisfeldl!nsis, L.Trias., Ger.; XO.5 (ADAM). 5, "Ml!dusitd' staurophorus, V.Jur., Ger.; Xl
(HAECKEL). 6, "Ml!dusina" boulangm, L.Carb., Belg.; XO.25 (VAN STRAELEN). 7, "Ml!dusina" liassica,

L.Jur., Ger.; XO.8 (RUGER-HAAS). 8. "Ml!dusina" reiflingl!nsis, Trias., Aus.; Xl (KIESLINGER).
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"Medusina" liassica RUGER-HAAS, 1925. Known
from single specimen. ?Exumbrellar impression
with small, buttonlike central knob encircled by
shallow groove from which 10 shallow sulci
radiate, giving rise to 10 subequal lobes ending at
periphery in short, rounded lappets. L.Jur., Ger.
--FIG. 129,7. "M." liassica; holotype, XO.8
(RUGER-HAAS).

"Medusina" lincki HUNDT, 1940. ?Subumbrellar
impressions 5 to 7 cm. in diameter; margin cir
cular, entire; outer annular zone with 4 or 5 coarse
concentric rugae; mid-field large, convex, with
cruciform ?mouth. U.P"m., Ger. Very poorly
illustrated.

"Medusina" reiflingensis KIESLINGER, 1925. Known
from single specimen. ?Subumbrellar impression
circular, with narrow outer annular zone and
large circular mid-field bearing several irregular
radial grooves, small central circular marking and
2 broad protuberances, asymmetrically located near
periphery of mid-field, regarded by KIESLINGER as
gonads. Trias., Aus.--FIG. 129,8. "M." reifling
ensis, holotype, Xl (KIESLINGER).

"Medusina" sp., ADAM, 1950. Known from single

Actinophyllum

specimen. Small impression with large, smooth,
concave mid-field and 16 raised, outer lobes, of
elongate quadrangular shape, sharply separated by
deep, broad grooves. M.Trias., Ger. The poorly
preserved specimen may be compared with Loren
zinia gabelli.

"Medusites" bicinctus HAECKEL, 1869. Known from
single, obscure specimen. Subumbrellar impression
circular, with entire margin, 2 smooth outer rings
of subequal width, separated by circular groove,
and large circular mid-field with indistinct center
and 8 radial grooves marking off 8 raClial lobes (4
larger 90· apart, one narrower in each quadrant).
CASTER suggested that "M." bicinctus could repre
sent an immature stage of Rhizostomites admiran
dus, but the specimen is too poorly preserved to
draw any sound conclusion. U.Jur., Ger.--FIG.
129,2. "M." bicinctus, holotype, XO.65 (HAECKEL).

"Medusites" staurophorus HAECKEL, 1869. Known
from single obscure specimen. Margin circular,
entire; outer ring narrow, smooth; inner field
large, circular, crossed by 4 hyperbolic low ridges
marking off a central cruciform excavation
(?mouth). U.Jur., Ger.--FIG.129,5. "M." stauro
phorus, holotype, Xl (HAECKEL).

FIG. 130. Actinophyllum and Dactyloidites. 1, A. spinosum, L.Dev., Eng.; X2 (STRAW). 2, A. plicatum, L.
Dev., Eng.; 2a,b, Xl, X2.5 (STRAW). 3, D. ast"oides, L.Cam., N.Y.; Xl (WALCOTT).
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UNRECOGNIZABLE FORMS AND
FORMS ATIRIBUTED TO MEDUSAE
BUT NOW REGARDED AS BELONG
ING TO OTHER ORGANISMS OR AS

INORGANIC
Actinophyllum PHILLIPS, 1848 [.A. plicatum].

Thin, nearly Bat circular disc, with small, indis
tinct, ill-defined central area from which 36 to 56·
ribs radiate to periphery; ribs Bat, bifurcating ncar
inner extremity and commonly again farther on;
surface of ribs either smooth or with tiny spines
arranged in alternating series along the middle;
interspaces groovelike; ribs reaching margin and
continuing on underside of body for half the dis
tance toward center, where they curve upward
and disappear leaving a large circular central
opening through which' internal surface of upper
side is displayed. L.Dev.(Downton.) , Eng. PHIL
LIPS originally regarded this problematic form as
a calcareous alga resembling the living Acetabu
lm'ia; both M'CoY and SALTER suggested its iden
tity with Spongarium MILNE-EDWARDS, 1839, U.
Sil.(U.Ludlov.), Eng., but STRAW showed that
the 2 forms are different, Spongarium being almost
paper thin, having one concave, smooth surface
and the opposite convex and striated (not ribbed);
BRODIE regarded the form as a coral; BARROIS
argued its identity with Discophyllum HALL, 1847,
M.Ord., N.Y., and regarded the fossils as metamers
of Anthomorpha BORNEMANN (archaeocyathid);
STRAW opposed this view and went back to
PHILLIPS' idea; KIESLINGER placed the form among
the medusae incertae sedis. The weight of the
evidence suggests that Actinophyllum is a calcar
eous alga.--FIG. 130,1. A. spinosum STRAW;
holotype, X2 (STRAW}.--FIG. 130,2. ·A. plica
tum; 2a,b, holotype, X I, X2.5 (STRAW).

Aequorfossa NEVIANI, 1925 [·A. farnesinae]. Plio.,
Italy. Known from single obscure impression con
sisting of 2 concentric circular grooves, regarded
by NEVIANi as representing a leptolinid medusa
(Aequoridae). Accepted here is the view of SACCO,
who regarded the impression as inorganic.

Brooksella rhenana KINKELlN, 1903. Dev., Ger. R.
& E. RICHTER have shown that this impression be
longs to Pleurodictyum regulare MAURER (coral).

Dactyloiditcs HALL, 1886 [·D. bulbosus (=Butho
trepis ? asteroides FITCH, 1850)]. Starlike remains
consisting of a thin carbonaceous film, having 4 to
7 radiating, widely separated lobes, typically ex
panded and bulbous near distal extremities. L.
Cam., N.Y., ?M.Cam., Vt. FITCH regarded the
fossils as algae; WALCOTT placed them in the
Brooksellidae (Protomedusae), a view accepted
both by KIESLINGER and CASTER; RUEDEMANN re
verted to FITCH'S idea and suggested that they
could represent remains of algae that lived at
tached to the sea bottom. The carbonaceous na
ture of the remains supports their algal origin and

makes their medusoid affinities very implausible.
--FIG. 130,3. ·D. asteroides (FITCH), L.Cam.,
N.Y.; a typical specimen, Xl (WALCOTT). ?D.
edsoni RUEDEMANN, 1934, M.Cam., Vt., possibly
does not belong in this genus.

Medusichnitcs MATTHEW, 1891. No type. Cam.,
Can. Inorganic markings and ?trails.

Medusitcs GERMAR, 1825 [·M. capillaris] [=Lum
bricaria GOLDFUSS, 1826]. Paleoz., Ger. Not a
medusoid; ?worm coprolites.

"Medusitcs" armoricanus PENEAU, 1946. L.Ord.,
Fr. Unrecognizable.

"Medusitcs" circularis HAECKEL, 1869. U.Jur., Ger.
Unrecognizable.

"Medusitcs" cretaceus KNER, 1866. Cret., Pol. Un
recognizable.

"Mcdusitcs" couffoni PENEAU, 1946. L.Ord., Fr.
Unrecognizable.

"Medusitcs" dubius PENEAU, 1946. L.Ord., Fr.
Problematic form of unknown affinities; not a
medusoid.

"Medusitcs" helgolandicus BRANDT, 1871. Cret.,
Helgoland (Ger.). Unrecognizable.

"Medusitcs" latilobatus VON AMMON, 1886. ?U.Cret.,
Gel. Not a medusoid; ?sponge.

"Medusitcs" porpitina HAECKEL, 1869. U.Jur., Ger.
linrecognizable.

Palaegina HAECKEL, 1869 [·P. gigantea]. U.Jur.,
Ger. Cephalopod.

Papilionata SPRIGG, 1947 [·P. eyrei]. L.Cam., S.
Austral. Problematic form of unknown affinities;
not a medusoid.

"Protoniobia" SPRIGG, 1949 [·P. wadea]. Known
from single, very small impression consisting of
a few prominent annular undulations with ring
of tiny nodules near center; margin with 4 sub
circular attached structures, of different size, ar
ranged in incomplete hexagonal pattern, showing
concentric sculpture similar to "parent" impres
sion. L.Cam., W.Austral. SPRIGG regarded the im
pression as representing a leptolinid medusa (An
thomedusina) with 4 attached buds. Here inter
preted as a concretion, inorganic.--FIG. 13 I.
"·P. wadea"; holotype, X9 (SPRIGG).

Trianisitcs RAFINESQUE, 1821 [·T. cliffordi]. Ord.,
Ky. Not a medusoid; ?algae.

-...
FIG. 131. "Protoniobia wadea," L.Cam., W.AustraI.;

x9 (SPRIGG).
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ANTHOZOA-GENERAL FEATURES
By J. W. WELLS and DOROTHY HILL

Anthozoans are exclusively polypoid, soli
tary or colonial, with no trace of a medusoid
stage in their life cycles, but they retain the
free-swimming planula larval stage. They
are the 'only coelenterate group with a
stomodaeum, a tube extending down from
the mouth into the gastrovascular cavity.
The stomodaeum may have I or 2 grooves
(siphonoglyphs) lying in a so-called dorso
ventral plane which is vertical with respect
to the oral surface. The gastrovascular cav
ity is radially partitioned with respect to the
oral-aboral axis by endodermal mesenteries
extending inward from the inner surface of
the column wall; and when these are at
tached in part to the stomodaeum they are
said to be complete or perfect. The tentacles
are invariably hollow and almost uniformly
retractile. Some groups are characterized by
a spicular or trabecular calcareous or horny
skeleton (corallum).

Anthozoans are exclusively marine, and
include a wide variety of common marine

animals referred to as sea anemones, corals,
soft corals, sea fans, sea pens, sea feathers,
and so on.

KINDSOFANTHOZOANS
The anthozoans are grouped in 3 sub

classes: Ceriantipatharia, Octocorallia, and
Zoantharia.

CERIANTIPATHARIA

The Ceriantipatharia include 2 orders:
Antipatharia (colonial) and Ceriantharia
(solitary). The colonies of the former are
slender and branching, consisting of a horny
skeletal axis covered by a thin coenosarc
bearing polyps. Antipatharian polyps gen
erally have only 6 simple tentacles, and 6,
10, or 12 complete mesenteries with very
feeble musculature, 6 of which are consid
ered primary, with 2 siphonoglyphs. Cer
iantharian polyps lack any skeleton, and
have 2 rings of tentacles. The numerous
unpaired mesenteries are all complete, ar-
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ranged in one cycle consisting of the 6 pro
tocnemes in couples on either side of the
single siphonoglyph, with many additional
couples added serially and only in the dorsal
intermesenterial space (Fig. 132,c). The
cerinula larval stage of the ceriantharians
resembles the antipatharian polyp, and both
orders have 6 protocnemes in couples, of
which the first-formed central transverse one
is fertile. The subclass is virtually unknown
in the fossil state.

OCTOCORALLIA

The Octocorallia are exclusively colonial
in habit, with a calcareous spicular or horny
(gorgonin) skeleton. The polyps have 8
pinnate tentacles and 8 complete mesen
teries, which are directed ventrally from a
directive pair said to be dorsal (Fig. 132,d).
The subclass is known scaueringly by fossils
from the Mesozoic onward.

ZOANTHARIA

The Zoantharia include solitary and col
onial polyps, with calcareous trabecular
skeletons in some orders. The polyps have
simple or divided tentacles but never pin
nate cyclically arranged ones and are es
pecially distinguished by paired mesenteries.
Basically there are 8 complete mesenteries
and almost invariably 2 additional lateral
couples, making a total of 6 pairs (Fig. 132,
e), 2 of them being the dorsal and ventral
directive pairs; generally additional cyclic
ally arranged pairs are present. New
mesenterial pairs are inserted according to
several different plans (Fig. 132,I,g,h). The
subclass is represented paleontologically
from the Ordovician (or possibly earlier by
a supposed anemone from the Cambrian) to
the present day. It includes 6 orders sep
arated largely on the presence or absence of
a skeleton and by the mesenterial arrange
ment and development. These consist of
the Zoanthiniaria, Rugosa, Heterocorallia,
Corallimorpharia, Scleractinia, Actiniaria,
and possibly the extinct Tabulata.

The Zoanthiniaria (zoanthids) are weakly
colonial, anemone-like forms lacking a skele
ton. The mesenteries are in a single cycle
with 2 directive pairs, of which only the
ventral one is complete, and new pairs of
mesenteries beyond the first 6 are inserted
only in the ventrolateral exocoeles on either

side of the ventral directive pair (Fig. 132,/).
They are unknown as fossils, but are be
lieved by some to be representative of the
most primitive zoantharians.

The Rugosa are an extinct group known
only from Paleozoic rocks, and their rela
tionships to other orders of the subclass are
still speculative. The mesenterial arrange
ment and development can only be inferred
from the mode of septal insertion and this
~s cap~ble of se~era! interpretatio'ns. Many
mvestIgators are mclmed to see closest affini
ties of the Rugosa in the Zoanthiniaria
~rom which they would differ only by hav~
mg a calcareous exoskeleton and insertion of
?ew septa (and ~esente~ial pairs) not only
m exocoeles on eIther SIde of the cardinal
septum (ventral mesenterial pair), as in the
zoanthinarians, but also in spaces between
the alar and counter-lateral septa (between
lateral mesenterial pairs), that is, in 4 instead
o.f 2 I?rimary exocoeles (Fig. 132,g). Rela
tIonshIp to the endocoelactarian actiniarian
anemones (CARLGREN, 1918) and to the
scleractinian corals has also been claimed
(SCHINDEWOLF, 1942). The question is far
from settled.

The Heterocorallia are a small, extinct
Carboniferous group of doubtful affinities.

The orders Corallimorpharia, Scleractinia,
and Actiniaria include the living sea ane
mones and corals, all of them lacking a
skeleton except the Scleractinia, which are
distinguished from the corallimorphs large
ly by this criterion. The mesenterial plan is
practically identical in all and differs from
that of the Zoanthiniaria and ?Rugosa in
that the mesenterial pairs beyond the first
cycle of 6 are inserted in dorsoventral order
in all 6 primary exocoeles (hexactiniarian),
rather than in 2 or 4 (Fig. 132,h), and in
some groups septa may also develop in the
endocoeles of the lateral pairs. The Sclerac
tinia alone have a fossil record, from the
Middle Triassic to Recent.

The Tabulata are a heterogeneous extinct
Paleozoic group whose relations with other
anthozoans are uncertain.

EVOLUTION

Three lines of anthozoan development are
generally recognized: (1) ceriantipatharian,
(2) octocorallian, and (3) zoantharian (Fig.
132).
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FIG. 132. Relations and mesenterial arrangements of principal anthozoan groups.
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Antipatharians seems to represent a very
old, primitive group related to the cerian
thids. The cerinula larva of the latter is
like the antipatharian polyp; both have
simple tentacular and mesenterial arrange
ments and both have 6 mesenteries, of
which the central transverse couple is lar
gest. Cerianths diverge by development of
additional couples in the dorsal intermesen
terial space. The ancestral anthozoan type
may have been a solitary polyp, something
like the antipatharian polyp with 6 mesen
teries in couples and 6 tentacles (Fig. 132,a),
:md by addition of a dorsal directive couple
-the last to arise in ontogeny of the other
groups-the basic octamerous plan of the
other subclasses arose.

The ancestor of the octocorallian and
zoantharian lines is considered by some to
have been a skeletonless polyp with 8 mes
enteries having very weakly developed mus
culature and 8 tentacles (Fig. 132,b), a
form leading toward the Octocorallia. From
the same stock perhaps arose the basic zoan
tharian type by the addition in the adult
stage of all but the most primitive forms of
4 incomplete mesenteries for the total of 12
in 6 pairs (Fig. 132,e). Additional pairs be
yond these, arising in the ventrolateral exo
coeles, led to the zoanthiniarians (Fig. 132,
f). The Rugosa may have been derived from
these by the development of mesenterial
pairs in the lateral as well as in the ventro
lateral exocoeles (Fig. 132,g) and by ap
pearance of an exoskeleton. The hexactini
arian corals and anemones (Corallimor
pharia, Scleractinia, and Actiniaria) added
mesenterial pairs in all 6 primary exocoeles,
cyclically, in a dorsoventral order (Fig. 132,
h). They are generally believed to have de
veloped from another branch of the zoan
tharian stem, although some have tried to
see the Rugosa as ancestral to the hexactin
iarians, in a direct trend from insertion in
2 exocoeles (zoanthids) through insertion
in 4 (rugosans) to insertion in all 6 (hex
actiniarians) .

Class ANTHOZOA Ehrenberg, 1834
[Less hydroids] [=Endoaria RAPP, 1829; Actinozoa DE
BLAINVILLE, 1830 (partim),. Actinoidea DANA, 1846; Corallaria
MILNE-EDWARDS & HAIME, 1850; Oecioa HUXLEY, 1852; CoraI#
liaria M.-EDW.-H., 1857 (parlim); Cnidaires M.EDW.-H., 1857;
Actinoida GOSSE, 1860; Polycyclia, Monocyclia (partim)
BRONN. 1860; Coralligena HUXLEY, 1864; Cnidaria VERRILL,
1865; Coralla HAECKEL, 1866; Scyphopolypi, Scyphozoa
(partim) GOTTE, 1887; Anthozoariae DELAGE & HER.oUARD,

1901j

Exclusively polypoid, solitary or colonial,
mostly sedentary coelenterates. Oral end ex
panded as oral disc with centrally located
mouth surrounded by peristome, around
which are one or more rings of hollow ten
tacles. Stomodaeum strongly developed,
leading from mouth into gastrovascular
cavity, generally with 1 or 2 siphonoglyphs.
Gastrovascular cavity biradially partitioned
into compartments by complete or incom
plete mesenteries, some of which bear endo
dermal gonads. Some groups character
istically with horny or calcareous spicular
endoskeleton or calcareous exoskeleton. Ex
clusively marine. Ord.-Rec.

Representatives of this class are divided
into three subclasses:
I. Mesenteries unpaired:

A. Tentacles simple Ceriantipatharia
B. Tentacles pinnate Octocorallia

II. Mesenteries paired ZOantharia
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CERIANTIPATHARIA

By J. W. WELLS and DOROTHY HILL

Subclass CERIANTIPATHARIA
van Beneden, 1898

[=Hexacorallia GOTTE, 1902 (non HAEC"EL, 1866)J

Included here are 2 strongly divergent but
related orders (l) Antipatharia, the "black
corals," which are colonial forms character
ized by a thorny skeletal axis of horny gor
gonin, with small polyps having only 6 ten
tacles and 6 to 12 complete unpaired mesen
teries, and (2) Ceriantharia, comprising
relatively large solitary skeletonless ane
mone-like polyps with many tentacles ar
ranged in 2 circles and an indefinite num
ber of unpaired mesenteries. The larval
stage of the ceriantharians resembles the
antipatharian polyps, and both orders differ
from other anthozoans in the very weak or
indefinite musculature of the mesenteries
and in the insertion of new mesenterial
couples only in the dorsal intermesenterial
space. Mio.-Rec.

Order ANTIPATHARIA Milne-I
Edwards & Haime, 1857 ,

[=Antipathina EHIlENB'ERC, 1834; Antipathidae GRAY, 1840;
Antipathacea DANA, 1846; Zoantharia cauliculata MILNE·ED·

WARDS lit HAn.n , 1850; Zoantharia scl~robasiques (Antipath
aria) M.EDW.-H., 1857; Hexactina BRONN, 1860; Anticorallia

HAEC"EL, 1896; Anripathidea BOUJ.NE, 1900J

Colonial, branching, with thorny horny
axial skeleton surrounded by fleshy coeno
sarc bearing small polyps (Fig. 133,2).
Polyps with 6 simple or 8 branched tentacles
and 6, 10 or 12 complete coupled but un
paired mesenteries and having a single
siphonoglyph. Mio.-Rec.

These corals are mostly non-reef dwellers
and occur in depths of I to 1,900 fathoms.
About 20 genera are known, only one of
which has been found in the fossil state.

2b

20

FIG. 133. Representatives of Ceriantipatharia. 1,
Cerianthus sp., Rec. (order Ceriantharia), XI. 2,
Antipathella subpinnata, Rec., Medit., 135 fathoms;
2a, polyps, X5.5; 2b, axis, X26 (order Anti
patharia) (1, L. H. HYMAN, Invertebrates: Protozoa
through Ctenophora, McGraw-Hill, New York; 2,

after BROOK).
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Leiopathes HAIME, 1849 [·Antipathes glaberrima
ESPER, 1792]. Mia., Italy; Rec., Medit.

Order CERIANTHARIA Perrier,
1893

[=Cerianthidae MILNE·EDWARDS & HAIME, 1851; Paranemata
BRONN, 1860; Tetractiniae LANKESTER, 1877; Hcteroq)ralla
HAACKE. 1879 (non Heterocorallia SCHINDEWOLF. 1941);

Cerianthiae HERTWIG, 1882; Cerianthidea BOURNE, 1900]

Solitary, lacking skeleton. Column elon
gate, without pedal disc on aboral end.

Oral disc with many simple tentacles ar
ranged in 2 rings. Mesenteries complete,
coupled but unpaired, in a single cycle. New
couples added serially only in dorsal inter
mesenterial space. Rec.

A small group of semiburrowing ane
mones (Fig. 133,1), unknown in the fossil
state, unless some vertical cavities in shales
and sandstones are traces of cerianthid bur
rows.

OCTOCORALLIA1

By FREDERICK M. BAYER
2

WITH SECTION ON TRACHYPSAMMIACEA
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INTRODUCTION

Although the octocorals are not exten
sively known in the fossil record, their re
mains have been discovered in deposits as
old as the Cretaceous, with doubtful records
back to the Silurian. Forms with a solid,
calcified axis, such as various species of
Corallium, Isis, Primnoa and related genera,
are noticed more frequently than those that
are less durably constructed. By far the
largest number of species are of a more tran
sient nature; their only calcified skeletal ele
ments in the form of minute spicules, are
so sm'all as readily to escape detection in
the rocks should they not be dissolved be
fore realizing their fossil destiny.

Spicules belonging to octocorals are found
in modern marine sediments and occasion
ally have been observed as fossils. From the
amount of calcareous material that octo
corals are thought to contribute to reef de
posits, it is reasonable to expect their spicules
as fossils in larger numbers than actually
have been reported. Very possibly the seem
ingly hopeless problem of identifying such
isolated spicular remains has prompted
many investigators to ignore them when ob
served in samples. Effort to identify some
octocoral fragments is indeed hopeless,' but
accurate generic determination of others can
be made on the basis of a single sclerite.
Many genera have specialized spicules which
are absolutely characteristic, but, unfortu
nately, most of them also have simple scler
ite forms that could belong to any of a dozen
genera classified in 2 or 3 orders. Since the
spicules are apt to be dissociated, it is im
possible to determine examples of general
ized types. Specific identifications, depend
ing upon the arrangement and combination

of spicules, would be possible only with
ideally well-preserved material.

None of the standard paleontological
works gives more than a brief account of
the octocorals, and the systematic treatments
of the Recent forms, not written for paleon
tologists, are of use only to specialized sys
tematists. The aim of this work is to present
brief diagnoses of the important genera,
both Recent and fossil, with illustrations of
their characteristic skeletal elements, as a
review of the diverse features of alcyonarian
hard parts, for the use of paleontologists in
the analysis of marine deposits, bottom sedi
ments, and similar samples.

Previously published illustrations of most
species figured in this section of the volume
on coelenterates were not found to be
adaptable for purposes of the Treatise; so
new drawings have been prepared in nearly
all instances. Furthermore, species chosen
to illustrate the genera are not always the
genotypes, sometimes because the genotype
was thought not to portray the genus to
best advantage, and sometimes simply be
cause specimens of it were not available to
me for illustration.
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MORPHOLOGY

Like other Anthozoa, members of the
subclass Octocorallia are exclusively poly
poid coelenterates. Unlike hydroids, they
have a mouth invaginated to form a tubular
pharynx, and a gastrovascular cavity radially
partitioned by thin, noncalcareous septa,
sometimes called mesenteries (Fig. 134).
The autozooids are of a remarkably uniform
type throughout the subclass. They have 8
pinnately branched tentacles, which alter
nate with 8 septa, all complete-i.e., with
their upper ends extending from body wall
to pharynx. The pharynx, which is a com
pressed tube, has along one of its narrower
sides a strongly ciliated longitudinal tract
known as the siphonoglyph (or sulcus),
which maintains a circulation of water into
the gastrovascular cavity. The side of the
polyp bearing the siphonoglyph is referred
to as "ventral" in older literature, but mod
ern authors call it the sulcal side and the
opposite the asulcal. Longitudinal retractor
muscles are situated on the sulcal faces of
the septa. The latter, attached along their
centrifugal edges to the body wall, join with
the oral disc above and with the pharynx
along their distal inner edges, thus com
pletely partitioning the upper part of the
gastrovascular cavity into 8 blind sacs end
ing in the tentacles. Below the inner end of
the pharynx the edges of the septa hang
free and slope rapidly out toward the body
wall, where they continue downward as 8
ridges, of which the asulcal pair extends
farthest into the gastrovascular cavity. The
free septal edges are thickened to form
usually convoluted cords called filaments, of
which the asulcal pair are longest and
strongly ciliated. The remaining 6, lacking
in some polyps, are shorter and densely
glandular.

The type of individual just described is
found in all orders of Octocorallia. In cer
tain groups modified individuals may occur
also, in which event the basic polyp type is
called the autozooid. Modified polyps, called

siphonozooids, with one rudimentary ten
tacle or none at all, may be present. In the
Pennatulacea, the primary or axial polyp is
given a special name, oozooid, and another
type of nontentaculate polyp may be repre
sented by the so-called mesozooid. These
modified kinds of polyps have little impor
tance from a paleontological standpoint, and
accordingly a detailed account of their anat
omy is omitted.

The regular octamerous symmetry of the
octocorallian autozooid, so obvious exter
nally, is shown by microanatomical investi
gation to have a basic bilaterality superim
posed upon it by the presence of the single
siphonoglyph, the modified asulcal pair of
septal filaments, and the arrangement of
the retractor muscles. By virtue of these fea
tures an autozooid may be divided longi
tudinally into identical halves through only
one plane-that which divides the sulcal
and the asulcal pairs of septa and conse
quently the siphonoglyph. Its symmetry is
thus radiobilateral.

The upper portion of the autozooid, called
anthocodia (Fig. 134), is usually retractile,
either within the general coenenchymal
mass or into the stiffened lower part of the
polyp itself, called anthostele. In the former
case, the polyps in contraction are visible
as small pores or stellate apertures, whereas
in the latter a distinct calyx (verruca) al
ways remains visible as a hillock on the
rind (Fig. 134). The tentacles are either
folded over the oral disc or introverted into
the gastrovascular cavity when the polyp
withdraws.

In some instances (Stolonifera, Telesta
cea), the polyps spring from a basal sheet
like or bandlike stolon and stand as erect,
branched or unbranched tubes with walls
commonly supported by spicules, but usually
the lower portions of the polyps are imbed
ded in a thick, gelatinous substance con
taining spicules, the coenenchyme, together
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forming colonies of diverse architecture.
The polyps occupy pits in the colonial
coenenchyme, but unlike the stony corals,
these pits are not marked by radial skeletal
elements alternating in position with the

o
:g
g

L....
C
o

septa; however, separate calcareous spicules
may be so oriented around the base of the
polyp and in its walls as to reflect its octa
merous symmetry. The coenenchyme is
penetrated ~y a complex system of tubules,

septum

gostroaermol solenio

FIG. 134. Morphology of Octocorallia (26n).
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the solenia, which are lined with gastro
dermis and serve to interconnect neighbor
ing polyps.

Commonly, sclerites are distributed in
more or less symmetrical arrangement at
the base of each tentacle and in the body
wall between the septa. Below these tracts,
the heavier spiculation of the anthostelar re
gion may be symmetrically disposed, but in
very many species this is not so.

In several octocorallian families the antho
codial spiculation is so arranged as to fold
over the contracted tentacles and close the
aperture of the anthostele like a lid, which
commonly is recessed deeply within the
calycinal orifice. In the Holaxonia, this
structure has been utilized, especially by
KUKENTHAL and his students, to distinguish
families (for example, Muriceidae, with
operculum; Plexauridae and Acanthogor
giidae, both without operculum). The fact
of the matter is that the spicules which make
up an operculum are almost universally
present and differ mainly in their degree of
development. Thus it is impossible to dis
tinguish between these families on a basis
of the operculum alone, and keys making
use of that feature are unreliable.

The opercula of paramuriceids, plex
aurids, gorgoniids, and most other holax
onians consist of a few to many spindles ar
ranged en chevron upon and immediately
below the tentacle bases; the proximal spic
ules are ordinarily arranged transversely and
form a ring (collaret or crown) around the
polyp, upon which the 8 triangular spicular
segments (points) rest (Fig. 134). These
sclerites are chiefly interseptal in position.
In some families, such as the Gorgoniidae
and the Telestidae, there may also be some
spicules in the body wall along the septa
between any interseptal spicules that may
be present. In Primnoidae with an oper
culum consisting of 8 platelike sclerites (all
genera but Primnoides) , the spicules are
septally situated and therefore lie between
the bases of the tentacles. This operculum,
analogous to that of other families, is con
sequently homologous with the septal rods
of telestids and gorgoniids, rather than with
the functional opercular points of para
muriceids and plexaurids.

It is not only the arrangement of spicules
upon the polyps that is of systematic impor-

tance, but also the size and form of the
spicules, their distribution in various layers
and zones of the coenenchyme, and in some
groups even their color.

The basic spicule type, found in all orders
(except Coenothecalia, which lack spicules),
is the simple spindle, a monaxial rod which
is more or less pointed at both ends. In the
Pennatulacea they are usually 3-flanged
and quite smooth, some being rather blunt.
In other orders they are more or less strong
ly sculptured by spines, complicated warts,
or other protuberances. If the spindles are
relatively smooth, blunt and short, they may
be referred to as rods, but if long, slender
and sharp, as needles. Commonly they com
bine to form twins and cross-shaped de
posits, and by various modifications produce
scales, plates, thorn scales, clubs, capstans,
dumbbells and other forms. Each of these
may, in turn, be further specialized; such
distinctive modifications will be discussed
under the families and genera in which they
occur.

Like other coelenterates, the Octocorallia
consist of 2 epithelial layers-an outer epi
dermis derived from ectoderm, and an inner
gastrodermis derived from endoderm-sep
arated by a connective substance called the
mesogloea. The latter is very thin in some
places, such as the tentacles and septa, al
though elsewhere, as in the fleshy colonial
tissue between the polyps, it is thick and
usually packed with calcareous skeletal ele
ments. The epidermis is a flat, cuboidal or
columnar epithelium or syncytium, and con
sists of supporting, glandular and sensory
elements in an outer stratum that generally
secretes a thin cuticle, nervous cells in a
middle stratum, and muscular cells (which
may be imbedded in the mesogloea below)
in the innermost stratum. Specialized sting
ing structures (nematocysts) are usually
abundant in the surface stratum. The gas
trodermis is constructed upon much the
same plan but is more commonly found to
be syncytial; nematocysts are restricted to
the septal filaments. Intracellular symbiotic
algae (zooxanthellae) are extremely abun
dant in many species.

The mesogloea is a ielly-like material co~

taining amoeboid cells derived from the epI
dermis. Some of these become cnidoblasts,
producing nematocysts, which ultimately
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make their way to the outer surface. Others
become scleroblasts, producing calcareous
sclerites or a horny material, called gorgonin,
which is a protein that has a lower sulphur
content than true horn and commonly con
tains bromine and iodine united to tyrosin
(11). In the anthocodia the mesogloea is
thin and in many forms lacking spicules
entirely; it constitutes the inner support for
the septa, on the sulcal side of which it is
raised into longitudinal plates where the
retractor muscles are inserted.

The mesogloeal scleroblasts, which pro
duce spicules, account for all of the skeletal
elements of the coenenchyme and for cer
tain axial structures. In the Gorgonacea, the
axial structures are produced in 2 ways: (1)
by more or less complete consolidation of
spicules in the medullar region through the
agency of horny or calcareous deposits
(Scleraxonia); or (2) by the secretion of a
horny, or calcareous and horny, central rod
by the cells of a tubular upgrowth from the
original basal plate of epidermis (Holax
onia). The latter is thus an external struc
ture over which the colony is spread, as it
were; whereas the former, made up of
mesogloeal spicules and in many species
penetrated by gastrodermal solenia, is an
internal one. The axes of Scleraxonia and
Holaxonia, although analogous in their sup
porting function, are produced in different
ways and are not homologous.

It is characteristic of the Octocorallia that
new polyps are asexually produced not by
fission but by gemmation from the solenial
system of the basal stolon or of the coenen
chyme. The colonies so produced are of ex
ceedingly diverse form. In one type, simple
tubular polyps spring from a creeping stoIa
nic ribbon or sheet (Fig. 135,1). There is
rarely much development of mesogloea in
the zooid walls, which lack solenial tubes
and consequently do not produce daughter
polyps. Most members of the Stolonifera
follow this plan. In Tubipora, however, the
spicules of the polyp walls fuse together in
separably and the numerous polyps, bound
together by transverse, platform-like sec
ondary stolons, eventually produce colonies
of considerable mass. As the polyps ascend,
they partition off the lower ends of their
rigid tubes by double tabulae, consisting of
a funnel-like lower part and an upper, lenti-

cular cap, placed on a level with transverse
platforms. The tubes are not filled in below
and, for a time at least, living tissue remains
within them. New polyps arise from the
basal stolon and from the horizontal plat
forms (Fig. 135,2). In the Telestacea, in
which the body walls of the polyps have
become permeated by solenial tubes, new
polyps may arise from the walls of older
individuals, thus producing arborescent col
onies of moderate size. The sequence of
budding seems to be quite constant and
forms the basis for separation of the several
genera and species comprising the order. A
schema of the ramification as seen in Telesto
is given in Fig. 135,3, and the variation dis
played by other genera is shown in Fig. 137,
1a,3a,4a. In the order Alcyonacea) the meso
gloea of the polyp walls has developed into
a common colonial coenenchyme, in which
the endoderm-lined gastric cavities of the
polyps are imbedded, and through which
ramifies a complex network of solenial tubes
from which new polyps arise (Fig. 135,4).
In certain families, the mesogloea separating
the long, closely fascicled primary gastric
cavities is more or less reduced and may
contain few or no spicules. The resultant
colonies are arborescent and, in some cases,
closely approximate the appearance of gor
gonaceans. In the latter order, however, the
gastric cavities of all polyps are uniformly
short. In the suborder Scleraxonia, they
penetrate the branches only as deep as the
medullar zone, into which a few gastroder
mal canals may extend. In the Holaxonia,
the medullar zone is not a densely spicular
coenenchyme but instead a horny axis cylin
der (with more or less calcareous matter)
into which, of course, no solenia can pene
trate (Fig. 135,6). In these forms, the corti
cal coenenchyme, now better termed rind, is
comparatively thin and the colonies are
usually much branched and arborescent in
appearance. In some Scleraxonia, the medul
lar zone becomes thoroughly consolidated
through fusion of the included spicules, and
a distinct axis results. These always can be
distinguished from the axes of holaxonians
by their spicular structure, which is clearly
revealed in thin section. In both Scleraxonia
and Holaxonia the axis may be either con
tinuous or divided into horny nodes and
calcareous internodes. The horny nodes of
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the articulate scleraxonians invariably con
tain numerous spicules imbedded in a
spongy matrix of gorgonin, whereas those
of the holaxonians are pure, translucent gor
gonin.

The axis in all Holaxonia is made up of
a basic central chord (Fig. 134) laid down
at the growing branch tips by an axis epi
thelium, and a secondary cortical layer de
posited around the central chord everywhere
below the growing tip by an axis epi
thelium of a different character, which con
tinues to increase the girth of the axis as
long as the colony grows. The secondary
thickening of the axis appears to be accom
plished in 2 distinctly different ways. In the
first, the secondary axis epithelium produces
scales or fusiform bundles of horny gor
gonin more or less completely permeated by
calcareous matter, which are closely imbri
cated or otherwise tightly bound together
in roughly concentric layers. In the second,
the epithelium deposits columns, irregular
prisms or rays of chiefly calcareous material
radiating outward from the central chord.
Each of the radial elements appears to be
the work of a group of epithelial axoblasts
acting as a unit.

These axial features, readily demonstrable
in thin sections under polarized light, be
cause of the orientation of the component
calcareous fibers, may prove to be of diag
nostic value for fossil material. The actual
relationships of many gorgonacean fossils
reported from the Cretaceous upward may
well be clarified by a re-examination of their
basic axis structure.

The members of 2 orders stand clearly
apart from other octocorals in the structure
of their colonies. These are the blue coral
(Coenothecalia), which lacks spicules en
tirely but produces a massive calcareous
skeleton similar to those of some hydro
zoans; and the sea pens (Pennatulacea),
which have evolved a highly specialized
type of colony symmetrically developed
around a long primary polyp which usually
contains a supporting axial rod.

In the Coenothecalia the gastric cavities
of the spiculeless polyps occupy the upper
ends of tabulate tubes in a massive fibro
crystalline coenosteum. The tubes of the
polyps are separated by numerous narrower
tubes, also tabulate, occupied by caeca of

the solenial system, which extend downward
from the surface network.

In the Pennatulacea, the autozooids are
symmetrically arranged around the primary
oOzooid, from whose walls they have bud
ded, with radial orientation, in some, and
bilateral in others. In the second instance
they may be situated in longitudinal, oblique
or transverse rows, and may be partly or
wholly united into broad polyp leaves. The
axi~l rod, which lies between the 4 longi
tudmal canals of the stalk and rhachis is
calcified in a radial pattern similar to ;hat
described above for certain holaxonian fam
ilies.

MORPHOLOGICAL TERMS APPLIED
TO OCTOCORALLIA

Many of the terms used in describing the
morphological and anatomical features of
octocorals are the same as those applied to
other Anthozoa and to coelenterates in gen
eral. Among terms more closely associated
with the Octocorallia some are derived from
similarities with everyday objects, being
thus readily understandable, but a few bor
der on the ridiculous, especially when trans
lated from one language to another.

GLOSSARY OF MORPHOLOGICAL TERMS

anthocodia. Upper, tentacular part of polyp which
in many cases can be retracted within the rind or
calycular structure (Fig. 134).

anthostele. Lower, thickened part of polyp's body
wall into which the anthocodia may be with
drawn, commonly stiffened by spicules; may be
equivalent to calyx.

asulcal. Side of polyp opposite siphonoglyph.

autozooid. Polyp with 8 well-developed tentacles
and septa; only kind of polyp in monomorphic
species and major type in dimorphic species.

axis. Central supporting structure of Gorgonacea and
Pennatulacea; in the former, it may be spicular,
consolidated or unconsolidated, or horny, with
more or less nonspicular calcareous matter.

axis epithelium. Layer of cells derived from ecto
derm that produces the axis of Holaxonia.

axoblast. Individual scleroblast of the axis epithe-
lium.

balloon club. See spicule.

bark. Rind of holaxonian Gorgonacea.

bracket. See spicule.

buccal scale. See spicule.

calyx. Wartlike projecting anthostele (Fig. 134).
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capstan. Su spicule.

cell string. Nonlumenate strand of cells meandering
through coenenchyme.

club. Sec spicule.

cnidoblast. Cell that produces nematocyst.

cocnenchyme. Colonial spiculiferous mesogloea.

collaret. Transverse, subtentacular ring of spicules
(Fig. 134).

C1avularia

cortex. Outer coenenchymal layer of gorgonaceans,
especially Scleraxonia; outer, horny layer of holax

onian axis, as opposed to its medulla (central chord
or core) (Fig. 134).

crown and points. Transverse collaret with super
posed opercular rays.

disc spindle. Sec spicule.

double club. Sec spicule.

2 Tubipora

3 Telesto

4 Alcyonacea 5 Scleraxonia 6 Holaxonia

FIG. 135. Colony formation in Octocorallia (26n).

© 2009 University of Kansas Paleontological Institute



F174 Coelenterata-Anthozoa

double wheel. See spicule.
filament. Thickened, convoluted edge of septum

(mesentery); in Octocorallia, filaments of 2 septa
opposite siphonoglyph are very long and heavily
flagellated, whereas those of remaining 6 are
shorter and glandular (Fig. 134).

gastrovascular cavity. Interior space of polyp radially
partitioned by septa.

infrabasal scale. See spicule.
leaf club. See spicule.
loculus. Crescentic or lenticular calcified area or

fiber-filled space in holaxonian axis (especially
Plexauridae) .

medulla. Central zone of scleraxonian stem; rarely,
central chord of hoiaxonian axis.

mesentery. Soft septum.
mesogloea. Jelly-like substance separating the 2 cel

lular epithelial layers of coelenterates.
nematocyst. "Stinging cell" or "thread cell" formed

within cnidoblasts.
operculum. Anthocodial spicular apparatus that

more or less closes calyx or protects tentacles in
contraction.

oral disc. Distal integument of polyp surrounding
mouth, enclosed by ring of tentacles, forms roof
over gastrovascular cavity.

pharynx. Tubular passageway between mouth and
gastrovascular cavity.

pinnule. Digitate lateral branch of tentacle of octo
coral polyps (Fig. 134).

plate. See spicule.
polyp. Individual of octocorallian colony (see auto
zooid).

polyp leaf. United proximal part of adjacent polyps
that produces a leaflike expansion, from margin of
which anthocodiae project; found in several gen
era of Pennatulacea and Ainigmaptilidae.

polypary. Colony as a whole.
pseudosepta. Spinelike or toothlike skeletal projec

tions in calicles of Coenothecalia; bear no constant
relationship with soft septa of polyps.

radiate. See spicule.
rind. Outer, spiculiferous coenenchyme of Holaxonia

(Fig. 134).
scale. See spicule.
scaphoid. See spicule.
sclerite. Calcareous skeletal element of mesogloea,

irrespective of form.
scleroblasts. Ectodermal cells of mesogloea that pro

duce calcareous spicules.
septum. Thin radial noncalcareous partition (com

posed of soft tissue) dividing gastrovascular cavity
of polyp (see mesentery).

siphonoglyph. Strongly ciliated groove extending
down one side of pharynx (Fig. 134).

siphonozooid. Polyp with reduced tentacles or none,
and commonly reduced septal filaments; usually
much smaller than autozooids.

solenium. Canal lined with gastrodermis penetrating
coenenchyme and interconnecting gastric cavities
of the polyps (Fig. 134).

spicule. Calcareous skeletal element of mesogloea,
irrespective of form; properly, a long, sharp
sclerite. Specialized forms include:
balloon club. Spicule with practically smooth,
spheroidal head (characteristic of Eunicella).

bracket. Same as scaphoid.
buccal scale. Thin flat plate just proximal to oper
culars (Calyptrophorinae) .

capstan. Monaxial rod with 2 whorls of tubercles
and terminal tufts.

club. Spicule enlarged at one end, may be strongly
sculptured.

disc spindle. Derivative of capstan, with tubercles
of 2 whorls fused into discs or wheels.

double club. Bispheroidal, 2-handled sclerite (Cor
allium).

double wheel. Disc spnidle.
infrabasal scale. In primnoids, sclerite situated be

tween basal body scales and scales of rind.
leaf club. Spicule with head ornamented by foliate

processes.
plate. Flat sclerite too thick to be called scale.
radiate. Sclerite with processes radiating in one

plane (stellate), or in various planes in a more or
less symmetrical order.

scale. Thin, flat or nearly flat sclerite.
scaphoid. Spindle more or less distincdy bent in
form of a "C" and with warts of convex side
reduced.

spindle. Straight or nearly straight monaxial spicule
pointed at both ends.

thorn club. Clublike sclerite with processes of head
sharp and spiny.

thorn scale. Tabular sclerite with central or mar
ginal projecting process.

torch. Club with foliate processes of head strongly
laciniate, resembling burning torch.

wart club. Clublike sclerite with only low, blunt
protuberances ornamenting the head.

spindle. See spicule.
stolon. Creeping basal expansion, ribbon-like or

membranous, from which polyps of Stolonifera
and Telestacea arise.

sulcal. Side of polyp nearest siphonoglyph.
sulcus. See siphonoglyph.
supporting bundle. Sheaf of supporting spicules be-

low anthocodia of nephthyid polyp.
thorn club. See spicule.
thorn scale. See spicule.
torch. See spicule.
verruca. Calyx; tubercle of sclerite.
wart club. See spicule.
zooid. In more recent literature in English, any

individual of colony, irrespective of its morphologi
cal specializations, thus =polyp; in most Ger
man works, =siphonozooid.
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NUTRITION

Many octocorals are largely holozoic in
their nutrition, capturing small, planktonic
organisms in large numbers. Small crusta
ceans and larval mollusks are frequently ob
served in the gastrovascular cavities of their
polyps. The common purple or yellow sea
whip, Leptogorgia viminalis (PALLAS), of
the southeastern coast of the United States,
is often found to contain large numbers of
lamellibranch larvae; where this gorgonian
is common, as from Chesapeake Bay to
northwest Florida, it must be able to deci
mate the populations of larval bivalves that
pass among its branches.

On the other hand, a number of other
octocorals, notably some Xeniidae and a
species of Clavularia, have been found to
live perfectly well without ever ingesting
food; these species contain vast numbers of
symbiotic algae, the zooxanthellae, in their
gastrodermal layers. They thrive in the
presence of adequate sunlight, even in fil
tered water. In the dark, however, they
soon necrose and die, even if amply pro
vided with food, which they seem com
pletely unable to ingest (8). These species
with abundant zooxanthellae in their tissues
furthermore may have very few nematocysts
(in some species I have found none at all)
and greatly reduced digestive structures.
Conversely, abundant nematocysts and well
developed digestive tissues are usually cor
related with a small number or complete
absence of zooxanthellae. Evidence as to
whether the corals actually digest their zo
oxanthellae as food is inconclusive, but, in
some at least, a sort of reciprocal interchange
system has developed and the algae are not
eaten. In these, the coelenterates seem able
to utilize directly the photosynthetic prod
ucts that the algae elaborate in excess of
their own nutritional requirements, and the
algae make use of some of the metabolic by
products of the animal.

REPRODUCTION

Ordinarily it is the autozooids that are
fertile, and the sexes are separate; but in
some groups the siphonozooids contain the

~eproductive tissues, and in some, protogyny
IS usual.

The reproductive cells, which are derived
from the endoderm, develop on the edges
of the 6 septa away from the siphonoglyph,
where they form conspicuous swellings. Ripe
eggs commonly are connected to the septal
edge only by a narrow stalk, and are covered
by a layer of gastrodermis. The sex products
may be discharged into the water, where
fertilization and subsequent development
take place, or the eggs may be retained after
fertiliz~tion until. late in the planula stage.
~here IS no vestige of a medusoid genera
tion.

ECOLOGY AND DISTRIBUTION

The Octocorallia are widely distributed
organisms that occupy a great variety of
ecological situations. Nevertheless, there are
cer~ain con?itions, such as desiccation, heavy
sedimentation, and reduced salinity, that
they rarely tolerate to any extent. Some spe
cies, of course, are able to endure such con
ditions more or less regularly: the Alcyona
cea of tropical Pacific reefs may be regularly
exposed by the tides, and the common At
lantic Leptogorgia viminalis inhabits inshore
waters that may be both muddy and brack
ish. As a rule, however, most species live
below the low-tide mark, where they are
safe from desiccation, occurring in clean
water with a minimum of constant sedi
mentation. They extend around the world
from Arctic to Antarctic, from the low-tide
mark to the abysses. Most species are found
on the continental shelf and slope, but a few
descend to great depths. The deepest record
for the subclass belongs to a pennatulacean,
Umbellula leptocaulis KOLLIKER, which has
been taken at 2,440 fathoms (4,440 m.).
The isidid gorgonian, Keratoisis profunda
(WRIGHT), claims the deepest record for its
order, at 2,300 fathoms (4,200 m.); and
species of Corallium have been collected
from depths down to 2,200 fathoms (4,000
m.) in the Atlantic and 1,314 fathoms (2,400
m.) in the Pacific.

Of the 7 orders, members of only one,
the Pennatulacea, are regularly adapted for
existence on a soft substrate. They have a
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stalk, the lower end of which is dilatable,
serving to anchor the colony in mud or sand.
All other octocorals are typically fixed by a
basal attachment to some solid object, al
though a few species have developed alter
native adaptations for holding the colony
in place. Notably, some alcyonaceans enclose
a lump of mud in a basal expansion, and
others produce rootlike, fleshy rhizoids, both
effective solutions to the problem of fixa
tion. The Telestidae characteristically form
colonies that arise from creeping stolons, but
individuals of certain species are able to live
unattached on sandy bottoms. Associated
with them are found gorgoniids and ellisel
lids that have made the same adjustment to
their habitat. Other holaxonian gorgon
aceans, for example certain genera of Isidi
dae, have become adapted to a soft substrate
by development of rootlike, calcareous pro
cesses in place of the usual incrusting, mem
branous attachment. Many Chrysogorgiidae
and a few Primnoidae likewise can do so,
or can attach by the conventional means to
solid objects, as circumstances require.

The extent to which octocorals contribute
to the formation of reef limestone is not
known, but it is certain that they are prolific
producers of calcium carbonate. At the Dry
Tortugas, the spicule content of living col
onies on the reef was estimated to average
5.38 tons per acre; with about 1/5 of the
population being destroyed annually (based
on a 5-year period), about one ton of cal
careous material was made available per
acre per year (5). Since this material is in
the form of minute spicules, easily trans
ported by currents or dissolved, probably no
very high percentage of it actually becomes
incorporated into the reef mass. On many
tropical Pacific reefs the situation is much
different. There, the luxuriant growth of
gorgonaceans so characteristic of Caribbean
reefs is greatly reduced and in most places
completely lacking. The predominant octo
corals of the reefs are massive alcyonaceans,
which, having an even more densely spicu
lar coenenchyme than the West Indian gor
gonaceans, may actually become consoli
dated with the reef while the upper parts
of the colonies are still living (6). No esti
mates have been made of the calcium car
bonate production by the alcyonacean popu
lations of these reefs, but it seems obvious

that a higher percentage of it would actually
be incorporated into the reef rock even
though growth rate and productivity might
be substantially lower. Some reefs in the
tropical Pacific support a heavy growth of
the blue coral, Heliopora, which can be a
locally significant reef former.

SYMBIONTS AND COMMENSALS

As a result of their sedentary nature, octo
corals have fallen victim to a considerable
array of epizoic hangers-on, and a number
of commensal, symbiotic and parasitic rela
tionships have developed. Some of these
associations are distinctly beneficial to the
coral host, but most are not obviously so.
How many of them are detrimental is diffi
cult to say. The host can be killed, as usually
happens when a colony of Millepora obtains
a foothold on the accidentally exposed axis
of a gorgonian. The hydrozoan by its rapid
growth speedily pushes the living gorgonian
substance farther and farther back until it
occupies the entire axis and the gorgonian
dies. Such occurrences are entirely fortui
tous, however, depending upon the chance
contact of a millepore larva in a settling
mood with a suitably denuded axis. At any
other time, the larva would continue on its
way; at any other place on the gorgonian
it might be captured and eaten, or at least
prevented from settling. The millepore is
not dependent upon the octocoral for sup
port; it can form its colony independently
elsewhere. In many other cases, however, the
dependent partner indeed cannot live else
where. A complicated relationship has de
veloped, as in the case of the ovulid gastro
pods, which seem completely dependent
upon their alcyonarian hosts. The exact na
ture of this dependence is not known; the
mollusk may feed directly upon the polyps
without ever devouring enough of them to
damage the colony, or it may only browse
upon foreign materials that collect on the
coral colony. In any event, alcyonarians in
fested with ovulid snails never seem to be
unhealthy or damaged in any way. Another
interesting mollusk-octocoral relationship is
that between Rapa and Sinularia. The gas
tropods live imbedded deep in the fleshy
tissue of the octocoral, with no direct means
of communication with the outside; water
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currents maintained by the polyps appar
ently suffice for their respiration, and their
nutrition is probably derived in some way
from host tissues.

Most, if not all, alcyonarian corals are in
fested with copepods of the peculiar family
Lamippidae. In some cases, the commensals
live in the gastrovascular cavities of the in
dividual polyps, but in a great many others
they inhabit the colonial gastrodermal canal
system, which may be enlarged locally to
accommodate them. Most of these copepods
have degenerated into small, grublike crea
tures as a result of their confined habitat.
Even more peculiar are the copepods appar
ently related to Ophioika, which have been
found in the polyps of Paramuricea in the
north Atlantic and of Paracis in the central
Pacific. These are so modified as to bear
little resemblance to conventional copepods.
Some pycnogonids spend their youth in the
polyps of Chrysogorgia, but details of their
life history are unknown (22). These vari
ous arthropods betray their presence in the
host only by localized galls or swellings, or
by enlargement of individual polyps. Anne
lid commensals, however, frequently induce
more conspicuous external modifications
upon their hosts. They cause the polyps of
primnoids to enlarge their lateral scales to
form archways along the branche~, in which
the worms live. The polyps of acantho
gorgiids, which have only slender fusiform
sc1erites, respond by sending out fleshy lobes
that meet to form similar tunnels along the
branches. In octocorals without projecting
polyps, polychaetes may inhabit deep
grooves in the coenenchyme, and in a few
other species they live in the gastrodermal
canal system.

Since it is impractical to mention here,
even briefly, all of the associations in which
alcyonarians are involved, I give below a
systematic list of the principal organisms
that have been observed to take part in such
associations, together with their host corals.

Associations of Octocorallia with Other
Organisms

Algae. ZOOXANTHELLAE: widespread in octocorals of
warm, shallow waters.

Protozoa. FORAMINIFERA: commonly borne by teles
tids and other octocorals with an outer cuticle.

Porifera. Sponges may envelop colonies of Telesto,

Anthothela, Parisis and other octocorals, which
seem not to suffer as a result.

Coelenterata. HYDROZOA: Hydrichthella epigorgia
STECHOW on Anthoplexaura dimorpha KUK., Mille
pora on various Gorgonacea. ANTHOZOA: Sagartia
acanellae on Acanella arbuscula, Palythoa sp. on
Corallium inutile, Parerythropodium coralloides on
Eunicella verrucosa.

Ctenophora. T jalfiella and other Platyctenea on
various octocorals (11).

Platyhelminthes. A polyclad was found clinging to
branches of Paracis orientalis dredged in the Mar
shall Islands.

Brachiopoda. Unidentified species on Chrysogorgia
(13).

Echinodermata. CRINOIDEA: comatulids often found
clinging to gorgonaceans. OPHIUROIDEA: gorgono
cephalid Astrophyton muricatum living entwined
in branches of shallow-water gorgonaceans, es
pecially Antillogorgia, in West Indian region;
other gorgonocephalids and trichasterids occasion
ally discovered on branches of deeper-water gor
gonaceans as Schizostella on Swiftia and Muricea
(W.Indies); Asteroschema on Narella (Hawaii)
and Nicella (W.Indies), Astrogomphus on Thesea
(W.Indies), and many others.

Annelida. POLYCHAETA: Leucodore (=Polydora) in
corallum of Heliopora; Polynoidae especially fre
quent upon Primnoidae, but found also on octo
corals of other families, as Harmothoe on Arthro
gorgia, Narella, Thouarella and Corallium; Polyeu
noa on Acanthogorgia and Thouarella; Polynoe
on Anthomastus, Corallitlm, Acanthogorgia, Stenel
la, Acanella, lsidella and Pennatula; Syllidae of
the genera Haplosyllis and Typosyllis recovered
from gastrodermal canals of every specimen ex
amined of Anthogorgia (Indo-Pac.) and Acan
thacis (W.Indies) (fide M. H. PETTIBONE).

Arthropoda. PYCNOGONIDA: Ascorhynchus sp. in
polyps of Chrysogorgia papillosa (22). COPEPODA:
Lamippidae in polyps and in gastrodermal canals
of many octocorals; Ophioika-like forms in the
gastrovascular cavities of Paramuricea (Ad.) and
Paracis (Pac.). CIRRIPEDIA: lepadomorph barnacles
sometimes found clinging to gorgonaceans; ver
rucomorph species observed on Telestidae; balano
morphs commonly forming galls on branches of
gorgoniids or imbedding themselves in fleshy forms;
Ascothoracica not uncommon on branches of
Chrysogorgiidae. ISOPODA: Sphaeromidae found on
rind of plexaurids and gorgoniids in W.Indies and
Panama; Arcturidae on Primnoella in Antarctic.
AMPHIPODA: caprellids sometimes found clinging
in large numbers to colonies of Gorgoniidae. DECA
PODA: anomurans Orthochela on Eugorgia and
Uroptychus on Calyptrophora and Chrysogorgia.

Mollusca. APLACOPHORA: Solenogasters taken from
branches of gorgonian corals. GASTROPODA: essen
tially entire family Ovulidae commensal on Aleyon-
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acea and Gorgonacea; in W.Indies Cyphoma com
mon on Antillogorgia and Plexaura, and Simnia
upon Leptogorgia and Gorgonia; coralliophilid
snail Rapa living imbedded in Sinularia (fide A. B.
BRONSON); small dorid nudibranch common on

living Heliopom. CEPHALOPODA: eggs of Sepia oc
casionally found attached to Paramuricea placo
mus.

Chordata. PISCES: egg-cases of small sharks attached
to branches of gorgonians (13).

METHODS OF STUDY

It is practically impossible to outline meth
ods of study for fossil Octocorallia. Perhaps
it may suffice to describe techniques applic
able to Recent forms, in order to indicate
methods of getting at pertinent characters.
From this foundation the paleontologist may
then be able to erect a system of procedure
appropriate to the material that confronts
him.

When one consults a key to the orders of
Octocorallia, such as that in DEICHMANN'S

monograph (7), it immediately becomes
obvious that general macroscopical char
acters are of considerable value: whether or
not the colony is solidly attached to a firm
surface or only stuck in a muddy sea floor,
and the way its component polyps are dis
tributed upon it; whether there is a horny
axis or not; whether the colonies are arbores
cent, lobate, or creeping; whether the gastro
vascular cavities of the polyps are long
(reaching to base of the colony) or short;
whether the polyps are simple or produce
branchlike daughters from their side walls;
and whether the polyps are of one or more
kinds. Many such characters can be ob
served directly and require no special tech
niques; some require dissection of fresh
material to reveal structures that probably
never could be fossilized; and a few require
microscopic examination, as, for instance,
the distribution of horny material in the
coenenchyme.

In modern gorgonaceans the average di
ameter of the final branches is a useful char
acter, for it seems to remain reasonably con
stant regardless of the total size of the col
ony. Also, in the terminal region the canal
system and spiculation are not so likely to
have suffered modifications attendant upon
secondary growth. Therefore it is usually
desirable to base conclusions on a study of
this area rather than of older parts. As might
be expected, in view of this fact, a small
specimen is fully as satisfactory for study as
a large one, and a fragment may supply all

the information necessary for determination.
Sad to relate, the same happy state of affairs
does not obtain among the sea pens, of
which a young specimen can be treacherous
ly misleading, nor among the nephthyid
alcyonaceans, in which the variations that
occur from base to apex of the colony are
important.

Color is usually quite fast in the Octo
corallia, and where it is also constant it pro
vides a useful character. In a few species the
characteristic life color is due to pigmenta
tion of the soft tissues and fades almost im
mediately when a specimen is placed in
preservative. The greenish, brown, or yel
lowish coloration of many tropical reef
dwelling species is due to intracellular sym
biotic algae, the zooxanthellae and zoochlor
ellae. The neontologist thus finds color to be
of inconsistent value; the paleontologist,
however, may find the persistent skeletal
coloration of such things as tubipores (red)
and heliopores (blue) of some use in the
analysis of tropical reef deposits.

Of the 7 orders, the members of 3 (Pen
natulacea, Gorgonacea, Trachypsammiacea)
produce substantial, fossilizable axial struc
tures. Those of the pennatulids are slender
and rodlike, being known to the paleontolo
gist under the generic name Graphularia.
The axes of sea pens, in general, are quite
uniform throughout the group and, to judge
by Recent material, it is in most cases com
pletely impossible to distinguish between
species or even higher categories on external
axial characters alone.

The axial structures of Gorgonacea can
often be identified to family or genus with
reasonable certainty. The jointed ones, be
longing to the Melitodidae, Parisididae and
Isididae, are recognizable at once and can be
distinguished from one another by means
of thin sections which reveal the spicular
or nonspicular nature of the calcareous
joints. In the Holaxonia, the structure of
the central chord or medulla and its rela-
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tionship to the cortical layer, and the con
centric distribution of horny and calcareous
substances are significant and must be in
vestigated by sections also. Polarized light
may reveal features indistinct or invisible
in ordinary illumination, such as the orien
tation of the calcareous fibers in both axis
and spicules.

In general, the calcareous spicules form
the most important single character in the
determination of octocorals. In certain fam
ilies (Chrysogorgiidae, Primnoidae), the
arrangement of sclerites on the polyps is as
important as the shape of the spicules them
selves, and in these the zooidal armature
must always be studied intact on the polyps,
as well as disassociated. In several other
families, the organization of the zooidal
armature must be considered, but this is
somewhat less important than form of the
coenenchymal spicules. No specimen of fos
sil octocoral in which the original arrange
ment of spicules has been preserved is
known to me.

The isolated spicules recovered from ma
rine deposits are probably best handled in a
routine fashion as micropaleontological
specimens. In order to study the spicules of
Recent specimens it is necessary to free them
from surrounding tissues. Traditionally, this
is done by boiling a small fragment of the
colony in a strong solution of caustic soda
or potash, which is a cumbersome, messy,
and potentially dangerous method. Far more
practical is the use of sodium hypochlorite
solution, which is readily obtainable as a
laundry bleach under several trade names,
or as a pharmaceutical. In some places, the
commercial Solution is known as "anti
formin," in others as "Javelle water." It is
quick, safe, and simple to use; for routine

spicule examinations it is merely necessary
to place a fragment of the coral on a slide,
drop a small amount of "clorox" on it with
a medicine dropper, and wait for a few
moments. The bubbles that form can be re
moved by adding some water and removing
excess fluid with bibulous paper. The prep
aration may then be covered with a glass
coverslip and is ready for study. Should it
be desirable to make a permanent spicule
mount, the sample may be processed in a
small vial to facilitate the repeated washings
required to remove all traces of reagents.
An alcoholic (or distilled water) suspension
of spicules is pipetted onto a clean slide and
allowed to dry. Any neutral mounting me
dium may be used, but some of the synthetic
resins are better than balsam, which has a
refractive index close to that of the spicules
themselves.

If one wants to observe the arrangement
of opercular elements, it is necessary only to
dissect out the anthocodial region and place
it in dilute clorox, which will act more
slowly. As the tissues are dissolved they
swell and become transparent, thus separat
ing and clearly revealing the opercular spic
ules. Of course, the soft tissue is destroyed
completely before long, so the preparation
should be watched carefully under a stereo
scopic microscope. If it is desirable to keep
the spicular arrangement intact for a longer
period, the polyp may be placed in a dilute
solution of potassium hydroxide for a short
time and then removed to water, where
upon the soft tissues swell, separating the
spicules, and become transparent, rendering
the arrangement of spicules clearly visible.
With skill and some practice, such a prep
aration can be washed, dehydrated, and per
manently mounted in balsam.

CLASSIFICATION
HISTORICAL SUMMARY

The classification of the octocorals can be
divided historically into three periods: (1)
the herbalistic, from ARISTOTLE to LINNE,
during most of which corals were thought
of and classified as plants and referred to in
erudite polynomials; (2) the Linnean, from
the 10th Edition of the Systema to KOLLI
KER'S lcones, during which it became ac
cepted that corals of all kinds were animals

and the Linnean system of nomenclature be
came established, making possible a crude
expression of relationships; and (3) the
modern, from KOLLIKER'S lcones to the
present, during which the relationships of
various groups were investigated and sys
tems of classification drawn up by the use
of modern methods.

Little need be said about the pre-Linnean,
herbalistic period of coral classification, save
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that it is probably as old as civilization it
self and that the octocorals, along with other
coelenterates, were universally thought of
as plants. Black corals (the axes of Anti
patharia and Gorgonacea), precious coral
(Corallium rubrum), and the jointed white
coral (Isis hippuris) were known to the an
cients, who valued them for their magical,
medicinal, and decorative properties. HICK
SON (1924, Introduction to the Study of Re
cent Corals, Univ. Manchester) gives an ex
tensive history of the commerce in these
corals.

Descriptions and illustrations were, for
the most part, poor. The earliest (but not
the worst) illustration of a gorgonian that
I know of appears in GESNER'S De Rerum
Fossilium, Lapidum et Gemmarum, 1565.
The best are probably those in KNORR'S
Deliciae Naturae Selectae. Although the
value of the skeletal spicules in the classifi
cation of octocorals was not discovered until
a hundred years later, these structures were
first figured in JOHN ELLIS' Essay on the
Natural History of the Corallines, 1755.

The principal difference between the clas
sification of alcyonarian corals during the
years immediately preceding the 10th edi
tion of LINNE'S Systema and that of the
hundred years following it is found in the
expression of natural relationships made
possible by Linnean nomenclature.

In organizing the corals for his Systema
Naturae, LINNE brought together most of
the species previously described and ar
ranged them in 6 genera: Tubipora, Madre
pora, Isis, GOfgonia, Alcyonium, and Pen
natula. PALLAS (1766) and ESPER (1788
1830) recognized the same genera, with
minor shifting of species and addition of
others. New genera were added in profu
sion by LAMARCK (1801, 1816), LAMOUROUX
(1812, 1816), EHRENBERG (1834), VALEN
CIENNES (1855), and MILNE-EDWARDS &
HAIME (1857). LAMARCK (1801) began ex
panding the classification, dividing his order
of radiates (polypes arayons) into sections,
the 2nd of which included the octocorals,
distributed between 2 subdivisions. There
was no grouping into families, and it is not
likely that LAMARCK thought of any category
in a familial sense. LAMOUROUX grouped the
genera first into families, later into orders
that did not differ, except in name, from

his original families. It was EHRENBERG
(1828, 1834) who first really elaborated on
the classification of zoophytes, creating ord
ers, tribes, and families within a "circle"
Anthozoa. Unfortunately, his scheme was
marred by its artificial duality, being divided
into orders "Phytocorallia" and "Zoocoral
lia" each with identical tribes (e.g., Octacti
nia). The families of zoocorallian tribes
were distinct from those of the phytocoral
lian tribes; e.g., the families Isidea and
Gorgonina were phytocorallian Octactinia,
whereas the Xenina, Tubiporina, Alcyonina,
and Pennatulina were zoocorallian Octacti
nia. Although EHRENBERG was the first to
penetrate deeper than superficial appear
ances and to use the characters of the polyps
themselves in devising his classification, his
artificial subdivision rendered the resulting
system untenable. Therefore, DANA, MILNE
EDWARDS, and other subsequent workers re
united the parts of the Octactinia into a
single taxonomic unit variously called
Zoophytaria (DE BLAINVILLE), Alcyonaria
(DANA), and Octocorallia (HAECKEL).

VALENCIENNES (1855) was apparently the
first to recognize the value of the calcareous
spicules in the classification of alcyonarian
corals, but he failed to put his observations
into actual practice. His Extrait d'une Mono
graphie de la Famille des Gorgonidees was
only an incomplete outline and served little
purpose in advancing knowledge of rela
tionships in the group. Thus it fell to KOLLI
KER to substantiate the suggestions of VAL
ENCIENNES and put the classification of
octocorals on a sounder basis through the
publication of his leones histiologicae. Sub
sequently, VERRILL, SAVILLE-KENT, E. P.
WRIGHT, and THEOPHILE STUDER adopted
and expanded the spicular system intro
duced by KOLLIKER.

The arrangement of the families and or
ders of Octocorallia, essentially as we now
know it, emerged from the work of A. E.
VERRILL, with improvements by HICKSON,
KUKENTHAL, and others. This system, as
emended by HICKSON (1930), is basically
employed herein. It is admittedly not per
fect, and a re-examination of specimens and
re-evaluation of characters is certain to bring
about many changes. I have already modi
fied the families of Scleraxonia, largely in
accord with VERSEVELDT'S researches on the
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anatomy of several genera, and recognize a
7th order, Trachypsammiacea MONTANARO
GALLITELLI, which is established herein.

PHYLOGENY
In his chapter on geographical distribu

tion of the Gorgonacea, KUKENTHAL (13)
presents a phylogenetic tree of the group
based partly upon inferences from his sys
tematic data. Although voluminous and
valuable, these data contain erroneous ele
ments, which led KUKENTHAL to some con
clusions that I believe untenable. Moreover,
he neglected to reckon fully with paleon
tological evidence that several groups of
octocorals have persisted with very little
change through an appreciable part of geo
logical time, and with the consequent im
plication that many not readily fossilizable
octocorals may have existed as long. The
distribution of certain modern genera, es
pecially in the tropical American region
where we are reasonably sure of Cenozoic
paleogeography, furnishes evidence support
ing the same point.

KUKENTHAL'S supposition that the 2 spe
cies of Erythropodium recognized by him,
because of their discontinuous distributions
in the Atlantic and Indo-Pacific, represent
the stocks from which the Atlantic and
Indo-Pacific groups of briareids developed
independently is quite untenable because its
basic premise, that E. caribbaeorum and E.
marquesarum are congeneric, is fallacious.
These membranous forms were united in a
single genus by KUKENTHAL in spite of
their obvious differences, whereas lciligorgia
of the Caribbean is kept separate from Sem
perina and Solenocaulon of the Indo-Pacific
in spite of their obvious strong similarities.
It seems quite clear that the origin of Atlan
tic and Pacific groups of Scleraxonia ante
dates the geographical discontinuity of those
areas, and that the 2 groups have common
elements.

HICKSON (10) has discussed evolution of
the Pennatulacea, concluding that the group
is derived from an Anthomastus-like alcyon
acean ancestor. This inference is supported
by the peculiar alcyonacean known as
Bathyalcyon, apparently related to Antho
mastus. In this odd genus, the colony con
sists of a monstrous primary autozooid, cor
responding to the primary oozooid of the

Pennatulacea, with many siphonozooids
budding from the solenial system of its
thickened outer wall. Although Bathyalcyon
is an attached form, insofar as known speci
mens go, its relative, Anthomastus, may be
either permanently attached to a hard sub
strate or anchored in a soft bottom by fleshy
processes of the lower stalk.

Other workers have derived the sea pens
from T elesto-like colonies in which sec
ondary autozooids originate from the solen
ial system of the body wall of the primary
polyp. Whatever its origin, the Pennatulacea
is certainly a highly specialized group of
octocorals.

The interrelationship of the various orders
and the origin of the subclass from other
Anthozoa may never be fully understood.
If the tabulate Coenothecalia have phylo
genetic affinity with any of the ancient Tab
ulata, Heliopora is a survivor of a very old
lineage. But we will probably never know
if any of the older tabulates are octocorals,
and the tabulate structure of Heliopora may
simply represent an independent solution to
problems attendant upon upward growth
and thus have no phylogenetic significance.

It is pertinent to remark that phylogenetic
assumptions must be based on tangible mor
phological facts, on careful interpretation of
geographical distributions, and on paleon
tological evidence. We must attain a much
wider knowledge in these fields before a
realistic phylogeny of the Octocorallia can
be synthesized. We may never be sure of
their origin. A remark by KUKENTHAL on
this subject is apt: "Der Ursprung der AI
cyonarien ist in Dunkel gehiillt, und auch
die Palaontologie vermag uns nichts dar
iiber auszusagen."

SUPRAGENERIC TAXONOMIC
DIVISIONS

The subclass Octocorallia is divided into
7 orders. Of these, one (Pennatulacea) is
sharply differentiated from the remaining 5,
which are less clearly distinguished one
from the other. An examination of extensive
material indicates that many genera, as
usually regarded, are unrealistically de
ployed within the existing families, some of
which also fail of proper definition. In con
sequence, I have redefined some families and
established or re-established others, and re-
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assigned certain genera, to arrive at a sys
tematic structure useful not only for the col
lections of the U. S. National Museum but
also in further phylogenetic studies on octo
corals.

The suprageneric divisions of the Antho
zoa Octocorallia, as recognized herein, are
listed in the following tabulation, which
also records the known geologic range of
each. The numbers enclosed in parentheses
indicate totals of described genera consid
ered as valid.

Supragcncric Divisions of Octocorallia

Stolonifera (order), polyps arising from a mem
branous or bandlike creeping stolon, without
lateral budding; spicules when present mostly
slender, rather spinous spindles (5). Cret.-Rec.

Cornulariidae (1). Rec.
Clavulariidae (3). Cret.-Rec.
Tubiporidae (1). Rec.

Telestacea (order), polyps arising from stolons but
producing daughter polyps by lateral budding
from solenial system; spicules slender and spin
ous or blunt and tuberculate, inseparably fused
together in some (4). Rec.

Telestidae (3). Rec.
Pseudocladochonidae (1). Rec.

Alcyonacea (order), polyps proximally imbedded in
fleshy, spiculiferous mesogloea, primary indiv
iduals extending from base of colony to its top;
secondary individuals also extremely elongate;
monomorphic or dimorphic (38). L.fur.-Rec.

Xeniidae (7). Rec.
Alcyoniidae (13). Rec.
Astrospiculariidae (1). Rec.

Nephtheidae (8). L.fur.-Rec.
Siphonogorgiidae (6). Rec.
Viguieriotidae (3). Rec.

Trachypsammiacea (order), polyps surrounded by
calcified coenenchymal vesiculae in radiating
rays and short, interlocking longitudinal rows,
arising from a central longitudinal canal sys
tem (1). Perm.

Trachypsammiidae (1). Perm.
Coenothecalia (order), massive calcareous skeleton

made up of dimorphic, tubular, tabulate coral
lites comprising large autopores with pseudo
septa, and small "siphonopores" (4). Cret.-Rec.

Helioporidae (3). Cret.-Rec.
Ceratoporellidae (1). Rec.

Gorgonacea (order), colonies branched treelike, but
in some flagelliform, membranous or lobate, the
polyps having uniformly short gastrovascular
cavities; spicules of diverse form, sculptured with
warts or spines (116; 5). Cret.-Rec.

Scleraxonia (suborder), branches consisting of an
inner medullar zone composed of horny mate-

rial and calcareous spicules which may be
inseparably fused, and an outer cortical zone
with all spicules free, the polyps being im
bedded in this zone; monomorphic or dimor
phic (26). Cret.-Rec.

Briareidae (2). Rec.
Anthothelidae (11). Rec.

Anthothelinae (1).
Semperininae (3).
Spongiodermatinae (7).

Subergorgiidae (1). Rec.
Paragorgiidae (2). Rec.
Coralliidae (2). Cret.-Rec.
Melithaeidae (6). Tert.-Rec.
Parisididae (2). Tert.-Rec.

Holaxonia (suborder), branches conSISung of an
inner axis of horny material which may have
in it much calcareous matter but no true
spicules (except Keroeididae, which have a
chambered medulla unlike Scleraxonia), and a
fleshy cortical zone containing spicules and the
polyp cavities (90; 5). Cret.-Rec.

Keroeididae (1). Rec.
Acanthogorgiidae (3). Rec.
Paramuriceidae (25). Rec.
Plexauridae (12). Rec.
Gorgoniidae (8). Rec.
Ellisellidae (6). Cret.-Rec.
Ifalukellidae (2). Rec.
Chrysogorgiidae (7). Rec.

Lepidogorgiinae (1).
Chrysogorgiinae (5).
Chalcogorgiinae (1).

Primnoidae (13; 5). Cret.-Rec.
Primnoeidinae (1). Rec.
Primnoinae (7;5). Cret.-Rec.
Calyptrophorinae (3). Rec.
Callozostrinae (2). Rec.

Ainigmaptilidae (1). Rec.
Isididae (12). Cret.-Rec.

Keratoisidinae (4). Rec.
Mopseinae (3). Eoc.-Rec.
Muricellisidinae (1). Rec.
Isidinae (2). Cret.-Rec.
Incertae sedis (2). Cret.

Pennatulacea (order), free-living colonies consisting
of primary oiizooid with barren lower part that
acts as a stalk and anchor, and upper part which
produces secondary individuals singly, in groups,
or fused together into bilaterally arranged leaf
like processes. Spicules mostly smooth rods, bars
or needles, commonly 3-flanged, or small plates
or discs. Axial rod usually present (41). ?Sil.,
Rec.

Sessiliflorae (suborder) (23). ?Sil., Rec.
Veretillidae (5). Rec.
Echinoptilidae (2). Rec.
Renillidae (2). ?Sil., Rec.
Kophobelemnidae (3). Rec.
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Anthoptilidae (1). Rec.
Funiculinidae (1). Rec.
Protoptilidae (3). Rec.
Stachyptilidae (1). Rec.
Scleroptilidae (2). Rec.
Chunellidae (2). Rec.
Umbellulidae (1). Rec.

Octocorallia-Stolonifera

Subselliflorae (suborder) (13). Cret.-Rec.
Virgulariidae (7). Cret.-Rec.

Virgulariinae (6). Tert.-Rec.
Balticininae (1). ?U.Cret., Rec.

Pennatulidae (3). Rec.
Pteroeididae (3). Tert.-Rec.

Suborder and family uncertain (5). Sil.-Cre!.

SYSTEMATIC DESCRIPTIONS

F183

Subclass OCTOCORALLIA Haeckel,
1866

[=Octactinia EHRENBERG, 1828; Zoophytaria DE BLAINVILLE,

1834; Alcyonaria DANA, 1846]. The name Octocorallia is used
in preference to prior terms because the 1st, Octactinia, im
plies relationship with Actiniaria, and was also part of
EHRENBERG'S unusual dual classification; the 2nd, Zoophy.
taria, a relict of the botanical associations of these corals,
has diverse connotations undesirable in modern usagej and
the 3rd, Alcyonaria, although widely used, has been employed
for the order Alcyonacea as well as for the subclass as a

whole and thus leads to confusion.

Sedentary, colonial Anthozoa with polyps
invariably bearing 8 tentacles, almost in
variably pinnate; and 8 complete septa (mes
enteries); pharynx with one "ventral"
siphonoglyph. Skeletal structures usually
consisting of calcareous spicules; in many, an
axis of more or less calcified, hornlike sub
stance is also present which may be in the
form of fused spicules; rarely a massive,
fibrocrystalline corallum. ?Sil., Rec.

Order STOLONIFERA Hickson,
1883

Colonies composed of tall or short, cylin
drical or blunt-conical polyps springing from
a basal stolon which creeps upon solid ob
jects; stolon ribbon-like, a reticulum of flat
bands, or a thin flat sheet. Distal, tentacular
part of polyps usually retractile within the
stiffened proximal part (anthostele); con
necting tubes or platforms may join adjacent
polyps. New individuals budded only from
stolon or connecting platforms, never from
body wall of fully developed polyps. Spic
ules, when present, are usually slender,
spinose rods; stolons and polyps usually in
vested with a horny external cuticle, which
in some forms is the only skeletal structure.
Colonies usually not conspicuous, although
some may attain considerable size. Cret.
Rec.

The value of the horny cuticle in estab
lishing limits of this order needs to be more
thoroughly explored. Such a formation oc
curs in the Telestacea as well as in the
Stolonifera, but in neither group are its ex-

tent, origin, and formation fully understood.
A study of the internal anatomy and histol
ogy of both groups may throw light on their
proper relationships.

At present, the only features safely utiliz
able for discrimination are structure of the
individual polyps, general character of the
stolon, and details of spiculation.

In the Stolonifera the polyps commonly
have a well-defined proximal zone stiffened
by densely packed spicules, into which the
oral part, tentacles and all, may be retracted.
The polyps arise from the stolon, which
may be a meandering ribbon adhering to
the substrate, a complex network of such
ribbons, or a membranous sheet, but in none
is there much thickening of the mesogloea.
The anthostelar tubes of adjacent polyps
may be connected by transverse tubes or
platforms, which can give rise to new polyps
just as the stolon itself is able to do, but
daughter polyps are never budded off from
primary individuals.

The form of the calcareous spicules is an
indispensable character in classification of
most stoloniferans. When present, the
spicules are almost exclusively long, slender,
and sharply thorny; they do not intrude
the lower part of the gastric cavities. The
arrangement of sclerites in and below the
tentacles may be of significance.

TERMIER & TERMIER (23) include the
Paleozoic families Syringoporidae MILNE
EDWARDS & HAIME (Syringopora GOLDFUSS,
1826), Syringoalcyonidae TERMIER-T.
(Syringoalcyon TERMIER-T., 1945), and
Auloporidae NICHOLSON (Aulopora GOLDF.,
1826; Cladochonus M'Coy, 1847; Cera
topora GRABAU, 1899; Vermipora HALL,
1874) in the Stolonifera. The skeleton in
these forms has not been established to be
spicular in nature nor to resemble in struc
ture the calcareous skeletons of Recent octo
corals. Most paleontologists refer the forms
mentioned to the Tabulata, whose relation-
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ships are obscure and probably diverse.
OKULITCH (20) considers the Syringopori
dae, Halysitidae, and Favositidae to be pos
sible Paleozoic alcyonarians.

Family CORNULARIIDAE Dana, 1846
Small stoloniferans with completely sep

arate polyps and no spicules; a delicate,
horny cuticle invests stolons and anthosteles.
Ree.
Cornularia LAMARCK, 1816 ['"Tubularia cornucopiae

PALLAS, 1766; SD M.EDW.-H., 1850]. Rec., Medit.
IndoPac.

Family CLAVULARIIDAE Hickson, 1894
Stoloniferans with small to large tubular

polyps, armed with spicules which are usual
ly separate but may be inseparably fused,
and commonly (?invariably) also a horny
cuticle. Spicules generally in the form of
spinose spindles arranged longitudinally in
body walls and more or less branched scler
ites in stolons; tentacles may have spicules
like those of polyp body, or small discs, or
none at all. Cret.-Ree.

Of the 14 genera which HICKSON (10) re
fers to this family, only 2 seem clearly refer
able to it; the others fall either as synonyms
of these 2 or out of the family altogether.
Clavularia DE BLAINVILLE, 1830 ['"C. viridis QUOY

& GAIMARD; SD M.EDW.-H., 1850]. Polyps simple,
arising from bandlike or membranous stolons;
spicules including simple spinous spindles, rods,
or clubs, and a few double forms. Rec., Indo
Pac.-Atl.--FIG. 136,1. '"C. viridis, IndoPac.; la,
spindles of body wall (26n); 1b, discs from ten
tacles (26n); 1c, group of polyps (34).

Epiphaxum LONSDALE, 1850 ['"E. auloporoides].
Axis attached throughout, formed of solid fibers;
visceral cavities seated in the axis and provided
with 8 dentations or blunt lamellae; investing layer
unknown. Possibly precursor of Sarcodictyon. Cret.,
Eng.

Sarcodictyon FORBES, 1847 ['"So catenatum]. Stolons
form anastomosing network; anthosteles low and
conical; spicules solidly fused together. Antho
codial armature of 8 triangular fields of spindles.
Rec., NE.Atl.-C.Pac.

Family TUBIPORIDAE Ehrenberg, 1828
[nom. correct. DANA, 1846 (pro Tubiporina EHR., 1828)]

Polyps long, forming rigid tubes by solid
fusion of sclerites, tubes perforate, parti
tioned by peculiar double tabulae having
funnel-shaped lower and lenticular upper
element, nearly parallel, closely placed,

joined by transverse platforms containing
solenia; new polyps arising from stolons or
from platforms, not from walls of old
polyps. Ree.

For the time being, this family must be
taken to include only a single genus with
one rather variable species. Its alliance with
Paehyclavularia and Hicksonia (=Clavul
aria) requires verification.
Tubipora LINNE, 1758 ['"T. musical. Rec., Indo
Pac.--FIG. 136,2. '"T. musica, Rec., CarolineI.;
2a, part of corallum; 2b, free and partly fused
spicules of anthocodiae; 2c, minute pharyngeal
sclerites; 2d, tentacular sclerites (26n).

Order TELESTACEA Hickson, 1930
Erect, branching colonies arising from

bandlike, reticulate or membranous stolons;
primary polyp produces daughters from its
body wall; sclerites numerous, free, or par
tially or entirely fused to form rigid tubes;
lower part of gastrovascular cavities may be
filled in with spiculiferous intrusion tissue.
Rec.

This order is comprised of 2 families
clearly distinguished by their methods of
colony formation: (1) Telestidae, which
produce colonies by monopodial branching
that results from lateral budding of very
long axial polyps; and (2) Pseudoclado
chonidae, with sympodial colonies resulting
from lateral budding of successive orders of
subordinate polyps all of equal length. The
external grooving of the outer wall, antho
codial armature, and structure of the lower
part of the zooids are characters of im
portance in classification. The nature and
extent of the external cuticle and cuticular
lining of the coelentera are yet to be investi
gated in detail.

The members of this order are distin
guished from stoloniferans by production of
daughter polyps from the body wall of the
axial or primary polyp, and from alcyona
ceans by the absence of thick, spiculiferous
mesogloea between the polyps.

Apparently, no Telestacea have been de
tected in the fossil record, although the
species with fused sclerites are surely sturdy
enough to allow of preservation. The
branching of the Recent Pseudocladochonus,
which has rigid, though delicate, body tubes,
is strikingly like that of the Paleozoic fossil
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Cladochonus, but this feature seems to speak
tor homeomorphy rather than close phylo
genetic relationship.

In modern seas, telestaceans occur widely
from the low-tide line to 1,675 fathoms
(3,180 m.).

Family TELESTIDAE Milne-Edwards &
Haime,1857

Colonies monopodial, with the primary
polyp usually much taller than those of sub
ordinate rank. Rec.
Telesto LAMOUROUX, 1812 [*T. aurantiaca; SD M.
EDW.-H., 1850]. Stolons reticulating or ribbon
like, producing tall axial polyps and shorter lat
eral polyps; lower parts of gastrovascular cavities
not filled in with spiculiferous mesogloeal sub
stance, and body walls not especially thickened.
Sclerites long, spinose rods or blunt, coarsely tuber
cuIate ovals, in some species fused solidly together,
either in lower parts of polyps or throughout
length of anthosteles. Rec., AtI.-IndoPac.--FIG.
137,2,5. T. sanguinea DEICHMANN, Rec., Fla.; 2a,
small colony; 2b, sclerites from body walls; 2c,
sclerites from anthocodiae; 5, cross section of axial
polyp near base, diagrammatic (26n).

Coelogorgia M.EDW.-H., 1857 [*C. palmosa]. Col
onies erect, arborescent, like Telesto but stolons
not extensively developed, axial polyps very long
and laterals very short; body wall of primary
polyp greatly thickened by mesogloea perforated
with solenia; gastrovascular cavities of axial polyps
open to base, not filled in with spiculiferous in
trusion tissue. Sclerites are tuberculate spindles and
clubs. Rec., Ind.O.--FIG. 137,3,6. *C. palmosa,
Rec., E.Afr.; 3a, part of small colony; 3b, spicules;
6, cross section of axial polyp near base, diagram
matic (37).

Telestula MADSEN, 1944 [*T. septentrionalis]. Col
onies like Telesto but smaller and less profusely
branched; stolons bandlike; axial polyps long,
sinuous, subordinates shorter; lower part of gastric
cavities of both primary and secondary polyps
filled in with spiculiferous intrusion tissue, leav
ing open only 8 canals. Sclerites of body wall usual
ly blunt, coarsely tuberculate oval plates; those of
intrusion tissue much-branched irregular forms
more or less fused together. Rec., AtI.-IndoPac.-
Fig. 137,1,7. *T. septentrionalis, Rec., Iceland; la,
small colony lacking secondary polyps (31); 1b,
spicules (31); 7, cross section of polyp near base,
diagrammatic (26n).

Family PSEUDOCLADOCHONIDAE
Madsen, 1944

All polyps about equal in length, each
giving rise near its distal end to one daugh-

ter at an acute angle (where branching oc
curs, 2 on opposite sides of parent polyp),
thus forming zigzag, sympodial colonies;
below point of origin of its daughter, each
polyp is partially filled in with spiculiferous
mesogloeal substance which leaves open 8
canals. Rec.
Pseudocladochonus VERSLUYS, 1907 [*P. hicksoni].

Spicules of body walls much branched, anastomos
ing, fused to form rigid but delicate tubes; spicules
of mesogloeal intrusion tissue larger and less
branched. Rec., IndoPac.--FIG. 137,4,8. *P.
hicksoni, Rec., Japan; 4a, part of a colony; 4b,
fused sclerites of body tube; 4c, fused sclerites of
intrusion tissue; 4d, spicules from pinnules; 4e,
spicules from tentacle backs; 8, cross section of
polyp near base, diagrammatic (4a-e, 26n; 8, 36).

Order ALCYONACEA Lamouroux,
1816

[nom. transl. STUDER, 1887 (ex suborder Alyconacea VERRILL,
1865; nom. transl. et correct. ex order Alcyoneae LAMX.,
1816)] [Although Ihe type genus of this order is Alcyonium,
I;lresent rules do not require incorporation of the stem

Alcyoni- in the ordinal name.]

Colonies thick and incrusting, lobate or
erect and arborescent, consisting of very long
polyps united in more or less extensively de
veloped, usually spiculiferous coenenchyme.
Primary polyps extend from base of the col
ony to the uppermost branches, secondary
individuals arising from solenial system of
primary polyp walls or of colonial coenen
chyme. L.Jur.-Rec.

The development of colonial coenen
chyme and the extremely long primary
polyps distinguish this order from the Teles
tacea on the one hand and scleraxonian Gor
gonacea on the other. The genera and spe
cies are recognizable only with difficulty in
Recent material, and the indisputable deter
mination of fossil material or isolated spic
ules seems beyond the realm of possibility.

The Alcyonacea embraces 6 families. In
modern seas, representatives occur at alliati
tudes and in all depths from low tide to
several hundred fathoms. Members of the
family Alcyoniidae are the predominant
reef-dwelling octocorals in the tropical Pa
cific, in contrast to the situation in the
Atlantic, where gorgonaceans dominate the
scene and no alcyonaceans at all are to be
found in reef habitats. It is thus possible to
assign virtually any large (up to 5 mm.),
stout, spindle-shaped alcyonarian spicule
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from tropical Indo-Pacific reef sediments to
the family Alcyoniidae.

Family ALCYONIIDAE Lamouroux, 1812
[nom. correct. MAY, 1899 (pro Alcyonidae DANA, 1846; nom.

correct. pro family Aleyoneae LAMX., 1812) I

Fleshy or membranous Alcyonacea with
mostly spindle-like spicules, some with
clubs, crosses, and multiradiate spicules but
none with small biscuit-like platelets exclu
sively. Mostly dimorphic. Rec.

A large proportion of the many described
genera inevitably fall into synonymy. The
following list is neither complete nor critical.
The valid type designations have, in the
main, never been determined; of those given
here, only the monotypes, original designa
tions, and a few subsequent designations
should be considered final.
Alcyonium LINNE, 1758 ["A. digitatum; SD M.
EDw.-H., 1850] [=Lobularia LAMARCK, 1816].
Ree., Atl.--FIG. 138,4. "A. digitatum, Rec.,
N.Atl.; spicules (26n).

Acrophytum HICKSON, 1900 ["A. claviger]. Ree.
S.Afr.

Anthomastus VERRILL, 1878 ["A. grandiflorus].
Ree.--FIG. 138,1. "A. grandiflorus; la, spicule of
inner stalk (26n); lb, surface spicules (26n); Ie,
colony (35).

Bathyalcyon VERSLUYS, 1906 ["B. robustum]. Single
giant autozooid partially retractile within a colonial
calyx containing numerous siphonozooids. Spicules
similar to those of Anthomastus. Ree., Pac.

Carotalcyon UTINOMI, 1952 ["C. sagamianum].
Ree., Japan.

Cereopsida STRAND, 1928 [pro Cereopsis KENT, 1870
(non LATHAM, 1801)] ["Cereopsis boeagii KENT,
1870]. Ree., E.Atl.

Lobophytum MARENZELLER, 1886 ["L. crassum;
SD MOSER, 1919]. Ree., IndoPac.--FIG. 138,6.
"L. crassum, Marshall I.; spicule (26n).

Nidalia GRAY, 1835 ["N. oeeidentalis]. Ree.-
FIG. 138,5. "N. oecidentalis, Rec., Fla.; 5a, spicule
in outline; 5b, tip of same at higher magnification
to show tubercles (26n).

Nidaliopsis KUKENTHAL, 1906 ["N. pygmaea]. Ree.,
W.Afr.

Sarcophyton LESSON, 1834 ["S. lobulatum; SD M.
EDw.-H., 1850]. Ree., IndoPac.--FIG. 138,2. S.
trocheliophorum MARENZELLER, Marshall I.; 2a,
clubs of capitulum surface; 2b, spindle of stalk
(26n).

Sinularia MAY, 1898 ["S. brassica]. Ree., Indo-Pac.
Sphaerella GRAY, 1869 ["Aleyonium tubereulosum

QUOY & GAIMARD] [=Lobularia EHRENBERG (non
LAMARCK); Cladiella GRAY; Mierospieularia MAC
FAYDEN] (4). Ree., IndoPac.--FIG. 138,3. S.
krempfi HICKSON, Marshall I.; spicules (26n).

Family ASTROSPICULARIIDAE
Utinomi, 1951

Fleshy, monomorphic Alcyonacea of
bushy habit with sterile stalks and polypif
erous terminal lobes, polyps of uniform
size, tentacles without pinnules; armature
of spicules continued from rind; coenen
chyme fleshy, honeycombed with chambers
containing several stellate spicules each; sol
enia penetrating mesogloea between spicule
chambers.
Astrospicularia UTINOMI, 1951 ["A. laurae]. Ree.,

Formosa.

Family NEPHTHEIDAE Gray, 1862
[nom. correct. UTINOMI, 1954 (pro Nepthyadae GRAY. 1862)]

Arborescent or lobular colonies with sterile
stalks, polyps placed singly or in clusters at
tips of ultimate branches. Spiculation usually
dense but sparse in some; spicules strongly
sculptured spindles, capstans and clubs, in
some genera reaching a length of several
mm. L.Jur.-Rec.
Nephthea AUDOUIN, 1826 ["N. ehabrolii; SD M.
EDw.-H., 1850]. L.Jur.(Eu.)-Ree. (RedSea-Indo
Pac.).

Dendronephthya KUKENTHAL, 1905 ["Nephthya
savignyi EHRENBERG, 1834; SD UTINOMI, 1954].
Ree., RedSea-IndoPac.

Eunephthya VERRILL, 1869 ["Nephthya thyrsoidea
VERRILL, 1865]. Rec., N.Atl.-S.Afr.-Pac.

Gersemia MARENZELLER, 1877 [=?Eunephythya
VERRILL, 1869 (fide MADSEN, 1944)]

Lemnalia GRAY, 1868 ["L. jukesii]. Ree., RedSea
IndoPac.

Litophyton FORSKAL, 1775 ["L. arboreum; SD KUK
ENTHAL, 1903] [=Ammothea LAMARCK, 1816].
Ree., RedSea-IndoPac.

Neospongodes KUKENTHAL, 1903 ["N. atlantica; SD
DEICHMANN, 1936]. Ree., W.AtI.

Stereonephthya KUKENTHAL, 1905 ["S. papyracea;
SD UTINOMI, 1954]. Ree., W.Pac.

Family SIPHONOGORGIIDAE
Kolliker, 1874

Tall slender arborescent colonies, with
polyps retractile into low calyces; coenen
chyme separating long gastrovascular canals
in stem is packed with spicules and forms
rigid walls. Rec.
Siphonogorgia KOLLIKER, 1874 ["S. godeDroyi].
Ree., Indo-Pac.

Agaricoides SIMPSON, 1905 ["A. alcoeki]. Ree.,
Ceylon.

Cactogorgia SIMPSON, 1907. Ree., Ind.a.
Paranephthya STUDER, 1887 ["P. eapitulifera

WRIGHT & STUDER, 1889; SM WRIGHT-S., 1889].
Ree., Philip.
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Scleronephthya STUDER, 1887 [*5. pustulosa
WRIGHT & STUDER, 1889; SM WRIGHT-S., 1889].
Rec., Philip.

Stereacanthia THOMSON & HENDERSON, 1906 [*5.
indica]. Rec., AndamanI.

Family VIGUIERIOTIDAE Bayer, 1954
Alcyonacea with polyps united in groups,

distally free and bearing lateral polyps,
proximally fused into common trunk within
which the upper free, finger-like processes
may be retracted. Spicules in the form of
spindles. Rec.
Viguieriotes BAVER, 1954 [pro Fascicularia VIGUIER,

1888 (non LAMARCK, 1816; nec LVELL, 1839; nec
DVBOWSKI, 1873)] [*Fascicularia radicans (=Par
alcyonium edwardsii DE LACAZE-DUTHIERS, 1888)].
Rec., Algeria.

Paralcyonium M.EDW.-H., 1850 [*Alcyonidia ele
gans M.EDW., 1835]. Rec., Algeria.

Studeriotes THOMSON & SIMPSON, 1909 [*Studeria
mirabilis THOMSON, 1908]. Rec., AndamanI.

Family XENIIDAE Ehrenberg, 1828
[nom. correct. MAY, 18?9 (pro Xenidae VERRILL, 1866, pro

Xenma EHR., 1828)]

Polyps soft, fleshy, nonretractile; sclerites
minute, biscuit-shaped (8). Some authors
have treated the family as a distinct order.
Rec.
Xenia LAMARCK, 1816 [*X. umbellata; SD M.EDW.

H., 1850]. Rec., RedSea-IndoPac.
Anthelia LAMARCK, 1816 [*A. glauca]. Rec., Red

Sea-IndoPac.
Ceratocaulon JUNGERSEN, 1892 [*C. wandeli]. Rec.,

NorwegianSea-Antarct.
Cespitularia M.EDW.-H., 1850 [*Cornularia multi

pinnata Quov & GAIMARD]. Rec., IndoPac.
Efflatounaria GOHAR, 1939 [*E. toftoni]. Rec.,

Austral.
Heteroxenia KOLLIKER, 1874 [*H. elisabethae].

Rec., RedSea-IndoPac.
Sympodium EHRENBERG, 1834 [*5. /uliginosum;

SD M.EDw.-H., 1850 (but see GOHAR, 8)]. Rec.,
RedSea-IndoPac.

TRACHYPSAMMIACEA

By EUGENIA MONTANARo-GALLITELLI
I

Order TRACHYPSAMMIACEA skeleton and the external sculpture, which
Montanaro-Gallitelli, nov. he compared with the coenenchyme and

sculpture of Tertiary and living Scleractinia
Corallum dendroid, with medullar canal of the families Oculinidae, Eupsammiidae,

system which gives rise to new corallites; and Dendrophylliidae. GERTH admitted also
skeletal structures of cortical region oriented the possibility that the trachypsammiids
radially. Perm. could be referred to the Octocorallia, ac-

Family TRACHYPSAMMIIDAE Gerth, cording to some authors, closely related to
1921 the Tabulata.

[nom. correct. LECOMPTE, 19;2 (pro Trachyp,ammidae The structure and systematic position ofGERTH, 1921]
Characters of order. Perm. this fossil were discussed subsequently by

HEHENWARTER, who excluded any connec-
Although the medullar system can in tion with the Pachyporidae, emphasized

general be compared with that of the Octo- possible relationship with the Octocorallia
corallia, identity of Trachypsammia2 with as already suggested by GERTH, and related
known forms is not possible because of its Trachypsammia to the Gorgonacea. Recent
combination of a central, medullar canal investigations by MONTANARO-GALLITELLI
system, extramedullar, radial coenenchyme, (16) on topotypes of the original species and
and origin of new corallites from the cen- on a new species, T. mediterranea MONT.-
tral medullar canal. fGALL., have permitted a revision 0 struc-

The first description of this unique tural interpretations and an effort to verify
form was given by GERTH (1921), based the relationship with Octocorallia. An aflin
upon specimens from the Upper Permian of ity with fossil colonial forms like Thamno
Timor. He recognized its peculiarity and pora is definitely and obviously ruled out.
referred it to the Tabulata, near the Pachy- Although the medullar system can be
porinae, albeit with some trepidation be- compared generally with that of th~ Oc~o
cause of the structure of the extramedullary corallia, identity of Trachpysammta WI~h

1 I'tituto di Geologia e Paleontologia, Universita, Modena, known forms is not possible because of Its
Italia. f 1 d 11 1• Classed in Tabulata by HILL & STUMM (p. F469). combination 0 a centra me u ar cana sys-
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tem, extramedullar radial coenenchyme, and
origin of new corallites from the central
medullar canal.

Relationship to the Gorgonacea (e.g., Gor
gonia), as suggested by HEHENWARTER, is
not possible because of the existence of a
strongly developed mesoskeleton and the
great difference in structure and develop
ment of the medullar region, which in
Gorgonia is an ectodermal product consist
ing of succeeding cupuliform, overlapping
lamellae, concentric layers more or less cal
cified, or irregular sclerodermites radially
oriented in the center and surrounded by
secondary calcification arranged either ra
dially or longitudinally.

In comparison with other types of modern
Octocorallia, Trachypsammia clearly differs
from Stolonifera (e.g., T ubipora) that have
parallel corallites connected only by hori
zontal, stolonic platforms. However, a sim
ilarity can be drawn with certain forms of
Telestacea and Alcyonacea, in which young
corallites originate at various levels from
solenia of the vertical corallite walls of the
parent. Trachypsammia could be considered,
in regard to the medullar system, as an
archaic precursor of this structural plan,
having a single primary basal polyp, a single
central medullar structure with one large
central cavity (therefore different from
forms like Briareum). Some octocorals pos
sess intriguing structural similarities to
Trachypsammia. It is important to note that
Gorgonacea such as Isis hippuris LINNE and
Corallium rubrum (LINNE) present a singu
larly analogous radial arrangement of sclero
dermites in the calcareous axis. These differ
from Trachypsammia by the absence of the
central canal system and the exclusion of
corallites from the axial skeleton, but these
can be found in the gorgonacean genus
Tripalea (=Suberia, partim) (with uncon
solidated skeleton) which, moreover, has a
very open, vesicular cortex that may show
traces of radial arrangement. A comparison
of the radial, extramedullar coenenchym
atic system with any known coenenchymatic
structure of Alcyonacea is extremely prob
lematic and remains an open question. On
the other hand, similarity between the
radiate structures of Trachypsammia with
the coenenchymatic structures of the Den
drophylliidae and Eupsammiidae, as sug-

gested by GERTH, fails entirely of homologi
cal documentation.
Trachypsammia' GERTH, 1921 ["T. dendroides).
External characters: Corallum compound, dendroid,
adherent by a broadly cuneiform base. External
sculpture of minute tubercles in single or double
files, separated by thin ridges axially or sinuously
directed, increasing in number and anastomosing
in some, chiefly in the vicinity of the corallites.
Calyces minute, generally in 2 opposite longi
tudinal series, less commonly scattered sparsely;
slightly projecting, with coronal tubercles and
with wall subdivided into 24 to 28 sectors, simu
lating septal striae. Structure of coenenchyme:
Medullar region formed of a system of sinuous,
labyrinthine canals with frequent anastomoses and
ramification (Fig. 139,2a,d). Corallites originat
ing in the canalicular region as an axial calcareous
process in the fossil skeleton, inserted in the canal
system, part of which becomes peripheral to them;
one or more canals penetrating also the develop
ing skeleton and forming the axial cavity of a
new corallite, which bends centrifugally as it
elongates, the central cavity becoming funnel
shaped, and the calcareous column being sub
divided into a series of 24 to 28 radial sectors
("septal ridges" of GERTH and HEHENWARTER).

In the mature stage the peripheral canals are ar
ranged in a single series around the calicular mar
gin. Extramedullar tissue: Transverse, axial and
tangential thin sections demonstrate (1) a system
of vertical, concentric thin lamellae ("interradial
bridges" of HEHENWARTER), which are finely and
regularly vesicular (Fig. 139,2d) and produce the
external sculpture of winding files of tubercles
(Fig. 139,2e); (2) a system of 28 to 50 longitudinal
septum-like lamellae that cross the concentric sys
tem, undulating mostly in a vertical direction, and
not rarely anastomosing as shown in tangential
section (Fig. 139,2b); (3) a reticulate system of
minute dark points (?pores) on each side of the
lamellae, visible at even low power (X5) in both
tangential and cross sections; (4) a system of
relatively few, large cortical lumina irregularly dis
posed on the sides of the vertical, radial lamellae.
Dimensions: fragmentary colonies measure 1.5 to
6 cm. in height, 0.5 to 2.0 cm. in diameter. U.
Perm., Timor-Italy.--FIG. 139,2. T. mediter
ranea MONT.-GALL., Sicily; 2a, axial section of
branch tips, X4; 2b, tangential section, X12; 2c,
same, X4; 2d, transverse section, X7; 2e, frag
ment of colony, X3 (2a-d, 32; 2e, 28).

(End of section by MONTANARO-GALLITELLI)

Order COENOTHECALIA Bourne,
1895

Octocorals without spicules but produc-

1 Classed in Tabulata by HILL & STUMM (p. F469).
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ing a massive skeleton of fibrocrystalline ara
gonite. Corallum penetrated by wide tubes
occupied by the polyps and narrow tubes
containing blind downgrowths of the solen-

ial system; both kinds of tubes regularly
tabulate. Calic1es with pseudosepta varying
in number, not corresponding with the 8
soft septa. Cret.-Rec.

Brioreum

20

0.1 mm.

20

2b

Porogorgio

3b

30

Ie

Anthothelo Porogorgio
FIG. 140. Gorgonacea: Briareidae, Anthothelidae, Paragorgiidae (p. F194, F197).
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A number of fossil genera have at one
time or another been placed in this order.
Most, however, seem not referable to the
Octocorallia and have been removed.

Family HELIOPORIDAE Moseley, 1876
Heliopora DE BLAINVILLE, 1830 [*Millepora coeru
lea PALLAS, 1766]. Corallum bright blue in color,
massive, vertical, commonly lobate plates with 10
to 16 (usually 15) pseudosepta; an important reef
former in some areas. Rec., IndoPac.--FIG. 139,
1. *H. coerulea; la, tip of corallum, X6 (33); lb,
tangential section of growing edge of corallum;
(a, junctions of adjacent triradiate figures; b, junc
tions of 3 calcareous lamellae to form triradiate
figure) (27).

Octotremacis GREGORY, 1900 [*Polysolenia hochstet
leri REUSS, 1866]. Large, well-developed pseudo
septa, 8 in each calicle, in 2 cycles. Mio., Java.

Polytremacis O'ORBIGNY, 1849 [*P. bulbosa]. Pseu
dosepta strong, reaching almost to center of calyces,
8 to 20 in number. U.Cret.-L.Tert., Eu.

Family CERATOPORELLIDAE
Hickson, 1912

Colonies forming a massive skeleton of
crystalline calcium carbonate, in which a few
slender spicules are imbedded; no tabulae,
tubes closing below by continuous growth
of thecal walls; pores monomorphic, small.
Rec.
Ceratoporella HICKSON, 1912 [*Ceratopora nichol

sonii HICKSON, 1911]. Rec., Cuba.

Order GORGONACEA Lamouroux,
1816

[nom. transl. STUDER, 1887 (ex suborder Gorgonacea VERRILL,

1866; nom. transl. et correct. ex order Gorgonieae LAMX.,

1816) I [Although the type genus of this order is Gorgonia,
present rules do not require incorporation of the stem Gor·
goni· in the ordinal name; furthermore, the fact that the
originally published ordinal name does incorporate this stem
is not a compelling reason for changing Gorgonacea to

Gorgoniacea. ]

Octocorals with uniformly short gastro
vascular cavities; chiefly arborescent, rarely
lobate or incrusting colonies producing more
or less specialized axial structures, either as
a distinct central axis of horny or calcareous
material, or both, or as a central medullar
zone of calcareous sclerites which are loosely
or inseparably bound together by horny or
calcareous matter. Cret.-Rec.

Suborder SCLERAXONIA Studer,
1887

[=Pseudaxonia (partim) VON kOCH, 1878]

Gorgonaceans with central axis, medullar

zone or inner layer containing spicules
bound together more or less solidly either
by horny or calcareous material; outer layer
of coenenchyme (cortex) containing proxi
mal portions of gastrovascular chambers of
the polyps, endodermal canals and solenia'
cortical spicules free and commonly of ~
di~erent. sort from those in medullar region;
aXial cylinder or medulla may contain canals
and solenia but polyp cavities do not pene
trate it and it has no cross-chambered central
chord. Cret.-Rec.

Family BRIAREIDAE J. E. Gray, 1859

Monomorphic Scleraxonia with continu
ous medulla containing separable spicules,
perforated by gastrodermal canals all the
way to branch tips, not separated from cor
tex by a ring of boundary canals. Rec.

Briareum DE BLAINVILLE, 1830 [*Briareum gor-
gonoideum (=*Alcyonium asbestinum PALLAS,
1766) ]. Sclerites basically spindles with irregular
tubercles, very large and sinuous or branched in
medulla; white and purple in color. Rec., W.Indies.
--FIG. 140,1. "'B. asbestinum, Fla.; la, spicules
of cortex; lb, sculptural detail of same; lc, spicules
of medulla in outline (26n).

Solenopodium KUKENTHAL, 1916 [*Erythropodium
stechei; SD KUKENTHAL, 1916]. Sclerites like those
of Briareum but more slender, with tubercles dis
playing strong tendency toward alignment in regu
lar transverse belts; sclentes of cortex colorless,
those of medulla chiefly violet. Rec., RedSea-Malay
Arch.-Oceania.

Family ANTHOTHELIDAE Broch, 1916

Monomorphic Scleraxonia with medulla
surrounded by longitudinal boundary canals
which separate it from cortex; medulla only
rarely perforated by gastrodermal solenia
in smaller branches and then not extensively
as in lower parts of colony. Rec.

Subfamily ANTHOTHELINAE Broch, 1916

Cortical sclerites elongate and pointed,
anthocodial spindles bent and commonly
strongly clubbed; polyps occupying project
ing, cylindrical calyces. Rec.

Anthothe1a VERRILL, 1879 [*Briareum grandif/orum
SARS, 1856]. Slender, tortuous, commonly anasto
mosing branches; no main stems developed. Rec.,
Atl.-IndoPac.--FIG. 140,3. "'A. grandif/ora,
Grand Banks; 3a, spicules of medulla; 3b, spicules
of cortex; 3c, spicules of anthocodia (26n).
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FIG. 141. GorgOJlaCCa: Anthothdidae (p. F196).
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Subfamily SEMPERININAE Aurivillius, 1931
[nom. transl. BAYER, herein (ex Semperinidae AURIVILLlUS,

1931) I

Axial sclerites consisting of long, slender
needles; cortical sclerites including thorny
or tuberculate spindles but no radiate forms;
polyps occupying hemispherical calyces.
Rec.
Semperina KOLLIKER, 1870 ["S. rubra). Zooids
leaving one face of colony free; branches slightly
flattened, tips clavate and commonly fistulose;
spindles of cortex elongate-fusiform, openly tuber
culated; axial needles finely prickly. Rec., Indo
Pac.--FIG. 141,2. S. brunnea NUTTING, Ind.
0.; 2a, cortical sclerites; 2b, medullar needles
(26n).

Iciligorgia DUCHASSAING, 1870 ["I. schrammi).
Polyps in 2 longitudinal series along opposite edge
of branches; twig tips commonly fistulose, cortical
spicules spinous bent spindles; axial spicules slen
der needles, usually thorny, some smooth. Rec.,
trop.W.Atl.--FIG. 141,1. "I. schrammi, Fla.;
la, cortical spicules; lb, medullar spicules (26n).

Solenocaulon GRAY, 1862 ["S. tortuosum). Polyps
chiefly on small twigs, which may be clavate and
terminally fistulose; main stem expanded, gutter
like or closed and tubular; stalk solid, some spatu
late below; cortical sclerites consisting of capstans
and coarsely tuberculated spindles, with a few
spinose rods; medullar sclerites including many
very slender needles, all spinose in branchlets, few
completely smooth in stalk. Rec., IndoPac.--FIG.
141,3. S. sterroklonium GERMANOS, Philip.; 3a,b,
spicules of branch cortex; 3c, spicules of stalk cor
tex; 3d, spicules of branch medulla; 3e, spicules
of stalk medulla; 3/, tip of tubular stern (26n).

Subfamily SPONGIODERMATINAE Aurivillius,
1931

[nom. transl. BAYER, herein (ex Spongiodermatidae AURl~

VILLIUS. 1931)]

Medullar sclerites consisting of stout rods,
commonly with strong spines or branching
processes, cortical sclerites including cap
stans or radiate forms. Rec.
Spongioderma KOLLIKER, 1870 ["Solanderia ver
rucosa MOBIUS, 1861). Spicules of cortex mostly
4-, 5- and 6-radiates, coarser than those of Titani
deum; 2 rings of longitudinal canals. Rec., S.Afr.

Alertigorgia KUKENTHAL, 1908 ["Iciligorgia orien
talis RIDLEY, 1884) [=Machaerif{orgia KUKEN
THAL, 1916 (obj.»). Colonies with long, flat
branches, zooids fully retractile and aligned bi
serially along narrow edges; cortical spicules short
oval bodies with closely and irregularly placed
tubercles, longer spindles with smaller warts less
closely placed, and intermediate forms; spicules of
medulla mostly spinous rods, with a few tubercu
late forms like those of cortex. Rec., IndoPac.

Callipodium VERRILL, 1869 ["C. pacificum]. In
crusting species in form of broad bands or sheets;
spicules including short belted spindles, 3- and 6
radiates, those of inner zone commonly fused to
gether in a solid layer next to substratum; red or
yellow; placed in this family because .of spicular
characters. Rec., W.Mexico-Panama.--FIG. 142,
2. "C. pacificum, Panama; 2a, cortical sclerites;
2b, part of the fused basement layer (26n).

Diodogorgia KUKENTHAL, 1919 ["D. ceratosa].
Spicules of cortex mostly small 6-radiates in antho
steles, coarsely warted spindles in rind; stout rods
with sparse processes predominant in medulla;
with double ring of longitudinal canals. Rec., trop.
W.Atl.--FIG. 143,1. "D. ceratosa, Carib.; la, rod
from medulla; lb, cortical spindle; lc, longer
spindle of inner cortex; 1d, radiates from polyp
walls (26n).

Erythropodium KOLLIKER, 1865 ["Xaenia caribae
orum DUCHASSAING & MICHELOTTI, 1860]. Spicules
4- and 6-radiates, those of cortical zone coloriess,
of medullar region red; discontinuous layer of
fused sclerites next to substratum; membranous
form placed here because of spicular characters.
Rec., trop.W.Atl.--FIG. 142,3. "E. caribaeorum,
Fla.; 3a, colorless cortical sclerites; 3b, red medul
lar scletites (26n).

Titanideum VERRILL, 1863 ["Gorgonia suberosa
ELLIS & SOLANDER, 1786 (non PALLAS, 1766)
(=Solanderia /rauen/eldtii KOLLIKER, 1865) ).
Spicules of cortex chiefly pink or red 4- and 5
radiates; of medulla, colorless branched rods;
double ring of longitudinal canals, one imme
diately surrounding medulla, other dividing cor
tex into thin outer and thick inner layer. Rec., SE.
USA.--FIG. 142,1. "T. /rauen/eldtii, N.Car.,
la, radiate spicules or cortex; lb, medullar spicules
(26n).

Tripalea BAYER, 1955 ["Suberia clavaria STUDER,
1878]. Spicules of cortex short capstans in thin
outer layer, warted and spinous spindles in spongy
inner layer; medulla with rods branched at ends;
one ring of boundary canals. Rec., E.S.Am.-
FIG. 143,3. "T. clavaria, Arg.; 3a, spicules of inner
cortex; 3b, of outer cortex; 3c, of medulla (26n).

Family SUBERGORGIIDAE Gray, 1859
[nom. correct. BAYER, herein (pro Subergorgiadae, GRAY,

1859) ]

Arborescent, monomorphic, with medul
lar region containing spicules partially fused
together to form a well-differentiated axis
set off from cortex by ring of longitudinal
boundary canals of which 2 may be larger
than others; no solenia or central chord in
medulla; cortical sclerites include short cap
stans and longer spindles with transverse
belts of tubercles, irregularly tuberculated
spindles, and disc spindles ("double
wheels"); medullar sclerites mostly long,
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sinuous, commonly branching and anasto
mosing, without spines or warts; a few
shorter rods, smooth except for tiny terminal
cluster of tubercles at each end. Rec.
Subergorgia GRAY, 1857 ["Gorgonia suberosa PAL-

LAS, 1766]. Ree., includes some monstrous sea fans
of E.Indies-oceania.--FIG. 143,2. S. mollis (NUT
TING), Rec., MarshallI.; 2a, disc-spindles, and 2b,
belted spindles of cortex; 2e, sclerites of medulla
(26n).

Family PARAGORGIIDAE Kiikenthal,
1916

[nom. transl. AURIVILLlUS, 1931 (ex Paragorgiinae KiixEN

THAL, 1916»)

Like Briareidae except polyps dimorphic.
Rec.

Paragorgia M.EDw.-H., 1857 ["Aleyonium arbor
eum LINNE, 1758]. Massive, treelike colonies with
thick branches; sclerites of cortex small 6-, 7- and
8-radiate capstans; in medulla, long rods with
branching processes, derived from capstan type.
Ree., Arct.-Atl.-Pac.--FlG. 140,2. "P. arborea,
Grand Banks; 2a, cortical capstans and rod; 2b,
long medullar sclerites (26n).

Sibogagorgia STIASNY, 1937 ["S. weberi (="Suberia
kollikeri NUTTING, 1911, non STUDER, 1879)].
Spicules similar to those of Paragorgia; boundary
canals present. Ree., E.Indies.

Family CORALLIIDAE Lamouroux, 1812
[nom. correct. GRAY, 1857 (pro Corallieae, LAMX., 1812»)

Dimorphic, with treelike or bushy form
and hard unjointed axis consisting of in-

Titonideum

20

~C""'." ..• $'...·..·.".. ,-.,.~..:;. .::\~, : .":, .~.

20 . Collipodium
2b

O.3mm.
Titonideum

0.1 mm. Erythropodium

FIG. 142. Gorgonacea: Anthothelidae (p. FI96).
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FIG. 143. Gorgonacea: Anthothelidae, Subergorgiidae (p. FI96-FI97).
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FIG. 144. Gorgonacea: Coralliidae, Melithaeidae (p. F200).
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dividual sclerites solidly fused by interstitial
calcareous material; polyps occurring on all
sides, on one face and laterally, or biserially,
and invariably forming distinct calyces; zo
oids very small, distributed between and up
on polyp calyces; rind of varying thickness,
containing small 6-, 7- and 8-radiate capstans
and commonly abundant double clubs or
in some species thorny spindles, or broad
plates beset with thorns on outer surface;
predominantly pink or red, some yellow or
white. Cret.-Rec.
Corallium CUVIER, 1798 ["Madrepora rubra LINNE,

1758; SM LAMARCK, 1801]. Cortical sclerites in
cluding capstans, in some species exclusively, in
others with crosses, spindles and highly char
acteristic double clubs. Cret.-Ree., E.Atl.-Medit.
Ind. O.-E. Indies-Philip.-Japan-Hawaii-L.Calif.-
FIG. 144,1. C. borneense BAYER, Rec., N.Borneo;
la, double club; lb, radiate spicules (26n).

Pleurocoralloides MOROFF, 1902 ["P. formosum].
Like Corallium but cortical sclerites comprising
large spindles and plates instead of capstans and
double clubs. Ree., Japan.

Family MELITHAEIDAE Gray, 1870
[=MeIitodidae WRIGHT & STUDER, 1889 (partim)]

Arborescent, monomorphic, with axis
composed of alternating hard internodes of
inseparably fused calcareous spicules and
soft nodes of spongy, spiculiferous horny
material; branches arising usually from
horny nodes; cortical sclerites strongly sculp
tured spindles and clubs of various kinds;
axial spicules smooth rods, commonly with
median transverse raised belt. T ert.-Rec.
Melithaea M.EDW.-H., 1857 [pro Melitaea LAMOUR-

oux, 1812 (non PERON & LESUEUR, 1810)] ["Isis
ocraeea LINNE, 1758] [=MeIitodes VERRILL, 1864
(obj.)]. Spicules of cortex very diverse in form,
including warty spindles, clubs and disc-spindles,
but no predominance of anyone kind; axial inter
nodes frequently with sculpture of anastomosing
grooves and ridges. Tert.-Ree., RedS.-IndoPac.-
FIG. 144,2. "M. ocraeea, Rec., Fiji!.; 2a, axial inter
node; 2b, spicules of cortex; 2e, rods from axial
node (26n).

Acabaria GRAY, 1859 ["A. divarieata]. Cortical
sclerites chiefly long spindles; some species with a
few clubs and capstans; axial internodes frequent
ly with sculpture of parallel grooves and ridges.
Ree., RedS.-1nd.0.-Japan-Austral.-Oceania.--FIG.
145,1. A. crosslandi STIASNY; la, spicules of cor
tex; 1b, rods of axial nodes; 1e, surface detail of
internode (26n).

Clathraria GRAY, 1859 ["C. rubrinodis]. Cortical
spicules including spindles, thorny and leafy clubs;

internodes solid, with sculpture of both pits and
parallel grooves and ridges. Ree., 1ndoPac.

Melitella GRAY, 1859 ["M. elongata; SD HICKSON,
1937]. Cortical spicules predominantly of peculiar,
birotulate type. Ree., IndoPac.

Mopsella GRAY, 1857 ["Isis diehotoma PALLAS,
1766]. Colonies erect and f1abellate, commonly
retiform, some bushy; cortical spicules character
istically including very numerous foliate clubs,
some resembling flower buds, others recalling a
torch with flame blown aslant; axial internodes
with shallow pits and a few grooves. Ree., Indo
Pac.--FIG. 144,3. M. aurantia (ESPER), Philip.;
la, clubs and spindle from cortex; lb, rods of
axial nodes; 3e, axial internode (26n).

Wrightella GRAY, 1870 ["Isis eoeeinea ELLIS & So
LANDER, 1786; SD KUKENTHAL, 1908]. Cortex
with surface layer of leafy globes packed closely
together. Ree., IndoPac.--FIG. 144,4. "W.
eoeeinea, Mauritius; 4a, rods of axial nodes; 4b,
club, and 4e, leaf-globe of cortex (26n).

Family PARISIDIDAE Aurivillius, 1931
[=Trinelladae GRAY, 1870]

Arborescent, monomorphic, like Melithae
idae but internodal sclerites tuberculate, no
dal sclerites lobate rods, cortical sclerites
coarse plates, and ramification proceeds from
calcareous internodes. Tert.-Rec.
Parisis VERRILL, 1864 ["P. frutieosa]. Large rigid

colonies branched in one plane. Tert.(Italy-India)
Ree. (IndoPac.).--FIG. 145,2. "P. frutieosa, Rec.,
Sulu Sea; 2a, cortical sclerites; 2b, detail of tubercle
of large plate from cortex; 2e, lobate rods of axial
nodes; 2d, part of axis, decorticated; 2e, end view
of internode; 2f, surface detail of internode (26n).

?Skleranthelia STUDER, 1878 ["S. musiva]. Mem
branous or stoloniferous forms placed in this family
(probably incorrectly) because of spicular similar
ity. Ree., E.Atl. (no other record of Parisididae in
AtI.).

Suborder HOLAXONIA Studer,
1887

[=Axifera VON KOCH, 1878]

Gorgonacea with distinct central axis
made up of horny material alone or of
horny material more or less heavily per
meated with calcareous substance, continu
ous or with alternating horny and calcareous
joints. Cret.-Rec.

Calcareous material of the peripheral zone
of the axis is in nonspicular form, with
single exception of the Keroeididae, a small
family in which it takes the form of smooth,
glassy, elongated, pointed scales or rods, the
axis having a definite chambered central
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FIG. 145. Gorgonacea: Melithaeidae, Parisididae (p. F200).

chord, which disinguishes it from the Su
bergorgiidae, which have similar axial
spicules.

Family KEROEIDIDAE K. Kinoshita,
1910

[=Suberogorgidae STUDEll, 1887 (partim))

Axis with chambered central chord sur
rounded by peripheral zone of smooth,
elongated, pointed scales or rods which are
not solidly fused together; coenenchymal
cortex (rind) with large fusiform or plate-

like, roughly warted spicules; anthocodiae
with strong spiculation; color, red to white.
Rec.

This family, with its chambered, central
axial chord, well-defined axis epithelium,
and spicular axis cortex, bridges the gap be
tween the Subergorgiidae in the Scleraxonia
on one side and the primitive families of the
Holaxonia on the other. In spite of the outer,
spicular layer of its axis, it must be referred
to the Holaxonia.
Keroeides STUDER, 1887 ["K. koreni WRIGHT &
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FIG. 146. Gorgonacea: Keroeididae, Acanthogorgiidae (p. F202-F203).

STUDER, 1889; SM WRIGHT-S., 1889]. Rec., Indo
Pac. (Andamans-Hawaii; Japan-New Brit.)-Atl.
(Guadalupe).--FIG. 146,1. ·K. koreni, Marshall
I.; la, coarse spindle of rind; Ib, spicules of axis
(26n).

Family ACANTHOGORGIIDAE Gray,
1859

lnom. corrut. KUXENTHAL Ii< GORZAWSXI, 1908 (pro Aean
thogorgiadae GUY, 1859) I

Axis purely horny, with wide, chambered

central chord; rind thin, polyps not retrac
tile, forming prominent, cylindrical calyces
with spicules arranged in 8 en chevron
fields; calycular spicules continuous with
those of tentacular crown, without any in
tervening spicule-free neck zone or trans
verse collaret and consequently no clear
division between anthocodia and anthostele;
spicules fusiform but in stem rind may be
radiate. Rec.
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Species of this family inhabit moderate
to considerable depths; various species of
Acanthogorgia occur in all seas, some thriv
ing in very cold waters. The genera Antho
gorgia and Calicorgorgia are limited to the
Indo-Pacific region, so far as now known.
Acanthogorgia GRAY, 1857 ['"A. hirsuta (?=A. as-

pera POURTALES, 1867)] [=Paracanthogorgia
STiASNY, 1943]. Calyces tall and cylindrical, with
crown of strongly projecting spinous spindles in
tentacle bases; stem rind with spindles or in some
with radiates. [Species with rough projecting
spines have been separated by STIASNY (1943,
1947) as a distinct genus, Paracanthogorgia, which
at present cannot be maintained.] Rec., IndoPac.
Atl.--FIG. 146,3. A. aspera POURTALES, W.Ad.
(off Ga.); 3a, calyx; 3b, bent spindle of calyx
wall; 3c, spinous crown spicule (26n).

Acalycigorgia KUKENTHAL, 1908 ['"A. grandiflora
KUKENTHAL & GORZAWSKI, 1908; SD KUKENTHAL
& GORZAWSKI, 1908]. Calyces similar to those of
Acanthogorgia but without the crown of strongly
projecting spines. Rec., IndoPac.--FIG. 146,4. A.
ceylonensis (THOMSON & HENDERSON), Timor; 4a,
calyx; 4b, radiates from stem rind; 4c, spindles
from calyx wall (26n).

Anthogorgia VERRILL, 1868 ['"Muricea divaricata
VERRILL, 1865]. Calyces cylindrical, spicules con
verging en chevron as 8 marginal points, beneath
which they may be transverse or disposed irregu
larly. Rec., IndoPac.--FIG. 146,2. A bocki AURI
VILLIUS, 1931, Japan; part of a branch with one
calyx (26n).

Family PARAMURICEIDAE Bayer, nov.

Axis horny, with wide, chambered central
chord; rind thin, or in some moderately
thick, polyps retractile within protruding
calyces by virtue of a neck zone with few
or no spicules; anthocodial armature of
strong points of en chevron spicules usually
resting on a transverse collaret; coenen
chymal sclerites spindles only in some but
commonly modified strongly as thorn scales
or having other forms, ordinarily best-de
developed in or near calyces. Rec.

The establishment of this family is neces
sitated by removal of the genus Muricea
from this assemblage, formerly called Muri
ceidae (DUCHASSAING & MICHELOTTI, 1864),
which forms a reasonably homogeneous
group. It occurs at moderate to considerable
depths in all seas.
Paramuricea KOLLIKER, 1865 ['"Gorgonia placomus

LINNE, 1758; SD VERRILL, 18831. Characteristic
sclerites are thorn scales with lobed or laciniated

edges and a stout outer proje~tion, some long and
spinelike, others short and blunt. Rec., Atl.-Medit.
IndoPac.--FIG. 147,1. '"P. placomus, Grand
Banks; la, contracted polyp in its calyx; lb, spic
ules of inner rind; lc, calycular thorn scales (26n).

Acanthacis DEICHMANN, 1936 [·A. scabra]. Col
onies irregularly branched in one plane; rind
spicules in one layer, stout spindles or plates;
calyces low, armed with stout thorn scales. Rec.,
W.Indies.--FIG. 148,1. A. austera DEICHMANN,
Porto Rico; la, calyx with surrounding thorn
scales; lb, thorn scales, isolated (26n).

Anthomuricea STUDER, 1887 [ '"A. argentea WRIGHT
& STUDER, 1889; SD NUTTING, 1910]. No thorn
scales; outer rind with blunt spindles sculptured
with rounded, simple warts; inner rind with small,
bent rods. Calyces tall, cylindrical, biserial or on
all sides, armature in 8 double rows, en chevron;
opercular spicules in converging rows, commonly
including clublike spindles. Rec., Japan-Hawaii
MalayArch.-Patagonia.--FIO. 149,2. A. tenuispina
NUTTING, Hawaii; 2a, spicules of outer rind; 2b,
of inner rind (26n).

Bebryce PHILIPPI, 1842 ['"B. mollis]. Characteristic
sclerites are stellate plates with central boss, which
make up inner layer of rind spicules, and smaller,
rosette-like bodies, which lie closely packed in sur
face layer and become asymmetrical toward caly
cular margins where they project as spinous pro
cesses, commonly branched. Rec., Medit.-IndoPac.
Ad.--FIG. 150,4. B. cinerea DEICHMANN, Fla.;
4a, sclerites of calycular margin; 4b, rosette of
rind surface; 4c, stellate plate of inner rind (26n).

Calicogorgia THOMSON & HENDERSON, 1906 ['"C.
investigatoris; SD KUKENTHAL, 1924].

Cyclomuricea NUTTING, 1908 ['"C. flabellata].
Small, fanlike colonies branched in one plane.
Calyces shelflike, directed toward one face of
colony; anthocodiae not retractile but with narrow
neck zone that is inconspicuous in contraction.
Rind sclerites clubs and spindles irregularly and
asymmetrically sculptured with foliate tubercles;
anthocodial spicules resembling flat tentacular rods
of Gorgoniidae. Rec.--FIG. 149,3. '"C. flabellata,
Hawaii; 3a, contracted polyp; 3b, rind sclerites;
3co tentacular rods (26n).

Discogorgia KUKENTHAL, 1919 ['"Placogorgia cam
panulifera NUTTING, 1901]. Characteristic sclerites
are discoidal or ovoidal plates with more or less
lobate edges and sculpture of complicated tubercles;
spindles may occur also in some, plates of calycu
lar margin are thorn scales; inner rind contains
various radiate forms. Rec., IndoPac.--FIG. 147,
2. D. dendritica (NUTTING), Celebes; 2a, calycular
thorn scales; 2b, large plate from outer rind; 2c,
radiates from inner rind (26n).

?Echinogorgia KOLLIKER, 1865 [·E. pseudosasappo
(=·Gorgonia sasappo reticulata ESPER, 1791)].
Characteristic sclerites are leafy clubs, but simple
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FIG. 147. Gorgonacea: Paramuriceidae (p. F203·F210).
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FIG. 148. Gorgonacea: Paramuriceidae (p. F203·F206).
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spindles, commonly large and some with high ex
ternal processes, may also be present at rind sur
face; rind moderately thick, calyces low and
crowded. [This genus may belong in Plexauridae,
for it seems close to, if not identical with, Plexauro
ides.] Rec., IndoPac.--FIG. 150,3. E. f/exilis
THOMSON & SIMPSON, 1909; 3a, leaf clubs of caly
ces; 3b, sclerites of inner rind (26n).

Echinomuricea VERRILL, 1869 [*Nephthya coccinea
STIMPSON, 1855]. Characteristic sclerites are thorn
scales with stout, simple spine projecting from
branched or lobed basal plate; spindles with or
without strong outer processes may be present. Col
onies usually branched in one plane and may be
reticulate. [ ?Not separable from Lissogorgia.]
Rec., IndoPac.-Atl.--FIG. 150,2. E. coronalis
GERMANOS, Celebes; 2a, thorn scales; 2b, quadri
radiate (26n).

Filigella GRAY, 1868 [*F. gracilis]. Slender, un
branched or weakly branched colonies that may
be attached to solid objects by basal disc or lie
free on soft bottom. Spicules fusiform, some clavate,
commonly stout and with coarse tubercles on
outer surface. Rec., IndoPac.-Calif.--FIG. 148,3.
F. mitsukurii K. KINOSHITA, Japan; 3a, spicules
from rind surface; 3b, from deeper rind (26n).

Filigorgia STIASNY, 1937 [*F. riodouroi]. Similar to
Filigella but large coenenchymal spindles with
tubercles of outer surface tall and spinelike; pos
sibly identical with Swittia. Rec., W.Afr.

Heterogorgia VERRILL, 1868 [*H. verrucosa; SD
NUTTING, 1910]. Rind sclerites chiefly irregularly
warted spindles, smaller capstans, and a few
crosses; anthocodiae with strong armature of stout,
bent spindles. Rec., trop.E.Pac.--FIG. 148,4. H.
papillosa VERRILL, L.Calif.; 4a, spindles of rind;
4b, quadriradiate; 4c, bent spindle from opercular
radius; 4d, capstan (26n).

Hypnogorgia DUCHASSAING & MICHELOTTI, 1864
[*H. pendula]. Tall, flexible colonies branched in
one plane in a loose pinnate manner. Calyces
bracket-like, topped by tall opercula composed of
long rods, biserial on branches. Spicules long,
simple spindles or rods. Rec., W.Indies.

Lepidomuricea KUKENTHAL, 1919 [*Acanthomuri
cea ramosa THOMSON & HENDERSON, 1906] [non
Lepidomuricea VERRILL, 1922 (=Paramuricea
KOLLIKER) ].

Lissogorgia VERRILL, 1864 [*Antipathes flabellum
VERRILL (non ESPER, 1791) =Lissogorgia eu
b"andella BAYER, nom. nov.] [=Eubrandella
DEICHMANN, 1936 (obj.)]. Colonies f1abellate, reti
culate. Cc,rtical sclerites including large stellate
thorn scales with single, projecting spine, and
spindles. Rec., ?Fla.

Menacella GRAY, 1870 [*M. reticularis]. Colonies
f1abellate and reticulate; rind sclerites including
spindles with crenulate or foliate tubercles. Rec.,
MalayArch.

Muriceides STUDER, 1887 [*M. tragilis WRIGHT &

STUDER, 1889; SM WRIGHT-S., 1889]. Colonies

scantily branched in one plane. Spicules compris
ing spindles with spinous sculpture, some differen
tiated as thorn scales. Rec., IndoPac.-E.Atl.

Muricella VERRILL, 1869 [*Lissogorgia f/exuosa
VERRILL, 1866; SD NUTTING, 1910]. Colonies
branching in one plane, some anastomosing. Caly
ces prominent, their sclerites usually forming 8
marginal points. Spicules of rind in 2 distinct
layers, mostly spindles, some clubs or discoidal
forms. Tentacular operculum distinct. R-ec., Indo
Pac.--FIG. 149,1. M. abnormalis NUTTING,
Japan; part of branch with calyces (26n).

Parads KUKENTHAL, 1919 [*Acis orientalis RIDLEY,
1882]. Colonies usually but not invariably
branched in one plane. Calyces distinct, distributed
generally or leaving one face of colony free. Rind
sclerites in form of large spindles, plates or scales,
some with spines. Rec., IndoPac.--FIG. 148,5.
*P. orientalis, MarshallI.; part of branch with
calyces, large one parasitized by a copepod (26n).

Placogorgia STUDER, 1887 [*P. atlantica WRIGHT &
STUDER, 1889; SM WRIGHT-S., 1889] [=Pseudo
thesea KUKENTHAL, 1919]. Colonies branched in
one plane. Calyces low, on all sides, armed with
thorn scales. Rind with large spindles having strong
spines on their outer surfaces. Rec., Atl.-IndoPac.
--FIG. 147,3. P. tenuis DEICHMANN, W.Indies;
3a-c, variously developed thorn scales; 3d, spinous
spindle of rind; 3e, crutch-shaped central spicule of
opercular radius (26n).

Sclerads KUKENTHAL, 1919 [*S. pumila (=*Acis
guadalttpensis DUCHASSAING & MICHELOTTI, 1860)].
Colonies branched in one plane, lateral and dicho
tomous combined. Calyces biserial, alternating.
Rind sclerites in 2 layers; in outer, chiefly large
warted spindles, somewhat flattened and common
ly bent; in mner, mostly straight sparsely warted
spindles. Rec., W.Atl.--FIG. 148,2. *S. guadalu
pensis, Cuba; part of branch with 2 calyces (26n).

Swiftia DUCHASSAING & MICHELOTTI, 1864 [*Gor
gonia exserta ELLIS & SOLANDER, 1786 (non Thesea
exserta DucH.-M., 1860)] [=Stenogorgia VER
RILL, 1883; Platycaulos WRIGHT & STUDER, 1889;
Allogorgia VERRILL, 1928]. Colonies with lax
branching, chiefly in one plane; polyps scattered
or biserial, forming prominent conical calyces,
anthocodiae commonly exsert. Rind thin, outer
layer filled with spinous rods, spindles, and cap
stans; inner layer mostly restricted to areas be
tween longitudinal canals, containing only small
capstans. Tentacles with stout rods. Rec., IndoPac.
Atl.--FIG. 149,4. *S. exse,·ta, Fla.; 4a, spindle
from tentacles; 4b, fmm calyx; 4c, from outer
rind; 4d, capstans of outer rind; 4e, small capstans
from inner rind between stem canals (26n).

Thesea DUCHASSAING & MICHELOTTI, 1860 [*T. ex
serta DucH-M. (non Gorgonia exserta ELLIS &

SOLANDER, 1786) (=Thesea guadalupensis DUCH.
M., 1864)]. Colonies usually branched in one
plane, branches slender to rather stout; calyces dis
tinct, with 8 marginal teeth formed of simple
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spindles. Selerites of rind in 2 layers, outer con
taining large, spheroidal or platelike bodies witb
outer faces commonly undulated, inner layer in-

eluding warted spindles. Rec., W.Atl.--FIG. 149,
5. T. grandiflora DEICHMANN, Barbados; 5a, spic
ules of outer rind; 5b, of inner (26n).

0.1 mm.

5b

Cyclomuriceo

2b
Anthomuriceo

4c4b

Muricello

4d

40

Swiftio 4e Theseo

FIG. 149. Gorgonacea: Paramuriceidae (p. F203-F207).
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FIG. 150. Gorgonacea: Paramuriceidae (p. F203-F21O).
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FIG. 151. Gorgonacea: Plexauridae (p. F2IO-F212).
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Trachymuricea DEICHMANN, 1936 ['"Acanthogorgia
hirta POURTALES, 1867]. Small colonies with large,
conical calyces and strong opercula of converging
rows of spindles above a high collaret. Rind scler
ites are spinous rods with rough projecting process;
calycular thorn scales with strong, laciniated pro
jection. Rec., W.Atl.--FIG. 150,1. "'T. hirta,
Fla.; la, calycular thorn scales; 1b, spicuies of
outer rind (26n).

Villogorgia DUCHASSAING & MICHELOTTI, 1860 ["'V.
nigrescens] [=Brandella GRAY, 1869; Perisceles
STUDER, 1887; Acamptogorgia WRIGHT & STUDER,
1889; Paracamptogorgia KUKENTHAL, 1919]. Col
onies branched in one plane; calyces prominent,
operculum strong, collaret well-developed. Rind
sclerites including specialized thorn scales with
spinous, digitate or foliate process. Rec., Atl.
Medit.-IndoPac.--FIG. 147,4. "'V. nigrescens,
Fla.; 4a, spicules of stem rind; 4b, of calyces; 4c,
bent spindle of opercular radius (26n).

Family PLEXAURIDAE Gray, 1859
Colonies of very diverse form but gen

erally with thick branches arising laterally,
dichotomously or in some pinnately. Polyps
completely retractile or forming distinct
calyces into which anthocodiae can be with
drawn. Axis with wide, chambered central
chord and peripheral zone of loculated
horny material usually containing nonspicu
lar calcareous matter, commonly with ten
dency toward heavy calcification of base in
old colonies. Rind thick, perforated by sys
tem of longitudinal canals surrounding axis,
which delimits outer and inner (axial
sheath) layer of cortex that generally differs
in spiculation. Sclerites usually including
some form of club, but some with spindles
only, oval bodies, or large quadriradiates.
Rec.
Plexaura LAMOUROUX, 1812 ["'Gorgonia homomalla

ESPER, 1792; SD VERRILL, 1912] [=Plexauropsis
VERRILL, 1907] Stout, treelike colonies with thick
branches, bushy but commonly tending to spread in
one plane. Rind thick, polyps fully retractile; with
out prominent calyces. Outer layer of spicules
mostly spindles and clubs, colorless or purple;
inner layer with spiny spindles, mostly purple,
some colorless; in some species also short, multi
radiate bodies. Rec., trop.W.Atl.--FIG. 151,1. "'P.
homomalla, W.Indies; la, superficial spindle; 1b,
6-, 7-, and 8-radiates of inner rind; Ie, multi
radiate oval bodies of inner rind; 1d, superficial
clubs (26n).

Anthoplexaura KUKENTHAL, 1908 ["'A. dimorpha].
Bushy colonies with large, completely unarmed
polyps retractile within prominent calyces. Rind
with oval spindles sculptured with tall irregularly

placed warts and small capstans with tubercles in
transverse belts; red. Rec., Japan.

Eunicea LAMOUROUX, 1816 ["'E. mammosa; SD
BAYER, 1955]. Stout, thick-branched, arborescent
colonies resembling Plexaura but generally with
prominent tubular or shelflike calyces; polyps with
anthocodial crown and points. Outer layer of rind
containing numerous small clubs, commonly foli
ate, mostly colorless; deeper parts of outer rind
with warty spindles, mostly purple; inner rind
with colorless and purple spinous spindles. Rec.,
trop.W.Atl.--FIG. 151,4. "'E. mammosa, Baha
mas; 4a, clubs and spindles of outer rind in out
line, showing relative sizes; 4b, sculptural detail
of large spindle; 4c, surface clubs in detail; 4d,
purple spindle of inner rind (26n).

Eunicella VERRILL, 1869 ["'Gorgonia verrucosa PAL
LAS, 1766]. Colonies branched scantily or mod
erately in one plane; calyces prominent or not.
Rind with surface layer of characteristic balloon
clubs and deeper layer of "belted spindles. Rec.,
Atl.-Medit.-IndoPac.--FIG. 152,3. "'E. verrucosa,
Spain; 3a, spindles of inner rind; 3b, balloon clubs
of surface layer (26n).

Euplexaura VERRILL, 1865 ["'E. capensis]. Erect
colonies branched in one plane, arising from
spreading base that bears polyps and commonly
short stems also; polyps fully retractile. Rind with
superficial layer of oval, coarsely warted sclerites,
and deeper layer of capstans. Rec., IndoPac.-
FIG. 153,2. E. erecta KUKENTHAL, Japan; 2a, bent
spindle from collaret; 2b, coarse ovoids from rind
(26n).

Hicksonella NUTTING, 1910 [non SIMPSON, 1910]
["'H. princeps] [=Rhabdoplexaura KUKENTHAL,
1919 (obj.)]. Thick-branched arborescent colonies;
polyps retractile into low calyces. Spiculation of
capstans commonly modified as clubs and large
rods. Rec., IndoPac.--FIG. 152,4. "'H. princeps,
Japan; 4a, large rod; 4b, capstans; 4c, spindle;
4d, clubs (26n).

Muricea LAMOUROUX, 1821 ["'M. spicijera]. Arbor
escent colonies richly branched, commonly tending
to remain in one plane; branches moderately to
very thick, with close-set, prickly, tubular or shelf
like calyces on all sides. Sclerites usually fusiform,
with strong outer or terminal spines or both; rarely
some irregular forms. Rec., trop.W.Atl.-E.Pac.-
152,1 "'M. spicijera, W.Indies; la, outlines of large
spindles; Ib-c, spinous spindles at higher power;
Id, sculptural detail of Ib (26n).

Muriceopsis AURIVILLIUS, 1931 ["'Gorgonia tubercu
lata ESPER, 1791]. Colonies low, shrublike and
irregularly branched, or taller and pinnate; calyces
low but usually distinct, with small lower lip.
Spicules of outer rind mostly foliate clubs and
stout spindles with foliate processes on one side.
Inner rind contains symmetrically sculptured spin
dles, usually bright purple. Rec., trop.W.Atl.--
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FIG. 152. Gorgonacea: Plexauridae (p. F210-F212).
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FIG. 152,2. M. flavida STIASNY, Virgin!.; 2a, purple
spindle of inner rind; 2b, surface club; 2c, asym
metrical foliate spindle of outer rind (26n).

Paraplexaura KUKENTHAL, 1909 [*Plexauroides as
per MOROFF, 1902; SD KUKENTHAL, 1917]. Branch
ing mostly in one plane; polyps forming distinct
calyces on all sides. Rind thick, containing warty
and leafy clubs, commonly with very coarse heads,
some developed into platelike forms; inner rind
with fusiform and radiate sclerites. Rec., IndoPac.
--FIG. 153,1. *P. asper, Japan; leaf clubs and
coarse plate (26n).

Plexaurella VALENCIENNES, 1855 [*Gorgonia dicho
toma ESPER, 1791]. Erect, dichotomously branched
colonies with thick, stiff branches; polyps on all
sides, fully retractile, with only raised margins at
most, none with prominent calyces. Characteristic
sclerites are quadriradiates; simple spindles may
be present. Rec., trop.W.AtI.--FIG. 152,5. *P.
dichotoma, W.Indies; spicules (26n).

Psammogorgia VERRILL, 1868 [*Echinogorgia arbu
sctda VERRILL, 1866]. Colonies low, bushy, ir
regularly branched dichotomously; polyps on all
sides, calyces low or absent. Rind rather thick,
with spindles and aculeate wart clubs; spicules
red. Rec., W.Mexico-Panama.--FIG. 151,3. *p.
arbuscula, Costa Rica; spicules (26n).

Rumphella BAYER, 1955 [*Plexaura aggregata NUT
TING, 1910]. Erect, bushy colonies with thick,
sinuous or nearly straight branches; axis dark,
with abundant calcareous deposits, especially near
base which is much thickened and stony in old
specimens; polyps on all sides, calyces low or ab
sent. Rind spicules as warty spindles, with super
ficial layer of small wart clubs having whorl of 3
warts as a head. Rec., E.Indies-Oceania.--FIG.
151,2. R. antipatlles, Rec., GilbertI.; spicules (26n).

Family GORGONIIDAE Lamouroux, 1812
[nom. correct. JOHNSON, 1862 (pro Gorgonidae auctt.,· nom.

correct. pro family Gorgonieae LAMX., 1812)]

Axis purely horny with narrow but dis
tinct chambered central chord and cortex
little loculated, if at all; polyps fully re
tractile, some forming low calyces, scattered
or biserially disposed. Rind moderately
thick, packed with spindles and capstans
with regular belts of tubercles, in certain
genera modified into disc spindles, seaph
oids, or unilaterally spined forms; antho
codial armature weak, in form of crown
composed of flat rodlets with scalloped
edges, or lacking entirely. Colonies of di
verse form, from unbranched to pinnate,
closely reticulate or foliate. Rec.

A number of species of "Gorgonia" are
recorded as fossils by early authors but these
records are almost certainly erroneous. For

a few such references see G. FISCHER DE
WALDHEIM, Bibliographia Palaeonthologica
Animalium Systematica (1834).

The genus of fossils called Plumalina
HALL, 1858, has been placed in this family
by some authors 0. S. WILLIAMS, 24), but
it has more resemblance to certain delicate
plumose hydroids and probably belongs to
that group.

Websteria M.EDW.-H., 1850, also was as
signed tentatively by its authors to the
Gorgoniidae, but probably it does not belong
here.
Gorgonia LINNE, 1758 [*G. flabellum; SD VERRILL,

1868] [=Rhipidigorgia VALENCIENNES, 1855
(obj.)]. Spicules in form of strong scaphoids and
symmetrical spindles. Branches in one plane, close
ly anastomosing. Rec., W.Indies.--FIG. 153,3.
*G. flabellum, Nassau; 3a, scaphoid; 3b, spindle
(26n).

Antillogorgia BAYER, 1951 [*Gorgonia acerosa PAL
LAS, 1766]. Spicules are slender scaphoids and
symmetrical spindles. Branches closely pinnate, not
anastomosing. Rec., W.Indies.--FIG. 153,8. *A.
acerosa, Key West; 8a, scaphoids; 8b, spindle
(26n).

Eugorgia VERRILL, 1868 [*Leptogorgia ampla VER
RILL, 1864]. Spicules chiefly disc spindles; ordi
nary spindles present in small numbers in some
species. Branching lateral, in one plane or bushy.
Rec., Calif.-Peru.--FIG. 153,4. *E. ampla, Aca
pulco; 4a, disc spindles in side, end and oblique
views; 4b, spindle (26n).

Leptogorgia M.EDw.-H., 1857 [*Gorgonia viminalis
PALLAS, 1766; SD VERRILL, 1868]. Spicules are
spindles, shorter ones with warts of one side
fused like those of disc spindles; long ones sym
metrical or with warts on one side simple and
conical, elsewhere compound. Colonies little
branched, slender, and whiplike. Rec., W.AtI.-
FIG. 153,7. *L. viminalis, W.F1a.; 7a, short, almost
disc spindle, and top view of one disc; 7b, spindle
(26n) .

Lophogorgia M.EDw.-H., 1857 [*Gorgonia palma
PALLAS, 1766]. Spicules exclusively symmetrical
spindles without unilateral fusion of warts to
form discs; anthocodial armature of flattened rods
may be present. Branches long and slender, or
short and pinnately arranged, in one plane or
bushy. Rec., AtI.-Medit.-lndoPac.--FIG. 153,5.
*L. palma, S.Afr.; 5a, spindles of rind; 5b, rods
from crown (26n).

Pacifigorgia BAYER, 1951 [*Gorgonia stenobrochis
VALENCIENNES, 1846]. Spicules as in Lophogorgia,
commonly long and pointed. Branches in one plane
and closely anastomosed to form netlike fans. Rec.,
GulfCalif.-Panama-Brazil.

Phycogorgia M.EDw.-H., 1850 [*Gorgonia fucata
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FIG. 153. Gorgonacea: Plexauridae, Gorgoniidae (p. F210-F214).
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VALENCIENNES, 1846] Spicules exclusively short,
blunt, symmetrical capstans. Branches flattened
into broad fronds, with lamellar axis. Rec., Mazat
lan-Chile.

Phyllogorgia M.Eow.-H." 1850 ["Gorgonia dilatata
ESPER, 1806]. Spicules including scaphoids as well
as spindles. Branches flattened into broad fronds,
with loosely reticulating axis. Rec., Brazil.

Pterogorgia EHRENBERG, 1834 ["Gorgonia anceps
PALLAS, 1766; SO M.Eow.-H., 1850] [=Xiphigor
gia M.Eow.-H., 1857 (obj.)]. Spicules are very
coarse spindles and scaphoids. Ramification lax,
branches rather long; polyps bi- or triserial, re
tracting into thin, raised coenenchymal flanges.
Rec., W.Indies.--FIG. 153,6. "P. anceps, Cura~ao;
6a, scaphoid; 6b, spindle (26n).

Family ELLISELLIDAE Gray, 1859
[nom. correct. BAYER, 1955 (pro Elliselladae GRAY, 1859) I

Axis strongly calcified, made up of con
centric layers not markedly undulating, cen
tral chord not soft and chambered; cal
careous material deposited in irregular
radial sectors (4). Colonies unbranched,
loosely branched, or forming broad, flat fans
with or without anastomoses. Spicules small
(0.05-0.15 mm.), of characteristic dumbbell
shape, some modified into clubs, and longer
double spindles, all regularly sculptured
with strong, hemispherical tubercles. eret.
Rec.
Ellisella GRAY, 1858 ["Gorgonia elongata PALLAS,

1766; SO NUTTING, 1910] [=Scirpearia Ki:iLLI
KER, 1865, and later authors (non CUVIER, 1817,
1830); Viminella GRAY, 1870]. Colonies simple
or with few long, whiplike branches; calyces
biserial or in lateral tracts, usually prominent.
Spicules including double spindles approaching
0.2 mm. in length concentrated in calyces, and
double heads or dumbbells half as long or less,
chiefly in general cortex. Rec., Atl.-Medit.-RedS.
IndoPac.--FIG. 154,4. E. /uniculina (OUCHAS
SAING & MICHELOTTI), Rec., GulfMexico; dumb
bells from calyces and spindles from rind (26n).

Ctenocella VALENCIENNES, 1855 ["Gorgonia pecti
nata PALLAS, 1766]. Branching characteristically ly
rate. Spicules chiefly stout double heads. Rec.,
IndoPac.--FIG. 154,5. "C. pectinata, Torres
Straits; 5a, colony (30); 5b, spicules (26n).

Junceella VALENCIENNES, 1855 ["Gorgonia iuncea
PALLAS, 1766; SO NUTTING, 1910]. Colonies sim
ple or dichotomously branched, calyces usually dis
tinct and biserially disposed, some generally scat
tered. Characteristic sclerites are flattened clubs in
outer cortex and dumbbells with strong, conical
warts in thin axial sheath layer. ?Eoc., Rec., Indo
Pac.--FIG. 154,2; 158,2. "J. iuncea, Rec., Philip.;
154,2a, dumbbell from axial sheath zone; 154,2b,

face and edge view of cortical club; 158,2a, axis in
transverse, 158,2b in longitudinal section (left mar
gin of 2b follows edge of central chord), as seen
in polarized light (all 26n).

Nicella GRAY, 1870 ["N. mauritiana (="Scirpearia
dichotoma GRAY, 1859)]. Colonies ramified in
one plane, branches usually slender and cylindri
cal; polyps biserial, with hemispherical calyces.
Rind with inner layer of double spindles up to
twice length of dumbbells of outer layer. Rec.,
IndoPac.-Atl.--FIG. 154,3. N. guadalupensis
OUCHASSAING & MICHELOTTI, Barbados; spicules
(26n).

Riisea OUCHASSAING & MICHELOTTI, 1860 ["R. pani
culata]. Colonies finely divided, with numerous
very slender branchlets arranged on main branches
in alternating pinnate fashion; core of axis excen
tric; calyces prominent, clavate, placed at ends of
short twigs and along upper side of branchlets.
Spiculation much as in Nicella, with dumbbells
in rind and long, tapered spindles (longer ones
flattened) in calyces. Rec., trop.W.Atl.--FIG. 155,
2; 158,3. "R. paniculata, Porto Rico; 155,2a, rods
of calyces; 155,2b, dumbbells of rind; 155,2c,
branchlet, 158,3a,b, axis in transverse and long.
sect. (light zone along left edge of 3b is axial
core), as seen in polarized light (all 26n).

Toeplitzella OEICHMANN, 1936 ["Junceella laevis
VERRILL, 1866]. Like Ellisella but no long double
spindles. Rec., IndoPac.

Verrucella M.Eow.-H., 1857 ["Gorgonia f/exuosa
LAMARCK, 1816 (="Gorgonia umbraculum ELLIS
& SOLANOER, 1786); SO BAYER, 1955]. Colonies
flabellate, some reticulate, branches slender; polyps
with distinct verruciform calyces. Rind containing
slender double heads and somewhat longer double
spindles; twin or triplet forms producing crosses or
stars may be more or less numerous. Cret.{Dan.}
Rec., Eu.-RedS.-IndoPac.--FIG. 154,1. V. delica
tula (NUTTING), Rec., Philip.; spicules (26n).

Family IFALUKELLIDAE Bayer, 1955
Arborescent, with strongly calcified axis

made up of gently undulating concentric
lamellae, calcareous material not oriented in
radial sectors, central chord not soft and
cross-chambered. Sclerites minute (less than
0.1 mm. in length), flattened oval biscuit
shaped, or double discs, with irregular sur
faces, very similar to spicules of Xenia and
polyps of Tubipora. Rec.
Ifalukella BAYER, 1955 ["I. yanii]. Colonies densely

bushy, not pinnate; axis spirally ridged, arising
from massive calcareous base onto which ridges
extend as high, calcareous crests with lobed, in
many places strongly laciniated, edges that may
give rise to small twigs, which here and there de
velop into full-sized colonies. Spicules extremely
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scarce, those present being mostly oval rods with
some twin forms. Zooxanthellae extraordinarily
numerous. Distribution unknown, but type species
is frequent at Haluk Atoll (Carolines), where it
is the one abundant reef-dwelling gorgonian, in
habiting reef fronts beyond surge-channels in 15
or 20 feet of water; apparently quite restricted
ecologically. Its peculiar, calcareous base should
be easy to recognize if found in reef limestones,
and might be a good paleoecological indicator. Ree.
--FIG. 156,2. "'I. yanii; 2a, spicules (circle repre
sents relative size of zooxanthellae); 2b, calcareous
colonial base (26).

Plumigorgia NUTTING, 1910 ["'P. hydroides]. Col
onies delicate, flexible, pinnately branched, arising
from calcareous base. Polyps forming calyces or
wholly retractile into general coenenchyme. Spic
ules numerous. Ree., SuluArch.-ChinaS.--FIG.
156,1. "'P. hydroides; spicules (26).

Family CHRYSOGORGIIDAE Verrill,
1883

Axis highly calcified, continuous, glossy,
iridescent or metallic, made up of smooth
concentric lamellae (Fig. 158,1), rarely un
dulating; calcareous matter not oriented in
radial sectors; branching may not occur,
but more frequently does so in a very regu
lar order, uniserial, spiral or dichotomous.
Sclerites are basically rods, commonly sharp
and needle-like or flattened and becoming
scale- or platelike. The oval or elongate
scales of the Chrysogorgiidae show in polar
ized light brilliant interference colors, con
centrically arranged (Fig. 158,6), but never
a cruciform pattern radiating out from the
center. Base may be either a large, branched,
calcareous root or a small disc, former being
adapted for life on soft bottoms and latter
for attachment to rocks or other solid mate
rial. Rec.

Subfamily LEPIDOGORGIINAE Versluys, 1902

Colonies unbranched; polyps uniserial,
without operculum of 8 plates. Rec.
Radicipes STEARNS, 1883 ['"R. pleurocristatus]

[=Lepidogorgia VERRILL, 1884]. Sclerites of
polyps mostly fusiform rods; of rind, variable but
commonly consisting of small scales. Roots sub
divide dichotomously, forming long zigzag processes
by dominance of alternate branches of succeeding
dichotomies. Ree., Atl.-IndoPac.-FIG. 156,3. "'R.

pleurocristatus, Japan; 3a, sclerites; 3b, sculptural
detail of spicule; 3e, part of branch with calyces;
3d, the rootlike colonial base (26n).

Subfamily CHRYSOGORGIINAE Verrill, 1883

Colonies with main stem giving rise to
branches, which may be either simple or
further branched. Polyps with rods or scales
but no specialized operculum of 8 plates.
Rec.
Chrysogorgia DUCHASSAING & MICHELOTTI, 1864

["'C. desbonni]. Colonies erect, sympodial,
branches arranged in a spiral and dichotomously
subdivided in one plane or in alternating planes at
right angles to each other. Ree., Atl.-IndoPac.-
FIG. 155,3; 158,6. C. elegans VERRILL, W.Atl.;
155,3a, colonies (25); 155,3b, spicules (26n);
158,6, scale in polarized light.

Iridogorgia VERRILL, 1883 ["'I. pourtalesii]. Col.
onies monopodial, main trunk coiled in upright
spiral with simple branchlets arising from its outer
side in single series. Ree., W.Atl.-Hawaii.--FIG.
157,4, "'I. pourtalesii, Dominica; colony (25).

Metallogorgia VERSLUYS, 1902 ["'Dasygorgia me
lanotriehos WRIGHT & STUDER, 1889]. Colonies
monopodial, straight main trunk distaIly giving off
strong lateral branches, which profusely subdivide
in a dichotomous pattern. Ree., IndoPac.-Atl.-
FIG. 158,1. "'M. melanotriehos; axis in thin section,
in polarized light; la, cross; 1b, longitudinal.

Pleurogorgia VERSLUYS, 1902 ["'P. plana]. Main
branches with simple branchlets uniserially placed
along one side; polyps chiefly on branchlets, uni
serial. Sclerites are spindles and very irregular
bodies. Ree., IndoPac.--FIG. 157,5. "'P. plana,
Moluccas; spicules and branching pattern (36).

Trichogorgia HICKSON, 1905 ["'T. f/exilis]. Colonies
branched mosdy in a plane, some with long ter
minal branches; calyces thickly set on all sides.
Ree., S.Afr.-W.Ad.

Subfamily CHALCOGORGIINAE Bayer, 1949

Colonies unbranched, zooids biserial.
Sclerites of rind are medially constricted
scales, those of zooids irregularly lobed
plates, 8 triangular plates forming a distinct
operculum. Rec.
Chalcogorgia BAYER, 1949 ["'C. pellueida]. Ree.-

FIG. 155,1. "'C. pellueida, Cuba; la, part of stem;
1b, single calyx; Ie, colonial base; 1d, calycular
scales; Ie, opercular scale; If, accessory rods lying
between opercular scales (26).

Family PRIMNOIDAE Gray, 1857
[nom. correct. VERRILL, 1868 (pro Primnoadae GRAY, 1857)1

Axis strongly calcified, unjointed, made up
of undulated concentric layers (Fig. 158,4),
core not a soft, chambered central chord,
base a calcareous disc, rarely a branched,
rhizoidal structure. Colonies usually pro
fusely branched, rarely flagelliform; polyps
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single, in pairs, or regular whorls, heavily
armored with calcareous scales (Fig. 158,5)
and permanently exsert; in contraction ten
tacles are infolded and protected by 8 tri
angular scales making up a distinct oper
culum, below which scales of poly'p body are
aligned in 8 rows, some of which may be
reduced or missing on adaxial side; rarely
(1 sp.) scales not regularly arranged and
operculum undifferentiated. In rind, a layer
of plates or scales, commonly elongate, some
with an inner layer of stellate spicules.
Cret.-Rec.

The scalelike sclerites of the Primnoidae
can always be distinguished by the cruciform
pattern of extinction that they show in polar
ized light (dark field) (Fig. 158,5, Prim
noel/a). The scales of chrysogorgiids, isidids
and pennatulids never show such a pattern.

Subfamily PRIMNOEIDINAE Studer, 1887

Polyps without differentiated operculum,
body scales not in rows. Rec.
Primnoeides STUDER, 1887 [-Primnoides sertular

oides WRIGHT & STUDER, 1889; SM WRIGHT-S.,
1889]. Rec., Ind.O.

Subfamily PRIMNOINAE Gray, 1857
[nom. transl. STUDER., 1887 (ex Primnoidae nom. correct.

VERRILL, 1868, pro Primnoadae GRAY, 1857) 1
Polyps with well-differentiated opercu

lum, body scales in 8 complete or incom
plete rows, some of which may be missing.
Cret.-Rec.
Primnoa LAMOUROUX, 1812 [-Gorgonia lepadifera

LINNE, 1767 (=-Gorgonia reseda PALLAS, 1766)].
Colonies treelike, dichotomously branched, com
monly very large; axis densely calcareous; polyps
thickly distributed all around twigs and branches,
irregularly oriented but commonly facing down
ward, especially at twig tips; polyps large (up to
5 mm. long) with 8 opercular and 8 marginal
scales, but body scale rows reduced; adaxial sur
face of polyps without scales. Rind sclerites are
scales. U.Cret.-Rec., Arct.--FIG. 157,1. -P. re
seda (PALLAS), Rec., Grand Banks; part of branch
with polyps (26n).

Callogorgia GRAY, 1858 [-Gorgonia verticillata PAL
LAS, 1766]. Colonies usually pinnately branched,
some dichotomously, mostly in one plane; axis
longitudinally striated, commonly iridescent; polyps
in regular whorls, bent inward; adaxial rows of
body scales reduced; spicules usually elaborately
sculptured externally; cortical sclerites thick and
pebble-like or more elongate. Rec., Atl.-Medit.
IndoPac.-Arct.-Antaret.--FIG. 158,4; 159,2. -c.
verticillata, W.Indies; 158,4. cross section of axis

in polarized light; 159,2, part of branch with 3
whorls of polyps (26n).

?Eogorgia HICKSON, 1938 [-E. sullivani]. Stout,
straight primnoid axis assigned by HICKSON to
Scleraxonia; not definitely assignable to any sub
family but its size suggests Primnoinae. Eoc. (lack
son.), Miss.

Plumarella GRAY, 1870 [-Gorgonia penna LAMARCK,
1815]. Branching in one plane, pinnate, closely so
in many; polyps biserial, alternate or rarely oppo
site, never in whorls. All 8 rows of body scales
present, adaxials of some with fewer scales. Corti
cal sclerites of some species scales or warty radiates
in lower parts of colony and inner rind. Rec., AtI.
Medit.-IndoPac.--FIG. 159,7. -P. pourtalesii
(VERRILL), Fla.; part of branch with polyps (26n).

Primnoella GRAY, 1858 [-Primnoa australasiae
GRAY, 1849]. Colonies branched sparingly or not
at all, stems long and whiplike; polyps in whorls,
closely appressed to stem. Opercular scales more or
less overreached by marginals; abaxial rows of
body scales well developed, adaxials reduced or
wanting. Superficial sclerites of rind are scales;
commonly an inner layer with small, warty scler
ites is present. Rec., Atl.-IndoPac.-Arct.-Antarct.
--FIG. 158,5; 159,1. P. polita DEICHMANN, W.
Indies; 158,5, scale in polarized light; 159,1, part
of stem with whorls of polyps (26n).

Pseudoplumarella KUKENTHAL, 1915 [-Plumarella
thetis THOMSON & MACKINNON, 1911]. Similar to
Plumarella, but polyps may be in whorls. Opercular
scales 8, but marginals fewer than 8; fewer than 8
rows of body scales. Rec., Indo-Austral.

Thouarella GRAY, 1870 [-Primnoa antarctica VAL
ENCIENNES, 1846]. Main stem producing short,
slender branches all around, like bottle-brush.
Marginal scales overreach operculars; rows of body
scales commonly reduced. Rec.
T. (Thouarella) [=Parathouarella KUKENTHAL,

1915]. Polyps irregularly distributed. Marginal
scales with foliate process. Rec.

T. (Euthouarella) KUKENTHAL, 1915 [-Plumarella
hilgendorji STUDER, 1878; SD BAYER, herein].
Polyps in pairs or whorls of 3 to 4. Marginal
scales with median spine. Rec., IndoPac.--FIG.
159,3. -T. (E.) hilgendorji, Philip.; part of
branch with polyps (26n).

T. (Epithouarella) KUKENTHAL, 1915 [-Thouar
ella erenelata KUKENTHAL, 1907; SD BAYER,
herein]. Polyps closely placed all around branches,
but not in whorls. Marginal scales without pro
jecting spine; body scales dentate. Rec., Antarct.

Subfamily CALYPTROPHORINAE Gray, 1870
[nom. /tansl. et correct. STUDER, 1887 <ex Calyptrophoradae

GRAY, 1870)]

Polyps with operculum well differen
tiated; large body scales reduced to 2 or 3
pairs of plates curved to encircle zooid; ad
axial marginal scales retained in some as
"adaxial buccal scales." Rec.
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Calyptrophora GRAY, 1866 [·C. japonica]. Two
pairs of large body scales meeting or nearly meet
ing adaxially so as to encircle polyp, in some in
separably fused ring-wise; only one pair of infra
basal scales connecting body scales to those of

rind; never any vestigial adaxial buccal scales.
nranching dichotomous or unilateral pinnate, com
monly in one plane, in some flabellate. Rec., Arl.
IndoPac.--FIG. 157,2. ·C. japonica. Japan;
branch with 3 whorls of polyps (26n).
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FIG. 158. Gorgonacea: Ellisellidae, Chrysogorgiidae, Primnoidae (p. F214-F220).
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Arthrogorgia KUKENTHAL, 1908 ["A. membranacea
(="Calyptrophora ijimai KINOSHITA, 1907)]. Like
Calyptrophora but more than one pair of infra
basal scales and some vestigial adaxial buccals pres
ent. Branching pinnate or dichotomous. Rec., NW.
Pac.--FIG. 157,3. "A. ijimai, Japan; part of
branch with whorls of polyps (26n).

Narella GRAY, 1870 ["Primnoa regularis DUCHAS
SAING & MICHELOTTI, 1860] [=Stachyodes, Calyp
terinus STUDER, 1887]. Three or 4 pairs of large
body scales partially encircling polyp but rarely
meeting adaxially; adaxial buccal scales commonly
present. Branching pinnate, dichotomous, or trichot
omous. Rec., Atl.-IndoPac.-Antarct.--FIG. 159,
5. "N. regularis, W.Indies; part of branch with
3 whorls of polyps (26n).

Subfamily CALLOZOSTRINAE Studer, 1887

Polyps with operculum well differenti
ated; polyps in whorls, erect, not bent in
ward toward stem. Rec.

Callozostron WRIGHT, 1885 ["C. mirabile]. Polyps
in close-set whorls of at least 8. Marginal scales
with long, projecting spines. Rec., Antarct.

Candidella BAYER, 1954 {pro Stenella GRAY, 1870
(non GRAY, 1866)] ["Primnoa imbricata J. Y.
JOHNSON, 1862]. Polyps in widely spaced whorls
of up to 5.
C. (Candidella). Marginal scales 4. Rec., Atl.-Indo
Pac.--FIG. 159,4b. "C. (C.) imbricata, W.
Indies; part of branch with 3 whorls of polyps
(26n).

C. (Parastenella) VERSLUYS, 1906 ["Stenella doe
derleini WRIGHT & STUDER, 1889; SD BAYER,
herein]. Marginal scales 8. Rec., IndoPac.--FIG.
159,4a. "C. (P.) doederleini, Japan; part of
branch with 3 whorls of polyps (26n).

Family AINIGMAPTILIDAE Carlgrcn,
1943

[nom. correct. BAYER, 1950 (pro Ainigmaplilonidae CARL
GREN, 1943)]

Axis strongly calcified; polyps borne on
expanded, unsupported, simple or branched
polyp leaves. Spicules are thin scales; oper
culum of 8 scales. Rec.

Ainigmaptilon DEAN, 1926 ["A. haswelli] [=Ly
curus MOLANDER, 1929]. Several specimens of
various species are provided with expanded fun
nel-like base, apparently adapted for anchoring
colony by enclosing a lump of mud. Rec., Antarct.
--FIG. 159,6. A. edisto BAYER; 6a, polyp leaf;
6b, isolated polyp; 6c, body scales; 6d, opercular
scale (26).

Family ISIDIDAE Lamouroux, 1812
[nom. correct. KUKENTHAL, 1915 (pro Isideae LAMX., 1812) I

Axis composed of alternating purely
horny nodes and nonspicular calcareous in-

ternodes; base may be either a rootlike cal
careous structure for anchoring colony in
soft bottom or a basal disc for attachment
to hard objects. Cret.-Rec.

Subfamily KERATOISIDINAE Gray, 1870
[nom. transl. et correct. BAYER, herein (ex Keratoisidae GRAY

1870)] [=Ceraloisidinae STUDER, 1887) ,

Polyps nonretractile, with spindles,
needles or rods placed along septa. Rec.

Keratoisis WRIGHT, 1869 ["K. grayi]. Colonies
with branching from calcareous internodes, some
unbranched; internodes hollow or solid. Polyps
cylindrical, irregularly disposed but with tendency
toward biserial arrangement; distal part of polyp
body with 8 longitudinal rows of spindles and
needles, some projecting beyond tentacles; stellate
forms in pharynx. Rec., Atl.-IndoPac.--FIG. 160,
1. K. ornata VERRILL, Grand Banks; section of
stem with node, and internode with branch; short,
horny node at base of branch is not an invariable
feature (26n).

Acanella GRAY, 1870 ["Mopsea arbusculum JOHN
SON, 1862]. Colonies bushy, branched in whorls
from horny nodes. Spicules of calyces are mostly
spindles and some flattened blunt rods, with fine
prickles or low warts. Rec., Atl.-IndoPac.--FIG.
160,3. "A. arbuscula, Grand Banks; 3a, entire
colony (25); 3b, tip of branch with terminal
polyp (26n); 3c, node with one branch (26n).

Isidella GRAY, 1857 ["Isis elongata ESPER, 1788].
Colonies branched from nodes dichotomously and
in one plane; internodes hollow. Calycular seler
ites mostly rodlets which do not project. Rec., E.
Atl.-Medit.

Lepidisis VERRILL, 1883 ["L. caryophyllia; SD
KUKENTHAL, 1915]. Colonies simple or sparsely
branched from nodes; internodes hollow. Calycular
sclerites projecting needles and elongate scales.
Rec., Atl.-?IndoPac.--FIG. 160,2. "L. carophyl
lia, NW.Atl.; 2a, polyp; 2b, colonial base; 2c,
scales, and 2d, rods from calyces (26n).

Subfamily MOPSEINAE Gray, 1870
[nom. transl. et correct. WRIGHT & STUDE', 1889 (pro Mop

seadae G.AY, 1870) I
Polyps nonretractile, with transversely ar

ranged platelike sclerites; branching from
internodes. Eoc.-Rec.
Mopsea LAMOUROUX, 1816 ["Isis dichotoma LINNE,

1758; SD M.EDW.-H., 1850]. Colonies branched
pinnately or dichotomously in one plane. Eoc.-Rec.,
MalayArch.-Austral.-Antarct.--FIG. 161,3. M.
elongata ROULE, Rec., Antarct.; 2 internodes (26n).

Pe1tastisis NUTTING, 1910 ["P. uniserialis]. Colonies
unbranched; polyps with operculum of 8 plates.
Rec., MalayArch.

Primnoisis STUDER, 1887 ["Isis antarctica STUDER,
1878; SD KUKENTHAL, 1915]. Colonies branched
on all sides bottle-brush fashion. Rec., Antarct.-
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FIG. 159. Gorgonacea: Primnoidae, Ainigmaptilidae (p. F220-F222).
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Subantarct.-S.Afr.-Arg.--FIG. 161,2. "'P. ant
arctica, Marguerite Bay; 2a, sclerites; 2b, part of
branch partially decorticated to show ramification
of axial internode (26n).

Subfamily MURICELLISIDINAE Kiikenthal, 1915

Anthocodiae rectractile within distinctly
separated calyces, armed with strongly
thorned spindles. Branching from inter
nodes, which are hollow. Rec., Japan.
Muricellisis KUKENTHAL, 1915 ["'M. echinata]. Rec.,

Japan.

Subfamily ISIDINAE Lamouroux, 1812
[nom. transl. STUDER, 1887 (ex Isididae nom. correct. KOLU·

KEa, 1865, pro Isideae LAMX., 1812)]

Anthocodiae fully or partially retractile
within coenenchyme, armed with small rods
having transverse girdles of tubercles, and
various radiate forms. Rec.
Isis LINNE, 1758 ["'I. hippuris; SD M.EDw.-H.,

1850]. Branching from internodes; colonies bushy,
with thick rind into which polyps are fully re
tractile. [Various fossil species attributed to this
genus almost certainly do not belong here.] Rec.,
IndoPac.--FIG. 161,1. "'I. hippuris, Philip.; la,
spicules; Ib, decorticated axis (26n).

Chelidonisis STUDER, 1890 ["'C. aurantiaca]. Branch
ing from internodes, dichotomous, in one plane.
Rind thin, polyps retractile into hemispherical ver
ruciform calyces. Rec., Ad.-S.Afr.

Subfamily UNCERTAIN

Axogaster LONSDALE, 1850 ["'A. eretacea]. Base
branched, creeping, rootlike. Calcareous internodes
with calycular pits having fewer than 12 pseudo
septa; branching from internodes. Cret., Eng.

Moltkia STEENSTRUP, 1846 ["'M. isis]. Colonies
spread roughly in a plane, dichotomously branched,
anastomosing. Nodes overgrown by the calcareous
internodes, completely enclosed. Axis pitted by
calyces and sculptured by beaded longitudinal striae
which may continue into calycular pits. V.Cret.
(Dan.), Denm.

Order PENNATULACEA Verrill,
1865

[nom. transl. KOLLIKER, 1880, as order Pennatulida (ex sub
order Pennatulacea VERRILL, 1865); nom. correct. STUDER,

1887, as order Pennatulacea]

Colonial octocorals unbranched, not firmly
attached, consisting of a primary polyp
(oozooid) that elongates to produce a bar
ren, proximal stalk, which anchors colony
in mud, and a polypiferous distal rhachis
from which secondary polyps spring, either
directly or from ridgelike or broadly ex
panded polyp leaves. Gastric cavity of pri-

mary polyp divided into 2 primary and 2
secondary longitudinal canals by fleshy par
titions at center of which a more or less
calcified horny axis usually is produced.
Secondary polyps invariably of at least 2
kinds. Spicules in form of smooth or 3
flanged rods or needles, rarely tuberculated;
or small scales or plates which, in polarized
light, behave optically like plates of Chryso
gorgiidae. Axes of pennatulids formed of
irregular, prismatic columns of calcareous
material radiating outward from axis core,
which seems to contain a higher proportion
of organic matter, thus resembling closely
axes of ellisellid Gorgonacea. ?Sil., Rec.

Classification of the sea pens depends
upon arrangement of the autozooids and
siphonozooids, distribution and form of the
calcareous spicules, and other features ordi
narily not preserved in fossils. External char
acters of the axis are so variable as to be
useless except in a most general way. Con
sequently, the "species" of Graphularia, es
tablished on such characters, are of very
questionable standing. The differences in
patterns of calcification may, however, af
ford a new means of evaluating these fossils,
and need to be more thoroughly investi
gated.

A number of presumed botanical fossils
have recently been assigned to the Renil
lidae, and it is probable that still more need
reinterpretation.

Molds interpreted as fossil pennatulids
have lately been reported from both East
and West Indian Tertiary deposits (3), and
similar remains have been noted in Euro
pean strata.

Suborder SESSILIFLORAE
Kiikenthal, 1915

Sea pens with polyps standing separately
and arising directly from rhachis without
being united near their bases by ridgelike
or leaflike structures (12). ?Sil., Rec.

Family VERETILLIDAE Herklots, 1858
[nom. correct. GRAY, 1870 (pro Veretilloides HERKLOTS,

1858)]

Stout, commonly clavate colonies with
out trace of bilaterality; polyps fully re
tractile, no calyces. Spicules of various types,
none 3-flanged. Rec.
Veretillum CUVIER, 1798 ['"Pennatuta cynomorium
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PALLAS, 1766; SD M.EDW.-H., 1850]. Spicules are
minute oval constricted plates in polyps as well
as in rhachis and stalk. Rec., W.Afr.-S.Eu.

Cavernularia M.EDW.-H., 1850 [*C. obesa]. Spicules
consisting of oval or elongated rods. Rec., W.Afr.
Medit.-IndoPac.

Cavernulina KUKENTHAL & BRocH, 1911 [*C. cylin
drica]. Spicules are rods with bilobed ends. Rec.,
Ind.O.

Lituaria M.EDW.-H., 1850 [*Pennatula phalloides
PALLAS, 1766]. Spicules are plates, commonly with
terminal denticles. Rec., IndoPac.

Policella GRAY, 1870 [*P. australis]. Spicules are
minute, oval bodies in interior of stalk, and small,
biscuit-shaped platelets in outer layer; spicules ab
sent in polyps. Rec., IndoPac.

Family ECHINOPTILIDAE Hubrecht,
1885

Colonies cylindrical, bent, lacking axis,
with polyps radially disposed but in some
showing traces of bilateral orientation;
polyps standing in transverse rows, with
calyces. Spicules are 3-flanged rods. Rec.
Echinoptilum HUBRECHT, 1885 [*E. mackintoshi].

Rec., Ind.O.
Actinoptilon KUKENTHAL, 1910 [*A. molle]. Rec.,

S.Afr.

Family RENILLIDAE Gray, 1860
[nom. correct. GRAY, 1870 (pro Renilleae GRAY, 1860)]

Sea pens with slender stalk and oval or
reniform foliate rhachis bearing polyps on
upper surface only; no axis. Spicules are 3
flanged rods which may be more or less
platelike. ?Sil., Rec.
Renilla LAMARCK, 1816 [*Renilla amerzcana

(=*Pennatula renilormis PALLAS, 1766)]. Rec.,
W.Atl.-E.Pac.--FIG. 162,4. 'OR. renilormis, S.
Car.; colony (26n).

?Alectorurus SCHIMPER, 1869 [non GLOGER, 1842].
Silo

?Cancellophycus SAPORTA, 1872 [*Taonurus liasinus
FISCHER-OOSTER, 1858] [=?Taonurus]. Colonies
flattened, in form of broad, undulating spiral blade,
some with accessory blades; spiral may encompass
several turns or may be quite lax, blade being
formed of successive more or less concentric and
arcuate imbricating lamellae joined together at
close intervals by oblique cross trabeculae, alto
gether producing a reticulate structure with meshes
consisting of sigmoid lozenges thought to have
contained gastric cavities of the individual polyps.
In section, the lamellae are seen to contain calcite
needles (15 to 40 microns in diameter and about
1 mm. in length), trifoliate in cross section and
practically identical with the spicules of various
pennatulids (1). Jur.-Cret.

?Spirophyton HALL, 1863 ['OS. typuml [=?Taonu
rus]. Silo

?Taonurus FISCHER-OOSTER, 1858 [*Fucoides brian
teus VILLA]. Cret.

Family KOPHOBELEMNIDAE Gray,
1860

[nom. correct. KUKENTHAL, 1915 (pro Kophobelemnonieae
GRAY, 1860)]

Sea pens with polyps bilaterally oriented
on rhachis but with some tendency to radial
symmetry; colonies clavate, with axis. Rec.
Kophobelemnon ASBJORNSEN, 1856 [*K. mulleri

(=*Pennatula stellilera O. F. MULLER, 1776)].
Elongate, clavate colonies with large autozooids,
which do not form calyces. Spicules are prismatic
rods, shorter ones commonly distinctly tubercu
lated. Axis slender, rounded quadrangular. Rec.,
Atl.-Medit.-IndoPac.--FIG. 162,2. *K. stelli
lerum, Grand Banks; 2a, spicules (26n); 2b, entire
colony (35).

Mesobe1emnon GRAVIER, 1907 ['OM. gracile]. Simi
lar to Kophobelemnon but spicules are small bone
shaped rods. Axis rounded in section. Rec., Red
Sea.

Sclerobe1emnon KOLLIKER, 1872 [*S. schmeltzei].
Similar to Kophobelemnon but spicules are small
plates, smooth or with serrate ends. Rec., IndoPac.

Family ANTHOPTILIDAE Kolliker,
1880

Bilateral sea pens with polyps in trans
verse or somewhat diagonal rows on 2 sides
of rhachis. Sclerite~ absent except for minute
oval bodies in interior of stalk. Axis round
or quadrangular with rounded angles. Rec.
Anthoptilum KOLLIKER, 1880 [*Virgularia grandi-

flora VERRILL]. Rec., Atl.-IndoPac.

Family FUNICULINIDAE Gray, 1860
[nom. correct. GRAY, 1870 (pro Funiculineae GRAY, 1860)]

Colonies elongate, slender; autozooids
rather small, arranged laterally and ventrally
on rhachis, producing distinct calyces with 8
marginal teeth; siphonozooids infrequent.
Spicules are prismatic needles. Axis quad
rangular. Rec.
Funiculina LAMARCK, 1816 [*Pennatula quadrangu
laris PALLAS, 1766; SD M.EDW.-H., 1850]. Rec.,
Atl.-IndoPac.

Family PROTOPTILIDAE Kolliker, 1872
[nom. correct. KOLLIKER, 1880 (pro Protoptileae KOLLIKER,

1872)]

Bilateral sea pens with autozooids longi
tudinally arranged in one or more lateral
rows. Spicules 3-flanged. Axis stout,
rounded. Rec.
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Protoptilum KOLLIKER, 1872 ["P. carpenteri; SD
KUKENTHAL, 1915]. Rec., N.Atl.-Indo.O.

Distichoptilum VERRILL, 1882 ["D. gracile]. Rec.,
Atl.-Pac.

Helicoptilum NUTTING, 1912 ["R. rigidum]. Rec.,
Japan.

Family STACHYPTILIDAE Kolliker,
1880

Bilateral colonies with autozooids ar
ranged laterally in transverse rows but not
in longitudinal rows also. Autozooids and
siphonozooids with well-developed, scale
like calyces. Spicules are 3-flanged needles.
Rec.
Stachyptilum KOLLIKER, 1880 ["S. macleari]. Rec.,

trop.Pac.

Family SCLEROPTILIDAE Jungersen,
1904

Rhachis elongate, bearing autozooids

closely arranged in indistinct whorls; dorsal
track free of autozooids; siphonozooids scat
tered between autozooids. Rec.

Sc1eroptilum KOLLIKER, 1880 ["S. grandiflorum;
SD BAYER, herein]. With 3-flanged spindles. Rec.,
Atl.-N.Pac.-Ind.O.

Calibelemnon NUTTING, 1908 ["C. symmetricum=
Protocaulon indicum THOMSON & HENDERSON,
1906]. No spicules. Axis quadrangular. Rec., Ind.
O.-Hawaii.

Family CHUNELLIDAE Kiikenthal,
1902

Rhachis extremely slender; autozooids in
widely separated whorls; small siphono
zooids on lateral tracts of rhachis, larger
ones within autozooid whorls. Axis appar
ently quadrangular. Rec.
Chunella KUKENTHAL, 1902 ["C. gracillima]. Ter-
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minal autozooid rudimentary or absent. Rec., E.
Afr.

Amphiacme KUKENTHAL, 1903 ["Amphianthus
abyssorum KUKENTHAL, 1902]. Terminal auto
zooid well developed, asymmetrical. Rec., E.Afr.

Family UMBELLULIDAE Lindahl, 1874
[nom. correct. KOLLIKER, 1880 (pro Umbelluleae LINDAHL,

1874) ]

Rhachis slender, elongate, bearing at its
apex an umbelliform tuft of large auto
zooids; siphonozooids situated among auto
zooids and in groups or rows on barren
parts of rhachis. Spicules are 3-flanged
needles in polyp walls, rhachis and stalk
rind, and small oval bodies in deep layers
of stalk. Axis round or quadrangular. Rec.
Umbellula CUVIER, 1798 ["Isis encrinus LINNE,

1758]. Rec., cosmop., deep-sea.--FIG. 162,3. U.
giintheri KOLLIKER, 1880, W.Indies; small colony,
about Xl (25).

Suborder SUBSELLIFLORAE
Kiikenthal, 1915

Polyps united by their bases, situated in
rows on lateral swellings or foliate polyp
leaves. Cret.-Rec.

Family VIRGULARIIDAE Verrill, 1868
[nom. correct. JUNGERSEN. 1904 (pro Virgularidae VERRILL,

1868)]

Bilateral, with slender rhachis; autozooids
situated in transverse rows and united to
gether by their bases, rhachis beneath them
raised into lateral swellings or small leaves.
Spicules present as prismatic needles, small
biscuit-shaped plates, or entirely absent.
Axis stout. Cret.-Rec.

Subfamily VIRGULARIINAE Verrill, 1868
[nom. fransZ. et correct. KUKENTHAL & BROCH, 1911 (ex Vir~

gularidae VERRILL, 1868)]

Autozooids form low to prominent polyp
leaves. Cret.-Rec.
Virgularia LAMARCK, 1816 [*Pennatula mirabilis

MULLER, 1776; SD M.EDw.-H., 1850]. Long, slen
der colonies with lateral rows of low polyp leaves
separated by dorsal track and in some also by
ventral groove; autozooids retractile; siphono
zooids between or on polyp leaves and along dor
sal track. Spicules absent except for small, oval
platelets in interior of stalk. Axis stout, projecting
apically. Cret.-Rec., nearly cosmop.--FIG. 162,6.
V. presbytes BAYER; 6a, dorsal, lateral, and ven
tral views of part of rhachis with fully developed
polyp leaves (Rec., GulfMexico) (26); 6b, mold of
ventral side of colony (Wilcox.-Claiborn., Trini
dad) (29).

Acanthoptilum KOLLIKER, 1870 [*A. pourtalesii;
SD KUKENTHAL, 1915]. Rec.

Graphularia M.EDw.-H., 1850 ["G. wetherelli].
Axial rods slightly compressed, narrower sides
flattened or slightly concave; central core wide;
cortical zone consisting of long, irregular, cal
careous radii extending from core to periphery,
perforated by radial tubules extending outward
from central core. These axes correspond closely
in structure with those of modern Stylatula, with
which they may be congeneric (4). Eoc.(London
Clay), Eng.

Scytaliopsis GRAVIER, 1906 [*5. djiboutiensis]. Rec.
Scytalium HERKLOTS, 1858 [*5. sarsi]. Rec.
Stylatula VERRILL, 1864 [*5. elongata; SD KUKEN-

THAL, 1915 (?=Virgularia elongata GABB, 1863)].
Polyp leaves supported by radiating spicules. Rec.,
Atl.-E.Pac.

Subfamily BALTICININAE Gray, 1870
[nom. transl. BAYER, herein (ex Balticinidae GRAY, 1870)]

[=Pavonariinae KUKENTHAL & BROCH, 1911]

Autozooids stand in oblique rows sur
rounded by ridges or folds of rhachis. ?U.
Cret.(Senon.), Rec.
Baltidna GRAY, 1870 [*Virgularia finmarchica SARS,

1851] [=Pavonaria KOLLIKER, 1869 (non
SCHWEIGGER, 1820)]. ?U.Cret.(Senon.}, Rec., N.
Atl.-IndoPac.

Family PENNATULIDAE Ehrenberg,
1828

[nom. correct. DANA, 1846 (pro family Pennatulina EHREN
BERG, 1828)]

Bilateral sea pens with well-developed
polyp leaves bearing one or more marginal
rows of autozooids, which have calyces with
marginal teeth formed by spicules; siphono
zooids on rhachis, not on leaves. Spicules as
minute oval bodies, plates, rods, and pris
matic needles. Rec.
Pennatula LINNE, 1758 [*P. phosphorea; SD

KUKENTHAL, 1915]. Calyces usually with 8 mar
ginal teeth; spicules as prismatic rods and needles,
inconspicuously 3-f1anged in stalk, where plates
occur also. Rec., cosmop.--FIG. 162,1. P. aculeata
DANIELSSEN, Mass.; la, colony from the side (35);
1b, spicules (26n).

Leioptilus GRAY, 1860 [*Pennatula fimbriata HERK
LOTS, 1858]. Rec.

Ptilosarcus GRAY, 1860 [*Sarcoptilus (Ptilosarcus)
gurneyi; SD BAYER, herein]. Calyces with only 1
or 2 teeth; large plates in interior of stalk. Rec.,
off W.N.Am.

Family PTEROEIDIDAE Kolliker, 1880

Bilateral sea pens like Pennatulidae but
polyp leaves supported by rays of stout
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FIG. 162. Pennatulacea (p. F226-F230) (for Sarcophyllum read Sarcoptilus, p. F230).
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spicules; autozooid calyces not formed by
spicules; spicules not 3-flanged. T ert.-Rec.

Pteroeides HERKLoTs, 1858 ["Penna grisea Bo-
HADSCH, 1761 (=Pennatula spinosa ELLIS, 1764;
Pteroeides spinosum HERKLoTs, 1858); SD KUKEN
THAL, 1915]. Polyp leaves lack accessory leaves.
Tert.(Sumatra)-Rec.(E.AtI.-Medit.-IndoPac.).

Sarcoptilus GRAY, 1848 ["S. grandis] [=Sarcophyl
lum KOLLIKER, 1860]. Supporting rays absent, but
spicules as rods and plates, never prismatic. Rec.,
AustraI.-N.Z.--FIG. 162,5. "S. grandis; spicules
(26n).

Struthiopteron BROCH, 1910 ["Pteroeides caledoni-

cum KOLLIKER, 1869]. Leaves with supporting
rays and accessory leaves along dorsal track. Rec.,
NewCaledonia-Amboina.

Suborder and Family UNCERTAIN
Glyptosceptron BOEHM, 1890. V.Cret.( Senon.),

Bavaria.
Palaeosceptron COCCHI, 1870. V.Cret.
Pennatulites COCCHI, 1870. V.Cret.( Senon.).
Prographularia FRECH, 1890. Like Graphularia, but

longitudinally striated and with symmetrical pair
of deep grooves. Trias.

Protovirgularia M'Coy, 1850. Silo
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ZOANTHARIA-GENERAL FEATURES

By J. W. WELLS and DOROTHY HILL

Subclass ZOANTHARIA
de Blainville, 1830

[=Helianthoida LATREILLE, 1825; Zoantha BLAINV., 1834j
Zoocorallia polyactinia, Phytocorallia polyactinia, Phytocoral
lia dodecactinia EHRENBERG, 1834j Anthozoa helianthoida
JOHNSTON, 1837 (partim)i Actinaria DANA, 1846; Hexacorallia,
Tetracorallia HAECKEL, 1866; Hexactiniae SCHNEIDER & ROTTE·
KEN, 1871; Hexacoralla + Rugosa NICHOLSON in LANKESTER,
1877; Zoanthactiniaria + Rugosa VAN B£NEDEN, 1898; Actin
anthida DELAGE & HEROUARD, 1901; Dodecacorallia CARLGREN,

1908]

Solitary and colonial anthozoans, with or
without calcareous trabecular exoskeleton,
characterized by coupled and paired mesen
teries, and by insertion of new pairs of
mesenteries, generally after the first 6, in 2
(ventrolateral), 4 (lateral and ventrolateral),
or all 6 primary exocoeles. Ord.-Rec.

Representatives of the Zoantharia are di
vided into orders according to arrangement
of their mesenteries and corresponding septa
if a skeleton is. present.

Classification of Zoantharia
1. Septa inserted only within "bifur

cated" outer ends of 4 original septa
(cardinal, counter, and alars) HETEROCORALLIA

2. Mesenterial pairs, after first 6, in
serted only in ventrolateral exo-
coeles h ZOANTHINIARIA

3. Septa inserted in 4 spaces: between
cardinal and alar septa, and between
alar and counter-lateral septa (?me
senterial pairs inserted in lateral and
ventrolateral exocoeles) h RuGOSA

4. Mesenterial pairs (and septa) in
serted in dorsolateral, lateral, and
ventrolateral exocoeles HEXACTINIARIA

A. One tentacle over each exocoele
and entocoele; exoskeleton

i. Absent ACTINIARIA
ii. Present SCLERACTINIA

B. More than one tentacle over each
exocoele and entocoele; skeleton
absent CORALLIMORPHARIA
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