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COORDINATING AUTHOR’S PREFACE

Barry D. WEBBY

Volumes 4 and 5 complete the revision
of the Treatise on Invertebrate Paleontol-
o0gy, Part E, Porifera. The volumes focus on
groups called, collectively, hypercalcified
sponges (TERMIER & TERMIER, 1973): that
is, encompassing all forms that acquired a
mainly nonspicular, basal skeleton of cal-
cium carbonate to support and maintain
the organism’s soft tissues, with it usually
mantling above, but occasionally investing
part of the associated substrate. The types of
hypercalcified skeleton became well adapted,
especially in Phanerozoic reef habitats, across
a range of distinctly different fossil groups of
demosponges and calcareans. The volumes
aim: (1) to present comprehensive introduc-
tions and systematic descriptions of the main
hypercalcified fossil sponge groups—namely,
the archacocyaths, stromatoporoids, and
chaetetids; (2) to provide an introduction
and systematic descriptions of the com-
paratively few hypercalcified demosponge
and calcarean taxa that are still living; and
(3) to add an introduction about the other
hypercalcified demosponges and calcar-
eans, represented by the sphinctozoan- and
inozoan-type morphologies, to the system-
atic descriptions of these forms contributed
previously in Volume 3 of the Treatise, Part
E, Porifera, Revised, by Robert M. Finks and
J. Keith Rigsy (2004d).

Siliceous spicules were secreted by the soft
tissue and acted in a variety of support roles
in living hypercalcified demosponges. Com-
monly, they were secondarily accreted to
their basal skeletons by calcareous cements.
Alternatively, they may have remained as
discrete elements in the body of the sponge,
or, during the life of the sponge, they may
have been initially secreted then reabsorbed
in the skeleton, or these siliceous spicules
were never secreted. Calcareous spicules, on
the other hand, were secreted only in hyper-
calcified calcareans, with some developing in

association with an initial spicular skeleton,
or becoming incorporated secondarily in
carbonate cementation of the solid basal
skeleton. In fossil counterparts, the spicules
are seldom recorded in their original state;
typically, they show significant levels of dia-
genetic alteration and are, in consequence,
largely preserved as spicule pseudomorphs.
Such structures are not uncommon in Me-
sozoic stromatoporoids (Woob, 1987) and
have been identified also in late Paleozoic
and Mesozoic chaetetids (Gray, 1980).
However, spicule pseudomorphs have not
been confirmed positively in the major
hypercalcified groups such as archaeocyaths
and Paleozoic stromatoporoids.

All the main hypercalcified fossil sponge
groups exhibit direct or indirect evidence
of aquiferous systems that supported their
inferred filter-feeding activities as sponges.
These features may comprise: (1) astro-
rhizal structures as surface impressions in
the chaetetids and of surface imprints and
internal canals in the stromatoporoids; (2)
occurrences of porous outer and inner walls
and a central cavity in the archacocyaths;
and (3) astrorhizal structures, pores in outer
and inner walls, and a spongocoel (= central
cavity) in sphinctozoans and inozoans.

The archaeocyaths, stromatoporoids,
and chaetetids are described systematically
here, for the first time in a 77eatise volume,
as members of the phylum Porifera. In
some contexts, the concept of morpho-
logical grade of construction has been ap-
plied to these higher-level subdivisions,
though independent taxonomic categories
up to the level of classes still continue to be
maintained for the description of the non-
spiculate archaeocyaths and the Paleozoic
stromatoporoids. The affinities of these vari-
ous fossil groups have long been discussed in
relation to living sponges and other groups.
KirkpaTRICK (1908, 1909, 1910a, 1910b,
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1910c, 1911, 1912a, 1912b, 1912¢, 19124,
1912¢, 1912f) was the first to thoroughly
survey the characteristics of a number of
living hypercalcified sponges, including the
crustlike forms of one species in particular,
Merlia normani KIRkPATRICK, 1908, which
he recognized as having siliceous spicules in
the living tissue as well as a supplementary
calcareous skeleton. In discussion of its pos-
sible relationships, he suggested that some
Paleozoic fossils, including stromatoporoids,
chaetetids, and others, had “essentially the
same nature as Merlia” (KIRKPATRICK, 1912a,
p- 502) and that this genus may have been
“a solitary survivor” from Paleozoic times.
It is unfortunate that his ideas, published
in subsequent years, across a broad range of
topics on living organisms, fossils, and rocks,
became increasingly idiosyncratic and unten-
able. Nevertheless, he must continue to be
credited with recognizing correctly the links
between living hypercalcified sponges and
the stromatoporoids and chaetetids at a time
when these latter groups were consistently
treated as hydrozoans.

More than a half century later, HARTMAN
and GOREAU (1970, 1972) rediscovered and
properly documented many of the living
sponges with hypercalcified skeletons in
the Caribbean, and, contemporaneously,
VACELET (1964, 1970, 1977a) commenced
his remarkable series of discoveries in the
Mediterranean and Indo-Pacific, which
together allowed poriferan connections to
be firmly established for the various fos-
sil groups—such as stromatoporoids and
chaetetids, as well the sphinctozoans—that
exhibited hypercalcified skeletons.

The Archaeocyatha was treated as a sepa-
rate phylum between the late 1940s and
1980s, though greater affinities were accord-
ed to the sponges than other groups. How-
ever, the rediscoveries of living hypercalcified
sponges and the recognition of a chambered,
nonspiculate, sphinctozoan called Vaceletia
crypta (VACELET, 1977b), which shows close
similarities to the architecture and skeletal
structure of archaeocyaths, have led to a
reappraisal and suggestions that the archaeo-
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cyaths are closer taxonomically to phylum
Porifera (DEBRENNE & VACELET, 1984)
than previously thought. More recently, the
archaeocyaths were adopted as a separate
class of phylum Porifera (see DEBRENNE,
ZHURAVLEY, & KRUSE, 2002, p. 15406).

NOMENCLATURAL CHANGES

Four alternative names—coralline sponges,
sclerosponges, pharetronids, and ischyro-
sponges—have been applied previously to
denote broadly equivalent (= synonymous)
informal groupings of the presently accepted
term hypercalcified sponges (including the
hypercalcified demosponges and hypercalci-
fied calcareans, respectively). The coralline
sponges were presumably so termed because
of their superficial resemblances to coral colo-
nies and occupation as encrustations or other
skeletal growths of similar reef-type settings.
The term used informally by HaRTMAN (1969,
p- 1; HartMAN & GOREAU, 1970, p. 228) was
applied generally to all living sponges with
calcified basal skeletons, astrorhizal structures,
and spicules, either siliceous or calcareous.
The generalized conception of the term has
since been broadened to encompass these
particular living forms, as well as the array
of fossil representatives, particularly of stro-
matoporoids and chaetetids (see, for example,
Woob, 1990b, p. 225-234; REITNER, 1992,
p. 15 WORHEIDE, 1998, p. 1-88; REITNER &
others, 2001, p. 219-223, 228, 231-234;
REITNER & WORHEIDE, 2002, p. 58-68).

There is no longer justification for retain-
ing the informal name coralline, especially
given that, in terms of taxonomic classifica-
tion, neither the living forms nor fossil stro-
matoporoids and chaetetids have diagnostic
features in common with representative
cnidarian corals and hydrozoans. The only
superficial resemblances between hypercalci-
fied sponge groups like stromatoporoids and
chaetetids, on the one hand, and tabulate
corals, on the other, are, for example, where
they develop similar growth habits as a result
of sharing similar reef-building habitats.
Nevertheless the two groups remain funda-
mentally different, so the current practice



of naming particular types of skeletonized
sponge as “coralline” should be discontinued
(see WEBBY, 2010, p. 7).

The second name, sclerosponge, is based
on class Sclerospongiae HARTMAN & GOREAU
(1970, 1972). It was first used in a more
restrictive sense to take account of living
sponges that exhibited a massive aspicular
basal skeleton of calcium carbonate (mainly
aragonitic) and siliceous spicules that formed
in the thin, overlying, venecerlike layer of
living tissue—this latter sometimes becom-
ing entrapped in the calcareous skeletal
mass below—and the fossil counterparts,
stromatoporoids and chaetetids. HARTMAN
and Goreau (1970, p. 228) proposed this
higher taxon mainly to accommodate the
remarkable record of living hypercalcified
sponge species that they found in the fore-
reef settings of the Caribbean, and their
recognition of similarities with astrorhizal-
bearing fossil stromatoporoids, as well as
some members of the fossil Chaetetidae.
Initially, the establishment of the class Scle-
rospongiae received widespread acceptance,
even though HarTMAN and Goreau (1970,
p. 221) acknowledged that “a basal skeletal
mass of aragonite [had] arisen independently
within several different phylogenetic lines of
the Demospongiae,” and these same authors
(1972, p. 144) admitted that similarities
existed between sclerosponges and demo-
sponges, particularly in the organization of
their living tissue, cell types, and develop-
ment (see HARTMAN, 1983, p. 116).

Additionally, Jean VaceLET (1964, 1970,
1977a, 1983, 1985), in an important series
of hypercalcified sponge discoveries from
various parts of the world (in particular the
Mediterranean and the Indo-Pacific regions),
recognized that modern reef habitats exhibit
a wider range of sponge groups than just
those represented by a hypercalcified cal-
careous skeleton and the sclerosponge-type
of hypercalcified skeleton with siliceous
spicules, this latter regarded as derived from
within a number of different orders of the
class Demospongiae. Consequently, the
higher-level sclerosponge grouping exhibits

polyphyletic relationships, and therefore
the formal use of the name should be aban-
doned.

ZiTTEL (1878) introduced the third supra-
familial group as Pharetrones, a name subse-
quently amended formally to Pharetronida
by DE LAUBENFELS in 1955 (p. 97). VACELET
(1991) later recognized such pharetronid-
type skeletons as occurring within different
subclasses of the Calcarea. They were com-
posed of a massive hypercalcified skeleton—
that is, either based on a reinforced spicular
skeleton or a nonspicular rigid skeletal mass
and usually associated with fused or free
calcareous spicules. Consequently within
the Calcarea, these pharetronid-type skel-
etons occur in different calcarean subclasses,
and therefore comprise a group, which as
a whole must also be interpreted as being
polyphyletic in origin (VACELET, 1991, p.
261), and therefore this group name should
no longer be used.

The fourth name, ischyrosponges, was
based on the supra-familial grouping Is-
chyrospongiae TERMIER & TERMIER (1973,
p- 286) and, as proposed, was likely to
have the status of a superclass, given that
it was considered to include three classes
(Stromatoporoidea, Sclerospongia, and
Pharetronidea). However, the name has
been little used, even by H. TErRMIER and G.
TERMIER (1973) to promote this higher-level
terminology and clearly proves to represent
an even more polyphyletic grouping of forms
than the Sclerospongiae, so its use should
also be abandoned.

Preference should always be given to
describing these forms broadly, and in gen-
eral terms, as hypercalcified sponges, or,
where their more specific relationships are
known, as hypercalcified demosponges,
hypercalcified calcareans, or heteractinids.
The other main subdivision of hypercal-
cified sponges is based on the important
skeletal differences that exist between the
main fossil groups. Broadly, these groups
comprise the archacocyathans, chaetetids,
stromatoporoids, sphinctozoans, and ino-
zoans, as described herein.



EARLIER TREATISE
COMPILATIONS

Previously the stromatoporoids and chae-
tetids were described in Treatise volumes as
parts of the Coelenterata, and the archaeo-
cyaths were considered to be an independent
phylum. The stromatoporoids were regarded
initially in the first edition of Treatise, Part
E, Coclenterata by Marius Lecompte as
belonging to class Hydrozoa (LECOMPTE,
1956, p. 107-144), whereas the chaetetids
were described as tabulate corals by Dorothy
Hill and Erwin Stumm in that same edition
of the coelenterate 7reatise volume (HiLL &
STuMM, 1956, p. 454-456). Then chaetetids
were treated again more comprehensively
by Dorothy Hill in Supplement 1 of the
Treatise, Part F, Coelenterata (HiLL, 1981,
p. 506-520). The archaeocyaths were twice
described as belonging to an independent
phylum, first by Vladimir Okulitch, in a
part of the first edition of the Treatise, Part
E (Archaeocyatha and Porifera) (OxuLITCH,
1955a, p. 1-20), and second, by Dorothy
Hill in the second edition of the Treatise,
Part E (Archaeocyatha) (Hirr, 1972, p.
1-158).

The next revisions of Treatise, Part E,
Porifera commenced with the publication
of Volume 2: Introduction to the Porifera,
by Robert M. Finks, R. E. H. REID, and J.
Keith RiGBy (2003), and Volume 3: Porifera
(Demospongea, Hexactinellida, Calcarea) by
the same authors in 2004. FiNks and RiGBY
(2004d, p. 585-764) coauthored a substantial
part (about one-third) of Volume 3 that was
devoted to the systematic descriptions of the
Hypercalcified Sponges, mainly those exhib-
iting sphinctozoan (= thalamid) and inozoan
architectures. Included was a basic outline of
the microstructure, morphological features,
and the basis for informal subdivision into
two groups, the Hypercalcified Demospongea
and Hypercalcified Calcarea (FINks & RiGsy,
2004d, p. 585-594). These groups had been
referred to collectively in the past as pharetro-
nids (after order Pharetrones of VON ZITTEL,
1878), with separation into morphological
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types: the chambered sphinctozoans (alterna-
tively called thalamids, after DE LAUBENFELS,
1955), and the reticular (nonchambered)
inozoans (see FINKS, 1983), with both lat-
ter names derived from STEINMANN (1882).
Finks and RiGBy (2004d, p. 590) recognized
these names based on morphologic types as
having some taxonomic value at the family
level. However, at higher levels they are not
taxonomically useful, as members of both
sphinctozoan and inozoan types of construc-
tions occur in both the class Demospongiae
and the class Calcarea, and even one demo-
sponge order (Agelasida HARTMAN, 1980b)
has representatives of both morphologi-
cal types, again emphasizing the polyphyly
within these forms.

Finks and RiGBY (2004c, p. 557-583) also
included the exclusively Paleozoic (lower
Cambrian—Permian) class Heteractinida as
an independent, minor, poriferan group. It
was also regarded as hypercalcified because,
though it has dominantly a spicular skeleton
composed of skeletal networks of various
calcareous spicule types (mainly octactines,
polyactines, or sexiradiates), it also has glob-
ular, saucer-shaped, or cylindrical skeletons
that commonly become embedded, either
partially or more completely, with coatings
of cement of nonspicular calcium carbon-
ate. On the other hand, PickeTT (2002, p.
1121) recognized the order Heteractinida as
a separate member of the class Calcarea. It
represents a group composed of distinctive
calcareous octactine to polyactine spicule
types and a rigid skeletal framework of non-
spicular carbonate.

OUTLINE OF
CONTRIBUTIONS TO THIS
VOLUME

Much of the stimulus for the present revi-
sions of fossil hypercalcified sponge groups
stems from the spectacular rediscoveries
from the late 1960s onward of living hyper-
calcified sponges, first by FiNks and RiGBy (in
FiNks, REID, & RiGBY, 2004), and now, here-
in, in the sections on living hypercalcified



Porifera by Vacelet, Willenz, and Hartman;
living and fossil hypercalcified chaetetid-type
and post-Devonian stromatoporoid-type
Demospongiae by West, Vacelet, Wood,
Willenz, and Hartman; and living hyper-
calcified Calcarea by Vacelet. The so-called
living fossils were reported mainly from the
dimly lit areas of reefal habitats across a
range of settings between sublittoral caves
and bathyal cliffs in the tropical to subtropi-
cal waters of the Indo-Pacific and Caribbean,
and more temperate waters of the Mediterra-
nean and nearby Atlantic (HARTMAN, 1969;
HARTMAN & GOREAU, 1970, 1972, 1975;
VACELET, 1970, 1977a, 1985; WILLENZ &
HARTMAN, 1999).

The rediscoveries of these unique living
sponge faunas by Hartman, Vacelet, and
others have done much to activate inter-
est among paleontologists, especially those
working on the various hypercalcified fossil
groups. Consequently, closer linkages have
been forged with neontologists, and a num-
ber of paleontologists have since applied
various functional models based on some of
the living hypercalcified forms to morpho-
logically similar fossil taxa. In particular,
for a decade or so, Stearn, West, Wood, De-
brenne, and Zhuravlev have been attempting
to explain aspects of the functional signifi-
cance, living habits, and microstructures of
their fossil taxa (mainly among stromatopo-
roids, chaetetids, and archaeocyaths), using
examples from among the various extant
hypercalcified sponge taxons as their models.

Hypercalcified sponges were considered to
have acquired a rigid, nonspiculate calcare-
ous basal skeleton in support of their growth
within reef habitats by VAceLET (1985),
Woobp (1987, 1989), and others. They
recognized also that the calcareous basal
skeleton evolved independently in a number
of unrelated sponge lineages through the
Phanerozoic, each time developing a simi-
larly convergent form. Furthermore, they re-
garded the calcareous basal skeleton as repre-
senting a morphological grade that appeared
and disappeared repeatedly through time,
surviving until today in five separate ordinal-
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level demosponge and three calcarean lines
of evolutionary development. These repeti-
tions in the development of a basal skeleton
have resulted in many unrelated, relic, living
hypercalcified sponge clades and led Vacelet
and Wood, in particular, to conclude that
the possession of a calcareous basal skeleton
had limited phylogenetic significance within
the phylum Porifera.

EXTANT AND FOSSIL
DEMOSPONGIAE: CHAETETID-
TYPE AND POST-DEVONIAN
STROMATOPOROID-LIKE TAXA

Volume 4 provides a general introduction
with outlines of the respective morpholo-
gies, modes of life, ecological significance,
geographical distribution, and classification
of the living relic sponge faunas, contributed
by Vacelet, Willenz, and Hartman. The ex-
isting, described living hypercalcified sponge
fauna of 19 genera are divided between the
10 genera of class Demospongiae (those
belonging to 5 extant orders), and the 9
genera of class Calcarea (that are included
in 3 extant orders). This comparatively
small number of extant hypercalcified genera
represents only about 2.8% of the valid taxa
of some 680 living sponge genera known
as a result of the recently completed major,
collaborative work on global taxonomy
(HooPER, VAN SOEST, & DEBRENNE, 2002);
the majority of living sponges lack a mineral-
ized basal skeleton.

Also, in this first part of the present re-
vised Volume 4 are general introductions
to the fossil demosponge counterparts of
the living taxa, contributed by WEST and
Woob on the chaetetid-type and post-
Devonian stromatoporoid-like taxa. In these
introductions, they mention the importance
of recognizing spicules (or, at least, their
pseudomorphs), as had been done ear-
lier by KazMmiErczak (1979), Gray (1980),
and REITNER (1991a) in Carboniferous—
Cretaceous chaetetids and by Woob (1987)
for Mesozoic stromatoporoids. Traces of the
secondarily entrapped or coated spicules (or
spicule pseudomorphs) within their hyper-



calcified skeletons have been documented
by WEesT and WooD, based on their spicules
and gross morphology. In addition, they
identified in their fossil material evidence
of aquiferous systems (for example, presence
of astrorhizae on surfaces of chaetetids; see
also WesT & CLARK, 1983, fig. 3—4), and
other morphological resemblances to ex-
tant taxa like Acanthochaetetes, Merlia, and
Ceratoporella that ally these fossil groups
to demosponges. Many of these fossil taxa
were included previously in cnidarian-based
groupings but are now revised and included
in higher-level subdivisions of the poriferan
class Demospongiae.

The well-illustrated systematic descrip-
tions of extant hypercalcified, and fos-
sil chaetetid- and post-Devonian stro-
matoporoid-type, demosponge genera
are combined for the first time by WEsT,
VACELET, WoOD, WILLENZ, and HARTMAN
in a classification of taxa spread across 8
different orders (2 uncertain) of the class
Demospongiae. Included are 48 living
and fossil genera (with addition of 5 fossil
subgenera). Significantly, the chaetetid-
type and stromatoporoid-like genera have
separate distributions—that is, as different
morphological grades they do not occur
together in the same order—which suggests
they have some taxonomic significance. On
the one hand, chaetetids are distributed
across 4 living orders—the Hadromerida,
Poecilosclerida, Halichondrida, and possi-
bly Chondrosida, and the stromatoporoid-
type genera are presently included in quite
different living orders, such as the Agelasida
and Haplosclerida.

Another feature of these relationships
is seen in the Upper Cretaceous chaetetid
demosponge Stromaroaxinella irregularis,
which Woob and REITNER (1988) have
described as exhibiting tracts of style-like
spicule pseudomorphs; they claim the
species bears close affinities in its general
skeletal organization and microstructure to
the middle Mesozoic stromatoporoid-like
genus Dehornella, on the one hand, and the
living genus Acanthochaetetes on the other,

and that this forms a kind of morphological
continuum. However, currently these three
genera have been assigned to three different
demosponge orders—West and Wood have
included Stromatoaxinella in order Ha-
lichondrida, Wood grouped Dehornella in
the order Agelasida, and Vacelet, West, and
Willenz placed Acanthochaetetes in the order
Hadromerida—which raises the likelihood
that this morphological trend represents
one or more convergences owing to their
polyphyletic origins.

EXTANT CALCAREA

Descriptions of the extant hypercalci-
fied members of the class Calcarea are also
presented by Vacelet in Volume 4. These
complement earlier systematic descriptions
of the mainly fossil (Mesozoic) hypercalci-
fied genera belonging to the class, which
were described by Finks and Rigsy (2004d,
p. 734-762) in Volume 3 of the revised
Treatise, Part E (Porifera).

LISTS OF POST-DEVONIAN
STROMATOPOROID-LIKE TAXA

A large number of nonspicular, post-
Devonian, stromatoporoid-like genera,
which could not be adequately deter-
mined or placed taxonomically in any
coherent scheme of classification, were
also compiled in an annotated list of 65
genera by Stearn and Stock. Unfortunate-
ly, no worker currently specializes in the
study of these nonspicular post-Devonian
forms. Some of these genera show astro-
rhizae and are confirmed as sponges, but
not all genera exhibit astrorhizae and
continue to have problematic relation-
ships. Family affinities, where known, are
mentioned, and a list of 15 excluded gen-
era have also been included in Volume 4.

SPHINCTOZOANS, INOZOANS, AND
DISJECTOPORIDS

A review of the sphinctozoans and ino-
zoans is presented in the next section by
Senowbari-Daryan and Rigby. It comple-
ments the systematic descriptions of these

xxiil



hypercalcified demosponge and calcarean
groups by FINks and RiGsy (2004d), incor-
porated in Volume 3 of the revised Treatise,
Part E (Porifera). Senowbari-Daryan and
Rigby have determined that the sphinctozo-
ans and inozoans are markedly polyphyletic,
given that the bulk of the sphinctozoan
genera (about 160) occur in 3 demosponge
orders: Agelasida (48.5%), Verticillitida (=
Vaceletida) (37%), and Hadromerida (11%),
and the remainder are calcareans of the order
Sphaerocoeliida (3.5%).

In comparison, the inozoan genera
(about 100) are represented by the demo-
sponge order Agelasida (70%) and calcarean
order Stellispongiida (30%). An additional
few sphinctozoan genera are attributed to
other poriferan classes, the Hexactinellida,
Heteractinida, and the Archaeocyatha
(e.g., cosinocyathine archaeocyaths show
sphinctozoan-type chambers in early stages
of ontogeny [DEBRENNE & WooD, 1990;
SENOWBARI-DARYAN & GARCIA-BELLIDO,
2002a)).

The sphinctozoan morphological grade
apparently developed more commonly in
sponge lineages than any of the other mor-
phological types of hypercalcified sponges,
and, in consequence, was probably the least
taxonomically significant morphological
type. Other aspects of sphinctozoan and
inozoan morphology, their classification,
patterns of water circulation, paleoecology,
distribution in time and space, and their
roles as contributors to reefs are discussed.

The living and fossil (Cretaceous—
Tertiary) chambered, nonspiculate, ara-
gonitic hypercalcified sponge Vaceletia
PickeTT, 1982, is of particular interest as
it was originally recognized as an arche-
typal sphinctozoan, though first allied to
calcareans, then to demosponges (VACE-
LET, 1977b, 1979b), and even mentioned
as a sole survivor from archaeocyath
stock (PICKETT, 1985b). More recently,
it has been placed in the demosponge
family Verticillitidae STEINMANN, 1882
(see VACELET, 2002b; and FiNks & RiGBy,
2004d). However, by applying molecular-

sequencing procedures and other analyses
to extant specimens of Vaceletia, WOR-
HEIDE (2008) has been able to demon-
strate that the taxon is monophyletic
and has a precise placement within the
extant, nonspiculate, keratose (bath
sponge) members of order Dictyocera-
tida MINcHIN, 1900. The connection is
perhaps not surprising, given that modern
demosponges can build calcareous and
keratose skeletons without spicules (Va-
CELET, 1979b). Nevertheless, the dictyoc-
eratids have only an organic-fiber spongin
skeleton, with no trace of an aragonitic
skeleton like Vaceletia. The fossil taxa that
are included in the family Vaceletiidae
REITNER & ENGESER, 1985, include only
nonspiculate Vaceletia. However, within
the broader grouping of order Verticil-
litida TERMIER & TERMIER (in TERMIER,
TERMIER, & VACHARD, 1977) (= order
Vaceletida of Finks & Rigsy, 2004d,
p. 691), some of these taxa show traces
of monaxon spicules—e.g., Colospon-
gia LAUBE, 1865, and Subascosymplegma
DENG, 1981—and these are now excluded
from a relationship with Vaceletia.

One other problematical group, family
Disjectoporidae TorNQUIST, 1901, is de-
scribed and illustrated by Stearn as compris-
ing 11 Permian—Triassic genera that occur as
encrusting forms in reef facies. These taxa
have rodlike frameworks and resemble cer-
tain living hypercalcified sponges; they are
possibly related to inozoan types, but their
relationships within the phylum, classified as
class and order Uncertain, remains obscure.

GLOSSARY OF TERMS

All authors contributed to the compre-
hensive glossary of terms. This glossary is
applicable to all fossil and extant hypercal-
cified poriferans described herein (see latter

part of Volume 4).

PALEOZOIC STROMATOPOROIDEA
AND PULCHRILAMINIDA

The second, major part of this Treatise
revision (see first part of Volume 5) is

XxXiv



devoted to an introduction to and system-
atic descriptions of the extinct, Middle
Ordovician—-Devonian, nonspiculate class
Stromatoporoidea sensu NICHOLSON &
Murlig, 1878, by Stearn, Webby, Nestor,
Kershaw, and Stock. The group comprises
characteristically large, simple, hypercalci-
fied skeletons of laminar, domical, bulbous,
or less commonly, columnar and branching
shapes. Internally the skeletal material ex-
hibits repeated growth units, either in net-
works of pillars and laminae (or cyst plates),
or as amalgamated elements; and evidence
of aquiferous systems is commonly present.
The general morphological forms of the
Paleozoic (Mid-Ordovician to Devonian)
skeleton may be interpreted to represent a
grade of construction that includes a wide
range of architectural types: all the known
shapes of the Paleozoic skeletons, even co-
lumnar and branching growth forms.

Stromatoporoid-grade constructions also
developed for a limited time during the early
Cambrian in a very small group of porous
archaeocyaths (order Kazachstanicyathida
KonNyusHkov, 1967). These constructions
also formed during the Jurassic and Cre-
taceous when another group of spiculate
stromatoporoid-grade demosponges ap-
peared (Woob, 1999, p. 229).

Attempts to establish an ontogenetic
succession using the earliest stages of
Paleozoic stromatoporoid growth have
not been successful. The group is indu-
bitably poriferan, and the nearest living
forms are occurrences of hypercalcified
demosponges, such as Ceratoporella, Stro-
matospongia, and Astrosclera of the fam-
ily Astroscleriidae (order Agelasida) and
Calcifibrospongia of the family Calcifibro-
spongiidae (order Haplosclerida). These
extant forms show stellate astrorhizal
patterns as surface depressions on upper
surfaces where growth has been inhibited
beneath exhalant water channel-ways, as
originally explained by HARTMAN and
GoRreaU (1970, p. 224), but it remains
very doubtful that these living taxa are
directly related to Paleozoic or Mesozoic

stromatoporoids. The modern forms are
probably merely convergently similar to
the ancient forms.

The Paleozoic stromatoporoid taxa have
been described and classified using as many
consistently preserved morphological char-
acters in their hypercalcified skeletons as
possible, though these tend to be limited
to a comparatively few internal features
and the microstructures. Nevertheless this
has provided a workable framework for sys-
tematizing the taxa for use in determining
such topics as stromatoporoid life history,
paleoecology, paleobiogeography, and bio-
stratigraphy.

The origins of the spiculate Mesozoic
stromatoporoids remain obscure, but it
seems most likely they developed indepen-
dently of nonspiculate Paleozoic forms,
possibly from a demosponge group that was
producing siliceous spicules, though they
may not have hitherto produced a hypercal-
cified skeleton.

The Paleozoic class Stromatoporoidea has
an essential unity; despite significant imper-
fections in the stratigraphic record, the group
comprises 7 orders and a total of 125 genera
that clearly exhibit an early unidirectional
evolutionary trend through late Middle to
Late Ordovician time, with the group ten-
tatively appearing to be monophyletic. The
origins of the earliest order, the Labechiida,
remains obscure, though it seems most likely
to have evolved from a noncalcified demo-
sponge ancestor during late Mid-Ordovician.
Appearances of orders Clathrodictyida and
Actinostromida followed, apparently in two
separate lines of descent from the Labechiida,
during the Late Ordovician. Then derivation
of the two other orders occurred: the Stro-
matoporida from the Clathrodictyida early
in the Silurian, and the Syringostromatida
from the Actinostromatida in the Silurian
(Wenlock). The enigmatic stemlike Amphi-
porida is another possible offshoot from the
Stromatoporida, apparently also early in the
Silurian. Representatives of most of these
orders, except for the Actinostromatida,
then persisted to the major extinction event



at the end of Devonian. The Actinostroma-
tida definitely became extinct a little earlier,
probably at the end of the Frasnian, and the
Syringostromatida only has a doubtful record
after the Middle Devonian, and definitely also
became extinct by the end of the Devonian.

Webby introduced a new order Pul-
chrilaminida WEBBY, 2012a, to accommo-
date the small problematical group (two or
three genera) of Early to Mid-Ordovician
(Dapingian) reef-building taxa. The group
includes forms with large, half-meter diam-
eters; hypercalcified skeletons composed of
very thin, sheetlike latilaminae. Tiny (0.5
mm tall) erect, spinose rods, resembling
diagenetically replaced (spar-filled) styles
protrude above each successive latilamina
into overlying thin layers of mud-rock.
These structures vaguely resemble the
palisade spicules of ectosomal surfaces of
some living demosponges (like those in
the genus Suberites NARDO, 1833, of the
hadromerid family Suberitidae ScHMIDT,
1870; see VAN SOEST, 2002a, p. 240-243).
The possibly spiculate pulchrilaminids are
excluded from the nonspiculate, later Mid-
Ordovician to Devonian stromatoporoids,
in particular from a close association with
the oldest representatives of the class Stro-
matoporoidea NICHOLSON & MURIE, 1878,
namely, members of the order Labechiida
Kunn, 1927.

ARCHAEOCYATHA, RADIOCYATHS,
AND CRIBRICYATHS

A comprehensive survey of the class
Archaeocyatha BORNEMANN, 1884, is pre-
sented in the second part of this Treatise,
Revised Volume 5, by Debrenne, Zhurav-
lev, and Kruse. This Early Cambrian group
is highly diversified (with 307 genera de-
scribed); it is nonspiculate and porous, ex-
hibiting a wide variety of skeletal structures,
as well as showing differences in the style
of its ontogenetic development between the
various skeletal groups. The classification is
determined using all available data derived
from the following three morphological
attributes: (1) ontogenetic succession, fol-

lowing heterochronic principles in order
to establish the taxonomic hierarchy; (2)
functional analysis to allow discrimination
between genotypic and phenotypic features;
and (3) homologous variability limits that
exist between taxa of equivalent levels.
The total dataset provides the basis for a
complex set of hierarchy-based keys across
all levels (orders, suborders, superfamilies,
families, and genera) and the recognition of
the class Archaeocyatha as a monophyletic
taxon (Pierre Kruse, personal communica-
tion, April 2008). In terms of hierarchy,
the features that appear ontogenetically
earlier have the higher taxonomic rank:
orders are based on the architecture of the
cup, suborders are represented by first-order
intervallar structures, superfamilies are rec-
ognized from outer wall elements, families
are determined using inner wall structures,
and genera are based on certain variants of
wall and intervallar structures.

The archacocyaths are recognized as the
first group of hypercalcified sponges to dis-
play a modular habit, apparently developing
this tendency as a part of their coloniza-
tion of more active reef habitats during the
Early Cambrian (WooD, ZHURAVLEY, &
DEBRENNE, 1992). The modular habit arose
within the aquiferous system of the sponge
organism and was subdivided into multiple
functional units. A single functional unit
(Fry, 1979) is represented by a number
of inhalant openings that lead water to a
choanocyte layer and from which exhalant
canals direct water away to a single exhalant
opening (osculum). In the archacocyaths,
two types of sponges developed, one as a
solitary cuplike (unioscular) form and the
other exhibiting a modular (multioscular)
habit. According to WooD, ZHURAVLEY, and
DEBRENNE (1992), modular is the advanced
condition in sponges, whereas the solitary
habit is the primitive state. Over 90% of
living sponges are modular, whereas archaeo-
cyaths were most commonly represented as
a mix of solitary and modular types, with
the proportion of modular forms increasing
through the Early Cambrian and dominant
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over solitary types in biohermal settings
(WooD, ZHURAVLEV, & DEBRENNE, 1992).

Archaeocyaths also exhibit a distinctive
archaeocyathan grade of construction and
are regarded taxonomically as representing
an independent class-level taxon (clade)
within the phylum Porifera. Currently, they
are thought to have closer affinities to the
class Demospongiae than to other living
classes (DEBRENNE & ZHURAVLEV, 1994).
The basic archaeocyathan architecture
consists of a conical cup with porous outer
and inner walls interconnected with radi-
ally arranged vertical plates (septa) and a
central cavity; these may be either solitary
(dominant) or exhibit a low-integration
modular, branching form. A few may de-
velop more complex modular types, such
as the catenulate or pseudocerioid forms.
Also, within the clade, a number of other
distinctive grades of construction have been
derived from the basic archacocyathan mor-
phological type. These comprise thalamid
(= sphinctozoan), stromatoporoid, chae-
tetid, and syringoid architectures that each
developed within one specific archaecocyath
order or suborder: respectively, the order
Capsulocyatha, the order Kazachstanicy-
athida, the suborder Dictyofavina, and the
suborder Syringocnemina. Consequently,
these particular grades of construction
have real taxonomic significance in iden-
tifying the particular higher-level groups
within the class Archaeocyatha. Whereas
the thalamid architecture of the Capsulo-
cyatha is developed only in solitary forms,
the architectures represented in the other
three higher-level groups are associated
with both solitary and variably integrated
modular forms.

Finally, there are two small sections
that deal with minor, problematic, Early
Cambrian groups: the Radiocyaths and
related forms (8 genera), contributed by
Kruse, Zhuravlev, and Debrenne; and the
Cribricyaths and related forms (16 genera)
presented by Zhuravlev and Kruse. Also
Debrenne, Zhuravlev, and Kruse provide
lists of the Archacocyatha Nomina Dubia

(40 genera); Archaeocyatha and Cribricy-
atha Nomina Nuda (20 genera); and a list
of taxa not Archaeocyatha, Cribricyatha, or
Radiocyatha (16 genera).
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EDITORIAL PREFACE

PauL A. SELDEN

From the outset, the aim of the Zreatise
on Invertebrate Paleontology has been to pres-
ent a comprehensive and authoritative, yet
compact, statement of knowledge concern-
ing groups of invertebrate fossils. Typically,
preparation of early Treatise volumes was
undertaken by a small group with a synoptic
view of the taxa being monographed. Two,
or perhaps three, specialists worked together,
sometimes co-opting others for coverage of
highly specialized taxa. Recently, however,
both new Treatise volumes and revisions of ex-
isting ones have been undertaken increasingly
by teams of specialists led by a coordinating
author. This volume, Part E, Porifera, Re-
vised, Hypercalcified Porifera, Volumes 4 and
5, continues this trend and has been prepared
by a team of specialists, guided by Coordinat-
ing Author Barry D. Webby. Editorial matters
specific to this volume are discussed near the
end of this editorial preface.

ZOOLOGICAL NAMES

Questions about the proper use of zoo-
logical names arise continually, especially
questions regarding both the acceptability
of names and alterations of names that are
allowed or even required. Regulations pre-
pared by the International Commission
on Zoological Nomenclature (ICZN) and
published in 1999 in the International Code
of Zoological Nomenclature, hereinafter re-
ferred to as the Code, provide procedures for
answering such questions. The prime objec-
tive of the Code is to promote stability and
universality in the use of the scientific names
of animals, ensuring also that each generic
name is distinct and unique, while avoid-
ing unwarranted restrictions on freedom of
thought and action of systematists. Priority

of names is a basic principle of the Code; but,
under specified conditions and by following
prescribed procedures, priority may be set
aside by the Commission. These procedures
apply especially where slavish adherence to
the principle of priority would hamper or
even disrupt zoological nomenclature and
the information it conveys.

The Commission, ever aware of the
changing needs of systematists, revised the
Code in 1999 to enhance further nomencla-
torial stability, specifying that the revised
Code should take effect at the start of 2000.
Among other requirements, the revised Code
is clear in Chapter 14 that the type genus of
family-level taxa must be specified. In this
volume we have continued the practice that
has characterized most previous volumes
of the Treatise, namely that the type genus
of all family-level taxa is the first listed and
diagnosed. In spite of the revisions, the no-
menclatorial tasks that confront zoological
taxonomists are formidable and have often
justified the complaint that the study of zo-
ology and paleontology is too often merely
the study of names rather than the study of
animals. It is incumbent upon all system-
atists, therefore, at the outset of their work to
pay careful attention to the Code to enhance
stability by minimizing the number of subse-
quent changes of names, too many of which
are necessitated by insufficient attention to
detail. To that end, several pages here are de-
voted to aspects of zoological nomenclature
that are judged to have chief importance in
relation to procedures adopted in the Trea-
tise, especially in this volume. Terminology
is explained, and examples are given of the
style employed in the nomenclatorial parts
of the systematic descriptions.
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GROUPS OF TAXONOMIC
CATEGORIES

Each taxon belongs to a category in the
Linnaean hierarchical classification. The
Code recognizes three groups of categories,
a species-group, a genus-group, and a fam-
ily-group. Taxa of lower rank than subspecies
are excluded from the rules of zoological
nomenclature, and those of higher rank than
superfamily are not regulated by the Code.
It is both natural and convenient to discuss
nomenclatorial matters in general terms first
and then to consider each of these three,
recognized groups separately. Especially
important is the provision that within each
group the categories are coordinate, that is,
equal in rank, whereas categories of different
groups are not coordinate.

FORMS OF NAMES

All zoological names can be considered
on the basis of their spelling. The first form
of a name to be published is defined as the
original spelling (Code, Article 32), and any
form of the same name that is published later
and is different from the original spelling
is designated a subsequent spelling (Code,
Article 33). Not every original or subsequent
spelling is correct.

ORIGINAL SPELLINGS

If the first form of a name to be published
is consistent and unambiguous, the original
is defined as correct unless it contravenes
some stipulation of the Code (Articles 11,
27 to 31, and 34) or unless the original
publication contains clear evidence of an
inadvertent error in the sense of the Code,
or, among names belonging to the family-
group, unless correction of the termination
or the stem of the type genus is required.
An original spelling that fails to meet these
requirements is defined as incorrect.

If a name is spelled in more than one way
in the original publication, the form adopted

by the first reviser is accepted as the correct
original spelling, provided that it complies
with mandatory stipulations of the Code
(Articles 11 and 24 to 34).

Incorrect original spellings are any that
fail to satisfy requirements of the Code,
represent an inadvertent error, or are one
of multiple original spellings not adopted
by a first reviser. These have no separate
status in zoological nomenclature and,
therefore, cannot enter into homonymy or
be used as replacement names. They call for
correction. For example, a name originally
published with a diacritical mark, apostro-
phe, dieresis, or hyphen requires correction
by deleting such features and uniting parts
of the name originally separated by them,
except that deletion of an umlaut from a
vowel in a name derived from a German
word or personal name unfortunately re-
quires the insertion of ¢ after the vowel.
Where original spelling is judged to be
incorrect solely because of inadequacies
of the Greek or Latin scholarship of the
author, nomenclatorial changes conflict
with the primary purpose of zoological
nomenclature as an information retrieval
system. One looks forward with hope to
further revisions of the Code wherein rules
are emplaced that enhance stability rather
than classical scholarship, thereby facilitat-
ing access to information.

SUBSEQUENT SPELLINGS

If a subsequent spelling differs from an
original spelling in any way, even by the
omission, addition, or alteration of a sin-
gle letter, the subsequent spelling must be
defined as a different name. Exceptions in-
clude such changes as an altered termination
of adjectival specific names to agree in gen-
der with associated generic names (an unfor-
tunate impediment to stability and retrieval
of information); changes of family-group
names to denote assigned taxonomic rank;
and corrections that eliminate originally
used diacritical marks, hyphens, and the like.

Xxxil



Such changes are not regarded as spelling
changes conceived to produce a different
name. In some instances, however, species-
group names having variable spellings are
regarded as homonyms as specified in the
Code (Article 58).

Altered subsequent spellings other than
the exceptions noted may be either inten-
tional or unintentional. If “demonstrably
intentional” (Code, Article 33), the change is
designated as an emendation. Emendations
may be either justifiable or unjustifiable.
Justifiable emendations are corrections of
incorrect original spellings, and these take
the authorship and date of the original spell-
ings. Unjustifiable emendations are names
having their own status in nomenclature,
with author and date of their publication.
They are junior, objective synonyms of the
name in its original form.

Subsequent spellings, if unintentional, are
defined as incorrect subsequent spellings.
They have no status in nomenclature, do not
enter into homonymy, and cannot be used
as replacement names.

AVAILABLE AND
UNAVAILABLE NAMES

Editorial prefaces of some previous vol-
umes of the Treatise have discussed in ap-
preciable detail the availability of the many
kinds of zoological names that have been
proposed under a variety of circumstances.
Much of that information, while important,
does not pertain to the present volume, in
which authors have used fewer terms for
such names. The reader is referred to the
Code (Articles 10 to 20) for further details
on availability of names. Here, suffice it to
say that an available zoological name is any
that conforms to all mandatory provisions
of the Code. All zoological names that fail
to comply with mandatory provisions of
the Code are unavailable and have no status
in zoological nomenclature. Both available
and unavailable names are classifiable into
groups that have been recognized in previ-

ous volumes of the Treatise, although not
explicitly differentiated in the Code. Among
names that are available, these groups in-
clude inviolate names, perfect names, imper-
fect names, vain names, transferred names,
improved or corrected names, substitute
names, and conserved names. Kinds of
unavailable names include naked names
(see nomina nuda below), denied names,
impermissible names, null names, and for-
gotten names.

Nomina nuda include all names that
fail to satisfy provisions stipulated in Ar-
ticle 11 of the Code, which states general
requirements of availability. In addition,
they include names published before 1931
that were unaccompanied by a description,
definition, or indication (Code, Article 12)
and names published after 1930 that (1)
lacked an accompanying statement of char-
acters that differentiate the taxon, (2) were
without a definite bibliographic reference
to such a statement, (3) were not proposed
expressly as a replacement (nomen novum)
of a preexisting available name (Code, Ar-
ticle 13.1), or (4) for genus-group names,
were unaccompanied by definite fixation
of a type species by original designation
or indication (Code, Article 13.2). Nomina
nuda have no status in nomenclature, and
they are not correctable to establish original
authorship and date.

VALID AND INVALID NAMES

Important considerations distinguish
valid from available names on the one hand
and invalid from unavailable names on the
other. Whereas determination of availability
is based entirely on objective considerations
guided by articles of the Code, conclusions
as to validity of zoological names may be
partly subjective. A valid name is the correct
one for a given taxon, which may have two
or more available names but only a single
correct, hence valid, name, which is also
generally the oldest name that it has been
given. Obviously, no valid name can also be
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an unavailable name, but invalid names may
be either available or unavailable. It follows
that any name for a given taxon other than
the valid name, whether available or unavail-
able, is an invalid name.

One encounters a sort of nomenclato-
rial no-man’s land in considering the status
of such zoological names as nomina du-
bia (doubtful names), which may include
both available and unavailable names. The
unavailable ones can well be ignored, but
names considered to be available contribute
to uncertainty and instability in the sys-
tematic literature. These can ordinarily be
removed only by appeal to the ICZN for
special action. Because few systematists care
to seek such remedy, such invalid but avail-
able names persist in the literature.

NAME CHANGES IN
RELATION TO GROUPS OF
TAXONOMIC CATEGORIES

SPECIES-GROUP NAMES

Detailed consideration of valid emenda-
tion of specific and subspecific names is
unnecessary here, both because the topic
is well understood and relatively inconse-
quential and because the Treatise deals with
genus-group names and higher categories.
When the form of adjectival specific names
is changed to agree with the gender of a
generic name in transferring a species from
one genus to another, one need never label
the changed name as nomen correctum.
Similarly, transliteration of a letter accom-
panied by a diacritical mark in the manner
now called for by the Code, as in changing
originally briggeri to broeggeri, or elimi-
nating a hyphen, as in changing originally
published cornu-oryx to cornuoryx, does not
require the designation nomen correctum.
Of course, in this age of computers and
electronic databases, such changes of name,
which are perfectly valid for the purposes
of scholarship, run counter to the require-
ments of nomenclatorial stability upon

which the preparation of massive, electronic
databases is predicated.

GENUS-GROUP NAMES

Conditions warranting change of the
originally published, valid form of generic
and subgeneric names are sufficiently rare
that lengthy discussion is unnecessary. Only
elimination of diacritical marks and hyphens
in some names in this category and replace-
ment of homonyms seem to furnish basis
for valid emendation. Many names that
formerly were regarded as homonyms are no
longer so regarded, because two names that
differ only by a single letter or in original
publication by the presence of a diacritical
mark in one are now construed to be entirely
distinct (but see Code, Article 58).

As has been pointed out above, difficulty
typically arises when one tries to decide
whether a change of spelling of a name by a
subsequent author was intentional or unin-
tentional, and the decision has to be made
often arbitrarily.

FAMILY-GROUP NAMES

Family-Group Names:
Authorship and Date

All family-group taxa having names based
on the same type genus are attributed to the
author who first published the name of any
of these groups, whether tribe, subfamily, or
family (superfamily being almost inevitably a
later-conceived taxon). Accordingly, if a fam-
ily is divided into subfamilies or a subfamily
into tribes, the name of no such subfamily or
tribe can antedate the family name. More-
over, every family containing differentiated
subfamilies must have a nominate subfamily
(sensu stricto), which is based on the same
type genus as the family. Finally, the author
and date set down for the nominate subfam-
ily invariably are identical with those of the
family, irrespective of whether the author
of the family or some subsequent author
introduced subdivisions.
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Corrections in the form of family-group
names do not affect authorship and date of
the taxon concerned, but in the Treatise,
recording the authorship and date of the
correction is desirable, because it provides
a pathway to follow the thinking of the
systematists involved.

Family-Group Names:
Use of nomen translatum

The Code (Article 29.2) specifies the
suffixes for tribe (-ini), subfamily (-inae),
family (-idae) and superfamily (-oidea), the
formerly widely used ending (-acea) for su-
perfamily having been disallowed. All these
family-group categories are defined as coor-
dinate (Code, Article 36.1): “A name estab-
lished for a taxon at any rank in the family
group is deemed to have been simultane-
ously established for nominal taxa at other
ranks in the family group; all these taxa have
the same type genus, and their names are
formed from the stemof the name of the type
genus (Art. 29.3] with appropriate change of
suffix [Art. 34.1]. The name has the same
authorship and date at every rank.” Such
changes of rank and concomitant changes of
endings as elevation of a subfamily to fam-
ily rank or of a family to superfamily rank,
if introduced subsequent to designation
of the original taxon or based on the same
nominotypical genus, are nomina translata.
In the Treatise, it is desirable to distinguish
the valid alteration in the changed ending
of each transferred family-group name by
the term nomen translatum, abbreviated to
nom. transl. Similarly for clarity, authors
should record the author, date, and page of
the alteration, as in the following example.

Family HEXAGENITIDAE
Lameere, 1917

[nom. transl. DEMOULIN, 1954, p. 566, ex Hexagenitinae LAMEERE, 1917,
p. 74]

This is especially important for superfami-
lies, for the information of interest is the
author who initially introduced a taxon

rather than the author of the superfamily as
defined by the Code. For example:

Superfamily AGNOSTOIDEA
M’Coy, 1849

[nom. transl. SHERGOLD, LAURIE, & SUN, 1990, p. 32, ex Agnostinae
M’Coy, 1849, p. 402]

The latter is merely the individual who first
defined some lower-ranked, family-group
taxon that contains the nominotypical genus
of the superfamily. On the other hand, the
publication that introduces the superfamily
by nomen translatum is likely to furnish the
information on taxonomic considerations
that support definition of the taxon.

Family-Group Names:
Use of nomen correctum

Valid name changes classed as nomina
correcta do not depend on transfer from
one category of the family group to another
but most commonly involve correction of
the stem of the nominotypical genus. In
addition, they include somewhat arbitrarily
chosen modifications of endings for names
of tribes or superfamilies. Examples of the
use of nomen correctum are the following.

Family STREPTELASMATIDAE
Nicholson, 1889

[nom. correct. WEDEKIND, 1927, p. 7, pro Streptelasmidae NICHOLSON in
NICHOLSON & LYDEKKER, 1889, p. 297]

Family PALAEOSCORPIDAE
Lehmann, 1944

[nom. correct. PETRUNKEVITCH, 1955, p. 73, pro Palacoscorpionidae
LEHMANN, 1944, p. 177]

Family-Group Names:
Replacements

Family-group names are formed by adding
combinations of letters, which are prescribed
for all family-group categories, to the stem
of the name belonging to the nominotypical
genus first chosen as type of the assemblage.
The type genus need not be the first genus in
the family to have been named and defined,
but among all those included it must be the



first published as name giver to a family-
group taxon. Once fixed, the family-group
name remains tied to the nominotypical
genus even if the generic name is changed
by reason of status as a junior homonym or
junior synonym, either objective or subjec-
tive. Seemingly, the Code requires replace-
ment of a family-group name only if the
nominotypical genus is found to have been
a junior homonym when it was proposed
(Code, Article 39), in which case “. .. it
must be replaced either by the next oldest
available name from among its synonyms
[Art. 23.3.5], including the names of its
subordinate family-group taxa, or, if there
is no such synonym, by a new name based
on the valid name . . . of the former type
genus.” Authorship and date attributed to
the replacement family-group name are de-
termined by first publication of the changed
family-group name. Recommendation 40A
of the Code, however, specifies that for sub-
sequent application of the rule of prior-
ity, the family-group name “. . . should be
cited with its original author and date (see
Recommendation 22A.2.2), followed by the
date of its priority as determined by this Ar-
ticle; the date of priority should be enclosed
in parentheses.” Many family-group names
that have been in use for a long time are
nomina nuda, since they fail to satisfy criteria
of availability (Code, Article 11.7). These
demand replacement by valid names.

The aim of family-group nomenclature
is to yield the greatest possible stability and
uniformity, just as in other zoological names.
Both taxonomic experience and the Code
(Article 40) indicate the wisdom of sustain-
ing family-group names based on junior
subjective synonyms if they have priority
of publication, for opinions of the same
worker may change from time to time. The
retention of first-published, family-group
names that are found to be based on junior
objective synonyms, however, is less clearly
desirable, especially if a replacement name
derived from the senior objective synonym
has been recognized very long and widely.

Moreover, to displace a widely used, family-
group name based on the senior objective
synonym by disinterring a forgotten and
virtually unused family-group name based
on a junior objective synonym because the
latter happens to have priority of publication
is unsettling.

A family-group name may need to be
replaced if the nominotypical genus is trans-
ferred to another family group. If so, the
firsc-published of the generic names remain-
ing in the family-group taxon is to be recog-
nized in forming a replacement name.

SUPRAFAMILIAL TAXA:
TAXA ABOVE FAMILY-GROUP

International rules of zoological nomen-
clature as given in the Code affect only
lower-rank categories: subspecies to super-
family. Suprafamilial categories (suborder
to kingdom) are either not mentioned or
explicitly placed outside of the applica-
tion of zoological rules. The Copenhagen
Decisions on Zoological Nomenclature (1953,
Articles 59 to 69) proposed adopting rules
for naming suborders and higher taxa up to
and including phylum, with provision for
designating a type genus for each, in such
manner as not to interfere with the taxo-
nomic freedom of workers. Procedures were
outlined for applying the rule of priority and
rule of homonymy to suprafamilial taxa and
for dealing with the names of such taxa and
their authorship, with assigned dates, if they
should be transferred on taxonomic grounds
from one rank to another. The adoption of
terminations of names, different for each
category but uniform within each, was rec-
ommended.

The Colloquium on Zoological Nomen-
clature, which met in London during the
week just before the 15th International
Congress of Zoology convened in 1958,
thoroughly discussed the proposals for regu-
lating suprafamilial nomenclature, as well as
many others advocated for inclusion in the
new Code or recommended for exclusion
from it. A decision that was supported by
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a wide majority of the participants in the
colloquium was against the establishment
of rules for naming taxa above family-group
rank, mainly because it was judged that such
regulation would unwisely tie the hands of
taxonomists. For example, a class or order
defined by an author at a given date, using
chosen morphologic characters (e.g., gills of
bivalves), should not be allowed to freeze
nomenclature, taking precedence over an-
other class or order that is proposed later
and distinguished by different characters
(e.g., hinge teeth of bivalves). Even the fixing
of type genera for suprafamilial taxa would
have little, if any, value, hindering taxo-
nomic work rather than aiding it. Beyond
mere tidying up, no basis for establishing
such types and for naming these taxa has yet
been provided.

The considerations just stated do not
prevent the editors of the Treatise from
making rules for dealing with suprafamilial
groups of animals described and illustrated
in this publication. Some uniformity is
needed, especially for the guidance of Trea-
tise authors. This policy should accord
with recognized general practice among
zoologists; but where general practice is
indeterminate or nonexistent, our own
procedure in suprafamilial nomenclature
needs to be specified as clearly as possible.
This pertains especially to decisions about
names themselves, about citation of authors
and dates, and about treatment of suprafa-
milial taxa that, on taxonomic grounds, are
changed from their originally assigned rank.
Accordingly, a few rules expressing 7Treatise
policy are given here, some with examples
of their application.

1. The name of any suprafamilial taxon
must be a Latin or Latinized, uninominal
noun of plural form or treated as such, with
a capital initial letter and without diacritical
mark, apostrophe, diaeresis, or hyphen. If a
component consists of a numeral, numerical
adjective, or adverb, this must be written
in full.

2. Names of suprafamilial taxa may be
constructed in almost any manner. A name

may indicate morphological attributes (e.g.,
Lamellibranchiata, Cyclostomata, Toxo-
glossa) or be based on the stem of an includ-
ed genus (e.g., Bellerophontina, Nautilida,
Fungiina) or on arbitrary combinations of
letters (e.g., Yuania); none of these, however,
can end in -idae or -inae, which termina-
tions are reserved for family-group taxa. No
suprafamilial name identical in form to that
of a genus or to another published suprafa-
milial name should be employed (e.g., order
Decapoda LATREILLE, 1803, crustaceans,
and order Decapoda LeacH, 1818, cephalo-
pods; suborder Chonetoidea MUIR-WoOD,
1955, and genus Choneroidea JONES, 1928).
Worthy of notice is the classificatory and
nomenclatorial distinction between supra-
familial and family-group taxa that, respec-
tively, are named from the same type genus,
since one is not considered to be transferable
to the other (e.g., suborder Bellerophontina
ULRICH & SCOFIELD, 1897 is not coordinate
with superfamily Bellerophontacea McCoy,
1851 or family Bellerophontidae McCoy,
1851).

3. The rules of priority and homonymy
lack any force of international agreement
as applied to suprafamilial names, yet in
the interest of nomenclatorial stability and
to avoid confusion these rules are widely
applied by zoologists to taxa above the fam-
ily-group level wherever they do not infringe
on taxonomic freedom and long-established
usage.

4. Authors who accept priority as a deter-
minant in nomenclature of a suprafamilial
taxon may change its assigned rank at will,
with or without modifying the terminal let-
ters of the name, but such changes cannot
rationally be judged to alter the authorship
and date of the taxon as published originally.
A name revised from its previously published
rank is a transferred name (nomen trans-
latum), as illustrated in the following.

Order CORYNEXOCHIDA
Kobayashi, 1935

[nom. transl. MOORE, 1959, p. 217, ex suborder Corynexochida Kosavastr,
1935, p. 81]
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A name revised from its previously pub-
lished form merely by adoption of a different
termination without changing taxonomic
rank is a nomen correctum.

Order DISPARIDA
Moore & Laudon, 1943

[#om. correct. MOORE in MOORE, LALICKER, & FISCHER, 1952, p. 613, pro
order Disparata MOORE & LAUDON, 1943, p. 24]

A suprafamilial name revised from its
previously published rank with accompany-
ing change of termination, which signals
the change of rank, is recorded as a nomen
translatum et correctum.

Order HYBOCRINIDA
Jaekel, 1918

[nom. transl. et correct. MOORE in MOORE, LALICKER, & FISCHER, 1952, p.
613, ex suborder Hybocrinites JAEkEL, 1918, p. 90]

5. The authorship and date of nominate
subordinate and supraordinate taxa among
suprafamilial taxa are considered in the
Treatise to be identical since each actually
or potentially has the same type. Examples
are given below.

Subclass ENDOCERATOIDEA
Teichert, 1933

[nom. transl. TEICHERT in TEICHERT & others, 1964, p. 128, ex order
Endoceroidea TeICHERT, 1933, p. 214]

Order ENDOCERIDA
Teichert, 1933

[nom. correct. TEICHERT in TEICHERT & others, 1964, p. 165, pro order
Endoceroidea TeicHERT, 1933, p. 214]

TAXONOMIC EMENDATION

Emendation has two distinct meanings as
regards zoological nomenclature. These are
alteration of a name itself in various ways for
various reasons, as has been reviewed, and
alteration of the taxonomic scope or concept
for which a name is used. The Code (Article
33.1 and Glossary) concerns itself only
with the first type of emendation, applying
the term to intentional, either justified or
unjustified changes of the original spelling
of a name. The second type of emendation

primarily concerns classification and inher-
ently is not associated with change of name.
Little attention generally has been paid to
this distinction in spite of its significance.

Most zoologists, including paleontologists,
who have emended zoological names refer to
what they consider a material change in appli-
cation of the name such as may be expressed
by an importantly altered diagnosis of the
assemblage covered by the name. The ab-
breviation emend. then must accompany the
name with statement of the author and date
of the emendation. On the other hand, many
systematists think that publication of emend.
with a zoological name is valueless because al-
teration of a taxonomic concept is introduced
whenever a subspecies, species, genus, or
other taxon is incorporated into or removed
from a higher zoological taxon. Inevitably
associated with such classificatory expansions
and restrictions is some degree of emenda-
tion affecting diagnosis. Granting this, still
it is true that now and then somewhat more
extensive revisions are put forward, generally
with a published statement of the reasons for
changing the application of a name. To erect
a signpost at such points of most significant
change is worthwhile, both as an aid to subse-
quent workers in taking account of the altered
nomenclatorial usage and to indicate where in
the literature cogent discussion may be found.
Authors of contributions to the Treatise are
encouraged to include records of all especially
noteworthy emendations of this nature, us-
ing the abbreviation emend. with the name
to which it refers and citing the author, date,
and page of the emendation. Examples from
Treatise volumes follow.

Order ORTHIDA
Schuchert & Cooper, 1932

[nom. transl. et correct. MOORE in MOORE, LALICKER, & FISCHER, 1952, p.
220, ex suborder Orthoidea ScHUCHERT & COOPER, 1932, p. 43; emend.,
WiLLiams & WRIGHT, 1965, p. 299]

Subfamily ROVEACRININAE
Peck, 1943

[Roveacrininae PEck, 1943, p. 465; emend., PECK in MOORE & TEICHERT,
1978, p. 921]
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STYLE IN GENERIC
DESCRIPTIONS

CITATION OF TYPE SPECIES

In the Treatise, the name of the type
species of each genus and subgenus is
given immediately following the generic
name with its accompanying author, date,
and page reference or after entries needed
for definition of the name if it is involved
in homonymy. The originally published
combination of generic and trivial names
of this species is cited, accompanied by an
asterisk (*), with notation of the author,
date, and page of original publication,
except if the species was first published
in the same paper and by the same author
as that containing definition of the genus
of which it is the type. In this instance,
the initial letter of the generic name fol-
lowed by the trivial name is given without
repeating the name of the author and date.
Examples of these two sorts of citations
follow.

Orionastraea SMITH, 1917, p. 294 [*Sarcinula phillipsi
McCoy, 1849, p. 125; OD].

Schoenophyllum Sivpson, 1900, p. 214 [*S. aggre-
gatum; OD].

If the cited type species is a junior synonym
of some other species, the name of this latter
is given also, as follows.

Actinocyathus D’ORBIGNY, 1849, p. 12 [*Cyatho-
phyllum crenulate PriLLIPS, 1836, p. 202; M; =Lons-
daleia floriformis (MARTIN), 1809, pl. 43; validated
by ICZN Opinion 419].

In some instances the type species is a

junior homonym. If so, it is cited as shown
in the following example.

Prionocyclus MEEK, 1871b, p. 298 [*Ammonites ser-
rarocarinatus MEEK, 1871a, p. 429, non STOLICZKA,
1864, p. 57; =Prionocyclus wyomingensis MEEK,
1876, p. 452].

In the Treatise, the name of the type spe-
cies is always given in the exact form it
had in the original publication except that
diacritical marks have been removed. Where
other mandatory changes are required, these

are introduced later in the text, typically in
the description of a figure.

Fixation of Type Species Originally

It is desirable to record the manner of
establishing the type species, whether by
original designation (OD) or by subse-
quent designation (SD). The type species
of a genus or subgenus, according to provi-
sions of the Code, may be fixed in various
ways in the original publication; or it may
be fixed subsequently in ways specified
by the Code (Article 68) and described in
the next section. Type species fixed in the
original publication include (1) original
designation (in the Treatise indicated by
OD) when the type species is explicitly
stated or (before 1931) indicated by n.
gen., n. sp. (or its equivalent) applied to
a single species included in a new genus;
(2) defined by use of zypus or typicus for
one of the species included in a new ge-
nus (adequately indicated in the Treatise
by the specific name); (3) established by
monotypy if a new genus or subgenus has
only one originally included species (in
the Treatise indicated as M); and (4) fixed
by tautonymy if the genus-group name is
identical to an included species name not
indicated as the type.

Fixation of Type Species Subsequently

The type species of many genera are not
determinable from the publication in which
the generic name was introduced. Therefore,
such genera can acquire a type species only
by some manner of subsequent designation.
Most commonly this is established by pub-
lishing a statement naming as type species
one of the species originally included in the
genus. In the Treatise, such fixation of the
type species by subsequent designation in
this manner is indicated by the letters SD
accompanied by the name of the subse-
quent author (who may be the same person
as the original author) and the publication
date and page number of the subsequent
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designation. Some genera, as first described

and named, included no mentioned species

(for such genera established after 1930,

see below); these necessarily lack a type

species until a date subsequent to that of
the original publication when one or more
species is assigned to such a genus. If only

a single species is thus assigned, it becomes

automatically the type species. Of course,

the first publication containing assignment
of species to the genus that originally lacked
any included species is the one concerned
in fixation of the type species, and if this
publication names two or more species as
belonging to the genus but did not designate

a type species, then a later SD designation

is necessary. Examples of the use of SD as

employed in the Zreatise follow.

Hexagonaria GURICH, 1896, p. 171 [*Cyathophyllum
hexagonum GOLDFUSS, 1826, p. 61; SD LaNG,
SmiTH, & THOMAs, 1940, p. 69].

Mesephemera HANDLIRSCH, 1906, p. 600 [* Tineites

lithophilus GERMAR, 1842, p. 88; SD CARPENTER,
herein].

Another mode of fixing the type species of
a genus is through action of the Internation-
al Commission of Zoological Nomenclature
using its plenary powers. Definition in this
way may set aside application of the Code so
as to arrive at a decision considered to be in
the best interest of continuity and stability of
zoological nomenclature. When made, it is
binding and commonly is cited in the Trea-
tise by the letters ICZN, accompanied by the
date of announced decision and reference to
the appropriate numbered opinion.

Subsequent designation of a type species
is admissible only for genera established
prior to 1931. A new genus-group name
established after 1930 and not accompa-
nied by fixation of a type species through
original designation or original indication
is invalid (Code, Article 13.3). Effort of a
subsequent author to validate such a name
by subsequent designation of a type species
constitutes an original publication, making
the name available under authorship and
date of the subsequent author.

x1

HOMONYMS

Most generic names are distinct from all
others and are indicated without ambiguity
by citing their originally published spelling
accompanied by name of the author and date
of first publication. If the same generic name
has been applied to two or more distinct
taxonomic units, however, it is necessary
to differentiate such homonyms. This calls
for distinction between junior homonyms
and senior homonyms. Because a junior
homonym is invalid, it must be replaced by
some other name. For example, Callophora
HaLL, 1852, introduced for Paleozoic trepos-
tomate bryozoans, is invalid because Gray in
1848 published the same name for Creta-
ceous—Holocene cheilostomate bryozoans.
Bassler in 1911 introduced the new name
Hallophora to replace Hall’s homonym. The
Treatise style of entry is given below.

Hallophora BassLer, 1911, p. 325, nom. nov. pro Cal-
lophora HaLL, 1852, p. 144, non Gray, 1848.

In like manner, a replacement generic name
that is needed may be introduced in the
Treatise (even though first publication of
generic names otherwise in this work is
generally avoided). An exact bibliographic
reference must be given for the replaced
name as in the following example.
Mysterium DE LAUBENFELS, herein, nom. nov. pro
Mystrium SCHRAMMEN, 1936, p. 183, non ROGER,

1862 [*Mystrium porosum SCHRAMMEN, 1936, p.
183; OD].

Otherwise, no mention is made generally of
the existence of a junior homonym.

Synonymous Homonyms

An author sometimes publishes a generic
name in two or more papers of different
date, each of which indicates that the name
is new. This is a bothersome source of er-
rors for later workers who are unaware that
a supposed first publication that they have
in hand is not actually the original one. Al-
though the names were published separately,
they are identical and therefore definable



as homonyms; at the same time they are
absolute synonyms. For the guidance of all
concerned, it seems desirable to record such
names as synonymous homonyms. In the
Treatise, the junior of one of these is indi-
cated by the abbreviation ;7. syn. hom.

Not infrequently, identical family-group
names are published as new names by differ-
ent authors, the author of the name that was
introduced last being ignorant of previous
publication(s) by one or more other workers.
In spite of differences in taxonomic concepts
as indicated by diagnoses and grouping of
genera and possibly in assigned rank, these
family-group taxa, being based on the same
type genus, are nomenclatorial homonyms.
They are also synonyms. Wherever encoun-
tered, such synonymous homonyms are
distinguished in the Treatise as in dealing
with generic names.

A rare but special case of homonymy ex-
ists when identical family names are formed
from generic names having the same stem but
differing in their endings. An example is the
family name Scutellidae RICHTER & RICHTER,
1925, based on Scutellum PuscH, 1833, a
trilobite. This name is a junior homonym of
Scutellidae Gray, 1825, based on the echinoid
genus Scutella LAMARCK, 1816. The name
of the trilobite family was later changed to
Scutelluidae (ICZN, Opinion 1004, 1974).

SYNONYMS

In the Treatise, citation of synonyms is
given immediately after the record of the
type species. If two or more synonyms of dif-
fering date are recognized, these are arranged
in chronological order. Objective synonyms
are indicated by accompanying designation
0bj., others being understood to constitute
subjective synonyms, of which the types are
also indicated. Examples showing Treatise
style in listing synonyms follow.

Mackenziephyllum PEDDER, 1971, p. 48 [*M. in-
solitum; OD] [=Zonastraea TSYGANKO in SPASSKIY,
Kravrsov, & TsyGanko, 1971, p. 85, nom. nud.;
=Zonastraea TSYGANKO, 1972, p. 21 (type, Z. gra-
ciosa, OD)].
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Kodonophyllum WEDEKIND, 1927, p. 34 [ *Streprelasma
Milne-Edwardsi Dysowski, 1873, p. 409; OD;
=Madrepora truncara LINNE, 1758, p. 795, see
SmiTH & TREMBERTH, 1929, p. 368] [=Patrophontes
LaNG & SMITH, 1927, p. 456 (type, Madrepora
truncata LINNE, 1758, p. 795, OD); =Codonophyl-
lum LANG, SMITH, & THoMaS, 1940, p. 39, obj.].

Some junior synonyms of either the objec-
tive or the subjective sort may be preferred
over senior synonyms whenever uniformity
and continuity of nomenclature are served
by retaining a widely used but technically
rejectable name for a genus. This requires
action of the ICZN, which may use its ple-
nary powers to set aside the unwanted name,
validate the wanted one, and place the con-
cerned names on appropriate official lists.

OTHER EDITORIAL MATTERS
BIOGEOGRAPHY

Durists, Zreatise editors among them, would
like nothing better than a stable world with a
stable geography that makes possible a stable
biogeographical classification. Global events
of the past few years have shown how rapidly
geography can change, and in all likelihood
we have not seen the last of such change as
new, so-called republics continue to spring
up all over the globe. One expects confusion
among readers in the future as they try to
decipher such geographical terms as USSR,
Yugoslavia, or Ceylon. Such confusion is
unavoidable, as books must be completed
and published at some real time. Libraries
would be limited indeed if publication were
always to be delayed until the political world
had settled down. In addition, such terms as
central Europe and western Europe are likely
to mean different things to different people.
Some imprecision is introduced by the use of
all such terms, of course, but it is probably no
greater than the imprecision that stems from
the fact that the work of paleontology is not
yet finished, and the geographical ranges of
many genera are imperfectly known.

Other geographic terms can also have
varying degrees of formality. In general,
Treatise policy is to use adjectives rather than



nouns to refer to directions. Thus we have
used southern and western in place of South
and West unless a term has been formally
defined as a geographic entity (e.g., South
America or West Virginia). Note that we
have referred to western Texas rather than
West Texas, which is said to be not a state
but a state of mind.

NAMES OF AUTHORS:
TRANSLATION
AND TRANSLITERATION

Chinese scientists have become increas-
ingly active in systematic paleontology in
the past two decades. Chinese names cause
anguish among English-language bibliog-
raphers for two reasons. First, no scheme
exists for one-to-one transliteration of Chi-
nese characters into roman letters. Thus, a
Chinese author may change the roman-letter
spelling of his name from one publication
to another. For example, the name Chang,
the most common family name in the world
reportedly held by some one billion people,
has been spelled more recently Zhang. The
principal purpose of a bibliography is to pro-
vide the reader with entry into the literature.
Quite arbitrarily, therefore, in the interest of
information retrieval, the Treatise editorial
staff has decided to retain the roman spelling
that a Chinese author has used in each of his
publications rather than attempting to adopt
a common spelling of an author’s name to be
used in all citations of his work. It is entirely
possible, therefore, that the publications of a
Chinese author may be listed in more than
one place under more than one name in the
bibliography.

Second, most but by no means all Chinese
list their family name first followed by given
names. People with Chinese names who
study in the West, however, often reverse
the order, putting the family name last as
is the Western custom. Thus, for example,
Dr. Yi-Maw Chang, formerly of the staff
of the Paleontological Institute, was Chang
Yi-Maw when he lived in Taiwan. When he
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came to America, he became Yi-Maw Chang,.
In the Zreatise, authors’ names are used in
the text and listed in the references as they
appear in the source being cited.

Several systems exist for transliterating the
Cyrillic alphabet into the roman alphabet.
On the recommendation of skilled bib-
liographic librarians, we have adopted the
American Library Association/Library of
Congress romanization table for Russian and
other languages using the Cyrillic alphabet.

MATTERS SPECIFIC TO
THESE VOLUMES

Authorship entails both credit and re-
sponsibility. As the knowledge of paleon-
tology grows and paleontologists become
more specialized, preparation of Treatise
volumes must necessarily involve larger and
larger teams of researchers, each focusing
on increasingly narrow aspects of the higher
taxon under revision. In these two volumes,
we have taken special pains to acknowledge
authorship of small subsections. Readers
citing the volume are encouraged to pay
close attention to the actual authorship of a
section or subsection.

Stratigraphic ranges of taxa listed in the
systematic descriptions herein have been
compiled from the ranges of lower taxa. In
all instances, we have used the range-through
method of describing ranges. In instances,
therefore, where the work of paleontology
is not yet finished, some ranges of higher
taxa will not show gaps between the ranges
of their subtaxa and may seem to be more
complete than the data warrant.
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STRATIGRAPHIC DIVISIONS

The major divisions of the geological time scale are reasonably well established through-
out the world, but minor divisions (e.g., subseries, stages, and substages) are more likely to
be provincial in application. The stratigraphic units listed here represent an authoritative
version of the stratigraphic column for all taxonomic work relating to the revision of Part E
(any provincial terms are presented in brackets in taxonomic descriptions). They are adapted
from the International Stratigraphic Chart, compiled by the International Commission on

Stratigraphy (ICS; ©2013).

Cenozoic Erathem
Quaternary System
Holocene Series
Pleistocene Series
Neogene System
Pliocene Series
Miocene Series
Paleogene System
Oligocene Series
Eocene Series
Paleocene Series
Mesozoic Erathem
Cretaceous System
Upper Cretaceous Series
Lower Cretaceous Series
Jurassic System
Upper Jurassic Series
Middle Jurassic Series
Lower Jurassic Series
Triassic System
Upper Triassic Series
Middle Triassic Series
Lower Triassic Series
Paleozoic Erathem
Permian System
Lopingian Series
Guadalupian Series
Cisuralian Series

Carboniferous System
Pennsylvanian Series
Gzhelian Stage
Kasimovian Stage
Moscovian Stage
Bashkirian Stage
Mississippian Series
Serpukhovian Stage
Visean Stage
Tournaisian Stage
Devonian System
Upper Devonian Series
Middle Devonian Series
Lower Devonian Series
Silurian System
Pridoli Series
Ludlow Series
Wenlock Series
Llandovery Series
Ordovician System
Upper Ordovician Series
Middle Ordovician Series
Lower Ordovician Series
Cambrian System
Furongian Series
Series 3
Series 2
Terreneuvian Series



REPOSITORIES AND THEIR ABBREVIATIONS

Abbreviations and locations of museums and institutions holding type material, which are
used throughout the systematic sections of Volumes 4 and 5, are listed below.

AM, AM.E, AM.FT: Australian Museum (incorporating
former Sydney University Palacontology type collec-
tion; see SUP), Sydney, New South Wales, Australia;
note that type collections are catalogued using AM.F
for specimens and AM.FT for thin sections

AMNH: American Museum of Natural History, New
York, USA

BGU: Ministry of Natural Resources and Environ-
mental Protection of Republic of Buryatia (formerly
Buryatian Geological Survey), Ulan-Ude, Republic
of Buryatia, Russia

BMNH: see NHM

BSP: Bayerische Staatssammlung fiir Paliontologie
und historische Geologie, Miinchen, Germany

CE,: Departamento de Paleontologfa, Universidad
Complutense de Madrid, Madrid, Spain

CIGMR: Chengdu Institute of Geology and Mineral
Resources, Chengdu, China

CNIGR, TsNIGRm: Central Geological-Exploring Sci-
entific-Research Museum named after E N. Cherny-
shev of the All Russian Geological Institute (VSEGEI)
of the Ministry of Natural Resources of the Russian
Federation, St. Petersburg (formerly Leningrad), Rus-
sia; note that TsSNIGRm is the newer transliteration

CORD-PZ: Universidad Nacional de Cérdoba, Argentina

CSGM, SOAN, TsGM, TsSGM: Central Siberian
Geological Museum of the United Institute of
Geology, Geophysics, & Mineralogy (OIGGM),
Siberian Branch, Russian Academy of Sciences,
Akademgorodok, Novosibirsk, Russia; note that
there are collections in other centers in Siberia where
the SOAN (Siberian Branch of Academy of Sciences)
has existed; TsSGM is the newer transliteration

CSGP: Instito Geologico e Minero, Geoldgicos de
Portugal, Lisbon, Portugal

DPI: Geological Museum, Donetsk National Poly-
technic University (formerly Donetsk Polytechnic
Institute), Donetsk, Ukraine

DVGU: Committee of Natural Resources on the
Khabarovsk Region (formerly Far East Territo-
rial Geological Survey, PGO Dal’geologiya) of
the Ministry of Natural Resources of the Russian
Federation, Khabarovsk, Russia

FMNH: Field Museum of Natural History, Chicago
(formerly Walker Museum, University of Chicago),
USA

FSL (ES.L.): Department of Earth Sciences, Faculté
des Sciences de Lyon, Université Claude Bernard,
Lyon I, Villeurbanne, France

GFCL: Faculté Libre des Sciences de Lille, Université
catholique de Lille, France

GML: Geiseltalmuseum Martin Luther, University of
Halle, Halle, Germany

GMU: Geological Museum of the State Committee
of the Republic of Uzbekistan on Geology and
Mineral Resources, Tashkent, Uzbekistan

GNS, IGNS: GNS Science (formerly the Institute of
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Geological and Nuclear Sciences, and New Zealand
Geological Survey, Department of Scientific and
Industrial Research), Lower Hutt, New Zealand

GSC: Geological Survey of Canada, Ottawa, Ontario,
Canada

GSWA: Geological Survey of Western Australia, Perth,
Western Australia, Australia

HBOI: Harbor Branch Oceanographic Institute at
Florida Atlantic University, Fort Pierce, Florida, USA

HGT: Tunisian material in H. & G. Termier collec-
tion, Muséum National d’Histoire Naturelle, Paris,
France; see MNHN

IG: Institute of Geology, Academia Sinica, Beijing, China

IGD: Institute of Geology, Dushanbe, Tadjikistan

IGPS: see TUM

IGNS: see GNS

IGTUT, IGTTU: Institute of Geology, Tallinn Uni-
versity of Technology, Tallinn, Estonia

IPB, PIUB, GPIBo: Institut fiir Paliontologie, Uni-
versitit Bonn, Bonn, Germany

IPE: Institut fiir Paliontologie, Universitit Erlangen,
Erlangen, Germany; see RA, TTR

IPFUB: Institut fiir Paliontologie, Freie Universitit,
Berlin, Germany

IPUM: Instituto di Palacontologia, Universita di
Modena, Modena, Italy

IRScNB, RBINSc: Institut Royal Sciences Naturelles
Belgique, Brussels (including Lecompte and Wil-
lenz collections), Brussels, Belgium

KGU: Siberian Federal University (formerly Kras-
noyarsk State University), Krasnoyarsk, Russia

KUMIP: Museum of Invertebrate Paleontology, Uni-
versity of Kansas, Lawrence, Kansas, USA

LGU: St. Petersburg State University, Museum in
Faculty of Geology (formerly Leningrad State Uni-
versity), St. Petersburg, Russia

MCZ: Museum of Comparative Zoology, Harvard
University, Cambridge, Massachusetts, USA

MIGUP: Museum Instituto di Geologia, Universita di
Padova, Padova, Italy

MME: Palacontological Collection, Geological Survey
of New South Wales (formerly Geological & Mining
Museum), Londonderry, New South Wales, Australia

MNHB: Museum fiir Naturkunde der Humboldt-
Universitit zu Berlin, Geologisch-Palidontologisches
Museum, Berlin, Germany

MNHN: Muséum National d’Histoire Naturelle,
Paris, France

MUO: Miami University of Ohio, Miami, Ohio, USA

MV: see NMV

NHM: The Natural History Museum, London (for-
merly BMNH, British Museum, Natural History,
London), London, United Kingdom

NIGP, NIGPAS: Nanjing Institute of Geology and
Palacontology, Academia Sinica, Nanjing, China

NMB: Naturhistorisches Museum zu Basel, Basel,
Switzerland



NMYV, MV: National Museum of Victoria, Melbourne,
Victoria, Australia

NYSM: New York State Museum, Albany, USA

PGU: Committee of Natural Resources on the Primor’ye
Region (formerly Primor’ye Territorial Geological
Survey) of the Ministry of Natural Resources of the
Russian Federation, Vladivostok, Russia

PIN: Palacontological Institute, Russian Academy of
Sciences, Moscow, Russia

PIUB: See IPB

PMO: Paleontologisk Museum, University of Oslo,
Norway

PU, PUC: Princeton University Collections, Prince-
ton, New Jersey, USA; note that a collection of
archaeocyaths donated by the Bedfords were previ-
ously housed here, but now have been transferred
to the USNM

PUM: Geology, Beijing (formerly Peking) University,
Beijing, China

QMF: Queensland Museum, South Brisbane,
Queensland, Australia (including the paleonto-
logical collections of the University of Queensland,
UQF)

RA: Argentine Precordillera type and figured speci-
mens in the Keller & Fliigel collection are held in
Erlangen; see IPE

RBINSc: see IRScNB

RIGMR: Laboratory of Palacontology & Stratigraphy
of Research Institute of Geology & Mineral Re-
sources, Thanh Xuan, Ha Noi, Vietnam

RM, SCRM (Stearn collection): Redpath Museum,
McGill University, Montreal, Canada

ROM: Royal Ontario Museum, Toronto, Ontario,
Canada

SAM, SAM.P: South Australian Museum, Adelaide,
South Australia, Australia

SAM(C): South African Museum, Cape Town, South
Africa

SCRM: See RM

SGPIH: Geological-Paleontological Institute, Univer-
sitit Hamburg, Hamburg, Germany

SME, SM: Senckenberg Museum, Frankfurt am Main,
Germany

SMNH: Naturhistorisk Riksmuseet, Stockholm,
Sweden

SNIIGGiMS: Federal State Bureau “Siberian Scien-
tific Research Institute of Geology, Geophysics
& Mineral Resources” of the Russian Federation,
Krasnyy Prospect, Novosibirsk, Russia; note that
some of these collections have been transferred to
CSGM (=TsSGM)

SOAN: Siberian Branch of Academy of Science; note
that a number of divisions of this organization
have maintained paleontological collections in
Krasnoyarsk, Irkutsk, and Ulan-Ude, as well as
Novosibirsk, Russia; some of the type material may
also have been transferred to the CSGM (=TsSGM)

SUP: Palacontological collections, University of Sydney,
New South Wales, Australia; see AM

SRPMH: Roemer-Pelizacus Museum, Hildesheim,
Germany

SSPHG: Staatliches Sammlung fiir Paliontologie und
Historische Geologie, Miinchen, Germany
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TPI: Tomsk Polytechnic University, Tomsk, Russia
(formerly Tomsk Polytechnic Institute)

TsNIGRA, TsNIGRm, TsNIGRM: see CNIGR

TsSGM: see CSGM

TTR: Turkish type specimens from Tilkideligi Tepe
in Cremer collection are held in Erlangen; see IPE

TUM, IGPS: Tohoku University Museum, Sendai,
Japan (formerly IGPS, Institute of Geology &
Paleontology of Tohoku University)

UAM: University of Alaska Museum, Fairbanks, USA

UCMP: University of California, Museum of Paleon-
tology, Berkeley, California, USA

UG: Universitit Graz, Graz, Austria

UGM: Urals Geological Museum of the Urals State
Mining University, Ekaterinburg (=Sverdlovsk),
Russia

UHR: Hokkaido University, Sapporo, Japan

UM: Paliontologische Sammlung, Geologisch-
Paldontologisches Institut, Universitit Miinster,
Miinster, Germany

UMMP: Paleontology Museum, University of Michi-
gan, Ann Arbor, Michigan, USA

UQEF: University of Queensland, Department of
Geology, Brisbane, Queensland, Australia; paleon-
tological collections have now been transferred to
the Queensland Museum; see QMF

USNM: National Museum of National History,
Smithsonian Institution, Washington, D.C., USA
(formerly United States National Museum)

UTGD: University of Tasmania Geology Department,
Hobart, Tasmania, Australia

UWA: University of Western Australia, Nedlands,
Western Australia, Australia

VNIGRI: All-Union Scientific-Research Geological-
Exploring Institute of the Ministry of Natural
Resources of the Russian Federation, St Petersburg,
Russia

VSEGEI: All-Russian Geological Institute of the Min-
istry of Natural Resources of the Russian Federa-
tion, Sredniy Prospect, St. Petersburg, Russia; note
that relevant material has largely been incorporated
into museum repositories such as CNIGR (more
recently transliterated asTsNIGRm)

VU: Museum of Geology, Victoria University of Wel-
lington, Wellington, New Zealand

XB: Palacontological Collections of the Xi’an Insti-
tute of Geology and Mineral Resources, Chinese
Academy of Geological Sciences, Xi’an, Shaanxi
Province, China

YaFAN: Museum of Geology of the Institute of Geol-
ogy of Diamonds and Precious Metals of the Yaku-
tian Scientific Centre of the Siberian Branch of the
Russian Academy of Sciences, Yakutsk, Republic of
Sakha (Yakutia), Russia

YPM: Yale University, Peabody Museum of Natural
History, New Haven, Connecticut, USA; stromato-
poroid types of Galloway and St. Jean now housed
in the Peabody Museum

ZPAL: Institute of Palacobiology, Polish Academy of
Sciences, Warsaw, Poland

ZSGGU: Closed Company “West Siberian State Geo-
logical Trust,” PGO Zapsibgeologiya, Novokuznetsk,
Kemerova Region, Russia



OUTLINE CLASSIFICATION AND RANGES OF TAXA
OF THE HYPERCALCIFIED PORIFERA

Barry D. WEeBBY, Compiler

The outline classification presented below is of fossil and living hypercalcified sponges
treated in these volumes. It summaries taxonomic relationships and presents stratigraphic
ranges of these supragenic taxa, following best possible correlations. As far as possible, the
ranges are are based on the International Stratigraphic Chart, compiled by the International
Commission on Stratigraphy (ICS; COHEN & others, 2013).

The presentation is as unified as possible and comprises all the suprageneric divisions
treated in these volumes, as well as a number of asterisked family groupings that were listed in
the review-style section on chambered sphinctozoan and non-chambered inozoan hypercalci-
fied sponges (see p. 387-395). These latter groups were described previously by FINks and
RiGBY (2004d, p. 585-764) in the Treatise, Part E, Revised, Volume 3, and they are shown in
this listing as either sphinctozoan skeletal types (denoted by single asterisks) or inozoan types
(with double asterisks). Also one family, the Maeandrostiidae, exhibits transitional features
between the above-mentioned two skeletal types, and this is shown by a triple asterisk. The
fossil orders Stellispongiida and Sphaerococliida are included with the Subclass Calcaronea
following Finks and RiGBY (2004d, p. 737-752), rather than in a grouping with subclass
Calcinea as preferred by Senowbari-Daryan and Rigby (see p. 387, 391, 392, 394, 395).

In Finks and RiGBy’s (2004d) systematic descriptions on hypercalcified sponges, differ-
ent morphological types can be distinguished, as follows: (1) inozoan-type morphologies
in agelasid demosponges (p. 594-644) as well as in stellispongiid calcareans (p. 738-750);
(2) sphinctozoan-type morphologies occurring in a range of agelasid, verticillitid, and had-
romerid demosponge orders (p. 646-734) and the sphaerocoeliid calcareans (p. 750-752);
and (3) both inozoan- and sphinctozoan-type morphologies developing apparently only in
the agelasid demosponge family Maeandrostiidae (p. 644-646).

Largely as a consequence of the strong faunal provincialism, the archacocyathan representatives
have proved difficult to assign within formalized stratigraphic subdivisions of the Cambrian Period.
At present only half of the proposed four global Series have been formally named, and five of the ten
Stage divisions have not been properly ratified. The undefined subdivisions are presently associated
with an interval spanning the “upper-lower” to “lower-middle” parts of the Cambrian, and this
includes sequences with the most varied archaeocyathan assemblages. Consequently, Debrenne,
Zhuravlev, and Kruse (see p. 909-912) have outlined a biostratigraphic scheme that employs the
Siberian archaeocyathan zonal succession in conjunction with the regional stage nomenclature for
Siberia. The four Cambrian regional stages are, in ascending order, the Tommotian, Atdabanian,
Botomian and Toyonian, and these more or less equate with the largely unnamed “upper-lower”
to “lower-middle” Cambrian interval—that is, through the upper part of the Terreneuvian Series
(Stage 2 = Tommotian), to the undescribed Series 2, which comprises the Stage 3 (=Atdabanian to
early Botomian) and Stage 4 (=late Botomian to Toyonian) interval. The regional units have been
further subdivided using the archaeocyathan zonation and identified with four named Tommotian
zones (Tom.1-4), four named Atdabanian zones (Atd.1-4), three (only the lowest one named)
Botomian zones (Bot.1-3) and three (only the middle zone named) Toyonian, zones (Toy.1-3).

Note also that recent results of IDNA sequencing of the eponymous living genus Vaceletia
of the family Vaceletiidae by WORHEIDE (2008) seems to confirm that this chambered genus
is a keratose sponge, and that the group should be transferred to the demosponge Order
Dictyoceratida MINCHIN, 1900, from its previous placement within the Order Verticillitida
TERMIER & TERMIER in TERMIER, TERMIER, & VACHARD, 1977 (see discussion on p. 273-277).
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Phylum Porifera Grant, 1836. ?Cryogenian, Cambrian—Holocene.
Class Demospongiae Sollas, 1885. 2Silurian, Middle Devonian—Holocene.
Order Hadromerida Topsent, 1894. ?Silurian, Middle Devonian—Holocene.
Family Acanthochaetetidae Fischer, 1970. Upper Jurassic—Holocene.
Family Suberitidae Schmidt, 1870. ?Silurian, Middle Devonian—Upper Cretaceous (Coniacian).
Family Spirastrellidae Ridley & Dendy, 1886. Lower Cretaceous (Albian).
*Family Celyphiidae de Laubenfels, 1955. Permian (Guadalupian)-Triassic.
*Family Ceotinellidae Senowbari-Daryan in Fliigel & others, 1978. Triassic (Ladinian—Carnian).
*Family Polysiphonidae Girty, 1909. Permian (Guadalupian)-Triassic.
Order Chondrosida Boury-Esnault & Lopes, 1985. Lower Cretaceous (Albian).
Family Chondrillidae Gray, 1872. Lower Cretaceous (Albian).
Order Poecilosclerida Topsent, 1928. Lower Jurassic—Holocene.
Family Merliidae Kirkpatrick, 1908. Lower Jurassic—Holocene.
Order Halichondrida Gray, 1867. Triassic—Holocene.
Family Uncertain. Upper Triassic—Upper Cretaceous.
Order Agelasida Hartman, 1980b. Upper Permian—Holocene.
Family Astroscleridae Lister, 1900. Upper Permian—Holocene.
Family Milleporellidae Yabe & Sugiyama 1935. Upper Triassic—Eocene.
Family Actinostromariidae Hudson, 1955¢c. Upper Jurassic—Upper Cretaceous.
Family Actinostromarianinidae Wood, 1987. Upper Jurassic.
Family Uncertain. Triassic (Carnian—Norian)—Jurassic (lower Kimmeridgian).
*Family Angullongiidaec Webby & Rigby, 1985. Upper Ordovician (Katian).
*Family Phragmocoeliidae Ott, 1974. Lower Devonian (Lochkovian)—Triassic (Carnian).
*Family Intrasporeocoeliidae Fan & Zhang, 1985. Permian (Guadalupian-Lopingian).
*Family Cryptocoeliidae Steinmann, 1882. Silurian (Ludlow)—upper Triassic.
*Family Palermocoeliidae Senowbari-Daryan, 1990. upper Triassic.
*Family Thaumastocoeliidae Ott, 1967. Upper Ordovician—Triassic (Norian).
*Family Amphorithalamiidae Senowbari-Daryan & Rigby, 1988. Permian (Lopingian).
*Family Polyedridae Termier & Termier in Termier & others, 1977. Permian (?Arkinskian—Lopingian).
*Family Aphrosalpingidae Myagkova, 1955. Upper Ordovician, Silurian (Ludlow) Carboniferous
(Pennsylvanian, Permian (Lopingian), Triassic.
*Family Glomocystospongiidae Rigby, Fan, & Zhang, 1989. Permian (Lopingian).
*Family Sebargasiidae de Laubenfels, 1955. ?Ordovician, Carboniferous—Triassic.
*Family Olangocoeliidae Bechstadt & Brandner, 1970. middle Triassic.
*Family Cliefdenellidae Webby, 1969. Upper Ordovician (Katian).
*Family Guadalupiidae Girty, 1908. Carboniferous—Triassic (Norian).
*Family Tabasiidae Senowbari-Daryan, 2005. Triassic.
**Family Catenispongiidae Finks, 1995. Permian (Artinskian)-Triassic.
**Family Virgolidae Termier & Termier in Termier & others, 1977. Permian (Kungurian), Triassic.
**Family Sphaeropontiidae Rigby & Senowbari-Daryan, 1996. Permian (Lopingian).
**Family Exotubispongiidae Rigby & Senowbari-Daryan, 1996. Permian (Lopingian).
**Family Sestrostomellidae de Laubenfels, 1955. Triassic—Lower Cretaceous.
**Family Pharetrospongiidae de Laubenfels, 1955. Triassic (Carnian)—Cretaceous.
**Family Auriculospongiidae Termier & Termier in Termier & others, 1977. Permian (Asselian,
Guadalupian—Lopingian).
**Family Stellispongiellidac Wu, 1991. Permian (Guadalupian)-Triassic.
**Family Preperonidellidae Finks & Rigby, 2004c. Upper Ordovician—upper Triassic.
**Family Fissispongiidae Finks & Rigby, 2004c. Devonian (Eifelian)—Permian (Roadian, or early Guada-
lupian).
***Family Maeandrostiidae Finks, 1971. Carboniferous (middle Pennsylvanian)-Triassic.
Order Haplosclerida Topsent, 1928. Upper Carboniferous—Holocene.
Family Calcifibrospongiidae Hartman, 1979. Holocene.
Family Euzkadiellidae Reitner, 1987a. Lower Cretaceous.
Family Newellidae Wood, Reitner, & West 1989. Upper Carboniferous (middle Pennsylvanian).
Order Dictyoceratida Minchin, 1900. ?Cretaceous, Eocene—Holocene.
Family Vaceletiidae Reitner & Engeser, 1985. ?Cretaceous, Eocene—Holocene.
Order Verticillitida Steinmann, 1882. ?lower Cambrian, Cretaceous, ?Cenozoic.
*Family Solenolmiidae Engeser, 1986. lower Cambrian—Triassic, ?Jurassic.
*Family Colospongiidae Senowbari-Daryan, 1990. lower Cambrian—Triassic.
*Family Gigantothalamiddae Senowbari-Daryan, 1994. upper Triassic (Norian).
*Family Tebagathalamiidae Senowbari-Daryan & Rigby, 1988. Permian—upper Triassic.
*Family Annaecoeliidae Senowbari-Daryan, 1978. upper Triassic.
*Family Cheilosporitiidae Fischer, 1962. Triassic (Carnian—Rhaetian).
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*Family Salzburgiidae Senowbari-Daryan & Schafer, 1979. Permian—Triassic (Rhaetian).
*Family Cribrothalamiidae Senowbari-Daryan, 1990. Triassic (Norian—Rhaetian).
*Family Verticillitidae Steinmann, 1882. Permian (Guadalupian)-Upper Cretaceous, Paleogene (Eocene).
Order Uncertain.
Family Burgundiidae Dehorne, 1920. Upper Jurassic—Lower Cretaceous.
Family Uncertain. Upper Triassic, Jurassic, ?Lower Cretaceous, Miocene.

Class Calcarea Bowerbank, 1864. ?Cambrian, ?Carboniferous ?Permian, ?Jurassic, Cretaceous—Holocene.
Subclass Calcinea Bidder, 1898. Holocene.
Order Murrayonida Vacelet, 1981. Holocene.
Family Murrayonidae Dendy & Row, 1913. Holocene.
Family Paramurrayonidae Vacelet, 1967a. Holocene.
Subclass Calcaronea Bidder, 1898. ?Jurassic, Cretaceous—Holocene.
Order Lithonida Vacelet, 1981. ?Jurassic, Cretaceous—Holocene.
Family Minchinellidae Dendy & Row, 1913. ?Jurassic, Cretaceous—Holocene.
Order Stellispongiida Finks & Rigby, 2004c. Permian—Holocene.
**Family Stellispongiidae de Laubenfels, 1955. Permian—Neogene (Miocene).
Order Sphacrococliida Vacelet, 1979b. Permian—Cretaceous (Cenomanian).
*Family Sphaerocoeliidae Steinmann, 1882 Permian—Cretaceous (Cenomanian).
Order Baerida Borojevic, Boury-Esnault & Vacelet, 2000. Pleistocene—Holocene.
Family Petrobionidae Borojevic, 1979. Pleistocene—Holocene.
Family Lepidoleuconidae, Vacelet 1967a. Holocene.

Class and Order Uncertain (?Demospongiae or ?Calcarea).
Family Disjectoporidae Tornquist, 1901. Permian—Triassic.

Class Heteractinida Hinde, 1887. lower Cambrian—Permian.
Order Octactinellida Hinde, 1887. lower Cambrian—Permian.
?*Family Nuchidae Pickett, 2002. upper lower—middle Cambrian.

Class Stromatoporoidea Nicholson & Murie, 1878. Middle Ordovician (Darriwilian)—Lower Carboniferous

(Serpukhovian), ?Triassic.

Order Labechiida Kithn, 1927. Middle Ordovician (Darriwilian)-Upper Devonian, ?Triassic.

Family Rosenellidae Yavorsky in Khalfina & Yavorsky, 1973. Middle Ordovician (Darriwilian)—Upper Devonian.

Family Labechiidae Nicholson, 1879b. Middle Ordovician (Darriwilian)-Upper Devonian.

Family Stromatoceriidae Bogoyavlenskaya, 1969b. Upper Ordovician (Sandbian—Katian).

Family Platiferostromatidae Khalfina & Yavorsky, 1973. Silurian (Llandovery)-Upper Devonian (Famennian).

Family Stylostromatidae Webby, 1993. Middle Ordovician (Darrwilian)-Upper Devonian (Famennian).

Family Aulaceratidae Kithn, 1927. Middle Ordovician (Darriwilian)—Upper Devonian (Famennian).

Family Lophiostromatidae Nestor, 1966a. Middle Ordovician (Darriwilian)—Upper Devonian (Frasnian),
?Triassic.

Order Clathrodictyida Bogoyavlenskaya, 1969b. Upper Ordovician (Katian)—Lower Carboniferous (Serpukhovian).
Family Clathrodictyidae Kithn, 1939a. Upper Ordovician (Katian)—Lower Carboniferous (Serpukhovian).
Family Actinodictyidae Khalfina & Yavorsky, 1973. Upper Ordovician (Katian)—Lower Devonian (Emsian).
Family Gerronostromatidae Bogoyavlenskaya, 1969b. Silurian (Llandovery)—Upper Devonian (upper

Famennian).
Family Tienodictyidae Bogoyavlenskaya, 1965c. Silurian (Llandovery)—Upper Devonian (Frasnian).
Family Anostylostromatidae Nestor, 2011. Silurian (Ludlow)-Upper Devonian (upper Famennian).
Family Atelodictyidae Khalfina, 1968a. Lower Devonian—Upper Devonian (upper Famennian).

Order Actinostromatida Bogoyavlenskaya, 1969b. Upper Ordovician (Katian)—Upper Devonian (Frasnian).
Family Actinostromatidae Nicholson, 1886a. Lower Silurian (Llandovery)-Upper Devonian (Frasnian).
Family Pseudolabechiidae Bogoyavlenskaya, 1969a. Lower Silurian (Llandovery)—Upper Silurian

(Pridoli).
Family Plumataliniidac Bogoyavlenskaya, 1969b. Upper Ordovician (Katian).
Family Actinostromellidae Nestor, 1966a. Middle Silurian (Wenlock)-Lower Devonian (Lochkovian).
Family Densastromatidae Bogoyavlenskaya, 1974. Lower Silurian (Llandovery)—Lower Devonian
(Lochkovian).

Order Stromatoporellida Stearn, 1980. Silurian (Pridoli)-Upper Devonian (Famennian).

Family Stromatoporellidae Lecompte, 1951 in Lecompte, 1951-1952. Silurian (Wenlock)—-Devonian
(Frasnian, ?upper Famennian,).

Family Trupetostromatidae Germovsek, 1954. Silurian (Pridol;)-Upper Devonian (Famennian).

Family Idiostromatidae Nicholson, 1886a. Middle Devonian (Eifelian)-Upper Devonian (Frasnian).

Order Stromatoporida Stearn, 1980. Silurian (upper Llandovery)-Upper Devonian (Frasnian).

Family Stromatoporidae, Winchell, 1867. Silurian (upper Llandovery)—Upper Devonian (Frasnian).
Family Ferestromatoporidae Khromykh, 1969. Lower Devonian (?Emsian), Middle-Upper Devonian (Frasnian).
Family Syringostromellidae Stearn, 1980. Silurian (upper Llandovery—Upper Devonian (Frasnian).
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Order Syringostromatida Bogoyavlenskaya, 1969b. Silurian (Wenlock)-Middle Devonian (Givetian), Upper
Devonian (?Famennian).
Family Coenostromatidae Waagen & Wentzel, 1887. Silurian (Pridoli)-Upper Devonian (Frasnian).
Family Parallelostromatidae Bogoyavlenskaya, 1984. Silurian (Wenlock)—Middle Devonian (Givetian),
Upper Devonian (?Frasnian).
Family Stachyoditidae Khromykh, 1967. Lower Devonian (?Lochkovian), Middle Devonian (Eifelian)—
Upper Devonian (Frasnian, ?Famennian).
Order Amphiporida Rukhin, 1938. 2middle Silurian, upper Silurian (Ludlow)—Upper Devonian (Famennian).
Family Amphiporidae Rukhin, 1938. ?middle Silurian, upper Silurian (Ludlow)-Upper Devonian
(Famennian).
Order and Family Uncertain. Upper Ordovician (Katian), middle Silurian—Upper Devonian (upper Famennian).

Class Uncertain
Order Pulchrilaminida Webby, 2012a. Lower Ordovician (upper Tremadocian)-Middle Ordovician (lower Darriwilian).
Family Pulchrilaminidae Webby, 1993. Lower Ordovician (upper Tremadocian—Middle Ordovician
(lower Darriwilian).

Class Archaeocyatha Bornemann, 1884. Cambrian (Terreneuvian—Furongian).

Order Monocyathida Okulitch, 1935b. lower Cambrian (Tom.1-Bot.3).
Family Monocyathidae R. Bedford & W. R. Bedford, 1934. lower Cambrian (1om.1-Bot.3).
Family Palacoconulariidaec Chudinova 1959. lower Cambrian (Atd.4—Bot.3).
Family Tumuliolynthidae Rozanov in Rozanov & Missarzhevskiy, 1966. lower Cambrian (1om.2—Bot.3).
Family Sajanolynthidae Rozanov in Debrenne, Zhuravlev, & Rozanov, 1989. lower Cambrian (Bot.1).
Family Globosocyathidae Okuneva, 1969. lower Cambrian (Atd.2—Bot.1).
Family Favilynthidae Debrenne, 1989. lower Cambrian (Atd.1-Bot.3).

Order Ajacicyathida R. Bedford & J. Bedford, 1939. lower Cambrian (Tom.1-10y.3).

Suborder Dokidocyathina Vologdin, 1957. lower Cambrian (Tom. 2—Bot.3).

Superfamily Dokidocyathoidea R. Bedford & W. R. Bedford, 1936. lower Cambrian (Tom.2—Bot.3).
Family Dokidocyathidae R. Bedford & W. R. Bedford, 1936. lower Cambrian (Tom. 2—Bot.3)
Family Dokidocyathellidae Debrenne, 1964. lower Cambrian (Atd.2—Bor. 1).

Family Cordobicyathidae Perején, 1975a. lower Cambrian (Atd.2).

Superfamily Kidrjasocyathoidea Rozanov in Zhuraveleva, Konyushkov, & Rozanov, 1964. lower Cambrian
(Atd.2—Bot.1).

Family Kidrjasocyathidae Rozanov in Zhuraveleva, Konyushkov, & Rozanov, 1964. lower Cambrian
(Atd.2—Bot.1).

Superfamily Kaltatocyathoidea Rozanov in Zhuraveleva, Konyushkov, & Rozanov, 1964. lower Cambrian
(Atd.1-Bot.1).

Family Kaltatocyathidae Rozanov in Zhuraveleva, Konyushkov, & Rozanov, 1964. lower Cambrian
(Atd. 1-Bot. 1).

Superfamily Papillocyathoidea Rozanov in Debrenne, Zhuravlev, & Rozanov, 1989. lower Cambrian
(Atd.4—Bot. 1).

Family Papillocyathidae Rozanov in Debrenne, Zhuravlev, & Rozanov, 1989. lower Cambrian (Atd.4—
Bot.1).

Superfamily Soanicyathoidea Rozanov in Zhuraveleva, Konyushkov, & Rozanov, 1964. lower Cambrian
(Atd.2—Bot. 1).

Family Soanicyathidae Rozanov in Zhuraveleva, Konyushkov, & Rozanov, 1964. lower Cambrian
(Atd.2—Bot. 1).
Family Zhuravlevaecyathidae Rozanov in Debrenne, Zhuravlev, & Rozanov, 1989. lower Cambrian (Bot.1).

Superfamily Kymbecyathoidea Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov,
1989. lower Cambrian (Atd.4—Bot.3).

Family Kymbecyathidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Atd.4—Bot.3).
Suborder Ajacicyathina R. Bedford & J. Bedford, 1939. lower Cambrian (Tom.1-T0y.3).

Superfamily Bronchocyathoidea R. Bedford & J. Bedford, 1936. lower Cambrian (Tom.1-10y.2).

Family Ajacicyathidae R. Bedford & J Bedford, 1939. lower Cambrian (Tom.1-10y.2).

Family Densocyathidae Vologdin, 1937b. lower Cambrian (Atd.1-Bot.3).

Family Bronchocyathidae R. Bedford & J. Bedford, 1936. lower Cambrian (Atd.1-Bot.3).

Family Ethmocyathidae Debrenne, 1969a. lower Cambrian (Atd. 1-Bot.3).

Family Sajanocyathidae Vologdin, 1956. lower Cambrian (Atd.1-10y.2).

Family Bipallicyathidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Atd.2).

Superfamily Pretiosocyathoidea Rozanov, 1969. lower Cambrian (Atd.1-Bot.2).

Family Robertocyathidae Rozanov, 1969. lower Cambrian (Atd.2—Bot.1).
Family Pretiosocyathidae Rozanov, 1969. lower Cambrian (Azd.1-Bot.1).

|



Superfamily Erbocyathoidea Vologdin & Zhuravleva in Vologdin, 1956. lower Cambrian (Atd. 1-Toy.3).
Family Erbocyathidae Vologdin & Zhuravleva in Vologdin, 1956. lower Cambrian (Atd.1-Tot.3).
Family Peregrinicyathidae Zhuravleva in Zhuravleva & others, 1967. lower Cambrian (Bot.1-Bot.2).
Family Vologdinocyathidae Yaroshevich, 1957. lower Cambrian (Bot. 1-Toy. 2).

Family Tegerocyathidae Krasnopeeva, 1972. lower Cambrian (Bot.1-10y.3).
Superfamily Tumulocyathoidea Krasnopeeva, 1953. lower Cambrian (Tom.2-Bot.3).
Family Tumulocyathidae Krasnopeeva, 1953. lower Cambrian (Tom.2—Bot.3).
Family Sanarkocyathidae, Hill, 1972. lower Cambrian (Atd.3—-Bot.1).
Family Geocyathidae Debrenne, 1964. lower Cambrian (Atd.1-Bor. 1).
Family Konjuschkovicyathidae Debrenne & Zhuravlev, 2000. lower Cambrian (Bot.1-Bot.3).

Superfamily Lenocyathoidea Zhuravleva in Vologdin, 1956. lower Cambrian (Atd.1-Bot.1).

Family Torosocyathidae Debrenne, Zhuravlev, & Kruse, 2002. lower Cambrian (Atd.1-Bot.1).
Family Japhanicyathidae Rozanov in Debrenne, Zhuravlev, & Rozanov, 1989. lower Cambrian (Atd.2-Bot. 1).
Family Lenocyathidae Zhuravleva in Vologdin, 1956. lower Cambrian (Atd.2—Bot. 1).
Superfamily Annulocyathoidea Krasnopeeva, 1953. lower Cambrian (Tom.2—Bot.3).
Family Tumulifungiidae Rozanov in Debrenne, Zhuravlev, & Rozanov, 1989. lower Cambrian (Tom.2—Bot.3).
Family Annulocyathidae Krasnopeeva, 1953. lower Cambrian (Atd.2-Bot.3).
Family Jakutocarinidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Atd.1-Bot.3).
Family Gagarinicyathidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov,
1989. lower Cambrian (Atd.3—Bot.1).
Superfamily Ethmophylloidea Okulitch, 1937b. lower Cambrian (Atd.1-1oy.1).
Family Fallocyathidae Rozanov, 1969. lower Cambrian (Bot.1-Bot.2).
Family Gloriosocyathidae Rozanov, 1969. lower Cambrian (Atd.1-Bot.1).
Family Kijacyathidae Zhuravleva in Repina & others, 1964. lower Cambrian (Atd.2—Bot.3).
Family Carinacyathidae Krasnopeeva, 1953. lower Cambrian (Atd.1-Bot.3).
Family Ethmophyllidae Okulitch, 1937b. lower Cambrian (Ard.4-Toy.1).
Superfamily Tercyathoidea Vologdin in Simon, 1939. lower Cambrian (Atd.4—1oy.1).
Family Piamaecyathellidae Rozanov, 1974. lower Cambrian (Bor.2).
Family Botomocyathidae Zhuravleva, 1955b. lower Cambrian (Atd.4—Bot.3).
Family Olgaecyathidae Borodina, 1974. lower Cambrian (Bot.2).
Family Tercyathidae Vologdin, 1939. lower Cambrian (Bot.1-Toy.1).
Superfamily Sigmocyathoidea Krasnopeeva, 1953. lower Cambrian (Bot.3).
Family Sigmocyathidae Krasnopeeva, 1953. lower Cambrian (Bot.3).
Family Wrighticyathidae Kruse, 1978. lower Cambrian (Bot.3).
Suborder Erismacoscinina Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Tom.2—Bot.3).

Superfamily Salairocyathoidea Zhuravleva in Vologdin, 1956. lower Cambrian (Tom.2—Bot.3).

Family Asterocyathidae Vologdin, 1956. lower Cambrian (Tom.2—Bot.3).

Family Rudanulidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Bot.1-Bot.3).

Family Salairocyathidae Zhuravleva in Vologdin, 1956. lower Cambrian (Atd.2—Bot. 1).

Family Crassicoscinidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1988.
lower Cambrian (Atd.4—Bot.1).

Superfamily Kasyricyathoidea Zhuravleva in Musatov & others, 1961. lower Cambrian (Atd.1-Bot.3).
Family Agyrekocyathidae Konyushkov, 1967. lower Cambrian (Atd.1-Bot. 1).

Family Xestecyathidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Bot.3).

Family Kasyricyathidae Zhuravleva in Musatov & others, 1961. lower Cambrian (Bot.1).

Family Membranacyathidae Debrenne, Zhuravlev, & Kruse, 2002. lower Cambrian (Atd.1-Atd.2).

Superfamily Polycoscinoidea Debrenne, 1964. lower Cambrian (Ard.3—Bot.3).

Family Anaptyctocyathidae Debrenne, 1970a. lower Cambrian (Atd.4—Bot.3).
Family Polycoscinidae Debrenne, 1964. lower Cambrian (Atd.3—Bot.3).
Family Veronicacyathidae Debrenne, Zhuravlev, & Kruse, 2002. lower Cambrian (Atd.4—Bot.3).
Family Zonacoscinidae Debrenne, 1971. lower Cambrian (Bot.1).
Superfamily Ethmocoscinoidea Zhuravleva, 1957. lower Cambrian (Atd.2—Bot.3).
Family Tumulocoscinidae Zhuravleva, 1960b. lower Cambrian (Atd.2—Bot.1).
Family Ethmocoscinidae Zhuravleva, 1957. lower Cambrian (Bot.3).

Superfamily Coscinoptyctoidea Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov,

1989. lower Cambrian (Atd.1—-Bot.3).
Family Geyericoscinidae Debrenne & Zhuravlev, 2000. lower Cambrian (Atd.1-Bot. 1).
Family Coscinoptyctidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov,

1989. lower Cambrian (Bot.3).
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Family Jebileticoscinidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Bot.1).
Superfamily Sigmocoscinoidea R. Bedford & J. Bedford, 1939. lower Cambrian (Bot.1-Bot.3).
Family Sylviacoscinidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Bot.1—-Bot.3).
Family Sigmocoscinidae R. Bedford & J. Bedford, 1939. lower Cambrian (Bot.3).
Superfamily Porocoscinoidea Debrenne, 1964. lower Cambrian (Atd.1-Bot.3).
Family Rozanovicyathidae Korshunov in Zhuravleva, Korshunov, & Rozanov, 1969. lower Cambrian (Bot.1).
Family Tatijanaccyathidae Korshunov, 1976. lower Cambrian (Bot.1).
Family Porocoscinidae Debrenne, 1964. lower Cambrian (Atd. 3—Bot.3).
Superfamily Mootwingeecyathoidea Kruse, 1982. lower Cambrian (Bot.3).
Family Mootwingeecyathidae Kruse, 1982. lower Cambrian (Bot.3).
Order Putapacyathida Vologdin, 1961. lower Cambrian (Bot.1-Bot.3).
Superfamily Alphacyathoidea R. Bedford & J. Bedford, 1939. lower Cambrian (Bot.1-Bot.3).
Family Alphacyathidae R. Bedford & J. Bedford, 1939. lower Cambrian (Bot.1-Bot.3).
Superfamily Putapacyathoidea R. Bedford & J. Bedford, 1936. lower Cambrian (Bot.1-Bot.3).
Family Putapacyathidae R. Bedford & J. Bedford, 1936. lower Cambrian (Bot.3).
Superfamily Hupecyathoidea Debrenne, Rozanov, & Zhuravlev, 1990. lower Cambrian (Atd.4).
Family Hupecyathidae Debrenne, Rozanov, & Zhuravlev, 1990. lower Cambrian (Atd.4).
Superfamily Chabakovicyathoidea Rozanov in Debrenne, Zhuravlev, & Kruse, 2002. lower Cambrian (Bot.1).
Family Chabakovicyathidae Rozanov in Debrenne, Zhuravlev, & Kruse, 2002. lower Cambrian (Bot.1).
Order Capsulocyathida Zhuravleva in Zhuravleva, Konyushkov, & Rozanov, 1964. lower Cambrian (Tom. 1-Bot.3).
Suborder Capsulocyathina Zhuravleva in Zhuravleva, Konyushkov, & Rozanov, 1964. lower Cambrian (Tom. 1-Bot.3).
Family Cryptoporocyathidae Zhuravleva, 1960b. lower Cambrian (1om.1-Bot.3).
Family Uralocyathellidae Zhuravleva in Zhuravleva, Konyushkov, & Rozanov, 1964. lower Cambrian (Bot.1).
Family Tylocyathidae Zhuravlev, 1988. lower Cambrian (Tom.4—Bot.3).
Family Fransuasaecyathidae Debrenne, 1964. lower Cambrian (Atd.1-Bot.1).
Family Tubericyathidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Bot.1).
Suborder Coscinocyathina Zhuravleva, 1949. lower Cambrian (Atd.1-Bot.3).
Superfamily Coscinocyathoidea Taylor, 1910. lower Cambrian (Atd.2—Bot.3).
Family Coscinocyathidae Taylor, 1910. lower Cambrian (Atd.2—Bor.3).
Family Mawsonicoscinidaec Debrenne & Kruse, 1986. lower Cambrian (Bot.3).
Family Coscinocyathellidae Zhuravleva in Vologdin, 1956. lower Cambrian (Bot.1-Bot.3).
Superfamily Calyptocoscinoidea Debrenne, 1964. lower Cambrian (Atd. 1-Bot.1).
Family Calyptocoscinidae Debrenne, 1964. lower Cambrian (Bot.1).
Family Tomocyathidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Atd. 1-Atd. 3).
Superfamily Alataucyathoidea Zhuravleva, 1955b. lower Cambrian (Atd.1-Atd.2).
Family Alataucyathidae Zhuravleva, 1955b. lower Cambrian (Atd. 1-Atd.2).
Superfamily Clathricoscinoidea Rozanov in Repina & others, 1964. lower Cambrian (Bot.1-Toy.1).
Family Clathricoscinidae Rozanov in Repina & others, 1964. lower Cambrian (Bot.1-Toy.1).
Family Lanicyathidae Debrenne, Rozanov, & Zhuravlev in Debrenne, Zhuravlev, & Rozanov, 1989.
lower Cambrian (Bot.1).
Order Archaeocyathida Okulitch, 1935b. lower Cambrian (Tom. 1-10y.3), middle Cambrian, upper Cambrian
(Furongian).
Suborder Loculicyathina Zhuravleva, 1954. lower Cambrian (Tom.1-Bot.3), upper Cambrian (Furongian).
Superfamily Loculicyathoidea Zhuravleva, 1954. lower Cambrian (Tom.1-Bot.3), upper Cambrian (Furongian).
Family Loculicyathidae Zhuravleva, 1954. lower Cambrian (Tom. 1-Bot.3), upper Cambrian (Furongian).
Family Eremitacyathidae Debrenne, 1992. lower Cambrian (Atd.2).
Superfamily Sakhacyathoidea Debrenne & Zhuravlev, 1990. lower Cambrian (Tom.2-Atd.2).
Family Sakhacyathidae Debrenne & Zhuravlev, 1990. lower Cambrian (Tom. 2—Ard.2).
Superfamily Chankacyathoidea Yakovlev, 1959. lower Cambrian (Atd.4—Bot.3).
Family Chankacyathidae Yakovlev, 1959. lower Cambrian (Bot.1-Bot.3).
Family Tchojacyathidac Debrenne & Zhuravlev, 1992b. lower Cambrian (Atd.4).
Suborder Anthomorphina Okulitch, 1935b. lower Cambrian (Bot.1).
Superfamily Anthomorphoidea Okulitch, 1935b. lower Cambrian (Bot.1).
Family Anthomorphidae Okulitch, 1935b. lower Cambrian (Bot.1).
Family Shiveligocyathidae Fonin, 1983. lower Cambrian (Bot.1).
Suborder Archaeocyathina Okulitch, 1935b. lower Cambrian (Tom. 2—Toy. 3), middle Cambrian.
Superfamily Dictyocyathoidea Taylor, 1910. lower Cambrian (Tom. 2-Toy. 1), middle Cambrian.
Family Dictyocyathidae Taylor, 1910. lower Cambrian (Tom. 2-10y.1), middle Cambrian.
Family Claruscoscinidaec Debrenne & Zhuravlev, 1992b. lower Cambrian (Bot.1-Toy I).
Family Pycnoidocoscinidae Debrenne, 1974a. lower Cambrian (Bot.3).
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Superfamily Archacocyathoidea Hinde, 1889. lower Cambrian (Atd.1-Toy. 3).

Family Archacopharetridae R. Bedford & W. R. Bedford, 1936. lower Cambrian (Atd.1-Bot.3).
Family Archaeocyathidae Hinde, 1889. lower Cambrian (?Atd.4, Bot.2-Toy. 3).
Family Archaeosyconidae Zhuravleva, 1954. lower Cambrian (Bot.1-Bot.3).

Superfamily Metacyathoidea R. Bedford & W. R. Bedford, 1934. lower Cambrian (Tom. 2—Bot.3).
Family Copleicyathidae R. Bedford & J. Bedford, 1937. lower Cambrian (Tom. 2—Bot.3).
Family Jugalicyathidae Gravestock, 1984. lower Cambrian (Atd.4—Bot.2).

Family Metacyathidae R. Bedford & W. R. Bedford, 1934. lower Cambrian (Atd.4—Bor.3).

Superfamily Naimarkcyathoidea Wrona & Zhuravlev, 1996. lower Cambrian (Bot.3).

Family Naimarkcyathidae Wrona & Zhuravlev, 1996. lower Cambrian (Bot.3).

Superfamily Warriootacyathoidea Debrenne & Zhuravlev, 1992b. lower Cambrian (Atd. 3—-Atd.4).
Family Warriootacyathidae Debrenne & Zhuravlev, 1992b. lower Cambrian (Atd.3-Ard.4).

Superfamily Beltanacyathoidea Debrenne, 1974a. lower Cambrian (Atd. 3—Bot.3).

Family Maiandrocyathidae Debrenne, 1974a. lower Cambrian (Bot.3).
Family Beltanacyathidae Debrenne, 1974a. lower Cambrian (Ard. 3-Atd. 4).

Superfamily Tabellaecyathoidea Fonin, 1963. lower Cambrian (Bot.2—Bot.3).

Family Tabellaecyathidae Fonin, 1963. lower Cambrian (Bot.2-Bot.3).
Suborder Dictyofavina Debrenne, 1991. lower Cambrian (Atd. 1-Bot.2).

Superfamily Usloncyathoidea Fonin in Vologdin & Fonin, 1966. lower Cambrian (Atd.1-Bot.2).
Family Usloncyathidae Fonin in Vologdin & Fonin, 1966. lower Cambrian (Atd.1-Bot.2).

Superfamily Keriocyathoidea Debrenne & Gangloff in Debrenne & Zhuravelev, 1992a. lower Cambrian
(Bot. 1-Bot.2).

Family Keriocyathidae Debrenne & Gangloff in Debrenne & Zhuravelev, 1992a. lower Cambrian
(Bot. 1-Bot.2).
Superfamily Gatagacyathoidea Debrenne & Zhuravlev, 1992a. lower Cambrian (Bot.2).
Family Gatagacyathidae Debrenne & Zhuravlev, 1992a. lower Cambrian (Bot.2).
Suborder Syringocnemina Okulitch, 1935b. lower Cambrian (Atd.4—-Bot.3).

Superfamily Auliscocyathoidea Debrenne & Zhuravlev, 1992b. lower Cambrian (Atd.4—Bot.3).
Family Auliscocyathidae Debrenne & Zhuravlev, 1992b. lower Cambrian (Atd.4—Bot.3).

Superfamily Syringocnemoidea Taylor, 1910. lower Cambrian (Bot.1-Bor.3).

Family Tuvacnemidae Debrenne & Zhuravlev 1990. lower Cambrian (Bot.1-Bot.3).
Family Syringocnemidae Taylor, 1910. lower Cambrian (Bot. 1-Bot.3).

Superfamily Kruseicnemoidea Debrenne & Zhuravlev, 1990. lower Cambrian (Bot.3).
Family Kruseicnemoidae Debrenne & Zhuravlev, 1990. lower Cambrian (Bot.3).

Superfamily Fragilicyathoidea Belyaeva in Belyaeva & others, 1975. lower Cambrian (Bot.1).
Family Fragilicyathidae Belyaeva in Belyaeva & others, 1975. lower Cambrian (Bot.1).

Order Kazachstanicyathida Konyushkov, 1967. lower Cambrian (Bot.1-Bot.3).
Suborder Kazachstanicyathina Konyushkov, 1967. lower Cambrian (Bot.1-Bor.3).
Family Korovinellidae Khalfina, 1960a. lower Cambrian (Bot. 1-Bot.3).
Suborder Altaicyathina Debrenne, 1991. lower Cambrian (Bot.1-Bot.2).
Family Altaicyathidae Debrenne & Zhuravlev 1992b. lower Cambrian (Bot.1- Bot.2)
Archaeocyatha Nomina Dubia
?Class Radiocyatha Debrenne, H. Termier & G. Termier, 1970. lower Cambrian (Tom. 3-Toy. 2).
Family Hetairacyathidae R. Bedford & ] Bedford, 1937. lower Cambrian (Tom. 3-Toy. 2).
Family Uranosphacridae R. Bedford & J. Bedford, 1936. lower Cambrian (Bot.1-Bot.3).
Class Uncertain (probably not allied to Archacocyatha or Radiocyatha)
Order Acanthinocyathida R. Bedford & W. R. Bedford 1936 lower Cambrian (Atd.1-Bot.3).
Family Acanthinocyathidae R. Bedford & W. R. Bedford, 1936. lower Cambrian (Atd.1-Bot.3).
Class Cribricyatha Vologdin, 1961 lower Cambrian (Tom. 2—Bot.3).
Order Vologdinophyllida Radugin, 1964. lower Cambrian (Tom.2- Bot.1).
Superfamily Vologdinophylloidea Radugin, 1964. lower Cambrian (Tom. 2—Bot.1).
Family Vologdinophyllidae Ragugin, 1964. lower Cambrian (Ard. 1).
Family Leibaellidac Jankauskas, 1965. lower Cambrian (Tom. 2—Bot.1).
Superfamily Akademiophylloidea Radguin, 1964. lower Cambrian (Atd.1-Bot.1).
Family Akademiophyllidae Radugin, 1964. lower Cambrian (Atd.1-Bot.1).
Family Striatocyathidae Vologdin & Jankauskas, 1968. lower Cambrian (Atd.1-Bot.1).
Order Cribricyathida Vologdin, 1961. lower Cambrian (Atd.1-Bot.3).
Superfamily Conoidocyathoidea Vologdin, 1964a. lower Cambrian (Atd.1-Bot.3).
Family Concoidocyathidae Vologdin, 1964a. lower Cambrian (Atd.1-Bot.3).
Superfamily Pyxidocyathoidea Vologdin, 1964a. lower Cambrian (Atd.1-Bor.3).
Family Pyxidocyathidae Vologdin, 1964a. lower Cambrian (Atd.1-Bot.3).
Phylum Uncertain (Cribricyath-like Taxa). lower Cambrian (Atd.1-Bot.3).
Family Boyarinovicyathidae Zhuravleva in Zhuravleva & others, 1997b. lower Cambrian (Bot.3).
Family Uncertain. lower Cambrian (Atd.1).
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LIVING HYPERCALCIFIED SPONGES

JEAN VACELET, PHILIPPE WILLENZ, and "WILLARD D. HARTMAN

INTRODUCTION

Only a few of the 682 valid sponge genera
that comprise the estimated 15,000 species
(approximately 7,000 of which are presently
described; HooPER & SOEST, 2002a) are
capable of secreting a rigid calcified skeleton
that is generally reinforced with, or comple-
mented by, a spicular skeleton. These sponges
have the potential to fossilize, and their fossil
counterparts have often been referred to as
calcareous sponges by paleontologists. This
term is confusing, however, because it is
generally used by zoologists to refer only to
members of the poriferan class Calcarea. The
term hypercalcified sponges is used here for
representatives of both the classes Demospon-
giae and Calcarea, which secrete a comple-
mentary calcareous skeleton. These sponges,
although few in number in Recent seas,
display a high diversity and generally show
close affinities to nonhypercalcified sponges,
arguing for their classification in various taxa
of the classes Demospongiae and Calcarea.

Recent hypercalcified sponges display a
certain number of general features that are
considered here. Their calcified, coherent
skeletons give them the chance of becoming
fossilized, and in this respect allow them to
develop to closely resemble various ancient
reef builders such as the chaetetids, sphincto-
zoans, inozoans, and stromatoporoids; indeed,
they are likely to be survivors of these ancient
groups. The study of hypercalcified sponges
provides very informative data relevant to
fossil groups, which were considered, prior to
the 1970s to have rather uncertain affinities.
It is important to bear in mind, however, that
unlike their fossil relatives, present-day taxa
are few in number, with most genera being
monotypic and living in cryptic habitats,
suggesting that they represent a few survivors

of the luxuriant ancient fauna. These few
living forms are nevertheless very diverse at the
order or class levels and display close affinities
with various extant sponge taxa devoid of a
hypercalcified skeleton. The large taxonomic
diversity of these relict organisms may indicate
that occurrences of calcified skeletons devel-
oped from many evolutionary lines of descent
within the Porifera. The microstructure and
composition of the calcified skeletons are also
highly diverse—surprisingly more so when
compared with present-day calcified cnidar-
ians responsible for reef building—and rather
specific in their taxonomic affinities. They live
in warm or warm-temperate waters, but unlike
their fossil counterparts, are not important reef
builders; instead, they live as restricted forms in
refuge habitats such as bathyal cliffs and littoral
dark caves (Fig. 1-2).

MORPHOLOGICAL TYPES
COMPARED WITH FOSSIL
ANALOGS

In living hypercalcified sponges, several
morphological types or grades of organiza-
tion are represented, which, in some cases,
may correspond to those known as fossils.
The diversity is considerably lower in the
few survivors than in the ancient fauna,
however. Interestingly, the same morpho-
logical type may commonly occur in sponges
that are clearly differentiated by the spic-
ules, living tissue, and/or microstructure of
their calcified skeleton, indicating that the
various grades of organization represented
in chaetetids, stromatoporoids, inozoans,
or sphinctozoans do not correspond to true
evolutionary lines.

The chaetetid type corresponds to
laminar- or domical-shaped sponges in
which the superficial parts of the skeleton
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Living Hypercalcified Sponges 3

display a honeycomb structure, with
more or less hexagonal tubes, somewhat
resembling the corallites of scleractinian
corals, but smaller. The living tissue occurs
as a thin veneer at the surface and within
the outer parts of the tubes. The inner parts,
often partitioned by horizontal tabulae,
may contain reserve cells able to regenerate
the sponge (pseudogemmules). The ends
of the tubes are infilled by a secondary
calcareous deposit, resulting in a very hard
skeleton. This type is known in the Cerato-
porellidae (without tabulae and pseudogem-
mules), Merliidae, and Acanthochaetetidae.
These three taxa of Demospongiae have no
affinities, and their calcareous skeleton,
although similarly organized, has a different
nature and microstructure. Their structure
appears to be similar to that exhibited by
some fossil chaetetids, and correlatives seem
to be established between Recent and fossil
acanthochaetetids (HARTMAN & GOREAU,
1975), and between Merlia and the fossil
Blastochaetetes (GAUTRET, VACELET, & CUIF,
1991). However, the communication canals
(or pores) that are present between adjacent
tubes in some tabulated fossils of a dubious
sponge nature (e.g., in favositids) are not
found in living hypercalcified sponges of
the chaetetid grade. These canals appear
to have no functional significance in a
sponge organization. They are more readily
explained as a character of cnidarians,
providing communication between adjacent
polyps.

The stromatoporoid type is strongly
reminiscent of the skeleton of some fossil
stromatoporoids. It is found in domical to
flattened, laminar sponges with a calcified

skeleton consisting of a meshwork of tubes,
pillars, and laminae. This type is known
in Calcifibrospongia, with an aragonitic
skeleton, which has clear similarities to
some Mesozoic stromatoporoids (HARTMAN,
1979), and in Astrosclera, where the arago-
nitic skeleton is spherulitic.

In the sphinctozoid type, the skeleton
is external, resulting in a discontinuous
growth, with separate chambers linked by
a central siphon, as recognized in Vaceletia.
The skeleton, in aragonite with a microgran-
ular microstructure, has some exact fossil
analogs but does not exhibit the full range of
morphological structures represented by the
diverse record of fossil sphinctozoid sponges.
In addition, there are some common points
between the morphological organization
of Vaceletia and that of archaeocyaths. In
the lacter, the skeleton was likely also to
be external, but it had a more elaborate
organization, including a double-cup shape
and vertically arranged, pseudoseptate parti-
tioning,.

The inozoid type is less well defined,
occurring in sponges such as Murrayona,
Petrobiona, and some Astroscleridae, where
a more or less massive skeleton is enveloped
by living tissue.

SKELETON,
MICROSTRUCTURE,
BIOMINERALIZATION
PROCESSES, AND MODES OF
PRESERVATION
The living hypercalcified sponges exhibit

two types of skeleton: one that is based on
a primary spicular skeleton, and the other

FiG. 1. Hypercalcified demosponges; 1, Acanthochaetetes wellsi HARtMAN & GOREAU, 1975; living specimen in situ
from Touho reef, New Caledonia, 15 m (Vacelet, Willenz, & Hartman, 2010); 2, Astrosclera willeyana LisTER, 1900;
dry specimen with astrorhizae, the Philippines, 24 m (Vacelet, Willenz, & Hartman, 2010); 3, Calcifibrospongia acti-
nostromarioides (HARTMAN, 1979); specimen about 30 X 60 cm iz situ under an overhang, 30 m, forereef wall, south of
Jamaica Bay, southern tip of Acklins Island, Bahamas (Vacelet, Willenz, & Hartman, 2010); 4, Ceratoporella nicholsoni
(Hickson, 1911); two specimens, 77 situ, 25 m, reef cave, northern coast of Jamaica (Vacelet, Willenz, & Hartman,
2010); 5, Goreauiella auriculata HARTMAN, 1969; in situ, 25 m, reef cave, northern coast of Jamaica (Vacelet, Willenz, &
Hartman, 2010); 6, Hispidopetra miniana HARTMAN, 1969; in situ, 25 m, reef cave, northern coast of Jamaica (Vacelet,
Willenz, & Hartman, 2010); 7, Vaceletia crypta (VACELET, 1977b); view from cavities of front coral reef, New Caledonia,
15 m (Vacelet, Willenz, & Hartman, 2010); 8, Willardia caicosensis (W1LLENZ & PompoNI, 1996); holotype, in situ, 114
m, northeastern tip of Grand Turk Island prior to collection by Harbor Branch Johnson-Sea Link I submersible (Wil-
lenz & Pomponi, 1996). For a color version of this figure, see Zieatise Online, Number 1 (paleo.ku.edu/treatiseonline).
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Fic. 2. Hypercalcified demosponges (Ceratoporella, Stromatospongia, and Merlia) and a calcarean (Petrobiona); 1, Ce
nicholsoni (HICKSON, 1911); in situ, 25 m, reef cave, northern coast of Jamaica (Vacelet, Willenz, & Hartman, 2010); 2,
Stromatospongia norae HARTMAN, 1969; in situ, 25 m, reef cave, northern coast of Jamaica (Vacelet, Willenz, & Hartman,
2010); 3, Petrobiona massiliana VACELET & LEv1, 1958; i situ, 15 m, cave of La Ciotat, northwestern Mediterranean (Vacelet,
Willenz, & Hartman, 2010); 4, P massiliana; massive skeleton after removal of living tissue (Vacelet, Willenz, & Hartman,
2010); 5, Merlia normani KIRKPATRICK, 1908; in situ, 12 m, cave, Lebanon, Ramkine Island, living tissue covering thin,
calcareous skeleton (Vacelet, Willenz, & Hartman, 2010); 6, Merlia deficiens VACELET, 1980a; 77 situ, 12 m, cave of La Ciotat
(northwestern Mediterranean); species is similar to Merlia normani but devoid of thin, underlying, calcareous skeleton (Vacelet,
Willenz, & Hartman, 2010). For a color version of this figure, see Treatise Online, Number 1 (paleo.ku.edu/treatiseonline).

7],
porelia

the microstructure is different. It belongs
to the orthogonal type, with crystal fibers

that is not derived from a primary spicular
skeleton.

In the first type, found only in the family
Minchinellidae of the Calcarea, some of the
calcareous spicules are linked together by
additional calcareous cement. The cement
is made of calcite, as in the spicules, but

in a perpendicular and radial orientation
relative to the central axis represented by the
spicule. The cement has a variable develop-
ment, either linking only the basal actines of
tetractine spicules, the apical actine of which
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remains free, or completely surrounding
these spicules. In all cases, the living tissue
contains free calcareous spicules, gener-
ally tangentially arranged in the ectosomal
layer and frequently including a special
form of triactine: the tuning fork triactine,
or diapason. This type of skeleton is thus
based on a primary spicule skeleton, which
is progressively, and more or less completely,
enveloped by calcareous calcitic cement,
resulting in a solid skeleton when the cement
is well developed. Although chemically very
different, these skeletons may morphologi-
cally resemble those of some hexactinellid
sponges, in which the siliceous spicules
are linked and more or less surrounded by
a siliceous cement; or like lithistid demo-
sponges, in which the siliceous spicules
become zygose through the modified ends
of their actines. In representatives of the
genus Plectroninia (see p. 299), the calcite
cement may be poorly developed, with the
basal actines of tetractines becoming linked
both by a cement and by zygosis of their
deformed ends; whereas in Tulearinia (see
p. 303), a genus of uncertain affinities, the
spicules are feebly linked by incomplete
zygosis without any cement. The mode of
secretion of the calcareous cement has not
been investigated and is known only in
Minchinella lamellosa (see p. 297), where
telmatoblasts, columnar cells of the collen-
cyte type, presumed to secrete the cement,
have been briefly described (KIRkpATRICK,
1908).

The rigid skeletons obtained by this
process form either a basal crust or a reticu-
late structure, which in the dead parts may
be secondarily infiltrated to produce a solid
mass. Sponges with this skeleton type may
be encrusting, erect lamellar, or more or less
massive, and generally small. The diapason,
which is found in most of the hypercalci-
fied Calcarea, and which is also known in
the fossil representatives, probably has no
phylogenetic significance (VACELET, 1991).

The second type, which occurs in a few
other members of the class Calcarea—
including two genera, Murrayona (Fig. 3.1;

see p. 294) and Petrobiona (see p. 303; see
also GiLis & others, 2012), and in all the
hypercalcified representatives of the class
Demospongiae (10 genera)—forms as a
calcareous skeleton that does not derive from
a spicular skeleton, although some spicules
may be secondarily entrapped. It appears
as a primary deposit of calcium carbonate,
sometimes secreted on an organic template,
but most often secreted by a poorly known
process. The calcareous skeleton coexists
with a spicule skeleton similar to that found
in the nonhypercalcified relatives of these
sponges, with the exception of the sphinc-
tozoid Vaceletia crypta and some popula-
tions of Astrosclera willeyana, which are
devoid of spicules. In the two genera of
Calcarea, the calcareous skeleton is made
of calcite. In Demospongiae (Fig. 3.2), it
is composed of calcite in two genera (Acan-
thochaetetes and Merlia) and of aragonite in
eight genera (Astrosclera, Calcifibrospongia,
Ceratoporella, Goreauiella, Hispidopetra,
Stromatospongia, Vaceletia, and Willardia).
There is no possible confusion with siliceous
structures, because a solid, nonspicular sili-
ceous skeleton is unknown in sponges.

The microstructures and the biominer-
alization processes of the second type of
skeleton are highly diverse. All contain a
certain amount of organic material. These
skeletons are organized in more or less well-
defined sclerodermites of the spherulitic,
penicillate, or radial flake—spherulitic types.
The spherulitic type, with crystal fibers
radiating from a central point, is found
only in the Recent astrosclerid Astrosclera
willeyana (see p. 241). In this species, the
sclerodermites first appear as intracellular,
spheraster-like spherules (Fig. 3.4). When
the spherules attain 15-25 pm in diam-
eter, the secreting cells migrate toward the
superficial parts of the skeleton, where the
spherules are incorporated, and continue
their growth asymmetrically (GAUTRET,
1986; Curr & GAUTRET, 1991; WORHEIDE &
others, 1997; WORHEIDE, 1998). The outline
of the intracellular spherule is visible in the
central zone of the mature sclerodermites
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when the skeleton is treated with proteo-
lytic enzymes, and this central zone is more
casily dissolved during early diagenesis. The
characters of this skeleton, including its
mode of synthesis and differential dissolu-
tion, are found in diverse Permo-Triassic
fossils belonging to various morphological
types (GAUTRET, 1986; REITNER, 1992). Free
spheraster-like spherules have been observed
in cavities of the skeleton of well-preserved
Triassic fossils (GAUTRET, 1986), indicating
a biomineralization process similar to that
observed in Astrosclera.

Diverse forms of penicillate (also called
clinogonal or water jet) microstructure
of sclerodermites are observed in other
Astroscleridae (Ceratoporella, Goreaui-
ella, Hispidopetra, and Stromatospongia),
in Merlia, and in Murrayona. Compa-
rable acicular, crystalline, sclerodermite-
like patterns are reported in Calcifibro-
spongia (HARTMAN, 1979) and in Willardia
(WiLLENZ & Pomront, 1996). These peni-
cillate sclerodermites are likely secreted
by a pinacocyte layer lining the skeleton,
which secretes an organic matrix (WILLENZ
& HARTMAN, 1989; WILLENZ & POMPONI,
1996) in a biomineralization process
certainly different from that of Astrosclera,
but still poorly known.

Radial flake—spherulitic sclerodermites,
in which the crystal fibers are disposed
obliquely or perpendicularly to a longitu-
dinal line (Fig. 3.3), are found in Petrobiona
and have no known fossil counterparts.
Two other microstructures are known in
which individualized sclerodermites are

not distinct. First, a microlamellar micro-
structure, with crystal fibers aligned in
one plane, is found in Acanthochaetetes.
The skeletal formation takes place within
a narrow zone (300-500 nm) between the
basopinacoderm and the mature skeleton.
The sponge produces threadlike, folded
templates (spaghetti fibers of 0.5-2 pm
size) that become mineralized (REITNER &
GAUTRET, 1996).

Second, a microgranular, irregular micro-
structure is found in the sphinctozoan
Vaceletia. In this species, in which the skel-
eton is mostly external, growth occurs by
the building of successive chambers. The
skeleton is secreted on a noncollagenous
organic template of the walls of the cupolas
and of the pillars, in which are deposited
tangled crystal bundles (VACELET, 1979b;
GAUTRET, 1985; GAUTRET, REITNER, &
MARIN, 1996; REITNER & others, 1997).
This process may be general in extinct forms
with irregular microstructure, including
archaeocyaths. In most cases, the basal parts
of the skeleton, which is free from living
tissue, is infilled by a micritic granular
secondary deposit.

The microstructures preserved in living
forms are well diversified, but there are
others known in fossil representatives
that did not survive to the present. For
instance, no Recent skeletons are known
to be composed of microgranular calcite or
spherulitic calcite.

The living sponges with such skeletons
belong to diverse morphological types. The
massive forms may reach a large size, up to

FiG. 3. Diagrammatic representations of hypercalcified calcareans and demosponges; 1, Murrayona phanolepis Kirk-
PATRICK, 1910b; diagrammatic section through lamellar specimen, with inhalant face on left and exhalant surface
on right; os, osculum; s, calcareous scale; sk, aspicular calcareous skeleton; #; tuning fork (triactine) (Borojevic,
Boury-Esnault, & Vacelet, 1990); 2, Ceratoporella nicholsoni (Hickson, 1911); diagrammatic three-dimensional
representation; Az, aragonite skeleton; ¢, choanosome; DM, dermal membrane; £C, exhalant canal; /S, inhalant
space or vestibule; O, osculum; S, spicule (Willenz & Hartman, 1989; see also Fig. 156¢ and Fig. 355); 3, Petrobiona
massiliana VACELET & LEvl, 1958; calcitic sclerodermite of radial-flake-spherulitic type (Gautret, 1986); 4, Astrosclera
willeyana LISTER, 1900; dissymmetrical spherules of basal zone of skeleton after treatment by a proteolytic enzyme
showing initial, intracellular spherule (sz ) and successive stages (st 2—st 4) of epitaxial growth (Gautret, 1986); 5,
diagrammatic longitudinal section through three living hypercalcified sponges possessing masses of storage cells; 4,
Merlia normani KIRKPATRICK, 1908; b, Acanthochaetetes wellsi HARTMAN & GOREAU, 1975; ¢, Petrobiona massiliana
VAceLET & LEvi, 1958; AB, anchoring collagen bundles; CC, choanocyte chambers; C7, crypt tissue; Cu, cuticle;
HT, horizontal tabulae; S, spine; Sk, calcareous skeleton; Sp, spicules; 7, trabecular tract (Vacelet, 1990).
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1 m in diameter in some specimens of Cera-
toporella nicholsoni.

In both types of skeleton, the aquiferous
canals generally leave traces on the superficial
parts of the skeleton, forming astrorhizae,
which often may be marked in the deeper
zones of the skeleton (Fig. 4.1-4.2). The basal
and lateral surfaces of the dead skeletal mass
are covered by an epitheca showing growth
lines (Fig. 4.3—4.4), the mode of secretion of
which has not been investigated.

MODES OF PRESERVATION

The early diagenesis of the calcareous skel-
eton has been poorly investigated, although
studying the changes in subfossil specimens
would be highly instructive. It has been
shown that the composition of the organic
matrix present in the calcareous skeleton
may influence diagenetic processes (MARIN
& GAUTRET, 1994). A deposit of micritic
aragonite rapidly accumulates in the empty
cavities of the basal dead parts of the sponge.
Some data are available for the conserva-
tion of the spicules included in the calcified
skeleton. In Petrobiona, the calcitic spicules
included in the massive skeleton are well
preserved and can be recognized in the
earlier growth of the skeleton. In contrast,
the siliceous spicules included in the super-
ficial parts of a calcareous skeleton become
corroded and totally resorbed from areas
of earlier growth in the sponges, with the
corresponding cavities being infilled by a
variety of calcium carbonate. The spicules
that are not included in the solid skeleton or
that are feebly attached to the surface of the
skeleton (such as the spirasters of Acantho-
chaetetes wellsi) are dispersed at the death of

the sponge, and consequently have very few
chances to fossilize.

GROWTH RATE, LONGEVITY,
AND PROPERTIES OF THE
HYPERCALCIFIED SKELETON

The growth rate of sponges with various
types of skeleton (discussed above) has been
studied in only a few cases. The rate appears
remarkably slow as compared to the growth
rate of the main reef builders in present-
day seas, suggesting that the strategy of
reef building by these sponges may have
changed significantly through geological
time (WILLENZ & HARTMAN, 1985, 1999).
Growth rate ranges from 180 to 230 pm/yr
in Ceratoporella nicholsoni, while in Acantho-
chaetetes it has been estimated to reach from
only 50 to 100 pm/yr (REITNER & GAUTRET,
1996). This slow growth rate and the large
size of some specimens of Astrosclera, Cerato-
porella, Acanthochaetetes, and multi-branched
Vaceletia, suggest that these sponges may
have had a very long life span. The age of
specimens of Ceratoporella nicholsoni from
bathyal environments that are more than 1 m
in diameter can be estimated to be more than
1000 yr, and that of decimeter-size specimens
of Acanthochaetetes from coral reef cavities
about 1000 yr as well. In the bathyal zone,
the basal part of a 10-cm-thick construction
of the branching form of Vaceletia crypta was
estimated to be 700 yr (VACELET & others,
1992). Such skeletons have a high potential
for providing proxy records of temperature
and salinity, extending existing records in
the Salinity Maximum Waters of the North
Atlantic back to the end of the 19th century

FIG. 4. Epizoans, epitheca, and symbiotic bacteria associated with living hypercalcified sponge taxa. Depth of samples
indicated in meters; I, Astrosclera willeyana LisTER, 1900; astrorhizae and two commensal invertebrates causing bio-
claustration inside skeleton, a cirriped (two large black spots) and unidentified cnidarian (small gray spots), Touho,
15 m, New Caledonia, X2.75 (Vacelet, Willenz, & Hartman, 2010); 2, Acanthochaetetes wellsi HARTMAN & GOREAU,
1975; astrorhizae and a trace left by unidentified invertebrate, Beautemps-Beaupré, 12 m, New Caledonia, X2.08
(Vacelet, Willenz, & Hartman, 2010); 3, A. wellsi; basal part of specimen showing basal peduncle and epitheca, Philip-
pines, 24 m, X1.8 (Vacelet, Willenz, & Hartman, 2010); 4, A. wellsi; SEM view of surface and epitheca, Escape Reef,
12 m, Great Barrier Reef, X40 (Vacelet, Willenz, & Hartman, 2010); 5, Vaceletia crypta (VACELET, 1977b); trace of
excavating sponge, 7hoosa sp., in skeleton, New Caledonia, 38 m, X140 (Vacelet, Willenz, & Hartman, 2010); 6, V.
crypta; TEM view of choanosome, showing choanocyte chambers, archaeocyte cells, and numerous symbiotic bacteria,

Kaimon Maru Bank, 245 m, New Caledonia, X2000 (Vacelet, Willenz, & Hartman, 2010).
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(RoseENHEIM & others, 2004, 2005). Large
specimens even reveal the coldest periods
of the Little Ice Age at the end of the 17th
century (HAASE-SCHRAMM & others, 2005).
The changes in the anthropogenic lead input
to the atmosphere over time have also been
detected in the skeleton of Ceratoporella
(LAzARETH & others, 2000). This is essentially
related to leaded gasoline consumption after
World War II and the following drop in the
1970s, which is linked to a decrease in the use
of leaded alkyl additives in gasoline.

The skeleton of Ceratoporella nicholsoni is
extremely hard, with a compressive strength
several times that of cnidarian reef builders
and eight times stronger than concrete
(SCHUHMACHER & PLEWKA, 1981). Although
fragmentary and probably not applicable to
all living hypercalcified sponges, these results
suggest that there may be a tradeoff between
mechanical strength and a fast rate of growth
(ScHUHMACHER & PLEWKA, 1981; WooD,
1990b). Some ancient reef builders had the
strategy of slowly building very resistant
reefs that were able to withstand hurricanes,
whereas modern scleractinian corals build
relatively fragile constructions rapidly, and
are able to recover comparatively quickly
after destructive hurricanes.

MODE OF LIFE
LIVING TISSUE

The living tissue and soft tissue organiza-
tion are similar to that of the normal Demo-
spongiae and Calcarea. The hypercalcified
sponges display the same cell composition
and tissue organization as their noncalcified
relatives. For instance, Calcifibrospongia
(family Calcifibrospongiidae), considered
to be closely related to members of the
family Chalinidae due to the character-
istics of their siliceous skeleton, displays
the same special hanging type (LANGEN-
BRUCH & JONEs, 1990) of choanocyte cham-
bers (HARTMAN & WILLENZ, 1990). Four
hypercalcified sponges, however, have a
special type of living tissue in relation to
the presence of a calcareous skeleton. In

Petrobiona, Merlia, Acanthochaetetes, and
Goreauiella, which are not taxonomically
related, reserve cells are packed in cavities at
the base of the skeleton (Fig. 3.5; VACELET,
1990; WiLLENZ & HARTMAN, 2004). This
cellular tissue, pseudogemmulae, is able
to regenerate the sponge after death of the
superficial tissue and may be responsible for
the discontinuous mode of growth, possibly
also developing in fossil chaetetids (relatives
of Merlia and Acanthochaetetes), and perhaps
suggesting that pseudogemmulae played an
ecological role in periodically harsh environ-
ments. In addition, two representatives of
Astroscleridae, Ceratoporella and Stromato-
spongia, display valvules in their inhalant
and exhalant canals, which have not been
observed in other sponges (WILLENZ &
HARTMAN, 1989).

REPRODUCTION

When sexual reproduction has been
observed, it proves to occur in a similar
way to that of noncalcified relatives. The
phenomena is poorly known, however,
and some peculiarities need to be reported.
Among the Calcarea, the incubated larvae
are of the type that are to be expected from
their taxonomic affinities, with amphiblas-
tula developing in Petrobiona and Plectron-
inia, and blastula produced in Murrayona
and Paramurrayona. A peculiarity, however,
is the unusually complex development in
Petrobiona, in which the fertilization and
nutrition of the oocyte, although following
the conventional pattern of the Calcaronea,
are considerably more elaborate (GALLISSIAN
& VACELET, 1990, 1992). In Demospongiae,
the reproductive stages are known in only a
few species. Astrosclera willeyana, a member of
the order Agelasida, incubates parenchymella
larvae, whereas the noncalcified Agelasida
are oviparous. Vaceletia crypta, with affinities
to keratose sponges (WORHEIDE, 2008), is
an incubating species with a parenchymella
larva, which develops through an unusual
coeloblastula stage (VACELET, 1979a). The
fact that sexual reproduction has not been
observed in several hypercalcified species
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that have been frequently studied, such as the
other Astroscleridae, Merlia spp., and Acan-
thochaetetes wellsi, could suggest they are all
oviparous, a condition that is more difficult
to diagnose. This would be in agreement
with the systematic affinities of Astroscleridae
(although there is an exception with the
incubating Astrosclera willeyana) and Acan-
thochaetetidae, but not of Merlia, which may
be expected to be viviparous.

SYMBIOSIS AND COMMENSALISM

Like their noncalcified relatives, the
hypercalcified sponges harbor a microflora of
symbiotic bacteria. As in nonhypercalcified
Demospongiae and Calcarea, there are two
main types of associations, one with bacteria
relatively few in number and belonging to a
single morphotype, and another with a large
population of bacteria morphologically and
taxonomically highly diverse. This second
type occurs in the so-called bacteriosponges.
All the representatives of the Calcarea as
well as the demosponges Acanthochaetetes
wellsi, Goreauiella auriculata, and Merlia
spp., with few bacteria, belong to the first
type. In contrast, the sphinctozoan Vaceletia
crypta, the Astroscleridae Ceratoporella nich-
olsoni, Stromatospongia norae, and Astrosclera
willeyana, are bacteriosponges (Fig. 4.6).
The Astroscleridae have bacteria morpho-
logically similar to those of their close rela-
tive Agelas, including a special morphotype
until now found only in Agelasidae (VACELET
& DoNaDEY, 1977). In Ceratoporella, the
symbiotic bacteria may represent 20% of
the mesohyl volume or 57% of the cellular
volume (WILLENZ & HARTMAN, 1989;
SANTAVY, WILLENZ, & COLWELL, 1990).
Due to their sciaphilic habitat, hypercalcified
sponges are never associated with photosyn-
thetic microorganisms such as zooxanthellae
or cyanobacteria. However, boring algae of
the genus Ostreobium, which are able to live
in dim light conditions, have been reported
in the calcareous skeleton of several species.

Epizoic zoanthids occur occasionally at the
surface of Astrosclera (WORHEIDE, 1998) and
have been reported in detail in Calcifibro-

spongia, where the colonies cover the entire
surface of the sponge with polyps regularly
spaced and isolated from the sponge tissues
by an armored cyst laid down by the sponge
(WiLLENZ & HARTMAN, 1994). Astrosclera
and Acanthochaetetes could also harbor exca-
vating polychaetes or barnacles that locally
inhibit the normal skeletal growth of the
host, giving a bioclaustration frequently
found in various calcified invertebrates (Fig.
4.1-4.2; TaPANILA, 2005). The lower part of
the basal skeleton is regularly colonized by
sessile organisms, such as thin encrusting
sponges, lithistids, Calcarea, bryozoans,
Foraminifera, and brachiopods. The basal
skeleton can also be heavily invaded by
boring sponges of Aka, Cliona, Alectona, or
Thoosa (Fig. 4.5).

ECOLOGY AND GEOGRAPHIC
DISTRIBUTION

All Recent hypercalcified sponges are
sciaphilous, living in very dim light condi-
tions or in total darkness in sublittoral caves,
crevices, and tunnels of coral reefs, or on
cliffs in the upper bathyal zone down to
a few hundreds of meters for some species
(Fig. 5; VACELET, 1988). Most are found
only in tropical or subtropical waters of the
Indo-Pacific and West Atlantic zones. There
are, however, a few exceptions. Although
most of its known representatives are living
in the tropical Indo-Pacific, Plectroninia
(Calcarea) also has deep-sea species with a
worldwide distribution, including cold areas,
and has been recorded from littoral caves
to 1600 m (VACELET, Boury-EsNnaurr, &
ZIBROWIUS, 1989; KONNECKER & FREIWALD,
2005). The genus Merlia (Demospongiae)
has representatives with a circumtropical
distribution and also occurs in warm
temperate seas (Madeira, Mediterranean).
Petrobiona massiliana (Calcarea) is restricted
to sublittoral caves of the warm, temperate
Mediterranean.

Under tropical conditions, depth distribu-
tion of hypercalcified sponges in the bathyal
zone is usually above the thermocline, where
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hypercalcified taxa of Demospongiae and Calcarea,

listed to the left and right sides, respectively. Optimum depth, where known, indicated by thickened

bars (adapted from Vacelet, 1988, with addition of

two species, Ceratoporella nicholsoni (LANG,
HArRTMAN, & LAND, 1975) and Vaceletia
crypta (VACELET & others, 1992) could
replace scleractinian corals as the main reef
builders.

This localization in caves and bathyal
cliffs, which were difficult to access before
SCUBA diving and manned submersibles,
may explain why, after the pioneering find-
ings of KIRKPATRICK in the early 20th century,
their rediscovery and the renewal of their
interpretation are relatively recent. In these
environments, most species proved to be,
in fact, fairly common. For instance, Acan-
thochaetetes wellsi and Astrosclera willeyana

some species and unpublished data, Vacelet, 1998).

appear now to be among the most common
species in littoral caves and coral reef tunnels
of the Pacific, and thousands of specimens
of Astrosclera, Acanthochaetetes, Vaceletia,
Ceratoporella, and Petrobiona have been
collected. A few representatives, however,
still appear to be quite uncommon or at least
restricted to a few localities (representatives
of Calcifibrospongia, Willardia, Minchinella,
and Petrostroma).

Such ecological distribution appears to
be different from that of fossil counterparts,
which have been important reef builders,
most probably in open habitats more or
less similar to recent coral reefs. It appears
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likely that a general shift from open habi-
tats toward cryptic habitats occurred in the
survivors of ancient hypercalcified sponges.
It has been hypothesized that such a shift
occurred under competition with modern
reef builders, which have a higher growth
rate due to their symbiosis with photo-
synthetic microorganisms such as zooxan-
thellae.

The geographic distribution pattern is
highly diverse. In the family Astroscleridae,
Astrosclera willeyana has a large Indo-Pacific
distribution, whereas the other genera are
mostly distributed in the tropical West
Atlantic, with only one Pacific represen-
tative. In Acanthochaetetidae, Acantho-
chaetetes wellsi is restricted to the Pacific
and Willardia caicosensis to the Caribbean.
In some widely distributed species, varia-
tions occur in different populations, and
it is at present difficult to decide whether
they represent intraspecific variations or
different species. Such uncertainty occurs for
Astrosclera willeyana, which has an extensive
Indo-Pacific distribution from the Red Sea
to the Central Pacific and has important
spicule variations. Recent studies on rDNA
internal transcribed spacer sequences suggest
that some populations from the Central
Pacific that are devoid of siliceous spicules
(VACELET, 1981) may belong to different
species (WORHEIDE, 1998; WORHEIDE &
others, 2002). This is not confirmed by
mtDNA COI sequences, however, which
could be due to a general mtDNA conser-
vation in sponges (WORHEIDE, 2006). Simi-
larly, morphological and molecular data
both suggest that the sphinctozoan Vaceletia
crypta actually represents several species
(G. WORHEIDE & ]. VACELET, unpublished
results, 20006).

CLASSIFICATION AND
EVOLUTION

The living hypercalcified sponges, after
having been classified in a high-level taxon,
the class Sclerospongiae (HarT™MAN &
GOREAU, 1970), restricted to those with

demosponge affinities, or the class Ischy-
rospongiae (TERMIER & TERMIER, 1974),
including all representatives, are presently
classified in various taxa of Demospongiae
or Calcarea, according to their living tissue
and skeleton characters. Among the Demo-
spongiae, calcified representatives are found
in most high-level taxons, the only excep-
tions being the Astrophorida, Spirophorida
(Tetractinellida), and Homoscleromorpha.
There is no known calcified Hexactinellida.
This classification appears sound, given
the similarities between most of the calcified
species and the normal, noncalcified species.
A remarkable case is that of the genus Merlia,
characterized by a highly diagnostic spicula-
tion, including a unique microsclere (clavi-
disc), in which forms with and without a
calcareous skeleton coexist (Fig. 2.5-2.6)
(VACELET, 1980a). These forms, according
to some authors, are considered as belonging
to the same species (SOEST, 1984). Acantho-
chaetetes wellsi has sometimes been classified
into the noncalcified genus Spirastrella. Most
authors, however, consider that the presence
of a hypercalcified, calcareous skeleton is a
phylogenetically significant character. In a
few cases, the affinity between a calcified
sponge and its noncalcified relatives has been
confirmed by molecular data (CHOMBARD
& others, 1997). Only the living sphincto-
zoan, Vaceletia crypta, which has no spicular
or fibrous skeleton and a living tissue that
does not indicate clear affinities, has been
assigned incertae sedis within the Demo-
spongiae; but recent results from molecular
phylogeny indicate close affinities with
the keratose sponge order Dictyoceratida
(WORHEIDE, 2008). This raises the possi-
bility that some fossil sphinctozoans still
included in the order Verticillitida may also
have had affinities with keratose sponges.
The living survivors suggest that a more
phylogenetic classification, in agreement
with the characters of the living tissue, could
be considered for the fossil counterparts.
It would appear sound to classify together
the sponges with a spherulitic skeleton
with intracellular secretion of aragonite
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spherules, known in Astrosclera and several
Permo-Triassic fossils belonging to various
morphological grades (Cuir & GAUTRET,
1991). The microstructure of the calci-
fied skeleton appears to be highly specific,
allowing in a few cases to propose a homo-
geneous classification for the living and the
fossil representatives. Fossil examples of the
Acanthochaetetidae exhibit affinities with
the living Spirastrellidae, and so they may
be classified in the order Hadromerida.
Fossil chaetetids (see p. 209-292) that have
a calcareous skeleton similar in morphology
and in microstructure to that of Merlia, such
as species of Chaetetes and Blastochaetetes
(GAUTRET, VACELET, & CUIF, 1991), may
be classified in the Poecilosclerida. Also,
there is evidence that stromatoporoids with
affinities to Calcifibrospongia are members
of the order Haplosclerida. However, this
classification is difficult to extend to fossil
faunas, in which the living tissue and most
often the spicules have disappeared, and in
which the skeletal microstructure is gener-

ally poorly preserved. Furthermore, the fossil
forms were certainly more diversified than
the few survivors. The few informative cases
do not mean that all fossils belonging to the
chaetetid and stromatoporoid morphological
grades, which were considerably more diver-
sified in the past, actually belong to the taxa
defined by the zoologists. In consequence, a
classification based mainly on the morpho-
logical characters available in fossils has to be
maintained, although these morphological
grades may not have true taxonomic value.
The number and variety of fossil taxa as
compared to the few survivors, which are
nevertheless remarkably diversified, suggest
that the secretion of a calcified skeleton
was more general in the past, especially in
periods of high activity in reef construc-
tion. The ability to build a calcified skeleton
seems to have been lost in most of the Recent
sponges, either because of changes in the
physicochemical environments or because
of competition with more successful reef-
builders such as scleractinian corals.



INTRODUCTION TO THE FOSSIL HYPERCALCIFIED
CHAETETID-TYPE PORIFERA (DEMOSPONGIAE)

RonaLD R. WEsT

In this introduction to chaetetid hyper-
calcified demosponges, it is pertinent to
review briefly the history of relevant extant
and fossil species, and key features used to
recognize the fossil representatives.

DODERLEIN (1892, 1897) described
Petrostroma schulzei, an extant sponge from
Japan with a massive calcareous skeleton
composed in part of fused spicules. This
appears to be the first report of a living
sponge with a hypercalcified basal skeleton.
LisTER (1900) described Astrosclera willeyana;
then, in 1911, HicksoN described Ceratopora
nicholsoni (now Ceratoporella nicholsoni),
and KIRKPATRICK (1912a) described Merlia
normani, all three extant taxa with a calcar-
eous skeleton. KirRkPATRICK (1912a) noted
that Merlia normani was of a similar nature
to the Paleozoic fossil types, broadly termed
“Monticulipora” or “Monticuliporas,” and he
also, importantly, recognized “Chacetetes” as
being related (KirxpaTrICK, 1912¢, p. 562).
At that time, Monticulipora was considered
to be a bryozoan by GraBAU and SHIMER
(1909, p. 127) and ZirTEL (1913, p. 331).

Earlier, NicHOLSON (1874, p. 500) stated
that Chaetetes and Monticulipora were iden-
tical and considered Monticulipora to be
a tabulate coral (NicHOLSON, 1879a, p.
201). Still earlier, Duncan (1872) regarded
Chaetetes, along with Monticulipora and
other genera, as alcyonarian corals. This is
important because (1) the skeleton of Merlia
is similar to Chaetetes; and (2) NICHOLSON
(1879a, p. 201) included Chactetes with
Monticulipora as tabulate corals. However,
NicHoLsOoN (1881, p. 79) eventually
accepted that, despite the close similarities
between the massive types of Chaetetes and
Monticulipora, they were different forms. He

did not include Chaetetes in his new family,
the Monticuliporidae (NicHOLSON, 1881
p.- 90)which was later transferred to the
trepostome bryozoans (see BASSLER, 1953).
Although Chaeteres was not included in
GRaABAU and SHIMER (1909), it was grouped
with tabulate corals by ZrtTeL (1913, p.
117). Though most workers (e.g., HiLt,
1981) accepted Chaetetes as a tabulate coral,
others still considered it to be a bryozoan
(e.g., PETERHANS, 1929b).

In addition to extant species, fossil species
of Astrosclera are known from the Triassic,
and REITNER (1992), WORHEIDE (1998), and
REITNER and others (2001) considered the
calcareous skeleton as being similar to that
of fossil stromatoporoids. The calcareous
skeleton of both Merlia and Ceratoporella is
similar to that in fossil chaetetids (HARTMAN
& GOREAU, 1972; VACELET, 1990; REITNER,
1992) but the microstructure of these two
extant taxa is different (Cuir & GAUTRET,
1993). However, there is a similarity in
the microstructure of Merlia normani and
the fossils Chaetetes (Chaetetes) cylindricus
(F1SCHER VON WALDHEIM, 1837) and Blasto-
chaetetes bathonicus (CutF & GAUTRET, 1993).
The different microstructure in extant Cera-
toporella and Astrosclera is reported in fossil
chaetetids from the Permian and Mesozoic
(WENDT, 1984; GAUTRET & RAZGALLAH,
1987; Curr & GAUTRET, 1991, 1993).

Although KirkraTrICK (1912a)
suggested that chaetetids and other taxa,
including stromatoporoids, were siliceous
sponges with a supplementary calcareous
skeleton, it was not until after HARTMAN
and Goreau (1966, 1970, 1972, 1975,
1976) rediscovered living sponges with a
calcareous skeleton in reefal environments

"Quotation marks denote the first reference, in this discussion, of a broader, earlier conception of these generic names.
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FiG. 6. Rigid aspicular skeletons in chaetetid sponges; 7, SEM of a longitudinal fracture of Merlia lipoclavidisca, an
extant form, from La Catedral cave at a water depth of 12 m, Balearic Islands, Mediterranean Sea, X70 (adapted
from Vacelet & Uriz, 1991, p. 172, fig. 2a, with kind permission of Springer Science+Business Media); 2, SEM
of a longitudinal fracture of Acanthochactetes wellsi, an extant form, locality not given, probably a cave at Anae

(Continued on facing page.)
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of the Caribbean and Indo-Pacific regions
during the late 1960s and early 1970s that
there was some acceptance of this view.
Curr and others (1973) described astro-
rhizae from Mesozoic (Triassic of Turkey
and Cretaceous of Spain) chaetetids. Gray
(1980) documented spicule pseudomorphs
in Carboniferous chaetetids from the
United Kingdom, and WEsT and Crarx
(1983, 1984) illustrated astrorhizae in
Carboniferous (Pennsylvanian) chaetetids
from Kansas. NEWELL (1935) reported the
Paleozoic stromatoporoid Parallelopora
with spicules from the same succession,
and GALLOWAY (1957, p. 450) recognized
it as a sponge, thus excluding it from
this stromatoporoid genus, as did FLUGEL
and FLUGEL-KAHLER (1968, p. 270), who
recognized the presence of spicules. A
reexamination of NEWELL’s (1935) speci-
mens confirmed their occurrence (Woob,
REITNER, & WEST, 1989).

Other extant sponges with a calcareous
skeleton were recognized, and of particular
importance was the description of an extant
species of the Mesozoic genus of Acan-
thochaetetes as A. wellsi by HARTMAN and
GOREAU (1975) from cryptic reefal habitats
in the Pacific. There are now at least three
extant sponge taxa with a calcareous skeleton
that resemble the fossil chaetetids. Also,
comparing the extant Ceratoporella nicholsoni
with the calcareous skeleton of fossil chae-
tetids led HARTMAN and GoreaU (1972) to
place the chaetetids in the phylum Porifera
and suggested to them that ceratoporel-
lids, with a range back into the Permian,
were their descendants. Although a taxo-
nomic home for fossil chaetetids was now
better established, there were still problems.
Sponges are differentiated taxonomically on
the basis of the composition and morphology

Fic. 7. Rigid aspicular skeletons in chaetetid sponges
(continued); 7, SEM of a longitudinal fracture of Chaetetes
(Chaetetes) radians, Carboniferous, Pennsylvanian (prob-
ably Moscovian), Moscow Basin, Russia, X15 (West,
2011a); 2, longitudinal thin section of a chaetetid skel-
eton, Carboniferous, Pennsylvanian, Amoret Limestone
Member, Altamont Limestone, Montgomery County,
Kansas, X14 (West, 2011a).

FiG. 6. Continued from facing page.
Island, Guam, X40 (adapted from Hartman & Goreau, 1975, fig. 6; courtesy of Yale Peabody Museum of Natural
History); 3, longitudinal section (SEM) of Acanthochaetetes sp., an extant form, collected live in October 2005 off
the Komesu coast, southern Okinawa, at a water depth of 15 m, X50 (West, 2011a); 4, longitudinal thin section of
Acanthochaetetes seunesi, Cretaceous, Cenomanian form, locality not given, probably from the Pyrenees, magnifica-
tion not given, probably X10 (adapted from Wood, 1990b, p. 230, fig. 7; for a color version, see Treatise Online,
Number 20: paleo.ku.edu/treatiseonline); 5, SEM of a longitudinal fracture of a chaetetid skeleton, Carboniferous,
Pennsylvanian, Amoret Limestone Member, Altamont Limestone, Montgomery County, Kansas, X30 (West, 2011a).
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Fig. 8. Rigid spicular skeletons in chaetetid sponges; I, SEM of an oblique view of the upper surface of Cerato-
porella nicholsoni, an extant form, locality not given, probably from the Caribbean, X70 (adapted from Hartman
& Goreau, 1972, fig. 8; courtesy of Transactions of the Connecticut Academy of Arts and Sciences); 2, longitudinal
section of Ceratoporella nicholsoni, an extant form (note megascleres, dark lines within skeleton), locality not given,
probably from the Caribbean, magnification not given, probably X 10 (adapted from Wood, 1990b, p. 228, fig. 5);
3, SEM of an oblique fracture of Stromatospongia micronesica, an extant ceratoporellid sponge, showing siliceous
spicules overgrown by the aragonitic skeleton, western Pacific, probably Micronesia, X370 (adapted from Hartman
& Goreau, 1976, p. 347, fig. 14).

of their spicules, and spicules are virtually
absent in fossil chaetetids. Additionally, the
spicules in the extant genera placed those
genera in different poriferan subclasses.
Woob (1990b) summarized the resulting
confusion and ultimate solution, namely
that the chaetetid skeleton is a grade of

organization with no high systematic value,
and it belongs in the Tetractinomorpha
and Ceractinomorpha, two of the three
subclasses of the Demospongiae. Both of
these subclasses extend back into the Paleo-
zoic, and, to better understand hypercalcified
demosponges with a chaetetid skeleton, it is
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FiG. 9. Rigid spicular skeletons in chaetetid sponges (continued); 7, longitudinal thin section of Calcisuberites stro-
matoporoides, showing spicules incorporated into high Mg calcite skeleton, Upper Cretaceous (Turonian—Coniacian),
near Oberwossen, Bavaria, X65 (adapted from Reitner, 1992, pl. 23,3; courtesy of Berliner Geowissenschaftliche
Abhandlungen, Free University, Berlin); 2, SEM of pyritized spicules, pseudomorphs, within basal calcareous skel-
eton of Meandripetra zardinii, Upper Triassic (Carnian), San Cassiano beds near Cortina d’Ampezzo, Italy, X700
(adapted from Dieci & others, 1977, pl. 2,3a; courtesy of Bollettino della Societa Paleontologica, Italiana); 3, same
as view 2, but another area of Meandripetra zardinii, X700 (adapted from Dieci & others, 1977, pl. 2,36; courtesy
of Bollettino della Societa Paleontologica, Italiana).

necessary to consider, in some detail, their
living descendants. However, recent studies
(BORCHIELLINI & others, 2004; BoURy-
EsNnauLr, 2006) have shown that these two
subclasses are polyphyletic and their use
should be abandoned. Consequently, the
fossil genus Chaetetes is treated here as a

form genus and its constituent subgenera
and species also have the status of form taxa.

EXTERNAL MORPHOLOGY

The skeleton of hypercalcified demo-
sponges is a rigid aspicular skeleton (Fig.
6-7), a rigid spicular skeleton (Fig. 8-9),
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FiG. 10. Basal calcareous skeleton of chaetetid sponges; Za—c, basic shapes of chaetetid skeletons; , laminar, 4, ragged,
low domical, ¢, columnar (West & Clark, 1984, p. 339, fig. 3; courtesy of Paleontological Research Institution,
Ithaca, New York); 2, laminar (multiserial, single layer) chaetetids, Carboniferous, Pennsylvanian, southeastern
Kansas, X0.5 (West, 2011a); 3, domical (multiserial, multilayered) chaetetid, Carboniferous, Pennsylvanian, Amoret
Limestone Member, Altamont Limestone, Montgomery County, Kansas, X0.35 (West, 2011a); 4, columnar (mul-
tiserial, multilayered) chaetetid, Carboniferous, Pennsylvanian, Amoret Limestone Member, Altamont Limestone,
Montgomery County, Kansas, X0.65 (West, 2011a); 5, extant Merlia normani, a single (multiserial) layer encrusting
a volcanic rock, X0.6 (adapted from Kirkpatrick, 1911, pl. 32,4, for a color version, see Treatise Online, Number
20: paleo.ku.edu/treatisconline).
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FiG. 11. Basal calcareous skeleton of chaetetid sponges (continued); I, extant Acanthochaetetes sp., a small domical

(multiserial, multilayered) pedunculate specimen, collected live in October 2005 off the Komesu coast, southern

Okinawa, at a water depth of 15 m, X1.7 (West, 2011a); 2, extant Ceratoporella nicholsoni, a small domical (mul-

tiserial, multilayered) specimen from Pear Tree Bottom, Runaway Bay, Jamaica, in a tunnel at a depth of 85 feet,

X0.65 (West, 2011a); 3, a small domical, pedunculate specimen of Atrochaetetes lagaaiji, Triassic, Cassian Forma-

tion, northern Iraly, X3.3 (adapted from Engeser & Taylor, 1989, p. 51, fig. 8A; courtesy of the Natural History
Museum, London).
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FiG. 12. External features of chaetetid skeletons: astrorhizae and mamelons; 1, Acanthochaetetes wellsi, with mamelons
and astrorhizae from underwater cave, Anae Island, Guam at 7.5 to 9 m, paratype, YPM No. 9078, X1.45 (adapted
from Hartman & Goreau, 1975, fig. 1; courtesy of Yale Peabody Museum of Natural History); 2, Acanthochaetetes
wellsi, with astrorhizae on mamelon from Augulpelu Reef, Palau Island, southwestern wall of a cave at a depth of
12.2 m, X4 (West, 2011a); 3, fossil chaetetid with eroded astrorhizae on mamelon, Carboniferous, Pennsylvanian,
Amoret Limestone Member, Altamont Limestone, Montgomery County, Kansas, X3 (West, 2011a); 4, Ceratoporella
nicholsoni, with mamelons and astrorhizae from subreef tunnel off Runaway Bay, Jamaica, at a depth of 30 m, X1.5

(adapted from Hartman & Goreau, 1970, p. 211, fig. 6).
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FiG. 13. External features of chaetetid skeletons: astrorhizae and mamelons (continued); 7, fossil chaetetid with
astrorhizae, Carboniferous, Pennsylvanian, Amoret Limestone Member, Altamont Limestone, Labette County,
Kansas, X2 (West, 2011a); 2, Cassianochaetetes sp., with astrorhizae, Triassic, Cassian Formation, northern Italy,
X6.5 (adapted from Engeser & Taylor, 1989, p. 49, fig. 7C; courtesy of the Natural History Museum, London);
3, Atrochacetetes lagaaiji, with astrorhizae, Triassic, Cassian Formation, northern Italy, X3.3 (adapted from Engeser
& Taylor, 1989, p. 51, fig. 8B; courtesy of the Natural History Museum, London); 4, upper surface of laminar
chaetetid with mamelons, Carboniferous, Pennsylvanian, Laberdie Limestone Member, Pawnee Limestone, Bourbon
County, Kansas, X0.5 (West, 2011a).



24 Porifera—Hypercalcified Porifera

FiG. 14. (For explanation, see facing page).
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or a combination of both. Morphological
features of the exterior of this skeleton
are the following: (1) general shape of
the calcareous skeleton (Fig. 10-11);
(2) surface features such as astrorhizae,
mamelons, chimneys, and tubercules (Fig.
12-14); and (3) the numerous, vertically
partitioned tubes, or tubules (Fig. 15-16)
that compose the calcareous skeleton.
What becomes the rigid calcareous chae-
tetid skeleton is the resul, initially, of sexual
reproduction; however, the details of fertil-
ization and larval development in extant
taxa are still largely unknown (see p. 10).
This sexually produced individual increases
asexually (i.e., by cloning; see WEST &
others, 2010) and the resulting clone may
become differentiated into functional units,
a form of modularity (WooD, ZHURAVLEY,
& DEBRENNE, 1992). The degree of
the structural relationship between the
resulting modules may suggest interdepen-
dence expressed as low, medium, or high
skeletal integration (WoOD, ZHURAVLEY,
& DEBRENNE, 1992, p. 133). Woob,
ZHURAVLEV, and DEBRENNE (1992, p. 138,
fig. 4) illustrated eight different modular-

type skeletons recognized in hypercalcified
sponges. Chaetetid skeletons are considered
to be highly integrated and multiserial,
and there are both horizontal and erect
multiserial skeletons (Woob, 1999, p. 223,
table 6.4). Most chaetetid skeletons are
either highly integrated, multiserial, single
layered (encrusting), horizontal sheets, or
highly integrated, multiserial, multilayered,
horizontal (massive) forms (Woob, 1999,
p. 223, table 6.4). WooD, ZHURAVLEV, and
DEBRENNE (1992, p. 135) described some
extant hypercalcified sponges “. . . with
multiserial massive (e.g., Ceratoporella),
encrusting (e.g., Merlia normani, Stro-
matospongia vermicola) or pedunculate,
saucer-shaped morphologies (Goreaui-
ella auriculata).” Certainly, the skeleton
of Acanthochaetetes wellsi should also be
considered multiserial and single layered;
see External Morphology of the Paleozoic
Stromatoporoidea: Shapes and Growth
Habits, p. 419-486, for a discussion of an
appropriate use of encrust and encrusting.
Less common are highly integrated, multi-
serial, erect chaetetid skeletons (WoobD,
1999, p. 223, table 6.4).

FiG. 14. External features of chaetetid skeletons: tubercules and chimneys; 7, SEM of the surface of Merlia li-
poclavidisca, an extant form, note tubercules, from La Catedral cave at a water depth of 12 m, Balearic Islands,
Mediterranean Sea, X100 (adapted from Vacelet & Uriz, 1991, p. 172, fig. 2¢, with kind permission of Springer
Science+Business Media); 2, SEM of the surface of a fossil chaetetid, note tubercules, Carboniferous, Pennsylvanian,
Amoret Limestone Member, Altamont Limestone, Montgomery County, Kansas, X40 (West, 2011a); 3, surface of
fossil chaetetid with tubercules, Carboniferous, Pennsylvanian, Amoret Limestone Member, Altamont Limestone,
Montgomery County, Kansas, X15 (adapted from West & Clark, 1984, p. 341, pl. 1,C; courtesy of Paleontological
Research Institution, Ithaca, New York); 4, surface of fossil chaetetid with chimneys, Carboniferous, Pennsylvanian,
Homer School Limestone Member, Holdenville Formation, Seminole County, Oklahoma, X1 (West, 2011a); 5,
longitudinal section of chimney in chaetetid, Carboniferous, Pennsylvanian, Homer School Limestone Member,
Holdenville Formation, Seminole County, Oklahoma, X1.3 (West, 2011a).
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FiG. 15. (For explanation, see facing page).
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The shape, or gross morphology, of
chaetetids is like that of other hypercal-
cified demosponges, namely: nodular,
branching, columnar, laminar, or
domical, and may be referred to as the
growth form. The relationship between
growth morphology and growth form is
given in the Glossary (see p. 397-416).
As pointed out by WEST and KErRSHAW
(1991), there are essentially three basic
growth forms in chaetetids: laminar,
domical, and columnar. These are synon-
ymous, respectively, with what STANTON,
ConNoLLY, and LAMBERT (1994) termed
tabular, hemispherical, and columnar. In
terms of skeletal integration, a multise-
rial, encrusting growth would produce a
laminar form, and the other two growth
forms would be the result of a multise-
rial, massive growth. Domical, multiserial
massive skeletons would be roughly equi-
dimensional, and in columnar skeletons,
the height would exceed the width. The
basic building block of most chaetetids is
a thin laminar sheet, and thus one might
consider that there is a single growth
form: laminar (Fig. 10-11; Fig. 17). As
shown in Figure 17, laminar growth can
result in domical and columnar masses,
as well as in forms with more complex
geometries. Such complex geometries
are probably the result of environmental
perturbations and may be referred to as
digitate, branching, anastomosing, or
other terms, but essentially they are the
result of one or more of the three basic
growth forms (Fig. 18-22). Although
the calcareous skeleton of chaetetids
is composed of tubules, the resulting

2

FIG. 16. Internal features of chaetetid skeletons: walls
and tubules (continued); 7, surface expression of
tubules in a fossil chaetetid, Carboniferous, Pennsyl-
vanian, Higginsville Limestone Member, Fort Scott
Limestone, Bourbon County, Kansas, X5 (adapted
from Brosius, 2006, p. 42, fig. 58B; courtesy of Kansas
Geological Survey, Lawrence); 2, longitudinal thin
section of tubules in Atrochaetetes alakirensis, Upper
Triassic (Carnian), southwestern Turkey, X20 (adapted
from Cremer, 1995, pl. 25,2; courtesy of Geobios,
Université Lyon).

FiG. 15. Internal features of chaetetid skeletons: walls and tubules; 7, longitudinal section (SEM) of tubules in Acan-
thochaetetes wellsi, Guam, western Pacific, X13 (adapted from Reitner, 1991a, p. 196, fig. 11a, with kind permission
of Springer Science+Business Media); 2, longitudinal section of tubules in Merlia normani, X130 (adapted from
Kirkpatrick, 1911, pl. 35,17); 3, transverse section of tubules in Merlia normani, X130 (adapted from Kirkpatrick,
1911, pl. 35,16); 4, longitudinal thin section of tubules in a fossil chaetetid, Carboniferous, Pennsylvanian, Amoret
Limestone Member, Altamont Limestone, Montgomery County, Kansas, X75 (adapted from West & Clark, 1984,
p. 341, pl. 1,B; courtesy of Paleontological Research Institution, Ithaca, New York); 5, transverse thin section of
tubules in a fossil chaetetid, Carboniferous, Pennsylvanian, Amoret Limestone Member, Altamont Limestone,
Montgomery County, Kansas, X70 (adapted from West & Clark, 1984, p. 341, pl. 14; courtesy of Paleontological
Research Institution, Ithaca, New York); 6, longitudinal thin section of tubules in a fossil chaetetid, Carboniferous,
Pennsylvanian, Akiyoshi Limestone, Akiyoshi-dai, Japan, X12 (West, 2011a).
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FiG. 17. Possible environmental controls on growth of the chaetetid skeleton, with the basic building block being a
laminar accretionary unit; 7, laminar accretionary unit; 2, growth on a soft substrate; 3, turbulence during growth;
4, periodic sedimentation during growth; 5, inferred growth to sea level; 6, no sedimentation during growth; 7-9,
different inferred results of growth in areas of very slow, continuous sedimentation (adapted from Kershaw & West,

1991, p. 342, fig. 7).

shapes and growth habits are similar to
that observed in stromatoporoids. WEBBY
and KERsHAW (see p. 419-486) discuss in
detail the external morphology of Paleo-
zoic stromatoporoids in terms of their
shapes and growth habits. In large part,
this discussion also applies to chaetetids.
STANTON, CONNOLLY, and LAMBERT (1994,
fig. 1) illustrated what they consid-
ered axial growth and suggested that
it might be taxonomically important.
Specimens that appear to demonstrate
axial growth are often poorly preserved,
either partially or completely silicified
(STaANTON, CONNOLLY, & LAMBERT, 1994),
or completely recrystallized. Such diage-
netic changes, and others, significantly
alter skeletal features. Axial growth in
chaetetids may occur, but further study is
needed for it to be clearly demonstrated
and its possible taxonomic value assessed.

The ancestral part, i.e., initiation, of
the calcareous skeleton of extant and
fossil chaetetid skeletons is unknown.
Thus, it can only be inferred that the
entire basal area of any particular chae-
tetid growth form began at the same
time from a thin layer or sheet of soft
tissue. Although upward growth of
all the tubules from the base appears
to be simultaneous, there are differ-
ences. Based on studies of thin sections,
polished surfaces, and acetate peels,
KErsHAW and WEST (1991) reported five
different styles of initial growth of the
calcareous skeleton in chaetetids. These
are shown in Figure 23. Some of these
differences appear to be influenced by
the substrate (Fig. 23.5; Fig. 24-25), but
causes of the other observed differences
are currently unknown (Fig. 23.1-23.4).
As noted by WEsT and KersHaw (1991,
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FiG. 18. Laminar chaetetid growth forms, Carboniferous, Pennsylvanian; 7, laminar growth of a chaetetid skeleton
on an irregular substrate, Amoret Limestone Member, Altamont Limestone, Montgomery County, Kansas, X0.85
(West, 2011a); 2, laminar growth of a chaetetid skeleton on an oncoid, Amoret Limestone Member, Altamont
Limestone, Montgomery County, Kansas, X0.85 (West, 2011a); 3, laminar growth of a chaetetid skeleton on an
irregular surface that resulted in a bimodal, low domical form, Amoret Limestone Member, Altamont Limestone,
Montgomery County, Kansas, X0.5 (West, 2011a); 4, laminar to ragged domical chaetetids in a carbonate mud-
stone, Blackjack Creek Limestone Member, Fort Scott Limestone, Crawford County, Kansas, X0.1 (West, 2011a);
5, closely stacked laminar chaetetid skeletons in an argillaceous carbonate mudstone, Myrick Station Limestone
Member, Pawnee Limestone, Bourbon County, Kansas, X0.45 (adapted from Miller & West, 1997, p. 293, fig.
4A); 6, bowl-shaped laminar chaetetid skeletons surrounded by argillaceous carbonate mudstone, Myrick Station
Limestone Member, Pawnee Limestone, Bourbon County, Kansas, X0.35 (adapted from Miller & West, 1997, p.
293, fig. 4B).
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FiG. 19. Domical chaetetid growth forms, Carboniferous, Pennsylvanian; 7, low domical chaetetid produced by
laminar chaetetid encrusting an oncoid that formed around a productid brachiopod valve, Amoret Limestone
Member, Altamont Limestone, Montgomery County, Kansas, X0.55 (West, 2011a); 2, upper surface of domical
chaetetids, Higginsville Limestone Member, Fort Scott limestone, Crawford County, Kansas, X0.075 (West, 2011a);
3, laminar to ragged, high domical chaetetids, Amoret Limestone Member, Altamont Limestone, Labette County,
Kansas, X0.075 (West, 2011a); 4, modified interpretive sketch of area shown in view 3, X0.09 (West, 2011a).
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F1G. 20. Domical chaetetid growth forms (continued), Carboniferous, Pennsylvanian; 7, high domical, ragged

chaetetid, Amoret Limestone Member, Altamont Limestone, Labette County, Kansas, X0.2 (West, 2011a); 2,

ragged, domical chaetetid in a fusulinid packstone, Higginsville Limestone Member, Fort Scott Limestone, Crawford

County, Kansas, X0.45 (West, 2011a); 3, low and high domical chaetetids, Amoret Limestone Member, Altamont
Limestone, Montgomery County, Kansas, X0.06 (West, 2011a).
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FiG. 21. Columnar chaetetid growth forms, Carboniferous, Pennsylvanian, Amoret Limestone Member, Altamont

Limestone, Labette County, Kansas; 7, smooth columnar chaetetid, X0.25 (adapted from Miller & West, 1997, p.

293, fig. 4E); 2, mass of columnar chaetetids, X0.06 (West, 2011a); 3, smooth to slightly ragged columnar chaetetids,
X0.1 (West, 2011a); 4, smooth columnar chaetetid, X0.045 (West, 2011a).



Introduction to Fossil Hypercalcified Chaetetid-type Porifera 33

FiG. 22. Columnar chaetetid growth forms (continued), Carboniferous, Pennsylvanian; 7, largely silicified ragged

columnar chaetetid, Horquilla Limestone, Whetstone Mountains, Arizona, X0.1 (West, 2011a); 2, largely silici-

fied smooth columnar chaetetid, Horquilla Limestone, Whetstone Mountains, Arizona, X0.05 (West, 2011a); 3,

largely silicified high domical to columnar chaetetids in an inferred so-called biostrome, Middle Magdalena Group,

Hueco Mountains, Texas, X0.16 (West, 2011a); 4, largely silicified vase-shaped chaetetid associated with an inferred
biostrome, Middle Magdalena Group, Hueco Mountains, Texas, X0.3 (West, 2011a).
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FiG. 23. Styles of initial growth in chaetetids; 7, uni-
form tubule growth more or less normal to substrate;
an uncommon style, X3.25; 2, greater tubule growth
in the center; a common style and one that often is the
template for continued growth, X1.2; 3, upward tubule
growth is normal to oblique relative to the substrate,
eventually all tubules grow, more or less, normal to
the substrate; a common style, X3; 4, tubules spread
upward and laterally from more than one center of
growth, eventually compromised growth occurs at the
margins of the different centers of growth; a common
style, X3; 5, tubule growth associated with positive
topographic features, tubules fan out from the positive
area; a common style, X3 (adapted from Kershaw &

West, 1991, p. 336, fig. 2A).

p. 446), vertical, uniform growth would
produce a laminar form (Fig. 23.1), and
vertical, non-uniform growth would
produce a domical or columnar form
(Fig. 23.2). Growth of some of the initial
tubules may be oblique to the substrate
and returns to a more vertical posi-
tion as growth continues (Fig. 23.3).
Tubule growth may also proceed from
what appears to be two or more growth
centers, producing an arrangement of
tubules that is complex (Fig. 23.4; Fig.
26).

The amount and rate of sedimentation
also plays a role in the gross morphology
of chaetetids. Lack of, or very slow, contin-
uous sedimentation results in domical or
columnar growth forms with a smooth
outer surface (Fig. 17). Episodic sedi-
mentation, which is often recorded as
interruptions in the growth of tubules,
produces chaetetids with ragged margins,
as seen in Figures 27-28. These are not
the only two factors that influence the
growth form of chaetetids, but these are
particularly important. For a fuller discus-
sion of growth forms and habirats, see
KErRSHAW and WEST (1991), WEST and
KErsHAW (1991), and Paleoecology of the
Hypercalcified Chaetetid-Type Porifera
(p. 127-178) and External Morphology of
Paleozoic Stromatoporoids (p. 419-486).

Surface features on chaetetids, such as
astrorhizae, chimneys, mamelons, basal
layer (basal layer is favored over epitheca,
theca, or peritheca to avoid confusion
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with corals and bryozoans), and tuber-
cules are seldom observed, probably, in
part, because of postmortem abrasion,
dissolution, or both. All of these, except
the basal layer, occur on the upper exterior
surface of chaetetids, and even when they
are preserved in fossil specimens, they
are often broken or muted. Unlike some
fossil stromatoporoids and some extant
hypercalcified sponges in which astro-
rhizae can be traced downward into the
calcareous skeleton, astrorhizae in chae-
tetids are confined to the exterior surface
(Fig. 18). Serial sectioning of a chaetetid
specimen with surface astrorhizae revealed
no evidence of these features within the
calcareous skeleton. However, CUIF and
others (1973, pl. 1,2) illustrated a longitu-
dinal section of astrorhizae in Blastoporella,
but this genus is not currently considered
valid because neither spicules nor spicule
pseudomorphs have been found.
Although present, the basal layer is
rarely seen in fossil forms, but it does
occur (Fig. 29) in some very small speci-
mens and on the undersides of laminar
forms that have been colonized to some
extent by epibionts. Preservation of this
feature occurs in specimens collected from
mudrocks and has not been observed in
any specimens collected from carbon-
ates. The basal layer in fossil chaetetids
appears similar to that described from
extant forms, with fine concentric growth
lines on both (Fig. 29.1-29.4). The basal

layer in a section through a specimen of

Acanthochaetetes wellsi is easily recognized
in SEM images, because the microstruc-
ture is different from that of the rigid
calcareous skeleton (Fig. 29.6). However,
the basal layer is not everywhere present in
extant forms, no doubt the result of abra-
sion, dissolution, and/or bioerosion during
life. In a fossil specimen, where it could
be observed in cross section, it is a very
thin (about 0.1 mm or less in thickness),
single layer of dark calcite, and the SEM
images reveal that it is slightly different
from the calcareous skeleton (Fig. 29.5).
Although the difference between the basal
layer and calcareous skeleton is not as clear
in the fossil because of diagenesis, it can
be recognized (Fig. 29.7). It is important
to note that in both extant and fossil
specimens, the outer layer of the skeleton,
i.e., the basal layer, is rich in organics. In
that a basal layer, like the periostracum in
bivalves and brachiopods, functioned, in
part at least, as a protection of the more
calcareous skeleton (CLARK, 1976), an
organic-rich, outer layer is not surprising.

INTERNAL MORPHOLOGY

Irrespective of the growth form, the
calcareous skeletons are composed inter-
nally of numerous thin-walled tubes that
are polygonal (regular to irregular) to
meandroid (Fig. 30-31) in transverse
or tangential section. These tubes are
referred to as tubules, and their walls are
tightly joined or shared in common. Pores
connecting tubules, referred to as mural



36 Porifera—Hypercalcified Porifera

FiG. 24. Influence of substrate irregularities on chaetetid growth, Carboniferous, Pennsylvanian; 7, oncoid with
a productoid brachiopod nucleus, colonized by a laminar chaetetid, followed by a microbial mat; because of this
substrate irregularity, a low domical chaetetid skeleton was produced, Amoret Limestone Member, Altamont Lime-
stone, Montgomery County, Kansas, X0.5 (West, 2011a); 2, chaetetid colonization of two oncoids, producing a
complex laminar to smooth, low domical skeleton, Amoret Limestone Member, Altamont Limestone, Montgomery
County, Kansas, X0.35 (see West & Kershaw, 1991, p. 449, fig. 2E for interpretive sketch, with kind permission
of Springer Science+Business Media); 3, smooth to slightly ragged, low, domical chaetetid as a result of a substrate
irregularity produced by oncoids, skeletal debris, and matrix (carbonate mudstone), Amoret Limestone Member,
Altamont Limestone, Montgomery County, Kansas, X0.3 (West, 2011a); 4, high domical chaetetid with ragged
margins that colonized and grew on an oncoid, substrate is inclined about 30° in a clockwise direction, Amoret
Limestone Member, Altamont Limestone, Montgomery County, Kansas, X0.45 (West, 2011a); 5, interpretive
sketch of specimen in view 4, with the substrate oriented horizontally, depicted by a row of slash marks on either
side of large rounded oncoids displayed with a dark stippling, X0.45 (see also West & Kershaw, 1991, p. 452, fig.
4E, with kind permission of Springer Science+Business Media); 6, low domical chaetetid that began by colonizing
a large crinoid columnal, southeastern Kansas, X0.6 (West & Kershaw, 1991, p. 449, fig. 2D, with kind permission
of Springer Science+Business Media).
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Fic. 25. Influence of substrate irregularities on chaetetid growth, Carboniferous, Pennsylvanian (continued);
1, laminar to slightly domical chaetetid produced by growth over two oncoids, one of which has a valve of the
brachiopod Neospirifera as the nucleus, Amoret Limestone Member, Altamont Limestone, Montgomery County,
Kansas, X0.5 (West, 2011a); 2, laminar to slightly domical chaetetid produced by growth over a solitary rugose
coral, Higginsville Limestone Member, Fort Scott Limestone, Crawford County, Kansas, X1.9 (West, 2011a; see
West & Kershaw, 1991, p. 449, fig. 2A, for interpretive sketch); 3, domical chaetetid produced by growth over an
oncoid with an articulated Neospirifera nucleus, Amoret Limestone Member, Altamont Limestone, Montgomery
County, Kansas, X0.5 (West, 2011a).

pores in tabulate corals, have been docu-
mented in one possible chaetetid genus,
Blastoporella (Cuir & EzzOUBAIR, 1991).
Longitudinal sections of the calcareous
skeleton reveal that the most conspicuous
internal morphological features are the
tabulae (Fig. 32-33). These are random,
irregularly spaced, subhorizontal parti-
tions within tubules that may or may
not be aligned between adjacent tubules
and are easily observed in polished and
thin sections and acetate peels. Generally,
the tabulae are thinner than the walls of
the tubules, but taphonomic processes
can produce thickening or thinning of
both (see Fig. 54.2). Because of these
taphonomic processes, all measurements,
especially those used for taxonomic differ-

entiation, i.e., tubule size, wall thickness,
and spacing of tabulae, are of little value
(WEsT, 1994). A foramen (Fig. 34) may be
present as a circular opening in the tabulae,
allowing interconnection between tubular
spaces immediately above and below the
tabulae. In fossil taxa, the foramen is rarely
observed, either because it has been sealed
off during later growth or subsequently
infilled by taphonomic processes. Spines
that have been recognized in such extant
forms as Acanthochaetetes, if present in
fossil taxa, are usually indistinguishable
from incomplete tabulae or pseudosepta.

Laminae do not appear to be related
to the occurrence of tabulae, but may be
associated with closely spaced tabulae. The
term as used in chaetetids does not refer to



38 Porifera—Hypercalcified Porifera

the same features as laminae in stromato-
poroids; rather, it is more like what are
referred to as latilaminae in stromatopo-
roids (see Glossary, p. 397-416). Laminae
(Fig. 35) in chaetetids are bounded, above
and below, by interruptions in the growth
of the calcareous skeleton as a result of
some disturbance. Thus, the thickness of
the lamina will vary depending on the
frequency of interruptions, and may thin
and thicken laterally. MILLER and WEST
(1996) recognized five different types of
growth interruption surfaces in chaetetids,
all of which may define laminae in the
calcareous skeleton (Fig. 36). Tubules may
be continuous or discontinuous across
some interruptions from one lamina to
the next (Fig. 36.1-36.2). Sedimentation,
biological encrustation, and/or erosion may
also separate laminae (Fig. 36.3-36.6).
Erosion process may be biological, physical,
chemical, or a combination of all three.
Several types of interruption surfaces may
occur in a single skeleton, and the type of
interruption surface may change across the
skeleton (Fig. 36.1-36.2).

Growth of tubules upward and addi-
tion of tubules by longitudinal fission,
intertubular increase, peripheral expan-
sion, or combinations of all three increase
the size of the calcareous skeleton (Fig.
37-38). Lateral growth of the calcareous
skeleton occurs when new tubules are
formed on the adjacent basal layer or
inorganic substrate and are connected to
existing tubules, i.e., peripheral expan-
sion (Fig. 37.2). Longitudinal fission and
intertubular increase occur within the
existing calcareous skeleton. In the former,
one pseudoseptum or more (pseudosepta)
join to form a new tubule (Fig. 38.2).
In intertubular growth, the latter tubule
walls separate, and rapid upward growth
produces a full-sized tubule (Fig. 37.3;
Fig. 38.1).

Particularly conspicuous in transverse
and tangential sections is the pseudo-
septum (Fig. 39-40). Pseudosepta project
into individual tubules from the tubule
walls and begin as tiny pustules that
might be interpreted as incipient spines.
However, serial sections reveal that these
pustules expand upward, bladelike, into
the tubule as upward growth continues,
producing a pseudoseptum and ultimately
a new tubule, as noted above. This process
of division is called longitudinal fission
and, in longitudinal section, might be
confused with intertubular increase (see
Fig. 37.3). Pseudosepta are most reliably
identified from surfaces perpendicular
to the long dimension of the tubules,
i.e., transverse sections of the calcareous
skeleton.

Spicules, siliceous megascleres, and
microscleres, are known from extant and
fossil forms. However, not all extant or
fossil sponges have spicules; VACELET and
Uriz (1991, p. 176) stated: “Interestingly,
siliceous spicules are somewhat inconstant
features in existing calcified demosponges.”
Most megascleres in chaetetids are tylostyles
(Fig. 41-42) with or without spines, and the
microscleres are some type of euaster (Fig.
43). Only megascleres are known in Astro-
sclera willeyana; they vary in abundance
from high to low, and their morphology
varies across different geographic regions
(WORHEIDE, REITNER, & GAUTRET, 1997;
WORHEIDE, 1998). Spicules are absent in
Central Pacific populations of Astrosclera
willeyana (VACELET & URiz, 1991, p. 176).
Megascleres in extant forms range in length
from 47 pm in some specimens of Astro-
sclera (acanthostyles; Fig. 44) to nearly 600
pm in Willardia (tylostyles). Microscleres
in extant forms range from 5 pm in Acan-
thochaetetes (amphiasters, diplasters, and
spirasters; Fig. 45.1-45.5) to 45 pm in
Merlia (clavidiscs; Fig. 45.6).



Introduction to Fossil Hypercalcified Chaetetid-type Porifera 39

FiG. 26. Tubule complexity in chaetetids; 7, polished longitudinal section, showing the complexity of tubule in-

teraction in a laminar chaetetid, Carboniferous, Pennsylvanian, Homer School Limestone Member, Holdenville

Formation, Seminole County, Oklahoma, X0.6 (West, 2011a); 2, interpretive sketch of view 7, X0.94 (Kershaw
& West, 1991, p. 336, fig. 2B).

Environmental factors can have a signifi-
cant effect on spicule formation in some
extant demosponges. Uriz and others
(2003, p. 288), referring to the formation
of siliceous spicules in sponges, stated that,
“Si uptake in sponges has been measured

in laboratory experiments (FROHLICH &
BARTHEL, 1997; REINCKE & BARTHEL, 1997;
MALDONADO, & others, 1999) and may vary
according to Si concentration in the water,
temperature, and other environmental
factors that affect sponge physiology and
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FiG. 27. Inferred development of laminar, domical, and columnar chactetid skeletons with a ragged margin, Car-

boniferous, Pennsylvanian, Amoret Limestone Member, Altamont Limestone, Labette County, Kansas; 7, inferred

growth sequence of a ragged columnar chaetetid, based on specimens, X0.09 (Kershaw & West, 1991, p. 338, fig.

3B); 2, example of a ragged columnar chaetetid for comparison to view 7, X0.1 (West, 2011a); 3, ragged domical

chaetetid illustrating multiple disturbances after initiation on an oncoid, X0.45 (Miller & West, 1997, p. 293,

fig. 4F); 4, inferred sequence of growth events leading to the domical chaetetid shown in view 3, X0.19 (Miller &
West, 1997, p. 297, fig. 9).
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metabolism.” Experimental studies have
shown that spicules are lacking in sponges
grown in water low in silicic acid (Youras-
sowsky & RasMoNT, 1983). Additionally,
some extant sponges that lack one or more
spicule types in one area but have a full
complement of spicules in other areas, is the
result, in part, of the silicon concentration
in the seawater (Uriz, TURON, & BECERRO,
2003, p. 187). Thus, spicule types, absent
in natural populations living in waters
with a low concentration of silicon, can
be produced by artificially increasing
the silicic acid concentration (MALDO-
NADO & others, 1999). MALDONADO and
others (1999) suggested that reef-building
sponges during the Mesozoic were limited
by the availability of silicon. In addition to
silicon, experimental studies suggest that
iron is necessary for the polymerization
of silica to form spicules in demosponges
(MULLER & others, 2003; Uriz, TURON,
& BECERRO, 2003). Although megascleres
and microscleres are expected in extant
forms, environmental factors may preclude
their presence. Variation in the spicules of
the hypercalcified demosponge Astrosclera
willeyana, as noted above, may be due to
such environmental factors.

Spicules, both megascleres and micro-
scleres, are much less common in fossil
hypercalcified demosponges than in
extant forms. In addition to the environ-
mental factors noted above, there may be
several other explanations; two have been
suggested. Most spicules are contained in
the soft tissue of extant taxa and are not
always incorporated into the calcareous
skeleton (KIRKPATRICK, 1911; HARTMAN

Fi. 28. Inferred development of laminar, domical,
and columnar chaetetid skeletons with a ragged margin
(continued); 7, inferred sequence of growth events of
some cup-shaped laminar chaetetids, based on speci-
mens, Carboniferous, Pennsylvanian, Myrick Station
Limestone Member, Pawnee Limestone, Bourbon
County, Kansas (Miller & West, 1996, p. 295, fig. 6);
2, example of cup-shaped laminar chaetetids for com-
parison to view Z, X0.3 (adapted from Miller & West,
1997, p. 293, fig. 4B).
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FiG. 29. (For explanation, see facing page).
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& GOREAU, 1975). Silica is unstable in
the presence of calcium carbonate, and
siliceous spicules are commonly corroded
away in older parts of the calcareous
skeleton of still-living taxa (HARTMAN &
GOREAU, 1970, 1972). Thus, it should not
be surprising that spicules are rarely seen
in fossil forms.

Given the ease with which silica spic-
ules are corroded from the older parts
of the skeleton, any evidence of spic-
ules in fossil forms might be expected
to be as pseudomorphs. Spicule pseudo-
morphs of calcite, pyrite, and iron oxide
are known from Mesozoic chaetetids (see
GRray, 1980, for summary). The first
clear evidence of the poriferan affinities
of Paleozoic chaetetids were the spicule
pseudomorphs of calcite, pyrite, and silica
described by Gray (1980) in chaetetids
from the Carboniferous (Mississippian) of
England (Fig. 41.6-41.9). Subsequently,
REITNER (1991a) documented spicule
pseudomorphs, mostly calcite, in both
Mesozoic and Paleozoic chaetetids (Fig.
42.1-42.3). Based on what he inter-
preted as pyrite pseudomorphs of spicules,
KazZMIERCZAK (1984, 1989) suggested
a poriferan affinity for some tabulate
corals, but OEKENTORP (1985) thought
that these were the result of boring organ-
isms. These features are similar to what

TwitcHELL (1929) considered spicules
in Stromatopora, but which FiNks (1986)
interpreted as pyrite-filled endolithic
borings. Woob, CopPrER, and REITNER
(1990) and CorrER and PLUSQUELLEC
(1993) reached similar conclusions for
these features described by Kazmierczak
in tabulate corals. KaZMIERCZAK (1991)
presented three cases of what appear to be
spicule pseudomorphs in three different
favositid tabulate genera. In 1994,
KazmierczAK illustrated well-ordered
vertical and subhorizontal tracts of what
he interpreted as calcite pseudomorphs
of monaxonic sclerites in a Silurian
favositid tabulate from Gotland. However,
ScrutTOoN (1997, p. 189) regarded these
structures as diagenetically altered cores
of the trabeculae of the corallite walls.
What have been interpreted as calcite
spicules have been described from Silurian
tabulate corals (CHATTERTON & others,
2008) but support an affinity with the
Octocorallia. Although the morphology
of these spicules is not typical of sponges,
the growth form and the external and
internal morphological features of some
tabulates, such as favositids, are similar
to chaetetids, and perhaps there is some
connection between them as suggested
by the pores in the tubule walls of Blasto-
porella, a possible chaetetid genus.

FIG. 29. Basal layer in extant and fossil chaetetids; /, underside of extant Acanthochaetetes wellsi, showing concentric
lines of the basal layer, Chandelier cave near Malakal, Palau, West Carolina Islands, X 1.5 (West, 2011a); 2, concentric
bands of the basal layer on the underside of a fossil chaetetid, Carboniferous, Pennsylvanian, Higginsville Limestone
Member, Fort Scott Limestone, Crawford County, Kansas, X2 (West, 2011a); 3, closer view of part of the basal
layer of extant Acanthochaetetes wellsi shown in view 1, X4 (West, 2011a); 4, closer view of part of the basal layer
of the fossil chaetetid shown in view 2, X8 (West, 2011a); 5, SEM of the basal layer of the fossil chaetetid shown
in view 2, the thin area along the base of the tubules in the lower part of the image is the inferred basal layer, X70
(West, 2011a); 6, SEM of the basal layer in extant Acanthochaetetes wellsi shown in view 1, basal layer is the area on
the left side of the image and the area below the faint light line on the right of the image, X500 (West, 2011a); 7,
SEM of part of the image shown in view 5, the inferred basal layer is the lower layer that extends from the middle
left of the image to the lower part of the right side of the image, X300 (West, 2011a).
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Fi6. 30. (For explanation, see facing page).
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FiG. 31. Shape variation in chaetetid tubules (continued); /, transverse thin section of tubules in Blastochaetetes

dolomiticus, Upper Triassic (Norian), southwestern Turkey, X17 (adapted from Cremer, 1995, pl. 26,3; courtesy

of Geobios, Université Lyon); 2, transverse thin section of tubules in ? Bauneia sp., Upper Triassic (Norian), south-

western Turkey, X26 (adapted from Cremer, 1995, pl. 27,5; courtesy of Geobios, Université Lyon); 3, view of the

surface, showing meandroid shape of tubules in Meandrioptera zardinii, Upper Triassic (Carnian), Cassiano beds

near Cortina d’Ampezo, Italy, X2.4 (adapted from Dieci & others, 1977, pl. 1,24; courtesy of Bollettino della
Societa Paleontologica, Italiana).

FiG. 30. Shape variation in chaetetid tubules; 7, SEM of transverse view of tubules in Chactetes (Chaetetes) radians,
Carboniferous limestone, Miatschkovo, near Moscow, Russia, X15 (West, 2011a); 2, transverse thin section of
tubules in Azrochaetetes alakirensis, Upper Triassic (Norian), southwestern Turkey, X21 (adapted from Cremer,
1995, pl. 25,1); 3, SEM of transverse view of tubules in a ceratoporillid chaetetid, Permian, Tunisia, X30 (West,
2011a); 4, transverse thin section of tubules in Chaetetopsis favrei, Lower Cretaceous (Barremian), Crimea, X11.5
(adapted from Kazmierczak, 1979, p. 103, fig. 2B; courtesy of E. Schweizerbartsche Verlags, Naegele U Obermiller
Science Publishers, Stuttgart, Germany); 5, transverse thin section of tubules in Leiospongia polymorpha, Upper
Triassic, Cassian Formation, northern Italy, X21 (adapted from Engeser & Taylor, 1989, p. 43, fig. 2B; courtesy of
the Natural History Museum, London); 6, transverse thin section of Chaetetes (Boswellia) mortoni, Carboniferous,

Mississipian (lower Asbian), northern Wales, X 14 (adapted from Gray, 1980, pl. 102,3).
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FiG. 32. Walls and tabulae in fossil chaetetids; 7, SEM of transverse to oblique fracture of a chaetetid, Permian,
Tunisia, showing tubule walls and tabulae, X20 (West, 2011a); 2, SEM of longitudinal fracture of chaetetid, Car-
boniferous, Pennsylvanian, Buckhorn Asphalt, Murray County, Oklahoma, X15 (West, 2011a); 3, longitudinal
thin section of chaetetid, Carboniferous, Pennsylvanian, Akiyoshi Limestone, Akiyoshi-dai, Japan, X36 (West,
2011a); 4, SEM of longitudinal fracture of a chaetetid, Carboniferous, Pennsylvanian (Moscovian), near Podolsk,
Russia, X 15 (West, 2011a); 5, longitudinal thin section of Chaetetopsis crinata, Upper Jurassic (Tithonian, “Portland
beds”), Japan, X15 (adapted from Fischer, 1970, pl. E,8; courtesy of Annales de Paléontologie (Invertébrés), Elsevier
Masson SAS); 6, longitudinal thin section of Blastochaetetes capilliformis, Upper Jurassic (Oxfordian), France, X15
(adapted from Fischer, 1970, pl. A, fig. 8; courtesy of Annales de Paléontologie (Invertébrés), Elsevier Masson SAS).
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FiG. 33. Walls and tabulae in fossil chaetetids (continued); 7, longitudinal thin section of Blastochaetetes bathonicus,

Middle Jurassic (Bathonian), France, X15 (adapted from Fischer, 1970, pl. B,4); 2, longitudinal thin section of

Prychochaetetes globosus, Upper Jurassic (Oxfordian), France, X 15 (adapted from Fischer, 1970, pl. D,6; both views
courtesy of Annales de Paléontologie (Invertébrés), Elsevier Masson SAS).

BIOMINERALIZATION AND
MICROSTRUCTURE

Skeletal components of hypercalcified
sponges comprise the spicules and the
calcareous skeleton. Spicules composed
of silica may or may not occur, and even
if they are present in extant forms, they
are, as noted above, commonly lacking
because of taphonomic processes. The
calcareous skeleton in extant forms is
composed of aragonite or high magnesium
calcite (REITNER & WORHEIDE, 2002).
Calcareous chaetetid skeletons composed
of aragonite have been reported from the
Mesozoic (Cutr, 1974; Dieci, Russo,
& Russo, 1974a; WENDT, 1974, 1984).
SQUIRES (1973) reported at least 5 mol%
magnesium carbonate in the walls of chae-
tetids preserved in the Buckhorn Asphal,
a Carboniferous, Pennsylvanian unit in
Oklahoma. The magnesium carbonate of
extant chaetetid sponges is between 14

and 20 mol% (WEeNDT, 1984, p. 327).
SQUIRES (1973, p. 98) suggested that the
value he obtained could have been higher,
in that a thin layer of dolomite rims the
walls of the tubules (see his pl. 15, p.
97). Thus, some of the magnesium from
the chaetetid skeleton could have been
incorporated into the dolomite during
diagenesis. Dolomite rims also occur in
some of the Carboniferous, Pennsylva-
nian chaetetids from Kansas (Fig. 46). In
most fossil forms, these unstable mineral
phases, aragonite and high magnesium
calcite, have converted to low magnesium
calcite. Because of this recrystallization,
the original microstructure of the calcar-
eous skeleton in fossil forms is muted or
completely destroyed.

Biomineralization of the spicules and
the calcareous skeleton in some extant
forms has been well documented (KirkpAT-
RICK, 1911; VACELET & GARRONE, 1985;
WILLENZ & HARTMAN, 1989, 1999; Cuir &
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F1G. 34. Foramen in tabulae in extant and fossil chaetetids; 7, SEM of a possible foramen in a tabula of an extant
specimen of Merlia normani, Mediterranean Sea, X350 (adapted from Gautret, Vacelet, & Cuif, 1991, pl. I, Z;
courtesy of Publications Scientifiques du Muséum national d’Histoire naturelle, Paris); 2, SEM of a possible foramen
in a tabula of an extant specimen of Merlia lipoclavidisca VaceLeT & URiz, 1991, La Catedral cave, at a water depth
of 12 m, Balearic Islands, Mediterranean Sea, X300 (adapted from Vacelet & Uriz, 1991, p. 172, fig. 2b, with kind
permission of Springer Science+Business Media); 3, SEM of a possible foramen in a tabula of Chaetetes (Chactetes)
radians, Carboniferous, Pennsylvanian (Moscovian), Moscow Basin, Russia, X103 (West, 2011a); 4, SEM of a pos-
sible foramen in a tabula of C. (Chaetetes) radians, Carboniferous, Pennsylvanian (Moscovian), near Podolsk, south
of Moscow, Russia, X60 (West, 2011a).

FiG. 35. Laminae in fossil chaetetids, Carboniferous, Pennsylvanian; 7, interlayered chaetetid laminae with algal-
microbal mats, Akiyoshi Limestone, Akiyoshi-dai, Japan, X0.3 (West, 2011a); 2, polished longitudinal section of
a ragged columnar chaetetid, showing laminae, Amoret Limestone Member, Altamont Limestone, Montgomery
County, Kansas, X0.65 (West, 2011a); 3, differentially weathered longitudinal (vertical) surface of a ragged, high
domical chaetetid, showing laminae, Amoret Limestone Member, Altamont Limestone, Labette County, Kansas,
X0.4 (West, 2011a); 4, laminae of laminar chaetetids accentuated by weathering, Myrick Station Limestone West,
2011a, Pawnee Limestone, Bourbon County, Kansas, X0.25 (West, 2011a); 5, laminar to low domical chaetetids,
showing individual laminae in a fusulinid grainstone, Higginsville Limestone Member, Fort Scott Limestone,
Crawford County, Kansas, X0.16 (West, 2011a).
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FiG. 35. (For explanation, see facing page).
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6

FiG. 36. Five types of growth interruptions observed in chaetetid skeletons, Carboniferous, Pennsylvanian, Hig-
ginsville Limestone Member, Fort Scott Limestone, Crawford County, Kansas; all figures are X6, acetate peel
prints; /, continuity of tubules across the interruption, type 1 (arrows) grades laterally into discontinuity of tubules
across the interruption, type 2 (arrows); 2, discontinuity of tubules across the interruption, type 2 (arrow), that
grades laterally into a thin layer of matrix or matrix filled tubules, type 3 (a7row); note that a type 1 interruption
(upper arrow) occurred after subsequent growth; 3, thin layer of matrix separating chaetetid laminae, with some
tubules below filled with matrix; 4, chaetetid surface overgrown by fistuliporoid bryozoan (4) either coincident
with or subsequent to renewed chaetetid growth (type 4 interruption); 5, chaetetid surface covered by matrix and
encrusted by the tabulate coral Multithecopora either coincident with or subsequent to renewed chaetetid growth
(type 4 interruption); 6, chaetetid surface locally corroded with evidence of skeletal destruction prior to renewed

chaetetid growth (type 5) (adapted from Miller & West, 1997, p. 292, fig. 3A-F).
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GAUTRET, 1991; REITNER, 1992; GAUTRET,
REITNER, & MARIN, 1996; REITNER &
GAUTRET, 1996; WORHEIDE, REITNER,
& GAUTRET, 1996, 1997; REITNER &
others, 1997; WORHEIDE & others, 1997;
WORHEIDE, 1998). However, because of
taphonomic processes, little is known
of the biomineralization of fossil forms,
although it is assumed to be similar, if
not identical, to that in extant taxa. Both
Merlia normani and Acanthochaetetes wellsi
have a calcareous skeleton similar to that
seen in some fossil chaetetids. KIRKPAT-
RICK (1911) produced a very careful and
detailed study of Merlia normani. Using
modern techniques, VACELET (1980a);
GAUTRET, VACELET, and CUIF (1991); and
Curtr and GAUTRET (1993) described the
spicules of Merlia normani and compared
the microstructure of its calcareous skel-
eton with that of fossil chaetetids. Because
it bears on the occurrence of spicules,
it is important to note the differences
between the species of Merlia (Table 1).
Currently four species of Merlia are recog-
nized: normani, lipoclavidisca, deficiens,
and tenuis (VACELET & URriz, 1991). M.
normani and M. lipoclavidisca have a
calcareous skeleton and contain spicules;
M. deficiens and M. tenuis lack a calcar-
eous skeleton but have spicules that place
them within the family Merliidae. The
megascleres of all four are small tylo-
styles. The microscleres in M. normani,
M. deficiens, and M. tenuis are the very
distinctive clavidiscs, but there are no
microscleres in M. lipoclavidisca. Thus, all
extant forms of Merlia have tylostyles, but
may or may not have a calcareous skeleton
and microscleres. UriZ and others (2003,
p- 290) suggested that the absence of clavi-
discs in M. lipoclavidisca is because of the
silica-poor water where they live, and that
they are present in M. normani because it

TasLE 1. Comparison of the skeletal compo-
nents of the four species of Merlia.

Taxon Megascleres Microscleres  Calcareous
skeleton
M. normani tylostyles  clavidiscs present
M. lipoclavidisca  tylostyles none present
M. deficiens tylostyles  clavidiscs absent
M. tenuis tylostyles  clavidiscs absent

inhabits silica-rich waters. Here again we
have evidence relative to the occurrence
of spicules in hypercalcified demosponges
that is important to the studies of fossils
with a chaetetid skeleton.

Studies by HARTMAN and GOREAU
(1975); REITNER and ENGESER (1987);
Cutr and GAUTRET (1991); REITNER
(1991a, 1992); Woob (1991b); GAUTRET,
REITNER, and MARIN (1996); REITNER and
GAUTRET (1996); WORHEIDE, REITNER,
and GAUTRET (1996, 1997); REITNER and
others (1997); LANGE and others (2001);
and REITNER and others (2001) using
more sophisticated techniques, have exam-
ined in some detail the microstructure of
Acanthochaetetes wellsi. To provide some
insight into the possible biomineraliza-
tion in fossil chaetetids, a brief summary
of biomineralization in A. wellsi and other
hypercalcified demosponges follows (see
Living Hypercalcified Sponges, p. 1-14).

Spicules are formed by sclerocyte cells
contained within the soft tissue (mesohyl)
of the sponge. Studies of Acanthochactetes
wellsi show that this soft tissue is only
0.5 to 1 mm thick and contains siliceous
tylostyle megascleres, amphiaster-like,
and spiraster-like microscleres; some
of the microscleres appear to become
incorporated into the calcareous skeleton
(RUTZLER & VACELET, 2002, p. 277).
REITNER and others (2001) divided the
soft tissue and calcareous skeleton of
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FiG. 37. Skeletal increase in chaetetids; 7, schematic diagram of chaetetid on a stippled substrate illustrating the meth-

ods of skeletal increase and associated morphological features: 2 = area of peripheral expansion; & = tubule; ¢ = tubule

increase by intertubule budding; & = pseudosepta and tubule increase by longitudinal fission; e = tabulae (adapted from

West & Clark, 1983, p. 131, fig. 1; courtesy of Paleontological Research Institution, Ithaca, New York); 2, peripheral

expansion of the skeleton in an extant specimen of Merlia normani, a = area of peripheral expansion, X75 (adapted

from Kirkpatrick, 1911, pl. 38,5); 3, SEM of longitudinal fracture of Chaetetes (Chaetetes) radians, showing intertubular
budding (white X'), Carboniferous, Moscovian, near Podolsk, Russia, X5 (West, 2011a).
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FiG. 38. Skeletal increase in chaetetids (continued); 7, longitudinal thin section, showing skeleton increase by inter-

tubular budding (black X)), Carboniferous, Akiyoshi Limestone, Akiyoshi-dai, Japan, X10 (West, 2011a); 2, SEM

of transverse fracture of Chaetetes (Chaetetes) radians, Carboniferous, Pennsylvanian (Moscovian), near Podolsk,
Russia, note the joined pseudosepta just above the white X, X30 (West, 2011a).

Acanthochaeteres wellsi into six major
zones. These are, from the exterior inward:
(1) the dermal area; (2) the internal dermal
area; (3) the central part of tubules; (4) the
tabulae within the tubules; (5) the space(s)
between tabulae; and (6) the nonliving
calcareous skeleton. REITNER and others
(2001, p. 230), in referring to zone 1,
reported that, “the uppermost portion is
formed by a thick crust of spiraster micro-
scleres (dermal area, zone 1) and tylostyle
megascleres arranged in clearly plumose
bundles. . ..”

Some spicules may be entrapped in
the calcareous skeleton, resulting in what
would be termed a rigid aspicular skeleton
(Fig. 6-7). If the spaces within a frame-
work produced by fused or linked spicules
are filled by aspicular cement, the skeleton
would be referred to as a rigid spicular

skeleton (Fig. 8-9). Such a distinction is
rarely possible in fossil forms because of
taphonomic processes.

WENDT (1984) recognized three different
microstructures in the calcareous skeletons
of chaetetids: irregular, spherulitic, and
clinogonal. Present usage recognizes three
basic types of microstructure in the calcar-
eous skeleton of chaetetids: microlamellar,
fascicular fibrous, and spherulitic. Three
different fascicular fibrous types are recog-
nized: water-jet, penicillate, and trabecular
(Cuir & GAUTRET, 1993), but only the
former two are found in chaetetids. What
WENDT (1984) referred to as irregular is
the same as microlamellar, and his clino-
gonal is the same as fascicular fibrous.
WENDT considered water-jet, penicillate,
and trabecular as synonyms of clinogonal,
and Boury-EsNauLT and RUTZLER (1997)
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FiG. 39. Pseudosepta in fossil chaetetids; 1, transverse thin section of chaetetid skeleton, showing tubules with
conspicuous pseudosepta, Carboniferous, Pennsylvanian, Bird Springs Formation, near Mountain Springs, Nevada,
X100 (West, 2011a); 2, transverse thin section of chaetetid skeleton, showing tubules and pseudosepta, Carbonifer-
ous, Pennsylvanian, Amoret Limestone Member, Altamont Limestone, Montgomery County, Kansas, X40 (West,
2011a); 3, SEM of transverse view of chaetetid skeleton, showing tubules and pseudosepta, Carboniferous, Penn-
sylvanian (Moscovian), Moscow Basin, Russia, note prominent pseudoseptum in the tubule in the upper center
and the two pseudosepta approaching each other in the tubule in the left center, X25 (West, 2011a); 4, SEM of
transverse view of Chaetetes (Chactetes) radians, showing tubules with pseudosepta, Carboniferous, Pennsylvanian
(Moscovian), near Moscow, Russia; note the prominent pseudoseptum in the triangular tubule in the right center
and the tubule in the left center with two pseudosepta approaching each other, X30 (West, 2011a).
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considered them to be synonyms of fascicu-
late fibrous. Thus, the microstructure of
the calcareous skeleton of chaetetids may
be: microlamellar, spherulitic, water-jet,
or penicillate; the last two being two of
the three subdivisions of clinogonal and
fasciculate fibrous. Cuir and GAUTRET
(1991) pointed out the potential taxonomic
value of the microstructure of the calcar-
eous skeleton of fossil and recent sponges,
in both Calcispongiae and Demospongiae.

Mineralization of the calcareous skel-
eton in Acanthochaetetes wellsi occurs
in three different areas: (1) associated
with the thin cover of Mg-rich calcite
on collagenous fibers at the top of the
walls of the tubules; (2) where the tabulae
are being formed; and (3) within older
parts of the calcareous skeleton between
tabulae where decaying soft sponge tissue
produces ammonia (REITNER & GAUTRET,
1996). Details of the biomineralization in
these three areas was described by REITNER
and GAUTRET (1996) and summarized in
REITNER and others (2001, p. 230-232).
A microlamellar microstructure (Culr &
others, 1979; WENDT, 1979; REITNER &
ENGESER, 1987) composed of an irregular
arrangement of loosely packed crystals,
generally with a random orientation, but
sometimes arranged such that a lamellar
structure is indicated (WENDT, 1984, p.
328), is produced by these processes in
Acanthochaetetes (Fig. 47). WENDT (1984)
referred to this microstructure as irregular.

The calcareous skeleton of the extant
genus Astrosclera, and some fossil chaetetids
from the Permian of Tunisia and the Triassic
of Turkey, have a spherulitic microstructure
(WORHEIDE, 1998; Fig. 48). WORHEIDE
(1998) detailed the biocalcification process
that produces the calcareous skeleton of
Astrosclera willeyana, and this process is
summarized in REITNER and others (2001).

F1G. 40. Pseudosepta in fossil chaetetids (contin-
ued); I, transverse thin section of Acanthochaetetes
seunesi, showing tubules and pseudosepta, Up-
per Cretaceous (Cenomanian), Pyrennees, X7.5
(adapted from Fischer, 1970, pl. F,3); 2, transverse
thin section of Blastochaetetes capilliformis, showing
tubules and pseudosepta, Upper Jurassic (Oxford-
ian), France, X18.7 (adapted from Fischer, 1970, pl.
A,7; both views courtesy of Annales de Paléontologie
[Invertébrés], Elsevier Masson SAS).
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TasLE 2. Comparison of the microstructures and skeletal mineralogy of extant and fossil hyper-

calcified demosponges with either a chaetetid or stromatoporoid calcareous skeleton; numerals

with lower-case letters and author abbreviations refer to sources provided in the explanation;
see below and facing page (West, 2011a).

Merlia | Acanthochaetetes | Astrosclera | Ceratoporella | Chaetetids | Stromatoporoids
Aragonite
Penicillate 1a (F/R), 1a (F/R),
4a (C/G) 4b*(C/G)
Spherulitic la (F/R), 1a (F/R), la (F/R)
2a (H/S), 6 (W)
6 (Wh)
Irregular la (F/R), 6 (W)
Spherulitic compound 5a (Wd)
Spherulitic elongate 5a (Wd)
Clinogonal 2a (H/S), 6 (W) 6 (W)
6 (W)
Orthogonal 6 (Wh)
Fibrous centers 7a (Cet)
Asymmetical 7a (Cet.)
Mg Calcite
Penicillate 1b (F/R) 1b (F/R)
Lamellar 1b (F/R), 1b (F/R)
2b (H/S),
7b (Cet.)
Water-jet 2b (H/S), 4b (C/G)
4b (C/G)
Fascicular fibrous 5b (Wd)
Irregular 5b (Wd), 6 (W)
6 (W)
Clinogonal 6 (Wh) 6 (W) 6 (W)
Spherulitic 6 (W)
Orthogonal 6 (W)
Trabecular 7b (Cet.)
Mineralogy not recorded
Fascicular fibrous 3 (B-E/R) 3 (B-E/R)
Microlamellar 3 (B-E/R)
Spherulitic 3 (B-E/R)

*, some Mesozoic to Recent taxa, but all Paleozoic and some Mesozoic—Recent chaetetids have a water-jet calcite skeleton.

TaBLE 2. Explanation.

1. (F/R)
Finks, Robert M., & J. Keith Rigby Sr. 2004d. Hypercalcified sponges. /z R. L. Kaesler, ed., Treatise on Inverte-
brate Paleontology, Part E, Porifera (Revised), vol. 3. The Geological Society of America, Inc. & The University
of Kansas. Boulder, Colorado & Lawrence, Kansas. p. 586-587.
la. Aragonite
Spherulitic: compound spherulitic, Astrosclera and relatives of stromatoporoid morphology, Permo-Triassic
genera of inozoans, sphinctozoans, and chaetetids.

Penicillate: clionogonal aragonite, elongate spherulitic, water-jet Ceratoporella of chaetetids and inozoans of
the Middle Triassic.

Irregular: microgranular aragonite, Vaceletia and Triassic sphinctozoans, inozoans, and stromatoporoids.

1b. Mg Calcite

Homogeneous-granular: microgranular Mg calcite, no extant examples, Triassic sphinctozoans and inozoans,
best known in Cassianothalamina (not included in table).

Lamellar: Acanthochaetetes, in Cretaceous to Recent genera with a chaetetid morphology, and the Cretaceous
Calcichondrilla, an encrusting form with a nonchaetetid morphology.

Penicillate: clinogonal calcite, fascicular fibrous calcite, Merlia, and Paleozoic and Mesozoic genera with a
chaetetid morphology, such as Stromatoaxinella.

(Continued on facing page.)
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TaBLE 2. (Continued from facing page).

Spherulitic: no extant examples, Cretaceous Euzgkadiella.
Fibrous: orthogonal Mg calcite, examples in the Calcarea.

2. (H/S)

Hooper, J. N. A., & R. W. M. van Soest, eds. 2002a. Systema Porifera, 2 vol. Kluwer Academic/Plenum Publishers.
New York, Boston, Dordrecht, London, & Moscow. xlviii + 1708 p.
2a. Aragonite
Spherulitic: Astrosclera.

Clinogonal: Ceratoporella.

2b. Mg Calcite

Water-jet: Merlia, probably the same as penicillate calcite of 1.
Lamellar: Acanthochaetetes.

3. (B-E/R)

Boury-Esnault, Nicole, & Klaus Riitzler. 1997. Thesaurus of Sponge Morphology. Smithsonian Contributions
to Zoology, Number 596:55 p. [Mineralogy not recorded; also here the authors did not recognize separate
aragonite and Mg calcite fields].

Fasciculate fibrous: water-jet, penicillate, and trabecular Merlia; water-jet, mineralogy not reported; Cerato-
porella, penicillate.

Microlamellar: Acanthochaetetes.

Spherulitic: Astrosclera.

4. (CIG)

Cuif, Jean-Pierre, & Pascale Gautret. 1993. Microstructural features of fibrous tissue in the skeletons of some chae-
tetid sponges. /n P. Ockentorp-Kiister, ed., Proceedings of the VI International Symposium on Fossil Cnidaria
and Porifera, Munster Cnidarian Symposium, vol. 1. Courier Forschungsinstitut Senckenberg 164:309-315.
4a. Aragonite
Penicillate: Ceratoporella.
4b. Mg Calcite
Water-jet: Merlia.

Trabecular: scleractinian corals (not included in table)
5. (Wd)
ood, Rachel A. 1991b. Non-spicular biomineralization in calcified demosponges. /2 J. Reitner & H. Keupp,
eds., Fossil and Recent Sponges. Springer-Verlag. Berlin & Heidelberg. p. 322-340.
5a. Aragonite
Compound spherulitic: Astrosclera, probably the same as spherulitic aragonite of 1.
Elongate spherulitic: Ceratoporella, probably the same as penicillate aragonite of 1.
5b. Mg Calcite
Fascicular fibrous: Merlia, probably penicillate calcite of 1.
Irregular: Acanthochaetetes, crystals aligned in one plane, probably lamellar calcite of 1.
6. (W)
Wendt, Jobst. 1979. Development of skeletal formation, microstructure, and mineralogy of rigid calcareous
sponges from the Late Palacozoic to Recent. /n C. Levi & N. Boury-Esnault, eds., Biologie des Spongiaires.
Colloques Internationaux du Centre National de la Recherche Scientifique 291:449-457.
Wendt, Jobst. 1984. Skeletal and spicular mineralogy, microstructure and diagenesis of coralline calcareous
sponges. Palacontographica Americana 54:326-336. [Note: the latter reference is an update of the former.]
Mg Calcite or Aragonite
Irregular: aragonite in stromatoporoids and Mg calcite in Cretaceous and Recent “sclerosponges,” Acantho-
chaetetes.

Spherulitic: probably aragonite in Carboniferous sclerosponges and in the extant genus Astrosclera; probably
calcite in a Cretaceous stromatoporoid.

Clinogonal (synonyms = water-jet, trabecular, penicillate): aragonite or calcite in Mesozoic and possibly Paleo-
zoic chaetetids and stromatoporoids; calcitic in Merlia and aragonite in Ceratoporella and stromatoporoids.

Orthogonal (synonym, fibro-normal): aragonite and calcite in stromatoporoids.

7. (Cet.)

Cuif, Jean-Pierre, Francoise Debrenne, J. G. Lafuste, & Jean Vacelet. 1979. Comparaison de la microstructure du
squelette carbonate nonspiculaire d’éponges actuelles et fossiles. /z C. Levi & N. Boury-Esnault, eds., Biologic
des Spongiaires. Colloques Internationaux du Centre National de la Recherche Scientifique 291:459-465.
7a. Aragonite
Spherolites fibreux centres [fibrous spherulitic centers]: Astrosclera.

Spherolites asymetriques [asymmetrical spherulites]: Cerazoporella.
7b. Mg Calcite
Lamelles presque plates [nearly flat lamellae]: Acanthochaetetes.

Trabecules verticals [vertical trabeculae]: Merlia.
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FiG. 41. (For explanation, see facing page).



Introduction to Fossil Hypercalcified Chaetetid-type Porifera 59

Fi1G. 42. Pseudomorphs of megasclere tylostyles in fossil chaetetids; 7, tangential thin section of Calcistella rabulata,

showing spicule pseudomorphs within tubule walls (white dots within dark areas) from a Cretaceous (possibly Ap-

tian) boulder in an Eocene conglomerate in Greece, X9 (adapted from Reitner, 1991a, p. 190, fig. 7a); 2, SEM of

a tylostyle from Acanthochaetetes dendroformis, Cretaceous, northern Spain, X145 (adapted from Reitner, 1991a, p.

200, fig. 13¢); 3, longitudinal thin section of a pyritized tylostyle, Chaeteropsis favrei, Cretaceous (possibly Aptian)

boulder in an Eocene conglomerate, Greece, X210 (acetate peel print adapted from Reitner, 1991a, p. 185, fig. 5c,
all views with kind permission of Springer Science+Business Media).

FiG. 41. Megascleres in chaetetids: tylostyles in extant forms, pseudomorphs in fossil forms; 7, SEM of surface of
Acanthochaetetes sp., showing spicules (tylostyles and spirasters) associated with the growing surface; from an extant
specimen collected live in October 2005 off the Komesu coast, southern Okinawa, at a water depth of 15 m, X100
(West, 2011a); 2, SEM of the tubule on the left side of view 1, showing the tylostyles, X500 (West, 2011a); 3, SEM
of the surface of Ceratoporella nicholsoni, showing tylostyles of an extant specimen, Jamaica, X100 (adapted from
Hartman & Goreau, 1972, fig. 1; courtesy of Transactions of the Connecticur Academy of Arts and Sciences); 4, SEM
of tylostyles of Ceratoporella nicholsoni, an extant species, probably Caribbean, X230 (adapted from Reitner, 1992,
pl. 36,3; courtesy of Berliner Geowissenschaftliche Abhandlungen, Free University, Berlin); 5, SEM of a tylostyle from
Merlia deficiens, an extant species, Mediterranean, X4500 (adapted from Gautret, Vacelet, & Cuif, 1991, pl. 1,2;
courtesy of Publications Scientifiques du Muséum national d’Histoire naturelle, Paris); 6, longitudinal thin section of
Chaetetes (Boswellia) mortoni, showing spicule pseudomorphs (thin dark lines within tubule walls), Carboniferous,
Mississipian (lower Asbian), northern Wales, X30 (adapted from Gray, 1980, pl. 103,1); 7, enlargement of part of
view 6, showing pyritic spicule pseudomorphs, X87 (adapted from Gray, 1980, pl. 103,2); 8 SEM of longitudinal
section of Chacetetes (Boswellia) mortoni, showing preferential etching of siliceous spicule pseudomorphs, X821
(adapted from Gray, 1980, p. 814, fig. 4a); 9, SEM of longitudinal section of Chaetetes (Boswellia) mortoni, showing
pyritized spicule pseudomorph, X667 (adapted from Gray, 1980, p. 814, fig. 4¢).
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FiG. 43. (For explanation, see facing page).
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Spherulites are produced within the soft
tissue of the sponge. When they are about
15 microns in size, they are transported
to the growing tips of the walls and fused
together by epitaxial growth, and in some
cases, spicules are incorporated, producing
a rigid spicular skeleton.

Curtr and others (1979) referred to the
microstructure of Merlia normani as trabec-
ular and WeNDT (1979, 1984) as clino-
gonal. Boury-Esnautt and RUTZLER (1997)
used the term fascicular fibrous, rather
than clinogonal, and considered water-jet,
trabecular, and penicillate as synonyms
of fascicular fibrous. However, Culr and
GAUTRET (1993) clearly differentiated
between the different types of fascicular
fibrous microstructures, namely trabecular,
penicillate, and water-jet. In taxa with a
trabecular microstructure, the orientation

F1G. 44. Variation in acanthostyles in Astrosclera wil-

of the crystal fibers in the axial part of the
trabecula is strongly oblique to the growth
direction of the trabecula and does not

leyana; 1, SEM of an astrosclerid acanthostyle spicule
in an extant specimen, Marigondon Cave, Philippines,

X 1100 (adapted from Wérheide & others, 1997, pl.

IIL,2; courtesy of Real Sociedad Espafiola de Historia
Natural, Seccion Geologica, Madrid, Spain); 2, SEM
photos of verticillately spined styles: 2—b, Indonesia
(X400); ¢, Palau (x482); 4, Philippines (X364); and
e, Glorieuses Islands (X615) (adapted from Worheide,
1998, p. 49, pl. 20, with kind permission of Springer

Science+Business Media).

occur in sponges (Culr & GAUTRET, 1993,
p. 312). The main difference between
the water-jet and penicillate microstruc-
ture is in the degree of divergence in the
crystal fibers upward in the direction of

FiG. 43. Microscleres in chaetetids: euasters in extant forms; pseudomorphs in fossil forms; 7, SEM of a siliceous
spicule, tylostyle from an extant specimen of Acanthochaetetes wellsi, Great Barrier Reef, X650 (new; courtesy of
Jean Vacelet); 2, thin section of an asterose microsclere pseudomorph in the tubule wall of Chaetetes (Chaetetes)
radians, Carboniferous, Pennsylvanian, Russia; REITNER (1991a) referred to this specimen as C. (Chaetetes) radians
and renamed it Chondrochaetetes longitubus, X150 (adapted from Reitner, 1991a, p. 187, fig. 6d); 3, thin section
of asterose microsclere pseudomorphs with pyrite centers (dark areas within lighter circular spicules) in the tu-
bule wall (white arrow in lower left points to inferred relict star rays of the microsclere) of C. (Chactetes) radians,
Carboniferous, Pennsylvanian, Russia; REITNER (1991a) referred to this specimen as C. (Chaetetes) radians and
renamed it Chondrochaetetes longitubus, X147 (adapted from Reitner, 1991a, p. 187, fig. 6d); 4, longitudinal thin
section, showing clusters of euasters in the tubule wall of the extant species Chondrilla grandistellara, geographic
locality not provided, X29 (adapted from Reitner, 1991a, p. 195, fig. 10a); 5, enlarged view of the euasters in view
4, X200 (adapted from Reitner, 1991a, p. 195, fig. 10b); 6, longitudinal thin section, showing inferred euaster
pseudomorphs in the tubule wall of Calcichondrilla crustans, Lower Cretaceous (Albian), northern Spain, X36.2
(adapted from Reitner, 1991a, p. 192, fig. 8b); 7, enlarged view of polycrystalline calcite pseudomorphs of inferred
cuasters in view 6, X135 (adapted from Reitner, 1991a, p. 192, fig. 8¢c); 8, SEM of euasters in tubule wall of the
extant species Chondrilla grandistellata, geographic locality not provided, diameter of euasters approximately X200
(adapted from Reitner, 1991a, p. 190, fig. 7e); 9, thin section of calcite-filled microscleres, pseudomorphs of inferred
euasters, in Calcistella tabulara from a Lower Cretaceous (Aptian) boulder in an Eocene conglomerate in Greece,
X220 (adapted from Reitner, 1991a, p. 190, fig. 7d); 710, SEM of an etched euaster microsclere from the tubule
wall of Acanthochaetetes dendroformis, Cretaceous, northern Spain, X2000 (adapted from Reitner, 1991a, p. 200,
fig. 13d; views 2—10 with kind permission of Springer Science+Business Media).
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3 Thgt™

FiG. 45. Microscleres from Acanthochaetetes and Merlia; 1, SEM of masses of microscleres and a few megascleres
(tylostyles) from the growing surface of Acanthochaetetes sp., an extant specimen collected live in October 2005 off
the Komesu coast, southern Okinawa at a water depth of 15 m, X1000 (West, 2011a); 2, enlargement of part of view
1, showing details of the spirasters, X4500 (West, 2011a); 3, SEM of spiraster microscleres from the growing surface
of Acanthochaetetes sp., an extant specimen collected live in October 2005 off the Komesu coast, southern Okinawa,
at a water depth of 15 m, X1000 (West, 2011a); 4, SEM of diplaster from an extant specimen of Acanthochaetetes
wellsi, Great Barrier Reef, X1320 (West, 2011a); 5, SEM of several siliceous microscleres from an extant specimen
of Acanthochaetetes wellsi, Great Barrier Reef, X 1200 (West, 2011a); 6, SEM of a clavidisc, a meniscoid microsclere
from an extant specimen of Merlia normani, Great Barrier Reef, X1760 (West, 2011a).
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FiG. 46. Dolomite crystals associated with tubule walls and tabulae in a chaetetid, Carboniferous, Pennsylvanian,

Amoret Limestone Member, Altamont Limestone; 7, SEM of tubule walls and tabulae replaced in part by dolo-

mite, Labette County, Kansas, X120 (West, 2011a); 2, enlarged SEM view of tubule wall (horizontal) and tabulae

(vertical) replaced in part by dolomite, Labette County, Kansas, X250 (West, 2011a); 3, SEM of dolomite rhombs
replacing tubule wall, Montgomery County, Kansas, X1800 (West, 2011a).

growth (CUIF & GAUTRET, 1993). In longi-
tudinal sections, the fibers in a water-jet
microstructure fan out upward, and in
a penicillate microstructure, the fibers
diverge at a very low angle and may appear
almost parallel in some views.

Referring to the microstructure of Merlia
normani, CUIF and GAUTRET (1993, p.
311) stated, “In longitudinal sections, the
fibers are vertical in the axial part of the
unit...” and bend progressively toward the
external part. They comment that this is a

typical water-jet (Fig. 49) disposition and
noted a similar microstructure in some
Carboniferous and Mesozoic (Jurassic and
Cretaceous) chaetetids. As noted above,
taphonomic processes often obliterate or
mute the microstructure in fossil chaetetids,
but in some specimens, there is evidence
of the original microstructure, and it is
fascicular fibrous, water-jet (Fig. 50-51).
The calcareous skeleton of other chae-
tetids is penicillate, also a type of fascicular
fibrous microstructure. The penicillate
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FiG. 47. (For explanation, see facing page).
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microstructure is easily seen in the extant
genus Ceratoporella and is also known
from fossil chaetetids from the Permian,
Triassic, Jurassic, and Cretaceous (Fig. 52;
WENDT, 1984; Cutr & GAUTRET, 1993).
Although the term penicillate is used in the
Thesaurus of Sponge Morphology (BOURY-
Esnaurt & RUTZLER, 1997), REITNER and
others (2001) and VACELET (2002a) referred
to the microstructure in Ceratoporella as
clinogonal. HARTMAN and Goreau (1970,
1972), WiLLENZ and HARTMAN (1989),
and REITNER and others (2001) described
biomineralization in Ceratoporella. The
calcareous skeleton of Ceratoporella is a
rigid spicular skeleton in which the crys-
talline units diverge at a very low angle
(HarT™MAN & GOREAU, 1970, fig. 17;
WENDT, 1984, fig. 1, pl. 2; Woob, 1991b,
fig. 5). In spite of taphonomic processes,
this microstructure is well preserved in
some chaetetids with an original aragonitic
skeleton, but less so in those with a calcitic
skeleton (WENDT, 1984).

The most recent information on the
microstructure and mineralogy of the
calcareous skeleton of hypercalcified
demosponges is given in FINKS and RiGey
(2004d). They based their eight different
categories on the studies of WooD
(1990b), Cuir AND GAUTRET (1991), and
MASTANDREA and Russo (1995): spher-
ulitic aragonite, penicillate aragonite,

irregular aragonite, homogeneous-granular
Mg calcite, lamellar Mg calcite, penicillate
Mg calcite, spherulitic Mg calcite, and
fibrous Mg calcite. How their categories
compare with those recognized by others
is shown in Table 2, to aid in better under-
standing and comparing the literature on
the different microstructures and skeletal
mineralogies of extant and fossil hypercal-
cified demosponges with either a chaetetid
or stromatoporoid calcareous skeleton.

TAPHONOMY
(BIOSTRATINOMY AND
DIAGENESIS)

Biostratinomic processes (changes
between death and final burial) and
diagenetic processes (changes after burial)
are important in modifying the spicules
and the calcareous skeleton of chae-
tetids. Taphonomic processes identified
by RODRIGUEZ (2004) in corals are also
important in chaetetids. The 12 tapho-
nomic processes he identified (p. 151),
with some modifications and additions,
are listed below.

1. Colonization and encrustation by
cyanobacteria, algae, bryozoans, fora-
minifera, corals, sponges, worms, and
arthropods, i.e., borings by acrothoracian
barnacles (see Fig. 106.3; WEsT & CLARK,
1984).

FiG. 47. Microlamellar microstructure in Acanthochaetetes; 1, section showing high Mg calcite microstructure and
growing tip of a tubule wall, where the mineralization occurs in an extant specimen of Acanthochaetetes wellsi, Lizard
Island Bonnie Bay reef cave, Great Barrier Reef, Australia, X95 (adapted from Reitner & others, 1997, pl. 3,2;
courtesy of E. Schweizerbart Science Publishers; for a color version, see Treatise Online, Number 20: paleo.ku.edu/
treatiseonline); 2, SEM of part of the zone of initial mineralization that produces the microlamellar microstructure
in Acanthochacetetes wellsi, an extant species collected from the Lizard Island Bonnie Bay reef cave, Great Barrier Reef,
Australia, X165 (adapted from Reitner & others, 1997, pl. 3,3; courtesy of E. Schweizerbart Science Publishers);
3, SEM of calcite microstructure in Acanthochaetetes seunesi, Lower Cretaceous (Albian), northern Spain, X8000
(adapted from Wendt, 1984, p. 331, pl. 1,4; courtesy of Paleontological Research Institution, Ithaca, New York);
4, ultrapolished thin section of an extant specimen of Acanthochacetetes sp., showing microlamellar microstructure of
tubule walls, geographic locality not listed, X650 (adapted from Cuif & others, 1979, pl. I, 9; courtesy of CNRS,
Paris); 5, SEM of an extant specimen of Acanthochaetetes sp., showing microlamellar microstructure of tubule walls,

geographic locality not listed, X1250 (adapted from Cuif & others, 1979, pl. I1,10; courtesy of CNRS, Paris).
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FiG. 48. Spherulitic microstructure in extant and fossil astrosclerid chaetetids; 7, aragonite spherulites (lighter gray
irregular areas that appear brecciated) in a longitudinal section through the living part of an extant specimen of
Astrosclera willeyana, collected at a depth of 25 m, Ribbon Reef No. 10, Lizard Island, Great Barrier Reef, Australia,
X2.4 (adapted from Reitner & others, 1997, pl. 2,2; courtesy of E. Schweizerbart Science Publishers); 2, SEM of
smooth walls composed of aragonite spherulites in the skeleton of a Recent specimen of Astrosclera willeyana, col-
lected from a reef crest cave of Osprey Reef, Great Barrier Reef, Australia, X175 (adapted from Wérheide, 1998,
pl. 28,3); 3, SEM of aragonite fibers composing the skeleton of a Recent specimen of Astrosclera willeyana, collected
at a depth of 270 m from the forereef slope of Osprey Reef, Great Barrier Reef, Australia, X130 (adapted from
Worheide, 1998, pl. 28,4); 4, thin section of spherulitic skeleton (darker areas) of Astrosclera cuifi, Upper Triassic
(Norian), Turkey, X50 (adapted from Worheide, 1998, pl. 30,1); 5, thin section of sub-acanthostyles (arrows) in
the skeleton of Astrosclera cuifi, Upper Triassic (Norian), Turkey, X220 (adapted from Wérheide, 1998, pl. 30,6); 6,
thin section of the spherulitic skeleton with a single sub-acanthostyle between several spherulites in Aszrosclera cuifr,
Upper Triassic (Norian), Turkey, X467 (adapted from Wérheide, 1998, pl. 30,8; views 2—6 with kind permission
of Springer Science+Business Media).
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2. Bioerosion represented by micro-,
meso-, and macroborings, including
borings by acrothoracian barnacles (see
Fig. 106.3; WEsT & CLARK, 1984).

3. Transportation as indicated by
abraded surfaces and fragmentation.

4. Infilling of skeletal cavities by sedi-
ment and/or cement.

5. Recrystallization (coalescence, euhe-
dralization, micritization).

6. Compression, which produces diage-
netic fragmentation.

7. Cementation (micro-dogtooth spar
and mosaic calcite).

8. Stylolitization.

9. Silicification.

10. Cleavage.

11. Dissolution.

12. Ferruginization, e.g., pyritization.

RODRIGUEZ (2004, p. 151) pointed out
that some of these processes began even
before the death of the coral polyps. The
same is also true for extant chaetetids
in that alteration of the skeleton begins
before the death of the organism, as noted
by REITNER and GAUTRET (1996); and it is
safe to assume that the same was true for
fossil chaetetids.

As noted previously, not all extant
hypercalcified demosponges contain
spicules during life. Silica-poor water
and other environmental factors may
preclude the formation of spicules in some
extant taxa. When spicules are present,
most of them are contained in the soft
tissue of extant taxa and are not always
incorporated into the calcareous skeleton
(KIRKPATRICK, 1911; HARTMAN & (GOREAU,
1975). Additionally, silica is unstable in
the presence of calcium carbonate and
siliceous spicules are commonly corroded
away in older parts of the calcareous
skeleton of still-living taxa (HARTMAN &
GOREAU, 1970, 1972). Perhaps, as growth
continues, it is more economical to recycle
the silica in old spicules than extract it
from seawater, given that the silica content

in the world ocean may have been low.
Ocean water today is undersaturated in
silica (BROECKER, 1974, p. 33) and aver-
ages 2 ppm (ARMSTRONG, 1965, cited in
KENNISH, 1989, p. 60). BROECKER (1974,
p. 33) further indicated that hydrous
silica dioxide, opal, would readily dissolve
in seawater unless protected by some
insoluble substance, such as an organic
covering. Given the environmental factors
that affect spicule formation in living taxa,
and taphonomic processes that remove
any that do occur, it is not surprising that
spicules are relatively rare in fossil forms,
and that when they are present, they occur
as pseudomorphs (Fig. 41-43). This is
unfortunate because spicule composition
and morphology are the primary skeletal
features upon which sponge systematics
is based (Fig. 53.1). Thus, in most fossil
specimens of hypercalcified demosponges
with a chaetetid skeleton, only the calcar-
eous skeleton is left, and the features
it exhibits are less useful for systematic
studies. These less useful features are, in
order of importance: (1) original miner-
alogy and microstructure of the calcareous
skeleton; and (2) skeletal features such as
(a) the size, shape, and arrangement of
tubules in transverse section; (b) thickness
of walls and tabulae; and (c) spacing of
tabulae (Fig. 53.1). Taphonomic processes
that alter these features can have a signifi-
cant negative impact on systematic studies.

Hypercalcified demosponges with a
chaetetid skeleton are composed of arago-
nite or Mg calcite with different micro-
structures (Table 2) and are thus highly
susceptible to diagenetic processes such
as recrystallization and replacement (Fig.
46; and see Fig. 54). These diagenetic
processes can alter the original miner-
alogy and microstructure of the skel-
eton, thus reducing, or eliminating, their
systematic usefulness. Although the basic
microstructure may remain unchanged in
Mesozoic and some upper Paleozoic forms
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F1G. 49. (For explanation, see facing page).
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(Fig. 48-52), the size and chemical compo-
sition of the crystals forming that structure
may change (Cuir & GAUTRET, 1987;
GAUTRET & RAZGALLAH, 1987; GAUTRET,
VACELET, & CUIF, 1991; MASTANDREA &
Russo, 1995; DauprHIN, GAUTRET, & CUIF,
1996). However, even the microstructure
of these more recent (Mesozoic) forms
can be muted or destroyed (VEIZER &
WENDT, 1976). Additionally, a diageneti-
cally altered microstructure may mimic the
original microstructure in other taxa. For
example, micritization can produce a gran-
ular microstructure in some taxa, when
it was not the original microstructure of
the skeleton. Thus, it becomes difficult
to separate such diagenetically produced
skeletons with a granular microstructure
from those in which the original micro-
structure was/is granular. GAUTRET (1987)
addressed this issue in some extant and
Triassic hypercalcified demosponges, and
she differentiated between diagenetically
produced and original granular micro-
structural skeletons, using the chemical
composition of the skeletons. Along with
studies of the major-element composition

of chaetetid skeletons (GAUTRET, 1987),
more recent studies have focused on the
minor-element and amino acid content
of these skeletons (GAUTRET & MARIN,
1993; MARIN & GAUTRET, 1994) as a way
of evaluating the effects of diagenesis.

Diagenesis has almost completely
destroyed the original microstructure of
lower and middle Paleozoic hypercalcified
demosponges with a chaetetid skeleton.
When careful and detailed studies of the
microstructure of chaetetid skeletons is
accomplished, the results will probably
be much like those reported by STEARN
(1966) and RIDING (1974a) for stromato-
poroids. Only future studies will deter-
mine how useful elemental and amino acid
compositions of the calcareous skeletons of
Paleozoic hypercalcified demosponges will
be in learning more about their original
composition and microstructure.

With spicules absent or rarely preserved
as pseudomorphs, and lacking informa-
tion on the original composition and
microstructure of the calcareous skeleton,
the taphonomic impact on the readily
visible skeletal features such as tubules,

F1G. 49. Fascicular fibrous water-jet microstructure in Merlia normani; I, microstructure and junction between walls
(white arrow) in a polished and etched transverse surface of the extant species M. normani, Madeira, X350 (adapted
from Gautret, Vacelet, & Cuif, 1991, pl. I1,4; courtesy of Publications Scientifiques du Muséum national d’Histoire
naturelle, Paris); 2, water-jet microstructure in a polished and etched longitudinal surface of the extant species M.
normani, Madeira, X1167 (adapted from Gautret, Vacelet, & Cuif, 1991, pl. I,4; courtesy of Publications Scientifiques
du Muséum national d’Histoire naturelle, Paris); 3, interpretive sketch of a transverse section across a tubule of M.
normani; arrows indicate junction between walls (possibly junction of pseudosepta), compare with white arrow in
view I; line A-B is the plane of the microstructural unit shown in view 4 (adapted from Cuif & Gautret, 1993, p.
310, fig. 1.1; courtesy of E. Schweizerbartsche Verlags, Naegele U Obermiller Science Publishers); 4, interpretive
sketch of the typical water-jet microstructure in a longitudinal section (4-B in view 3) through a structural unit of
M. normani (adapted from Cuif & Gautret, 1993, p. 310, fig. 1.2; courtesy of E. Schweizerbart Science Publishers).
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FiG. 50. Fascicular fibrous water-jet microstructure, Carboniferous, Pennsylvanian; 7, SEM of a tangentially fractured

chaetetid skeleton, Moscovian, Moscow Basin, Russia, X50 (West, 2011a); 2, enlarged view as seen in an SEM of a

longitudinally fractured chaetetid skeleton, Moscovian, Moscow Basin, Russia, X60 (West, 2011a); 3, longitudinal

thin section of a chaetetid skeleton, Amoret Limestone Member, Altamont Limestone, Montgomery County, Kansas,
X65 (adapted from Mathewson, 1977, pl. 7,1; courtesy of Kansas State University).
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2

FiG. 51. Fascicular fibrous water-jet microstructure, Carboniferous, Pennsylvanian (continued); 7, polished and
etched longitudinal section of Chaetetes (Chaetetes) cylindricus, near Moscow, Russia, X200 (adapted from Gautret,
Vacelet, & Cuif, 1991, pl. I11,1); 2, polished and etched transverse section of C. (Chaetetes) cylindricus, near Mos-
cow, Russia; note the junction of two microstructural units along a diagonal from the upper right to the lower left,
X200 (adapted from Gautret, Vacelet, & Cuif, 1991, pl. I11,2); 3, interpretive sketch of the microstructure of C.
(Chaetetes) cylindricus, near Moscow, Russia; 4, longitudinal section, &, transverse section; compare 4 to views I and
2, X80 (adapted from Gautret, Vacelet, & Cuif, 1991, p. 297, fig. 1; all views courtesy of Publications Scientifiques
du Muséum national d’Histoire naturelle, Paris).
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FiG. 52. Fascicular fibrous penicillate microstructure (clinogonal) in extant and fossil ceratoporellid chaetetids; 7,
SEM of the fascicular fibrous penicillate microstructure (clinogonal) in a fractured surface near the growing tip of
a tubule in an extant specimen of Ceratoporella nicholsoni, West Indian Caribbean, X300 (adapted from Hartman
& Goreau, 1972, fig. 4; courtesy of Transactions of the Connecticut Academy of Arts and Sciences); 2, SEM of the
aragonitic epitaxial backfill that results in the fascicular fibrous penicillate microstructure in a fractured surface of
an extant specimen of Ceratoporella nicholsoni, Jamaica, X135 (adapted from Wood, 1991b, p. 329, fig. 5a, with
kind permission of Springer Science+Business Media); 3, SEM of the aragonitic fascicular fibrous penicillate mi-
crostructure (clinogonal) in a fractured surface of Atrochaetetes medius, Upper Triassic, Italy, X375 (adapted from
Wendt, 1984, p. 331, pl. 1,6; courtesy of Paleontological Research Institution, Ithaca, New York).
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FiG. 53. Categories of skeletal features and potential results of diagenetic processes; I, three categories of skeletal
features used in systematic studies of chaetetid sponges: 2 primary, the composition and morphology of mega- and
microscleres; S, secondary and includes the original mineralogy and microstructure; and 7, tertiary and includes
size, shape and arrangement of tubules in transverse section, thickness of walls and tabulae, and spacing of tabu-
lae (adapted from Wood, 1987, p. 52, fig. 21); 2-5, diagrams illustrating the potential diagenetic affects on the
skeletons of chaetetid sponges; 2, the original, as depicted, may be affected by the addition and/or subtraction of
minerals via interstitial fluids associated with recrystallization, replacement or both (West, 2011a); 3, results to the
original if the walls and tabulae are thickened and intertubular space reduced by deposition of additional inorganic
minerals from interstitial fluids (West, 2011a); 4, results to the original if the spicules are dissolved, the walls and
tabulae reduced in thickness, and the intertubular space increased through dissolution via interstitial fluids (West,
2011a); 5, results if the spicules are dissolved, and the original mineralogy and microstructure is muted or destroyed
by recrystallization and/or replacement (West, 2011a).
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Fi6. 54. (For explanation, see facing page).
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walls, and tabulae must now be examined.
Although taphonomic processes rarely
modify these features of the calcareous
skeleton beyond recognition, they can
make it difficult, if not impossible, to
separate the mineral component of the
original skeleton from that produced
taphonomically. There are three areas of
mineralization in the calcareous skeleton
of Acanthochaetetes wellsi (see REITNER &
others, 2001), a species that is a reason-
able analogue for chaetetid skeletons.
One of these, the older parts of the
calcareous skeleton between tabulae, is
especially important relative to skeletal
features. Necrotic (before death) change
occurs within this area, because decaying
soft sponge tissue produces ammonia
(REITNER & GAUTRET, 1996), creating
an environment for the precipitation
of calcium carbonate. Such mineraliza-
tion can increase skeletal features such
as wall and tabulae thicknesses, alter
the cross-sectional shape of the tubules,
and ultimately fill the space completely
with precipitated calcium carbonate.

Furthermore, it is reasonable to suggest
that other processes might produce an
acidic environment that could lead to the
dissolution of tubule walls and tabulae.
Such dissolution would decrease the
thickness of the walls and tabulae, and it
could even remove tabulae, consequently
affecting the distance between tabulae, as
well as altering the cross-sectional shape
of the tubules. Thus, the size, shape,
and arrangement of the tubules and the
thicknesses of the walls and tabulae can
be altered during life. After death, and
during and after final burial, diagenetic
processes (physical, chemical, and biolog-
ical) continue to modify and/or destroy
chaetetid skeletons through dissolution
and/or chemical precipitation (Fig. 53.2—
53.4; WEsT, 1994, p. 401). For example,
partial or complete recrystallization and/
or silicification of chaetetid skeletons is
commonly observed in some Carbonif-
erous specimens (Fig. 54-55).

As noted above, systematic studies
require primary features (spicules, which
are commonly absent) and secondary

FiG. 54. Examples of diagenetically altered chaetetid skeletons, Carboniferous, Pennsylvanian; /, tangential to
transverse thin section, showing chert replacing tubule walls and filling the tubules (white areas in upper right
and left corners of image) in a chaetetid skeleton, Amoret Limestone Member, Altamont Limestone, Montgomery
County, Kansas, X20 (West, 2011a); 2, longitudinal thin section, showing calcite spar coating tubule walls and
tabulae in a chaetetid skeleton, Amoret Limestone Member, Altamont Limestone, Mongomery County, Kansas;
note the difference in the thickness of, and space between, tabulae because of the differential coating of tabulae,
X100 (West, 2011a); 3, SEM of a longitudinal fracture surface, showing the extensive coating, replacement, and
filling of the pore spaces in a chaetetid skeleton, Amoret Limestone Member, Altamont Limestone, Montgomery
County, Kansas, X60 (West, 2011a); 4, transverse thin section, showing the differences in the wall thicknesses of
tubules in a chaetetid skeleton, Bird Springs Formation, Kyle Canyon near Grapevine Spring, Nevada, note that
tubule walls in the center are conspicuously thinner than those on either side, X30 (West, 2011a); 5, transverse thin
section, showing calcite spar coating tubule walls and filling some tubules and obscuring the walls in a chaetetid
skeleton, Bird Springs Formation, near Mountain Springs, Nevada, X30 (West, 2011a).
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FiG. 55. Examples of diagenetically altered chaetetid skeletons (continued); 7, SEM of a transverse surface, showing

the increase in tubule wall thickness by the addition of mineral deposits in Chaetetes (Chaetetes) radians, Carbon-

iferous, Pennsylvanian (Moscovian), near Moscow, Russia, X30 (West, 2011a); 2, SEM of the upper right corner
of view I (note how this diagenetic process affects the cross-section shape of the tubules), X60 (West, 2011a).

FiG. 56. Similarities and differences between the cross-sectional areas of the tubules from some Carboniferous
species of chaetetids; 7, SEM of transverse surface, showing cross-sectional area (cross-sectional area of a single
tubule is illustrated by the white area near center of the left margin, white arrow) of tubules in Chaetetes (Chaetetes)
radians FISCHER VON WALDHEIM, 1830, Pennsylvanian (Moscovian), near Podolsk, south of Moscow, Russia, X20
(West, 2011a); 2, matrix showing the results of grouped T-tests of the cross-sectional areas of the tubules in eight
different Carboniferous species (designated by *): (a) groups 8 and 9 are from two different thin sections from the
same stratigraphic and geographic locality of Chaetetes (Chaetetes) milleporaceous® MILNE-EDWARDS & HAIME, 1851;
(b) groups 21 and 22 are two different areas from the same thin section of the holotype of Chaezetes (Chaetetes)
schucherti* MORGAN, 1924; (c) group 28 is from a thin section of the holotype of Chaetetes (Chactetes) eximius*
MOoORE & JEFFORDS, 1945; (d) group 40 is from a thin section of a paratype of Chacetetes (Chaetetes) subtilis* MOORE
& JEFFORDS, 1945; (e) group 41 is from a thin section of the holotype of Chaetetes (Chaetetes) favosus* MOORE &
JEFFORDS, 1945; (f) group 14 is from a thin section of a chaetetid, Mississippian (upper Visean—Serpukhovian),
Kentucky; (g) groups 16 and 20 are of two different thin sections of C. (Chaetetes) radians FISCHER VON WALDHEIM,
1830, presumably from the same stratigraphic and geographic locality; and (h) groups 17 and 18 are two different
areas on the same thin section of Chactetes (Chactetes) depressus* (Fleming, 1828b); D, the groups are different; ND,
there is no difference between the groups; D', the same species are different from themselves, although the expected
results are that there would be no difference. Significant results are that there are: (1) no differences between: (a) C.
(Chaetetes) milleporaceous* (group 9) and C. (Chacetetes) schucherti* (group 21); (b) C. (Chaetetes) eximins® (group
28) and C. (Chaetetes) schucherti* (group 22); (c) C. (Chacetetes) favosus* (group 41) and C. (Chactetes) schucherti*
(group 22); (d) C. (Chaetetes) milleporaceous™ (group 8) and the lower Carboniferous chaetetid (group 14); (e) C.
(Chactetes) milleporaceous* (group 9) and C. (Chaetetes) radians (group 16); (f) C. (Chaetetes) radians (group 20)
and C. (Chaetetes) schucherti* (group 22), C. (Chaetetes) eximius* (group 28) and C. (Chaetetes) favosus* (group 41);
(g) C. (Chaetetes) depressus* (group 17) and the lower Carboniferous chaetetid (group 14); and (h) C. (Chaetetes)
depressus* (group 18) and C. schuchersi* (group 22), C. (Chaetetes) eximius* (group 28), and C. (Chaetetes) radians
(group 20); and (2) that there are differences (D') between groups 8 and 9, both C. (Chaetetes) milleporaceous*;
groups 21 and 22, both C. (Chaetetes) chucherti*; and groups 17 and 18, both C. (Chaetetes) depressus* (adapted
from West, 1994, p. 405, fig. 4; courtesy of E. Schweizerbart Science Publishers).
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Groups
8
9 D! C. (C.) milleporaceous

21 D ND
22 D D D!  C.(C.) schucherti holotype

28 D D D ND C. (C.) eximius holotype

40 D D D D D C. (C.) subtilis paratype

41 D D D ND D D C. (C.) favosus holotype

14 ND D D D D D D C. (C.) sp. Chesterian

16 D ND D D D D D D

20 D D D ND ND D ND D D! C. (C.) radians

17 D D D D D D D ND D D
18 D D D ND ND D D D D ND D! C. (C.) depressus

8 9 21 22 28 40 41 14 16 20 17 18  Groups

FiG. 56. (For explanation, see facing page).
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s10/2 | No [B] ~p [B]

310/1 |ND [[B] ND ND ND
3 3 3 3
1 1

P =l

3
1 1 1
0 0 0 0 0
/L /
5 6 5 4 3 1

FiG. 57. Similarities and differences between the cross-sectional areas of the tubules from a single laminar chaetetid,
Carboniferous, Pennsylvanian, Amoret Limestone Member, Altamont Limestone, Montgomery County, Kansas; 7,
upper surface (transverse section) of polished and etched surface of laminar chaetetid, X0.4; 2, outline of polished
and etched surface of specimen in view 1, with superimposed polar coordinates from 270° to 360° (10 rays 10°
apart) and 6 arcs, each 13 mm apart; 3, transverse acetate peel of the area at point 310-5, an example of the 100
tubules for which the cross-sectional area was obtained at each ray-arc intersection, X30; 4, sample sites along ray
310 with the one at arc 5 indicated by a black arrow; 5, matrix of T-tests comparing the 6 sample sites along ray
310, ND, no difference between sites; D, there is a difference between sites; expected results are that there would
be no differences between any of the sites (West, 2011a).
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features (the mineralogical composition
and microstructure of the calcareous skel-
eton). These secondary features are, in
numerous cases, extensively modified
and, along with absent spicules, are of
little value systematically. Therefore, an
examination of the skeletal features of
chaetetid skeletons alone is unreliable
given that such skeletons are polyphyletic
(WEsT, 1994). For example, hypercalcified

sponges with a chaetetid skeleton occur in
at least three orders of the Demospongiae
(Hadromerida, Poecilosclerida, and Agela-
sida) and possibly more. Additionally,
taphonomic processes further complicate
systematic studies, because they modify
such skeletal features as the cross-sectional
area of tubules, to the extent that they
have little significance (WEsT, 1994, 1995;
Fig. 55-50).






FUNCTIONAL MORPHOLOGY OF THE FOSSIL
HYPERCALCIFIED CHAETETID-TYPE PORIFERA
(DEMOSPONGIAE)

RonarlDp R. WEsT

INTRODUCTION

Hypercalcified sponges with a chaetetid
skeleton are members of the marine sessile
benthos. Extant members occur in areas
of very low light or complete darkness in
subtidal caves, crevices, and tunnels of coral
reefs, or on cliffs in the upper bathyal zone
down to a few hundred meters (VACELET,
1988) in the Caribbean Sea and Indo-Pacific
Ocean. There are three basic components
to extant hypercalcified sponges: (1) a thin
layer of living tissue, between 1 and 2 mm
thick; (2) a rigid basal calcareous skeleton
secreted by the living tissue; and (3) siliceous
spicules, both megascleres and microscleres,
secreted by the living tissue and most often
associated with it. Living tissue extends into
the calcareous skeleton only a few millime-
ters. The bulk of the skeleton, unless filled
by secondary calcium carbonate, is hollow
and during life may have contained seawater.
However, if the hollow tubules of the basal
calcareous skeleton were filled with seawater,
unless protected by a residual organic film,
the calcium carbonate of the skeleton would
have been adversely affected because of the
interaction between calcium carbonate and
seawater (CLARK, 1976). Spicules may also
occur within the skeleton just beneath the
layer of living tissue. In some extant taxa,
spicules are absent, and in others, there is
no calcareous skeleton (see Introduction to
the Fossil Hypercalcified Chaetetid-Type
Porifera, p. 15-19).

Reasonable inferences about the func-
tion of morphological features of fossils
requires careful application of the principles
of physics to these morphological features
and/or knowledge of extant representatives
that are morphologically similar and, pref-
erably, taxonomically related. Movement

of water to obtain food and expel waste
is essential to members of the phylum
Porifera, and thus, the physical principles
governing the dynamics of fluid flow are
useful in understanding this primary func-
tion (see also Functional Morphology of
the Paleozoic Stromatoporoid Skeleton,
p. 551-574). The extant genera Acantho-
chaetetes, Ceratoporella, and Merlia are
morphologically similar and, according to
some authors (HARTMAN & GOREAU, 1970,
1972; Cuir & GAUTRET, 1993; WoobD,
1990b, 1999), taxonomically related to
fossil hypercalcified sponges with a chae-
tetid skeleton.

Skeletal remains of fossil chaetetids
consist of two components: pseudomorphs
of spicules and a basal calcareous skeleton.
Pseudomorphs of both megascleres and
microscleres have been recognized. Mega-
scleres are typically simple monaxons, and
microscleres are commonly small spherical
objects. Any spicules, or pseudomorphs
of spicules, present in fossil forms will be
contained within the calcareous skeleton.
Because the spicules in extant forms are
siliceous, the same is assumed for any spic-
ules in fossil forms during life. The calcar-
eous skeleton is composed of vertically
arranged contiguous tubes (tubules), and
the tubules are most accurately defined as
irregular polygons in transverse section.
Tabulae, horizontal partitions, commonly
occur within the tubules and are readily
visible in longitudinal and transverse
sections (see Fig. 15-16). A foramen (or
pore) has been observed near the center
of the tabulae in some extant forms, and
may be seen in fossil forms (see Fig. 34).
Features referred to as pseudosepta are
visible in tangential sections of some

tubules (see Fig. 39-40).
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EXTERNAL FEATURES
GROWTH FORM

The chaetetid calcareous skeleton is
very simple, both externally and internally.
External features include the basal layer,
astrorhizae, mamelons, chimneys, and tuber-
cules, though these structures are not always
seen. The most obvious aspect of the calcar-
eous skeleton is its general overall shape,
which is very similar to that observed in
stromatoporoids (see External Morphology
of Paleozoic Stromatoporoids, p. 419-486,
for a detailed discussion of the shapes and
growth habits of Paleozoic stromatoporoids).
In chaetetids, there are three basic shapes:
laminar, domical, and columnar (WesT &
KERrsHAW, 1991), which result in a number of
variations termed morphotypes by KERSHAW
and WEsT (1991, fig. 1). These morpho-
types can increase in size, or be modified in
shape, during life by increasing the number
of tubules via longitudinal fission, intertu-
bular increase, peripheral expansion, or the
combinations of two or more of these three
(see Introduction, p. 15-80). Assuming
that a laminar accretionary unit (KERSHAW
& WEsT, 1991, fig. 7) is the basic building
block for all of these morphotypes, environ-
mental conditions become the controlling
factors. This is not the case in all hypercalci-
fied sponges, namely stromatoporoids. For
example, KErsHAw (1981) has shown that
some stromatoporoid species in the same
environment may develop different growth
forms. Although future studies might indi-
cate there is a genetic difference between
some or all of these different growth forms
in fossil chaetetids, our present knowledge
suggests that the different growth forms are
largely the result of environmental factors.

The basic reason for a calcareous skeleton
in chaetetids is no doubt the same as it is for
other clonal lower invertebrates that produce
similar skeletons, namely other sponges (like
stromatoporoids), corals, and bryozoans.
All of these groups are suspension feeders,
and an elevated feeding surface above the
sediment—water interface where the water

is less turbid and the water velocity slightly
higher is advantageous (WiLDISH & KRisT-
MANSON, 1997). STEARN, in a later section on
the functional morphology of the Paleozoic
Stromatoporoid Skeleton (p. 551-574,
summarizes the possible explanations for a
calcareous skeleton in stromatoporoids, and
these explanations can, in general, also be
applied to chaetetids.

Given the potential importance of
turbidity on the growth form of chaetetids,
WEsT and RoTH (1991) examined the
insoluble residues (siliciclastic content) of
chaetetid-bearing, and some associated,
carbonate rocks. Results of this prelimi-
nary study indicated that the siliciclastic
content of carbonates containing laminar
chaetetids was significantly higher than it
was in carbonates containing domical and
columnar chaetetids (Tables 3—4). Addi-
tionally, WEsT and RoTH (1991) compared
the siliciclastic content in each of these
three different chaetetid carbonates (habi-
tats) to an environment represented by
algal carbonates in which chaetetids were
absent. There was no significant difference
between carbonates containing domical and
columnar chaetetids and algal carbonates
(Table 4). Based on these results, WEsT and
RotH (1991) suggested that laminar chae-
tetids grew in turbid (dirty) water habitats,
and both domical and columnar chaetetids
competed with phylloid and other algae in
less turbid (cleaner) water environments.
Because cleaner water is more favorable for
photosynthesizing algae, a low siliciclastic
content would be expected. However, the

TABLE 3. Mean values of percent of silicilastics

(insolubles) in chaetetid habitats (differ-

ent growth forms) and algal environments
(carbonates) (West, 2011b).

Mean % insolubles

No. of samples

Laminar 25.1 20

Low domical 6.8 8

High domical 6.0 14
to columnar

Algal carbonate 4.3 44
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TaBLE 4. Matrix of results of grouped t-tests of mean values of percentages of siliciclastic content
(see Table 3); n, number of observations (siliciclastic content); D, difference between groups;

ND, no difference between groups. Differences and no differences are significant at a probability
of 0.05 (West, 2011b).

Groups  Laminar Laminar to low domical Domical to columnar  Algal carbonate
(n =20) (n=28) (n=14) (n = 44)
1 Laminar
2 D Laminar to low domical
3 D ND Domical to columnar
4 D ND ND Algal carbonates
1 2 3 4 Groups

fact that carbonates containing domical and
columnar chaetetids are also low in siliciclas-
tics led WEST and RoTH (1991) to suggest
that these chaetetids might have contained
some photosynthesizing symbionts like
zooxanthellae and competed with the algae
for space. Supporting this suggestion is the
reported association between autotrophs
and bacteria within marine sponges (WULFF,
2006). ErwiN and THACKER (2006) reported
photosymbionts in reef sponges, and HiLL,
Lorez, and HARRIOTT (2006) reported
sponge-specific cyanobacterial and other
bacterial symbionts in Caribbean sponges.
Such an association could also explain, to
some extent, the tendency for chaetetids
in such an environment to develop greater
vertical than lateral components of growth.
WEST (1994) suggested that such symbionts
might also be responsible for variations
observed in the tubule geometry of chae-
tetids. Even in cleaner water environments,
the water at the sediment—water interface
would be more turbid, and this could
explain why the initial growth of domical
and columnar chaetetids was commonly
an accretionary laminar unit (KERSHAW &
WEsT, 1991).

GROWTH RATES

Growth rates of 1 mm to 10 mm over
several years have been suggested for Prycho-
chaetetes (Ptychochaetetes), a Jurassic chaetetid
(FABRE & LATHUILIERE, 2007, p. 1539), but
these estimates are based on growth rates in
corals. Estimates and 7z situ studies of two
extant species of hypercalcified sponges with

a chaetetid skeleton provide growth rates for
these extant forms. The specimens studied
were low domical and/or laminar forms, and
the results refer to vertical growth and also to
lateral expansion of the basal calcareous skel-
eton in Ceratoporella nicholsoni. C. nicholsoni
was studied 77 situ by WILLENZ and HARTMAN
(1985) in a reef tunnel off the coast of Jamaica
for six months (mid-1984 to early 1985) and
continued until 1997 (WiLLENZ & HARTMAN,
1999). Oomori and others (1998) estimated
the rate of growth in Acanthochaetetes wellsi
using chemical signatures in growth bands
as described by BENAVIDES and DRUFFEL
(1986). In situ studies of Acanthochaetetes
wellsi in a dark reef cave in the fringing reef
of Lizard Island (Great Barrier Reef) were
reported by REITNER and GAUTRET (1996).
Based on their study that lasted 320 days,
REITNER and GAUTRET (1996) reported an
annual growth rate of 0.05-0.1 mm for A.
wellsi. They further noted (p. 193) that the
skeleton formed in a narrow zone between
the basopinacoderm and the mature basal
skeleton (Fig. 58-59). The rate of growth
in C. nicholsoni given by DUSTAN and Sacco
(1982) and BENAVIDES and DRUFFEL (1986)
are relatively the same as those based on
the long-term in situ study of C. nicholsoni
in Jamaica that provided an average annual
growth rate of 0.21 to 0.23 mm (WILLENZ &
HARTMAN, 1999). The basal skeleton of C.
nicholsoni formed from a layer of basopinaco-
cytes in the mesohyl at the interface between
the living tissue and the aragonitic skeleton
(WiLLENZ & HarTMAN, 1989). Studies of C.
nicholsoni by LAzZARETH and others (2000)
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FiG. 58. Growth in Acanthochaetetes wellsi; vertical sec-
tion of a tubule with living tissue. Tubule is divided into
six sections: /, spiraster microsclere (SA) crust; 77, lower
dermal layer (DL) with large cells with granules (LCG)
and skeletal growth fronts (MZ); III, choanosome
(CH) and tylostyle megascleres (75); IV, basal part
with tabula (7) formation; V, crypt cells (CC) [theso-
cytes, resting-surviving cells]; and V7, nonliving basal
skeleton (BS), X22.4 (adapted from Reitner & Gau-
tret, 1996, pl. 49,1; with kind permission of Springer
Science+Business Media; for a color version, see Treatise
Online, Number 21: paleo.ku.edu/treatiseonline).

using 0C revealed similar growth rates,
and ROSENHEIM and others (2004) using
calcein stain reported an average growth rate
of 0.18 mm/yr. However, growth rates vary
significantly from one individual to another
and within a given individual through time;
WILLENZ and HARTMAN (1999) reported a
growth rate of 0.12 mm/yr for small speci-
mens of C. nicholsoni. This is close to the 0.1
mm/yr rate reported for A. wellsi (REITNER &
GAUTRET, 1996).

These growth rates of hypercalcified
demosponges with a chaetetid skeleton are
compared to growth rates reported for other
clonal invertebrates in Tables 5-7. Table
5 provides the taxa, age, habitat, growth
rate in mm/yr, reference, and pertinent
remarks for hypercalcified and nonhyper-
calcified extant sponges, hermatypic and
ahermatypic extant corals, and extant bryo-
zoans. For some sponges and bryozoans,
the data are reported as areas, i.e., mm?/
yr. Similar data for Ordovician, Silurian,
and Devonian corals are given in Table 6.
The same information is given in Table 7
for specimens of extant hermatypic corals
from different water depths from the Carib-
bean and Indo-Pacific. There are data for
Montastrea annularis, Montastrea cavernosa,
Porites asteroides, and Siderastrea siderea
from the Caribbean, and for Astreopora
myriophthalma, Porites lobata, Goniastrea
retiformis, Favia speciosa, Porites lutea,
and Favia pallida from the Indo-Pacific.
Two aspects of the data in Tables 5 and
7 are particularly obvious and important:
(1) the growth rate of all the other clonal
invertebrates listed is an order of magnitude
greater than the growth rate for either of
the two hypercalcified sponges (Table 5);
and (2) the growth rate of extant herma-
typic corals varies with water depth; often,
though not always, the growth is slowest in
deeper water (Table 7). In Oculina varicosa
(Table 5), the ahermatypic form of this
species grows faster in deep, cold water
than the hermatypic form does in shallow,
warmer water.
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F16. 59. Growth in Acanthochaetetes wellsi (continued); uppermost growing zone of tubule wall, enlargement of
upper part of section II in Figure 58. MPE mucus-rich parts of basal skeleton within active mineralizing front (M2)
beneath basal pinacoderm (P), S4, spiraster microsclere crust, collagenous fibers (CF) within basal skeleton (arrows),
large cells with granules (LCG), X640 (adapted from Reitner & Gautret, 1996, pl. 49,2; with kind permission of
Springer Science+Business Media; for a color version, see Treatise Online, Number 21: paleo.ku.edu/treatiseonline).

Few data are available on the growth
rates of fossil clonal invertebrates. DuLLO
(2005) provided some data for Pleistocene
coral specimens, and Ma (1933, 1937a,
1943a, 1943b, 1943c) and FauL (1943)
provided data on Ordovician, Silurian, and
Devonian rugose and tabulate corals. But,
there are no data on the growth rates of
fossil bryozoans or hypercalcified, or other
fossil, sponges. Ma (1934, 1937b) also
documented the growth rate of numerous
extant coral taxa from the South Pacific
and areas around the Japanese islands. To
determine the reliability of the growth
rates reported for these fossil corals by Ma
(1943a, 1943b, 1943c) and FauL (1943),
a comparison was made between growth
rates of some extant coral species reported
by Ma (1937b) with those reported by
Dutro (2005) for the same extant species
in the same general areas. This comparison
(Table 8) shows that the growth rates
reported by Ma (1937b) are very close to
those reported by DuLLo (2005) for the
same species from the same general area;

the difference is less than a millimeter. MaA
(1943a, 1943b, 1943c) and FauL (1943)
used the same technique in determining
the growth rates of fossil corals as Ma
(1937b) used to determine the growth
rates of extant corals. Thus, given the
results in Table 8, and the fact that the
technique for determining the growth
rates of both extant and fossil corals is the
same, the growth rate data for fossil corals
reported by Ma (1943a, 1943b, 1943¢)
and FauL (1943) are reasonable growth
rate estimates.

Using the growth rates of fossil corals
from Ma (1943a, 1943b, 1943c) and FauL
(1943) and those of some extant corals and
hypercalcified demosponges, it is possible to
obtain a rough estimate of the growth rate of
some fossil hypercalcified sponges, i.e., those
with a chaetetid skeleton. The proportional
relationship between the growth rate of an
extant coral and the growth rate of an extant
hypercalcified demosponge can be used to
estimate the growth rate of fossil hypercal-
cified demosponges, if the growth rate of
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TABLE 5. Measured growth rates in mm/yr of extant clonal invertebrates: sponges, corals, and
bryozoans; for some sponges and bryozoans, data on growth rate was only available in mm?/

year, as noted on p. 84 (West, 2011b).

Taxa Habitat Measured growth rates Reference Remarks
Sponges
Raspailia shallow 1-10 mm/yr Kaandorp &
inaequalis marine mean = 5 mm/yr Kubler, 2001
Haliclona shallow 52-78 mm/yr; Kaandorp & tolerates low salinity
oculata marine mean = 65 mm/yr Kubler, 2001 and silt
Tedania shallow 160-312 mm?/yr; Knott & others, littoral to 100 m
anhelans marine mean = 236 mm’/yr 2006
Acanthochaetetes cryptic 0.05-0.1 mm/yr; Reitner & water depth =
wellsi marine mean = 0.075 mm/yr Gautret, 1996 6-15m
Ceratoporella cryptic 0.12-0.23 mm/yr; Willenz & water depth =
nicholsoni marine mean = 0.175 mm/yr Hartman, 1999 25-29 m
Corals
Hermatypic marine 20-80 mm/yr; Wells, 1957
mean = 50 mm/yr
Hermatypic marine 9 mm/yr Krempf, 1934
Hermatypic marine 6-25 mm/yr; Vaughn, 1915 Florida corals
reef mean = 15.5 mm/yr
Hermatypic marine 1.1-180 mm/yr; Dullo, 2005, Caribbean Province
reef mean = 25.0 mm/yr table 2
Hermatypic marine 3-165 mm/yr; Dullo, 2005, Indo-Pacific Province
reef mean = 25.7 mm/yr table 2
Oculina varicosa 6m 11.3 mm/yr Reed, 1981 coastal Florida
hermatypic reef temp. = 24.6° C
Oculina varicosa 80 m 16.1 mm/yr Reed, 1981 coastal Florida
ahermatypic bank temp. = 16.2° C
Lophelia pertsua deep-water 5-10 mm/yr; Fossd, Mortensen, water depth =
ahermatypic marine mean = & Furevik, 2002; 39 to 3000 m;
7.5 mm/yr Mortensen & Rapp, 1998 temp. = 6-8° C
Bryozoa
Membranipora marine 720 mm/yr McKinney & encrusting kelp
membrancea lateral Jackson, 1989 0.8-1.2 mm/4-6 hr
Bugula marine 7300 mm/yr McKinney & fouling organism
neritina vertical and lateral Jackson, 1989 20 mm/day
Steginoporella sp. marine 110 mm/yr McKinney &
lateral Jackson, 1989
Repradeonella marine 30-40 mm/yr; lateral McKinney &
costulata mean = 35 mm/yr Jackson, 1989
Drepanophora marine 39.6-60 mm? /yr; McKinney & 2-3 cm? (max. size)
tuberculatum mean = 49.8 mm?/yr Jackson, 1989 in 6 months or less
Disporella marine 20.4-39.6 mm?/yr; McKinney & 1 ecm? (max. size)
Jfimbriata mean = 30 mm?/yr Jackson, 1989 in 3-6 months

fossil corals is known. Extant hypercalcified
demosponges for which there are data on
growth rates are Ceratoporella nicholsoni
and Acanthochaetetes wellsi, both of which
commonly occur in deeper water, cryptic
habitats (Table 5). Extant corals from a
similar habitat, from which there are growth
rate data, are the ahermatypic corals Oculina
varicosa and Lophelia pertsua (Table 5). As

noted in the footnote in Table 6, well over
50% of the fossil corals measured by Ma
(1943a, 1943b, 1943c¢) had a growth rate
of less than 10 mm/yr, and such a growth
rate seems appropriate for the calculation
of an estimate of the growth rate of fossil
hypercalcified demosponges. Results of these
calculations are given in Table 9, and the
estimated growth rate of fossil hypercalcified
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TaBLE 6. Estimated growth rates in mm/yr of Paleozoic corals (Ordovician, Silurian, and De-
vonian) (West, 2011b).

Taxa Age

Habitat  Estimated growth rates

Reference Remarks

Heliolites parvistella Ordovician!  marine

Columnaria alveolata ~ Ordovician!  marine

Heliolites parvistella Silurian® marine

Phaulactis angusta Silurian® marine

marine

Keriophyllum proliferum Devonian®

marine

Tabulophyllum ellipticum Devonian®

Prismatophyllum sp.4 Devonian  marine reef

Prismatophyllum sp.* Devonian  marine reef

1.2 mm/yr

20.0 mm/yr

1.2 mm/yr

35.0 mm/yr

2.0 mm/yr

30.0 mm/yr

1.75 mm/yr

6.2 mm/yr

Ma, 1943a, vol. 1 slowest growth of 122
specimens of 46 species

of 14 genera

Ma, 1943a, vol. 1 fastest growth of 122
specimens of 46 species

of 14 genera

Ma, 1943b, vol. 2 slowest growth of 545
specimens of 145

species of 43 genera

Ma, 1943b, vol. 2 fastest growth of 545

specimens of 145
species of 43 genera

Ma, 1943c¢, vol. 3 slowest growth of 494
specimens of 176

species of 32 genera

Ma, 1943c, vol. 3 fastest growth of 494

specimens of 176
species of 32 genera

Faul, 1943 slowest growth of 33
specimens of 4 species

in 1 genus

Faul, 1943 fastest growth of 33

specimens of 4 species
in 1 genus

187 of the 122 Ordovician specimens (71%) grew less than 10 mm/yr; 2475 of the 545 Silurian specimens (87%) grew less than 10

mm/yr; *318 of the 494 Devonian specimens (64%) grew less than 10 mm/yr; “Prismatophyllum is now Hexagonaria.

demosponges ranges from 0.02 to 0.2 mm/
yr. The range of measured growth rates for
extant hypercalcified sponges is 0.05 to 0.23
mm/yr (Table 5). Therefore, growth rates
are similar in fossil and extant hypercalci-
fied sponges.

Using the estimated minimum and
maximum growth rates of fossil hypercalci-
fied demosponges (0.02 mm/yr and 0.2 mm/
yr, respectively), the inferred age of a chae-
tetid mass 2.3 m thick in the Carboniferous
of southeastern Kansas (SucHy & WEsT,
2001) is between 11,500 and 115,000 years
old. Using the average growth rate, 0.05
mm/yr, of Carboniferous reefs (Table 10),
this chaetetid mass would be 46,000 years
old, about halfway between the ages based
on the estimated annual growth rate of
fossil hypercalcified demosponges. Because
there are a number of growth interruptions
in these Carboniferous chaetetids, these
inferred ages are probably minimal.

Regeneration of skeletons of injured
specimens was initially slower in Cerato-
porella nicholsoni, but increased to a normal
rate after a year and then increased slightly
(WiLLENZ & HARTMAN, 1999, p. 675).
LEHNERT and REITNER (1997) reported that
lateral regeneration of injured areas of C.
nicholsoni grew 102 to 154 times faster than
vertical growth. Assuming a growth rate
of 0.23 mm/yr for vertical growth, Sucny
and WEsT (2001, p. 441) calculated that
lateral growth would then proceed at the
rate of 23 to 35 mm/yr. This rate of lateral
expansion of the skeleton may be excessive
in that, as WILLENZ and HARTMAN (1999, p.
683) noted, LEHNERT and REITNER (1997)
reported the lateral expansion of the soft
tissue, not the skeleton. Although the lateral
expansion of the skeleton might have been
slower, any increase in the lateral growth rate
over the vertical growth rate would be advan-
tageous as these chaetetid sponges competed
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TABLE 7. Measured growth rates in mm/yr for specimens of extant hermatypic
corals from different water depths from the Caribbean and Indo-Pacific (data
from Dullo, 2005, table 1).

Taxa Habitat Measured growth rates  Location
Caribbean
Montastrea annularis depth <6 m 8.2 mm/yr inshore Florida
M. annularis depth> 6 m 6.3 mm/yr offshore Florida
M. annularis depth=5m 7.4 mm/yr Jamaica
M. annularis depth =45 m 1.6 mm/yr Jamaica
Montastrea cavernosa depth =10 m 3.6 mm/yr Jamaica
M. cavernosa depth =20 m 6.8 mm/yr Jamaica
M. cavernosa depth =30 m 4.1 mm/yr Jamaica
Porites asteroides depth = 0-1m 5.0 mm/yr Jamaica
P, asteroides depth=5m 5.0 mm/yr Jamaica
P asteroides depth =10 m 3.3 mm/yr Jamaica
P asteroides depth =30 m 2.3 mm/yr Jamaica
Siderastrea siderea depth =10 m 7.1 mm/yr Jamaica
S. siderea depth =20 m 3.0 mm/yr Jamaica
S. siderea depth =30 m 3.1 mm/yr Jamaica
Average 4.8 mm/yr
Indo-Pacific
Astreopora myriophthalma depth = 6-15m 13.0 mm/yr Enewetak
A. myriophthalma depth = 16-25 m 5.5 mm/yr Enewetak
Porites lobata depth = 6-15m 11.5 mm/yr Enewetak
P lobata depth = 16-25 m 6.0 mm/yr Enewetak
Porites lutea depth =0-5m 13.5 mm/yr Enewetak
P lutea depth = 6-15 m 11.0 mm/yr Enewetak
P lutea depth = 16-25 m 9.5 mm/yr Enewetak
P lutea depth =>25m 6.0 mm/yr Enewetak
Favia pallida depth = 0-5 m 7.5 mm/yr Enewetak
E pallida depth = 6-15 m 7.0 mm/yr Enewetak
E pallida depth = 16-25 m 7.0 mm/yr Enewetak
E pallida depth = 26-30 m 6.5 mm/yr Enewetak
Favia speciosa depth =0-5m 4.6 mm/yr Enewetak
E speciosa depth = 6-15m 8.5 mm/yr Enewetak
E speciosa depth = 16-25 m 7.0 mm/yr Enewetak
Goniastrea retiformis depth = 0-5m 10.0 mm/yr Enewetak
G. retiformis depth = 6-15m 9.5 mm/yr Enewetak
G. retiformis depth = 16-25 m 6.0 mm/yr Enewetak
Average 8.3 mm/yr

with other encrusting sessile benthos for
space on the seafloor.

Estimates of the growth rates of fossil
chaetetids and the ages of chaetetid masses,
as outlined above, is, of course, equiv-
ocal and may not be realistic. It should
be remembered that extant hypercalcified
demosponges, those used in this comparison,
live in areas of very low light or complete
darkness in subtidal caves, crevices, and
tunnels of coral reefs, or on cliffs in the upper
bathyal zone down to a few hundred meters
(VACELET, 1988). Because of their minor
role in post-Paleozoic reefs, this is probably
also true for the chaetetid taxa during this

time interval. During the Carboniferous
(Pennsylvanian), however, they were a major
constructor of shallow, subtidal reef mounds
in open marine settings (WEsT, 1988; SucHY
& WEsT, 2001), and thus their annual
growth rate may have been much greater.
The growth rates presented here are simply
to provide some possible indications of
longevity and rates of lateral expansion based
on those rates in extant taxa.

BASAL LAYER

A very thin feature with concentric
growth lines has been observed covering
the lower surface in some extant and fossil
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TasLE 8. Comparison of measured growth rates in mm/yr of some extant coral taxa from DuLLO
(2005) and Ma (1937b); p, average value (mean) of the number of measurements; 7, number
of measurements (adapted fromWest, 2011Db).

Taxa

Region

Measured growth rates Reference

Atlantic
Montastera annularis
M. annularis

Florida and Bahamas

Florida and Jamaica

Florida and Bahamas

Jamaica

Siderastrea siderea
S. siderea

Indo-Pacific

Favia pallida Japan and South Pacific

E pallida Enewetak

Favia speciosa

Japan and South Pacific

E speciosa Enewetak
Goniastrea retiformis Japan and South Pacific
G. retiformis Enewetak

Mean values for different regions

Mean values for different regions

Mean values for different regions

Ma, 1937b, table 1
Dullo, 2005

p=5.8mm/yr (n=7)
p=5.9 mm/yr
(n = 4, see Table 6)
p=3.5 mm/yr (n=06)
p=4.4 mm/yr
(n = 3, see Table 6)

Ma, 1937b, table 1
Dullo, 2005

Ma, 1937b, p. 187
range from 2.9-8.3 mm/yr
p=7.0 mm/yr
(n = 4, see Table 6)

Dullo, 2005

Ma, 1937b, p. 187
range from 3.2-9.2 mm/yr
p = 6.7 mm/yr
(n = 3, see Table 6)

Dullo, 2005

Ma, 1937b, p. 190
range from 2.5-7.7 mm/yr
p = 8.5 mm/yr
(n = 3, see Table 6)

Dullo, 2005

forms with a chaetetid skeleton and has
also been reported in fossil stromatoporoids
(STEARN, 1983b). Ceratoporella nicholsoni
has a “basal and lateral surface of the skeletal
mass covered by an epitheca showing growth
lines” (VACELET, 2002a, p. 827). HARTMAN
and GOREAU (1972, p. 135) stated that in
young specimens of C. nicholsoni, the basal
layer (their epitheca) is cup shaped, and in
larger specimens, it is restricted to the lower
surface of the skeleton, commonly obscured
where the animal is attached to the substrate.
Whether a basal layer, or something similar,
is deposited by the sponge upon settlement is
unknown, but it does occur on the exposed
edges of the basal calcareous skeleton in
some chaetetid specimens.

Invertebrates attach to hard substrates in a
number of ways, and some demosponges are
inferred to use collagenous glue (BROMLEY &
HEINBERG, 2006, p. 438). Other sessile clonal
invertebrates, such as bryozoans, use an acid
mucopolysaccharide secretion (BROMLEY &
HEINBERG, 2006, p. 437). In extant hypercal-
cified demosponges, the basal layer is mostly
composed of organic fibers (see Fig. 29), and

it is reasonable to suggest that it functioned
much like the periostracum in mollusks and
other invertebrates with an exoskeleton of
calcium carbonate; namely it protected the
skeleton from the adverse effects of seawater
(CLARK, 1976). STEARN (1983b, p. 145) has
suggested that in stromatoporoids, it func-
tioned to inhibit boring organisms from
attacking the underside of the skeleton.
Although it is rarely visible macroscopically
in fossil chaetetids, it has been observed
in some specimens and can be differenti-
ated from the basal calcareous skeleton in
SEM images of such specimens (see Fig.
29). Because it is thin, appears to be mostly
organic in composition, and is exposed
to seawater, it is often absent because of
physical, chemical, and biological processes
during life and after death. Careful study
of the contact between the basal calcareous
skeleton and the substrate, of both extant
and fossil forms, is necessary to determine
whether a basal layer, or something similar,
is deposited initially when the sponge colo-
nizes the substrate and becomes part of the
sessile benthos.
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TaBLE 9. Estimated growth rates of fossil hypercalcified sponges using the growth rates of ap-
propriate extant corals, hypercalcified sponges, and fossil corals. This table presents the method
used here for estimating growth rates for Paleozoic chaetetids. In part A, the ratio between the
growth rates of two extant corals, Lophelia pertsua and Oculina varicosa, from a habitat comparable
to that of two extant hypercalcified sponges, Ceratoporella nicholsoni and Acanthochaetetes wellsi,
were set equivalent to the growth rate of a Devonian rugose coral with an analogous compound
growth form, Prismophyllum (now Hexagonaria), relative to an unknown, value herein referred
to as X. By performing the calculations indicated, the results provide an estimate of the growth
rate of a Paleozoic chaetetid. The same method was used to determine the results in part B, using
the approximate growth rate determined for Paleozoic corals from the Ordovician, Silurian, and
Devonian, based on the data provided in Table 6, instead of that for Prismophyllum, and a second
estimate of the growth rate of Paleozoic chaetetids was obtained; p, average value (mean) of the
number of measurements; 7, number of measurements (see discussion on p. 86; West, 2011b).

A. Results using data for Prismophyllum sp. (now Hexagonaria) = 2-6 mm/yr; p = 4 mm/yr, n = 2 (Faul, 1943).

Lophelia pertsua: Ceratoporella nicholsoni = Prismophyllum:X
7.5:0.175 = 4:X

7.5X=0.175 X 4

X=0.09 mm/yr

Lophelia pertsua:Acanthochaetetes wellsi =Prismophyllum:X
7.5:0.075 = 4:X

7.5X=0.075 X 4

X =0.04 mm/yr

Oculina varicosa: Ceraroporella nicholsoni = Prismophyllum:X
16.1:0.175 = 4:X

16.1X=0.175 X 4

X =0.04 mm/yr

Oculina varicosa:Acanthochaetetes wellsi = Prismophyllum:X
16.1:0.075 = 4:X

16.1X=0.075 X 4

X =0.02 mm/yr

B. Results using a growth rate of 10 mm/yr based on the data contained in Ma (1943a, 1943b, 1943c) for Paleozoic
corals from the Ordovician, Silurian, and Devonian (see Table 6).

Lophelia pertsua:Ceratoporella nicholsoni = 10 mm/yr:X
7.5:0.175 = 10:X

7.5X=0.175 X 10

X =0.2 mm/yr

Lophelia pertsua:Acanthochaetetes wellsi =10 mm/yr:X
7.5:0.075 = 10:X

7.5X =0.075 X 10

X=0.1 mm/yr

Oculina varicosa: Ceratoporella nicholsoni = 10 mm/yr:X
16.1:0.175 = 10:X

16.1X=0.175 X 10

X =0.1 mm/yr

Oculina varicosa:Acanthochaetetes wellsi = 10 mm/yr:X
16.1:0.075 = 10:X

16.1X=0.075 X 10

X =0.05 mm/yr
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TasLE 10. Estimated growth rates of Phanerozoic reefs in mm/yr from DuLro (2005, tables
3—4); data converted to mm/yr and averaged for each geological period/system (West,

2011b).
Age Estimated Number Dullo table 4 data: Dullo table 4 data: Dullo table 4:
growth rate of reefs reef growth framebuilder growth ~ number of reefs
Cenozoic 0.07 mm/yr 8
Cretaceous 0.07 mm/yr 8
Jurassic 0.07 mm/yr 9 2.3 mm/yr; 6 mm/yr; 7
range: 1.5-4.3 mm/yr  range: 1-11 mm/yr
Triassic 0.17 mm/yr 6
Permian 0.09 mm/yr 6 0.3 mm/yr 4 mm/yr 1
Carboniferous*  0.05 mm/yr 6
Devonian 0.11 mm/yr 7
Silurian 0.07 mm/yr 4
Ordovician 0.03 mm/yr 4
Cambrian 0.08 mm/yr 4

*One of these Carboniferous reefs that contains chaetetids is the Horseshoe Atoll Reef Complex in the subsurface of Texas,
growth of which is estimated at 34.6 m/myr or 0.0346 mm/yr (Dullo, 2005, p. 42, table 3). See also Stafford (1959) and

Toomey and Winland (1973).
ASTRORHIZAE

These stellate patterns of grooves, called
astrorhizal canals, are associated with
the excurrent canal system and are not
commonly observed on fossil chaetetids.
When present, they are very shallow grooves
that are best seen in light with a low angle
of incidence (see Fig. 12-13). Individual
astrorhizal canals may be unbranched or
show primary and occasionally secondary
branches. HARTMAN (1984, p. 306) stated
that in the extant form Acanthochaetetes
wells, . . . astrorhizae are shallow, difficult
to see and not infrequently completely
absent.” Thus they are rarely present on
fossil chaetetids. Astrorhizae may occur on
one or two or none of the fossil chaetetids
that are numerous in any given stratigraphic
interval. That is to say, astrorhizae only
occur rarely, even when fossil chaetetids are
very abundant and make up the entire rock
layer. Unlike the astrorhizae in some fossil
(stromatoporoids) and some extant hypercal-
cified sponges, the astrorhizae in chaetetids
are confined to the exterior surface of the
basal calcareous skeleton; they have not
been observed to extend into the interior
of this basal skeleton of any of the valid
chaetetid genera. CulF and others (1973,
pl. 1,2) illustrated a longitudinal section
of astrorhizae in Blastoporella, but neither

spicules nor spicule pseudomorphs have
been found in this genus. In general appear-
ance, the astrorhizae in fossil chaetetids
are most like those described for A. wellsi
(HarRTMAN & GOREAU, 1975; HARTMAN,
1984). Astrorhizae are absent in Merlia
normani (HARTMAN & GOREAU, 1975, p.
10), and although they may be absent in
Ceratoporella nicholsoni, when present, the
grooves are deeper, about a millimeter, and
cover a larger area (HARTMAN, 1984, p. 306)
than in A. wellsi. In fossil chaetetids, the
astrorhizae cover a circular area of between
10 and 12 mm in diameter (see Fig. 12.3),
values within the range covered by astro-
rhizae in A. wellsi (HARTMAN, 1984, p. 306).
Within an area of 10.4 cm? on the surface
of a fossil chaetetid, there are six astrorhizae
(Fig. 60), and the distance between the
centers of these six range from 8.25 to 27
mm, averaging 16.2 mm (n = 15) (Table
11). In extant forms, astrorhizae are associ-
ated with mamelons, but this is not the case
in fossil chaetetids. Astrorhizae in fossil
chaetetids occur on a relatively smooth to
slightly irregular surface, but only rarely
do they occur centered on mamelons (see
Fig. 12.3). As in extant forms, the function
of this stellate pattern of grooves radiating
from an osculum are inferred to identify the
exhalant canal system in fossil chaetetids. As
water is moved through the sponge by the
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FI1G. 60. Six astrorhizae in 10.4 cm? area on the surface of a chaetetid, Carboniferous, Pennsylvanian, Amoret
Limestone Member, Altamont Limestone, Montgomery County, Kansas; see Table 11 for distances between
astrorhizae, X4.1 (West, 2011b).

flagellated collar cells, it is channeled into
the areas of the astrorhizal canals, thence
to the osculum (VogGEL, 1994, p. 190-191;
2003, p. 172—173) where it is expelled and
carried away by the water currents passing
over the surface of the fossil chaetetid, much
as occurs in morphologically similar extant
forms.

MAMELONS

These features are rounded regular or
irregular elevations of the exterior surface
of the chaetetid skeleton. They have been
observed but are not always present in
the extant taxa Ceratoporella nicholsoni
(HARTMAN & GOREAU, 1970; HARTMAN,
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1984) and Acanthochaetetes wellsi
(HAarRTMAN & GOREAU, 1975; HARTMAN,
1984). Although astrorhizae occur on
the mamelons of some specimens, they
are not present on all mamelons. Astro-
rhizae are part of the exhalant water
circulating systems in these sponges,
and some advantage might be realized
if the exhalant opening (osculum) is
elevated relative to the incurrent openings
(ostia) (HARTMAN, 1984, p. 310). Based
on Bernoulli’s Principle, water moving
over a U-shaped feature is pulled into
one opening if the other opening is raised
slightly above the surface of the first
opening (see VOGEL, 1994, p. 72; 2003,
p. 149). Experiments by Bovajian and
LABARBERA (1987) based on Bernoulli’s
Principle, suggested that mamelons and
associated astrorhizae would be advan-
tageous to taxa living in quiet water.
STEARN (see Functional Morphology of
the Paleozoic Stromatoporoid Skeleton,
p. 551-574) pointed out the reasons why
this cannot be applied to all occurrences
of forms with astrorhizae associated with
mamelons in stromatoporoids. These
same reasons are appropriate for fossil
chaetetids, as well as for some occurrences
of extant hypercalcified demosponges
with a chaetetid skeleton. For example,
HARTMAN (1984, p. 310-311), referring
to underwater photographs of in situ
specimens of C. nicholsoni stated: “In
several photographs a specimen with
mamelons occurs directly adjacent to
one without mamelons, indicating that
an environmental explanation does not
apply in these populations.” Mamelons
are not often observed on fossil chae-
tetids, and on the rare occurrences when
they are present, it is not clear, because of
weathering, whether or not they possess
astrorhizae (see Fig. 13.4). The tubules
composing the mamelons may appear
larger than those elsewhere on the upper
exterior surface of the basal calcareous
skeleton, but this is more apparent than

real (Fig. 61).

TasLE 11. Distance, in mm, between the
centers of the six astrorhizae in the 10.4 cm?
area shown in Figure 60; n =15, p=16.2 mm

(West, 2011Db).

1-2=15

1-3=17 2-3=125

1-4=22 2-4=21 34=825

1-5=11.5 2-5=19.5 3-5=12.25 4-5=13

1-6=145 2-6=27 3-6=21 4-6=20.5 5-6=8.5

CHIMNEYS

Vertically developed mamelons, with
an opening (osculum) at or near the apex,
that extend well beyond the general growth
surface of fossil chaetetids are referred to
as chimneys (see Fig. 14.4-14.5). These
features have not been recognized in extant
hypercalcified demosponges with a chaetetid
skeleton. I have only observed chimneys in
topotype specimens of a form described by
MORGAN (1924) as C. (Chaetetes) schucherti
from Pennsylvanian limestone in Oklahoma
(see Fig. 14.4-14.5). Chimneys are not
present on the holotype (Fig. 62.1) and are
not mentioned in the original description
of this species. MOrGAN (1924, p. 175)
noted the presence of “. . . short, round
tubes without walls, 3 mm in diameter . . .”
(Fig. 62.2) and suggested that these holes
“. .. may have been centers of reproduction,
goniopores, or they may have been para-
sitic animals.” He noted further that these
holes are best seen on weathered surfaces
(Fig. 62.3). Similar holes occur on some
topotype specimens and they are located:
(1) on weathered areas (a in Fig. 62.4); (2)
near the top of some cylindrical projections
(chimneys) (b in Fig. 62.4); and/or (3) on
and around the upper parts of domical to
irregularly shaped mamelons (c in Fig. 62.4).

At, or near, the top of these chimneys is
a 3 mm diameter opening (Fig. 63.1, Fig.
63.4) which, based on vertical sections,
extends downward 6 to 8 mm to near the
base of the chimney (Fig. 63.2-63.3, Fig.
63.5). These tubes are now filled with an
argillaceous carbonate matrix or sparry
calcite. The distance between these 3 mm
diameter openings ranges from 9 to 20
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F1G. 61. Tubules in vertically developed mamelons in topotype specimens of C. (Chaetetes) schucherti MORGAN,
1924, Carboniferous, Pennsylvanian, Homer School Limestone Member, Holdenville Formation, Seminole County,
Oklahoma; 7, longitudinal section of a vertically developed mamelon, note tubule size, X1; 2, enlarged view of
vertically developed mamelon in view 1, X2; 3, oblique view of vertically developed mamelon in view 1, X2.9; 4,
enlarged view of 3, X4.6; 5, plan view of exterior of vertically developed mamelons, X3.8 (West, 2011b).

mm and averages 12.5 mm (n = 12). This
is about the same as the average distance,
16.2 mm, between the centers of astro-
rhizae in fossil chaetetids (Table 10). Given
the similarity in spacing, and the fact that
astrorhizae are considered the area of the
exhalant water system, it may be suggested
that the openings at the top of vertically

developed mamelons, i.e., chimneys, func-
tioned as oscula. Openings associated with
exhalant fluid flow and referred to as chim-
neys occur in the bryozoan Membranipora
membranacea (Dassow, 20006).

Although it may be that some vertically
developed mamelons were associated with
the exhalant movement of water, such
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FiG. 62. Circular openings in upper exterior surface of C. (Chaetetes) schucherti MORGAN, 1924, Carboniferous,
Pennsylvanian, Homer School Limestone Member, Holdenville Formation, Seminole County, Oklahoma; 7, plan
view of upper exterior surface of holotype; light colored circles are 3 mm holes noted by Moraan, 1924, X0.25;
2, part of upper exterior surface of holotype showing 3 mm diameter holes; note that some, but not all, of these
holes are associated with mamelons, X0.8; 3, same as view 2, but slightly enlarged and of a different area; holes
in this view are not associated with obvious mamelons, X0.85; 4, upper exterior surface of a topotype specimen
showing location of 3 mm diameter holes: 4, on a weathered area, 4, near top of vertically developed mamelons,
i.e., chimneys, and ¢, on and around upper areas of domical to irregularly shaped mamelons, X0.4 (West, 2011b).

circular openings are not restricted to the
top of vertically extended mamelons and
occur elsewhere on the calcareous skel-
eton (Fig. 63.4). It is possible that all,
or some, of these circular openings are
the result of an associated symbiotic soft-
bodied invertebrate, i.e., sponge, coral,
or worm. Holes of the same diameter as
these, 3 mm, but much shallower, only 1
mm, have been observed in extant speci-
mens of Ceratoporella nicholsoni and are
the sites of commensal zoanthideans (soft
corals) that grew on the surface of the
sponge (HARTMAN & GoOREAU, 1970, p.
209). Smaller holes, 1.5 to 2.5 mm in

diameter, also occur in extant specimens
of C. nicholsoni (HARTMAN, 1984, p. 311)
and are attributed to Siphonodictyon, an
excavating member of the boring clionid
sponges (HARTMAN, 1984, p. 311). RUTZLER
(1971, p. 1) noted that he had frequently
observed the deep-yellow sponge chimneys
of Siphonodictyon protruding from living
coral heads. Hydroids are also known to be
symbiotic on, or inside of, sponges (Puce
& others, 2005).

Tubules that surround the circular tubes in
C. (Chaetetes) schucherti radiate out from the
tubes a distance of from 5 to 10 mm and then
turn upward (MORGAN, 1924, p. 175). This
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FiG. 63. Chimneys in topotype specimens of C. (Chaetetes) schucherti MORGAN, 1924, Carboniferous, Pennsylva-

nian, Homer School Limestone Member, Holdenville Formation, Seminole County, Oklahoma; , plan view of

chimneys, the one in left center is slightly abraded, X1.85; 2, longitudinal section of chimney showing depth of a

partially filled hole at top of vertically developed mamelon with a chimney, X1.25; 3, enlarged view of upper part

of chimney with partially filled hole in view 2, X2; 4, plan view of two adjacent chimneys, X1.9; 5, longitudinal
section of two adjacent chimneys seen in plan view in view 4, X2.15 (West, 2011b).

same arrangement occurs in topotype specimens
with mamelons, including those with a circular
opening at the top, i.e., chimneys (Fig. 64). The
vertically extended mamelons were constructed
by tubules that fanned out as they grew upward,
and the circular openings associated with some
mamelons appear to have been excavated later.
Tubules associated with these circular openings

do not appear to be distorted; there is nothing
that resembles the abnormal growth around
the suggested vermiform symbiotics illustrated
by WesT and Crark (1984, pl. 2,F). Although
some of these circular openings could have
been oscula, others were excavated after skeletal
growth, but before death; they could also be

postmortem features.
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TUBERCULES

These structures that resemble tiny
spines are small, slightly raised, calcareous
projections. They occur at the junction
between two or more tubules at the top
of the basal calcareous skeleton, where
the thin soft tissue is presumed to have
been in contact with the skeleton. These
have been observed in Merlia normani
(Hajpu & VAN SOEST, 2002) and in some
well-preserved fossil chaetetid skeletons
(see Fig. 14.2-14.3). Perhaps they have
had some value in helping anchor the thin
layer of soft tissue to the basal calcareous
skeleton. However, it is more likely that
they are simply the result of the arrange-
ment of the calcite crystals from which
the basal skeleton is/was constructed.
The microstructure and mineralogy of
Merlia and fossil chaetetids is considered
to be penicillate Mg calcite (FiNks &
RiGBY, 2004c; see Table 2). Water-jet Mg
calcite has also been used to describe the
microstructure and mineralogy (Culr &
GAUTRET, 1993; HooPER & VAN SOEST,
2002a; and see Table 2). In either case,
the calcite crystals that compose the walls
of the tubules fan outward at a relatively
high angle (see Curr & GAUTRET, 1993).
As the walls of two or more tubules come
into contact and join, the merging of
bundles of crystals in each could result
in a projection above the adjacent walls
of the tubules producing tubercules. For
example, the upper edges of the tubules in
Acanthochaetetes wellsi are crenulated, and
each crenulation corresponds to upwardly
directed undulations of the lamellar crys-
talline units of calcite that make up the
walls of the tubules (HARTMAN & GOREAU,
1975, p. 3).

INTERNAL FEATURES
TUBULES

The chaetetid skeleton is dominantly
composed of tubules. In longitudinal
section, they are more or less straight, but in

transverse section, they exhibit meandroid-
to irregularly polygonal-shaped outlines
(see Fig. 15-16, Fig. 30-31). Co-joining
of walls with adjacent tubules results in a
honeycomb-like construction, although the
tubules have a much more irregular profile in
transverse section. To attempt to understand
the role of the tubules in chaetetid skeletons
of hypercalcified demosponges, it is useful
to examine the relationship between the
tubules that compose the basal calcareous
skeleton and the soft, living tissue in extant
taxa.

Initiation of a calcareous skeleton in chae-
tetids would have provided a stable, rigid
platform for the efficient functioning of the
aquiferous system, an advantage in some
environments. However, if the environment
provided such substrates, as is common in
environments with firm to hard surfaces, i.e.,
reefs, a rigid platform may have been readily
available in the form of dead or diseased
surfaces of other clonal organisms, such as
corals and bryozoans. In environments with
soft, loose substrates, similar colonization
sites would have been provided by the shells
of other invertebrates, such as mollusks and
brachiopods. GLAESSNER (1962) suggested
that initially a skeleton could have been
the means by which organisms disposed
of metabolic waste products; in the case of
most invertebrate skeletons, one such waste
product is calcium. Similarly, Stmkiss (1977)
noted the harmfulness of excessive levels of
Ca in cells and suggested that the excretion
of such excessive Ca led to biocalcifica-
tion as the cells detoxified. More recently,
REITNER and GAUTRET (1996, p. 193), refer-
ring to Acanthochaetetes wellsi, stated that the
“. .. main controlling factor of calcification
is the deposition of a physiological surplus
of Ca”, a toxic metabolic waste product.”
This could result in an initial basal calcareous
skeleton in chaetetids, because, based on
studies of extant forms such as Ceratoporella,
Acanthochaetetes, and Merlia, the only part of
the calcareous skeleton that contains living
tissue is the uppermost millimeter or two.
The bulk of domical, columnar, and some
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FiG. 64. Arrangement of tubules in vertically developed mamelons with and without circular openings, C. (Chaetetes)

schucherti MORGAN, 1924, Carboniferous, Pennsylvanian, Homer School Limestone Member, Holdenville Forma-

tion, Seminole County, Oklahoma; 7, longitudinal section of vertically developed mamelon with a tube (chimney)

in a topotype specimen, X0.9; 2, enlargement of upper part of chimney figured in view 1, X3; 3, transverse thin

section of tube in vertically developed mamelon (chimney) in the holotype, tube filled with sparry calcite, X6.7; 4,

longitudinal section of vertically developed mamelons with shallow tube (chimney) in a topotype specimen, X5;
5, longitudinal section in a vertically developed mamelon in a topotype specimen, X5 (West, 2011b).

laminar chaetetid skeletons in extant taxa
(and inferred in fossil forms) appear to have
little, if anything, to do with the living tissue.
Opver time, there may have been some genetic
component that favored the development of
a basal calcareous skeleton (see KIRKPATRICK,

1911, p. 690-691). For example, lateral
expansion of such a skeleton would permit
the sponge to dominate more of the substrate
and provide a larger base for upward (vertical)
growth yet still remain a fairly stable struc-
ture. Lateral expansion and upward growth
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from a smaller base occurs in fossil chaetetids
(see Fig. 19.3-19.4, Fig. 20.2). Something
similar has been documented in Ceraroporella
nicholsoni, an extant taxon, where the young
forms are cone shaped or pedunculate, and
the mature forms are massive and mound
shaped (VACELET, 2002a, p. 827). HARTMAN
and GoreAu (1975, p. 3) also reported a
stalked condition in some specimens of A.
wellsz, supporting a tendency, in some cases,
for upward growth. An example of an extant
pedunculate specimen of Acanthochaetetes
sp. can be seen in Figure 11.1. With vertical
growth of the skeleton, the thin layer of
living tissue would be positioned higher in
the water column. Such a position would be
advantageous for an organism that depends
on dissolved and suspended matter in the
water it pumps through its pores.

The tubule walls of Acanthochaetetes
wellsi, Ceratoporella nicholsoni, and Merlia
normant, all extant taxa, are either aragonite
or Mg calcite. Arrangement of the crystals
of these minerals produces either a penicil-
late (water-jet) or lamellar microstructure
(see Table 2) in these taxa. In most fossil
chaetetids, the original mineralogy has, as
a result of taphonomic processes (recrystal-
lization), changed to low Mg calcite. But
the original mineralogy is inferred to have
been Mg calcite, and the microstructure is
penicillate, as in the extant genus Merlia.
The basal calcareous skeleton of Pennsyl-
vanian chaetetids preserved in asphalt in
Oklahoma was reported by SQUIRES (1973;
and see Introduction, p. 15-80) to contain
5 mol% Mg calcite, but unfortunately he
did not document the microstructure of the
tubule walls in these specimens.

REITNER and GAUTRET (1996, pl. 49,1)
illustrated the relationship between the
thin layer of living tissue and the tubules
of the basal calcareous skeleton in Acantho-
chaetetes wellsi. The living tissue is confined
to the space above the outermost horizontal
partition (tabulae) in the tubule and is 1.2
to 2.0 mm thick (HARTMAN & GOREAU,
1975, p. 3). In Merlia normani, the rela-
tionship between the soft tissue and the

basal calcareous skeleton is similar, with a
thin layer of living tissue that contains the
choanosomal tissue and spicules (Hajpu &
VAN SOEST, 2002, p. 691-692). The living
tissue in Ceratoporella nicholsoni is 1.5 mm
thick and extends into tubules that lack
horizontal partitions (tabulae) (VACELET,
2002a, p. 827). The innermost parts of the
tubules in this species are filled with arago-
nite, and the soft tissue in the outermost
part of “each (tubule) [calicular unit of
VACELET] corresponds to a single inhalant
and exhalant canal” (VAcCELET, 2002a,
p. 827). Essentially, the basal calcareous
skeleton is a pitted platform composed of
tubules (pits) with a horizontal partition
upon which the thin layer of living tissue
rests and is somewhat protected. Kirk-
PATRICK (1911, p. 690) suggested support
and shelter for the function of this pitted
outer surface in Merlia normani. Given the
similarity of the basal calcareous skeletons
in fossil chaetetids to those in extant taxa,
one can safely assume a similar function for
the skeleton of the fossils.

TABULAE

The tabulae are horizontal partitions
that subdivide the tubules in some fossil
and extant chaetetid skeletons and are
commonly thinner than the tubule walls
(see Fig. 32-33). If present, these discrete
calcareous plates are generally flat or
slightly curved and parallel to the growth
surface in both fossil and extant specimens.
The outermost tabula, in extant forms,
forms a floor for the overlying thin layer
of living tissue (see REITNER & GAUTRET,
1996, pl. 49,1). Thus the tabula functions
as the base upon which the soft tissue rests,
and they may or may not be perforated by
a foramen that may or may not be subse-
quently infilled with calcite. The space
containing the soft living tissue and the
spaces between successive tabulae below the
living tissue in extant specimens are referred
to as crypts. Tabulae in Acanthochaetetes
wellsi are irregularly spaced, may be slightly
convex, horizontal, or slightly concave, and
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do not necessarily occur at the same level
in adjacent tubules; however, they may
be at the same level in a few tubules in a
limited area (HARTMAN & GOREAU, 1975,
p- 3). This also applies to fossil chaetetids
(WEsT & CLARK, 1984), and in some fossil
specimens, the tabulae are incomplete. Such
incompleteness of tabulae could be due to
an opening where perforated by a foramen
or produced by dissolution.

The space beneath the tabulae upon
which the living tissues is supported and
the next lower tabulae often contain crypt
cells, also known as archaeocytes, thesocytes,
gemmules, resting, or surviving cells. All
of these terms refer to a resistant asexual
reproductive body (see Boury-EsnauLr &
ROTZLER, 1997, p. 10-18). Thus, they are
similar to resting spores that some fungi
and plants produce during adverse times,
and they are capable of generating a fully
functioning organism under favorable condi-
tions. These crypt cells may occur in one
or more of the intertabular spaces (crypts)
below the outermost tabulae that support
the currently live tissue. In Merlia normani,
there may be as many as five of these inter-
tabular storage spaces filled with crypt cells
in any given tubule (KirkprATRICK, 1911, pl.
32,9-10). Archaeocytes in M. normani are
well illustrated by REITNER (1992, p. 239,
fig. 66e). It is unlikely that crypt cells will
be preserved in fossil chaetetids, and they
have not been reported in fossil specimens.
However, it is possible that if a living chae-
tetid were smothered by a sudden influx
of sediment and the thin layer of living
tissue were preserved, crypt cells could be
preserved.

It is suggested that tabulae were gener-
ated during stressful times when the sponge
produced and sealed off gemmules to
protect them until more favorable condi-
tions returned. HARTMAN and GOREAU
(1975, p. 3) noted that it is character-
istic of Acanthochaetetes wellsi to die back
for unknown intervals of time, perhaps
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erratically, and for new groups of tubules
(calicles of HARTMAN & GOREAU, 1975) to
appear at a level above the previous living
surface with three or more generations of
dead, flattened masses of skeleton overlying
one another. This same behavior can be
inferred through studies of the different
growth forms and occurrences of fossil
chaetetids. Because tabulae do not neces-
sarily occur at the same level in adjacent
tubules, each tubule, or in some cases, small
groups of tubules, are responding to unfa-
vorable conditions by producing tabulae
at different times and places across the
living surface. Likewise, the irregularity in
spacing between tabulae in adjacent tubules
suggests a response by individual tubules to
environmental conditions that results in the
production of tabulae.

Based on current understanding, it
appears that the primary function of
tabulae represented a platform to support
the layer of living tissue and a secondary
function of older tabulae is/was to protect
the asexual reproductive bodies during
unfavorable environmental episodes.
Tubules might have also provide some
strength and stability to the skeleton, but
with each tubule sharing one or more of
its walls with adjacent tubules, there seems
to have been little need for additional
reinforcement.

As noted above, the basal calcareous
skeleton of some chaetetid skeletons
looks very much like the honeycombs
constructed by bees. There is also
a striking resemblance between these
sponge skeletons and the structure of
mycelium, the typical vegetative structure
of some fungi, and, to some extent, in the
sheetlike growth form of some tree fungi
(Fig. 65-66). Fungi and sponges with a
chaetetid skeleton are fairly simple organ-
isms, and perhaps it is not surprising
that both generate somewhat similar
structures to house and protect asexual
reproductive bodies.
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PORE (FORAMEN)

A more or less circular opening near the
center of individual tabulae in hypercalci-
fied demosponges with a chaetetid skeleton
is referred to as a pore, or foramen. Kirk-
PATRICK (1911) called such an opening a
foramen, and that term is defined by Boury-
Esnaurt and RUTZLER (1997, p. 39, fig. 208)
as a “circular pore in laminae connecting
adjoining interlamellar spaces.” By laminae,
they appear to mean tabulae, because they
identify the foramen as being in a tabula
in Boury-Esnaurt and RUTZLER (1997, p.
39, fig. 208). Tabulae in Acanthochaetetes
wellsi are continuous and lack a foramen
(HarRTMAN & GOREAU, 1975), but a foramen
is present in the tabulae of Merlia normani
(KIRKPATRICK, 1911; REITNER, 1992, p. 239,
fig. 66e). The occurrence of incomplete
tabulae in fossil chaetetids might suggest
the occurrence of foramina, but there are
other explanations for incomplete tabulae
in fossil chaetetids, as noted above. What
has been identified as a foramen in a fossil
chaetetid is illustrated in Figure 34. Tubular
spaces between tabulae contain gemmules
in some extant forms; the same may be
reasonably inferred for fossil chaetetids. A
foramen would permit the movement and/
or exchange of cellular matter and also for
egress of the asexual reproductive bodies to
the surface of the basal calcareous skeleton
with the return of favorable environmental
conditions. There seems to be no other
reasonable explanation for its existence,
and the fact that such an opening has not
been documented in A. wellsi indicates that
it may not have been essential for regenera-
tive growth.

Before we are able to more fully understand
fossil chaetetids, the reproductive biology
and larval history of the extant hypercalcified
demosponges with chaetetid skeletons needs
to be better known. As REITNER (1991a, p.
208) stated relative to sponges with a basal
calcareous skeleton . . . we must know more
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about the ontogeny of young sponges after
settlement of the larva.”

PSEUDOSEPTA

Features that are apparently known only
from fossils with a chaetetid skeleton are
pseudosepta (see WEST & CLARK, 1984).
These calcareous structures are associated
with longitudinal fission, one of the three
ways the number of tubules in the basal
calcareous skeleton may be increased. Pseu-
dosepta first appear as small, slightly raised
areas (nodes) on the interior wall of the
tubule (see Fig. 39-40). One or more nodes
may occur in any given tubule, which divides
it into equal or unequal parts. With upward
growth, the nodes expand outward and
upward, parallel to the direction of the
growth axis, resulting in septa-like features.
As two pseudosepta within a tubule approach
each other, the parent tubule increases in
size. Eventually, the pseudosepta may extend
across the tubule, or merge with others,
subdividing the original tubule into two or
more new tubules. Generally, the division of
the parent tubule is along its shortest hori-
zontal dimension. Therefore, pseudosepta
are associated with the growth and expansion
of the basal calcareous skeleton.

SPICULES

These features, a component of the soft
tissue and the mineral skeleton, are typically
composed of silica in extant forms, but when
observed in fossil forms, they are pseudo-
morphs of calcite, pyrite, or iron oxide (see
Fig. 41-43). In extant forms, and some fossil
chaetetids, there are both megascleres and
microscleres. In the extant taxa, Acantho-
chaetetes wellsi, Ceratoporella nicholsoni, and
Merlia normani, spicules are largely confined
to the thin layer of soft tissue. HARTMAN and
GoOREAU (1975, p. 4) stated that siliceous
spicules are not incorporated into the basal
calcareous skeleton of A. wellsz, but RUTZLER
and VACELET (2002, p. 277) indicated that
some microscleres that adhere to the tubule
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FiG. 65. Comparison of form and structure of laminar chaetetid skeletons with the form and structure of some
extant shelf fungus; 1, upper surface of basic form of an extant shelf fungus, X0.4; 2, oblique view of a laminar
chaetetid skeleton, Carboniferous, Pennsylvanian, Myrick Station Limestone, Pawnee Limestone, Bourbon County,
Kansas, compare with view 1, X0.2; 3, lateral view of extant shelf fungus figured in view I, X0.5; 4, longitudinal
section of chaetetid skeleton figured in view 2, thin, arcuate white lines are laminar chaetetid skeleton with darker
matrix below, compare with view 3, X0.3; 5, lower surface of an extant shelf fungus showing irregular polygons
that compose mycelium, X7; 6, upper surface of a chaetetid skeleton, Carboniferous, Pennsylvanian (Moscovian),
Moscow Basin, Russia, compare with view 5, X2 (West, 2011b).

walls may be incorporated into the skeleton
during fossilization. Although some spicules
are trapped in the tubule walls of C. nichol-
soni, they are progressively dissolved in the
basal calcareous skeleton (VACELET, 2002a,
p. 827). In M. normani, the megascleres
occur as bundles along the sides and bottom
of the open crypts, but rarely in the lower
crypts (KirkpaTRICK, 1911, p. 670, fig. 2,

pl. 33,3). Microscleres in this species are
contained along the surface of the soft living
tissue (KirkpaTRICK, 1911, p. 670, pl. 33,3).
Because siliceous spicules are rarely incor-
porated into the basal calcareous skeleton
of extant forms, they are commonly absent
in fossil chaetetids. When they do occur in
fossils, they are pseudomorphs, because of
the ease with which siliceous spicules are
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FiG. 66. Comparison of form and structure of laminar chaetetid skeletons with form and structure of some extant
shelf fungus (continued); 7, lateral view of a chaetetid skeleton, Carboniferous, Pennsylvanian (Moscovian), Moscow
Basin, Russia, X1.75 (West, 2011b); 2, lateral view of mycelium of extant shelf fungus in Figure 65.5, compare
with view 1, X4 (West, 2011b); 3, upper surface of Meandriptera zardinii, Upper Triassic (Carnian), St. Cassiano
beds near Cortina d’Ampezo, Italy, showing the meandroid shape of the tubules, X4 (adapted from Dieci & others,
1977, pl. 1,24; courtesy of Bollettino della Societa Paleontologica, Italiana); 4, lower surface of an extant shelf
fungus showing the meandroid structure of the mycelium, compare with view 3, X5 (West, 2011b).

dissolved, as noted in extant taxa. Megascleres
in fossil chaetetids are thin tylostyle-like
features (see Fig. 41-42), and microscleres are
more or less dark spheres, commonly seen as
circles in sectioned specimens (see Fig. 43).
The main purpose of megascleres is
the maintenance of rigidity in the sponge
soft tissue (BErRGQuUIST, 1978; KOEHL,
1982). Although it might seem that soft
sponge tissue containing siliceous spic-
ules would be a deterrent to a number of
sponge predators, this is not necessarily
the case. BERGQUIST (1978, p. 94) noted

that grazing of sponges by opistobranchs,
echinoderms, fish, and turtles is common,
and that any defense against predation is
biochemical. PETERS and others (2006)
concluded chemical defense explained the
unpalatability of the sponges they studied.
FiNks (2003a, p. 214-216) suggested
that spicules provided protection and
a structural advantage. FINKS suggested
they were protected against predation,
but also discouraged the settlement of
larvae of sessile organisms. JONEs, BLuM,
and PAwLIK (2005) have studied the rela-
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tionship between chemical and physical ~ How much of the above is applicable to
defenses against consumers of some marine  extant hypercalcified demosponges with
sponges and concluded that in some cases,  a chaetetid skeleton, and thus potentially
the spicules are a deterrent to predation.  to fossil chaetetids, is presently unknown.



CLASSIFICATION AND EVOLUTION OF THE FOSSIL
AND LIVING HYPERCALCIFIED CHAETETID-TYPE
PORIFERA (DEMOSPONGIAE)

Ronarp R. WEST

CLASSIFICATION

The hypercalcified demosponges with a
chaetetid calcareous skeleton were origi-
nally described as Chactetes by FISCHER
VON WALDHEIM, MS in EicHwAaLD (1829)
and subsequently by FISCHER VON WALD-
HEIM (1830, 1837). SokoLov (1955,
1962), who provided a very complete
review of the history of the classification
of chaetetids, noted that MILNE-EDWARDS
and HAIME (1849), placed Chactetes in a
separate subfamily, the Chaetetinae, of
the Favositidae, a family of the suborder
Tabulata Zoantharia. Although it is a
minor point, MILNE-EDWARDS and HAIME
(1849) did not use Tabulata, but rather
Zoanthaires tabules as a vernacular name
(see Hir, 1981, p. 5006). Tabulata, was
not introduced as a formal taxonomic
entity until MILNE-EDWARDS and HAIME
(1850-1854) proposed Zoantharia Tabu-
lata as a suborder.

Subsequently, the subfamily Chae-
tetinae became the family Chaetetida
within the Tabulata (DE FROMENTEL,
1860b, 1861). Included within this
family were not only chaetetids, but
also “...tabulates with porous walls,
bryozoans, stromatoporoids...” and “...
even some genera of calcareous algae and
tetradiids...” (Sokxorov, 1962, p. 259).
Thus, “Chaetetes” became a member of
the Problematica with suggested represen-
tatives allocated to a number of different
phyletic homes: sponges, corals, bryo-
zoans, even foraminiferids and algae,
depending on the interpretation of its

simple skeletal morphology.” Referring
to chaetetids as well as sphinctozoans,
stromatoporoids, and archaeocyaths,
Woob (1990b, p. 227) stated the situ-
ation well: “The major obstacle to the
study of the problematic reef-builders
was the absence of conclusive features
that could expose a relationship to living
forms. The profusion of known repre-
sentatives of these groups was little help
in the solution of the problem. Different
workers seized upon different analogies
and considered their chosen examples
to be crucial, so that these ancient waifs
were shunted from one biological group
to another.” LINDSTROM (1873) consid-
ered Chaetetes a bryozoan, a view strongly
supported by PETERHANS (1929b) and
also indicated by MORET (1966). During
the latter part of the 19th century, most
investigators considered Chaetetes to be
a coral, although where within the corals
was the subject of some difference of
opinion. MILLER (1877) listed them with
the Polypi, and in 1889, MILLER placed
them within the Coelenterata. DuNcAN
(1872) considered Chaetetes to be alcy-
onarian, along with “Monticulipora”
and other genera. NEUMAYR (1889) and
STRUVE (1898) placed them within the
hexacorals. The early 20th century was
not much different, in that WEISSERMEL
(1927, 1939) created the Chaetokorallen,

“Quotation marks around generic names denote the first
reference, in this section, to a broader, earlier concep-
tion of a generic name.



106

and OxuLiTcH (1936b) proposed the
order Chaetetina within the schizo-
corals. LEcoMPTE (1939, 1952b) noted
the difficulties of considering them to
be algae and bryozoans, as well as corals,
but retained them within the Tabulata.
BAssLER (1950) considered them to be
tetracorals, and Sokorov (1939, 1955,
1962) placed them in the hydrozoans.
Within the Hydrozoa, Soxorov (1939,
1955, 1962) recognized a discrete group,
the Chaetetida, and TEsakov (1960) and
F1scHER (1970) accepted this designation.

Although Woob (1990b, p. 228) indi-
cated that until the late 1960s, most
workers considered chaetetids to be
hydrozoans, HitL and Stumm (1956)
and MULLER (1963) retained them in the
Tabulata as a separate family. HiiL and
STuMM (1956, p. 453) suggested that
some Mesozoic and Eocene species of
chaetetids might be coralline algae. HirL
(1981, p. 506) changed the termination
of the name for the order designed by
OxkuLiTcH (1936b) from Chaetetina to
the Chaetetida but queried its place-
ment within the subclass Tabulata. HiLL
(1981, p. 506) noted that “. . . in thin
section chaetetids were homomorphic
with members of other categories within
the Coelenterata, but also with members
of the Bryozoa, Porifera (sclerosponges),
and Thallophyta (solenoporids).” HiLL
stated (1981, p. 506), “I am regarding
them as Anthozoa Tabulata for lack of a
better choice.” By taking this decision,
the geologic range of the Tabulata was
extended into the Mesozoic and Ceno-
zoic. Although clearly defined septa and
pores connecting adjacent tubules were
lacking, other features seemed to support
the inclusion of chaetetids within the
Tabulata. These other features were (1)
the presence of tabulae, then considered
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to be an exclusively coelenterate feature;
(2) the microstructure of the tubule walls,
then described as clinogonal tufts in single
ranks of longitudinal monacanths; and
(3) the method of tubule increase (HILL,
1981, p. 506-507). In the section on
post-Paleozoic Chaetetida, HirL (1981)
discussed the studies by HARTMAN and
GOREAU (1970, 1972) on extant sponges
and by FiscHER (1970), Cuif and others
(1973), Cuir and FiscHER (1974), and by
others on Mesozoic chaetetids. In these
discussions, Hill suggested indirectly that
some or all of the post-Paleozoic genera
that she considered to be valid might be
sponges. However, she did not include
them in the stratigraphic distribution
chart for the Tabulata, retaining only taxa
that were exclusively Paleozoic.

Studies during the late 19th and early
to middle 20th centuries are particu-
larly significant relative to understanding
the phyletic position of Chaetetes. Recall
that in 1872, DUNCAN considered Chae-
tetes, along with Monticulipora, as alcy-
onarian corals. The close relationship
between Chaetetes and Monticulipora at
that time is illustrated by the fact that
JAMEs (1881) considered the former to
be a subgenus of the latter. However, as
noted by Sokorov (1955, p. 106), BASSLER
(1906) and CumINGs (1912) included the
Paleozoic Monticuliporidae within the
phylum Bryozoa (order Trepostomata).
Consequently, the bryozoan genera were
excluded from the Chaetetidae (SokoLov,
1955, p. 106), leaving them in the phylum
Coelenterata. KirkpaTRICK (19124, p. 502)
stated, “. . . that numerous Palaeozoic
fossils coming under the old-fashioned
term ‘Monticulipora’ are of essentially
the same nature as Merlia. . . .” Thus,
irrespective of their phyletic membership,
whether tabulate coral or bryozoan, the
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morphological similarity between Merlia
normani, an extant sponge with siliceous
spicules and a calcareous skeleton, and the
fossil Chacetetes, was recognized by way of
Monticulipora.

Other extant sponges with a calcar-
eous skeleton were also known at that
time: viz., Petrostroma schulzei (DODER-
LEIN, 1892, 1897); Astrosclera willeyana
(L1STER, 1900); and Ceratoporella nichol-
soni (HicksoN, 1911). But, it was Merlia
normani, now recognized as a hypercal-
cified demosponge, that was suggested
by KirkpraTRICK (1912a) to be the living
descendant of some Paleozoic chaetetid
fossils.

During the late 1960s and early 1970s,
HarRTMAN and GOREAU (1966, 1970, 1972,
1975, 1976) rediscovered living sponges
with calcareous skeletons from the cryptic
reef environments of the Caribbean and
Indo-Pacific. The impact of their studies
is well summarized by Woobp (1990b),
with the basic aspects relative to chae-
tetids noted below. HARTMAN and GOREAU
(1970) proposed a new class, the Scle-
rospongiae of the phylum Porifera, for
extant forms with a calcareous skeleton.
Comparison between external and internal
features of extant sclerosponges and fossil
chaetetids led HarRTMAN and GOREAU
(1972) to recognize the Chaetetida as
an order within the class Sclerospongiae,
along with the order Ceratoporellida. In
placing chaetetids in the Sclerospongiae,
HarTMAN and GOreau (1972, p. 146-147)
noted the following resemblances to
Ceratoporella: “. . . a similar arrangement
and size range of contiguous tubes that
divide by longitudinal fission, shared
common walls between adjacent tubes,
have a trabecular microstructure, and
trend toward meandroid configuration in
some instances.” In Ceratoporella nichol-
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soni, the calcareous tubes (tubules) “. . . are
filled in solidly beneath the living tissue”
(HarT™MAN & GOREAU, 1972, p. 146). The
finding of tabulae in the tubules of the
extant sclerosponge Acanthochaetetes wellsi
(HARTMAN & GOREAU, 1975) strengthened
the poriferan affinity of fossil chaetetids.
The presence of tabulae had previously
been restricted to the Cnidaria (Woob,
1990b, p. 228). Tabulae in Acantho-
chaetetes wellsi and the absence of spicules
in the calcareous skeleton in this extant
form are two features common to most
fossil chaetetids. In the systematics of the
Porifera, HARTMAN (1980, p. 25) listed
four orders with extant members in the
Sclerospongiae: Stromatoporoida, Cerato-
porellida, Tabulospongida, and Merliida.
The Chaetetida was not included as an
order by HARTMAN (1980), even though
it was given as an order by HARTMAN and
GOREAU (1972), as noted above. Given the
features of the calcareous skeleton, fossil
chaetetids might be placed in any one of
the latter three of the four orders listed by
HArRTMAN (1980).

Documentation of spicule pseudo-
morphs in Carboniferous chaetetids
(GRray, 1980) and astrorhizae in Mesozoic
(Curtr & others, 1973) and Carboniferous
chaetetids (WEsT & CLARK, 1983, 1984)
further strengthen the poriferan affini-
ties of chaetetids. VAN SOEST (1984) and
VACELET (1985) showed that variations in
the spicules and other soft-tissue features
in extant members of the Sclerospongiae
could easily be accommodated within
the Demospongiae and that the class
Sclerospongiae was polyphyletic. Studies
by REITNER (1987a, 1987b, 1987¢) and
Woob (1987) supported this interpre-
tation, and the class Sclerospongiae
has now been abandoned. “Chaetetids
were proposed to be an assortment of



108

demosponges” (Woob, 1990b, p. 229),
and the former systematic group Chae-
tetida based on the calcareous skeleton
was redefined as a morphological grade
with no high systematic value. Molecular
data (CHOMBARD & others, 1997) also
demonstrated the polyphyly of the Scle-
rospongiae. The calcareous skeleton of
those taxa within the questionable order
Chaetetida (HiLL, 1981) is therefore
more properly referred to as a chaetetid
skeleton. Hypercalcified demosponge is
currently the favored general category
for all demosponges with a calcareous
skeleton, including chaetetids.

Hoorer and vaN SOEST (2002b) recog-
nized three subclasses in the Demospon-
giae: Tetractinomorpha, Ceractinomorpha,
and Homoscleromorpha. HOOPER and van
SOEST (2002b, p. 16-17) pointed out some
potential overlap in an important phylo-
genetic character between the suborders
Tetractinomorpha and Ceractinomorpha.
FiNks and RiGBY (2004d) recognized five
subclasses within the Demospongiae:
Tetractinomorpha, Ceractinomorpha,
Choristida (for Homoscleromorpha),
Clavaxinellida, and Lithistida. Hoorer
and VAN SOEST (2002a) considered: (1)
the lithistids polyphyletic and referred to
them as lithistid demosponges (p. 299);
and (2) placed Clavaxinellida in synonomy
with the order Halichondrida, a ceracti-
nomorph demosponge (p. 721). Boury-
EsnauLr (2006, p. 205) stated: “The two
traditional subclasses Tetractinomorpha
and Ceractinomorpha are polyphyletic and
it is proposed that they be abandoned.”
This polyphyletic situation is not new,
because HARTMAN and GOREAU in 1972
stated (p. 144), “A chaetetiform skeleton
has developed independently several times
during the course of evolution.” Currently,
chaetetid skeletons occur in at least three
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demosponge orders: the Hadromerida,
the Poecilosclerida, the Agelasida, and
possibly in others. The morphology of
the spicules is the primary criteria for
differentiating sponges, and in hypercal-
cified demosponges the mineralogy and
microstructure is also important.

Besides differences in the morphology
of spicules, the mineralogy and micro-
structure of the tubule walls is different
in the extant groups. The original walls
are either magnesium calcite or aragonite,
and the microstructure may be penicilllate,
lamellar, or spherulitic. As shown in Table
2 (see p. 56-57), the major difference
between recent authors is that HOOPER and
VAN SOEST (2002a) and Cutr and GAUTRET
(1993) considered the microstructure
of Merlia to be water-jet, and FINks and
RiGBy (2004d) considered it as penicil-
late. In terms of more general morpho-
logical features, the tubules in some forms,
like those in Ceratoporella, are filled with
calcium carbonate up to the living tissue,
and in others, tabulae are present in the
tubules. Woob (1990b) provided a more
complete discussion of the similarities and
differences between the different chaetetid
skeletons.

Features used to taxonomically differen-
tiate hypercalcified demosponges fall into
three categories. In order of decreasing
usefulness, these are: (1) spicule compo-
sition and morphology; (2) the original
mineralogy and microstructure of the
calcareous skeleton; and (3) skeletal features
such as size, shape, and arrangement of
tubules. These are what REITNER (1991a)
referred to as primary skeleton (spicules
morphology) and secondary skeleton
(mineralogy and microstructure of the
tubule walls). Although the third set of
features are those most often available in
fossil chaetetids, their taxonomic value is
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suspect because of biological factors, i.e.,
genetics, environmental conditions during
growth, and/or taphonomic processes (see
below).

Although spicules are not always present
in extant forms (see p. 17, 47-65), they
are the primary feature for differentiating
poriferan taxa. A meaningful taxonomy is,
to some degree, equivocal if spicules are
absent, and in chaetetid skeletons spicules,
they are commonly absent. There are a
number of valid reasons why spicules are
seldom found in fossil chaetetids (see p.
38-43). Lacking spicules, namely pseudo-
morphs of spicules, only secondary skeletal
features are left, namely the mineralogy
and microstructure of the rigid calcareous
skeleton. The mineralogy and micro-
structure of the calcareous skeleton can
be taxonomically useful. Unfortunately,
in most fossil chaetetids, the calcareous
skeleton has been taphonomically altered
(recrystallized and/or replaced), making
it difficult, and commonly impossible,
to determine the original mineralogy.
By changing the original mineralogy, the
original microstructure expressed by that
mineralogy is also altered. Thus, in most
fossil chaetetids, one is left with the least
useful features of the calcareous skeleton
upon which to base taxonomic determina-
tions.

Chaetetid skeletons are morphologi-
cally very simple (see Woob, 1990b, p.
227, on morphological simplicity), with
the most commonly preserved features
being the size, shape, and arrangement
of the tubules, the thicknesses of tubule
walls and tabulae, and the spacing
between tabulae. Genera and higher taxo-
nomic categories of chaetetids have been
based on the general growth form, general
shape of the tubules in cross section,
thickness of the tubule walls and tabulae,
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absence of septa and mural pores, and
whether new tubules are added by axial,
peripheral, or lateral budding. There are
very few differences within genera, and
between genera and higher taxonomic
categories (HiLL, 1981). Species of chae-
tetids have been differentiated primarily
on the size of the tubules (commonly the
diameter), thickness of the tubule walls,
and thickness of the tabulae. To a lesser
extent, the spacing between tabulae and
the cross-sectional shape of the tubules
has been used at the specific level. As
shown by WEsT (1994), neither tubule
diameter (an inappropriate measure for
tubule size, as the tubules are, in cross
section, irregular polygons, not circles),
tubule wall thickness, nor the cross-
sectional area of the tubules (see Fig.
56) are valid taxonomic discriminators
for Carboniferous species of chaetetids.
Comparison of the cross-sectional areas
of tubules from different sites in a single
laminar chaetetid from the Carbonif-
erous also reveals the inappropriateness of
these features (see Fig. 57). These weak-
nesses are inferred to be due, in part, to
taphonomic processes (WEsT, 1995). The
inconsistencies documented in tubule size
and wall thickness could also be the result
of genetic and/or environmental factors.
But whether biological, environmental,
or taphonomic, they are not dependable.
Consequently, the current state of affairs
is that, without spicules and/or the orig-
inal mineralogy and microstructure of the
calcareous skeleton, it is difficult, if not
impossible, to systematize hypercalcified
demosponges with a chaetetid skeleton.
HiiL (1981) listed 8 families within the
order Chaetetida, of which 4 were queried, and
29 genera. Thus, not only did HiLL doubt the
placement and/or validity of the order, she also
doubted the validity of most of the families
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TasLE 12. Hiis (1981) classification of chaetetid taxa, which she assigned to the coral subclass
Tabulata; most of these are now considered to be chaetetid hypercalcified sponge taxa; the taxa
above the dashed line are Paleozoic, and those below are post-Paleozoic (West, 201 1c).

Order Family

Subfamily

Genus

Subgenus

?Chaetetida ~ Chaetetidae

Chaetetinae

Chaetetes
Boswellia

Chaetetes

?Carnegiae
Chaetetella Chaetetella
Chacetetiporella
Litophyllum

Pachytheca

2Spongiothecopora

Staphylopora

Chaetetiporinae ~ Chaetetipora

Moskoviinae

Cryptolichenariidae

?Desmidoporidae

?Tiverinidae

?Lamottiidae
?Lichenariidae
Favosichaetetidae

Chaetetidae

Acanthochaetetidae

Fistulimurina
Moskovia
Cryptolichenaria
Amsassia
Porkunites
Desmidopora
Nodulipora
Schizolites
Tiverina
Barrandeolites
Lamottia
Lichenaria
Favosichaetetes
Guizhouchaetetes

Atrochaetetes
Bauneia
?Blastochacetetes
Pseudoseptifer
Acanthochaetetes
Diplochaetetes
Septochaetetes

within the order. Seven of the 29 genera are in
the 4 queried families (Table 12).

As noted above, HiLL (1981) separated
the Paleozoic chaetetids (the first 26 taxa
[22 genera and 4 subgenera] in Table 12)
from the post-Paleozoic chaetetids (the
last 7 taxa in Table 12). Genera that HiLL
(1981, p. 520) removed from the Chae-
tetida were: Parachaetetes, Pseudochaetetes,
Ptychochaetetes, Axiparietes, Granatipari-
etes, and Varioparietes, largely because she

felt that the microstructure was the result
of diagenetic alteration of solenoporacean
walls. Axiparietes and Varioparietes were
described as genera by SCHNORF-STEINER
(1963), but FiscHER (1970) considered
them to be subgenera of Prychochaetetes.
Documentation by CREMER (1995) of
the microstructure and spicule pseudo-
morphs in Upper Triassic specimens of
Ptychochaetetes from southwestern Turkey
clearly establishes it as a valid chaetetid
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TABLE 13. Currently valid fossil chaetetid taxa
based on pseudomorphs of spicules and the
original mineralogy and microstructure of
calcareous skeleton. Unless these features are
identifiable, the use of these taxa is inappro-
priate and should be avoided (West, 2011c).

Acanthochaetetes Fischer, 1970

Atrochaetetes Cuif & Fischer, 1974

Bauneia Peterhans, 1927
[Cremer (1995) documented the microstructure
and spicule pseudomorphs in this genus and
queried it but did not provide reasons]

Blastochaetetes Dietrich, 1919

Calcichondrilla Reitner, 1991a

Calcispirastrella Reitner, 1992

Calcistella Reitner, 1991a

Calesuberites Reitner & Schlagintweit, 1990

Ceratoporella Hickson, 1911

Chaetetes (Chaetetes) Fischer von Waldheim in
Eichwald, 1829
[Chondrochaetetes Reitner, 1991a, is a junior
synonym]

Chaetetes (Boswellia) Sokolov ,1939

Chaetetes (Pseudoseptifer) Fischer, 1970

Chaetetopsis Neumayr, 1890

Chaetosclera Reitner & Engeser, 1989a

Keriocoelia Cuif, 1974

Leiospongia d’Orbigny, 1849b

Meandripetra Dieci & others, 1977

Merlia Kirkpatrick, 1908

Neuropora (Lamouroux), 1821

Pachytheca Schliiter, 1885

Prychochaetetes (Ptychochaetetes) Koechlin, 1947

Prychochaetetes (Varioparietetes) Bodergat, 1975

Sclerocoelia Cuif, 1974

TaBLE 14. Fossil chaetetid taxa for which
some meaningful information on the original
mineralogy and microstructure of the calcare-
ous skeleton is known, but the presence of
pseudomorphs of spicules is unknown or
questionable. Until more reliable data are
available, these taxa are queried (West, 201 1c).
Blastoporella Cuif & Ezzoubair, 1991

Cassianochaetetes Engeser & Taylor, 1989

Kermeria Cuif & Ezzoubair, 1991
Sphaerolichaetetes Gautret & Razgallach, 1987
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TaBLE 15. Fossil taxa for which the original
mineralogy and microstructure of the basal
calcareous skeleton and pseudomorphs of
spicules are either very poorly known or
unknown. These taxa are based on unreliable
gross morphological features. They are there-
fore considered to be chaetetid form taxa and
are best referred to as doubtful chaetetids or
hypercalcified demosponges, possibly with a
chaetetid skeleton. Taxa below the dashed line

are not currently considered to be chaetetids
(West, 2011c¢).

?Carnegiea Girty, 1913

Cassianopora Bizzarini & Braga, 1978

Chaetetella (Chaetetella) Sokolov, 1962

Chactetella (Chaetetiporella) Sokolov, 1950

Chacetetipora Struve, 1898

Conosclera W, 1991

Fistulimurina Sokolov, 1947

Flabellisclera Wu, 1991

Fungispongia Wu, 1991

Gigantosclera W, 1991

Gracilitubulus Wu, 1991

Leiochaetetes Andri & Rossi, 1980

Litophyllum Etheridge, 1899

Mirispongia Wu, 1991

Moskovia Sokolov, 1950

Pamirochaetetes Boiko, 1979

Parabauneia Wu, 1991

Planochaetetes Solovjeva, 1980

Preceratoporella Termier, H., G. Termier, & D. Vachard,
1977 (note that Reinhardt [1988] called this genus
Praeceratoporella, which is a misspelling)

Seprochaetetes Rios & Almela, 1944

Siphostroma Steiner, 1932

Solenopora Dybowski, 1877, by Riding, 2004

Spinochaetetes C. 'T. Kim in Yang, Kim, & Chow, 1978

2Spongiothecopora Sokolov, 1955

Tubulispongia Wu, 1991

Zlambachella Fliigel, 1961a

Diplochaetetes Weissermel, 1913 (suggested to be worm
tubes by Fischer, Galli Oliver, & Reitner, 1989)
Favosichaetetes Yang, 1978 (has mural pores—probably

a tabulate)

Guizhouchaetetes Yang, 1978 (has mural pores—
probably a tabulate)

Lovcenipora Giattini, 1902 (considered to be a tabulate
coral by Giattini [1902] and Vinassa de Regny
[1915]; considered to be a chaetetid by Senowbari-
Daryan and Maurer [2008]; has mural pores—
probably a tabulate)

Pachythecopora Deng, 1982d (has mural pores—
probably a tabulate)

Pseudomillestroma Deng, 1982d (probably a
milleporoid coral)
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genus. HiLL (1981, p. 666) also consid-
ered Chaetetopsis as an unrecognizable
genus, because it was “. . . greatly altered
by diagenesis.” However, KAZMIERCZAK
(1979) illustrated monaxon spicule pseu-
domorphs in a specimen of Chaeteropsis
favrei from the Lower Cretaceous of the
Crimea. Based on the internal micromor-
phology (preservation precluded recogni-
tion of spicules or spicule pseudomorphs
and the mineralogy and microstructure
of the skeleton) of Solenopora spongi-
oides, the type species, RIDING (2004)
considered it to have a chaetetid skeleton.
This returns Solenopora spongioides to
the chaetetids, as originally assigned by
Dysowskl in 1877, and raises questions
about other supposed solenoporaceans,
such as the 6 genera noted above by HiLL
(1981). As pointed out previously, tapho-
nomic processes can be of considerable
importance to studies of the systematics
of chaetetids as well as to other fossils
with a similar skeleton.

Currently, there are 23 chaetetid taxa
(20 genera 5 subgenera) from which pseu-
domorphs of spicules have been identified,
and for which the original mineralogy and
microstructure of the calcareous skeleton is
known (Table 13).

Because of the lack of pseudomorphs of
spicules, and until more reliable data are
available on the original mineralogy and
microstructure of the calcareous skeleton,
another four taxa are regarded as having a
less certain status (Table 14).

Spicules, or spicule pseudomorphs,
original mineralogy, and microstructure
of the basal skeleton are either inad-
equately known, or unknown from 26 of
the 32 taxa listed in Table 15, and these
are considered to be chaetetid form taxa.
The other 6 taxa in Table 15, those below
the dashed line, are currently consid-
ered to be either worm tubes or corals,
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as noted. HiLL (1981) considered 10
of the 32 taxa in Table 15 to be chae-
tetids (compare Tables 12 and 15). The
remaining 22 taxa in Table 15 were either
unknown to HILL or were described,
redescribed, or considered to be chae-
tetids since HiLL’s 1981 work.

An additional 11 taxa, listed by HirLL
(1981) as chaetetids, are rejected from the
group; they are more likely to be tabulate
corals (Table 16).

In conclusion, the classification of
chaetetids has had a long and varied
history and with the recent assignment
of the type species of the solenopora-
cean algae to the chaetetids (RIDING,
2004), there remains more work to be
done. Given the difficulties generated
by taphonomic processes and the simple
morphology of the calcareous skeleton,
further careful studies are needed. With
the rediscovery of extant forms in the
1960s and 1970s following the pioneering
efforts of KIRKPATRICK in the early 1900s,
it is now apparent that chaetetid skeletons
have evolved (or developed) more than
once, in more than one clade, of the

hypercalcified demosponges.
EVOLUTION

The chaetetid basal calcareous skel-
eton, the basis for membership in the
order Chaetetida, is polyphyletic (Woob,
1990b; and see p. 107-114). Genera with
a chaetetid skeleton belong to at least
three orders of the Demospongiae (the
Hadromerida, Poecilosclerida, and Agela-
sida) and possibly others. The formerly
recognized subclasses of the Demospon-
giae are now abandoned, as suggested
by Boury-EsnauLt (2006), based on the
studies of BORCHIELLINI and others (2004).
Finks (2003b, p. 265) commented on
the possibility of a relationship between
demosponges and stromatoporoids, based
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on HARTMAN and GOREAU (1966). But
Finks did not mention the possibility of
such a relationship for chaetetids with
extant Ceratoporella, as noted in other
articles by HARTMAN and GOREAU (1972,
1975). Woob and REITNER (1988, p. 213)
suggested a morphological continuum
between stromatoporoids and chaetetids,
noting that, “The distinction previously
drawn between ‘stromatoporoids’ and
‘chaetetids’ is artificial.”

As noted previously (p. 107-110),
there is some potential overlap between
the two subclasses Tetractinomorpha and
Ceractinomorpha; see HOOPER and vaN
SOEST (2002b, p. 16-17) for details. More
recently, BORCHIELLINI and others (2004)
pointed out that within the clade Demo-
spongiae sensu stricto, Tetractinomorpha
and Ceractinomorpha are polyphyletic,
and for the same reason, Boury-EsNAULT
(2006) has called for the abandonment
of these two traditional subclasses. Not
only are these subclasses polyphyletic, but
some of the families and genera within
the classical orders of the Demospongiae
are also polyphyletic (Boury-Esnautrr,
20006).

Features necessary for a meaningful
taxonomic classification of chaetetid
calcareous skeletons are, in order of
importance: (1) spicule composition and
morphology, both megascleres and micro-
scleres; (2) the original mineralogy and
microstructure of the calcareous skeleton;
and (3) skeletal features, such as size,
shape, and arrangement of tubules. As
noted elsewhere, the first two are the most
important features, but commonly they are
absent, leaving only the third upon which
to base a taxonomy. Unfortunately, these
features of the tubules are not reliable
(WEsT, 1994).

Currently there are 23 taxa (20 genera, 5
subgenera) with a chaetetid basal calcareous
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TABLE 16. Taxa not considered to be chae-

tetids; they are most likely tabulate corals
(West, 2011c¢).

2Staphylopora Le Maitre, 1956
Cryptolichenaria Sokolov, 1955
Amsassia Sokolov & Mironova, 1959
Porkunites Klaamann, 1966
Desmidopora Nicholson, 1886d
Nodulipora Lindstrém, 1873

Schizolites Preobrazhenskiy, 1968
Tiverina Sokolov & Tesakov, 1968
“Barrandeolites” Sokolov & Prantl in Sokolov, 1965
Lamottia Raymond, 1924

Lichenaria Winchell & Schuchert, 1895

skeleton for which reliable information
on spicule morphology and tubule wall
mineralogy and microstructure is available
(Table 13; Table 17). Because the spicules
of fossil chaetetids are all pseudomorphs,
the original mineralogy is unknown but is
inferred to have been siliceous, based on
knowledge of extant forms such as Acan-
thochaetetes wellsi, Ceratoporella nicholsoni,
and Merlia normani.

There are four taxa (genera) with a
chaetetid skeleton for which some mean-
ingful information on the original miner-
alogy and microstructure of the basal
calcareous skeleton is known. However,
the presence of pseudomorphs of spicules
is unknown or questionable (Table 14;
Table 18). Therefore, there is some doubt
as to the validity of these four genera.

Finally, there are 32 taxa (31 genera, 2
subgenera) for which the original mineralogy
and microstructure of the basal calcareous
skeleton and pseudomorphs of spicules
are either very poorly known or unknown
(Table 15). These taxa are based on less reli-
able skeletal features, as noted above (item
3). Of the 32 taxa in Table 15, 26 taxa (25
genera and 2 subgenera) are considered to
be chaetetid form taxa and are best referred
to as simply chaetetids or hypercalcified
demosponges with a chaetetid skeleton. The
remaining 6 taxa (genera), as noted in Table
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15, are not considered to be chaetetids and
are either worm tubes or corals.

From an evolutionary standpoint,
there are 23 (20 genera and 5 subgenera),
or perhaps 27 (23, including the 3
subgenera, with the addition of 4 genera
of an unknown spicule morphology), to
be placed in a phylogenetic framework.
The geologic ranges of the valid taxa (23,
including the 5 subgenera) are given in
Table 17; and those of the additional 4
inadequately described taxa are included
in Table 18. This same information is
represented for all 27 taxa in Table 19.
Table 20 and Table 21 list the basic char-
acteristics of the 23 valid taxa (Table 20),
along with the stratigraphic position and
the geographic locality of their first and
last known occurrences (Table 21). Also
included in Table 20 and Table 21 are the
4 taxa for which definitive information on
the spicules is currently unknown.

Of the 23 valid taxa, only Cerato-
porella, Chaetetes (Chaetetes), Chactetes
(Boswellia), Pachytheca, and Spheroli-
chaetetes are known from the Paleozoic,
and of these, only the last 4 are restricted
to the Paleozoic (middle Silurian to
Permian) (Table 21). Spicules (pseudo-
morphs) have not been reported from
any Silurian chaetetids, and the orig-
inal mineralogy and microstructure of
the tubule walls have been obscured
either by recrystallization, silicification,
or dolomitization. Thus, the Silurian
occurrences are questionable. Spicules
(tylostyle pseudomorphs) and penicillate
calcareous tubule walls have been docu-
mented for Pachytheca (REITNER, 1992),
a genus only known from the Middle
Devonian (Eifelian) of northern Spain.
GraAY (1980) reported spicules (pseudo-
morphs) in Chaetetes (Boswellia) from the
Carboniferous (Mississippian) of Wales,
and REITNER (1991a, p. 181) interpreted
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the tubule walls to be fascicular fibrous
(water-jet) calcite (probably Mg-calcite).
Megascleres are unknown from Chaetetes
(Chactetes), however, probable euasters
are present in the fascicular fibrous tubule
walls of a specimen from the Carbonif-
erous of Russia (REITNER, 1991a, p. 187,
fig. 6).

These are the only reported occur-
rences of spicules in Paleozoic specimens
with a chaetetid basal calcareous skeleton
(GrAY, 1980; REITNER, 1991a, 1992).
Although the mineralogy and micro-
structure of the upper Permian genus,
Spherolichaetetes, is known (GAUTRET &
RAzGALLAH, 1987), spicules are not, thus
there is some doubt about its taxonomic
affinity (REITNER, 1992). As shown in
Table 21, the Permian occurrence of
Ceratoporella is also questionable. The
mineralogy and microstructure of the
upper Permian specimens assigned to
Ceratoporella are known (H. TERMIER, G.
TERMIER, & VACHARD, 1977), but spic-
ules are not. This Permian occurrence of
Ceratoporella is further complicated by
the fact that H. TerMIER, G. TERMIER,
and VACHARD (1977, p. 27) described
Preceratoporella tunisiana as a new genus
and species in their text, but in explana-
tions of their plates on p. 106, referred to
it as Ceratoporella? tunisiana. The query
indicates that assignment of the species
to this genus is questionable. The Paleo-
biology Database (2006) for the Permian
Ceratoporella shows it as ?Ceratoporella
sp., and the query here indicates that the
entire assignment is doubtful. Obviously,
additional study is required.

Definitive data on the spicules (pseudo-
morphs) and/or tubule wall mineralogy
and microstructure for the other Paleozoic
taxa with a chaetetid basal calcareous skel-
eton listed by HiLL (1981, table 3, p. 497)

are lacking and, thus, are excluded from
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TaBLE 17. Geological ranges (from the literature) of valid hypercalcified demosponges with a
chaetetid skeleton; *, CREMER (1995) documented the microstructure and spicul