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INTRODUCTION

Hypercalcified sponges with a chaetetid
skeleton, both fossil and extant, are rela-
tively inconspicuous components of the
marine biota. Only a few extant hypercal-
cified sponges are known, and they occur
mostly along bathyal cliffs and in dark littoral
caves (see Living Hypercalcified Sponges, p.
1-14). Commonly, the habitats of the extant
taxa are associated with reefal environments in
tropical or subtropical latitudes in the Indo-
Pacific and West Atlantic zones. The general
distribution of the three extant hypercalcified
genera with a chaetetid skeleton are as follows:
Merlia, circumtropical and warm temperate
latitudes (Madeira, Mediterranean); Cerato-
porella, tropical latitudes (Caribbean); and
Acanthochaetetes: tropical latitudes (South
Pacific) (SoesT & others, 2005). In tropical
latitudes, the depth distribution is in the
upper bathyal zone (deep forereef), usually
above the thermocline, with Ceratoporella
nicholsoni being the main reef builder between
70 and 105 m depth (LanG, HARTMAN, &
LaND, 1975), and then the development of
scleractinian coral reefs becomes dominant in
the shallower water above. Fossil chaetetids,
on the other hand, appear to have thrived
in more open marine environments of the
shallow continental shelf and were conspic-
uous reef builders during the Carboniferous.

PALEOBIOGEOGRAPHY

The geographic distribution of fossil
chaetetids is not unlike that of extant hyper-
calcified demosponges with a chaetetid skel-
eton: it is essentially tropical (FAGERSTROM,
1984). Data on the temporal and spatial
distribution of reefs during the Phanerozoic
in which chaetetids were listed as a reef
builders, i.e., chaetetid reefs and hypercalci-

fied demosponges including chaetetids, are
shown in Table 26. It also lists data from 37
different stratigraphic intervals (series and
stages) that might, on careful study, contain
chaetetids, namely hypercalcified demo-
sponges that are unreported or unknown,
indeterminate, undifferentiated, and miscel-
laneous. The latitudinal belt (whether trop-
ical or temperate, and in some cases both)
for these series and stages is shown in Table
27. Hypercalcified demosponges, including
chaetetids, are known from five stages in
the Carboniferous: Visean, Serpukhovian,
Bashkirian, Moscovian, and Kasimovian
(Fig. 113-115), but they are most abundant
in the Bashkirian and Moscovian. Permian
chactetid reefs are only known from the
Guadalupian and Lopingian (Fig. 115-117).
Hypercalcified demosponges, including
chaetetids, are reported from two Jurassic
stages, Oxfordian and Kimmeridgian (Fig.
118). All of these occurrences are located in
tropical paleolatitudes, except two, which
are questionably located in the northern
temperate belt (Iran and Japan) during
the Jurassic (Oxfordian and Kimmerid-
gian) (Fig. 113-118). Hypercalcified demo-
sponges that may, on careful study, include
chaetetids, are listed as reef builders for six
sites, five of which are in tropical paleolati-
tudes (Table 27). Unreported reef builders,
and those listed as unknown, indeterminate,
undifferentiated, or miscellaneous at the
remaining sites in different stratigraphic
intervals could, on careful study, contain
chaetetids; most of these are in the tropics
(Table 27).

Although information on the micro-
structure and spicules, or spicule pseudo-
morphs, is currently lacking, there are a
number of described taxa that have a chae-
tetid skeleton and could be hypercalcified
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TaBLE 26. Temporal and spatial distribution of Phanerozoic reefs that contain, or could contain,
chaetetids. Hypercalcified demosponges, presumed chaetetids, occur in other stratigraphic in-
tervals as noted in the text; % only the latitudinal belt (Temperate or Tropical) containing the
majority of the occurrences and the general geographic localities of reef builders are indicated,
after KIESSLING, FLUGEL, and GoLoNKA (2002), who listed the reef builders as unknown, undif-
ferentiated, miscellaneous, indeterminate, or hypercalcified demosponges (coralline sponges);
some were unreported; these five categories are included because chaetetids are, or could have
been, involved in the reef building, and as such, suggest intervals and areas for future study;
italics, stratigraphic intervals and geographic areas where chaetetids have been recognized as
important contributors to reef building; #, reef builders are not reported, only whether reefs
and reef mounds, mounds biostromes, or unknown buildups occurred (data from Kiessling,

Fliigel, & Golonka, 2002, and refer only to reefal occurrences).

System Series and Reef builder* Paleolatitude*| Paleogeography*
Stage
Pliocene Unknown Tropical southern Spain and
Miocene southern Iraly
Tortonian
Neogene Serravallian— Unknown Tropical Indian Ocean, South Pacific,
Burdigalian southeastern Asia, northern
Mediterranean coast
Neogene— Aquitanian Unknown Tropical South Pacific, New Guinea
Paleogene Oligocefle
Chattian
Rupelian Unknown Tropical India, southeastern Asia
Eocene
Priabonian Unknown Tropical eastern Africa
Bartonian— Unknown S. Temp. northern Australia
Lutetian
Paleogene Bartonian— Unknown Tropical India
Lutetian
Bartonian— Unknown N. Temp. Middle East
Lutetian
Ypresian Unknown Tropical South Africa
Paleocene
Thanetian
Upper
Campanian Unknown N. Temp. Greece, Italy
Lower
Aptian— Indeterminate 30° N. Lat. France, Austria, Germany,
Cretaceous Valanginian northern Italy, Slovenia
Aptian— Indeterminate S. Temp. South Adlantic
Valanginian
Valanginian Indeterminate N. Temp. Crimea, Ukraine, Turkmenistan
Valanginian Indeterminate Tropical eastern U.S., Hungary, Spain,
France, Italy, Tunisia, Portugal
Tithonian Indeterminate Tropical eastern U.S., Hungary, Spain,
France, Italy, Tunisia, Portugal
Tithonian— Hypercalcified Tropical
Kimmeridgian demosponges
Kimmeridgian Morocco, southern Europe,
Jurassic chaetetids Saudi Arabia, Iran
Oxfordian— Hypercalcified Tropical Egypt, Israel, Lebanon
Callovian demosponges
Oxfordian Mexico, southern Europe, Iran
chaetetids
Oxfordian— Hypercalcified N. Temp.? Japan
Callovian demosponges
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TABLE 26 (continued from facing page).

Bathonian— Unknown Tropical Georges Bank, Atlantic
. Bajocian
Jurassic Bathonian— Unknown S. Temp. Madagascar
Bajocian
Rhaetian— Hypercalcified Tropical western Tethys, Middle East,
Norian demosponges southeastern Asia, Japan,
L. western Canada, Alaska (USA)
Triassic Carnian— Hypercalcified Tropical essentially Tethyan
Ladinian— demosponges
Anisian
Lopingian Chacetetid reefs Tropical Pakistan, southern China
Guadalupian Chaetetid reefs Tropical ?Oman, Pakistan
Cisuralian
Permi Kungurian— Hypercalcified Tropical western Texas (USA), southern,
ermian o .
Artinskian— demosponges western China
Sakmarian
Asselian Hypercalcified Tropical Japan
demosponges
Gzhelian Hypercalcified Tropical Japan
Carboniferous demosponges
(Pennsylvanian) I\K/IasimO\.rianf Hjﬂ/;)ermlaﬁed ‘ Tropical western United States, Japan,
oscovian— lemosponges, with Kyrgyzstan
Bashkirian chaetetid reef banks
Serpukhovian# Unreported# Tropical, S. United States, Europe, Russia,
Temp. Iran, China, Afghanistan, Japan
Carboniferous
Visean# Unreported# Tropical, S. North America, Europe, Russia,
(Mississippian) Temp. Australia, Afghanistan, China,
Japan
Tournaisian# Unreported# Tropical, N. | North America, Europe, Russia,
and S. Temp. Australia, Afghanistan
Upper
Famennian Unknown Tropical, N. | Australia, Canada, China,
and S. Temp. Europe, Kazakhstan, Russia
Frasnian Unknown Tropical northwestern Canada, Russia,
Polar Urals, Kazakhstan
Middle
Devonian Givetian Unknown Tropical western and northwestern Canada,
southern China, Polar Urals
Lower
Emsian— Unknown Tropical western and northwestern Canada,
Pragian Polar Urals
Pragian Unknown Tropical Arctic, northern Urals,
Lochkovian Kazakhstan
Pridoli-Ludlow Unknown Tropical Kazakhstan, Russia
. Ludlow Unknown N. Temp. Kazakhstan, Russia
Silurian Wenlock Unknown Tropical North America, Kazakhstan,
Siberia
Llandovery Unknown Tropical Northwest Territories
Upper Ordovician
Hirnantian— Unknown Tropical Yakutsk, Russia
Katian
Ordovician Katian— Miscellaneous Tropical northwestern and southeastern
Sandbian Kazakhstan, northwestern Canada
Middle Ordovician
Darriwilian Undifferentiated Tropical North Korea, northern China
Darriwilian Undifferentiated S. Temp. North Korea, northern China
Ordovician— Tremadocian— Unknown Tropical North America, Kyrgyzstan,
Cambrian Furongian Kazakhstan




182

Porifera—Hypercalcified Sponges

TABLE 27. Summary of the paleolatitudinal position of reefs that contain, or could contain,

chaetetids in the 37 different Phanerozoic stratigraphic intervals listed in Table 26. *Note that

in some of the 37 stratigraphic intervals containing reefs there is some duplication (even in one
interval, tripling) of the number of reefs (West, 2012¢).

Reef builder Number Tropical Temperate  30° N. Lat.
Chaetetid reefs 2 2 0

Hypercalcified demosponges, including chaetetids 3 3 0

Other hypercalcified demosponges 6 5 1

*Unknown, indeterminate, undifferentiated, 27 25 12 1

miscellaneous, or unreported reef builders

demosponges. To provide a more complete
temporal and spatial distribution of chae-
tetid skeletons, some of these taxa are
briefly summarized.

Hypercalcified sponges with a chae-
tetid skeleton have been reported from
Cambrian, Ordovician, Silurian, Devonian,
and lower Carboniferous rocks. Flindersipora
bowmani, an abundant coralomorph in
lower Cambrian bioherms in the Flinders
Ranges, South Australia, should, according
to SORAUF (2000, p. 38) be placed with the
chaetetids. However, the numerous, well-
developed septa in Flindersipora bowmani
are a characteristic of tabulate corals and
are not currently known in any chaetetid
taxa. Interestingly, another characteristic of
tabulate corals, namely pores in the walls,
has been documented in ?Blastoporella (Culr
& EzzouBAIR, 1991), a probable chaetetid
genus. If septa in chaetetids, as suggested by
Soraur (2000), and pores in tubule walls,
as documented in ?Blastoporella, are to be
considered features of chaetetids, then it is
possible that chaetetids and tabulate corals
are more closely related than previously
thought.

OAKLEY (1936) described a chaetetid from
the Ordovician of the Northwest Territories,
Canada, and NorrorD (1971) described
a species of Chaetetipora from the Upper
Ordovician of Ellesmere Island. Chaetetids
were reported from the Upper Ordovician
Cincinnati Group by NicHOLsON (1874)
and MICKLEBOROUGH and WETHERBY (1878).
Occurrences from the middle Silurian
(Clinton) of New York were reported by
NicHoLsON (1874) and GILLETTE (1947).

Some of the taxa (chaetetid species) listed
by MICKLEBOROUGH and WETHERBY (1878)
are now considered to be bryozoans, and
the occurrence of Chaetetes (Chaetetes) in
the Silurian is also queried (see Table 22).
C. (Boswellia) and Pachytheca are valid chae-
tetid genera, and occur in the Devonian (see
Table 19). OLIVER, MERRIAM, and CHURKIN
(1975) reported Devonian chaetetids in
Alaska, and MENDEZ-BEDIA, SOTO, and
FERNANDEZ-MARTINEZ (1994) and SoTo,
MENDEZ-BEDIA, and FERNANDEZ-MARTINEZ
(1994) reported chaetetids in Devonian
reefs in the Cantabrian Mountains in Spain.
Chaetetids are also found in the subsurface
Devonian reefs of Canada (D. L. Kissling,
personal communication, 1988). Other
Devonian occurrences of chaetetids are in
Poland (NowiINskI & SARNECKA, 2003),
the Ardennes (Belgium, Luxembourg, and
France) (HUBERT & others, 2007; ZAPALSKI
& others, 2007), Germany (May, 1993),
Morocco (May, 2008), and Australia
(PickerT, OCH, & LEITCH, 2009).

More widely distributed are hypercalci-
fied demosponges with a chaetetid skel-
eton in the Carboniferous, Missisippisan
of the United States, as follows: Georgia
(BROADHEAD, 1975; LorD & WALKER, 2009;
LorD, WALKER, & ARETZ, 2011); Illinois
and Kentucky (STOUDER, 1938; DUNCAN,
1965, 1966; GUTSCHICK, 1965; TRACE
& McGRAIN, 1985); western Wyoming
(SaNDO, 1975); Nevada (Arrow Canyon and
Goodsprings); and Wellsville Mountains,
Utah (WesT, 1992). Lower Carboniferous
chaetetids have also been reported from: Peru
(BASSLER, 1950); Akiyoshi-dai, Japan (Orta,
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Fic. 113. Distribution of Carboniferous chaetetids; 7, g

Lo

eneral distribution of chaetetids during the middle Early

Carboniferous, approximately 320-340 Ma (West, 2012¢); 2, general distribution of chaetetids during the middle
Late Carboniferous, approximately 305-320 Ma (West, 2012c).

1977, 1968); Taurides, southern Turkey
(DENAYER, 2010); Donets Basin, Ukraine
(OGAR, 2011, 2012); Tiouinine, Morocco
(RODRIGUEZ & others, 2011); Derbyshire,
England (WOLFENDEN, 1958); the Great
Limestone, Yorkshire, England (DEaN,
OWEN, & Dooris, 2008); Wales (ARETZ &
HERBIG, 2003a); Little Asby Scar, Cumbria,
England (ARETZ & NuDDS, 2007); the
Midland Valley, Scotland (JaMEsoN, 1980,
1987); the Anhee Formation of Royseux,
Belgium (ARETZ, 2001); the Montagne
Noire, France (ARETZ & HERBIG, 2003b);
southwestern Spain (GOMEzZ-HERQUEDAS &

RODRIGUEZ, 2009); and Cannindah lime-
stone, Queensland, Australia (SHEN & WEBB,
2008).

Additionally, I have examined numerous
specimens of lower Carboniferous chaetetids
in museum collections of England, Scotland,
Wales, and continental Europe, where they
occur more commonly than in the upper
Carboniferous rocks of those areas. In addi-
tion to the upper Carboniferous sites listed
in Table 26 and summarized in Table 27,
chaetetids also occur in upper Carboniferous
reefs of Holm Land, northeastern Greenland
(STEMMERIK, 1989), and others are included



Porifera—Hypercalcified Sponges

184

I @ o @ 6@ 8 ® L@ 9@ S @ v | €| | 2] | PI

-Burpssary uedjiopm £q papraoad depy “euad[y
‘reydag = £ ‘uredg WIDYIIOU ‘SUTRJUNOIA UBLIGRUR)) = 9 ‘A[e}] WIDY}IOU pue BLYSNY = G ‘RIGIdG = H[ ‘euryD YInog ‘noyzms = ¢ ‘uedef wrayinos = | ‘eunyd)
‘urseq wiLe ] = [ [ ‘eA1ZIS1ry] = (] ‘dureny) ‘uiseq sjpuo( = 6 ‘LISSNY YS[0SO] = § ‘Uejsyp{ezey] 03 S[eI) [e1juad = £ ‘erssny ‘sjedn) rejodqng o3 uewr ] = 9 ‘uadraqzidg
pue pue[uadIo) 3seayIou = ¢ ‘odefadiydry dPIY UeIpRUR)) = § {e}[() PUB OPRIO[O)) = ¢ ‘PUOZLIY PUE ‘OJIXIJA] MIN] ‘SEX3 ] ‘WO ‘Sesueyly = 7 ‘sesuey pue
stoul] = [ :(saxoq axenbs) xapur Aj1[ed07 ‘seaxe adofs 03 Jjays 19daap djeraduway 03 edrdonqns ur uowrwod Aredo] aram sdnping ueozoLig ‘seas [eordony moqeys
ur uowrwrod A[[edo] a1am sdnpying sajajavy) “yueurwop a1am (vurshjdvoavivg ‘aelre profAyd ‘snofydiauny) ‘vioy ‘vjjazauo( /vjjaute) sdnpng reSe yey; ajoN
‘SI9P[INQ JOII UMOWNUN = | [ ‘SJ9dI UROZOAI] = ()] ‘SJIdI [RIOD = ¢ /(SOWOLSOIq pdjaeyd Surpnpdur) sjaax 93uods aur[[e1od = g ‘vuishjdvoavyJ yym spunow [edpe =
£ ‘spunowt [eS[e = 9 ‘spunowr [PIqoIIW = G “Ueado uado daap =  ‘seas Mo[[eYs = ¢ ‘pue| = Z ‘Surejunow = | ‘(1 [~ sldqunu) s1apymnq Arewud 1ayy pue sdnpping
3jeuoqued druedio jo uonnquysip Surmoys prrom ayj jo dew onyder3oagoared (] eXOILSqQY I9MOT (URIAOWISEY-URLIIYSEE) SNOIdJIUOqIR)) d)e] pru 03 A[1eq

FiG. 114. Carboniferous reefs, those with chaetetids marked with X; Carboniferous, both Mississippian and Lower—

Upper Pennsylvanian (Bashkirian—Kasimovian) chaetetid occurrences; X between numbers 1 and 2 and X markings

below number 10 and above number 12 are occurrences in the central and western United States, Kyrgyzstan, and

Japan respectively (adapted from Wahlman, 2002, p. 274, color fig. 2; courtesy of the author and the Society for

Sedimentary Geology; for a color version, see Treatise Online, Number 37: paleo.ku.edu/treatiseonline).
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FiG. 115. Carboniferous and lower Permian reefs, those with hypercalcified demosponges marked with X; Carbonifer-

hypercalcified demosponge

adapted from Wahlman, 2002, p.

275, color fig. 3; courtesy of the author and the Society for Sedimentary Geology; for a color version, see Treatise

)

(

Lower Cisuralian (Asselian

>

Online, Number 37: paleo.ku.edu/treatiseonline).

locality; X below and slightly right of number 12 is the Japanese (Akiyoshi) site

ous, Upper Pennsylvanian (Gzhelian) to lowermost Permian
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X markings above and to left of number 3, between

FiG. 116. Lower Permian reefs, those with hypercalcified demosponges marked with X; lower Permian (Sakmarian,

Artinskian, and Kungurian) hypercalcified demosponge localities;
numbers 13 and 16, and to lower left of number 12 refer to western Texas,

southern and western China, respectively

(adapted from Wahlman, 2002, p. 276, fig. 4; courtesy of the author and the Society for Sedimentary Geology; for a
color version, see Treatise Online, Number 37: paleo.ku.edu/treatisconline).
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FiG. 117. Permian reefs, those with chaetetids marked with X or O; Permian (Guadalupian and Lopingian) chactetid
occurrences; O markings just below number 22 and to the lower left of number 16 are Guadalupian occurrences in

Oman and Pakistan, respectively; X markings between numbers 16 and 17 and above number 15 (Lopingian) are

occurrences in Pakistan and southern China, respectively (adapted from Weidlich, 2002, p. 352, fig. 8; courtesy

of the author and the Society for Sedimentary Geology; for a color version, see Treatise Online, Number 37: paleco.

ku.edu/treatiseonline).
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FiG. 118. Jurassic reefs, those with chaetetids marked with X; 7, Upper Jurassic (Oxfordian) chaetetid occurrences;

X markings are localities in Mexico, southern Europe, and Iran (adapted from Leinfelder & others, 2002, p. 481,

color fig. 5A; courtesy of the author and the Society for Sedimentary Geology); 2, Upper Jurassic (Kimmeridgian)

chaetetid occurrences; X markings are localities in Morocco, southern Europe, Iran, and Saudi Arabia (adapted from

Leinfelder & others, 2002, p. 482, color fig. 6A; courtesy of the author and the Society for Sedimentary Geology;
for color versions, see Treatise Online, Number 37: paleo.ku.edu/treatiseonline).

in the collections of the Canadian Geological
Survey from Ellesmere Island (Canadian
Arctic).

Post-Paleozoic chaetetids are repre-
sented in fossil sponge communities of
Lower and middle Cretaceous rocks in
Arizona and northern Spain (REITNER,
1989). Chaetetids also occur in Paleogene
and Neogene rocks, as shown in Table
26, and in Pleistocene reef limestones
of Okinawa (Mori, 1976; 1977; NAKA-
MORI, 1986) and the Vanuatu Archipelago
(MILLET & KIESSLING, 2009). Living speci-
mens occur in the fringing coral reefs of
Okinawa (NAGAI & others, 2007).

Some of the occurrences noted in the
preceding paragraphs are in series and stages
that are listed as unreported in Table 26,
such as the lower Cambrian, lower Carbon-
iferous, and part of the Lower Cretaceous.
However, all of the sites mentioned above
are situated on currently available paleo-
geographic maps, in positions either in the
tropics or in warm temperate settings. Thus,
the paleogeographic distribution of fossil
chaetetids is the same as for their extant
descendants in tropical to warm temperate
zones. Although chaetetids were never really
conspicuous and never formed large reefs,
they did, during the late Paleozoic, produce
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significant reef mounds and banks in shallow
water, open marine environments (WEST,
1988; WAHLMAN, 2002). Prior to the upper
Paleozoic, they appear to have had a smaller
and less significant role in Paleozoic reef
communities. It is important to note that
the skeletal morphology of chaetetids is
similar to that of a number of Paleozoic
tabulate corals, as well as some bryozoan
colonies. Because workers in the Paleozoic
commonly relate forms they collect in the
field to tabulate corals rather than chaetetids,
more careful study of tabulate corals, such
as lichenarids and chaetetids is needed (see
also discussion on p. 6).

Extant, and most post-Paleozoic chae-
tetids, are also small and relatively incon-
spicuous in the relatively more diverse reef
communities of the Mesozoic, occurring in
cryptic and/or deeper bathyal environments.
As small occupants of such environments,
they are easily overlooked, which may be
part of the reason why they have rarely been
reported.

BIOSTRATIGRAPHY

Hypercalcified demosponges with a chae-
tetid skeleton occur in four orders of the
Demospongiae: Hadromerida, Chondrosida,
Poecilosclerida, Agelasida, and possibly also
the Halichondrida (Chaetosclera and Neuro-
pora). In addition, there are five genera,
Atrochaetetes, Bauneia, Blastochaetetes, Mean-
dripetra, Ptychochacetetes (Ptychochaetetes),
and P (Varioparietes) for which the order and
family are uncertain. The order Hadrom-
erida contains the following taxa: Acantho-
chaetetes, Calcisuberites, Chaetetes (Chaetetes),
C. (Boswellia), C. (Pseudoseptifer), Chae-
tetopsis, Pachytheca, and Calcispirastrella.
Ceratoporella, Blastoporella, Kemeria, Keri-
ocoelia, Leiospongia, and Sclerocoelia are
in the order Agelasida; the placement of
Cassianochaetetes and Spherolichaetetes in
this order is questionable. Currently, the
only genus in the order Poecilosclerida is
Merlia. The oldest and longest ranging
valid chaetetid taxa extend from the ?Silu-
rian to the Recent (see Table 19, Table 22).
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There are more valid chaetetid genera in
the Mesozoic than in the Paleozoic, with
the greatest number (ten), in the Triassic.
Of these ten, five genera (Atrochactetes,
Bauneia, Blastochaetetes, Ceratoporella, and
Ptychochaetetes) extend beyond the Triassic
(see Table 19, Table 22). There are also three
other chaetetid genera in the Triassic that
are inadequately known, because spicules,
or spicule pseudomorphs, have not yet been
recognized (see Table 19, Table 22). Of the
three extant genera, Acanthochaetetes, Cera-
toporella, and Merlia, only the last is known
from the Paleogene (Eocene and Oligocene)
and Neogene (Miocene).

It is interesting that there are so many
valid chaetetid genera (ten) in the Triassic
and so few in the Paleozoic (three). Although
a number of tabulate and rugose corals
survived the extinctions at the end of the
Ordovician and the end of the Devonian,
none survived the extinction at the end of
the Paleozoic (Permian) (SErkoski, 2002).
Heterocorals appeared first in the Upper
Devonian (Famennian) and continued into
the Carboniferous, but they are unknown
from the Permian (SEPKOSKI, 2002, p. 61).
The class Stromatoporoidea (STEARN &
others, 1999, p. 11; and see Paleozoic Stro-
matoporoidea, p. 707) is only reported
from the Paleozoic, where they were impor-
tant reef builders during the Late Ordovi-
cian, Silurian, and Devonian, and none
is confirmed to have survived beyond the
Devonian. Habitats occupied by these corals
and stromatoporoids would have been avail-
able to other organisms that survived the
extinctions at the end of the Devonian
and the end of the Permian. A tentative
occurrence of Ceratoporella, an extant chae-
tetid genus, is reported from the Permian
(H. TErRMIER, G. TERMIER, & VACHARD,
1977), so perhaps chaetetids occupied these
available niches during the Triassic but
were eventually replaced by scleractinian
corals and Mesozoic stromatoporoids. At
the same time, the preservation poten-
tial of any fossil is decreased the longer it
is subjected to natural processes, namely
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F1G. 119. Relative abundance (skeletal biovolume) in relation to the major groups of reef builders, upper Car-

boniferous reef mounds; time scale on the far right is the regional scale for North America, and the other one is

the International time scale (adapted from West, 1988, p. 157, fig. 1; courtesy of the author and the Society for
Sedimentary Geology).

diagenetic processes, and thus the older and
less well-preserved Paleozoic forms may not
have been recognized and/or were confused
with tabulate corals, as noted on the previous
page.

The currently known first and last occur-
rences of the 22 valid genera of hypercalci-
fied demosponges with a chaetetid skeleton
are listed in Table 19, along with the 4
genera for which definitive information on
spicules or spicule pseudomorphs is lacking.
Of these 22 valid genera, 19 are known
only from the Mesozoic, 3 valid genera are
exclusively Paleozoic, the living Ceratoporella
has questionably been reported from the
Permian, and the oldest occurrence of Merlia
is in the Jurassic. Although the generic diver-
sity is greatest in the Mesozoic, conspicuous
reef building chaetetids were most abundant
during the upper Carboniferous (Woob,
1990b). Because of their small size and
minor roles in the generally more diverse
Mesozoic reef communities, chaetetids are
often unrecognized.

The five time slices in which chaetetids
were abundant enough to be important
in the construction of reefs are upper
Carboniferous (Bashkirian—Kasimovian),
Permian (Guadalupian and Lopingian),
and Jurassic (Oxfordian and Kimmerid-

gian) (Table 26). Although they are specif-

ically listed as reef builders during these
five intervals, they are most conspicuous
during the upper Carboniferous (Bash-
kirian, Moscovian, and Kasimovian). The
reason(s) for their abundance during this
time interval is not clear, but it could be
related to the fact that the diversity of the
reef mounds was low during this period
of time. With less competition, chaetetid
skeletons may have grown larger, forming
more conspicuous reefal structures.

Two aspects of this concentration in
the upper Carboniferous (Bashkirian—
Kasimovian) deserve comment. First, chae-
tetids, based on field collecting and examina-
tion in some museum collections, appear to
be more widespread and conspicuous in the
lower Carboniferous (Mississippian) of most
of Europe (Spain is an exception) than in the
United States (Fig. 113.1-113.2). KIESSLING,
FLUGEL, and GoLoNKA (2002, p. 708) noted
that the status of the mid-Carboniferous
event between the Serpukhovian and Bash-
kirian, as a major global extinction event, was
ambiguous; however, their data indicated a
first-order reef crisis. The upper Carbon-
iferous (Pennsylvanian) in Europe is more
siliciclastic, as it is also in the eastern United
States. Consequently, in all of these regions,
it appears that the environments available
during the upper Carboniferous were rather
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unsuitable for chaetetids. However, that does
not explain the rarity of chaetetids in the
largely carbonate sequence of most of the
lower Carboniferous (Mississippian) in the
central and western United States. It also
does not explain the similarity between the
poriferan and coral assemblages of Spain
and the North American midcontinent
during the upper Carboniferous, especially
during the Moscovian (GARCIA-BELLIDO &
RoODRIGUEZ, 2005). If, as documented by
GARCIA-BELLIDO and RODRIGUEZ (2005),
there was a marine connection between the
Paleotethys Sea and the Panthalassan Ocean
during the Moscovian, then it seems reason-
able to infer that such a connection existed
earlier, i.e., during the lower Carboniferous
through into the Bashkirian (lower upper
Carboniferous).

The second aspect is the rather sudden,
almost complete, disappearance of chaetetids
from the upper Carboniferous (Kasimovian—
Gzhelian) through the Permian. There are
a few reported occurrences of chaetetids in
the Kasimovian (most of the Missourian) of
the United States, but currently there are no
known Gzhelian (Virgilian) (WEsT, 1992) or
lower Permian (Asselian) occurrences in the
United States. WAHLMAN (2002) recorded
upper Carboniferous (Gzehlian) and lower
Permian (Asselian) hypercalcified demo-
sponges from Japan (Fig. 115; Table 26)
and from the lower Permian (Sakmarian,
Artinskian, and Kungurian) of western Texas
and southern and western China (Fig. 116;
Table 26). Chaetetid reefs occur in the upper
Permian (Guadalupian and Lopingian) of
Oman, Pakistan, and southern China (Fig.
117; Table 26; WEIDLICH, 2002, 2007a,
2007b; WEIDLICH & BERNECKER, 2003).
Phylloid algae (Fig. 119) were the dominant
reef builders during the Late Carboniferous
and earliest Permian, not only in the western
and central United States but also in southern
Europe and southern China (WAHLMAN,
2002, p. 322). Calcareous algae, especially
rhodophytes and chlorophytes, were abun-
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dant and diverse (Wray, 1968, 1970, 1977)
and apparently more successful than chae-
tetids in the open marine shallow waters of
the continental shelf and epicontinental seas.
However, chaetetids survived in the more
turbid, less illuminated, and, as suggested
by Woob (1995, fig. 5), nutrient-limiting
waters of these environments. Perhaps this
was the beginning of their retreat into the
deeper water and/or cryptic habitats they
inhabit today.

The biostratigraphy of hypercalcified
demosponges with a chaetetid skeleton is
affected by: (1) the skeletal architecture—
organizational grade, which is polyphyletic;
(2) the sporadic occurrence of valid chaetetid
genera (see Table 19); and (3) the tapho-
nomic processes that often altered and/or
destroyed the original skeletal microstructure
and spicules, making generic and specific
identification difficult, if not impossible.
As noted above, Cambrian and Ordovician
chaetetid-like forms have been reported, but
the oldest currently valid chaetetid taxon
is the questionable occurrence of Chaetetes
(Chaetetes) in the Silurian. Valid chaetetid
genera and subgenera extend to the Recent
and are most abundant during the Bash-
kirian and Moscovian, an interval that, based
on current knowledge, is the acme zone of
chaetetid sponges (Fig. 119).

A number of stratigraphic gaps exist between
the currently known first and last appearances
of the valid chaetetid genera (see Table 19),
as well as many blanks and unknowns in the
temporal and spatial distribution of chaetetids
(Table 26). More thorough globally oriented
investigations of chaetetid sponges are required
to achieve the fullest possible understanding of
the paleobiogeography and biostratigraphic
development of this group.
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INTRODUCTION TO POST-DEVONIAN
HYPERCALCIFIED SPONGES
(STROMATOPOROID TYPE)

RacHEL WooD

EXTERNAL MORPHOLOGY
GROSS MORPHOLOGY

As with most epibenthic invertebrates,
calcified sponges display a wide range
of gross morphologies and sizes, which
may be more an expression of environ-
mental controls than phylogeny. Modular
organisms (those that show a repeti-
tion of functional units or individuals)
have particularly flexible morphologies,
which appear to be designed for life under
varied rates of sedimentation, hydro-
dynamic energies, and substrate types.
Some species have fixed morphologies
and sizes, others show variation according
to setting, and yet others show evidence
that individuals can adapt to changing
energy and sediment regimes, as shown
by changing growth styles over the indi-
vidual’s lifetime.

Mesozoic stromatoporoids tend generally
to be smaller than Paleozoic representa-
tives, but they fall into the same three main
groups of branching, laminar, and massive
morphologies. The full range of gross
morphologies they exhibit is listed in Table
28, together with their growth form, and an
interpretation of the environments in which
such forms most commonly grew (compiled
from KissLING & LINEBACK, 1967; KERSHAW,
1998). Growth form denotes the organiza-
tion of functional units and follows the
scheme outlined by CoaTEs and Jackson
(1985). Laminar forms are subdivided into
those that formed a permanent attachment
to a hard substrate (encrusting) and those
that grew upon soft sediment (recum-
bent). Detailed descriptions of the gross
morphologies and growth forms are given

in the Glossary (p. 397-415).

SURFACE FEATURES

Most Mesozoic stromatoporoids show
open, porous surfaces, where the skeletal
elements form a network. Other surface
features fall into two categories: first are
those structures related to the immediate
hydrodynamic conditions under which an
individual grew. These are oscular chim-
neys, mamelons, and subsidiary branches.
Oscular chimneys are tubelike elongations
bearing exhalant, oscular pores; mamelons
are rounded, moundlike elevations that
often bear astrorhizae or oscular pores.
Subsidiary branches represent further
skeletal development from either of these
structures. All these structures enabled the
sponge to increase the diameter of supply
and thus avoid recycling of exhalant water
(Fry, 1979). The presence or absence of such
structures cannot always, however, be attrib-
uted to large-scale environmental causes.
For example, adjacent individuals of the
living chaetetid, Ceraroporella, show varied
mamelon development. Reconstruction of
hydrodynamic regimes should therefore
only be considered when the range of surface
features of an assemblage is available.

The second category of surface features
reflects the organization and position of the
aquiferous filtration system in relationship
to the areas of skeletogenesis. The skeleton
of a sponge serves to support the aquif-
erous system and will reflect the position of
this when the soft tissues have gone. Most
Mesozoic stromatoporoids possess complex
traces of the intricate canal systems within
their skeletons, often as ramifying unwalled
spaces within the skeleton, which open out
into astrorhizae on the upper surfaces. As
the individual grows, successive layers are
superimposed.
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TasLE 28. Gross morphology and growth form of Mesozoic stromatoporoids, together with
inferred environments in which each form most commonly occurred (Wood, 2011).

Gross morphology Growth form Inferred hydrodynamic ~ Inferred sedimentation
regime rate

branching-delicate pseudocolonial (uniserial) low energy high

branching-delicate pseudocolonial (uniserial) moderate energy moderate

branching multiserial erect low-moderate energy moderate

laminar-recumbent multiserial variable energy low

laminar-encrusting multiserial high energy low

massive: hemispherical, nodular multiserial encrusting moderate-high energy low

massive: columnar, conical multiserial encrusting low-moderate energy high

The form of the aquiferous system is
largely dictated by the relative thickness of
soft tissue and can thus be an important
clue in soft-tissue reconstructions. For
example, astrorhizae, the unwalled traces
of the stellate, branching, exhalant canal
system, are expressed in the fossilizable skel-
eton only when the soft tissue is sufficiently
thin for the exhalant canals to be directly
adjacent to the areas of calcification—
i.e., the aquiferous system is essentially
surficial. In contrast, oscular pores will be
present within the skeleton only if the soft
tissue is thick and the aquiferous system is
penetrative and enclosed within the upper
portions of the calcareous skeleton. Here,
the exhalant canal traces are expressed as
ramifying canals within the skeleton and
not as superficial astrorhizal furrows. Ostia
do not normally have any skeletal expres-
sion, although the tubules in chaetetids
may correspond to the placing of one or
more ostia, as noted in the living chaetetid
Ceratoporella.

As in Paleozoic representatives, many
Mesozoic stromatoporoids show a concen-
tric layered appearance on the undersur-
face of hand specimens or when viewed in
longitudinal thin section. These layers are
periodic skeletal growth increments known
as latilaminae. They are formed by alter-
nating changes in the thickness or spacing
of skeletal elements, or by a periodicity in
the arrangement of the secondary skeleton.
They may also be produced by preservational
differences in the skeletal elements, perhaps
due to varying amounts of organic material,
leading to differing diagenetic susceptibility.

Latilamination appears to be a reflection of
different rates or types of skeletal growth
and may indicate some cyclicity, possibly
seasonal, of the environment in which stro-
matoporoids grew.

INTERNAL MORPHOLOGY

CONSTRUCTION OF THE
SKELETON

The skeletal construction of many living
calcified sponges consists of four successive
growth stages: (1) organic skeleton; (2)
spicular framework; (3) primary calcareous
skeleton; (4) secondary calcareous skeleton
(filling tissue). Some or all of these growth
stages are inferred to have been present in
Mesozoic stromatoporoids and are illus-
trated schematically in Figure 120.

1. Fine collagen fibers, known as spongin,
occur in many sponges and in all demo-
sponges. Spongin fibers are a few millimeters
in diameter and are formed by numerous
collagenous fibers 10 pm or less in diameter.
Spongin is secreted by spongeocytes and is
found in varying quantities in different groups.

2. Siliceous and calcareous spicules are
known from Mesozoic stromatoporoids,
placing their possessors in the classes
Demospongiae and Calcarea, respectively.
Spicules are secreted by sclerocytes. In
demosponges, an axial filament appears
within the sclerocyte, which serves as the
template for silicification. Collenocyte
cells are probably active in moving spic-
ules to their final positions, at which point
basal exopinacocytes engulf the spicules
and cover them with a layer of spongin.
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FiG. 120. Schematic illustration of the four successive skeletal growth stages inferred to have been present in Mesozoic

stromatoporoids; /, primary spicule framework, probably bound with an organic matrix (dozzed lines); 2, primary calcareous

skeleton of irregular microstructure, forming meniscus-like around projecting spicules; 3,secondary calcareous skeleton
forming orthogonal fibrous rim; 4, filling tissue of irregular tabulae (shown in black) (adapted from Wood, 1987).

Spicules are thus trapped and intercon-
nected within the skeleton of spongin,
from which the spicules echinate (protrude
upward and outward from the fibers). As
more spicules are moved into place and
join the skeletal network, all parts of the
spicule-spongin complex become covered
with a similar layer of exopinacocytes. The
skeleton of siliceous spicules and spongin
fibers provides support for the soft parts of
the sponge; in demosponge cultures raised
in a silica-free medium, the aquiferous
system fails. Spicules are highly variable
in morphology and organization, and they
often show considerable variety within
different histological parts of an individual.
Spicule tracts (bunches of spicules) may
show an axial condensation from which
they diverge in a plumose (as in Milleporel-
lidae) or a plumulo-reticulate arrangement
(as in Actinostromarianinidae), which
radiate to the surface of the sponge.

3. The form of the primary calcareous
skeleton is often determined by the posi-
tion of the organic skeleton and may also be
influenced by the positioning of the spicular
skeleton.

The resultant primary calcareous skeletal
elements fall into two categories: radial
and concentric elements (Fig. 121). Radial
elements may be pillars (of limited length)
or columns (more continuous). Concen-
tric elements are known as pillar-lamellae
(short, discontinuous elements contiguous
with pillars or columns) or laminae (inde-
pendently secreted, continuous elements).
Laminae are often punctured by pores,
which are interpreted as oscular openings,
as found in Burgundia (see Fig. 185a—f).
Astrorhizae are often limited to interlaminar
areas where laminae are present, although
there may be some connection between
successive generations. In some forms, the
radial skeletal elements initiate from an axial
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F1G. 121. Nomenclature of the skeletal elements in Mesozoic stromatoporoids (adapted from Wood, 1987).

condensed area (e.g., Actinostromarianina,
Fig. 170,34-b).

Sometimes the skeleton of Mesozoic stro-
matoporoids forms a reticulum where no
distinction between radial and concentric
elements can be made. This is often the
case in the undifferentiated juvenile skel-
etal tissue at the base of stromatoporoid
skeletons.

4. Only the peripheral areas of most
calcified sponge skeletons are open, water-
supplied frameworks covered by or filled
with living soft tissue. Abandoned, older
parts of the skeleton no longer occupied by
living tissue are sectioned off or secondarily
infilled by skeletal structures, which also
provide a support platform for the soft
tissue. A variety of secondarily precipi-
tated structures (tabulae, secondary thick-
ening, and backfill) constructed of various
microstructures are common in Mesozoic
stromatoporoids (Fig. 121). Tabulae are
platelike, straight or curved elements that

span between radial elements, parallel to
the growth surface of the individual or
across exhalant canal traces and oscular
tubes. They may be precipitated at irregular
intervals (independently) during the life-
time of the sponges or aligned as periodical
growth increments. Tabulae often show a
greater degree of alignment in forms with
inferred thin veneers of tissue. They may
be thin and of irregular microstructure or
relatively thick, fibrous structures. Some
Recent calcified chaetetid sponges possess
tabulae (Merlia spp., Acanthochaetetes spp.,
and Ceratoporella sp.), but most other
forms, especially Ceratoporella-like forms,
form a backfill of solid skeleton, which may
completely occlude the primary pore spaces
that formerly housed the living tissue. The
backfilling tissue forms syntaxially upon the
primary skeleton, and, generally, the two
components cannot be easily distinguished.
Sometimes the development of backfill is
limited to a secondary thickening of the
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F1G. 122. Four main microstructural types of calcareous skeleton found in Mesozoic stromatoporoids, illustrated
schematically as they appear in sections through a radial element. Modifications of these types are shown below the
illustrations of the main types (adapted from Wood, 1987).

skeleton, especially the radial elements. It
is not clear whether this overgrowth of crys-
tals in optical continuity is an organic or
inorganic process. Often, secondary back-
fill can initiate from a tabula, as found in
Ceratoporella. Here, the distinction between
types of filling tissue can be an arbitrary
one. In other cases, such as the Cretaceous—
Recent chaetetid Acanthochaetetes, tabulae
may form contiguously with the primary
skeleton, making a distinction between
primary and secondary skeleton also prob-
lematic.

The following relationships have been
determined between these three skeletal
products in calcified sponges.

1. The calcified skeleton is precipitated
directly within an aspiculate spongin
framework or matrix, e.g., Vaceletia (Recent

sphinctozoan) and possibly Burgundia
(Mesozoic stromatoporoid).

2. Spicules are present, but only incor-
porated into the skeleton by chance, e.g.,
Acanthochaetetes (Recent chaetetid) and
Blastochaetetes irregularis WooD & REITNER,
1988 (Mesozoic chaetetid).

3. The calcified skeleton is precipitated
around a primary spicule framework or
lattice, e.g., Petrobiona (Recent calcarean)
and Actinostromaria sp. (Mesozoic stromato-
poroid).

4. The acicular crystals of the calcified
skeleton initiate from the spicule bases
within tracts, e.g., Calcifibrospongia (Recent
stromatoporoid) and Dehornella (Mesozoic
stromatoporoid).

5. The calcified skeleton is precipitated
within a spongin matrix, which drapes,
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meniscus-like, around a spicule framework,
e.g., Actinostromarianina lecompti (Mesozoic
stromatoporoid).

In addition to latilaminae, growth inter-
ruption surfaces may also be detected
within longitudinal sections. These repre-
sent periods of considerable soft-tissue loss,
due to sediment incursions or scour events,
and may be followed by encrustation of
the resulting free skeletal surface. The stro-
matoporoid soft tissue may subsequently
regrow over some or all of the area, and skel-
etal growth will recommence. The under-
surfaces, or within the skeleton, may also
show epithecae. These are solid, platelike
deposits of secondary tissue, which are often
continuous across growth surfaces. When
such structures appear within the skeleton,
they are interpreted as having been precipi-
tated in response to adverse environmental
conditions.

MODES OF PROLIFERATION

Branches in Mesozoic stromatoporoids
often arise from a basal nodule by either a
dichotomy (longitudinal fission) or budding,
which initiates from the axial part of the
skeleton. Mode of branching affects the
resultant branching form. Individuals may
show a fasciculate arrangement of the
branches.

BIOMINERALIZATION AND
MICROSTRUCTURE

Sponges not only produce a diverse variety
of microstructural fabrics (Fig. 122), but
also form them via several biomineraliza-
tion mechanisms. These mechanisms can be
classed within genetic subdivisions, which
are described below. This has the advantage
of separating microstructures that have
previously been classified together under the
same descriptive heading, but which clearly
have different modes of genesis (Woob,
1991b). Table 29 summarizes informa-
tion concerning the supposed nonspicular
biomineralization mechanisms found in
Recent calcified demosponges, their prod-
ucts, and systematic distribution.

Porifera—Hypercalcified Sponges

All biomineralization mechanisms
employed by calcified sponges appear to
precipitate crystals from beneath an organic
layer that, to varying extents, acts as a
template. The distribution of nucleation
sites, presumably determined by organic
tissue organization, also appears to be an
important factor in determining the resul-
tant microstructural type. In most cases,
with the exception of irregular microstruc-
tures, the crystals are precipitated with their
c-axes oriented perpendicular to the pina-
coderm. When all three skeletal elements
are present, the sequence of precipitation
is always the same: (1) spicule formation,
transportation, and orientation; (2) spongin-
collagen fibers to bind the spicules in place;
(3) calcareous skeleton precipitation.

The terms biologically induced, organic
matrix-mediated (LOWENSTAM, 1981), and
biologically controlled (MaNN, 1983) have
been established for describing the varying
degrees of control of the organic component.
Calcified demosponges appear to show
representatives from all these types.

MINERALIZATION OF A
COLLAGENOUS MATRIX

In this mode, the calcareous skeleton is
wholly defined by the extent of a preformed
collagenous framework of spongin that
becomes calcified. This would seem to indi-
cate an organic matrix-mediated mechanism,
in which the cell manipulates an organic
framework upon which regulated mineral-
ization occurs (LOWENSTAM, 1981). Spicules
may or may not play a role, but, where
present, they appear to act as a framework
around which the organic matrix is precipi-
tated, and in the case of fibrous microstruc-
tures, they act as nucleation sites for the
acicular crystal growth. Two living sponges
calcify via calcification of an organic matrix,
but they are systematically unrelated and
produce totally different microstructures.

Vaceletia, a Recent aspiculate dictyoceratid
(formerly verticillitid) sphinctozoan, produces
a skeleton composed of a feltwork of arago-
nitic microfibrils known as microgranular
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TABLE 29. Summary table of biomineralization mechanisms found in Recent calcified demo-
sponges and calcareans, their products, and their systematic distribution (adapted from Wood,

2011).
Systematics Genus Biomineralization Microstructure
mechanism and mineralogy
Class Demospongiae
Order Agelasida
Family Astroscleridae Astrosclera intracellular spherulitic
aragonite
Ceratoporella secretory pinacoderm pencillate
(fascicular fibrous)
aragonite
Stromatospongia secretory pinacoderm pencillate
(fascicular fibrous)
aragonite
Order Haplosclerida
Family Calcifibrospongiidae  Caleifibrospongia secretory pinacoderm pencillate
(fascicular fibrous)
aragonite
Order Hadromerida
Family Acanthochaetetidae Willardia secretory pinacoderm pencillate
(fascicular fibrous)
aragonite
Acanthochaetetes secretory pinacoderm microlamellar calcite
Order Poecilosclerida
Family Merliidae Merlia secretory pinacoderm pencillate
(fascicular fibrous)
calcite

Order Dictyoceratida (formerly Verticillitida)
Family Vaceletiidae Vaceletia

microgranular irregular
aragonite

noncollagenous organic
template

Class Calcarea
Order Lithonida

Family Minchinellidae Plectroninia, Minchinella

secretion by orthogonal calcite

telmatoblasts
Order Murrayonida
Family Murrayonidae Murrayona secretory pinacoderm pencillate
(fascicular fibrous)
calcite
Order Baeriida
Family Petrobionidae Petrobiona secretory pinacoderm radial flake
(fascicular fibrous)
calcite

irregular microstructure. New chambers are
added periodically, and they initiate by the
formation of a collagenous template below
the upper pinacoderm layer. Mineraliza-
tion first occurs within isolated spherical
regions, extending along the length of the
new chamber wall (GAUTRET, 1985). Crystals
first form bundles of disoriented acicular rods
(compact in the terminology of GAUTRET,
1985), which later become more granular
(composite in the terminology of GAUTRET,

1985) during a further phase of precipitation.
In some parts of the skeleton, the bundles
may show a preferred orientation parallel to
the collagenous fibers between which they
grow. The pillars that support the hemi-
spherical chambers form during the first
mineralization phase by mineralization of
organic strands. Older, abandoned chambers
become filled with layered lenses of irregular
microstructures, and although it is not clear
whether these are the result of inorganic
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or organic mineralization, their form does
suggest an organic origin.

Nonspicular fossil sphinctozoans, which
bear an irregular calcareous skeleton, are
inferred, by suggested affinity to Vaceletia,
to have possessed a similar mode of biomin-
eralization. In addition, spiculate stromato-
poroids, e.g., Newellia mira (Carboniferous
haplosclerid), and the calcitic species Acti-
nostromarianina lecompti (Jurassic agelasid),
bear irregular calcareous skeletons that
appear to drape around a primary spicular
skeleton, also implying direct mineralization
of a collagenous template (Woob, 1987;
Woob, REITNER, & WEsT, 1989).

Calcifibrospongia (Recent haplosclerid
stromatoporoid) also biomineralizes by
calcification of an organic matrix. Here, the
calcareous skeleton precipitates around a
lattice of siliceous strongyles that are bound
within spongin fibers. The calcareous skel-
eton forms elongate sclerodermites 60-110
pm long. HARTMAN (1979) suggested that
the centers of calcification may form simul-
taneously within a particular length of fiber,
where the acicular aragonite crystals grow
out in all directions from each center until
they reach the boundary of the organic fiber,
or are stopped by the crystals of a neigh-
boring sclerodermite. Spicules frequently
appear to serve as the nuclei for the sclero-
dermites. Calcifibrospongia can show deposits
of epithecal material varying from 40-250
pm thick, representing planes of the succes-
sive dieback and regrowth of the skeleton,
but no other filling tissue or secondary
skeleton is present.

Euzkadiella (Cretaceous haplosclerid
stromatoporoid) possesses a microstructure
similar to Calcifibrospongia, and although
this form was originally calcitic rather than
aragonitic, it has been inferred to have formed
by the same process (REITNER, 1987a).

SECRETORY PINACODERM

Here, calcified sponges produce a calcar-
eous skeleton by precipitation through a
secretory pinacoderm via a thin mucous- or

fluid-filled (possible polysaccharide) layer,

Porifera—Hypercalcified Sponges

resembling the process found in calcareous
algae. This would indicate a biologically
controlled mechanism of precipitation,
in which the cell appears to act as a caus-
ative agent and in some way controls the
precipitation of minerals (MaNN, 1983). The
muco-polysaccharide layer might provide a
migration path and medium for joining Ca**
and CO,, ions, as known in scleractinian
corals. This layer may also serve, to a lesser
extent, as a template controlling the configu-
ration of crystals. Several forms are at present
collected under this subheading, until more
details allow us to refine the scheme.

The calcareous skeletons of Ceraroporella
(agelasid chaetetids) and Acanthochaetetes
(hadromerid chaetetids) are thought to be
produced by this mechanism. In Cerazo-
porella, the calcareous skeleton is formed
of acicular or fibrous crystals arranged in a
modified spherulitic form known as penicil-
late. HARTMAN and GOREAU (1975) observed
this skeleton to form around clots of organic
matrix (possibly spongin) surrounding the
heads of some spicules. Thus, to some
extent, the positioning of the calcareous skel-
eton appears to be determined by the placing
of the spicule and spongin frameworks. In
the acanthochaetetids, the high-Mg calcite
skeleton has an irregular microstructure
of crystals (1-8 pm long) oriented in one
plane only, giving the appearance of a
microlamellar microstructure in longitudinal
section. Instead of the abandoned parts of
the skeleton being filled with a secondary
epitaxial backfill, the portions below the
living tissue are sectioned off by a series of
tabulae or horizontal partitions. Growth of
the tubule walls is incremental and layered,
and the spines and tabulae grow in an inte-
grated way as outgrowths form the calicle
walls. However, secondarily precipitated
tabulae are also known. The microscleres
form a dense layer at the surface of the
living tissue, while the tylostyles are aligned
parallel to the tubule walls. In living forms,
the spicules are not incorporated into the
calcareous skeleton, but in fossil representa-
tives they are, although by chance (REITNER
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& ENGESER, 1983). The megascleres tend to
occur parallel to the tubule walls, and the
microscleres within the tabulae, perhaps
indicating the formation of the latter near
the living tissue surface. Nanometer-sized
organic fibers act as the matrix for calcifica-
tion, and the tubule wall centers are richest
in organic material. Collagenous strands
extend into the calcareous skeleton, which
seem to act as anchorage points for the
soft tissue, as noted in some scleractinian
corals. The exhalant canals sometimes leave
impressions on the skeletal surface as in
Ceratoporella. Both Ceratoporella and Acan-
thochaetetes have considerable fossil records,
extending to the upper Permian and Upper
Cretaceous, respectively.

Many Mesozoic stromatoporoids, such
as the Milleporellidae, are inferred to
have formed their calcareous skeletons by
this method (Woob, 1987). These forms
produce fascicular fibrous skeletons, similar
to those of Ceratoporella.

PASSIVE SECRETORY
PINACODERM (CEMENT)

Orthogonal microstructure is common in
many fossil calcified sponges, including fossil
demosponges. They are also found in some
living calcarean sponges (e.g., Minchinella).
This simple microstructural type could be
explained by the cement-like precipitation
of acicular crystals with their c-axis parallel
to a secretory membrane. They would,
as such, constitute a biologically induced
precipitation mechanism, in which the cell
appears to act as a causative agent in the
precipitation of minerals, but where the
cell has little control (LOowENSTAM, 1981).
The Upper Jurassic agelasid stromatoporoid
Actinostromaria forms a primary calcar-
eous orthogonal skeleton upon a spicule
lattice. Actinostromarianina lecompti shows a
primary irregular calcareous skeleton and a
secondary orthogonal fibrous one, which has
a banded distribution, forming latilaminae
throughout the growth of the individual (see
Fig. 170,3a—b). This would seem to point

to the mediation of some periodic environ-
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mental effect, such as warmer temperatures,
causing an intermittent biologically induced
