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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 Treatise Online, Part
E, Revised, vol. 4, Chapter 2A).

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 function (see
also Treatise Online, Part E, Revised, vol.
4, Chapter 9F). The extant genera Acan-
thochaetetes, Ceratoporella, and Merlia are
morphologically similar and, according to
some authors (HARTMAN & GOREAU, 1970,
1972; Cuir & GAUTRET, 1993; WooD, 1990,
1999), taxonomically related to fossil hyper-
calcified sponges with a chaetetid 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 sili-
ceous, the same is assumed for any spicules
in fossil forms during life. The calcareous
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
Treatise Online, Part E, Revised, vol. 4,
Chapter 2A, Fig. 10-11). 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 Zreatise Online,
Part E, Revised, vol. 4, Chapter 2A, Fig.
29). Features referred to as pseudosepta are
visible in tangential sections of some tubules
(see Treatise Online, Part E, Revised, vol. 4,
Chapter 2A, Fig. 34-35).
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EXTERNAL FEATURES
GROWTH FORM

The chaetetid calcareous skeleton is
very simple, both externally and inter-
nally. External features include the basal
layer, astrorhizae, mamelons, chimneys,
and tubercules, though these structures are
not always seen. The most obvious aspect
of the calcareous skeleton is its general
overall shape, which is very similar to that
observed in stromatoporoids (see Zreatise
Online, Part E, Revised, vol. 4, Chapter
9B, for a detailed discussion of the shapes
and growth habits of Paleozoic stromato-
poroids) In chaetetids, there are three basic
shapes: laminar, domical, and columnar
(WesT & KEersHAW, 1991), which result in
a number of variations termed morphotypes
by KersHAw and WEsT (1991, fig. 1). These
morphotypes can increase in size, or be
modified in shape, during life by increasing
the number of tubules via longitudinal
fission, intertubular increase, peripheral
expansion, or the combinations of two or
more of these three (see Treatise Online, Part
E, Revised, vol. 4, Chapter 2A). 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, KErRSHAW (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 sedi-

ment—water interface where the water is less
turbid and the water velocity slightly higher
is advantageous (WILDISH & KRISTMANSON,
1997). STEARN (2010, Treatise Online, Part
E, Revised, vol. 4, Chapter 9F) has summa-
rized the possible explanations for a calcar-
eous 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 1-2). 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 2). 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 1. Mean values of percent of silicilastics

(insolubles) in chaetetid habitats (differ-

ent growth forms) and algal environments
(carbonates) (new).

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 2. Matrix of results of grouped t-tests of mean values of percentages of siliciclastic content

(see Table 1); n, number of observations (siliciclastic content); D, difference between groups;

ND, no difference between groups. Differences and no differences are significant at a prob-
ability of 0.05 (new).

Groups  Laminar Laminar to low domical ~Domical to columnar  Algal carbonate
(n =20) (n=8) (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 &
WEesT, 1991).

GROWTH RATES

Growth rates of 1 mm to 10 mm over
several years have been suggested for Prycho-
chaetetes, a Jurassic chaetetid (FABRE &
LATHUILIERE, 2007, p. 1539), but these
estimates are based on growth rates in corals.
Estimates and 77 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
skeleton in Ceratoporella nicholsoni. C. nich-
olsoni 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 signa-
tures in growth bands as described by BENa-
VvIDES 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. 1-2).
The rate of growth in C. nicholsoni given
by Dustan and Sacco (1982) and BeNa-
VIDES 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 (WIiLLENZ & HARTMAN,
1999). The basal skeleton of C. nicholsoni
formed from a layer of basopinacocytes in
the mesohyl at the interface between the
living tissue and the aragonitic skeleton
(WiLLENZ & HARTMAN, 1989). Studies of
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FiG. 1. Growth in Acanthochaetetes wellsi; vertical sec-
tion of a tubule with living tissue. Tubule is divided
into six sections: 7, spiraster microsclere (SA) crust; /7,
lower dermal layer (DL) with large cells with granules
(LCG) and skeletal growth fronts (MZ); I1I, choano-
some (CH) and tylostyle megascleres (75); IV, basal
part with tabula (7") formation; V, crypt cells (CC)
[thesocytes, resting-surviving cells]; and V7, nonliv-
ing basal skeleton (BS), X22.4 (adapted from Reitner
& Gautret, 1996, pl. 49,1; with kind permission of

Springer Science+Business Media).

C. nicholsoni by LaZARETH and others (2000)
using 0'°C 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 3—5. Table 3
provides the taxa, age, habitat, growth rate
in mm/yr, reference, and pertinent remarks
for hypercalcified and nonhypercalcified
extant sponges, hermatypic and ahermatypic
extant corals, and extant bryozoans. 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 4. The same information
is given in Table 5 for specimens of extant
hermatypic corals from different water depths
from the Caribbean 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 reti-
formis, Favia speciosa, Porites lutea, and Favia
pallida from the Indo-Pacific. Two aspects
of the data in Tables 3 and 5 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 hypercalci-
fied sponges (Table 3); and (2) the growth rate
of extant hermatypic corals varies with water
depth; often, though not always, the growth is
slowest in deeper water (Table 5). In Oculina
varicosa (Table 4), 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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Fic. 2. Growth in Acanthochaetetes wellsi (continued); uppermost growing zone of tubule wall, an enlargement

of the upper part of section II in Figure 1. ME mucus-rich parts of basal skeleton within the active mineralizing

front (MZ) beneath the 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).

Few data are available on the growth rates
of fossil clonal invertebrates. DurLo (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 reli-
ability of the growth rates reported for these
fossil corals by Ma (1943a, 1943b, 1943c)
and Faur (1943), a comparison was made
between growth rates of some extant coral
species reported by Ma (1937b) with those
reported by DuLLo (2005) for the same
extant species in the same general areas. This
comparison (Table 6) 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. Ma
(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 6, 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,
1943c) and FAUL (1943) are reasonable
growth rate estimates.

Using the growth rates of fossil corals
from Ma (1943a, 1943b, 1943¢c) 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.c., 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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TasLE 3. 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?*/yr , as noted
on p. 4 herein (new).

Taxa Habitat Growth rate 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 varicose 6m 11.3 mm/yr Reed, 1981 coastal Florida
hermatypic reef temp. = 24.6° C
Oculina varicose 80 m 16.1 mm/yr Reed, 1981 coastal Florida
ahermatypic bank temp. = 16.2° C
Lophelia pertsua deep-water 5-10 mm/yr; Fossa, Mortensen, water depth =
ahermatypic marine mean = & Furevik, 2002; 39 to 3000 my
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
Reptadeonella 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 cm? (max. size)
fimbriata 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 3). Extant corals from a
similar habitat, from which there are growth
rate data, are the ahermatypic corals Oculina
varicosa and Lophelia pertsua (Table 3). As

noted in the footnote in Table 4, 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 7, and the
estimated growth rate of fossil hypercalcified
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TaBLE 4. Growth rates in mm/yr of Paleozoic corals (Ordovician, Silurian, and Devonian) (new).

Taxa Age Habitat

Growth rate

Reference Remarks

Ordovician!  marine

Heliolites parvistella

Columnaria alveolata Ordovician!  marine

Heliolites parvistella Silurian® marine

Phaulactis angusta Silurian® marine

marine

Keriophyllum proliferum ~ Devonian®

3 marine

Tabulophyllum ellipticum Devonian

Devonian  marine reef

Prismatophyllum sp.

Prismatophyllum sp.t 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, 1943¢, vol. 3 slowest growth of 494
specimens of 176

species of 32 genera

Ma, 1943¢, 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 3).

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 8), this
chaetetid mass would be 46,000 years old,
about halfway between the ages based on the
estimated annual growth rate of fossil hyper-
calcified 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, Suchy
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
with other encrusting sessile benthos for
space on the seafloor.
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TaBLE 5. 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 Growth rate 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
Montastera 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
Siderastera 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
Astreapora 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 = 6-15m 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 = 0-5m 7.5 mm/yr Enewetak
E pallida depth = 6-15m 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

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 upper
Carboniferous, however, they were a major

constructor of shallow, subtidal reef mounds
in open marine settings (WEsT, 1988; SucHY
& WEesT, 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
forms with a chaetetid skeleton and has
also been reported in fossil stcromatoporoids
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TasLE 6. Comparison of 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; n, number of mea-
surements (new).

Taxa Region

Growth rate Reference

Atlantic
Montastera annularis
M. annularis

Florida and Bahamas
Florida and Jamaica

Siderastera siderea Florida and Bahamas

S. siderea Jamaica
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=5.8 mm/yr (n=7)
p=5.9 mm/yr
(n = 4, see Table 4 herein)
p = 3.5 mm/yr (n = 06)
p=4.4 mm/yr
(n = 3, see Table 4 herein)

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 4 herein)

Dullo, 2005

Ma, 1937b, p. 187
range from 3.2-9.2 mm/yr
p = 6.7 mm/yr
(n = 3, see Table 4 herein)

Dullo, 2005

Ma, 1937b, p. 190
range from 2.5-7.7 mm/yr
p=8.5 mm/yr
(n = 3, see Table 4 herein)

Dullo, 2005

(STEARN, 1983). Ceratoporella nicholsoni has
a “basal and lateral surface of the skeletal
mass covered by an epitheca showing growth
lines” (VACELET, 2002, 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 demo-
sponges 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 hypercalcified demo-
sponges, the basal layer is mostly composed
of organic fibers (see Treatise Online, Part
E, Revised, vol. 4, Chapter 2A, Fig. 24),
and it is reasonable to suggest that it func-

tioned 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
(1983, p. 145) has suggested that in stro-
matoporoids, it functioned to inhibit
boring organisms from attacking the
underside of the skeleton. Although it is
rarely visible macroscopically in fossil chae-
tetids, it has been observed in some speci-
mens and can be differentiated from the
basal calcareous skeleton in SEM images
of such specimens (see Treatise Online, Part
E, Revised, vol. 4, Chapter 2A, Fig. 24).
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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TasLE 7. Estimates of 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 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, 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 average growth rate
determined for Paleozoic corals from the Ordovician, Silurian, and Devonian, instead of that for
Prismophyllum, and a second estimate of the growth rate of Paleozoic chaetetids was obtained;
u, average value (mean) of the number of measurements; n, number of measurements. See text
for discussion (p. 6 herein) (new).

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

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

7.5X =0.175x 4

X'=0.09 mm/yr

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

7.5X =0.075x4

X =0.04 mm/yr

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

16.1X=0.175x 4

X =0.04 mm/yr

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

16.1X=0.075x 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.

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

7.5X=0.175x 10

X = 0.2 mm/yr

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

7.5X =0.075x 10

X '=0.1 mm/yr

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

16.1X=0.175x 10

X '=0.1 mm/yr

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

16.1X=0.075x 10

X'=0.05 mm/yr
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TAaBLE 8. Growth rates of Phanerozoic reefs in mm/yr from DuLLo (2005, tables 3—4); data
converted to mm/yr and averaged for each geological period/system (new).

Age Average Number Table 4 data: Table 4 data: 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 Treatise Online, Part E,
Revised, vol. 4, Chapter 2A, Fig. 7-8). Indi-
vidual astrorhizal canals may be unbranched
or show primary and occasionally secondary
branches. HARTMAN (1984, p. 306) stated
that in the extant form Acanthochaetetes
wellsi, “. . . 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. Cutr 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 Treatise
Online, Part E, Revised, vol. 4, Chapter 2A,
Fig. 7.3), values within the range covered
by astrorhizae 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. 3), and the distance
between the centers of these six range from
8.25 to 27 mm, averaging 16.2 mm (n =
15) (Table 9). In extant forms, astrorhizae
are associated 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
they have not been observed centered on
mamelons. As in extant forms, the function
of this stellate pattern of grooves radiating
from an osculum are inferred to identify the
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F1G. 3. Six astrorhizae in 10.4 cm? area on the surface of a chaetetid, Pennsylvanian, upper Carboniferous, Amoret
Limestone Member, Altamont Limestone, Montgomery County, Kansas; see Table 9 for distances between astro-
rhizae, X4.1 (new).

exhalant canal system in fossil chaetetids. As
water is moved through the sponge by the
flagellated collar cells, it is channeled into
the areas of the astrorhizal canals, thence
to the osculum (VOGEL, 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
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the extant taxa Ceratoporella nicholsoni
(HARTMAN & GOREAU, 1970; HARTMAN,
1984) and Acanthochaetetes wellsi
(HArRTMAN & 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 circu-
lating 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 Prin-
ciple, 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. 725 2003, p. 149). Experiments
by Bovajian and LABARBERA (1987) based
on Bernoulli’s Principle, suggested that
mamelons and associated astrorhizae would
be advantageous to taxa living in quiet
water. STEARN (2010, Treatise Online, Part
E, Revised, vol. 4, Chapter 9F) has pointed
out the reasons why this cannot be applied
to all occurrences of forms with astrorhizae
associated with mamelons in stromatopo-
roids. These same reasons are appropriate
for fossil chaetetids, as well as for some
occurrences of extant hypercalcified demo-
sponges 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 envi-
ronmental explanation does not apply in
these populations.” Mamelons are not often
observed on fossil chaetetids, and on the
rare occurrences when they are present, it
is not clear, because of weathering, whether
or not they possess astrorhizae (see Treatise
Online, Part E, Revised, vol. 4, Chapter
2A, Fig. 8.4). 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. 4).

TaBLE 9. Distance, in mm, between the cen-
ters of the six astrorhizae in the 10.4 cm? area
shown in Figure 3; n =15, p = 16.2 mm (new).

1-2=15

1-3=17  2-3=12.5

1-4=22 2-4=21 3-4=8.25

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

1-6=14.5 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 Treatise Online, Part E,
Revised, vol. 4, Chapter 2A, Fig. 9.4-9.5).
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 MoRrGaN (1924) as Chaetetes
schucherti from upper Carboniferous lime-
stone in Oklahoma (see Treatise Online,
Part E, Revised, vol. 4, Chapter 2A, Fig.
9.4-9.5). Chimneys are not present on the
holotype (Fig. 5.1) and are not mentioned
in the original description of this species.
MORGAN (1924, p. 175) noted the pres-
. short, round tubes without
walls, 3 mm in diameter . . .” (Fig. 5.2) and
suggested that these holes “. . . may have
been centers of reproduction, goniopores,
or they may have been parasitic animals.”
He noted further that these holes are best
seen on weathered surfaces (Fig. 5.3). Similar
holes occur on some topotype specimens and
they are located: (1) on weathered areas (a
in Fig. 5.4); (2) near the top of some cylin-
drical projections (chimneys) (b in Fig. 5.4);
and/or (3) on and around the upper parts of
domical to irregularly shaped mamelons (c
in Fig. 5.4).

At, or near, the top of these chimneys is a
3 mm diameter opening (Fig. 6.1, Fig. 6.4)
which, based on vertical sections, extends
downward 6 to 8 mm to near the base of
the chimney (Fig. 6.2-6.3, Fig. 6.5). These

tubes are now filled with an argillaceous

ence of “. .
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FiG. 4. Tubules in vertically developed mamelons in topotype specimens of Chaetetes schucherti MORGAN, 1924,

Pennsylvanian, upper Carboniferous, Homer School Limestone Member, Holdenville Formation, Seminole County,

Oklahoma; 1, longitudinal section of a vertically developed mamelon, note tubule size, X1; 2, enlarged view of the

vertically developed mamelon in view 1, X2; 3, oblique view of the vertically developed mamelon in view 7, X2.9;
4, enlarged view of 3, X4.6; 5, plan view of the exterior of vertically developed mamelons, X3.8 (new).

carbonate matrix or sparry calcite. The
distance between these 3 mm diameter
openings ranges from 9 to 20 mm and
averages 12.5 mm (n = 12). This is about
the same as the average distance, 16.2 mm,
between the centers of astrorhizae in fossil
chaetetids (Table 8). 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, functioned as
oscula. Openings associated with exhalant
fluid flow and referred to as chimneys occur
in the bryozoan Membranipora membra-
nacea (DAssow, 2006).
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FiG. 5. Circular openings in the upper exterior surface of Chactetes schucherti MORGAN, 1924, Pennsylvanian, up-
per Carboniferous, Homer School Limestone Member, Holdenville Formation, Seminole County, Oklahoma; 7,
plan view of upper exterior surface of the holotype; light colored circles are the 3 mm holes noted by Moraan,
1924, X0.25; 2, part of the upper exterior surface of the 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 the location of the 3 mm diameter holes: @, on a weathered area, 4, near the top
of vertically developed mamelons, i.e. chimneys, and ¢, on and around the upper areas of domical to irregularly
shaped mamelons, X0.4 (new).

Although it may be that some verti-
cally developed mamelons were associated
with the exhalant movement of water, such
circular openings are not restricted to the
top of vertically extended mamelons and
occur elsewhere on the calcareous skeleton
(Fig. 6.4). It is possible that all, or some,
of these circular openings are the result of
an associated symbiotic soft-bodied inver-
tebrate, 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 specimens of Ceratoporella
nicholsoni and are the sites of commensal
zoanthideans (soft corals) that grew on the

surface of the sponge (HARTMAN & GOREAU,
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 Chaetetes schucherti radiate out
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FiG. 6. Chimneys in topotype specimens of Chaetetes schucherti MORGAN, 1924, Pennsylvanian, upper Carbonifer-
ous, Homer School Limestone Member, Holdenville Formation, Seminole County, Oklahoma; 7, plan view of
chimneys, the one in the left center is slightly abraded, X1.85; 2, longitudinal section of chimney showing the
depth of a partially filled hole at the top of the vertically developed mamelon with a chimney, X1.25; 3, enlarged
view of the upper part of the chimney with the partially filled hole in view 2, X2; 4, plan view of two adjacent
chimneys, X1.9; 5, longitudinal section of the two adjacent chimneys seen in plan view in view 4, X2.15 (new).

from the tubes a distance of from 5 to
10 mm and then turn upward (MORGAN,
1924, p. 175). This same arrangement
occurs in topotype specimens with mame-
lons, including those with a circular
opening at the top, i.e., chimneys (Fig.
7). The vertically extended mamelons
were constructed by tubules that fanned

out as they grew upward, and the circular
openings associated with some mame-
lons 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 WEesT
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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.

TUBERCULES

These structures that resemble tiny spines
are small, slightly raised, calcareous projec-
tions. 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 Treatise Online,
Part E, Revised, vol. 4, Chapter 2A, Fig.
9.2-9.3). 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 arrangement 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, 2004; see Treatise Online,
Part E, Revised, vol. 4, Chapter 2A, Table 2).
Water-jet Mg calcite has also been used to
describe the microstructure and mineralogy
(Curr & GAUTRET, 1993; HOOPER & VAN
SOEsT, 2002a; and see Treatise Online, Part
E, Revised, vol. 4, Chapter 2A, Table 2). In
either case, the calcite crystals that compose
the walls of the tubules fan outward at a
relatively high angle (see Culr & 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 crystal-
line 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 Treatise Online, Part E, Revised, vol.
4, Chapter 2A, Fig. 10-11, Fig. 25-26).
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 hypercalci-
fied 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, Stvxiss (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
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FiG. 7. Arrangement of tubules in vertically developed mamelons with and without circular openings, Chaetetes
schucherti MORGAN, 1924, Pennsylvanian, upper Carboniferous, Homer School Limestone Member, Holdenville
Formation, 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 7, 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 (new).

could result in a basal calcareous skeleton in
chaetetids, at least initially, because, based on
studies of extant forms such as Ceraroporella,
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 laminar chaetetid skeletons in extant
taxa (and inferred in fossil forms) appear
to have little, if anything, to do with the
living tissue. Over time, there may have
been some genetic component that favored
the development of a basal calcareous skel-
eton (see KIRkPATRICK, 1911, p. 690-691).
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For example, lateral expansion of such a
skeleton would permit the sponge to domi-
nate more of the substrate and provide a
larger base for upward (vertical) growth yet
still remain a fairly stable structure. Lateral
expansion and upward growth from a smaller
base occurs in fossil chaetetids (see Treatise
Online, Part E, Revised, vol. 4, Chapter
2A, Fig. 14.3-14.4, Fig. 15.2). 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, 2002, p. 827). HARTMAN
and Goreau (1975, p. 3) also reported a
stalked condition in some specimens of A.
wellsi, supporting a tendency, in some cases,
for upward growth. An example of an extant
pedunculate specimen of Acanthochaetetes
sp. can be seen in Treatise Online, Part E,
Revised, vol. 4, Chapter 2A, Figure 6.1. 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 Treatise Online, Part E, Revised, vol. 4,
Chapter 2A, Table 2) in these taxa. In most
fossil chaetetids, the original mineralogy has,
as a result of taphonomic processes (recrys-
tallization), 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;
see also Treatise Online, Part E, Revised,
vol. 4, Chapter 2A) to contain 5 mol% Mg
calcite, but unfortunately he did not docu-
ment 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, 2002, p. 827). The innermost
parts of the tubules in this species are filled
with aragonite, and the soft tissue in the
outermost part of “each (tubule) [calicular
unit of VACELET] corresponds to a single
inhalant and exhalant canal” (VACELET,
2002, p. 827). Essentially, the basal calcar-
eous 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 Zreatise
Online, Part E, Revised, vol. 4, Chapter
2A, Fig. 27-28). These discrete calcareous
plates are generally flat or slightly curved and
parallel to the growth surface in both fossil
and extant specimens, where they occur. The
outermost tabula, in extant forms, forms a
floor for the overlying thin layer of living
tissue (see REITNER & GAUTRET, 1996, pl.
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49,1). Thus the tabula function 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 subsequently infilled
with calcite. The space containing the soft
living tissue and the spaces between succes-
sive 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 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 &
GoOREAU, 1975, p. 3). This also applies to
fossil chaetetids (WEsT & CLARK, 1984),
and in some fossil specimens, the tabulae
are incomplete. This incompleteness 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-EsnaurT &
RUTZLER, 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 (KirkrATRICK, 1911, pl.
32,9-10). Archaeocytes in M. normani are
well illustrated by REITNER (1992, p. 239,
fig. 66¢). 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 conditions
returned. HARTMAN and Goreau (1975,
p. 3) noted that it is characteristic of Acan-
thochaetetes wellsi to die back for unknown
intervals of time, perhaps 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, flatctened 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
necessarily occur at the same level in adja-
cent tubules, each tubule, or in some cases,
small groups of tubules, are responding to
unfavorable 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. It would seem
that 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 rein-
forcement.

As noted above, the basal calcareous skel-
eton 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. 8-9). Fungi and sponges with a
chaetetid skeleton are fairly simple organ-



Functional Morphology of Chaetetid-Type Porifera 21

isms, and perhaps it is not surprising that
both generate somewhat similar structures
to house and protect asexual reproductive

bodies.
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-EsNnauLT 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 Treatise Online, Part E, Revised,
vol. 4, Chapter 2A, Figure 29. 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 regenerative 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 (1991, p.

208) stated relative to sponges with a basal
calcareous skeleton .
about the ontogeny of young sponges after
settlement of the larva.”

PSEUDOSEPTA

.. we must know more

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 Treatise Online, Part E, Revised,
vol. 4, Chapter 2A, Fig. 34-35). 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 direc-
tion 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 orig-
inal tubule into two or more new tubules.
Generally, the division of the parent tubule
is along its shortest horizontal dimension.
Therefore, pseudosepta are associated with
the growth and expansion of the basal calcar-
eous skeleton.

SPICULES

These features are a component of the
mineral skeleton, typically composed of
silica in extant forms, but when observed
in fossil forms, they are pseudomorphs of
calcite, pyrite, or iron oxide (see Treatise
Online, Part E, Revised, vol. 4, Chapter 2A,
Fig. 36-38). 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
GOREAU (1975, p. 4) stated that siliceous
spicules are not incorporated into the basal
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6

FiG. 8. Comparison of form and structure of laminar chaetetid skeletons with the form and structure of some extant
shelf fungi; 1, upper surface of the basic form of an extant shelf fungi, X0.4; 2, oblique view of a laminar chaetetid
skeleton, Pennsylvanian, upper Carboniferous, Myrick Station Limestone, Pawnee Limestone, Bourbon County,
Kansas, compare with view 1, X0.2; 3, lateral view of extant shelf fungi figured in view 1, X0.5; 4, longitudinal
section of chaetetid skeleton figured in view 2, the thin, arcuate white lines are the laminar chaetetid skeleton with
darker matrix below, compare with view 3, X0.3; 5, lower surface of an extant shelf fungi showing the irregular
polygons that compose the mycelium, X7; 6, upper surface of a chaetetid skeleton, Moscovian, upper Carbonifer-
ous, Moscow Basin, Russia, compare with view 5, X2 (new).

calcareous skeleton of A. wellsi, but RUTZLER
and VACELET (2002, p. 277) indicated that
some microscleres that adhere to the tubule
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, 2002, 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 incorporated into
the basal calcareous skeleton of extant forms,
they are commonly absent in fossil chaetetids.
When they do occur in fossils, they are pseu-
domorphs, because of the ease with which
siliceous spicules are dissolved, as noted in
extant taxa. Megascleres in fossil chaetetids
are thin tylostyle-like features (see Treatise
Online, Part E, Revised, vol. 4, Chapter 2A,
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F1G. 9. Comparison of form and structure of laminar chaetetid skeletons with the form and structure of some extant

shelf fungi (continued); 7, lateral view of a chactetid skeleton, Moscovian, upper Carboniferous, Moscow Basin,

Russia, X1.75 (new); 2, lateral view of the mycelium of the extant shelf fungi figured in view Fig. 8.5, compare

with view 1, X4 (new); 3, upper surface of Meandriptera zardinii, Carnian, Upper Triassic, 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 Societi Paleontologica, Italiana); 4, lower surface of an extant shelf fungi
showing the meandroid structure of the mycelium, compare with view 3, X5 (new).

Fig. 36-37), and microscleres are more or
less dark spheres, commonly seen as circles
in sectioned specimens (see Treatise Online,
Part E, Revised, vol. 4, Chapter 2A, Fig. 38).

The main purpose of megascleres is the
maintenance of rigidity in the sponge soft
tissue (BERGQUIST, 1978; KoeHL, 1982).
Although it might seem that soft sponge
tissue containing siliceous spicules 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 relationship between
chemical and physical defenses against
consumers of some marine sponges and
concluded that in some cases, the spicules
are a deterrent to predation. How much of
the above is applicable to extant hypercalci-
fied demosponges with a chaetetid skeleton,
and thus potentially to fossil chaetetids, is
presently unknown.



24 Treatise Online, number 21

ACKNOWLEDGMENTS

Over the years, numerous individ-
uals from many parts of the world have
contributed to my efforts to learn more
about chaetetid sponges, and I sincerely
thank all of them. Authors and publishers
who have permitted use of copyrighted
illustrations are listed below, and their
cooperation is greatly appreciated: G.
Dieci; J. Reitner; Bollettino della Societa
Paleontologica, Italiana; and Springer
Science+Business Media. I am partic-
ularly indebted to the Coordinating
Author of this volume, Barry Webby, for
his sage advice, continuous support, and
careful attention to detail. I am greatly
indebted to the excellent and timely assis-
tance of the staff of the Interlibrary Loan
Department of Hale Library at Kansas
State University. Financial assistance
from the Petroleum Research Fund of the
American Chemical Society, the National
Science Foundation, the Kansas Geolog-
ical Survey, and the Bureau of General
Research at Kansas State University are
gratefully acknowledged. I am especially
grateful for the financial support for
research in Japan and China, which was
provided by the Japanese Society for the
Promotion of Science and the Nanjing
Institute of Geology and Paleontology,
respectively.

REFERENCES

Ager, D. V. 1963. Principles of Paleoecology. McGraw-
Hill. New York. 371 p.

Almazdn, Emilio, Blanca Buitrén, Catalina Gémez-
Espinosa, & Daniel Vachard. 2007. Moscovian chae-
tetid (boundstone) mounds in Sonora, Mexico. /z E.
Vennin, M. Aretz, F. Boulvain, & A. Munnecke, eds.,
Facies from Palaeozoic reefs and bioaccumulations.
Mémoires du Muséum national d’Histoire naturelle
195:269-271.

Andri, Eugenio, & Franco Rossi. 1980. Leiochaetetes
furlensis n. gen. n. sp. un nuovo chetetide del Passo
del Furlo (Pesaro, Marche). Bollettino della Societa
Paleontologica Italiana 19(2):274-280.

Aretz, Markus. 2001. The upper Viséan coral horizons
of Royseux—Development of an unusual facies in
the Belgium Early Carboniferous. /n Yoichi Ezaki,
Kei Mori, Tetsuo Sugiyama, & James E. Sorauf,
eds., Proceedings of the 8th International Sympo-

sium of Fossil Cnidaria and Porifera, Bulletin of
Tohoku University Museum 1:86-95, 7 fig.

Aretz, Markus, & Hans-Georg Herbig. 2003a. Coral-
rich bioconstructions in the Visean (Late Mississip-
pian) of southern Wales (Gower Peninsula, UK).
Facies 49:221-242.

Aretz, Markus, & Hans-Georg Herbig. 2003b. Con-
tribution of rugose corals to late Viséan and Ser-
pukhovian bioconstructions in the Montagne
Noire (southern France). In W. M. Ah, P. M.
Harris, W. A. Morgan, & I. D. Somerville, eds.,
Permo-Carboniferous Carbonate Platforms and
Reefs. SEPM Special Publication No. 78 and AAPG
Memoir No. 83:119-132.

Aretz, Markus, & John Nudds. 2007. Palaeoecol-
ogy of the late Visean (Dinantian) coral-chaetetid
biostrome at Little Asby Scar (Cumbria, Great
Britain). /z B. Hubmann & W. E. Piller, eds.,
Fossil Corals and Sponges. Proceedings of the 9th
International Symposium on Fossil Cnidaria and Po-
rifera. Osterreichische Akademie der Wissenschaften
Schriftenreihe Erdwissenschaftlichen Kommissionen
17:365-381, 5 fig., 2 pl.

Armstrong, F. A. J. 1965. Silicon. /z J. P. Riley & G.
Skirrow, eds., Chemical Oceanography, vol. 1. Aca-
demic Press. London. p. 409-432.

Bakus, G. J. 1968. Sedimentation and benthic inver-
tebrates of Fanning Island, Central Pacific. Marine
Geology 6:45-51.

Barrier, Pascel, Helmut Zibrowius, Pierre Lozouet,
Christian Montenat, Philippe Ott d’Estevou, Francis-
co Serrano, & Henri-Jean Soudet. 1991. Une faune
de fond dur du bathyal supérieur dans le Miocene
terminal des cordilleres bétiques (Carboneras, SE
Espagne). Mésogée 51:3-13, 4 fig.

Bassler, Ray S. 1906. A study of the James types of
Ordovician and Silurian Bryozoa. U. S. National
Museum, Proceedings 30:1-66.

Bassler, Ray S. 1950. Faunal lists and descriptions
of Paleozoic corals. Geological Society of America
Memoir 44:315.

Benavides, L. M., & E. R. M. Druffel. 1986. Sclero-
sponge growth rate as determined by ?'°Pb and "C
chronologies. Coral Reefs 4:221-224.

Bergquist, Patricia R. 1978. Sponges. Hutchinson &
Co. London. 268 p.

Bernecker, M., & O. Weidlich. 1994. Attempted
reconstruction of Permian and Triassic skeletoniza-
tion from reefbuilders (Oman, Turkey): Quantita-
tive assessment with digital image analysis. /»n B.
Senowbari-Daryan & A. Dauer, eds., Festschrift on
the 60th Birthday of Erik Fliigel. Abhandlungen der
Geologischen Bundesanstalt 50:31-56.

Bertrand, M., M. Coen-Aubert, V. Dumoulin, A. Préat,
& F. Tourneur. 1993. Sedimentology and palaeo-
ecology of upper Emsian and lower Eifelian strata
in the Couvin and Villers-la-Tour areas (southern
margin of Dinant Synclinorium, Belgium). Neues
Jahrbuch fiir Geologie und Paliontologie, Abhand-
lungen 188:177-211.

Bizzarini, Fabrizio, & Giampietro Braga. 1978. Upper
Triassic new genera and species of fair and question-
able Bryozoa and Chaetetida from the S. Cassiano



Functional Morphology of Chaetetid-Type Porifera 25

Formation of the Dolomites (Eastern Alps). Bolletti-
no della Societa Paleontologica Italiana 17(1):28—48.
Bizzarini, Fabrizio, & Giampietro Braga. 1988. Os-
servazioni su alcuni Chaetetidi delle Prealpi Veneto-
Trentine. Annali dei Musei civici di Rovereto Sezione.
Archeologia, Storia Scienze Naturali 42:137-158.

Blomeier, Dierk, Christian Scheibner, & Holger Forke.
2009. Facies arrangement and cyclostratigraphic
architecture of a shallow-marine, warm-water carbon-
ate platform: the Late Carboniferous Ny Friesland
Platform in eastern Spitsbergen (Pyefjellet Beds,
Wordiekammen Formation, Gipsdalen Group). Fa-
cies 55:291-324.

Boiko, E. V. 1979. Pozdnetriasovie Hydrozoa Yugo-
Vostocnogo Pamira [Late Triassic Hydrozoa from
the Pamira Region of Yugoslavia]. Akademiya Nauk
Zadzhikskoi SSSR, Institut Geologii. Dushanbe.
113 p.

Borchiellini, Carole, Catherine Chombard, Michael
Manuel, Eliane Alivon, Jean Vacelet, & Nicole
Boury-Esnault. 2004. Molecular phylogeny of
Demospongiae: Implications for Classification and
Scenarios of Character Evolution. Molecular Phylo-
genetics and Evolution 32:823-837.

Boury-Esnault, Nicole. 2006. Systematics and evolu-
tion of Demospongiae. Canadian Journal of Zoology
84(2):205-224.

Boury-Esnault, Nicole, & Klaus Riitzler. 1997. Thesau-
rus of Sponge Morphology. Smithsonian Contribu-
tions to Zoology, Number 596:55 p.

Boyajian, George E., & Michael LaBarbera. 1987.
Biomechanical analysis of passive flow of stromatopo-
roids—Morphologic, paleontologic, and systematic
implications. Lethaia 20:223-229.

Broadhead, Thomas W. 1975. Biostratigraphy and pa-
leoecology of the Floyd Shale, Upper Mississippian,
northwest Georgia. Unpublished Master’s Thesis.
University of Texas at Austin. 250 p.

Broecker, Wallace. S. 1974. Chemical Oceanography.
Harcourt Brace Jovanovich, Inc. New York. 214 p.

Bromley, Richard G., & Claus Heinberg. 2006. Attach-
ment Strategies of Organisms on Hard Substrates: A
Palacontological View. Palacogeography, Palaeocli-
matology, Palacoecology 232:429-453.

Brosius, Elizabeth. 2006. Windows to the Past—A
Guidebook to Common Invertebrate Fossils of
Kansas. Kansas Geological Survey Educational Series
16:56 p.

Burton, M. 1949. Notes on the ecology of sponges.
British Science News 2:83-85.

Candelas, G. C., & G. A. Candelas. 1963. Notes on
the seasonal distribution of the sponge Hymeniacidon
heliophila at Beaufort, North Carolina. Ecology
44:595-597.

Chatterton, Brian D. E., Paul Copper, Owen A. Dixon,
& Stacey Gibbs. 2008. Spicules in Silurian tabulate
corals from Canada and implications for their affini-
ties. Palacontology 51:173-198.

Chombard, Catherine, Nicole Boury-Esnault, Annie
Tillier, & Jean Vacelet. 1997. Polyphyly of “Scle-
rosponges” (Porifera, Demospongiae) supported
by 28S Ribosomal Sequences. Biological Bulletin
193:359-367.

Clark II, G. R. 1976. Shell growth in the marine en-
vironment: Approaches to the problem of marginal
calcification. American Zoologist 16:617-626.

Connolly, W. M., L. L. Lambert, & R. ]. Stanton, Jr.
1989. Paleoecology of Lower and Middle Pennsyl-
vanian (Middle Carboniferous) Chaetetes in North
America. Facies 20:139-168.

Connolly, W. M., & R. J. Stanton, Jr. 1983. Sedimen-
tation and paleoenvironment of Morrowan strata in
the Hueco Mountains, West Texas. Iz S. J. Meader-
Roberts, ed., Geology of the Sierra Diablo and
southern Hueco Mountains. Society of Economic
Paleontologists and Mineralogists Permian Basin.
Midland, Texas. p. 36-64.

Connolly, W. M., & R. J. Stanton, Jr. 1986. Lower
Pennsylvanian (Morrowan) sedimentation in the
Orogrande Basin. 7z J. L. Ahlen & M. E. Hansen,
eds., Southwest section of American Association of
Petroleum Geologists, Transactions and Guidebook
of 1986 Convention, Ruidoso, New Mexico. New
Mexico Bureau of Mines and Mineral Resources.
Socorro, New Mexico. p. 129-142.

Copper, P. 2002. Silurian and Devonian reefs: 80
million years of global greenhouse between two ice
ages. In W. Kiessling, E. Fliigel, & J. Golonka, eds.,
Phanerozoic Reef Patterns. SEPM (Society of Sedi-
mentary Geology) Publication 72:181-238.

Copper, Paul, & Y. Plusquellec. 1993. Ultrastruc-
ture of the walls, tabulae and “polyps” in Early
Silurian Favosites from Anticosti Island, Can-
ada. Courier Forschungsinstitut Senckenberg
164:301-308.

Corriero, G., L. S. Liaci, D. Ruggiero, & M. Pansini.
2000. The sponge community of a semi-submerged
Mediterranean cave. Marine Ecology 21(1):85-96.

Cremer, Holger. 1995. Spicule pseudomorphs in Upper
Triassic (Norian) chaetetid sponges from the western
Taurids (Antalya-Region, SW Turkey). Geobios
28:163-174.

Cuif, Jean-Pierre. 1974. Role des Sclerosponges dans
la faune récifale du Trias des Dolomites (Italie du
Nord). Geobios 7(2):139-153.

Cuif, Jean-Pierre, Frangoise Debrenne, J. G. Lafuste, &
Jean Vacelet. 1979. Comparaison de la microstruc-
ture du squelette carbonate nonspiculaire d’éponges
actuelles et fossiles. /n C. Levi & N. Boury-Esnault,
eds., Biologie des Spongiaires. Colloques Internation-
aux du Centre National de la Recherche Scientifique
291:459-465.

Cuif, Jean-Pierre, & F. Ezzoubair. 1991. Diversité des
Cératoporellides Triasiques. Geobios 24(3):257—
266.

Cuif, Jean-Pierre, Pierre Feuillée, Jean-Claude Fischer,
& André Pascal. 1973. Présence d’astrorhizes chez
les Chaetetida mésozoiques. Comptes Rendus de
I’Académie des Sciences, Paris (series D) 277:2473—
2476.

Cuif, Jean-Pierre, & Jean-Claude Fischer. 1974. Etude
systematique sur les Chaetetida du Trias de Turquie.
Annales de Paléontologie (Invertébrés) 60(1):3-14.

Cuif, Jean-Pierre, & Pascale Gautret. 1987.
Comparaison des modalités de diagenese du
squelette de spongiaires carbonatés dans le Trias



26 Treatise Online, number 21

de Turquie et le Permien de Tunisie. Geobios
20(6):757-773.

Cuif, Jean-Pierre, & Pascale Gautret. 1991. Taxonomic
value of microstructural features in calcified tissue
from Recent and fossil Demospongiae and Calcarea.
In ]. Reitner & H. Keupp, eds., Fossil and Recent
Sponges. Springer-Verlag. Berlin and Heidelberg. p.
159-169.

Cuif, Jean-Pierre, & Pascale Gautret. 1993. Micro-
structural features of fibrous tissue in the skeletons
of some chaetetid sponges. I P. Oekentorp-Kiister,
ed., Proceedings of the VI International Symposium
on Fossil Cnidaria and Porifera, Munster Cnidar-
ian Symposium, vol. 1. Courier Forschungsinstitut
Senckenberg 164:309-315.

Cumings, Edgar Roscoe. 1912. Development and sys-
tematic position of the monticuliporoids. Geological
Society of America Bulletin 23:357-370.

Dassow, M. von. 2006. Influences of flow and feeding
on colony organization in a bryozoan. Integrative and
Comparative Biology 45(60):1090.

Dauphin, Yannicke, Pascale Gautret, & Jean-Pierre
Cuif. 1996. Diagenetic changes in the chemical com-
position of Triassic biogenic aragonites in sponges,
corals and cephalopods from the lower Norian
of Lycian Tarus (Turkey). Bulletin de la Société
Géologique de France 167(2):247-256.

Dean, M. T., A. W. Owen, & C. J. Dooris. 2008.
Palacoecology of the Chacetetes-Band: A numerical
approach. The Palacontological Association News-
letter 69:50-51.

De Goeij, J. M., H. van den Berg, M. M. van Oostveen,
E. H. G. Epping, & F. C. van Duyl. 2008. Major
bulk dissolved organic carbon (DOC) removal by
encrusting coral reef cavity sponges. Marine Ecology
Progress Series 357:139-151.

Deng Zhan-Qui. 1982. Mesozoic Chaetetida from
Xizang (Tibet). Palacontology of Xizang, part 4.
Science Press. Beijing. p. 195-202. In Chinese with
English abstract.

DeVries, D. A. 1955. Paleoecology and paleontology of
a Chaetetes biostrome in Madison County, lowa. PhD
dissertation. University of Wisconsin. Madison. 69 p.

Dieci, G., A. Russo, & E Russo. 1974. Nota preliminare
sulla microstruttura di spugne aragonitiche del Trias
medio-superiore. Bollettino della Societa Paleonto-
logica Italiana 13(1-2):99-107.

Dieci, Giovanni, Antinio Russo, Franco Russo,
& Maria S. Marchi. 1977. Occurrence of spic-
ules in Triassic chaetetids and ceratoporellids.
Bollettino della Societa Paleontologica Italiana
16(2):229-238.

Dietrich, W. O. 1919. Uber sogen, Tabulaten des Jura
und der Kreide, insbesondere die Gattung Acantharia
Qu. Centralblatt fiir Mineralogie, Geologie und
Paliontologie 1919:208-218.

Déderlein, L. 1892. Uber Petrostoma schulzei n. g., n.
sp., der Kalkschwamme [Description of Petrostoma
schulzei of Calcarea, representing a new order of
Lithones]. Verhandlungen Deutsche Zoologische
Gesellschaft 2:143-145.

Déderlein, L. 1897. Uber die Lithonina, eine neue
Gruppe von Kalkschwammen. Zoologisches Jahr-

bucher, Abteilung fur Systematik, Geographie und
Biologie der Thiere 10(1):15-32, pl. 2-6.

Dullo, Wolf-Christian. 2005. Coral growth and reef
growth: A brief review. Facies 51:33-48.

Duncan, Helen M. 1965. Mississippian chaetetid from
Kentucky. /n Geological Survey Research 1965.
United States Geological Survey Professional Paper
525A:A122.

Duncan, Helen M. 1966. Mississippian occurrence
of Chaetetes. In Geological Survey Research 1966.
United States Geological Survey Professional Paper
550A:A112.

Duncan, P. M. 1872. Third Report on the British
Fossil Corals. Report of 41st Meeting of British As-
sociation for the Advancement of Science, Edinburgh
1871:116-137.

Dustan, P, & W. K. Sacco. 1982. The sclerosponge of
Chalet Caribe Reef. Discovery 16:13-17.

Dybowski, W. N. 1877. Die Chaetitiden der ost-
baltischen Silur-Formation. Russisch-Kaiserliche
Mineralogische Gesellschaft zu St. Petersburg Ver-
handlungen (series 2) 14(1878):1-134.

Eichwald, C. E. von. 1829. Zoologia specialis quam
expositis animalibus tum vivis, tum fossilibus potis-
simum Rossiae in universum, et Poloniae, in specie,
in usum, lectionum, vol. 1. J. Zawalski. Vilna. vi +
314 p., 5 pl.

Engeser, Theo S., & Paul D. Taylor. 1989. Supposed
Triassic bryozoans in the Klipstein Collection from
the Italian Dolomites redescribed as calcified de-
mosponges. Bulletin of the British Museum Natural
History (Geology) 45(1):39-55.

Erwin, P. M., & R. W. Thacker. 2006. Incidence
and importance of photosynthetic symbionts in
shallow-water sponge communities. Integrative and
Comparative Biology 45(6):992.

Etheridge Jr., Robert. 1899. On the corals of the Tam-
worth District, chiefly from the Moore Creek and
Woolomol Limestones. Records of the Geological
Survey of New South Wales 6:151-182.

Fabre, Cécile, & Bernard Lathuiliere. 2007. Relation-
ships between growth-bands and paleoenvironmental
proxies Sr/Ca and Mg/Ca in hypercalcified sponge:
A micro-laser induced breakdown spectroscopy ap-
proach. Spectrochimica Acta (part B) 62:1537-1545.

Fagerstrom, J. A. 1984. The ecology and paleoecology
of the Sclerospongiae and Sphinctozoa (sensu stricto):
A review. Palacontographica Americana 54:370-381.

Fagerstrom, J. A. 1987. The Evolution of Reef Com-
munities. John Wiley and Sons. New York. 600 p.

Fagerstrom, J. A., & R. R. West. 2010. Roles of clone-
clone interactions in building reef frameworks:
Principles and examples. Facies, 20 p., doi: 10.1007/
s10347-010-0251-z.

Fagerstrom, J. A., R. R. West, S. Kershaw, & P. J.
Cossey. 2000. Spatial competition among clonal
organisms in extant and selected Paleozoic reef com-
munities. Facies 42:1-24.

Faul, Henry. 1943. Growth-rate of a Devonian reef
coral (Prismarophyllum). American Journal of Science
241:579-582.

Finks, Robert M. 1970. The evolution and ecologic
history of sponges during Palaeozoic times. /n W. G.



Functional Morphology of Chaetetid-Type Porifera 27

Fry, ed., The Biology of the Porifera. Symposia of the
Zoological Society of London 25:3-22.

Finks, Robert M. 1986. “Spicules” in Thamnopora.
Fossil Cnidaria 15(1.2):22.

Finks, Robert M. 2003a. Functional morphology and
adaptation. /n R. L. Kaesler, ed., Treatise on Inver-
tebrate Paleontology, Part E, Porifera (Revised), vol.
2. The Geological Society of America, Inc. and The
University of Kansas. Boulder, Colorado and Law-
rence, Kansas. p. 211-222.

Finks, Robert M. 2003b. Evolution and ecologic history
of sponges during Paleozoic times. /z R. L. Kaesler,
ed., Treatise on Invertebrate Paleontology, Part E,
Porifera (Revised), vol. 2. Geological Society of
America, Inc. and The University of Kansas. Boulder,
Colorado and Lawrence, Kansas. p. 261-274.

Finks, Robert M., & J. Keith Rigby. 2004. Hyper-
calcified sponges. /z R. L. Kaesler, ed., Treatise on
Invertebrate Paleontology, Part E, Porifera (Revised),
vol. 3. The Geological Society of America, Inc. and
The University of Kansas. Boulder, Colorado and
Lawrence, Kansas. p. 585-594.

Fischer, Jean-Claude. 1970. Revision et essai de classifi-
cation des Chaetetida (Cnidaria) post-Paleozoiques.
Annales de Paléontologie (Invertébrés) 56(2):151—
220.

Fischer, Rudolf, Carlos Galli Oliver, & Joachim Reitner.
1989. Skeletal structure, growth, and paleoecology
of the patch reef-building ploychaete worm Diplo-
chacetetes mexicanus Wilson, 1986 from the Oligocene
of Baja California (Mexico). Geobios 22(5):761-775,
2 fig., 4 pl.

Fischer von Waldheim [de Waldheim], G. E. 1830.
Oryctographie du Gouvernement de Moscou, 1st ed.
A. Semen. Moscow. ix + 28 p., pl. A=G, i—xliv, i—xvi.

Fischer von Waldheim [de Waldheim], G. E. 1837.
Oryctographie du Gouvernement de Moscou, 2nd
ed. A. Semen. Moscow. v + 202 p., xv—xvii, pl.
A-G, i-lvii.

Fleming, John. 1828. A Study of British Animals. Bell
& Bradfute. Edinburgh. xxiii + 565 p.

Fliigel, Erik. 1961. Bryozoen aus den Zlambach-
Schichten (Rhat) des Salzkammergutes, Oster-
reich. Osterreich Akademie der Wissenschaften,
Mathematisch-Naturwissenschaftlische Klasse,
Abhandlungen 170:265-272.

Fliigel, Erik, & E. Fligel-Kahler. 1968. Stromatopo-
roidea (Hydrozoa palacozoica), Fossilium Catalogus,
I: Animalia, vol. 115-116. W. Junk. s’'Gravenhage.
681 p.

Fliigel, Erik, & Wolfgang Kiessling. 2002. Patterns of
Phanerozoic reef crisis. /n W. Kiessling, E. Fliigel,
& J. Golonka, eds., Phanerozoic Reef Patterns.
SEPM (Society of Sedimentary Geology) Publication
72:691-733, 13 fig.

Fliigel, Erik, & Joachim Reinhardt. 1989. Upper-
most Permian reefs in Skyros (Greece) and Sichuan
(China): Implications for the Late Permian extinction
event. PALAIOS 4:502-518.

Fossd, J. H., P. B. Mortensen, & D. M. Furevik. 2002.
The deep-water coral Lophelia pertusa in Norwegian
waters: Distribution and fishery impacts. Hydrobio-
logia 471:1-12.

Frohlich, H., & D. Barthel. 1997. Silica uptake of the
marine sponge Halichondria panicea in Keil Bight.
Marine Biology 128:115-125.

Fromentel, M. E. de. 1860. Introduction a I’étude des
éponges fossiles. Mémoires de la Société Linnéenne
de Normandie 11:1-50, pl. 1-4.

Fromentel, M. E. de. 1861. Introduction a I'étude des
polypiers fossiles. F. Savy. Paris. 357 p.

Fuchtbauer, H., & Lawrence A. Hardie. 1976. Ex-
perimentally determined homogeneous distribution
coefficients for precipitated magnesian calcites: Ap-
plication to marine carbonate cements. Geological
Society of America Abstracts with Program 8:877.

Fuchtbauer, H., & Lawrence A. Hardie. 1980. Com-
parison of experimental and natural magnesian
calcites. International Society of Sedimentologists
Meeting Abstracts. Bochum. p. 167-169.

Fiirsich, F T., & J. Wendt. 1977. Biostratinomy and
palaecoecology of the Cassian Formation (Triassic) of
the Southern Alps. Palacogeography, Palacoclimatol-
ogy, Palacoecology 22:257-323.

Galloway, J. J. 1957. Structure and classification of the
Stromatoporoidea. Bulletin of American Paleontol-
ogy 37(164):345-480.

Garcfa-Bellido, Diego C., & Sergio Rodriguez.
2005. Palacobiogeographical relationships of
poriferan and coral assemblages during the late
Carboniferous and the closure of the western
Palaeotethys Sea—Panthalassan Ocean connection.
Palacogeography, Palacoclimatology, Palacoecol-
ogy 219:321-331, 2 fig., 4 tables, doi: 10.1016/j.
palaco.2005.01.004.

Gautret, Pascale. 1987. Diagenetic and original non-
fibrous microstructures within Recent and Triassic
hypercalcified sponges. Revue de Paleobiologie
6(1):81-88.

Gautret, Pascale, & Frederic Marin. 1993. Diagenetic
tendencies in aragonitic fibrous structures of corals
and calcified demosponges from the Triassic of Tur-
key. Comptes Rendus de ’Académie des Sciences,
Paris (series 2) 316(9):1319-1325.

Gautret, Pascale, & Saloua Razgallah. 1987. Architec-
ture et microstructure des Chaetétides du Permien du
Jebel Tebaga (Sud-Tunisie). Annals de Paléontologie
73(2):59-82.

Gautret, Pascale, Joachim Reitner, & Frederic Marin.
1996. Mineralization events during growth of the
coralline sponges Acanthochaetetes and Vaceletia.
Bulletin de I'Institut Oceanographique Monaco
14:325-334.

Gautret, Pascale, Jean Vacelet, & Jean-Pierre Cuif.
1991. Caractéristiques des spicules et du squelette
carbonaté des especes actuelles du genre Merlia (dé-
mosponge, Merliida), et comparaison avec des chae-
tétides fossiles. Bulletin du Muséum Nationale de
I'Histoire Naturelles de Paris (section A) 13:289-307.

Giattini, G. B. 1902. Fossili del Lovcen nel Montene-
gro. Rivista Italiana di Paleontologia 8:62—66.

Gillette, Tracy. 1947. The Clinton of western and
central New York. New York State Museum Bulletin
Number 341:191 p., 20 fig., 4 tables.

Ginn, B. K., A. Logan, & M. L. H. Thomas. 2000.

Sponge ecology on sublittoral hard substrates in a



28 Treatise Online, number 21

high current velocity area. Estuarine, Coastal, and
Shelf Science 50:403-414.

Girty, George H. 1913. A Report on Upper Paleozoic
fossils collected in China in 1903-1904. /n Bailey
Willis, Eliot Blackwelder, Rufus H. Sargent, Fried-
rich Hirth, Charles D. Walcott, S. Weller, & George
H. Girty, eds., Research in China, vol. 3. Carnegie
Institute of Washington, Publication 54:297-334.

Glaessner, Martin E. 1962. Precambrian fossils. Biologi-
cal Review 37:467-494.

Gémez-Herguedas, Alberto, & Serigo Rodriguez. 2009.
Palacoenvironmental analysis based on rugose corals
and microfacies: A case study at La Cornuda section
(early Serpukhovian, Guadiato Area, SW Spain).
Lethaia 42:39-54.

Grabau, Amadeus W., & Hervey W. Shimer. 1909.
North American Index Fossils, vol. 1. A. G. Seiler
Co. New York. 853 p.

Gray, David 1. 1980. Spicule pseudomorphs in a
Palacozic chaetetid and its sclerosponge affinities.
Palacontology 23(4):803-820.

Gundrum, L. 1979. Demosponges as substrates: An
example from the Pennsylvanian of North America.
Lethaia 12:105-119.

Gutschick, Raymond C. 1965. Prerotocrinus from
the Kinkaid Limestone (Chester, Mississippian)
of Illinois and Kentucky. Journal of Paleontology
39(4):636-646, 6 fig., 2 pl.

Hajdu, Eduardo, & Rob W. M. van Soest. 2002. Fam-
ily Merliidae Kirkpatrick, 1908. /z J. N. A. Hooper
& R. W. M. van Soest, eds., Systema Porifera,
vol. 1. Kluwer Academic/Plenum Publishers. New
York, Boston, Dordrecht, London, and Moscow.
p. 691-693.

Hardie, Lawrence A. 1996. Secular variation in seawater
chemistry: An explanation for the coupled secular
variation in the mineralogies of marine limestones
and potash evaporates over the last 600 m.y. Geol-
ogy 24:279-283.

Hartman, Willard D. 1980. Systematics of the Porifera.
In Willard D. Hartman, Jobst W. Wendt, & Felix
Wiedenmayer, eds., Living and Fossil Sponges; Notes
for a Short Course, Sedimenta VIII. Comparative
Sedimentology Laboratory, Division of Marine Ge-
ology and Geophysics, Rosenstiel School of Marine
and Atmospheric Science. University of Miami.
Miami. p. 24-51.

Hartman, Willard D. 1984. Astrorhizae, mamelons
and symbionts of Recent sclerosponges. Palaconto-
graphica Americana 54:305-314.

Hartman, Willard D., & Thomas F. Goreau. 1966.
Ceratoporella, a living sponge with stromatoporoid
affinities. American Zoologist 6(4):262.

Hartman, Willard D., & Thomas F. Goreau. 1970.
Jamaican Coralline Sponges: Their Morphology,
Ecology, and Fossil Relatives. 7z W. G. Fry, ed., The
Biology of the Porifera, Symposia of the Zoological
Society of London 25. Academic Press. London. p.
205-243.

Hartman, Willard D., & Thomas F. Goreau. 1972.
Ceratoporella (Porifera: Sclerospongiae) and the
chaetetid ‘corals.” Transactions of the Connecticut
Academy of Arts and Sciences 44:133-148.

Hartman, Willard D., & Thomas F. Goreau. 1975. A
Pacific tabulate sponge, living representative of a new
order of sclerosponges. Postilla 167:21 p.

Hartman, Willard D., & Thomas F. Goreau. 1976. A
new ceratoporellid sponge (Porifera: Sclerospongiac)
from the Pacific. /n E W. Harrison, & R. R. Cowden,
eds., Aspects of Sponge Biology. Academic Press.
New York and London. p. 329-347.

Heckel, P. H. 1974. Carbonate buildups in the geologic
record: A review. /n L. Laporte, ed., Reefs in Time
and Space. Society of Economic Paleontologists and
Mineralogists Special Publication 18:90-154.

Helm, C., & I. Schuelke. 2006. Patch reef development
in the Florigemma-Bank Member (Oxfordian) from
the Deister Mts (NW Germany): A type example
for Late Jurassic coral thrombolite thickets. Facies
52(3):441-467.

Hickson, S. J. 1911. On Ceraropora, the type of a new
family of Alcyonaria. Proceedings of the Royal Soci-
ety (series B) 84:195-200.

Hill, Dorothy. 1981. Rugosa and Tabulata. 7z C. Tei-
chert, ed., Treatise on Invertebrate Paleontology,
Part E Coelenterata, Supplement 1, vol. 2. The Geo-
logical Society of America and The University of
Kansas. Boulder, Colorado, and Lawrence, Kansas.
p. 379-762.

Hill, Dorothy, & E. C. Stumm. 1956. Tabulata. 7z R.
C. Moore, ed., Treatise on Invertebrate Paleontol-
ogy, Part F, Coelenterata. The Geological Society of
America and The University of Kansas. New York
and Lawrence. p. 444-477.

Hill, Dorothy, & J. W. Wells. 1956. Hydroida and
Spongiomorphida. 7z R. C. Moore, ed., Treatise on
Invertebrate Paleontology, Part F, Coelenterata. The
Geological Society of America and The University of
Kansas. New York and Lawrence. p. 81-89.

Hill, M., A. Hill, N. Lopez, & O. Harriott. 2006. The
Caribbean sponge Chondrilla nucula harbors diverse
and sponge-specific bacterial symbionts. Integrative
and Comparative Biology 45(6):1145.

Hooper, J. N. A., & R. W. M. van Soest, eds. 2002a.
Systema Porifera, vol. 1. Kluwer Academic/Plenum
Publishers. New York, Boston, Dordrecht, London,
and Moscow. xlviii + 1101 p.

Hooper, J. N. A., & R. W. M. van Soest. 2002b.
Class Demospongiae Sollas, 1885. /n John N. A.
Hooper, & Rob W. M. van Soest, eds., Systema
Porifera, vol. 1. Kluwer Academic/Plenum Publish-
ers. New York, Boston, Dordrecht, London, and
Moscow. p. 15-19.

Hubert B. L. M., M. K. Zapalski, J.-P. Nicollin, B.
Mistiaen, & D. Brice. 2007. Selected benthic faunas
from the Devonian of the Ardennes: An estima-
tion of palacobiodiversity. Acta Geologica Polonica
57(2):187-204.

Jackson, J. B. C., & L. W. Buss. 1975. Allelopathy and
spatial competition among coral reef invertebrates.
Proceedings of the National Academy of Sciences,
USA 72:5160-5163.

Jackson, J. B. C., T. E Goreau, & W. D. Hartman.
1971. Recent brachiopod-coralline sponge commu-
nities and their paleoecological significance. Science

173:623-625.



Functional Morphology of Chaetetid-Type Porifera 29

James, U. P. 1881. On the monticuliporoid corals of
the Cincinnati Group, with a critical revision of the
species. The Paleontologist 5:33—44.

Jameson, Jeremy. 1980. Depositional environments in
the Petershill Formation, Bathgate, West Lothian,
vol. 1. Unpublished doctoral dissertation. University
of Edinburgh. Ediburgh. 545 p.

Jameson, Jeremy. 1987. Carbonate sedimentation
on a mid-basin high: The Perteshill Formation,
Midland Valley of Scotland. /n John Miller, A. E.
Adams, & V. P. Wright, eds., European Dinantian
environments. John Wiley & Sons. New York. p.
309-327, 10 fig.

Jones, Adam C., James E. Blum, & Joseph R. Pawlik.
2005. Testing for defensive synergy in Caribbean
sponges: Bad taste or glass spicules? Journal of Ex-
perimental Marine Biology and Ecology 322:67-81.

Kaandorp, Jaap A., & Janet E. Kubler. 2001. The
Algorithmic Beauty of Seaweeds, Sponges, and Cor-
als. Springer-Verlag. Berlin, Heidelberg, and New
York. 193 p.

Kauffman, Erle C., & J. A. Fagerstrom. 1993. The
Phanerozoic Evolution of Reef Diversity. /n Robert
E. Ricklefs & Dolph Schluter, eds., Species diversity
in ecological communities. University of Chicago
Press. Chicago. p. 315-329.

Kazmierczak, Jézef. 1979. Sclerosponge nature of
chaetetids evidenced by speculated Chaetetopsis favrei
(Deninger, 1906) from the Barremian of Crimea.
Neues Jahrbuch fiir Geologie und Paliontologie,
Monatshefte 2:97-108.

Kazmierczak, Jézef. 1984. Favositid tabulates: Evidence
for poriferan affinity. Science 225:835-837.

Kazmierczak, J6zef. 1989. Halysitid tabulates: Sponges
in corals’ clothing. Lethaia 22:195-205.

Kazmierczak, Jézef. 1991. Further evidence for porif-
eran affinities of favositids. 7 J. Reitner & H. Keupp,
eds., Fossil and Recent Sponges. Springer-Verlag.
Berlin and Heidelberg. p. 212-223.

Kazmierczak, J6zef. 1994. Confirmation of the porifer-
an status of favositid tabulates. Acta Palacontologica
Polonica 39(3):233-245.

Kennish, M. J. 1989. Practical Handbook of Marine
Science. CRC Press, Inc. Boca Raton, Florida. 710 p.

Kershaw, Stephen. 1981. Stromatoporoid growth form
and taxonomy in a Silurian biostrome. Journal of
Paleontology 55:1284-1295.

Kershaw, S. 1998. The applications of stromatoporoid
palacobiology in palacoenvironmental analysis. Pal-
aeontology 41:509-544.

Kershaw, Stephen, & Ronald R. West. 1991. Chaetetid
growth form and its controlling factors. Lethaia
24:333-346.

Kershaw, S., R. A. Wood, & L. Guo. 2006. Stromato-
poroid response to muddy substrates in Silurian
limestones. Geologiska Foreningens i Stockholm
Férhandlingar 128:131-138.

Kiessling, W., E. Fliigel, & J. Golonka. 2002. Phanero-
zoic Reef Patterns. SEPM (Society of Sedimentary
Geology) Publication 72:775 p.

Kirkpatrick, R. 1908. On two new genera of Recent
pharetronid sponges. Annals and Magazine of Natu-
ral History (series 8) 2(12):503-514.

Kirkpatrick, R. 1911. On Merlia normani, a sponge
with a siliceous and calcareous skeleton. Quarterly
Journal of Microscopical Science 56(40):657-702,
pl. 32-38.

Kirkpatrick, R. 1912. Merlia normani and its
relation to certain Palaeozoic fossils. Nature
89:502-503.

Knott, N. A., A. J. Underwood, M. G. Chapman,
& T. M. Glasby. 2006. Growth of the encrust-
ing sponge Tedania anhelans (Lieberkuhn) on
vertical and on horizontal surfaces of temperate
subtidal reefs. Marine and Freshwater Research
57(1):95-104.

Kobluk, D. R., & R. W. M. van Soest. 1989. Cavity-
dwelling sponges in a southern Caribbean coral reef
and their paleontological implications. Bulletin of
Marine Science 44:1207-1235.

Koechlin, Eduard. 1947. Chaetetiden aus dem Malm
des Berner Jura. Schweizerische Palacontologische
Abhandlungen 65:1-16.

Koehl, M. A. R. 1982. Mechanical design of spicule-
reinforced connective tissue: Stiffness. Journal of
Experimental Biology 98:239-267.

Kétter, 1., & J. Pernthaler. 2002. In situ feeding rates
of obligate and facultative coelobite (cavity-dwelling)
sponges in a Caribbean coral reef 1. Proceedings
of the 9th International Coral Reef Symposium
1:347-350.

Krempf, A. 1934. Enregistrement du cycle maré-
graphique de 18 ans 2/3 par le polypier en voie de
croissance de quelques corallaires. Annales des Sci-
ences Naturelles, Zoologie et Biologie Animale (series
10) 18:135-143.

Lafuste, Jean, & Jean-Claude Fischer. 1971. Sur la
présence de fibres a bosselures chez les Chaeteti-
da (cnidaires) du Paléozoique et du Mésozoique.
Comptes Rendus de ’Académie des Sciences, Paris
D272:1488-1490.

Lang, J. C., W. D. Hartman, & L. S. Land. 1975. Scle-
rosponges: Primary framework constructors on the
Jamaican deep-fore reef. Journal of Marine Research
33:223-231.

Lange, Robert, Matthias Bergbauer, Ulrich Szewzyk,
& Joachim Reitner. 2001. Soluble proteins control
growth of skeleton crystals in three coralline demo-
sponges. Facies 45:195-202.

Larroux, C., B. Fahey, B. D. Liubicich, V. E Hinman,
M. Gauthier, M. Gongora, Gert Wérheide, S. P.
Leys, & B. M. Degnan. 2006. Developmental gene
expression in a sponge: Insights into the last common
ancestor of all metazoans. Evolution and Develop-
ment 8(2):150-173.

Laubenfels, M. W. 1947. Ecology of sponges of a brack-
ish water environment at Beaufort, North Carolina.
Ecological Monograph 17:31-46.

Laubenfels, M. W. 1950. An ecological discussion of the
sponges of Bermuda. Transactions of the Zoological
Society of London 27:155-201.

Lazareth, Claire E., Philippe Willenz, Jacques Navez,
Eddy Keppens, Frank Dehairs, & Luc Andre. 2000.
Sclerosponges as a new potential recorder of envi-
ronmental changes: Lead in Ceratoporella nicholsoni.

Geology 28:515-518.



30 Treatise Online, number 21

Lecompte, Marius. 1939. Les Tabules du Devonien
moyen et superieur du Bord sud du Bassin de Di-
nant. Musée Royal d’Histoire Naturelle de Belgique,
Mémoirs 90:229 p.

Lecompte, Marius. 1952. Madreporaires Paléozoiques.
In Jean Piveteau, ed., Traité de Paleontologie, vol.
1, Généralités, Protistes, Spongiaires, Coelenteéres,
Bryozoaires. Masson et Cie, Editeurs. Paris. p.
419-538.

Lehnert, H., & Joachim Reitner. 1997. Lebensdaur und
regeneration bei Ceratoporella nicholsoni (Hickson,
1911) und Spirastrella (Acanthochaetetes) wellsi (Hart-
man & Goreau, 1975). Geologische Blitter fiir Nor-
dost-Bayern und angrenzende Gebeite 47:265-272.

Leinfelder, R., E Schlagintwelt, W. Werner, O. Erbli,
M. Nose, D. U. Schmid, & G. W. Hughes. 2005.
Significance of stromatoporoids in Jurassic reefs and
carbonate platforms—Concepts and implications.
Facies 51:287-325.

Leinfelder, Reinhold R., Dieter U. Schmid, Mar-
tin Nose, & Winfried Werner. 2002. Jurassic reef
patterns—The expression of a changing globe. 7 W.
Kiessling, E. Fliigel, & J. Golonka, eds., Phanerozoic
Reef Patterns. SEPM (Society of Sedimentary Geol-
ogy) Publication 72:465-520, 18 fig.

Lin Baoyu, Tchi Yongyi, Jin Chuntai, Li Yaoxi, & Yan
Youyin. 1988. Monograph of Palacozoic Corals—
Tabulatomorphic Corals, 2 vol. Geological Publish-
ing House. Beijing. Vol. 1, 467 p.; vol. 2, 491 p.

Lindstrém, G. 1873. Nagra antekningar om Antho-
zoa Tabulata. Ofversigt af Kongliga Vetenskaps-
akademiens Forhandlingar, Stockholm 30(4):3-20.

Lister, J. J. 1900. Astrosclera willeyana, the type of a
new family of sponges. /z Arthur Willey, ed., Willey’s
Zoological Results. Part 4. Cambridge University
Press. Cambridge. p. 459-482.

Lord, E., & S. E. Walker. 2009. The paleoecology of a
Mississippian reef from northwestern Georgia. Geo-
logical Society of America Abstracts with Programs
41(7):102.

Ma Ting Ying. H. 1933. On the seasonal change in
growth of some Palacozoic corals. Proceedings of the
Imperial Academy of Japan 9:407-409.

Ma Ting Ying. H. 1934. On the growth rate of reef
corals and the sea water temperature in the Japanese
Islands during the latest geological times, Science
Report Tohoku Imperial University (2nd series,
Geology) 16(3):165-187.

Ma Ting Ying. H. 1937a. On the seasonal growth in
Palacozoic tetracorals and the climate during the
Devonian period. Palacontologia Sinica (series B)
2(3):50 p.

Ma Ting Ying. H. 1937b. On the growth rate of reef
corals and its relation to sea water temperature. Pal-
acontologia Sinica (series B) 16(1):226 p.

Ma Ting Ying. H. 1943a. The climate and the relative
positions of Eurasia and North America during the
Ordovician period as determined by the growth rate
of corals, Research on the Past Climate and Conti-
nental Drift, vol. 1. Published by the author. Yungan,
Fukien, China. 34 p.

Ma Ting Ying. H. 1943b. The climate and the relative

positions of continents during the Silurian period as

determined by the growth rate of corals, research on
the past climate and continental drift, vol. 2. Pub-
lished by the author. Yungan, Fukien, China. 88 p.

Ma Ting Ying. H. 1943c. The climate and the relative
positions of continents during the Devonian period,
research on the past climate and continental drift,
vol. 3. Published by the author. Yungan, Fukien,
China. 92 p.

Maldonado, Manuel, M. Carmen Carmona, Maria
J. Uriz, & Antonio Cruzado. 1999. Decline in
Mesozoic reef-building sponges explained by silicon
limitation. Nature 401:785-788.

Marin, Frederic, & Pascale Gautret. 1993. Acidic amino
acid contents in soluble organic matrices of sponges
and coral calcareous skeletons: A possible implication
in their diagenetic change. Bulletin de la Société
Géologique de France 165(1):77-84.

Mastandrea, Adelaide, & Franco Russo. 1995. Mi-
crostructure and diagenesis of calcified demo-
sponges from the Upper Triassic of the northeast-
ern Dolomites (Italy). Journal of Paleontology
69(3):416-431.

Mathewson, J. E. 1977. Chactetids and their paleoen-
vironments in the Amoret Limestone Member (Des-
moinesian) of Labette County, Kansas. Unpublished
Master’s Thesis. Kansas State University. Manhattan.
148 p.

May, Andreas. 1993. Korallen aus dem hsheren Eif-
elium und unteren Givetium (Devon) des nord-
westlichen Sauerlandes (Rheinisches Schiefergebirge).
Teil II: Rugose Korallen, Chaetetiden und spezielle
Themen. Palacontographica (Abt. A) 228:1-103.

May, Andreas. 2008. Corals (Anthozoa, Tabulata and
Rugosa) and chaetetids (Porifera) from the Devo-
nian of the Semara area (Morocco) at the Museo
Geominero (Madrid, Spain), and their biogeographic
significance. Bulletin de I'Institut Scientifique, Rabat,
Section Sciences de la Terre 30:1-12.

McKinney, Frank K., & Jeremy B. C. Jackson. 1989.
Bryozoan Evolution. University of Chicago Press.
Chicago. 238 p.

Méndez-Bedia, Isabel, Francisco Soto, & Esperanza
Ferndndez-Martinez. 1994. Devonian reef types in
the Cantabrian Mountains (NW Spain) and their
faunal composition. /n P. Ockentorp-Kiister, ed.,
Proceedings of the VI International Symposium on
Fossil Cnidaria and Porifera, Munster Cnidarian
Symposium volume 2. Courier Forschungsinstitut
Senckenberg 172:161-183, 10 fig.

Meroz-Fine, E., S. Shefer, & M. Ilan. 2005. Changes
in morphology and physiology of an East Mediter-
ranean sponge in different habitats. Marine Biology
147:243-250.

Mickleborough, J., & A. G. Wetherby. 1878. A Classi-
fied List of Lower Silurian Fossils, Cincinnati Group.
James Barclay. Cincinnati. 26 p.

Miller, Keith B., & Ronald R. West. 1996. Growth-
interruption surfaces within chaetetid skeletons:
Records of physical disturbance and depositional
dynamics. Lethaia 29:289-299.

Miller, S. A. 1877. American Paleozoic fossils: A Cata-
logue of the Genera and Species. Published by the
author. Cincinnati, Ohio. 253 p.



Functional Morphology of Chaetetid-Type Porifera 31

Miller, S. A. 1889. North American Geology and
Palacontology for the use of ameteurs, students, and
scientists. Press of Western Methodist Book Concern.
Cincinnati, Ohio. 718 p.

Millet, J., & W. Kiessling. 2009. First record of coralline
demosponges in the Pleistocene: Implications for reef
ecology. Coral Reefs 28:867-870.

Milne-Edwards, Henri, & Jules Haime. 1849. Mémoire
sur les polypiers appartenant aux groupes naturels
des Zoanthaires perforés et des Zoanthaires tabulés.
Académie des Sciences de Paris, Comptes Rendus
29:257-263.

Milne-Edwards, Henri, & Jules Haime. 1850. A
Monograph of the British Fossil Corals. Palaconto-
graphical Society Monograph. London. p. i—ixxxv,
1-71, pl. 1-11.

Milne-Edwards, Henri, & Jules Haime. 1851. Mono-
graphie des polypiers fossiles des terrains paléozoique.
Archives du Muséum d’Histoire Naturelle, Paris.
Paris. 502 p., 20 pl.

Minwegen, E. 2001. Die biokonstruktionen im Penn-
sylvanium des Kantabrischen Gebirges (Nordspan-
ien). Kélner Forum fiir Geologie und Paliontologie
9:139 p.

Minwegen, E. 2007. Moscovian beresellid algal-
chaetetid sponge buildups, Northern Spain. /» E.
Vennin, M. Aretz, E. Boulvain, & A. Munnecke, eds.,
Facies from Palaeozoic reefs and bioaccumulations.
Mémoires du Muséum national d’Histoire naturelle
195:261-263.

Montanez, Isabel P. 2002. Biological skeletal carbonate
records changes in major-ion chemistry of paleo-
oceans. Proceedings of the National Academy of
Sciences 99(25):15,852-15,854.

Montenat, Christian, Pascel Barrier, & Philippe
Ott D’Estevou. 2002. The Vigny limestones: A
record of Paleocene (Danian) tectonic-sedimen-
tary events in the Paris Basin. Sedimentology
49:421-440.

Moore, Raymond C., & R. M. Jeffords. 1945. De-
scriptions of lower Pennsylvanian corals from Texas
and adjacent states. University of Texas Publication
4401:77-208, fig. 1-214, pl. 14.

Moret, Leon. 1966. Manuel de Paleontologie Animale.
Masson & Cie, Editeurs. Paris. 781 p.

Morgan, George D. 1924. Geology of the Stonewall
Quadrangle, Oklahoma. Bureau of Geology, Bul-
letin 2:248 p.

Mori, K. 1976. A new Recent sclerosponge from
Ngargol, Palau Islands and its fossil relatives. Tohoku
University Scientific Reports (2nd series) (Geology)
46(1):1-9.

Mori, K. 1977. A calcitic sclerosponge from Ishigaki-
shima Coast, Ryukyu Islands, Japan. Tohoku Uni-
versity Scientific Reports (2nd series) (Geology)
47(1):1-5.

Mortensen, P. B., & H. T. Rapp. 1998. Oxygen- and
carbon isotope ratios related to growth line patterns
in skeletons of Lophelia pertusa (L.) (Anthozoa:
Scleractinia): Implications for determination of linear
extension rates. Saria 83:433-446.

Mostler, Helfried. 1990. Mikroskleren von demo-
spongien (Porifera) aus dem basalen Jura der nérdli-

chen Kalkalpen. Geologisch-Paliontologische Mit-
teilungen Innsbruck 17:119-142.

Miiller, Arno Hermann. 1963. Lehrbuch der Palio-
zoologie. Band II, Invertebraten, Teil 1, Protozoa,
Mollusca 1. VEB Gustav Fischer Verlag. Jena. 575 p.

Muiiller, Werner E. G., Anatoli Krasko, Gael Le Pennec,
Renate Steffen, Matthias Wiens, Mohammed Shokry
A. Ammar, Isabel Miiller, & Heinz C. Schroder.
2003. Molecular mechanism of spicule formation
in the demosonge Suberites domuncula: Silicatein—
Collegan—Myotrophin. /n W. E. G. Miiller, ed.,
Silicon Biomineralization—Biology—Biochemistry—
Molecular Biology—Biotechnology. Progress in Mo-
lecular and Subcellular Biology 33:195-221.

Nagai, Koichi. 1979. Organic reef deposits developed
in the lower part of the Akiyoshi Limestone Group.
Chikyu 1:661-667. In Japanese.

Nagai, Koichi. 1985. Reef-forming algal chaetetid
boundstones found in the Akiyoshi limestone Group,
southwest Japan. Bulletin of the Akiyoshi-dai Mu-
seum of Natural History 20:1-15.

Nagai, Koichi. 1992. Growing mechanism of the
Carboniferous Akiyoshi Organic Reef Complex.
Doctoral dissertation. Kyushu University. Fukuoka,
Japan. 238 p., 64 pl.

Nagai, Koichi., A. Kano, T. Sugiyama, T. Haikawa,
& A. Sugimura. 1999. Carboniferous oceanic reef
complex in the Akiyoshi terrane, southwest Japan.
Guidebook for Field Trip B1. 8th International
Symposium on Fossil Cnidaria and Porifera. Sendai,
Japan. 56 p.

Nagai, Koichi, Erika Kido, & Tetsuo Sugiyama. 2007.
Late Palaeozoic oceanic reef complex, Akiyoshi lime-
stone, Japan. [n E. Vennin, M. Aretz, F. Boulvain, &
A. Munnecke, eds., Facies from Palacozoic reefs and
bioaccumulations. Mémoires du Muséum national
d’Histoire naturelle 195:257-259.

Nagai, Koichi, R. R. West, T. Sugiyama, & S.
Mizuki. 2007. Living and Pleistocene chaetetid
sponges from Okinawa, Southwest Japan. /z Olga
Kossovaya, Ian Somerville, & Irina Evdokimova,
eds., Tenth International Symposium on Fos-
sil Cnidaria and Porifera, Abstracts. Russian
Academy of Sciences, Federal Agency on Min-
eral resources of the Russian Federation, Russian
National Committee of Geologists, International
Association for the Study of Fossil Cnidaria and
Porifera, and A. P. Karpinsky. Russian Geological
Research Institute (VSEGEI). Saint-Petersburg,
Russia. p. 66.

Nakamori, T. 1986. Community structures of Recent
and Pleistocene hermatypic corals in the Ryukyu
Islands, Japan. Tohoku University Scientific Reports
(2nd series) (Geology) 56(2):71-133.

Neumayr, Melchior. 1889. Die Stimme des Thier-
reiches 1. Verlag von E Tempsky, Buchhindler der
Kaiserlichen Akademie der Wissenschaften in Wien,
Osterreich. Wien and Prague. 603 p.

Neumayr, Melchior. 1890. Beschreibung der Coelen-
teraten, Echinodermen, und Mollusken aus dem
japanischen Jura. /n E. Neumann & Malchior
Neumayr, eds., Zur Geologie und Paliontologie von
Japan. Denkschriften der Kaiserlichen Akademie der



32 Treatise Online, number 21

Wissenschaften, Mathematisch-Naturwissenschaftli-
che Classe 57:27-42.

Newell, Norman D. 1935. Some Mid-Pennsylvanian
invertebrates from Kansas and Oklahoma: II. Stro-
matoporoidea, Anthozoa and gastropods. Journal of
Paleontology 9(4):341-355.

Nicholson, H. Alleyne. 1874. Descriptions of species
of Chaetetes from the Lower Silurian rocks of North
America. Quarterly Journal of the Geological Society
of London 30:499-515.

Nicholson, H. Alleyne. 1879. A Manual of Palaeontol-
ogy for the Use of Students with a General Introduc-
tion on the Principles of Palacontology, 2nd ed., vol.
1. William Blackwood and Sons. Edinburgh and
London. 511 p.

Norford, B. S. 1971. Upper Ordovician corals Chaeteri-
pora and Sibiriolites from northern Ellesmere Island,
District of Franklin. Canadian Geological Survey
Bulletin 197:1-11, 1 fig., 2 pl.

Nowinski, A., & E. Sarnecka. 2003. Sclerospongiae,
chaetetids. /n M. Pajchlowa, L. Malinowska, L.
Milaczewski, E. Sarnecka, & T. Woroncowa-
Marcinowska, eds., Atlas of index and characteristic
fossils, vol. III, Pt. 1b, Devonian (Fascicles 1-2).
Wydawnictwa PIG. Warsaw, Poland. p. 39-42.

Oakley, Kenneth P. 1936. An Ordovician species of
Chaetetes. The Geological Magazine 73(10):440—
444, pl. 12.

Ockentorp, Klemens. 1985. Spicules in favositid Tabu-
lata—Remarks to J. Kazmierczak’s interpretation by
Kl. Ockentorp, Fossil Cnidaria 14(1):34-35.

Okulitch, Vladimir. J. 1936a. Streptindytes chaetetiae,
a new species of “parasitic” annelid found in Chae-
tetes radians. The American Midland Naturalist
17:983— 984.

Okulitch, Vladimir J. 1936b. On the genera Heliolites,
Tetradium, and Chaetetes. American Journal of Sci-
ence 32:361-379.

Oliver, William A., Jr., Charles W. Merriam, & Mi-
chael Churkin, Jr. 1975. Ordovician, Silurian, and
Devonian corals of Alaska. United States Geological
Survey Professional Paper 823-B:13-44, 13 fig., 23
pl., 19 tables.

QOomori, T., Y. Tamaki, K. Nobushima, & Y. Iraha.
1998. The lead ion taken in hard tissues of marine or-
ganisms (corals and sclerosponges). Chikyu Monthly
20(4):202-208.

d’Orbigny, Alcide. 1849. Note sur la classe de Amor-
phozoaires. Revue et Magazine de Zoologie pure et
appliquée (Paris) (series 2) 1:545-550.

Ota, Masamichi. 1968. The Akiyoshi Limestone Group:
A geosynclinal organic reef complex. Bulletin of the
Akiyoshi-dai Museum of Natural History 5:44 p.,
17 fig., 31 pl., 6 tables. In Japanese with English
abstract and captions.

Ota, Masamichi. 1977. General geology of the Akiyoshi
Limestone Group. Geological studies of Akiyoshi,
part 1. Bulletin of the Akiyoshi-dai Museum of
Natural History 12:33 p., 3 fig., 3 pl., 4 tables.

Ota, N., A. Sugimara, & M. Ota. 1969. Reef deposits
in the Millerella Zone of the Akiyoshi Limestone
Group. Palacontological Society of Japan Special
Paper 14:12 p.

Pacaud, J.-M., D. Metle, & J.-C. Meyer. 2000. La faune
danienne de Vigny (Val-d’Oise, France): Importance
pour I'étude de la diversification des mollusques au
début du Tertiaire. Comptes Rendus de I’Académie
des Sciences, Sciences de la Terre et des Planétes, Paris
(série IT a) 330(12):867-873.

Paleobiology Database (PBDB). 2006. http://paleodb.
org/cgi-bin/bridge.pl. Checked June 2010.

Paul, V. J. 1992. Chemical defenses of benthic marine
invertebrates. /7 V. J. Paul, ed., Ecological Controls
of Marine Natural Products. Comstock Publishing
Associates. Ithaca, New York. p. 164-188.

Perez-Huerta, Alberto. 2003. Biologically induced
changes in the brachiopod Heteralosia (sic) slocomi
during the middle Pennsylvanian. The Palaeontologi-
cal Association Newsletter 54:148-149.

Perry C. T., & L. J. Hepburn. 2008. Syn-depositional
alteration of coral reef framework through bioero-
sion, encrustation and cementation: Taphonomic
signatures of reef accretion and reef depositional
events. Earth-Science Reviews 86:106-144.

Peterhans, Emile. 1927. Sur la presence d’un Bryo-
zoaire trepostome dans le Malm de la nappe des
“Prealpes medians.” Eclogae Geologicae Helvetiae
20:380-399.

Peterhans, Emile. 1929. Etude du genre Chaetetopsis
Neumayr et classification nouvelle des Chaetetidae.
Eclogae Geologicae Helvetiae 22(1):81-85.

Peters, K. J., C. D. Amsler, J. B. McClintock, & B. J.
Baker. 2006. Palatability and chemical defenses of
Antarctic peninsula sponges. Integrative and Com-
parative Biology 45(6):1056.

Pickett, John, David Och, & Evan Leitch. 2009. Devo-
nian marine invertebrate fossils from the Port Mac-
quarie Block, New South Wales. Proceedings of the
Linnean Society of New South Wales 130:193-216.

Preciado, I., & M. Maldonado. 2005. Reassessing the
spatial relationships between sponges and macroalgae
in sublittoral rocky bottoms: A descriptive approach.
Helgoland Marine Research 59:141-150.

Puce, S., B. Calcinai, G. Bavestrello, C. Cerrano, C.
Gravili, & F. Boero. 2005. Hydrozoa (Cnidaria)
symbiotic with Porifera: A review. Marine Ecology
26:73-81.

Rasmussen, K. A., & C. E. Brett. 1985. Taphonomy
of Holocene cryptic biotas from St. Croix, Virgin
Islands: Information loss and preservational biases.
Geology 13:551-553.

Reed, J. K. 1981. /n situ growth rates of the scleractin-
ian coral Oculina varicose occurring with zooxan-
thellae on 6-m reefs and without on 80-m banks.
Proceedings of the Fourth International Coral Reef
Symposium 2:201-2006.

Reincke, T., & D. Barthel. 1997. Silica uptake kinetics
of Halichondria panicea in Keil Bight. Marine Biol-
ogy 129:591-593.

Reinhardt, J. W. 1988. Uppermost Permian reefs and
Permo-Triassic sedimentary facies from the south-
eastern margin of Sichuan Basin, China. Facies
18:231-288.

Reitner, Joachim. 1987a. Phylogenie und Konvergen-
zen bei rezenten un fossilen Calcarea (Porifera) mit
einem kalkigen Basalskelett (“Inozoa, Pharetroni-



Functional Morphology of Chaetetid-Type Porifera 33

a”). Berliner Geowissenschaftliche Abhandlungen
86:87-125.

Reitner, Joachim. 1987b. A calcitic sphinctozoan
sponge belonging to the Demospongiae from the
Cassian Formation (Lower Carnian; Dolomites,
Northern Italy) and its phylogenetic relationship.
Geobios 20:571-589.

Reitner, Joachim. 1987c. Euzkadiella erenoensis, n.
gen. n. sp. ein Stromatpore mit spikulirem Skel-
ett aus dem Oberapt von Erefio (Prov. Guipuz-
coa, Nordspainen) und die systematische Stellung
der Stromatoporen. Palaontologisches Zeitschrift
61:203-222.

Reitner, Joachim. 1987d. Lower and mid-Cretaceous
coralline sponge communities of the boreal and
tethyan realms in comparison with the modern
ones—Palacoecological and palacogeographical
implications. /n J. Wiedmann, ed., Ctetaceous of
the Western Tethys. Proceedings of the 3rd In-
ternational Cretaceous Symposium, Tubingen. E.
Schweizerbart’sche Verlagsbuchhandlung. Stuttgart.
p. 851-878.

Reitner, Joachim. 1991. Phylogenetic aspects and new
descriptions of spicule-bearing hadromerid sponges
with a secondary calcareous skeleton (Tetractinomor-
pha, Demospongiae). / ]. Reitner & H. Keupp, eds.,
Fossil and Recent Sponges. Springer-Verlag. Berlin
and Heidelberg. p. 179-211.

Reitner, Joachim. 1992. “Coralline Sponges,” Der Ver-
such einer Phylogenetisch Taxonomischen Analyses.
Berliner Geowissenschaftliche Abhandlungen (Reihe
E, Paliobiologie) 1:352 p.

Reitner, Joachim, & Theo S. Engeser. 1983. Contribu-
tions to the systematics and the paleoecology of the
family Acanthochaetetidae (order Tabulospongida,
class Sclerospongiae). Geobios 16(6):773-779.

Reitner, Joachim, & Theo S. Engeser. 1987. Skeletal
structures and habitats of Recent and fossil Acantho-
chactetes (subclass Tetractinomorpha, Demospongiae,
Porifera). Coral Reefs 6:13—18.

Reitner, Joachim, & Theo S. Engeser. 1989. Chae-
tosclera klipsteini n. gen n. sp. (Halichondriida,
demospongiae) aus dem Unterkarn der Cassianer-
Schichten (Dolomiten, Italien). Mitteilungen der
Geologisch-Paliontologische Institut der Universitit
Hamburg 68:159-165, 1 pl.

Reitner, Joachim, & Pascale Gautret. 1996. Skeletal for-
mation in the modern but ultraconservative chaetetid
sponge Spirastrella (Acanthochaetetes) wellsi (Demo-
spongiae, Porifera). Facies 34:193-208.

Reitner, Joachim, & Felix Schlagintweit. 1990. Cal-
cisuberites Stromﬂmporoide‘s n. gen. n. sp., ein neues
Taxon der Hadromerida (Demospongiae, Porifera)
mit einem kalkigen Basalskelett aus der tethyalen
Unterkreide. Berliner Geowissenschaftliche Abhan-
dlungen (Reihe A)124:247-257.

Reitner, Joachim, & Gert Worheide. 2002. Non-
lithistid fossil Demospongiae—Origins of their
palacobiodiversity and highlights in history of pres-
ervation. /z J. N. A. Hooper & R. W. M. van Soest,
eds., Systema Porifera, vol. 1. Kluwer Academic/
Plenum Publishers. New York, Boston, Dordrecht,
London, and Moscow. p. 52-68.

Reitner, Joachim, Gert Wérheide, Robert Lange,
& Gabriela Schumann-Kindel. 2001. Coralline
demosponges—A geobiological portrait. Bulletin of
the Tohoku University Museum 1:219-235.

Reitner, Joachim, Gert Worheide, Robert Lange, &
Volker Thiel. 1997. Biomineralization of calcified
skeletons in three Pacific coralline demosponges—An
approach to the evolution of basal skeletons. Courier
Forschungsinstitut Senckenberg 201:371-383.

Riding, Robert. 1974. Stromatoporoid diagenesis:
Outline of alteration effects. Geological Magazine
111(2):143-148.

Riding, Robert. 2004. Solenopora is a chaetetid sponge,
not an alga. Palacontology 47:117-122.

Rios, J. M., & Y. A. Almela. 1944. Un chaetetido del
Eoceno espafol. Notas y Comunicaciones Instituto
Geoldgico y Minero de Espafa 12:19-37.

Rodriguez, S. 2004. Taphonomic alterations in upper
Visean dissepimented rugose corals from the Sierra
del Castillo Unit (Carboniferous, Cordoba, Spain).
Palacogeography, Palacoclimatology, Palacoecology
214:135-153.

Rosenheim, Brad E., Peter K. Swart, Simon R. Thor-
rold, Philippe Willenz, Lorraine Berry, & Christo-
pher Latkoczy. 2004. High-resolution St/Ca records
in sclerosponges calibrated to temperature in situ.
Geology 32:145-148.

Riitzler, Klaus. 1965. Systematik und 6kolgie der Poriferen
aus littoral-schattengebieten der Nordadria. Zeitschrift
fiir Morphologie und Okologie der Tiere 55:1-82.

Riitzler, Klaus. 1970. Spatial competition among
Porifera: Solution by epizoism. Oecologia 5:85-95.

Riitzler, Klaus. 1971. Bredin-Archbold-Smithsonian
Biological survey of Dominica: Burrowing sponges,
genus Siphonodictyon Bergquist, from the Caribbean.
Smithsonian Contributions to Zoology 77:37 p.

Riitzler, Klaus. 1990. Associations between Caribbean
sponges and photosynthetic organisms. /z K. Riitzler,
ed., New Perspectives in Sponge Biology. Smithson-
ian Institution Press. Washington, D.C. p. 455-466.

Riitzler, Klaus, & Jean Vacelet. 2002. Family Acantho-
chaetetidae Fischer, 1970. /n J. N. A. Hooper & R.
W. M. van Soest, eds., Systema Porifera, vol. 1. Klu-
wer Academic/Plenum Publishers. New York, Boston,
Dordrecht, London, and Moscow. p. 275-278.

Sandberg, Philip A. 1983. A oscillating trend in Pha-
nerozoic non-skeletal carbonate mineralogy. Nature
305:19-22.

Sandberg, Philip A. 1984. Recognition criteria for
calcitized skeletal and non-skeletal aragonites. Pal-
aeontographica Americana 54:272-281.

Sandberg, Philip A. 1985. Nonskeletal aragonite and
pCO, in the Phanerozoic and Proterozoic. /n E. T.
Sundquist & W. S. Broecker, eds., The Carbon Cycle
and Atmospheric CO,: Natural Variations, Archean
to Present. Geophysical Monograph 32. American
Geophysical Union. Washington, D.C. p. 585-594.

Sando, William J. 1975. Coelenterata of the Amsden
Formation (Mississippian and Pennsylvanian) of
Wyoming. United States Geological Survey Profes-
sional Paper 848-C:30 p., 6 fig., 10 tables.

Sano, H. 2006. Impact of long-term climate change
and sea-level fluctuation on Mississippian to Permian



34 Treatise Online, number 21

mid-oceanic atoll sedimentation (Akiyoshi Limestone
Group) Japan. Palacogeography, Palacoclimatology,
Palacoecology 236:169-189.

Sano, H., S. Fujii, & FE. Matsuura. 2004. Response
of Carboniferous-Permian mid-oceanic seamount-
capping buildup to global cooling and sea-level
change: Akiyoshi, Japan. Palacogeography, Palaco-
climatology, Palacoecology 213:187-206.

Sara, M., & J. Vacelet. 1973. Ecologie des Demo-
sponges. In P. Grassé, ed., Traité de Zoologie Anato-
mie, Systematique, Biologie, Tome III: Spongiaires,
Fascicule 1, Anatomie, Physiologie, Systematique,
Ecologie. Masson et Cie. Paris. p. 462-576.

Saunders, W. B., & C. W. Thayer. 1987. A cryptic
intertidal brachiopod/sclerosponge community in
Palau, W. Caroline Islands. Geological Society of
America Abstracts with Program 19:829.

Schnorf-Stenier, Alice. 1963. Sur quelques “Chacteti-
dae” du Valanginien du Jura. Ecologae Geologicae
Helvetiae 56:1117-1129, pl. 1-8.

Scholle, Peter A., & Dana S. Ulmer-Scholle. 2002. A
color guide to the petrography of carbonate rocks:
Grains, textures, porosity, diagenesis. American As-
sociation of Petroleum Geologists Memoir 77:474 p.

Schuhmacher, H., & M. Plewka. 1981. Mechanical
resistance of reefbuilders through time. Oecologia
49:279-282.

Scrutton, Colin T. 1997. The Palaeozoic corals, I: Ori-
gins and relationships. Proceedings of the Yorkshire
Geological Society 51:177-208.

Scrutton, Colin T. 1998. The Palaeozoic corals, II:
Structure, variation and palaeoecology. Proceedings
of the Yorkshire Geological Society 52:1-57.

Senowbari-Daryan, B., & F. Mauer. 2008. Upper
Triassic (Norian) hypercalcified sponges from the
Musandam Peninsula (United Arab Emirates and
Oman). Facies 54:433-460.

Sepkoski, J. John Jr. 2002. A compendium of fossil
marine animal genera. Bulletins of American Pale-
ontology 363:560 p.

Shen Jian-wei, & G. E. Webb. 2008. The role of
microbes in reef-building communities of the Can-
nindah limestone (Mississippian), Monto region,
Queensland, Australia. Facies 54:89-105.

Simkiss, K. 1977. Biomineralization and detoxification.
Calcified Tissue Research 24:199-200.

Soest, R. W. M. van. 1984. Deficient Merlia normani
Kirkpatrick, 1908 from the Curacao reefs, with a
discussion on the phylogenetic interpretation of scle-
rosponges. Bijdragen tot de Dierkunde 54:211-219.

Soest, R. W. M. van, Nicole Boury-Esnault, Dorte
Janussen, & John Hooper. 2005. World Porifera
database. htep://www.vliz.be/vmdcdata/porifera.
Checked January 2010.

Sokolov, B. S. 1939. Stratigraficheskoe znachenie i tipy
Chaetetidae karbona SSSR [Stratigraphical impor-
tance and types of Chaetetidae of the Carboniferous
of the USSR]. Akademiya Nauk SSSR, Doklady
23(4):409-412.

Sokolov, B. S. 1947. Novy rod Fistulimurina gen. nov.
iz gruppy Chaetetida [Fistulimurina nov. gen., genus
of the group Chaetetida]. Akademiya Nauk SSSR,
Doklady 66:957-960.

Sokolov, B. S. 1950. Khetetidy karbona severo-
vostochnoy Ukrainy i sopredelnykh oblastey
[Carboniferous Chaetetidae of southeastern
Ukraine and contiguous regions]. Vsesoyuznogo
Neftyanogo Nauchno-Issledovatel’skogo Geologo-
Razvedochnogo Instituta (VNIGRI), Trudy, Lenin-
grad (new series) 27:144 p.

Sokolov, B. S. 1955. Tabulyaty paleozoya Evropeis-
koi chasti SSSR. Vvedenie: Obshchie voprosy
sistematiki i istorii razvitiya tabulyat (s kharakter-
istikoi morfologicheski blizkikh grupp) [Paleozoic
Tabulata of the European parts of the USSR: In-
troduction to the general study of the systematics
and development of the tabulates]. Vsesoyuznogo
Neftyanogo Nauchno-Issledovatel'skogo Geologo-
Razvedochnogo Instituta (VNIGRI), Trudy, Len-
ingrad (new series) 85:527 p.

Sokolov, B. S. 1962. Gruppa Chaetetida, podklass
Tabulata, podklass Heliolitoidea [Group Chae-
tetida, subclass Tabulata, subclass Heliolitoida].
In Yu. A. Orlov, ed., Osnovy paleontologii [Fun-
damentals of Paleontology], vol. 2, B. S. Sokolov,
ed., Porifera, Archaeocyatha, Coelenterata, Vermes.
Izdatel’stvo Akademii Nauk SSSR. Moscow. p.
169-176, 192-285. In Russian. English translation
by Israel Program for Scientific Translations, 1971,
Jerusalem, p. 259-270, 293-438.

Solovjeva, V. V. 1980. Nekotorye novye mezozoiskie
khetetidy i ih mikrostruktura [Some new Meso-
zoic Chaetetidae and their microstructure]. Pale-
ontologischeskiy Zhurnal [Paleontological Journal]
1980(4):29-38. English translation in Paleontologi-
cal Journal 1980(4):32—41.

Sorauf, James E. 2000. Coralomorphs. /z A. J. Wright,
G. C. Young, J. A Talent, and J.R. Laurie, eds., Pa-
lacobiogeography of Australasian faunas and floras.
Memoir of the Association of Australasian Palacon-
tologists 23:38-39.

Soto, Francisco, Isabel Méndez-Bedia, & Esperan-
za Ferndndez-Martinez. 1994. Construcciones
arrecifales del Devénico de la Cordillera Cantdbrica
(No de Espafa). Revista Espafola de Paleontologia
9(1):29-36, 4 ﬁg.

Squires, Richard L. 1973. Burial environment, diagen-
esis, mineralogy, and magnesium and strontium con-
tents of skeletal carbonates in the Buckhorn Asphalt
of Middle Pennsylvanian age, Arbuckle Mountains,
Oklahoma. Doctoral dissertation. California Institute
of Technology. Pasadena. 184 p.

Stafford, Philip T. 1959. Geology of part of the Horse-
shoe Atoll in Scurry and Kent Counties, Texas. U.
S. Geological Survey Professional Paper 315-A:20 p.

Stanley Jr., George D., ed. 2001. The History and
Sedimentology of Ancient Reef Systems. Topics
in Geobiology, vol. 17. Kluwer Academic/Plenum
Publishers. New York. 458 p.

Stanley, Steven M. 2006. Influence of seawater chem-
istry on biomineralization throughout Phanerozoic
time: Paleontological and experimental evidence.
Palacogeography, Palacoclimatology, Palacoecology
232:214-236.

Stanley, Steven M., & Lawrence A. Hardie. 1998.
Secular variations in carbonate mineralogy of reef-



Functional Morphology of Chaetetid-Type Porifera 35

building and sediment-producig organisms driven
by tectonically forced shifts in seawater chemistry.
Palacogeography, Palacoclimatology, Palacoecology
144:3-19.

Stanley, Steven M., & Lawrence A. Hardie. 1999.
Hypercalcification: Paleontology links plate tecton-
ics and geochemistry in sedimentology. GSA Today
9(2):1-7.

Stanley, Steven M., J. B. Reis, & Lawrence A. Har-
die. 2002. Low-magnesium calcite produced by
coralline algae in seawater of Late Cretaceous
composition. Proceedings of the National Acad-
emy of Sciences of the United States of America
99:15,323-15,326.

Stanton, Jr., R. J., W. M. Connolly, & L. L. Lambert.
1994. Paleoecology of Upper Carboniferous Chae-
tetes—Morphology, growth style, and spatial distri-
bution. /n P. Oekentorp-Kiister, ed., Proceedings of
the VI International Symposium on Fossil Cnidaria
and Porifera, Munster Cnidarian Symposium vol-
ume 2. Courier Forschungsinstitut Senckenberg
172:365-372.

Stearn, Colin W. 1966. The microstructure of stromato-
poroids. Palacontology 9(1):74-124.

Stearn, Colin W. 1983. Stromatoporoids: Growth and
form. /n'T. W. Broadhead, ed., Sponges and Spongio-
morphs: Notes for a Short Course, Organized by J.
K. Rigby and C. W. Stearn. University of Tennessee
Department of Geological Sciences Studies in Geol-
ogy 7:141-148.

Stearn, C. W. 2010. Part E, Revised, Volume 4, Chap-
ter 9F: Functional morphology of the Paleozoic
stromatoporoid skeleton. Treatise Online 8:1-26,
fig. 1-9.

Steiner, Alice. 1932. Contribution 4 Iétude Stro-
matopores secondaires. Bulletin des Laboratoires
de Géologie, Géographie physique, Minéralogie et
Paléontologie de I'Université de Lausanne 50:117 p.

Stemmerik, Lars. 1989. Chaetetid bioherm, Upper
Carboniferous, Holm Land, eastern north Green-
land. 7z H. H. J. Geldsetzer, Noel P. James, & G.
E. Tebbutt, eds., Reefs: Canada and adjacent areas.
Canadian Society of Petroleum Geologists Memoir
13:688-689, 4 fig.

Stouder, R. E. 1938. Chester rocks of Meade, Har-
din, and Breckenridge counties, Kentucky. Ameri-
can Association of Petroleum Geologists Bulletin
22:267-284.

Struve, Alfred. 1898. Ein Beitrag zur Kenntnis des fes-
ten Geriistes der Steinkorallen. Russisch-Kaiserliche
Mineralogische Gesellschaft zu St. Petersburg Ver-
handlungen (series 2) 35:43-115.

Suchy, Daniel R., & Ronald R. West. 1988. A Penn-
sylvanian cryptic community associated with laminar
chaetetid colonies. PALAIOS 3:404-412.

Suchy, Daniel R., & Ronald R. West. 2001. Chaetetid
buildups in a Westphalian (Desmoinesian) cyclothem
in southestern Kansas. PALAIOS 16:425-443.

Sugiyama, T., & K. Nagai. 1990. Growth forms of
auloporidid corals in the Akiyoshi Limestone group,
southwest Japan. Bulletin of the Akiyoshi-dai Mu-
seum of Natural History 25:7-25. In Japanese with
English abstract.

Sugiyama, T., & K. Nagai. 1994. Reef facies and
paleoecology of reef-building corals in the lower
part of the Akiyoshi Limestone Group (Carbonifer-
ous), southwest Japan. /n P. Ockentorp-Kiister, ed.,
Proceedings of the VI International Symposium on
Fossil Cnidaria and Porifera, Munster Cnidarian
Symposium volume 2. Courier Forschungsinstitut
Senckenberg 172:231-240.

Sutherland, P. K. 1984. Chaetetes reefs of exceptional
size in Marble Falls Limestone (Pennsylvanian),
central Texas. Palacontographica Americana 54:543—
547.

Talent, J. A. 1988. Organic reef-building: Episodes of
extinction and symbiosis? Senckenbergiana Lethaia
69:315-368.

Taylor, P. D., & M. A. Wilson. 2003. Palacoecology
and evolution of marine hard substrate communities.
Earth-Science Reviews 62:1-103.

Tchechmedjieva, V. L. 1986. Paléoécologie des
Madréporaires du Crétacé supérieur dans le Sredno-
gorié de 'Ouest (Bulgarie occidentale). Geologica
Balcanica 16(5):55-81.

Termier, Genevieve, Henri Termier, & M. Ramalho.
1985. Spongiofaunes du Jurassique Supérieur du
Portugal. Comunicacoes dos Servicos Geologicos de
Portugal 71(2):197-222.

Termier, Henri, & Genevie¢ve Termier. 1974. Spon-
giaires permiens du Djebel Tebaga (Sud Tunisien).
Comptes Rendus Hebdomadaires de I'’Académie des
Sciences, Paris (series D) 279:247-249.

Termier, Henri, Genevieve Termier, & Daniel Vachard.
1977. Monographie Paléontologique des affleur-
ments Permiens du Djebel Tebaga (Sud Tunisien).
Palacontographica (Abt. A)156:109 p.

Tesakov, Yu. I. 1960. O sistematicheskom polozhenii
roda Desmidopora Nicholson [On the systematic
position of Desmidopora Nicholson]. Paleontolo-
gischeskiy Zhurnal [Paleontological Journal]
1960(4):48-53.

Toomey, Donald F, & H. Dale Winland. 1973. Rock
and biotic facies associated with Middle Pennsyl-
vanian (Desmoinesian) algal buildup, Nena Lucia
Field, Nolan County, Texas. American Association
of Petroleum Geologists Bulletin 57:1053-1074.

Topsent, E. 1928. Spongiaires de I’Atlantique et de
la Méditerranée provenant des croisi¢res du Prince
Albert ler de Monaco. Résultats des campagnes sci-
entifiques accomplies par le Prince Albert 1 Monaco
74:1-376.

Trace, R. D., & P. McGrain. 1985. The Chaetetella zone
in the Kinkaid Limestone (Mississippian): A useful
stratigraphic marker along the southern rim of the
Eastern Interior (Illinois) Basin. Kentucky Geological
Survey Information Circular (series 11) 14:9 p., 4 fig.

Turnsek, D., S. Buser, & B. Ogorelec. 1987. Upper
Carnian reef limestone in clastic beds at Perbla
near Tolmin (NW Yugoslavia). Razprave Slovenska
Akademija Znanosti in Umetnosti, IV Razred za
Prirodoslovne Vede 27(3):37-64.

Twitchell, George B. 1929. The structure and relation-
ship of the true stromatoporoids. The American
Midland Naturalist 11(6/7):270-306, 2 fig., pl.
18-26.



36 Treatise Online, number 21

Uriz, Maria-J., Xavier Turon, & Mikel A. Becerro.
2003. Silica Deposition in demosponges. /n W. E.
G. Muller, ed., Silicon Biomineralization-Biology—
Biochemistry—Molecular Biology—Biotechnology.
Progress in Molecular and Subcellular Biology
33:163-193.

Uriz, Maria-J., Xavier Turon, Mikel A. Becerro, &
Gemma Agell. 2003. Siliceous spicules and skeleton
frameworks in sponges: Origin, diversity, ultrastruc-
tural patterns, and biological functions. Microscopy
Research and Technique 62:279-299.

Vacelet, Jean. 1980. Squelette calcaire facultatif et corps
de régéneration dans le genre Merlia, éponges ap-
parentées aux Chaetétidés fossiles. Comptes Rendus
hebdomadaire des Séances de I’Académie des Sciences
(series D) 290:227-230.

Vacelet, Jean. 1985. Coralline sponges and the evolu-
tion of the Porifera. /n S. Conway Morris, George
J. D. Gibson, & H. M. Platt, eds., The Origin and
Relationship of Lower Invertebrates, Systematics
Association Special Volume 28:1-13.

Vacelet, Jean. 1988. Indications de profundeur
donneés par les spongiaires dans les milieux
benthiques actuels. Géologie Méditerranéenne
15:13-26.

Vacelet, Jean. 1990. Storage cells of calcified relict
sponges. /n K. Riitzler, ed., New Perspectives in
Sponges. Smithsonian Institution Press. Washington,
D.C. p. 144-152.

Vacelet, Jean. 2002. Family Astroscleridae Lister, 1900.
InJ. N. A. Hooper & R. W. M. van Soest, eds.,
Systema Porifera, vol. 1. Kluwer Academic/Plenum
Publishers. New York, Boston, Dordrecht, London,
and Moscow. p. 824-830.

Vacelet, Jean, & R. Garrone. 1985. Two distinct popula-
tions of collagen fibrils in a “sclerosponge” (Porifera).
In A. Bairati & R. Garrone, eds., Biology of Inverte-
brate and Lower Invertebrate Collagen. Series A: Life
Sciences 93. Nato ASI Series. Berlin. p. 183-189.

Vacelet, Jean, & Maria-J. Uriz. 1991. Deficient spicula-
tion in a new species of Merlia (Merliida, Demspon-
giae) from the Balearic Islands. 7z J. Reitner & H.
Keupp, eds., Fossil and Recent Sponges. Springer-
Verlag. Berlin and Heidelberg. p. 170-178.

Vacelet, Jean, Philippe Willenz, & W. D. Hartman.
2010. Part E, Revised, Volume 4, Chapter 1: Liv-
ing hypercalcified sponges. Treatise Online 1:1-16,
fig. 1-5.

Vaughan, Thomas W. 1915. The geologic significance
of the growth-rate of the Floridian and Bahaman
shoal-water corals. Washington Academy of Science
Journal 5:591-600.

Veizer, Jan, & Jobst Wendt. 1976. Mineralogy and
chemical composition of Recent and fossil skeletons
of calcareous sponges. Neues Jahrbuch fiir Geologie
und Paldontologie 9:588-573.

Vinassa de Regny, P. 1915. Triadische Algen, Spongien,
Anthozoen und Bryozoen aus Timor. Paliontologie
von Timor 4:75-117.

Voegeli, V. J. 1992. Paleoecology of chaetetids in
the Amoret Limestone Member (Desmoinesian)
in southeast Kansas. Unpublished Master’s thesis.
Kansas State University. Manhattan. 287 p.

Vogel, Steven. 1994. Life in moving fluids: The philo-
sophical biology of flow, 2nd ed. Princeton University
Press. New Jersey. 467 p.

Vogel, Steven. 2003. Comparative biomechanics: Life’s
physical world. Princeton University Press. New
Jersey and Oxford, U.K. 580 p.

Wahlman, Gregory P. 2002. Upper Carboniferous—
Lower Permian (Bashkirian—Kungurian) mounds and
reefs. In W. Kiessling, E. Fliigel, & J. Golonka, eds.,
Phanerozoic Reef Patterns. SEPM (Society of Sedi-
mentary Geology) Publication 72:271-338, 29 fig.

Walker, T. R. 1972. Bioherms in the Minturn For-
mation (Des Moinesian Age), Vail-Minturn area,
Eagle County, Colorado. /z R. H. De Voto, ed.,
Paleozoic Stratigraphy and Structural Evolution
of Colorado. Quarterly of the Colorado School of
Mines 67:249-277.

Webb, G. E., Gert Worheide, & Luke D. Nothdurft.
2003. Rare earth element geochemistry of Paleozoic
stromatoporoids and extant sponge skeletons. Ninth
International Symposium on Fossil Cnidaria and
Porifera, Abstracts, vol. 7. Berichte des Institutes
fiir Geologie und Paliontologie der Karl-Franzens-
Universitit Graz, Austria. Graz. p. 116.

Webby, B. D., compiler. 2010. Part E, Revised, Volume
4, Chapter 8: Glossary of terms applied to the hyper-
calcified Porifera. Treatise Online 4:1-21.

Weidlich, Oliver. 2002. Middle and later Perm-
ian reefs—Distributional patterns and reser-
voir potential. /n W. Kiessling, E. Fliigel, & J.
Golonka, eds., Phanerozoic Reef Patterns. SEPM
(Society of Sedimentary Geology) Publication
72:339-390, 13 fig.

Weidlich, Oliver. 2007a. Permian reefs of the Tethys:
tropical vs. cool-water frameworks, Batain area,
Sultanate of Oman. /z E. Vennin, M. Aretz, E. Boul-
vain, & A. Munnecke, eds., Facies from Palaeozoic
reefs and bioaccumulations. Mémoires du Muséum
national d’Histoire naturelle 195:311-313.

Weidlich, Oliver. 2007b. Permian reef and shelf carbonates
of the Arabian platform and neo-Tethys as recorders of
climatic and oceanographic changes. 7z J. J. Alvaro,
M. Aretz, E Boulvain, A. Munnecke, D. Vachard, &
E. Vennin, eds., Palacozoic Reefs and Bioaccumula-
tions: Climatic and Evolutionary Controls. Geological
Society, London, Special Publications 275:229-253.

Weidlich, Oliver, & M. Bernecker. 2003. Superse-
quence and composite sequence carbonate platform
growth: Permian and Triassic outcrop data of the
Arabian platform and neo-Tethys. Sedimentary Geol-
ogy 158:87-116, 16 fig.

Weissermel, Waldermar. 1913. /n J. Bohm & W.
Weissermel, eds., Uber tertiare Versteinerungen von
den Bogenfelser Diamantfeldern, II, Tabulaten und
Hydrozoen. Beitreibung Zur Geologie Erforschung
der Deutschen Schutzgebiete 5:111 p.

Weissermel, Waldermar. 1927. Die Umbildung der
Rugosen in Hexacorallen. Preussische Geologische
Landesanstalt, Abhandlungen, Jahrbuch, Sitzungs-
berichte 2:1-17.

Weissermel, Waldermar. 1937. 5, Coelenterata, a)
Anthozoa, Hydrozoa, Scyphozoa. Fortschritte de
Paliontologie 1:84-96.



Functional Morphology of Chaetetid-Type Porifera 37

Weissermel, Waldermar. 1939. Neue Beitrige zur Ken-
ntnis fiir Geologie, Palacontologie und Petrographie
der Umgegend von Konstantinopel, 3, Obersilurische
und devonsche Korallem. Stromatoporoiden, und
Trepostome von der Prinzeninsel Antitovitha und aus
Bithynien. Preussische Geologische Landesanstalt,
Abhandlungen, Jahrbuch, Sitzungsberichte (new
series) 190:131 p.

Wells, John W. 1957. Corals. In Joel W. Hedgeth,
ed., Treatise on Marine Ecology and Paleoecology.
Geological Society of America Memoir 67(1, Ecol-
ogy):1087-1108.

Wendt, Jobst. 1974. Der Dkelettbau aragonitisch-
er Kalkschwamme aus der alpinen Obertrias.
Neues Jahrbuch fiir Geologie und Paliontologie,
Monatshefte 8:498-511.

Wendt, Jobst. 1979. Development of skeletal forma-
tion, microstructure, and mineralogy of rigid cal-
careous sponges from the Late Palacozoic to Recent.
In 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.

West, Ronald R. 1988. Temporal changes in Car-
boniferous reef mound communities. PALAIOS
3:152-169.

West, Ronald R. 1992. Chaetetes (Demospongiae): Its
occurrence and biostratigraphic utility. Oklahoma
Geological Survey Circular 94:163-169.

West, Ronald R. 1994. Species in coralline demo-
sponges: Chaetetida. /n P. Ockentorp-Kiister, ed.,
Proceedings of the VI International Symposium on
Fossil Cnidaria and Porifera, Munster Cnidarian
Symposium volume 2. Courier Forschungsinstitut
Senckenberg 172:399-409.

West, Ronald R. 1995. Taphonomy of Porifera: Some
taxonomic implications. VII International Sym-
posium on Fossil Cnidaria and Porifera, Abstracts.
Madrid. p. 101-103.

West, Ronald R., & George R. Clark II. 1983. Chae-
tetids. /n T. W. Broadhead, ed., Sponges and Spon-
giomorphs: Notes for a Short Course, Organized by
J. K. Rigby and C. W. Stearn. University of Tennessee
Department of Geological Sciences Studies in Geol-
ogy 7:130-140.

West, Ronald R., & George R. Clark II. 1984. Palaco-
biology and biological affinities of Palaeozoic chae-
tetids. Palacontographica Americana 54:337-348.

West, Ronald R., & S. Kershaw. 1991. Chaetetid
habitats. /z J. Reitner & H. Keupp, eds., Fossil and
Recent Sponges. Springer-Verlag. Berlin and Heidel-
berg. p. 445-455.

West, Ronald R., F. K. McKinney, J. A. Fagerstrom,
& J. Vacelet. 2010. Biological interactions among
extant and fossil clonal organisms. Facies, published
online 13 November 2010, 24 p., doi: 10.1007/
s10347-010-0250-0.

West, Ronald R., K. Nagai, & T. Sugiyama. 2001.
Chaetetid substrates in the Akiyoshi organic reef
complex, Akiyoshi-dai, Japan. Bulletin of Tohoku
University Museum 1:134-143.

West, Ronald R., & Steven M. Roth. 1991. Siliciclastic
content of chaetetid habitats: Preliminary results.
Geological Society of America, Abstracts with Pro-
grams 23(5):A343.

Wildish, David, & David Kristmanson. 1997. Benthic
suspension feeders and flow. Cambridge University
Press. Cambridge, U.K. 409 p.

Willenz, Phillippe, & Willard D. Hartman. 1985.
Calcification rate of Ceratoporella nicholsoni (Po-
rifera: Sclerospongiae): An 77 situ study with calcein.
Proceedings of the 5th International Coral Reef
Congress, vol. 5. Tahiti. p.113-118.

Willenz, Philippe, & Willard D. Hartman. 1989.
Micromorphology and ultrastructure of Carib-
bean sclerosponges: 1. Ceratoporella nicholoni and
Stromatospongia norae (Ceratoporellidae: Porifera).
Marine Biology 103:307-402.

Willenz, Philippe, & Willard D. Hartman. 1999.
Growth and regeneration rates of the calcareous skel-
eton of the Caribbean coralline sponge Ceraroporella
nicholsoni: A long term survey. In J. N. A. Hooper,
ed., Proceedings of the 5th International Sponge
Symposium ‘Origin and Outlook,” Brisbane 1998,
Queensland Museum. Brisbane. p. 675-686.

Wilmsen, M. 1996. Flecken-riffe in den kalken der
“Formacion de Altamira” (Cenoman, Cobreces/
Tonanes-Gebiet, Prov. Kantabrien, Nord-Spanien):
Stratigraphische position, fazielle rahmenbedingun-
gen und sequenzstratigraphie. Berliner Geowissen-
schaftliche Abhandlugen E18:353-373.

Winston, D. 1963. Stratigraphy and carbonate pe-
trology of the Marble Falls Formation, Mason and
Kimble counties, Texas. PhD dissertation. University
of Texas. Austin. 344 p.

Wolfenden, E. Brian. 1958. Paleoecology of the Car-
boniferous reef complex and shelf limestones in
northwest Derbyshire, England. Geological Society
of America Bulletin 69:871-898, 12 fig., 3 tables.

Wood, Rachel A. 1987. Biology and revised systemat-
ics of some Late Mesozoic stromatoporoids. Special
Paper in Palacontology 37:1-89.

Wood, Rachel A. 1990. Reef-building sponges. Ameri-
can Scientist 78:224-235.

Wood, Rachel A. 1991. Non-spicular biomineralization
in calcified Demosponges. [z ]. Reitner & H. Keupp,
eds., Fossil and Recent Sponges. Springer-Verlag.
Berlin and Heidelberg. p. 322-340.

Wood, Rachel A. 1995. The changing biology of reef-
building. PALAIOS 10:517-529.

Wood, Rachel A. 1999. Reef Evolution. Oxford Uni-
versity Press. Oxford. 414 p.

Wood, Rachel A. 2001. Biodiversity and the history of
reefs. Geological Journal 36:251-263.

Wood, Rachel A., Paul Copper, & Joachim Reitner.
1990. “Spicules” in halysitids: A reply. Lethaia
23:113-114.

Wood, Rachel A., & Joachim Reitner. 1988. The upper
Cretaceous “chaetetid” demosponge Stromatoaxinella
iregularis n. gen. (Michelin) and its systematic im-
plications. Neues Jahrbuch fiir Geologie und Palion-
tologie, Abhandlungen 177(20):213-224.

Wood, Rachel A., Joachim Reitner, & Ronald R. West.
1989. Systematics and phylogenetic implications of



38 Treatise Online, number 21

the haplosclerid stromatoporoid Newellia mira nov.
gen. Lethaia 22:85-93.

Wood, R., A. Yu. Zhuravlev, & F. Debrenne. 1992.
Functional biology and ecology of Archaeocyatha.
PALAIOS 7:131-156.

Worheide, Gert. 1998. Reef cave dwelling ultracon-
servative coralline demosponge Astrosclera willeyana
Lister, 1900 from the Indo-Pacific. Micromor-
phology, ultrastructure, biocalcification, isotope
record, taxonomy, biogeography, phylogeny. Facies
38:1-88.

Worheide, Gert. 2005. Low variation in partial cy-
tochrome oxidase subunit I (COI) mitochondrial
sequences in the coralline demosponge Astrosclera
willeyana across the Indo-Pacific. Marine Biology
148(5):907-912.

Worheide, Gert, Pascale Gautret, Joachim Reitner,
Florian Bohm, Michael M. Joachimski, Volker
Thiel, Walter Michaelis, & Marc Massault. 1997.
Basal skeletal formation, role and preservation
on intracrystalline organic matrices, and isotopic
record in the coralline sponges Astrosclera wil-
leyana Lister, 1900. Boletin de la Real Sociedad
Espafiola de Historia Natural (Seccion Geologica)
91:355-374.

Worheide, Gert, Joachim Reitner, & Pascale Gau-
tret. 1996. Biocalcification processes in three
coralline sponges from the Lizard Island Section
(Great Barrier Reef, Australia); the stromato-
poroid Astrosclera, the chaetetid Spirastrella
(Acanthochaetetes), and the sphinctozoan Vaceletia
(Demospongiae). /n J. Reitner, F. Neuweiler, &
F. Gunkel, eds., Global and regional controls
on biogenic sedimentation: 1, Reef evolution
research reports. Geologisch-Palaontologisches
Institut der Georg-August Universitat. Gottingen.
p. 149-153.

Worheide, Gert, Joachim Reitner, & Pascale Gautret.
1997. Comparison of biocalcification processes in
the two coralline demosponges Astrosclera willeyana
Lister 1900 and “Acanthochaetetes” wellsi Hartman
and Goreau 1975. Proceedings of the 8th Inter-
national Coral Reef Symposium, Panama (1966)
2:1427-1432.

Wérheide, Gert, A. M. Solé-Cava, & J. Fromont.
2004. Population genetics and phylogeography of
sponges—A workshop synthesis. Bollettino dei Musei
e degli Istituti biologici dell’Universita di Genova
68:683-688.

Worheide, Gert, A. M. Solé-Cava, & John N. A.
Hooper. 2005. Biodiversity, molecular ecology and
phylogeography of marine sponges: Patterns, impli-

cations and outlooks. Integrative and Comparative
Biology 45(2):377-385.

Wray, John L. 1968. Late Paleozoic phylloid algal
limestones in the United States. Proceedings
of the 23rd International Geological Congress
8:113-119.

Wray, John L. 1970. Algae in reefs through time. Pro-
ceedings of the 1st North American Paleontological
Convention 2:1358-1373, 20 fig.

Wray, John L. 1977. Calcareous algae. Developments
in palacontology and stratigraphy, vol. 4. Elsevier
Scientific Publishing Company. Amsterdam. 185
p., 170 fig.

Wu Ya Sheng. 1991. Organisms and communities of
Permian reef of Xiangbo, China. International Aca-
demic Publishers. Beijing. 192 p.

Whulff, J. L. 2006. Ecological interactions of marine
sponges. Canadian Journal of Zoology 84:146-166.

Yang Sheng-wu. 1978. [Tazbulata). In Paleontological
Atlas of the Southwestern Regions, Guizhou, vol.
2, Carboniferous-Permian, compiled and written by
the Guizhou Stratigraphy and Palacontology Work
Team. Geological Press. Beijing. p. 189-229, pl.
62—-84. In Chinese.

Yang Sheng-wu, Kim [Jin] Chuntai, & Chow [Zhou]
Xiyun. 1978. [Tabulata]. In Atlas of the Palacontol-
ogy of the Southwestern Regions of China, Guizhou
[Kweichow], vol. 1, Cambrian-Devonian, compiled
and written by the Guizhou [Kweichow] Stratig-
raphy and Palacontology work team. Geological
Publishing House. Beijing. p. 161-251, pl. 56-93.
In Chinese.

Yourassowsky, C., & R. Rasmont. 1983. The dif-
ferentiation of sclerocytes in fresh-water sponges
grown in a silica-poor medium. Differentiations
25:5-9.

Zapalski, M. K. 2007. Parasitism versus commensal-
ism: The case of tabulate endobionts. Palacontology
50(6):1375-1380.

Zapalski, M. K., B. Hubert, J.-P. Nicollin, B. Mis-
tiaen, & D. Brice. 2007. The palacobiodiversity
of stromatoporoids, tabulates and brachiopods in
the Devonian of the Ardennes: Changes through
time. Bulletin de la Société Géologique de France
178(5):383-390.

Zhen Yong-Yi, & Ronald R. West. 1997. Symbionts in a
stromatoporoid-chaetetid association from the Mid-
dle Devonian Burdekin Basin, North Queensland.
Alcheringa 21:271-280.

Zittel, Karl A. von. 1913. Text-Book of Paleontology,
vol. 1, 2nd ed., translation by C. R. Eastman. Mac-
millan & Co., Ltd. London. 839 p.



