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Monospecific conulariid clusters have been interpreted as products of gregarious behavior or as clonal 
colonies, with members of a colony originally inclined at a high angle to the substrate and connected to 
each other at their apices. However. individuals in all previously documented clusters are preserved 
parallel, or nearly parallel, to bedding, and their apices are not preserved. We describe a cluster of three 
Paraconularia crusfula (White) (Pennsylvanian of Missouri, USA) in which the individual specimens 
exhibit an original steeply inclined orientation. The individuals in this cluster converge adapically on an 
extremely thin. crumpled sheet of apatitic material that is similar to conulariid test material. The 
conulariids and associated sheet bear a striking resemblance to regenerated, clonal colonies of polypoid 
coronatid scyphozoans. Such colonies arise from a thin, periderm-covered sheet of non-differentiated soft 
tissue, produced following severance of a single parent polyp. We suggest that the conulariid cluster 
originated through a similar process. Should this interpretation be corroborated by the discovery of better 
preserved conulariid clusters, it would provide strong additional evidence for the hypothesis of a 
scyphoroan affinity for conulariids. Conuluriids, PARACONULARIA, scyphozoans, clonal building. conu- 
luriid paleobiology, conulariid ufinities, Pmrisjluunion. 
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Despite continuing dispute over the problem of 
conulariid affinities, t; consensus is emerging 
among paleontologists that conulariids were ses- 
sile organisms. attached by their apex to shells or 
other hard materials and inclined at  a high angle 
to their substrate (e.g. Finks 1955. 1960; Harland 
& Pickerill 1987; Babcock et nl. 1987; Babcock 
1991; Van Iten 1991a-c). Less well agreed upon, 
however, is the nature of monospecific conulariid 
clusters. Of particular interest are clusters in 
which some or all individuals converge adapically 
on a common center (Fig. 1; see also Ruedemann 
1925: pl. 22, fig. 3; Sinclair 1940: pl. 2, fig. 5; 
Babcock & Feldinann 1986a: fig. 4; Babcock & 
Feldmann 1986b: fig. 24; Van Iten 1991c: text- 
fig. 4a). We here refer to such clusters as radial 
clusters. Previously documented radial clusters 
(Table 1) contain anywhere from two to twenty 
or more individuals. Probably as a result of post- 
mortem compaction, conulariids in most of these 
clusters are flattened and oriented parallel, or 
nearly parallel, to bedding. 

To  date, two alternative hypotheses of the na- 
ture of conulariid clusters have been offered. One 
of these, most recently advocated by Babcock 
(1991), is that clusters are products of ‘gregari- 
ous’ behavior. Since conulariids were sessile ani- 
mals, this would mean that clustering was caused 

by settling of two or more conulariid larvae next 
to each other. The second hypothesis i s  that 
clusters represent clonally budded colonies, with 
members of a colony attached to each other at 
their apices (Termier & Termier 1949, 1953; 
Bischoff 1978; Van Iten 1987, 1991~).  

Fig. 1. Radial cluster of Puraconularia lenuis (Slater) (Lower 
Carboniferous, Cementstone Group, Scotland; BMNH 
G11798). Note the large number of individuals in the cluster 
and the poor preservation of their apical ends. Figure taken 
from Slater (1907, pl. 2, fig. I) .  Scale bar = 1 cm. 
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Tuhlr 1. Listing of radial conulariid clusters examined in the present study, tncluding clusters previously documented in the 
literature. N = number of specimens comprising a cluster. All clusters listed are preserved in shale or lime mudstone. Repository 
abbreviations are as follows: BMNH = British Museum (Natural History), London; BMS i Buffalo Museum of Science, Buffalo, 
New York: CMNH = Cleveland Museum of Natural History, Cleveland, Ohio; NYSM = New York State Museum, Albany, New 
York. SUI = State University of Iowa, Iowa City; USNM = United States National Museum, Washington. 

I Repository I Host Unit I Taxon I N IReference 
I I I I 1 

Evidence thought to bear on this problem has 
been the subject of some controversy. Kodowski 
( 1968), reporting on isolated conulariid apices 
bearing numerous, rootlet-like projections, docu- 
mented one apex (Koztowski 1968: fig. 20) ex- 
hibiting a structure which he suggested may be an 
incipient conulariid clone. Babcock (1991: 138), 
challenging this interpretation, maintained that 
the specimens figured by KozRowski (1968) ‘are 
certainly not conulariids’, based upon purported 
differences between them and ‘true’ conulariids. 
Instead, Babcock (1991:135; Babcock & Feld- 
mann 1986a) offered an alternative interpretation 
of conulariid apical anatomy, namely that conu- 
lariids ‘had a closed apex’ associated with a ‘flex- 
ible, perhaps chitinoid, stalk that partially 
sheathed the apical end’. He (1991:135) further 
proposed that conulariid clusters ‘indicate that 
conulariids were gregarious organisms’, and ap- 
peared to reject the hypothesis that they were 
capable of asexual reproduction. This conclusion 
was based on the absence of direct evidence of an 
apical connection between conulariids in previ- 
ously documented radial clusters. However. upon 
examination of these same clusters (Table l), we 
find that none of the specimens contained in 
them preserves the apex. Thus. the lack of direct 

evidence of connection between conulariid speci- 
mens neither falsifies the clonal budding hypo- 
thesis nor corroborates the alternative hypothesis 
of preferential larval settlement. 

Comparison of KoLTowski’s (1968) illustra- 
tions with fossils accepted by Babcock (1991) as 
conulariids indicates that Kodowski’s specimens 
exhibit a suite of characters uniquely shared with 
conulariids. Kozlowski’s specimens are phos- 
phatic, finely lamellar and steeply pyramidal, and 
they have four faces crossed by closely spaced 
transverse ridges that arch toward the apertural 
end. In some specimens the ridges bear a single 
row of small, closely spaced tubercles (e.g. 
Kozlowski 1968: fig. 18), and/or are offset at the 
four corners (e.g. KoLTowski 1968: fig. 19). Con- 
trary to statements in Babcock (1991), the cor- 
ners of at least some of Kodowski’s specimens 
(e.g. Kozlowski 1968: fig. 19) are sulcate. 
Anatomical features cited by Babcock (1991) as  
grounds for removing Kozlowski’s specimens 
from Conulariida are either demonstrably vari- 
able within Conulariida or  subject to  post- 
mortem alteration (e.g. convexity of the faces, 
geometry of the transverse cross-section, disposi- 
tion of transverse ribs a t  the midlines), or vary in 
the degree to which they are expressed (e.g. cor- 
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ner grooves). Moreover, the apical ends of other 
conulariid specimens thought by Babcock (Bab- 
cock & Feldmann 1986b: figs. 21.1, 24.2, 32.5) to 
support his reconstruction of the conulariid apex 
(Babcock 1991: fig. lb) appear to be broken well 
above the apex and are certainly very poorly 
preserved, and we suggest that the ‘stalk‘ may 
represent either an artifact of preparation (i.e. 
toolmarks) or very poorly preserved plant mate- 
rial (Babcock & Feldmann 1986b: figs. 24.1, 
24.2). None of the figured or described specimens 
can be interpreted as providing conclusive evi- 
dence for the existence of ‘stalks’ in conulariids. 

Kodowski’s specimens, on the other hand, 
possess several characters diagnostic of Conulari- 
ida, and, in particular, their anatomy agrees 
closely with more or less complete specimens that 
are preserved near the apex. Therefore, possible 
evidence of clonal budding in Kodowski’s speci- 
mens cannot simply be dismissed simply by dis- 
missing these specimens from the Conulariida. 

The present article documents a radial cluster 
consisting of three conulariid specimens that ex- 
hibit an original three-dimensional disposition, 
and are associated with a crumpled, apatitic 
sheet-like structure near their apical ends. The 
cluster, currently housed in collections of the 
United States National Museum, Washington 
(USNM 50145), was collected from shales of 
Pennsylvanian (?Desmoinesian) age (strati- 
graphic unit unknown) near Kansas City, Mis- 
souri, USA. As will be discussed below, 
comparison of this specimen with colonial 
scyphozoan cnidarians, interpreted by a number 
of investigators (e.g. Werner 1966, 1967; Bischoff 
1978, 1989; Van Iten 1991b, 1992a, b) as being 
closely related to conulariids, suggests that the 
specimen preserves independent evidence in sup- 
port of the hypothesis that conulariid clusters 
represent clonal colonies. 

Description of the cluster 
USNM 50145 consists of part of a grey phos- 
phatic(?) concretion containing three Paraconu- 
laria crustula (White) (Fig. 2). The orientation of 
the concretion as it occurred in outcrop is un- 
known, but if the axis of the cluster was origi- 
nally vertical, the three conulariids were inclined 
at about 60” to horizontal. One of the conulariid 
specimens (number 3 in Fig. 2A) is about 2.5 cm 
long and is nearly complete; the other two (num- 

Fig. 2. Light photographs of conulariid cluster USNM 50145, 
Paraconularia crustula (White). 0 A. View of the entire cluster 
(individuals numbered l-3),  looking down on the narrow end 
(arrow), x 2.5. 0 B. Close-up of the same, showing the apatitic 
sheet and the apical end (arrows) of the two framentary conu- 
lariids. x 8.3. 

bers 1 and 2 in Fig. 2A) are fragmentary and 
each consist of part of a single face. The missing 
parts probably occurred in portions of the con- 
cretion that were not collected or are no longer 
available. 

All three individuals converge adapically on an 
extremely thin (about 0.01 mm), crumpled sheet 
of mineralized material that is similar in color 
and surface texture to the apatitic conulariid 
tests. The sheet is irregular in outline, with a 
maximum width of about 6 mm, though most of 
its present margin is an artifact of breakage. 
Under magnification, the test material at the 
apical end of the two fragmentary conulariids 
(Fig. 2B, arrows) appears to be continuous with 
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the sheet; however, the poor preservation of these 
areas makes it difficult to test this hypothesis 
conclusively. The apical ends of these two speci- 
mens appear to have terminated at a test width of 
about I .5 mm, well above the point a t  which their 
corners met (if they did meet). The apex of the 
nearly complete individual is either not preserved 
or is covered by rock matrix, and could not be 
examined. 

Discussion 
Comparison of USNM 50145 with conulariids 
ovcrgrown in situ by sponges (Finks 1955, 1960; 
Van Iten 1991a) suggests that the spatial disposi- 
tion of the conulariids is primary, and that they 
originally rested on their apices. Clusters of erect, 
non-encrusted conulariids (Paraconularia) have 
also been reported, though not documented, from 
a black shale horizon in the Colony Creek Shale 
(Pennsylvanian, north-central Texas, USA; 
Rooke & Carew 1983). These clusters. which 
were examined in outcrop but not collected, con- 
sisted of one relatively large individual sur- 
rounded by several smaller ones ( J .  L. Carew, 
pers. comm. 1985). 

As noted above, the apices of conulariids in 
other radial clusters are not preserved, and a 
basal apatitic sheet has never previously been 
recorded. This sheet does not conform to any 
known non-conulariid fossil. nor does it resemble 
inorganic structures such as desiccation/ 
synacresis cracks or cement-filled fractures. In- 
stead, the sheet is most similar to the smooth, 
frequently crumpled test material forming conu- 
lariid schotts, which are repair structures cover- 
ing the apical ends of individuals that were 
severed in life (Werner 1967; Van Iten 1987, 
1991~). The apparent continuity of test inaterial 
between the sheet-like feature and at least two of 
the three conulariids in USNM 50145, coupled 
with similarities in their color and texture, sug- 
gest that the sheet represents apatitic conulariid 
test material. 

Scyphozoan polyp colonies 
Advocates of a scyphozoan affinity for conulari- 
ids have noted detailed similarities between conu- 
lariids and members of the thecate scyphozoan 
order Coronatida (e.g. Werner 1966, 1967; 

Bischoff 1978, 1989; Van Iten 1991b, 1992a, b). 
Polyps of this order are sheathed in a non-miner- 
alized, multilamellar periderm, and in many spe- 
cies the polyp is colonial. Polyp colonies of 
some coronatids arise from a thin, sheet-like 
mass, called the scyphorhiza, of entwined bud- 
ding stolons (e.g. Werner 1970, 1979). The 
scyphorhiza is covered by a sheet of periderm 
that is confluent with the basal ends of the peri- 
dermal tubules of the polyps. This is similar to 
the apical ends and associated sheet-like structure 
of conulariids in USNM 50145. 

Kozzowski’s ( 1968) observations suggest that 
conulariids normally tapered to a minute 
( < 1 mm wide), almost pointed apex. As indi- 
cated above, however, a t  least two of the conu- 
lariids in USNM 50145 appear to merge into the 
basal sheet a t  a level well above the point where 
one might expect the apex to occur. A possible 
explanation of this apparent anomaly is sug- 
gested by reference to a series of experiments 
conducted by Werner ( 1970) to  investigate the 
regeneration capabilities of the colonial coro- 
natid, Step/iai~uscyp/~zr~ racernosus Komai. 
Werner severed individual polyps of this species 
near the apex and observed that they responded 
by forming a ‘flat, irregularly shaped disc of cell 
material [the basal regeneration body] which at- 
taches to the substratum, and which then trans- 
forms into a true attaching disc [scyphorhiza]. 
This basic disc becomes enveloped with a mem- 
brane of periderm and produces . . . new flat 
[budding] stolons from which new polyps will be 
produced’ (Werner 1970: 15- 16). The periderm of 
the new polyps merges into the ‘basic disc’, re- 
sulting in an erect, nearly radial cluster, and. 
importantly, new polyps have relatively broad 
diameters at their point of emergence from the 
‘basic disc’ (Werner 1970: fig. 10). 

We propose that USNM 50145 most closely 
resembles a coronatid polyp colony produced 
from a regenerative ancestor. The presence of a 
basal sheet of apatitic test material and the ap- 
parent continuity between it and the conulariid 
tests excludes known settlement phenomena as an 
explanation. The relatively wide diameter of two 
of the conulariids near the sheet suggests that 
USNM 50145 and Werner’s regenerated coro- 
natid colonies were produced by similar pro- 
cesses, and that the apatitic sheet in USNM 
50145 represents a structure either analogous or 
homologous to the coronatid basal regeneration 
body. 
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Implications for conulariid affinities 
Recent proposals for the affinities of conulariids 
have placed them in their own phylum (e.g. Feld- 
mann & Babcock 1986: Babcock & Feldmann 
1986a, b, c; Babcock 1991; Yochelson 1991). as 
relatives of chordates (Steul 1984), o r  as relatives 
of scyphozoan cnidarians (e.g. Werner 1966, 1967; 
Bischoff 1978, 1989; Van Iten 1991b, 1992a, b). In 
comparing USNM 50145 with these alternative 
models for the interpretation of conulariids, the 
presence of an apatitic basal sheet seems consis- 
tent only with the hypothesis of a scyphozoan 
affinity for conulariids: no similar structure is 
known from chordates or  other non-cnidarian 
taxa. 

Secondly, the inference that conulariids pos- 
sessed the capacity for clonal budding and/or 
regeneration provides a further point of similarity 
with cnidarians, and would serve to reject hy- 
potheses of a chordate affinity (Steul 1984), 
though some protochordates (e.g. urochordates) 
do produce clonal colonies (Barnes 1987). 

Finally, although USNM SO145 was collected 
from Pennsylvanian strata in North America, 
well-preserved conulariids occur in similar strata 
in Europe (e.g. shales in the Coal Measures of 
Great Britain; Slater 1907). In view of the poten- 
tial significance of USNM SO148 to discussions of 
conulariid affinities, it is important that the 
search for similar but better preserved clusters be 
extended to areas outside North America. 
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Comments on downward growth within Cylindrophyllia 
( = Peponocyathus) orientalis, a solitary coral from the 
Pleistocene of Japan 
GABRIEL A. GILL 

In 1983, Mori and Minoura discussed in Lethaia the occurrence 
of identical numbers of septa on both the upper and lower sides 
of the minute discoidal to cylindrical free solitary coral Cvlin- 
drophyllia orientalis (Yabe & Eguchi, 1932). The authors were 
inclined to believe that (p. 189): ‘in the present species, almost 
all the specimens possess the same number of septa during the 
ontogeny. In other words, all the septa in each individual were 
developed almost simultaneously in a very short time interval at 
its earliest stage of skeletal development, and were kept during 
ontogeny. It is therefore highly probable that the total number 
in each corallum has been genetically induced, having already 
been determined at the larval stage before settlement on the 
bottom prior to skeletal formation.’ Some eight hundred speci- 
mens. all from the Pleistocene of Kagoshima Prefecture, had 
been examined by the authors. 

Studies of fossil and Recent skeletons of free mobile corals 
(Chomatoseri.s, Genabacia, Combophyllum, Cycloseris and oth- 
ers - Gill 1967. 1972. 1977: Gill & Coates 1977; Gill et al. 1978; 
Gill & Semenoff Tian-Chansky 1971), where downward growth 
is simultaneous with proximal and lateral development, made 
me think that in one way or another it might be also the case 
within the skeleton of Cylindrophyllia orientalis. As a rule, 
centrifugal growth takes place only when the skeleton is totally 
invested by the living tissue. The overall presence of the secre- 
tory epithelium produces simultaneously by its continuity the 
same number of septa1 elements on all sides. without leaving an 
epitheca. Therefore, within a mature down-growing coral the 
initial older part of the skeleton should not be looked for at the 
outer basal side but rather inside the skeleton, along the growth 
axis, below the coral’s geometric center (Gill 1977: PI. 10, fig. 1; 
Gill & Coates 1977: fig. 6A, B). Professor Kei Mori was kind 
enough to send me some specimens to check such a possibility. 

In a recent abstract and poster at the 6th International 
Symposium on Fossil Cnidaria. Stolarski (1991) described a 

reproductive transverse division in Peponocyathus duncani 
(Reuss) from the Tertiary of Poland. The author reported the 
presence of numerous morphologically similar Peponocyathus 
anthocauli and anthocyathi in Miocene deposits at the Holy 
Cross mountains. Mori and Minoura have not taken into 
account such an ontogeny which had been partially hinted at by 
Denant (1906) and clearly introduced by Squires ( 1964) within 
Kionotrochus, a genus synonomized with Peponocyathus by 
various authors. This mode of reproduction was later supported 
by Zibrowius (1980) and Brook (1982). Cairns too enumerated 
P. folliculus (1988:644) among corals that reproduce by trans- 
verse asexual division yet shortly after he resolutely excluded 
this character from the generic diagnosis of Peponocyathus 
(Cairns 1989:29 - ‘transverse division lacking’). He considers 
Cylindrophyllia orientalis synonymous with Peponocyathus fol- 
liculus, to which he gives priority (1989:30), while Kionotrochus 
would be a distinct form, endemic to New Zealand (1989:29, 
30). Brook’s (1982:169, 170) comments on ontogeny within 
Recent Kionotrochus suteri from New Zealand mention down- 
wards growth of costae. which may be partially resorbed and 
secondarily costate. He also notes a clear onset of transverse 
fission. 

None of the studies carried out hitherto have been supported 
by thin section observation. 

Without intending to devote further study to the intriguing 
ontogeny of Cylindrophyllia = (Peponocyathus) I wish to com- 
municate here illustrations of a longitudinal section that I 
processed in one of the specimens from Japan. Downward 
growth, though of limited extension (c.  10% of the total 
height). is clearly observable. This basal development indicates 
that at least during the period of its formation, growth was 
simultaneous all around the skeleton, a fact which by itself 
assures the appearance of an equal number of septa or costae 
all around and their simultaneous multiplication. 


