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The well−known association of platyceratid snails and crinoids typically involves a single snail positioned on the tegmen
of the crinoid host; this has led to the inference of coprophagy. Two specimens of the camerate crinoid Arthroacantha
from the Middle Devonian Silica Formation of Ohio, USA, exhibit numerous snails on their tegmens. On one of these,
6 platyceratid juveniles of approximately equal size are found on the tegmen. On the second crinoid, the largest of 7 in−
festing platyceratids occupies the typical position over the anal vent while others are either superposed (tiered) upon it or
are positioned elsewhere on the tegmen. These specimens illustrate that platyceratids (1) settled on crinoids as spat,
(2) were not strictly coprophagous during life yet (3) benefited from a position over the anal vent.
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Introduction
Direct evidence of biotic interactions among extinct organ−
isms is rarely preserved in the fossil record, and even when
clear evidence for some type of an association exists, inter−
preting its exact nature proves difficult. One of the classic ex−
amples of a biotic interaction involves Paleozoic pelmato−
zoan echinoderms (including crinoids, blastoids, cystoids)
and platyceratid snails (Boucot 1990). The occurrence of
platyceratid snails preserved attached to the calyxes of cri−
noids was noted as early as the mid−19th century (Austin and
Austin 1843; Yandell and Shumard 1847; Owen 1862; Meek
and Worthen 1866). Even then this association was recog−
nized as more than a mere taphonomic artifact: the snails and
crinoids were interpreted to have been interacting during life.
However, although many examples of platyceratids attached
to crinoids are now known, spanning an interval from the Or−
dovician through the Permian (for a supposed Triassic exam−
ple see Bandel 1992), not all questions about the nature of
this interaction have been answered. In this study, I report
two cases of Middle Devonian adult crinoids from the Silica
Formation of Ohio (United States) infested by multiple juve−
nile platyceratids that provide additional clues as to the na−
ture of the interaction. These examples illustrate that platy−
ceratids (1) settled on crinoids as spat, (2) though they were
not strictly coprophagous during life they (3) nevertheless
benefited from a position over the anal vent.
The specimens described herein are housed in the Univer−
sity of Michigan, Museum of Paleontology (UMMP).
Acta Palaeontol. Pol. 47 (1): 133–139, 2002

Review of platyceratid−crinoid
association
Among the first reports and interpretations of the snail−
crinoid fossils was that of Austin and Austin (1843: 73) who
noted that: “Though the Poteriocrinus is chiefly met with in
company with the Productas, other crinoids have been
found with univalves inclosed [sic] within their rays in such
a position as to leave but little doubt that a sudden death had
overtaken them in the midst of their repast.” The notion that
the specimens represented crinoids caught in the act of feed−
ing on snails persisted through the 1850s. It was not until
Meek and Worthen (1866; 1868) noted the irregular shape
of the snail margin forming a tight fit to the crinoid calyx
and thus more than a brief interaction, that the idea of snails
relying for food on crinoids was considered. By the 1880s
(Wachsmuth and Springer 1881; Hinde 1885; Keyes 1888a,
b), the fact that snails occupy a position over the crinoids'
anal aperture led to the inference of coprophagy. Although
the idea that platyceratids fed on crinoid waste and thus
benefited from the association has persisted through the
20th century (e.g., Clarke 1921; Bowsher 1955; Lane 1978;
Meyer and Ausich 1983; Boucot 1990), the question
whether it was neutral, or detrimental to the crinoid has
been debated; claims that it was beneficial have generally
not been made, with the exception of Wood’s (1980: 110)
statement that “The host benefitted [sic] by receiving a
competent elimination system . . .”. Commensalism, which
http://www.paleo.pan.pl/acta/acta47/app47−133.pdf
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Fig. 1. Middle Devonian Silica Formation of northcentral USA. A. Geologic map of southeastern Michigan and northcentral Ohio, showing some of the De−
vonian formations. B. Location of quarried Silica Formation exposures that are the source of most Silica Formation fossils. C. A summary stratigraphic sec−
tion of the Silica Formation. Arrow points to Unit 13 from which the crinoid−platyceratid specimens were collected. Modified from Kesling and Chilman
1975 and Brett 1999.

assumes that the presence of the snail was neutral to the host
because “there does not seem to be the slightest indication
that the crinoid was in any manner inconvenienced by the
attachment of the gastropod” (Keyes 1888a: 240), has gen−
erally been treated as the “null hypothesis”, and is the inter−
pretation most commonly invoked (Bowsher 1955; Lane
1978; Meyer and Ausich 1983). However, a detrimental ef−
fect of the snail on the crinoid, often described as parasit−
ism, has been favored by several authors. For example,
Clarke (1921: 64) viewed the presence of the elongate anal
tube among some crinoids as an escape strategy from the
“parasitic gastropod which must have been obnoxious to it
as it interfered with the normal alimentary function”. Others
have suggested that the presence of the snail was detrimen−
tal to the host because (1) being “weighty” it affected its bal−
ance (Thomas 1919); (2) being gametophagous it affected
its reproduction (Lane 1984); and (3) by drilling into the gut
of its host, it may have fed on its food and gametes, in addi−
tion to its waste (Baumiller 1990). All these represent plau−
sible hypotheses, but none have been tested explicitly; to
date only one study (Rollins and Brezinski 1988), showing
that snail−infested crinoids were smaller than uninfested
ones, has directly addressed the issue of parasitism.

In addition to the problem of determining the exact nature
of the relationship between the infesting snails and host cri−
noids, other aspects of the biology of these organisms remain
elusive. For example, it is still unclear whether the snails
were permanently affixed to the crinoid tegmen, whether
they were capable of migrating from host to host, and
whether they were obligate coprophages. The obligate nature
of the snail−crinoid relationship and strict coprophagy were
favored by Bowsher (1955). Meyer and Ausich (1983: 402),
in a similar vein, argued that at least the Devonian individuals
of Platyceras “were undoubtedly permanently affixed to the
crinoid tegmen throughout their postlarval life”.
However, the presence of numerous unattached platy−
certids has led several authors to favor a non−obligate relation−
ship between snails and crinoids. Of course, such an interpre−
tation also implies that the snails were not strictly copro−
phagous, being able to acquire their nutrients through other
means. Thus Clarke (1908), noting the presence of many unat−
tached Devonian and Carboniferous platyceratids, concluded
that the relationship was non−obligate and that an individual
was not committed to it throughout its life. Using similar logic,
Thompson (1970: 224) concluded that the platyceratid Cyclo−
nema, in addition to being coprophagous, could have been “an
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Fig. 2. Two specimens of Arthroacantha with platyceratid snails. A. A view of the tegmen of the larger of the two specimens (UMMP 68703) with 7
platyceratids. B. A sketch of A showing the orientation of the snails relative to the crinoid rays. C. A view of the tegmen of the smaller of the two
Arthroacantha specimens (UMMP 68704) with six platyceratids. D. A sketch of C showing the orientation of the snails relative to the crinoid rays. Ray no−
menclature following Ubaghs (1978). Scale bars 0.5 mm.

herbivore scraping the surface layer of mud or algae for detri−
tus, or a filter feeder on plankton” and that its diet could have
varied through ontogeny. Likewise, Rollins and Brezinski

(1988: 216) suggested that “in some cases at least, platy−
ceratids fed upon organic detritus of the incoming stream, ei−
ther with or without coprophagy”.
http://www.paleo.pan.pl/acta/acta47/app47−133.pdf
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Fig.3.Examples of platyceratid specimens from the larger of the two Arthroacantha (UMMP68703).A. Early whorls of the largest specimen of Platyceras
(Platyceras) buccelentum Hall found on the two crinoids and the one situated over the anal vent; it is snail 1 of Fig. 2B (SEM micrograph). B, C. Early
whorls of specimen of Platyceras (Platyceras ) buccelentum Hall from the larger of the two crinoids; it is snail 5 of Fig. 2B (B, SEM micrograph, note the
closely spaced growth lines on the first whorl). Scale bar 1.0 mm.

The specimens described in this study provide new evi−
dence that has a bearing on these issues.

Crinoids and platyceratids of the
Silica Formation
Geologic and geographic setting.—The Silica Formation of
Middle Devonian age is exposed in several active and aban−
doned quarries in northwestern Ohio and southeastern Mich−
igan, along the southeastern margin of the Michigan Basin
(Fig. 1A). Since the early part of the 20th century, the Silica
Formation quarries, especially those just southwest of Syl−
vania, Lucas County, Ohio, have been favorite collecting lo−
calities for professionals and amateurs, and their rich faunas
have been extensively studied (see Kesling and Chilman
1975 for review). The exposures of the Silica Formation in
the vicinity of Sylvania strike approximately north−south be−
ing controlled by the trend of the Lucas County monocline.
Nussmann (1975), who did a detailed study of the litho−
stratigraphy of the Silica Formation, recognized 27 units rep−
resenting approximately 20 m of thick mudstones, thinner ar−
gillaceous limestones, and thin lenses consisting of crinoid
and bryozoan debris (Fig. 1B). The Silica Formation, part of
the Traverse Group, is overlain by the Ten Mile Creek Dolo−
mite and underlain by the Dundee Limestone. It is of Late
Eifelian–Early Givetian age (Cooper et al. 1942).
Crinoid occurrences.—The Silica Formation, known for its
diverse fauna of bryozoans, brachiopods, corals, trilobites,
and phyllocarid crustaceans, is also rich in echinoderms, in−
cluding 2 blastoid, 17 crinoid, 1 starfish, 2 brittle star, and
1 edrioasteroid species (Kesling and Chilman 1975). Spec−
tacular preservation of crinoids is associated with Nuss−
mann’s (1975) unit 13, which he describes as a “shale break”
between crinoidal, argillaceous limestones of unit 12 and
basal unit 14. In these units, often extensive lenses of skeletal

debris of bryozoans, crinoids, and brachiopods are interca−
lated within sparsely fossiliferous light gray calcareous
shales. Most of the delicately preserved crinoid specimens,
including the two specimens reported here, are found on
“smothered bottoms” at the interface of unit 12 and the
mudstones of unit 13. Kier (1952) interpreted this to mean
rapid burial by mud. Likewise, Brett (1999) suggested burial
by “mud−rich slurries . . . transported . . . by storm generated
gradient currents” (p. 134). He argued that although the
pelmatozoans were adapted for living in muddy substrates in
relatively deep water and below normal wave−base, their oc−
currence in and around lenses of skeletal debris implies pro−
cesses of taphonomic feedback.
The most common crinoid found in the Silica Formation is
the monocyclic camerate Arthroacantha carpenteri (Hinde
1885). Typically the cups of these crinoids are found intact,
preserved in three dimensions, with no or little distortion. The
stalk is generally missing entirely and only the most proximal
portions of the arms remain attached to the cup (Kesling and
Chilman 1975: pls. 61, 62). A. carpenteri is characterized by
the presence of articulating spines on the cup, tegmen, and
arms and, although these are rarely preserved, ornamentation
of pitted tubercles attests to their presence.
Crinoids and platyceratids.—In many instances A. carpen−
teri is found in association with platyceratid snails: in the Sil−
ica Formation the frequency of this association is high, 20 to
over 30 percent of A. carpenteri were reported by Stewart
(1927) to have attached snails. In most examples of this asso−
ciation the snail is found attached to the crinoid tegmen and it
covers the anal vent that is elevated on an eccentrically
placed conical pyramid composed of numerous plates. The
margin of the snail aperture conforms exactly to tegmenal ir−
regularities of A. carpenteri (Bowsher 1955: pl. 2).
Stewart (1927) described three species of platyceratids
from the Silica Formation of Ohio, all members of the subge−
nus Platyceras (Platyceras). These are P. (Platyceras) buccu−
lentum Hall, 1879, P. (Platyceras) carinatum Hall, 1879, and
P. (Platyceras) rarispinum Hall, 1879. Like other members of
the subgenus, they are characterized by being irregularly
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capuliform, with the initial first and second whorls coiled. All
three species have been found associated with crinoids (Kes−
ling and Chilman 1975).
Whereas the Arthroacantha−platyceratid association is
generally characterized by a single snail positioned on the
crinoid tegmen, the two crinoid specimens described here are
unusual in having multiple snails (Fig. 2). The larger of the
two specimens of Arthroacantha (UMMP 68703), measuring
22 mm in cup height (base to first primibrach) and 35 mm in
cup width (at the level of first primibrachs), has seven platy−
ceratids attached to its tegmen (Fig. 2A, B). These capuli−
form snails have 2.5 to 3 whorls and range in maximum di−
mension from 5.3 to 8.7 mm (Fig. 3). The first two whorls re−
main in contact and expand at a uniform rate; beyond these,
expansion rate increases and leads to open coiling. The outer
lip, where visible, is smooth and lacks reentrants. The surface
is marked by growth lines that change from straight to sinu−
ous through ontogeny. In the first whorl, spacing between
parallel growth lines increases to ca 50 microns. All seven
specimens most likely belong to P. (Platyceras) bucculentum
Hall; the lack of spines and of a pronounced dorsal ridge dis−
tinguish them from P. (Platyceras) rarispinum and P. (Platy−
ceras) carinatum, the other platyceratids commonly found in
the Silica Formation.
The snails are positioned either on or in close proximity to
the anal pyramid. The largest snail is situated with its aperture
over the anal vent. Its aperture, were it not obscured by other
snails, shows no reentrants and conforms tightly to the crinoid
tegmen. Three slightly smaller individuals are superimposed

Fig. 4. Juvenile specimens of platyceratids
from the smaller of the two Arthroacantha
(UMMP 68704). A. Two juveniles of Platy−
ceras (Platyceras) sp. At center of figure is
snail 3 of Fig. 2D; lower left hand corner is
snail 2 of Fig. 2D. Scale bar 1.0 mm. B. Three
juveniles of Platyceras (Platyceras) sp. Up−
per right hand corner is snail 5 of Fig. 2D;
center left is snail 3 of Fig. 2D; at bottom is
snail 4 of Fig. 2D. Note the growth lines, es−
pecially clear on the bottom specimen. Scale
bar 1.0 mm. C. SEM micrograph of the early
whorl of the juvenile Platyceras (Platyceras)
sp. Note the fine growth lines. It is snail 2 of
Fig. 2D. Scale bar 0.5 mm.

over the largest snail with their apertures partially overlapping
its last whorl and partially the plates of the anal pyramid. Two
other snails occupy a position near the center of the tegmen.
The smallest snail (5.3 mm in maximum dimension) is found
on the c−ray side (nomenclature following Ubaghs 1978), on
the tegmen, and at the level of the arm base of the c−ray. The
mode of attachment of the snails to the tegmen implies they are
preserved in life position, while the articulated proximal
brachials and cup of the crinoid indicate that the snails had
been infesting a live host at the time of burial.
The smaller of the two specimens of Arthroacantha
(UMMP 68704), measuring 16 mm in cup height and 25 mm
in cup width, has six minute snails attached to its tegmen (Fig.
2C, D). It has an even greater amount of detail preserved than
the larger specimen, including many of the ca. 5 mm long
spines that characterize this taxon. The spines, though no lon−
ger articulated to the cup and tegmen, are in place, lying flat
with their articular facets immediately adjacent to tubercles of
the cup and tegmen where they originally attached. The six
capuliform snails range in size from 1.1 to 1.7 mm in maxi−
mum dimension, and consist of 1 to 1.5 whorls (Fig. 4).
Whorls are in contact and expand at a uniform rate. The outer
lip is simple and smooth, showing no reentrants. Growth lines
are straight and spacing between growth lines increases to ca.
50 µm in the first whorl. All features are consistent with the as−
signment of these snails to Platyceras (Platyceras), but SEM
analysis of the early whorls of adult specimens of the Silica
Formation platyceratids housed in UMMP revealed that all
three species, P. (Platyceras) bucculentum, P. (Platyceras)
http://www.paleo.pan.pl/acta/acta47/app47−133.pdf
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rarispinum and P. (Platyceras) carinatum, share similar shape
and ornamentation; no distinguishing characteristics of juve−
niles could be identified. Therefore at present these specimens
are not assigned to a species.
The mode of preservation of this specimen, especially the
presence of the delicate spines and the exceedingly fine muddy
matrix, indicate that the minute snails and their host were bur−
ied alive by a smothering event and that relative to each other
virtually no post−mortem displacement has occurred.
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The Silica Formation specimens of platyceratids and crinoids
allow us to re−examine some of the claims about the nature of
this association and about the mode of life of platyceratids.
The presence of 6 small, juvenile platyceratids on the smaller
specimen of Arthroacantha confirms the notion (e.g., Klue−
ssendorf 1983) that snails could settle on crinoids as spat and
need not have searched for a host by crawling. Moreover,
these specimens are of approximately the same size, indicat−
ing that they settled onto the tegmen as plankton/nekton at
the same time and thus represent a single spat fall.
One can draw several conclusions about the mode of
feeding of these snails. First, given that none of the juve−
nile platyceratids found on the smaller crinoid are associ−
ated with the anal vent, these snails were either not copro−
phagous as juveniles or were knocked off the vent prior to
burial, which appears to be an unlikely scenario. Further−
more, of the seven snails on the larger crinoid, only one is
positioned over the anal vent to take full advantage of ac−
cess to the crinoid’s digestive/excretory system. This sug−
gests that adult platyceratids had a broader feeding reper−
toire than strict coprophagy and that an association with
the anal vent was not obligatory for adults.
This represents a case of trophic polymorphism that finds
a modern analogy in the capulid Trichotropis cancellata.
Pernet and Kohn (1998) reported that this snail can function
both as a suspension feeder and a kleptoparasite. The latter
mode of feeding involves inserting the pseudoproboscis into
the mouth of a suspension−feeding polychaete and intercept−
ing particles captured by the host. Whether platyceratids also
stole captured nutrients, fed on crinoid gametes, or excreta is
unknown at present, but the multi−snail examples indicate
they must have been capable of modes of feeding independ−
ent of the crinoid.
Since relying on the host for nutrients allows the snail to
reduce its own metabolic costs, a snail that can employ such a
feeding strategy should be at a metabolic advantage relative
to its conspecifics that are excluded from the host. The distri−
bution of snails on the larger crinoid allows us to test for such
an advantage. The seven specimens found on the tegmen of
this crinoid belong to the same species P. (Platyceras) buccu−
lentum and show a small size range (Fig. 5A). However, the
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Fig. 5. Sizes of platyceratids found associated with Arthroacantha. A. Sizes
of the 7 platyceratids found on the larger of two Arthroacantha specimens.
Maximum length (solid bars) and length orthogonal to maximum length
(open bars). Specimens numbered as in Fig. 2B. Note the narrow range of
sizes and the greatest size of platyceratid that occupies the anal vent (1 of
Fig. 2B). B. Sizes of the 6 juvenile platyceratids found on the smaller of two
Arthroacantha specimens. Maximum length (solid bars) and length or−
thogonal to maximum length (open bars). Specimens numbered as in Fig. 2.

largest specimen is the one positioned directly over the anal
vent and thus the one with direct access to the host. This snail
may simply have been the first one to reach the host, and may
be largest by virtue of its age. However, this would imply at
least two spat falls, one of which would be represented by
only the single, largest individual, and the other that occurred
just subsequent to the first, by the six remaining snails, a less
parsimonious alternative. It is more likely that all seven
snails represent a single spat fall and are thus of the same age.
If this inference is correct, the larger size is a reflection of
greater rate of growth and is likely to be a direct consequence
of access to crinoid waste, gut, gametes, or any combination
of these, and shows the advantage of using the crinoid host as
a nutrient source.
Finally, we can ask whether the multi−snail infestations of
a host were a rarity, or whether the general absence of speci−
mens illustrating this phenomenon is a taphonomic artifact.
In the multi−snail examples of this study, snails occupy dif−
ferent parts of the tegmen and their simple apertures lack
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reentrants, suggesting that they need not have been fully sed−
entary nor attached as firmly to their host as snails found di−
rectly over the anal vent. Therefore, they would have been
more susceptible to dislodgment, and the rarity of multiple
infestation examples (for two additional examples see pl. 63
in Kesling and Chilman 1975, and figs. 5–7 in Kluessendorf
1983) is likely a case of taphonomic bias.
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