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Abstract
A hardground surface in the middle Silurian (Wenlock: Sheinwoodian) Massie Formation is well exposed at the New Point

stone quarry in Napoleon, southeastern Indiana, USA, where it is densely encrusted by pelmatozoan echinoderm attach-

ment structures. Among the most common attachment structures encrusting the hardground are terminal dendritic radix

structures attributable to the monobathrid camerate crinoid Eucalyptocrinites and the hemicosmitid rhombiferan Cary-

ocrinites. Radicles belonging to both of these genera are often modified by secretion of secondary stereom, resulting in

swollen, irregular calcitic masses that extend onto the substrate and can engulf nearby bioclasts. Herein, we describe a

specimen that resembles a portion of a swollen radicular attachment structure; however, close inspection reveals that is

actually an interaction between radicles of Caryocrinites and Eucalyptocrinites, as indicated by the presence of both a

trilobate lumen, characteristic of Caryocrinites, as well as a pentalobate lumen, characteristic of Eucalyptocrinites. Hence,

what appears to be part of a single structure is actually parts of two interwoven structures belonging to entirely different

taxa. Increased attention to echinoderm attachment structures consisting of overgrowths and secondarily mineralized

radicles may result in recognition of additional specimens that represent analogous biotic interactions rather than simple

holdfast occurrences.
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Introduction

Marine hardground surfaces formed by early cementation

of the seafloor, often associated with periods of rapid sea-

level rise and resultant stabilization of redox boundaries

(McLaughlin et al. 2008), present excellent opportunities to

study palaeoecological phenomena, as encrusting organ-

isms are indisputably preserved in situ. Spatial distribu-

tions, clustering patterns, overgrowth relationships, and

evidence for competition for space can all be directly

observed if sufficient bedding plane exposures are

available for study (Taylor and Wilson 2003). Among

pelmatozoan echinoderms, attachment structures cemented

to hardgrounds are among the most taphonomically robust

of skeletal modules (e.g., Lewis 1982; Brett et al.

1997, 2008; Thomka and Brett 2014b), permitting docu-

mentation and interpretation of palaeoecologically infor-

mative assemblages or specimens even in settings

otherwise characterized by poor fossil preservation.

The present study is a description of a specimen that

initially appears to represent a portion of a single pelma-

tozoan attachment structure encrusting a middle Silurian

hardground; however, careful inspection reveals that this

seemingly simple fossil actually consists of two interacting

attachment structures attributable to distantly related

echinoderm taxa. This find is noteworthy as a contribution

to the understanding of palaeoecological dynamics in hard

substrate-encrusting communities as well as the

palaeosynecology of Palaeozoic stalked echinoderms.

Furthermore, specimens such as the one described herein

provide the impetus for investigation of material that might
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otherwise be overlooked as typical and/or uninteresting

parts of attachment structures seemingly incapable of

yielding palaeosynecological information rather than as

evidence for biotic interaction.

Locality, horizon, and material

The specimen described herein was recovered from a well-

exposed, laterally continuous hardground surface at the

northern end of the New Point Stone quarry in Napoleon,

Ripley County, southeastern Indiana, USA

(N39�12031.3900, W85�18053.7400; Fig. 1). This surface

represents the contact between the basal carbonate litho-

facies and the overlying mudstone lithofacies of the middle

Silurian (Wenlock: Sheinwoodian) Massie Formation

(Brett et al. 2012), a contact that previous workers (e.g.,

Foerste 1897; Frest et al. 2011) had recognized as the

boundary between the ‘middle Osgood limestone’ and the

‘upper Osgood shale’ prior to regional lithostratigraphic

revisions. Hardground formation reflects sediment

starvation associated with the most rapid rate of relative

base-level rise during a third-order stratigraphic sequence

(McLaughlin et al. 2008; Brett et al. 2012; Thomka and

Brett 2015a).

This hardground has been the subject of several recent

studies focusing on the abundant and diverse assemblage of

encrusting attachment structures belonging to pelmatozoan

echinoderms (Thomka and Brett 2014a, b, 2015a, b, 2017;

Thomka and Motz 2014). To date, 13 holdfast morpholo-

gies have been identified, including those attributable to

holocystitid and sphaeronitid diploporitans, hemicosmitid

rhombiferans, and camerate (as well as potential flexible,

cladid, and disparid) crinoids (Thomka and Brett

2015a, 2017). Some of the most common attachment

structures encrusting the Napoleon quarry hardground are

dendritic radix structures belonging to the monobathrid

camerate crinoid Eucalyptocrinites and the hemicosmitid

rhombiferan Caryocrinites (Thomka and Brett 2015a, b).

Although the attachment structures of these two taxa are

morphologically similar, they can be distinguished from

one another on the basis of lumen size and shape, and

Fig. 1 Location of the study area, the New Point Stone quarry east of Napoleon, Ripley County, Southeastern Indiana, USA. The specimen was

collected from a laterally continuous hardground in the northern part of the quarry. Figure from Thomka and Brett (2015a, fig. 1)
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radicular structure. Lumina are trilobate and comparatively

large in Caryocrinites, and pentalobate and comparatively

small in Eucalyptocrinites (Halleck 1973; Brett 1981;

Thomka and Brett 2015a). Radicles consist of solid rods of

undifferentiated stereom with no lumina in Caryocrinites,

in contrast to the recognizable lumen-bearing ossicles,

often coated in a cortex of secondary stereom, in Euca-

lyptocrinites (Brett 1978, 1981, 1984; Thomka and Brett

2015a, b; Plotnick et al. 2016).

Description of specimen

The material described herein is reposited in the Cincinnati

Museum Center (Cincinnati, Ohio, USA), under specimen

number CMC IP82656 (Fig. 2). It consists of a white-

coloured mass of echinodermal skeletal calcite embedded

in a light-brown biomicrite matrix. Echinoderm material is

oriented parallel to the bedding plane and is strongly

cemented to the surrounding sedimentary rock, indicating

encrustation of a hardground surface. The upper surface

has the appearance of a wide, irregularly rod-like mass—a

radicle—with numerous thin, thread-like extensions of

calcite extending from both sides of the radicle into

immediately adjacent sedimentary rock (Fig. 2A). This

structure seemingly represents a portion of one primary

branch of a distal radicular attachment structure, with the

smaller tendril-like extensions serving to increase surface

area of encrustation (Brett 1981, 1984; Thomka and Brett

2015a). The radicle is knobby and uneven in thickness

throughout the visible surface, suggesting development of a

coating of secondary stereom, as is commonly observed in

attachment structures in both softground and hardground

settings (e.g., Brett 1978, 1981, 1984; Thomka and Brett

2015a).

When viewed in cross-section (Fig. 2b), it becomes

apparent that the specimen does not represent a single

radicle, but, instead and exceptionally, represents two

radicles that were interwoven into one composite structure.

This is indicated by the presence of two discrete lumen

structures, one with a trilobate lumen (representing Cary-

ocrinites) and the other with a pentalobate lumen (repre-

senting Eucalyptocrinites). Both radicles have relatively

large diameters, reflecting the overgrowth by secondary

stereom (Fig. 2b). The Caryocrinites radicle is uniformly

circular in outline, in contrast to the somewhat crescent-

shaped outline of the Eucalyptocrinites radicle (Fig. 2b);

the more irregular shape of the Eucalyptocrinites radicle

appears to reflect overgrowth of the Caryocrinites radicle.

Investigation of the smaller branches extending off of

the main radicles confirms the identity of this specimen as a

composite Caryocrinites–Eucalyptocrinites structure. The

branches emanating from the pentalobate lumen-bearing

radicle contain minute pentalobate lumina of their own

Fig. 2 Portions of the dendritic radix structures of the hemicosmitid

rhombiferan Caryocrinites and the monobathrid camerate crinoid

Eucalyptocrinites from the middle Silurian Massie Formation of the

Napoleon quarry (CMC IP82656). Radicles from these two pelma-

tozoans became interwoven into one composite structure. a. View of

the upper surface of the specimen, which has the appearance of a

single radicle that is swollen with secondary stereom. Scale

bar = 10 mm. b. Cross-sectional (articular) view of the radicles, with

the trilobate lumen of Caryocrinites and the pentalobate lumen of

Eucalyptocrinites outlined. The uppermost lobe of the pentalobate

lumen appears enlarged due to the angle at which this portion of the

specimen is fractured. Note also that the Caryocrinites radicle has a

circular outline, in contrast to the more irregular outline of the

Eucalyptocrinites radicle. Scale bar = 5 mm. c. Close-up view of

some of the branches off of the main axis of the radicles. Those

belonging to Eucalyptocrinites are characterized by minute pentalo-

bate lumina, whereas those belonging to Caryocrinites are solid,

undifferentiated rods of stereom lacking lumina. Scale bar = 2 mm
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(Fig. 2c), as has been documented for Eucalyptocrinites in

other studies (Brett 1981, 1984; Thomka and Brett 2015a;

Plotnick et al. 2016). The branches extending from the

trilobate lumen-bearing radicle contain no lumina and do

not appear to be divisible into distinct component ossicles

(Fig. 2c), as is consistent with the radix structure of

Caryocrinites (Brett 1978, 1981; Thomka and Brett 2015a).

The boundary between these two radicles is not visible on

the upper surface of the specimen, testifying to the degree

of interpenetration between the stereomic overgrowths

produced by these echinoderms.

Discussion

A number of palaeoautecological relationships have been

described from the Napoleon quarry hardground, including

those between attachment structure morphology and sub-

strate consistency (Thomka and Brett 2015a), and amor-

phous stereomic overgrowths on holdfasts encrusting

fistuliporoid-micrite microbioherms (Thomka and Brett

2015b). Fewer palaeosynecological relationships have been

documented, with exceptions including parasitic embed-

ment structures in diploporitan and crinoid thecae, and

changes in the outline of discoidal diploporitan holdfasts

resulting from competition for space (Thomka and Brett

2014b). This study contributes further information on the

nature of interspecific interactions between hard substrate-

encrusting echinoderms on a densely encrusted surface

occupied by a diverse pelmatozoan community.

The fact that the radicles of both echinoderms are

expanded and irregularly swollen by secondary stereom

indicates that both had to have been alive at the time of

interaction and that both were actively engaged in attempts

to overgrow the other attachment structure. This evidence

of behaviour is discernable from simple encrustation of

bioclasts in the sedimentary rock proximate to radicles

(e.g., Brett 1978). Competition for space is a possible

interpretation of this interaction, as well-developed den-

dritic radix structures attributable to both Caryocrinites and

Eucalyptocrinites (as opposed to attachment structures that

are more crustose and bear poorly developed radicles) are

only found in poorly sorted, presumably partially sediment-

filled, troughs on the topographically undulating Napoleon

hardground (Thomka and Brett 2015a). If attachment

structures were not directly cemented to the hardground

surface itself, increased surface area would be highly

beneficial for increasing stability in the rubbly, unsta-

ble material partially infilling hardground troughs (Thomka

and Brett 2015a). This substrate specificity results in space

becoming a limiting factor for these relatively large, lat-

erally sprawling attachment structures (see Brett 1991),

and, therefore, might result in competitive interactions

even on hardgrounds that are not so densely encrusted that

intense competition would be expected.

In general, pelmatozoan attachment structures represent

the most under-studied portion of echinoderm skeletons

(e.g., Lewis 1982; Donovan et al. 2007; Thomka and Brett

2014a, 2015a). Although this is somewhat understandable

given the need for crown or thecal material to identify

pelmatozoans to low taxonomic levels, holdfasts and dis-

tistelar structures remain under-utilized in palaeoecological

studies. The specimen described herein provides further

evidence that consideration of attachment structures can

yield valuable and interesting palaeoecological data with-

out requiring exceptional preservation. Rather, the most

informative aspect of the present study stems from the fact

that this material would likely be completely overlooked as

a simple radicle in nearly all studies when it is, in fact,

more complex and consists of multiple interacting radi-

cles—belonging to taxa within two different subphyla, no

less. Even seemingly simple fossils should not be imme-

diately interpreted as such, especially when the highly

dynamic endoskeletons of echinoderms are involved.
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