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Abstract: Exceptionally abundant specimens of Conularia

aff. desiderata Hall occur in multiple marine obrution

deposits, in a single sixth-order parasequence composed of

argillaceous and silty very fine sandstone, in the Otsego

Member of the Mount Marion Formation (Middle Devo-

nian, Givetian) in eastern New York State, USA. Associated

fossils consist mostly of rhynchonelliform brachiopods but

also include bivalve molluscs, orthoconic nautiloids, linguli-

form brachiopods and gastropods. Many of the brachio-

pods, bivalve molluscs and conulariids have been buried in

situ. Conulariids buried in situ are oriented with their aper-

ture facing obliquely upward and with their long axis

inclined at up to 87 degree to bedding. Most specimens are

solitary, but some occur in V-like pairs or in radial clusters

consisting of three specimens, with the component speci-

mens being about equally long or (less frequently) substan-

tially different in length. The compacted apical end of

Conularia buried in situ generally rests upon argillaceous

sandstone. With one possible exception, none of the exam-

ined specimens terminates in a schott (apical wall), and

internal schotts appear to be absent. The apical ends of

specimens in V-like pairs and radial clusters show no direct

evidence of interconnection of their periderms. The apical,

middle or apertural region of some inclined specimens

abuts or is in close lateral proximity to a recumbent con-

ulariid or to one or more spiriferid brachiopods, some of

which have been buried in their original life orientation.

The azimuthal bearings of Conularia and nautiloid long

axes and the directions in which conulariids open are non-

random, with conulariids being preferentially aligned

between 350 and 50 degree and with their apertural end

facing north-east, and nautiloids being preferentially aligned

between 30 and 70 degree. Otsego Member Conularia were

erect or semi-erect, epifaunal or partially infaunal animals,

the apical end of which rested upon very fine bottom sedi-

ment. The origin of V-like pairs and radial clusters remains

enigmatic, but it is probable that production of schotts was

not a regular feature of this animal’s life history. Finally,

conulariids and associated fauna were occasionally smoth-

ered by distal storm deposits, under the influence of rela-

tively weak bottom currents.

Key words: conulariids, life mode, obrution deposits, eco-

logical epibole, Middle Devonian, Mount Marion Formation.

Fossil organisms buried in situ are potential reposito-

ries of critical information bearing on a variety of prob-

lems in the interpretation of their respective groups. In

addition to preserving delicate anatomical structures sus-

ceptible to loss or degradation during transport, such fos-

sils may also preserve their original life orientations and,

in large samples, the original patterns of spatial arrange-

ment and age distributions of smothered populations.

Conulariids are an extinct (Ediacaran–Upper Triassic)

group of marine animals, now generally classified as scy-

phozoan cnidarians (e.g. Van Iten et al. 2006b; Leme et al.

2008a, b; 2010; John et al. 2010), that have yielded little

intrinsic evidence concerning several basic aspects of their

growth, life history and mode of life. Substantial progress
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towards resolving some of these issues was made by

Simões et al. (2000a, b) and Rodrigues et al. (2003,

2006), who reported on the occurrence of in situ Conular-

ia quichua Ulrich and Paraconularia africana (Clarke) in

silty obrution deposits in the Ponta Grossa Formation

(Lower Devonian, Pragian–Emsian; Grahn et al. 2000,

2002; Gaugris and Grahn 2006) of southernmost Brazil.

Solitary and clustered specimens from these rocks pre-

serve some of the most compelling evidence yet docu-

mented that steeply pyramidal conulariids were sessile

benthic animals that in life were inclined at high angles

to the seafloor, with their wide apertural (and presumably

oral) end facing upward. More recently, John et al.

(2010) reported on a sample of exceptionally preserved

Metaconularia manni Roy from a dolomitic shale lens in

the Silurian (Wenlockian) Scotch Grove Formation of

east-central Iowa, USA. Of the twenty solitary specimens

examined by these authors, seven (35 per cent) were pre-

served with their longitudinal axis oriented perpendicular

to bedding, again with their apertural end facing upward.

Conulariids buried in situ also preserve evidence bear-

ing on the nature of monospecific pairs and clusters (e.g.

Rodrigues et al. 2006; Van Iten and Südkamp 2010),

which have been interpreted as clonal colonies or as

products of preferential larval settlement (Van Iten and

Cox 1992; Brood 1995; McKinney et al. 1995), and they

have the potential to clarify other problems in conulariid

paleobiology as well. One such problem is the nature of

the apical wall or schott, which in most cases covers the

broken apical end of the periderm; though, in some spec-

imens one or more additional schotts also occur within

the peridermal cavity (Van Iten 1991b). The schott has

variously been interpreted as (1) a cicatrix produced in

response to severance of the apical region by bottom cur-

rents, (2) a detachment scar associated with assumption

of a free-living mode of life or (3) a regular anatomical

structure associated with periodic retraction of soft parts

towards the oral end of the body. Additional hypotheses,

for example, repair of damage inflicted by predators or

necrosis, also come to mind. Related to the problem of

the nature of the schott is the question of the specific

mode of life of conulariids. Although several lines of cir-

cumstantial evidence (e.g. Van Iten et al. 1996; Van Iten

and Südkamp 2010) suggest that relatively small conulari-

ids were epifaunal animals attached at their apical end to

hard substrates, to date no one has documented any con-

ulariids preserving direct evidence of attachment. Addi-

tionally, other lines of evidence (e.g. Rooke and Carew

1983; John et al. 2010) suggest that some conulariids may

have stood upon or anchored themselves within bottom

sediment, and it has also been proposed (e.g. Babcock

and Feldmann 1986) that conulariids were planktonic or

pseudoplanktonic or that the largest conulariids were

benthic and recumbent (Van Iten and Vyhlasová 2004).

In this study, we document the occurrence of excep-

tionally abundant conulariids, many of them buried in

situ, in the Otsego Member of the Mount Marion Forma-

tion (Middle Devonian, Givetian) in eastern New York

State, USA (Figs 1, 2). The Otsego Member specimens

belong to a single relatively large species, here identified

as Conularia aff. desiderata Hall, currently known from

Lower and Middle Devonian strata of New York State

and Pennsylvania (Babcock and Feldmann 1986). As

argued below, the new specimens provide substantial

additional evidence bearing on fundamental problems in

the interpretation of conulariids in general.

MATERIAL AND METHODS

Conulariids discussed in this study are from a single

locality near the village of Middleburgh, Schoharie

County, eastern New York State (Fig. 1). (The precise

location and ownership of this site may be obtained from

the senior author.) A total of 289 specimens were found

in place, in sloping to near-vertical rock faces, along a lat-

eral distance of approximately 450 m. Twenty additional

specimens were obtained from talus. Of the specimens

found in outcrop, 165 were collected. Fifty-four conulari-

ids, nearly all found with their apical end embedded in

rock matrix, were collected in oriented blocks or concre-

tions. The stratigraphic level where conulariids occurred

in place was measured relative to the base of a rusty-

weathering horizon of irregularly shaped, mostly vertically

elongate concretions that form a conspicuous marker bed

throughout the site (Fig. 2). Owing mainly to variation in

the slope of the outcrop, we estimate our stratigraphic

level measurement error to be as much as ±0.1 m. The

inclination to bedding of the long axis of nearly all con-

ulariid specimens was measured using a Brunton com-

pass. To test for preferential alignment, the azimuthal

bearing of the long axis of 180 variably inclined conulari-

ids and 63 orthoconic nautiloid steinkerns was measured,

and the direction in which the apertural end of the conu-

lariids faced was also recorded. In part because the long

axis of the conulariids does not coincide with a face or

corner, we estimate our measurement error for both incli-

nation and azimuth to be as much as ±3 degree. Also, the

apical third of a small number of specimens is slightly

curved, and in these cases, inclination was measured

along the more or less straight middle-apertural region.

Specimens collected with their apical region embedded

in rock matrix were prepared mechanically to reveal this

region and the rock matrix directly below it. Eighteen

specimens (including many of those whose apical end was

encased in rock matrix) were also prepared to reveal the

peridermal cavity by grinding through one of the four

corners using size 600 SiC grit. To check for variation in
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sediment texture, some of the oriented blocks with conu-

lariids were cut perpendicular to bedding and ground on

a glass plate using size 600 SiC grit. Additionally, oriented

thin sections were prepared from one of the Conularia-

bearing concretions.

To interpret the original depositional environment and

taphonomy of the conulariids, approximately 700 associ-

ated fossils were identified and counted, and relevant

aspects of their morphology (e.g. size) and preservation

(e.g. articulation and orientation) were noted. The speci-

mens were found in blocks that were split repeatedly

along natural fractures and then examined with a hand

lens, to minimize the chances of biasing the sample

against small specimens (see Van Iten et al. 2006c).

Collected conulariids are reposited in the palaeontolog-

ical collections of the Cincinnati (Ohio) Museum Center,

Department of Invertebrate Paleontology, under specimen

numbers CMC IP62785-62916 and CMC IP66118-66122.

STRATIGRAPHY

The Mount Marion Formation occurs in the lower part

(Marcellus subgroup) of the Middle Devonian (Givetian)

Hamilton Group, which occurs in the lower part of the

Devonian Catskill clastic wedge (Ver Straeten and Brett

1995; Brett and Baird 1996; Ver Straeten and Brett 2006;

Ver Straeten 2010). In eastern New York State, the Mount

Marion Formation is up to 375 m thick and is subdivided

(in ascending order) into the Hurley, Cherry Valley, East

Berne and Otsego members, and undifferentiated upper

beds. The rocks here studied occur in the upper part of

the Otsego Member and represent small-scale cycles

within the early part of a fourth-order falling stage sys-

tems tract (FSST). They were deposited from below to

perhaps just above storm wave base during the early

stages of a tectonically active to quiescent phase of the

Acadian Orogeny (Ettensohn 1985; Ver Straeten 2010).

The conulariid-rich interval comprises the third of four

small-scale (‘sixth-order’) cycles (Cycles 1–4) in the lower

part of the study site (Fig. 2). The cycles, which range

from 4.2 to 7.5 m thick, are characterized by relatively

similar, homogenous, argillaceous and silty very fine-

grained sandstone that appears medium dark grey to dark

grey where freshly exposed. The degree of burrowing to

bioturbation varies between cycles, as does the occur-

rence, density and diversity of shelly macrofauna. The

cycles may be analogous to thinner, metre-scale cycles

F IG . 1 . General location of the study site (star symbol) in eastern New York State. Bold line denotes the northern and eastern limits

of the Devonian outcrop belt in this state and adjacent Pennsylvania.
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(i.e. PACS of Anderson and Goodwin 1990) developed in

Lower Devonian carbonates in the region and as such

may represent Milankovich-scale precessional cycles on

the order of 21 000 or 41 000 years in duration in mod-

ern times (they would have been of shorter duration dur-

ing the Devonian). The distinctly thicker character of the

cycles at the study site reflects elevated sedimentation

rates of synorogenic siliciclastics transported from the ris-

ing Acadian orogenic belt to the present-day east, in wes-

tern New England (Ver Straeten 2010).

The conulariid-rich zone (Cycle 3) is 7.5 m thick and

exhibits highly burrowed to bioturbated textures. Scattered

nodule horizons occur through much of the cycle, and a

few less than or equal to cm-scale laminated sandstone beds,

interrupted laterally by burrowing, are present above the

middle of the cycle. A relatively abundant and diverse fauna

of small to large invertebrate fossils occurs throughout most

of Cycle 3. The interval bounding Cycles 3–4 consists of a

relatively resistant capping sandstone (approximately 1.1 m

thick) that overlies the above-noted marker bed of bulbous

rusty-weathering nodules. In the lower part of this sand-

stone, a Zoophycus-pinstriped, highly bioturbated interval,

with three subintervals of scattered medium to large bra-

chiopods, appears to mark shallowest water conditions.

In contrast to Cycle 3, Cycles 1, 2 and 4 feature pre-

dominantly laminated to burrow-mottled textures and

rare to uncommon fossils, except in the shallow-water

cycle caps. Like Cycle 3, Cycle 4 is capped by a distinct

sandstone bed containing scattered brachiopods. Overall,

the lithology and faunas of Cycles 1–4 indicate upward

shallowing and increasing oxygen availability, with the

maximum of each occurring in Cycle 3, the conulariid-

rich interval.

Finally, the beds described above strike approximately

north-east–south-west and dip very gently (<2 degree) to

the south-east. They are cross-cut by two dominant sets

of joint planes, with one set striking approximately

320 degree and dipping approximately S87W, and the

other set striking approximately 40 degree and dipping

approximately N80W. The study interval also contains a

single bed-parallel thrust fault, within Cycle 2. The lateral

displacement along it is not known, but there seems to be

no notable change in lithology across the fault. Therefore,

lateral movement along the fault probably has not

resulted in any significant structurally induced juxtaposi-

tion of different palaeohabitats.

RESULTS

Associated fossils

Cycle 3 contains body fossils of at least 45 invertebrate

species other than conulariids, predominantly rhynchonel-

liform and linguliform brachiopods (13 species), bivalve

molluscs (15 species), at least one orthoconic nautiloid

and gastropods (three species; Table 1; Fig. 3). By far, the

most abundant species are the brachiopods Eumetabola-

toechia multicostatum and Mediospirifer audaculus, both of

which occur throughout the interval. Among the bivalve

molluscs, the three most abundant species are Paracyclas

rugosa, Nuculoidea opima and Nuculites oblongatus. Also

present but extremely rare are bryozoans (one species),

coiled cephalopods (two species), an indeterminate cri-

noid, hyolithid and monoplacophoran molluscs (one spe-

cies each), ostracode and phyllocarid arthropods (one

species each), cnidarians (Sphenothallus sp. and Plumulina

plumaria), an indeterminate placoderm and woody terres-

trial plant stems. Corals and trilobites were not observed.

Fossils are matrix-supported and unabraded, although

many (especially spiriferid brachiopods) have been

crushed and broken owing to sediment compaction.

Large shell chambers generally are filled with mudstone.

Brachiopods preserve calcitic or phosphatic shell mate-

rial, while molluscs (originally aragonitic; Cherns and

Wright 2000) are preserved as moulds and casts. Fossils

vary widely in size and shape, ranging from <5 mm

(e.g. ostracodes and small bivalve molluscs) to >130 mm

(conulariids and orthoconic nautiloids) long. Brachio-

pods generally are closed articulated. Among bivalve

molluscs, approximately 70 per cent consist of a single

valve, while the rest are either closed articulated

(approximately 20 per cent) or splayed (approximately

10 per cent). All three observed grammysioids, by far

the largest bivalves in Cycle 3, are closed articulated.

Most specimens consisting of a single valve are oriented

with their commissural plane parallel to bedding, with

approximately 5 per cent of specimens being inclined.

The proportions of valves oriented convex up versus

convex down are about equal.

Many of the brachiopods and some bivalve molluscs

have been buried in their original life orientations

(Fig. 3). Thus, 20 of the 23 ‘Lingula’ found in place were

oriented with their commissural plane perpendicular to

F IG . 2 . Otsego Member of the Mount Marion Formation (Middle Devonian, Givetian) at the study site. A, Photograph of a

portion of the exposure, showing Cycles 3 and 4. Man standing in the foreground is approximately 1.7 m tall. B, Measured

stratigraphic column for Cycle 3, showing the numbers of observed Conularia aff. desiderata Hall specimens (total of 96) in six

inclination angle bins at 14 different levels spaced approximately 0.3 m apart. First number in each set (parentheses) is the number

of specimens inclined at <15 degree to bedding and includes specimens with the aperture facing obliquely upward or downward. All

other bins are for specimens facing obliquely upward only, in the following inclination angle ranges (left to right): 15–29, 30–44,

45–59, 60–74, 75–90 degrees.
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bedding and with their anterior end facing upward (see

Zonneveld and Greene 2010 for in situ lingulids). These

specimens occurred at multiple levels extending from

about 0.5 m above the lowest observed occurrence of

Conularia to about 0.3 m below its highest occurrence.

Among the 240 counted spiriferids, approximately 22 per

cent were oriented umbo down, the probable life orienta-

tion of these brachiopods (e.g. Alexander 1986). Nearly

all of the remaining specimens were oriented with their

commissural plane approximately parallel to bedding.

Approximately 5 per cent of spiriferid specimens visible

on outcrop faces occur in discrete clusters, with some or

all of the component specimens being oriented with their

umbo facing downward (Fig. 3B). Among closed-articu-

lated bivalve molluscs that originally were infaunal or

semi-infaunal, approximately 50 per cent of specimens,

including all three observed grammysioids (Fig. 3A), were

oriented with their commissural plane approximately per-

pendicular to bedding and with their hinge line on top

and inclined slightly anteriorward. Collectively, these fos-

sils ranged from about the lowest occurrence of Conularia

to about 1 m below its highest occurrence.

Forty-one (91.1 per cent) of the 45 invertebrate spe-

cies associated with Conularia aff. desiderata were ben-

thic, and over half of these, including all of the

brachiopods as well as many of the bivalve molluscs,

were sessile filter feeders that were epifaunal (rhyncho-

nelliform brachiopods), semi-infaunal (e.g. grammysioid

bivalves; Bambach 1971; Marsh 1984) or fully infaunal

(e.g. ‘Lingula’). The gastropods were epifaunal deposit

feeders. Some bivalves, including Paracyclas sp., Nyassa

sp. and the two nuculoids, were shallow infaunal deposit

feeders (Stanley 1972; Brett 1991; Brett and Allison

1998). It should be noted here that Devonian species of

Paracyclas must be reappraised, as the family Paracycli-

dae contains some species with lucinid characters

(Taylor and Glover 2006). In extant lucinids, sulphide-

oxidizing symbiosis probably is obligate, and the same

may also have been true of Paracyclas. Similarly, extant

nuculoids tolerate low oxygen levels, and their Devonian

relatives may have shared this characteristic.

TABLE 1 . Invertebrate species associated with Conularia aff.

desiderata Hall and represented by body fossils.

Species Relative

abundance

(per cent)

Brachiopods (13 species)

Eumetabolatoechia multicostatum 33.7

Mediospirifer audaculus 24.2

Spinocyrtia granulosa 6.0

Mucrospirifer mucronatus 3.7

Athyris spiriferoides 3.4

‘Lingula’ spatulata 2.3

Ambocoelia umbonata <1

‘L.’ paliformis <1

‘Orbiculoidea’ sp. <1

Productella sp. <1

Protoleptostrophia sp. <1

Rhipodomella penelope <1

Strophodonta sp. <1

Molluscs–Bivalves (15 species)

Paracyclas rugosa 4.2

Nuculoidea opima 3.0

Nuculites oblongatus 3.0

Cornulites flabella <1

Cypricardella bellistriata <1

Goniophora sp. <1

Gosseletia triquetra <1

Grammysia bisulcata <1

Grammysioidea arcuata <1

Modiomorpha sp. <1

Nuculites triqueter <1

Nyassa arguta <1

Palaeoneilo sp. <1

Pterinopectin sp. <1

Solemya sp. <1

Molluscs–Cephalopods (4 species)

Indeterminate orthocone nautiloid 4.1

Indeterminate goniatite (?) <1

Nephriticeras sp. <1

Spyroceras sp. <1

Molluscs–Gastropods (3 species)

Euryzone itys 1.7

Bembexia sulcomarginata <1

Palaeozygopleura hamiltoniae <1

Molluscs–Other (2 species)

Cyrtonella sp. (monoplacophoran) <1

Indeterminate tentaculitid <1

Arthropods—Ostracodes (1 species)

?Leperditia sp. <1

Arthropods–Phyllocarids (1 species)

Paraechinocaris punctata <1

Bryozoa (1 species)

Indeterminate ramose branching form <1

Incerta sedis (2 species)

Indeterminate hyolithid <1

Reptaria sp. <1

TABLE 1 . Continued

Species Relative

abundance

(per cent)

Cnidaria (2 species)

Plumulina sp. <1

Sphenothallus sp. <1

Echinoderms (1 species)

Indeterminate crinoid <1

Total sample size = 710 specimens.
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Conulariids

Preservation. Observed Conularia preserve finely orna-

mented phosphatic periderm and occur either in argilla-

ceous and silty, very fine-grained sandstone or (less

frequently) in fine-grained concretions (Figs 4, 5). In the

former case, however, the apertural region of the conulariid

may be encased within an ellipsoidal or mushroom-cap-

like concretion. Some specimens show localized or perva-

sive Fe staining of peridermal material and adjacent rock

matrix, and the sediment filling the peridermal cavity may

be darker (with less silt to very fine sand) than the external

rock matrix and is generally free of other fossils including

trace fossils. As indicated by field inspection and examina-

tion of polished slabs, no specimens intersect or abut rec-

ognizable lithologic boundaries or very thin resistant

sandstone layers. Nearly complete specimens preserve one

or more short apertural lappets, the margins of which are

gently arcuate. Such specimens range from approximately

36 to 130 mm long (average length about 60 mm), with

the largest specimens originally measuring approximately

150 mm long, and are either straight or gently curved in

their apical third. Apertural lappets are folded centripetally,

partially covering the apertural opening.

As discussed in detail below, many of the conulariids are

inclined at moderate or high angles (30–87 degree) to bed-

ding, with their aperture facing obliquely upward. Other

specimens are subhorizontal and commonly have their

aperture facing either obliquely upward or (less frequently)

downward. Subhorizontal specimens generally are com-

pressed perpendicular to their long axis, but show little or

no distortion of the periderm parallel to this axis. Where

preserved close to the apex, the apical end tapers to a facial

width of 2.5 mm or less. By contrast, specimens inclined at

moderate or high angles to bedding are inflated, with their

transverse cross section being rectangular or slightly rhom-

bic, and may show slight compaction parallel to their long

axis. Additionally, the apertural end of many inclined spec-

imens has been truncated obliquely, along a plane parallel

to bedding (Figs 4D, 5A). Because such truncation occurs

in specimens whose apertural end is still encased in rock

matrix, it is not an artefact of breakage sustained during

collection or through mass wasting. In moderately and

steeply inclined specimens whose apical end was embedded

in rock matrix at the time of collection, the apical end is

not pointed, as in some subhorizontal specimens, but sec-

ondarily rounded (Figs 4B, D–E, 5), with the four faces

bent centripetally or (less frequently) telescoped. Such

distortion probably resulted from compaction of the host

sediment, as indicated by the presence on or near some

conulariids of clay-rich slickensides and ⁄ or mudstone lam-

inae deflected around the specimens’ apical and apertural

ends (Fig. 4D).

Stratigraphic distribution and modes of occurrence. Within

Cycle 3, Conularia aff. desiderata was found at over 30

levels, mostly as solitary specimens (256 of the 289 speci-

mens found in place; Figs 4C–F, 5B) but also in 14 pairs

of mutually adjacent specimens or in five compact clus-

ters of three specimens (Figs 4A–B, 5A). Two additional

A B

F IG . 3 . Outcrop photographs of bivalved fossils associated with Otsego Member Conularia aff. desiderata Hall in Cycle 3 of the

study section. A, Grammysia bisulcata. Single closed-articulated specimen preserved with its commissural plane oriented approximately

perpendicular to bedding and its hinge line up. B, Mediospirifer audaculus. Cluster of three specimens preserved with their umbos

facing more or less straight downward and resting on argillaceous and silty very fine-grained sandstone. The cluster occurs at about

the same stratigraphic level as a number of conulariids, including the triplet radial cluster in Figure 4A. Diameter of coin scale

represents 24 mm.

V A N I T E N E T A L . : L I F E M O D E O F I N S I T U C O N U L A R I A 35



A B

C D

E F

36 P A L A E O N T O L O G Y , V O L U M E 5 6



solitary specimens, both subhorizontal, were found near

the top of Cycle 2. Eight of the 14 pairs found in place

are V-like (Van Iten and Südkamp 2010; this study,

Fig. 4B), and four of the clusters are radial (Van Iten and

Cox 1992; this study, Fig. 4A). With one exception, all of

the solitary specimens in Cycle 3 were found at levels

extending from the top of the rusty-weathering concre-

tion band to approximately 4 m below the base of this

marker bed. Clustered and paired specimens were found

at multiple levels located between 0.75 and 3.7 m below

the base of the marker bed. One additional V-like pair,

associated with a third specimen that may have formed a

radial cluster with the other two, was found in talus, as

was a single nonradial cluster consisting of four speci-

mens. All of these specimens probably came from Cycle

3. Specimens exposed on outcrop faces generally are

spaced several metres or more apart; though, between

about 2.6 and 2.7 m below the rusty concretion band, we

found four specimens, including two subhorizontal speci-

mens forming a V-like pair, along a length of about 2 m.

Approximately 3 m below the marker bed, the apertural

end of a steeply inclined solitary specimen was found

almost directly below the base of the radial cluster shown

in Figure 4A, and several other solitary specimens, col-

lected together in blocks, occur within 0.2 m (laterally) of

each other, with the apertural end of one specimen situ-

ated at about the same level as the apical end of the other

specimen.

Orientation. Nearly half (48.8 per cent) of the 289 speci-

mens found in place were oriented with their long axis

inclined at moderate or high angles to bedding and with

their aperture facing obliquely upward (Figs 4, 5). Of

these, 13 specimens (4.5 per cent) were inclined between

75 and 87 degree (inclusive), 37 specimens (12.8 per cent)

between 60 and 74 degree, 51 specimens (17.6 per cent)

between 45 and 59 degree, and 40 specimens (13.8 per

cent) between 30 and 44 degree. Additionally, 33 speci-

mens (11.4 per cent) were inclined between 15 and

29 degree, and 21 specimens (7.3 per cent) were inclined

between 5 and 14 degree. Forty-five subhorizontal speci-

mens (15.6 per cent) were inclined at <5 degree to bed-

ding and faced either obliquely upward or (less

frequently) downward. The remaining 49 specimens

(17.0 per cent) faced obliquely downward and were

inclined between 5 and 85 degree, with 40 (13.8 per cent)

of these specimens being inclined between 5 and

44 degree. Chi-square tests (Koenker 1981) reveal a

strongly significant preference (p < 0.01) for orientation

with the aperture facing obliquely upward over obliquely

downward. Among specimens facing upward, there is a

relatively weak preference (p < 0.10) for inclination at

moderate-to-high angles (30–87 degree) to bedding over

inclination at low angles (<30 degree). Finally, there

appears to be no relationship between the angle of incli-

nation of the conulariids and their stratigraphic position:

specimens inclined at low angles occur at many of the

same levels as moderately and steeply inclined specimens

(Fig. 2B).

Among specimens found in place and preserving their

apical and apertural ends, there is no correlation (corre-

lation coefficient < 0.1) between the angle of inclination

and specimen length. Interestingly, 14 of the 18 speci-

mens whose original length was 100 mm or greater were

inclined at 30–70 degree, with their aperture facing obli-

quely upward. Moreover, four of the five largest speci-

mens, each originally measuring about 110–150 mm

long, were inclined at 40–60 degree. The fifth specimen,

now about 130 mm long, was found in talus; however,

this specimen is inflated and occurs in an elongate

rusty-weathering concretion that is expanded around the

apertural end of the conulariid. Together, these two

F IG . 4 . A–F, Conularia aff. desiderata Hall. Mount Marion Formation, Otsego Member (Middle Devonian, Givetian) near the village

of Middleburgh, Schoharie County, eastern New York State. Clustered and solitary conulariid specimens buried in situ. All

photographs are oriented with the direction of stratigraphic younging towards the top. A, Outcrop photograph of a radial cluster of

three moderately or steeply inclined, aperture-up specimens showing extensive Fe staining. Upper left-pointing arrow indicates a

nearly complete specimen (CMC IP 62793A) inclined at approximately 70 degree to bedding. Situated immediately in front of this

conulariid is the apical region of a second specimen inclined at approximately 65 degree (lower left-pointing arrow; CMC IP 62793B).

The third specimen (right-pointing arrow; CMC IP 62793C) is situated immediately to the left of the other two and is inclined at

approximately 57 degree, with its apertural end facing into the outcrop. Diameter of coin represents 18 mm. B, Two moderately

steeply inclined (both approximately 55 degree), aperture-up specimens forming a V-like pair. Diameter of coin represents 19 mm;

CMC IP 62840A, B. C, Outcrop photograph of a single, moderately steeply inclined (approximately 57 degree), aperture-up specimen

found with the apical region still embedded in rock matrix. Diameter of coin represents 24 mm; CMC IP 62853. D, Outcrop

photograph of a single steeply inclined (approximately 75 degree), aperture-up specimen showing deflection of sediment laminae

around the specimen’s compacted apical end and over its apertural end, which has been truncated parallel to bedding. Diameter of

coin represents 18 mm; CMC IP 62856. E, Detail of the rust-stained apical region of a single steeply inclined (approximately

60 degree), aperture-up specimen showing the compacted but otherwise intact apical end resting on argillaceous and silty very fine-

grained sandstone. Diameter of coin represents 19 mm; CMC IP 62854. F, Single steeply inclined (approximately 65 degree), aperture-

up specimen (horizontal arrow), the apical half of which (now largely missing) abuts a closed-articulated spiriferid (oblique arrow).

Diameter of coin represents 19 mm; CMC IP 62880.
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observations suggest that the specimen came from the

rusty-weathering concretion band and originally was ori-

ented with its long axis nearly vertical and its aperture

facing upward.

V-like pairs and radial clusters. Thirty-eight of the 309

conulariids examined here, including 33 (11.4 per cent)

of the 289 specimens found in outcrop, occur in V-like

pairs or in compact radial clusters consisting of three

specimens (Fig. 4A–B). The V-like pairs consist of two

specimens, the long axes of which converge adapically

over all or most of their length, forming an acute angle

that ranges from about 20 to 80 degree. In some pairs,

the two long axes lie more or less in the same plane and

converge on or close to a common point, while in others

the two specimens cross each other near their apical ends.

In pairs whose angle of convergence is low, the two speci-

mens lie alongside each other, being separated by just a

few millimetres of argillaceous sandstone. Among the

pairs whose component specimens are inflated and whose

long axes are more or less co-planar, the specimens may

be arranged in such a way that if rotated through their

angle of convergence, they would come together along

one of their faces (face-to-face configuration), or the face

of one specimen would contact a corner of the other

member of the pair (face-to-corner configuration). In all

pairs in which the apical region of the component speci-

mens has not been lost, the apical ends of the specimens

are situated within 10 mm of each other. And in all pairs

whose component specimens are more or less complete,

the conulariids are approximately equal in length.

With the exception of three pairs oriented nearly paral-

lel to bedding, all pairs are oriented aperture up and with

the long axis of the component specimens generally

inclined between 40 and 80 degree to bedding. In one

such pair, both specimens are inclined at 80 degree.

Another pair, composed of specimens inclined at approxi-

mately 40 and 60 degree, respectively, is located immedi-

ately adjacent to a single specimen inclined at 65 degree

but facing downward. In all pairs in which the compo-

nent specimens are moderately or steeply inclined, their

rounded apical ends lie on or very close to a common

horizontal plane.

Three additional pairs, although not V-like, consist of a

single moderately or steeply inclined specimen (aperture

up), the middle or apical region of which abuts or is

located immediately adjacent to a specimen that is sub-

horizontal. Finally, the members of two pairs overlap each

other close to their apertural ends to form an X-like con-

figuration (Fig. 5A), although again with their apical ends

(originally) situated on or close to a common horizontal

plane.

The radial clusters consist of three specimens, the long

axes of which converge adapically or are arranged in a

more or less radial pattern. Two of the component speci-

mens lie alongside each other, forming (in effect) a V-like

A B

F IG . 5 . Outcrop photographs of additional Otsego Member Conularia aff. desiderata Hall buried in situ in Cycle 3 of the study

section (black arrow indicates direction of stratigraphic younging). A, Pair of moderately steeply inclined (45 and 55 degree,

respectively), aperture-up specimens (horizontal arrows) that cross each other near their obliquely truncated apertural ends. The

rounded apical ends of these two specimens rest on argillaceous and silty very fine-grained sandstone. Diameter of coin represents

24 mm; CMC IP 62814A, B. B, Single steeply inclined (60 degree), aperture-up specimen, the rounded apical end (horizontal arrow)

of which rests on argillaceous and silty very fine-grained sandstone. CMC IP 66122X.
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pair in which the angle of divergence of the two long axes

is very low. In all clusters save one, all or two of the com-

ponent specimens are inclined at moderate or high angles

to bedding and with their apertural end facing obliquely

upward. In one cluster, one of the component specimens

is subhorizontal while the other two form a moderately

inclined V-like pair, and all three specimens are aligned

nearly parallel to each other and with their apertural ends

facing in the same direction. Finally, members of a given

cluster may be approximately equal in length, or the larg-

est and smallest specimens may differ in length by a fac-

tor of approximately two.

Azimuthal trend. The azimuthal trends of conulariid and

orthoconic nautiloid long axes in Cycle 3 are summarized

in Figure 6. As indicated by chi-square tests, the azi-

muthal trends of the 63 measured orthocone internal

moulds (Fig. 6A) show very strong preferred alignment

(p << 0.01) between 30 and 70 degree. Additionally, there

is a secondary (less significant) alignment of orthocone

long axes between 330 and 290 degree, or approximately

perpendicular to the dominant trend. Because most of the

measured specimens were short fragments, the direction

in which their apertural end faced could not be deter-

mined. The rose diagram for all 180 measured conulariids

(Fig. 6C), distributed throughout the conulariid-rich

interval and nearly all inclined at low or moderate angles

to bedding (with the aperture facing obliquely upward),

shows strong preferred alignment (p << 0.01) of long axes

between 345 and 60 degree and with the apertural end

facing north-eastward. A secondary alignment, trending

north-west-south-east and congruent with the secondary

alignment of the bimodal nautiloid plot, is also apparent;

though, in this case there is no preferred facing direction.

Also, the dominant alignment of the conulariids differs

by about 30 degree from the dominant trend of the nau-

tiloids. A similar pattern is displayed by 77 conulariids

inclined at <15 degree to bedding and distributed

throughout the conulariid-rich interval (Fig. 6B). These

specimens again show strong preferred alignment

(p << 0.01) of long axes between 345 and 60 degree, with

their apertural end facing predominantly north-eastward,

and a secondary north-west–south-east trend.

As noted above, the rocks at the study site exhibit

two dominant sets of nearly vertical joints, with one set

striking approximately 320 degree and the other set

approximately 40 degree. Although many conulariids and

orthoconic nautiloids have been exposed on joint planes,

in most cases their long axes are inclined to these planes.

Thus, the azimuthal trend data here reported are not

merely artefacts of preferential exposure of specimens

aligned parallel to joint surfaces.

Apical end. Fifty-one of the conulariids actually collected

from Cycle 3 and oriented aperture up were found with

their narrow apical end partially or fully embedded in

rock matrix (Figs 4, 5). Twelve of these specimens occur

in V-like pairs or radial clusters. Twenty-one specimens

F IG . 6 . Rose diagrams showing the azimuthal trends of Otsego Member Conularia aff. desiderata Hall and associated orthoconic

nautiloids in Cycle 3 of the study section. Triangles for the conulariid diagrams expand in the direction in which the aperture faces. A,

Rose diagram for the 63 measured orthoconic nautiloids. B, Rose diagram for the 77 conulariid specimens inclined at 15 degree or less

to bedding. C, Rose diagram for all 180 measured conulariid specimens, nearly all inclined at low (<30 degree) or moderate (30–

44 degree) angles to bedding.
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were inclined between 60 and 87 degree, 17 between 45

and 59 degree, and seven between 30 and 44 degree. (The

remaining four were inclined at <5, <10 and <25 degree,

respectively.) In the single horizontal specimen, the apical

end is pointed, tapering to a single face width of approxi-

mately 2.5 mm. In all other specimens, the apical end

tapers to a single face width of approximately 4–10 mm,

at which level the faces bend towards the centre of the

peridermal cavity.

With one exception, a specimen directly underlain by

an articulate brachiopod, the apical end of all 51 speci-

mens, including all of the specimens occurring in radial

clusters or V-like pairs, rests upon argillaceous and silty

very fine-grained sandstone (Figs 4B, D–E, 5). In most

cases, there is no evidence of macroscopic shell material

or any other hard or firm biological substrate within an

interval extending at least 10 mm below the conulariid.

Additionally, the apical ends of specimens in V-like

pairs or radial clusters show no evidence of mutual

interconnection. Although situated very close together,

the apical ends are separated from each other by argil-

laceous sandstone.

The apical, middle or apertural third of some of these

and other moderately or steeply inclined Conularia abuts

or is in close lateral proximity to one or more spiriferid

brachiopods (mostly Mediospirifer), some of which are

both closed articulated and oriented with their umbo fac-

ing downward, the probable original life orientation of

these brachiopods. Other moderately or steeply inclined

Conularia, some still in outcrop, are located within a few

decimetres (laterally) of an umbo-down spiriferid. The

incomplete solitary specimen shown in Figure 4F abuts a

large spiriferid that is closed articulated, with its commis-

sural plane gently inclined to bedding. Although the api-

cal region of the conulariid is now largely missing,

extension of this specimen’s corners to their point of

intersection indicates that the bottom of the brachiopod

is situated about 10 mm above the level at which the apex

of the conulariid was formerly located.

Schotts. With the possible exception of a single specimen

found in talus, none of the 185 collected Conularia speci-

mens exhibits a terminal schott. The 18 specimens that

were prepared to reveal the peridermal cavity range from

about 36 to 130 mm long and include four of the six

largest (and possibly oldest) specimens found. With two

exceptions, all of these specimens taper adapically to a

single face width of 4–8 mm, beyond which the apical

region is either missing (two specimens) or bent inward,

producing a rounded end superficially resembling a ter-

minal schott. Three of the specimens, broken apically at

single face widths of 5, 6 and 8 mm, respectively, were

found in talus. However, one of these specimens is par-

tially encased in a pillar-like ferruginous concretion that

expands about the conulariid’s apertural end, and as dis-

cussed above, it probably stood upright and with its aper-

ture facing upward. A second specimen forms part of a

V-like pair that probably was inclined at high angles to

bedding (as indicated by the presence of a mushroom-

cap-like concretion at the apertural end of the other

member of the pair). The third specimen probably was

prone when buried. The remaining 15 specimens are

nearly complete and were oriented aperture up and

inclined at moderate or high angles to bedding.

None of these specimens exhibits internal schotts, even

at levels (distances above the former apex) where a termi-

nal schott has been found in conspecific or closely related

specimens of similar or smaller sizes from other localities

(see discussion below).

INTERPRETATIONS

Depositional environment

Together with lithologic evidence, the taxonomic compo-

sition, ecological affinities and preservation of fossils asso-

ciated with Conularia aff. desiderata indicate that Cycle 3

contains multiple marine obrution deposits that have

been extensively homogenized by burrowing ⁄ bioturbation.

Discrete obrution deposits, characterized in part by high

frequencies of closed-articulated bivalved fossils and

multi-element skeletons that are fully articulated and (in

some cases) preserved in their original life orientations,

have been documented in the middle and upper parts of

the Hamilton Group (e.g. Speyer and Brett 1988; Brett

1995; Brett and Baird 1996; Brett and Allison 1998).

Additionally, Brett (1995) argued that Hamilton Group

mudrocks, representing more offshore facies relative to

the strata here examined, consist of obrution deposits that

have been obscured by low fossil densities and homogeni-

zation by burrowing. In the present case, rapid smother-

ing of live (or recently deceased) bottom fauna, in an

environment normally characterized by relatively low lev-

els of physical energy, is indicated by an argillaceous, very

fine sandy lithology lacking sedimentary structures indica-

tive of deposition above storm wave base, and by the

common occurrence of closed-articulated epifauna

(mostly Mediospirifer and Spinocyrtia) preserved in their

original life orientations, at multiple stratigraphic levels.

The organisms affected by these events were buried by

clouds of muddy sand that settled out of subwave base

waters of decreasing physical energy, likely during the

waning stages of storms. Individuals of some of the infau-

nal species (e.g. ‘Lingula’ and infaunal bivalve molluscs)

may have died between obrution events, but others prob-

ably were trapped within their burrow or immediately

after they rose from their burrow onto the sediment
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surface (closed-articulated bivalve molluscs oriented with

their commissural plane parallel to bedding; see Anelli

et al. 1998; Brett 2003).

While sedimentary structures indicative of traction cur-

rent flow were not detected, the observation that con-

ulariid and nautiloid long axes exhibit nonrandom

alignments (Fig. 6) suggests that bottom currents strong

enough to bring about such alignments may have been

present. The alignment of the conulariids, with specimens

preferentially facing in a north-easterly direction, is con-

sistent with the hypothesis of burial under the influence

of unidirectional current flow (see Holz and Simões 2002,

fig. 37B), but it may also reflect the general trend of back-

ground currents during the conulariids’ lifetimes. The

alignment of the nautiloids, which were free-living and

thus less likely to undergo alignment in life than sessile

conulariids, may actually reflect alignment by the final

sediment-laden current immediately preceding a drop in

energy and burial. The apparent absence of erosional

scour features suggests that bottom currents were never

or seldom strong enough to scour and sculpt the sedi-

ment surface to any appreciable extent (see however dis-

cussion below).

Between obrution events, background sedimentation

occurred at sufficiently low rates, over sufficiently long

periods of time (as in the ‘episodic starvation’ model of

Dattilo et al. 2008), to allow successful colonization of

the seafloor by epifaunal and shallow infaunal filter feed-

ers and herbivores, which most likely required at least

moderate levels of dissolved oxygen. Periods of relatively

low-to-moderate rates of sedimentation followed by

abrupt burial are also indicated by the common presence

of disarticulated bivalve molluscs and splayed bivalves.

Apparently similar conditions characterized portions of

the Devonian Ponta Grossa Formation containing conu-

lariids (Simões et al. 2000a, b; Rodrigues et al. 2003,

2006) and clusters of Australospirifer buried in situ

(Simões et al. 1998).

The argillaceous sandy bottom sediment was suffi-

ciently stable to support the weight of moderately large

spiriferid brachiopods resting on their posterior end. Pore

water within the sediment was sufficiently aerated, at least

to shallow depths, to allow infaunal organisms, most

likely soft-bodied worms and some burrowing bivalve

molluscs, to mix and churn the sediment thoroughly, lar-

gely destroying the original stratification.

Finally, the contrast in conulariid abundance between

Cycle 3 and adjacent Cycles 1, 2 and 4, with the latter

rocks being largely devoid of these fossils, is striking. Pos-

sible explanations of this difference include taphonomic

bias and variation in the ecological suitability of bottom

conditions for conulariids. At this point, we see no evi-

dence that conulariids were substantially more likely to be

preserved in the environment of Cycle 3 than in the envi-

ronments represented by Cycles 1, 2 and 4. Physical pro-

cesses of sediment deposition appear to have varied but

little over this interval, and we see no reason why phos-

phatic conulariids should have been any more susceptible

to diagenetic alteration ⁄ loss in sediments of Cycles 1, 2

and 4 than they (presumably) were in deposits of Cycle 3.

The possibility of exceptionally favourable environmental

conditions for conulariids remains open, and thus Cycle 3

may represent an ecological epibole (Brett and Baird

1997; see also discussion below).

Life orientation of Otsego Member Conularia

The Conularia-rich Otsego Member beds of Cycle 3 are

unusual both in the exceptional abundance of their conu-

lariids and in the fact that many of these specimens are

inclined at moderate or high angles to bedding, generally

with their aperture facing obliquely upward and with

their periderm inflated. Many other North American rock

units, for example, the Elgin Member of the Upper Ordo-

vician Maquoketa Formation (Van Iten et al. 1996), also

contain conulariids. However, in none of these units is

the proportion of conulariids to other fossils as high as

that here observed, and well over 90 per cent of speci-

mens in these rocks have been flattened and are oriented

with their long axis more or less parallel to bedding.

At this point, it appears that the only known con-

ulariid-bearing rock unit comparable to the beds here

described is the Ponta Grossa Formation of Brazil

(Simões et al. 2000a, b; Rodrigues et al. 2003, 2006).

Unfortunately, the Lower Silurian shale lens that yielded

in situ Metaconularia manni has been largely destroyed

(N. C. Hughes, pers. comm. 2010). Approximately 24 per

cent of the 111 Ponta Grossa conulariids measured by

Rodrigues et al. (2003) were oriented aperture up and

with their long axis inclined between 70 and 90 degree to

bedding. The remaining Ponta Grossa specimens were

inclined between 20 and 60 degree (27 per cent) or were

parallel to bedding or slightly inclined (between 1 and

19 degree; 49 per cent) to it. Approximately 19 per cent

of the moderately or steeply inclined Ponta Grossa speci-

mens occurred in V-like pairs or in radial clusters of

three specimens. As noted above, approximately 11 per

cent of the Otsego Member Conularia specimens found

in outcrop are paired or occur in radial clusters. How-

ever, the actual percentage of paired or clustered speci-

mens may have been higher than this, as some now-

single specimens originally may have occurred in pairs or

clusters that were disaggregated by mass wasting of the

outcrop face.

The steeply inclined Ponta Grossa conulariids were

interpreted as sessile benthic animals that were buried

in situ, in their original life orientations or close thereto
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(Simões et al. 2000a, b; Rodrigues et al. 2003, 2006).

These authors also suggested that the conulariids were

either epibenthic or slightly infaunal, with the apical-most

part of the periderm embedded in silty sediment (see

Rodrigues et al. 2006, fig. 4). Specimens inclined at low

or moderate angles to bedding were interpreted as trans-

ported remains or as specimens that were reoriented dur-

ing or after burial. Rodrigues et al. (2006) argued further

that steeply inclined specimens lived in relatively deep

waters below storm wave base, while many specimens

now oriented at low angles to bedding originally lived in

shallower shelf environments between storm wave base

and fair-weather wave base.

The conulariid-rich interval here investigated spans a

more limited depth and time range than that spanned by

the Ponta Grossa conulariids. In addition to extending

over a narrower stratigraphic range (approximately 4 m

versus approximately 19 m for the Ponta Grossa sample),

Otsego Member Conularia show no evidence of a correla-

tion between their angle of inclination and their level in

the section (Fig. 2B), and the change in sediment texture

through Cycle 3 is relatively slight. Of course, our inter-

pretations of the depositional environment of these rocks,

taken alone, do not rule out the hypothesis that Otsego

Member Conularia originally lived above the seafloor,

either as free-living animals or attached to erect, floating

or mobile substrates. It is also possible that the present

high frequency of moderately to steeply inclined, aper-

ture-up conulariids is an artefact of reorientation. Conu-

lariids living in the water column might have alighted on

the bottom while still alive, or they may have settled onto

the seafloor accidentally or after death. Alighting of live,

free-living Conularia seems a highly improbable explana-

tion of the present attitude of most specimens, which pre-

sumably would have alighted with the head (apertural)

end down or on one of their faces. Similarly, the hypoth-

esis of passive settling, presumably with the apex pointing

downward (the hydrodynamically stable orientation for a

conical or steeply pyramidal object of uniform mass dis-

tribution; Munson et al. 1994), requires that settling

speeds were high enough to cause the conulariids to be

injected into sandy sediment, to depths great enough to

allow the preservation of high inclination angles. This sce-

nario, although plausible perhaps for isolated specimens,

seems to collapse in the face of multiple occurrences of

V-like pairs and radial clusters. More specifically, the set-

tling hypothesis seems to require far too many instances

of (presumably) coincidental proximity of individuals in

space and time, not to mention favourable spatial orienta-

tion and direction and depth of apical insertion, to

account for the occurrence of semi-erect specimens pre-

served side-by-side and converging adapically, and more-

over with their apical ends occurring at the same level.

Likewise, it is difficult to imagine how planktonic clusters,

which presumably would have been epiplanktonic or

attached (apically) to a floatation structure, could have

come to rest on the seafloor in the attitudes now exhib-

ited by specimens in nearly erect V-like pairs and radial

clusters. Then, too, why would so many more conulariids

have lived in the water column at this time versus the

times represented by Cycles 1–2 and 4, in which con-

ulariid fossils are absent or extremely rare? Finally, while

it is also possible that the present high frequency of mod-

erately or steeply inclined, aperture-up specimens is an

artefact of reorientation owing to bioturbation, this

hypothesis, although plausible perhaps for certain isolated

specimens, does not seem likely in the case of V-like pairs

or radial clusters. More specifically, it seems highly

improbable that members of observed pairs or clusters

were all reoriented in such a manner as to preserve origi-

nal, adapical convergence or to bring about such align-

ments secondarily.

In short, then, there seems to be no plausible explana-

tion of the observed high frequency of steeply inclined,

aperture-up Otsego Member conulariids other than the

hypothesis that they were benthic animals that were bur-

ied in situ, in their original life orientations or close

thereto. Some of these conulariids lived in pairs or clus-

ters, and in cases where two or more conulariids lived

side-by-side, their long axes converged adapically, to

about the same level on or within the bottom sediment.

Mode of life of Otsego Member Conularia

The life orientation argued for above is consistent with

both an epifaunal or a fully or partially infaunal mode of

life. Previous investigators have documented circumstan-

tial evidence of an epibenthic mode of life involving api-

cal attachment for relatively small conulariids (<10 cm

long), rare specimens of which are embedded within or

arrayed along lithistid sponges (Finks 1955, 1960; Van

Iten 1991a), nautiloid casts or phragmocones (Van Iten

1991b; Van Iten et al. 1996), hyolithid shells (Babcock

et al. 1987), Sphenothallus tubes (Van Iten et al. 1996),

crinoid stems (Sabattini and Hlebszevitsch 2004) or other

organisms (Van Iten and Südkamp 2010). If attachment

to hard, macroscopic biological substrates such as these

was a more general mode of life for conulariids, and

included species such as Conularia desiderata, then speci-

mens of these taxa preserved in situ, with no post-mor-

tem transport or significant postburial displacement,

should be preserved with their apical end in direct con-

tact with or in very close proximity to their substrate,

and this substrate should be fairly large (provided it has

been preserved).

Throughout the Conularia-rich interval in the Otsego

Member, potential skeletal substrates, mostly calcitic
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spiriferids but also (dissolved) mollusc shells, are well

preserved or at least clearly discernable, and thus it seems

unlikely that an original substrate ⁄ attacher relationship

between them and conulariids buried in situ would not

itself be preserved. As discussed above, however, the api-

cal end of nearly all observed moderately or steeply

inclined, aperture-up Conularia rests upon argillaceous

sandstone. Again, some of these specimens occur in radial

clusters or V-like pairs, and thus, it is unlikely that the

absence of underlying shell material is an artefact of

transport. Although many of the specimens are in close

lateral proximity to one or more rhynchonelliform bra-

chiopods, almost none of them are situated with their

apical end directly underlain by a brachiopod or other

shell. Of course, it is possible that originally epifaunal

Conularia were attached to nonmineralized plant stems or

to other organic matter, for example, resistant biomats

(see Seilacher and Hagadorn 2010), but if this was the

case then the organic substrate has been not preserved. It

is also possible that the present inclined, aperture-up atti-

tude of at least some of the Conularia showing it is a

taphonomic artefact, but as argued above, this probably is

not the case for specimens forming V-like pairs or radial

clusters, which almost certainly were buried in situ.

In addition to attaching to macroscopic hard sub-

strates, other strategies for inhabiting fine-grained bottom

sediments include (1) sediment sticking, (2) stable reclin-

ing, (3) rooting, (4) implantation by current scour and

(5) ‘resurrection’ (Seilacher 2005). Implantation by cur-

rent scour (4) and resurrection (5) seem out of the ques-

tion in the present case as both require the action of

scouring bottom currents, and the organisms that

employ(ed) these strategies generally are single-shell-bear-

ing recliners or bivalved. Similarly, stable reclining (2)

does not apply to conulariids that were steeply inclined to

the seafloor, but it may apply to specimens that are now

subhorizontal. Although rooting structures (3) have not

been documented in large conulariids (see however Koz-

lowski 1968 for illustrations of possible rhizoid structures

near the apex of minute conulariid specimens), and were

not observed in this study, it has been proposed (Van

Iten 1992) that the conulariid periderm possessed a non-

mineralized outer layer, and such a layer could conceiv-

ably have produced rooting structures that are not

generally preserved.

This leaves the strategy of sediment sticking (1), which

implies that semi-erect Conularia were infaunal. As sum-

marized by Seilacher (2005, p. 261), the general idea is

that the organism begins its sessile benthic existence on ‘a

dead starter substrate in concert with slow accumulation

of sediment, and thereby become(s) progressively

anchored (within sediment)’. Stable anchoring can be

enhanced by passive implantation (Thayer 1975), which

in the case of conical organisms is commonly brought

about by differential growth and weighting of the apical

end (see also Serezhnikova 2010).

Homogenization of Cycle 3 by burrowing organisms

has made it all but impossible to determine the position

of the original sediment–water interface along the peri-

derm of semi-erect Conularia, as has been accomplished

for other fossils such as partially infaunal bivalve molluscs

(e.g. Bambach 1971, fig. 11). Nevertheless, at least three

lines of evidence suggest that Otsego Member Conularia

were not deeply embedded mud stickers, but rather epi-

faunal or partially infaunal organisms whose apical part

alone may have been covered by sediment (e.g. Simões

et al. 2000b, fig. 5; Fig. 7A). First, the apical region of the

periderm is very thin (<0.5 mm) and shows no evidence

of differential weighting through preferential deposition

of shell material. Second, and as noted above, three of the

observed V-like pairs are recumbent or nearly so, and

assuming that they were originally V-like and semi-erect,

it seems unlikely that they could have preserved their V-

like configuration had they been fully infaunal and sub-

jected to bottom currents strong enough to scour away

the sediment originally surrounding them. Rather, it

seems more likely that they were epifaunal or partially

infaunal specimens that were toppled over. Third, the api-

cal region of some of the semi-erect Conularia abuts or is

situated immediately adjacent (laterally) to a horizontal

conulariid or to one or more articulated spiriferids

(Fig. 7), some of which are oriented umbo down and

may have been smothered. Although one can conceive of

various ways of bringing spiriferids or recumbent conu-

lariids and the apical region of semi-erect Conularia into

lateral juxtaposition, we think that the simplest and most

likely hypothesis is that the horizontal conulariids and

spiriferids were resting on top of sediment that originally

covered the apical region of the adjacent semi-erect Conu-

laria. In other words, the middle and apertural regions of

these Conularia stuck out above the sediment-water inter-

face. As noted above, the bottom sediment was stable

enough to prevent sinking of moderately large spiriferids

below this surface, and thus, it is at least plausible that

the sediment could also bear the weight of semi-erect

conulariids. To be sure, the presence of laterally adjacent

brachiopods or recumbent Conularia at levels closer to

the aperture suggests that at least some semi-erect Conu-

laria were buried up to their middle or apertural region

prior to complete and final burial (Fig. 7B–C). Such

occurrences may have affected specimens already dead as

well as living specimens. Occurrences of semi-erect conu-

lariids having their apical end situated more or less

directly above the apertural end of other such specimens

suggest that the original thickness of at least some obru-

tion deposits was on the order of several tens of millime-

tres. We suspect that final burial of many conulariids

now oriented at high angles to bedding occurred in life,
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before their (presumably) delicate apical end had time to

decay. This hypothesis may account for the observations

that the apertural lappets of semi-erect specimens are

folded inward (a possible response to catastrophic burial;

Van Iten and Südkamp 2010), and that the apertural

region of inclined specimens is often encased in a concre-

tion, the formation of which may have been triggered by

decay of conulariid soft parts.

Assuming that Otsego Member Conularia were steeply

inclined during life and that their middle and apertural

regions normally projected up out of the bottom sedi-

ment, fossil specimens now inclined at low or moderate

angles to bedding can be interpreted as individuals that

were tilted or toppled prior to or during final burial, or

as individuals that were realigned while buried, presum-

ably as a result of sediment compaction and ⁄ or burrow-

ing and bioturbation. As noted above, specimens inclined

at low or moderate angles show strong evidence of prefer-

ential alignment of their azimuthal trends. This observa-

tion suggests that postburial realignment alone cannot

account for their present attitudes and thus that tilting

and toppling, possibly induced by storm currents, and

realignment by currents may have been important factors.

Then, too, conulariids may have shown preferential align-

ments in life, perhaps in response to weak bottom cur-

rents between storm events. Tilting or toppling could

have occurred either following death or prior to it. In the

latter case, toppled individuals may have adopted a

recumbent mode of life (provided they could prevent

fouling of their oral end by sediment).

The very small percentage of specimens that both are

steeply inclined and have their aperture facing downward

are a special problem. Here again, though, the explana-

tion may involve toppling, on an originally uneven sea-

floor, or perhaps local scour and tipping into small scour

pits, from small-scale, very brief turbulent bursts within

the flow of a burial current.

Depositional Settings: Otsego Member versus Ponta Grossa

Formation conulariids

As noted above, portions of the Devonian Ponta Grossa

Formation of Brazil also feature abundant in situ conular-

iids (Simões et al. 2000a, b; Rodrigues et al. 2003, 2006).

The conulariids occur in rocks indicative of low sedimen-

tation rates, punctuated by abrupt burial below storm

wave base, under dysaerobic to aerobic seafloor water

conditions. Their occurrence has been interpreted to be

the result of enhanced taphonomic preservation at the

base of parasequences (see Rodrigues et al. 2003, p. 383,

fig. 2), within the broader transgressive systems tracts of

A B C

F IG . 7 . Interpretive reconstructions of steeply inclined Otsego Member Conularia aff. desiderata Hall showing varying degrees of

burial. Drawings based on observed conulariid-conulariid or conulariid-brachiopod associations. A, Living specimen standing next to a

spiriferid brachiopod (in life orientation) and with its apical region partially buried in bottom sediment. B, Specimen situated next to

a recumbent conulariid and buried up to its middle region. C, Specimen situated next to a spiriferid brachiopod and buried up to its

apertural region.
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multiple third-order depositional sequences (Simões et al.

2000a; Rodrigues et al. 2003). Optimal preservation of

in situ conulariids in the Ponta Grossa Formation seems

to be linked to rock successions deposited below storm

wave base, during the TST, especially in environments of

low net sedimentation rates punctuated by abrupt burial.

In contrast to the Ponta Grossa conulariids, those in

the Otsego Member occur within a single sixth-order

parasequence (Cycle 3). Adjacent parasequences lack con-

ulariids (with the exception of two specimens found at

the top of Cycle 2). Moreover, the Otsego Member conu-

lariids occur throughout most of Cycle 3, appearing to be

absent only in the lower 2.7 m and topmost 0.8 m of the

cycle. While parasequence-scale systems tract boundaries

are difficult to delineate within Cycle 3, the conulariids

clearly occur through the sixth-order HST and likely

through the lower to middle FSST, with or without part

of the TST, and are absent through at least part of the

TST and the FSST ⁄ LST (cycle cap). Furthermore, Cycle 3

falls within the early stage of a fourth-order FSST, and

within the FSST of the larger third-order cycle.

In all of these senses, then, the occurrences of in situ

conulariids in the Otsego Member contrast with their dis-

tribution through sequences and systems tracts in the

Brazilian Ponta Grossa Formation. Thus, and as suggested

above, the conulariid-rich interval in the Otsego Member

probably is not a taphonomic epibole (sensu Brett 1995),

but an ecological epibole, that is an epibole reflecting

exceptionally favourable physical, chemical and ⁄ or biolog-

ical conditions for population growth of an otherwise rare

faunal element. Nevertheless, like the Ponta Grossa conu-

lariids, the Otsego Member specimens appear to have

lived in settings below storm wave base, within the influ-

ence of bottom currents, under largely aerobic seafloor

conditions, and to have been buried by distal obrution

event deposits.

Nature of the conulariid schott

Some specimens of six of the 11 North American Devo-

nian and Mississippian species of Conularia terminate in

a schott (Babcock and Feldmann 1986; Van Iten et al.

2006a). Babcock and Feldmann (1986) stated that schotts

have not been observed in Conularia desiderata. As illus-

trated by Babcock and Feldmann (1986, figs 10.4, 11.2,

12.3, 14.1 and 15.4) and reported by Van Iten et al.

(2006a), the position of the contact line between the

transverse portion of the schott and the inner surface of

the periderm proper is variable, ranging from a single face

width of 1.5–4 mm in relatively small species (e.g. C. ul-

sterensis and C. milwaukeensis; original maximum lengths

30 and 100 mm, respectively) to a single face width of

10–20 mm in larger species (e.g. C. multicostata and

C. subcarbonaria; original maximum lengths 250 and

350 mm, respectively). In C. undulata, which is similar in

size to C. aff. desiderata, the contact line of the terminal

schott in one specimen (Babcock and Feldmann 1986, fig.

14.1) occurs at a single face width of approximately

12 mm, or several tens of millimetres above the position

of the (now missing) apex.

The absence of schotts in the peridermal cavity of 18

relatively large C. aff. desiderata here examined, 15 of

which were buried in situ, suggests that schott production

was not a regular feature of the ontogeny of this con-

ulariid. To be sure, distortion of the apical end of most

of the specimens makes it impossible to assess whether

schotts were present at levels still closer to the apex. Nev-

ertheless, if schotts in relatively large conulariids (100 mm

long or greater) generally were situated several tens of

millimetres above the apex, then the present results can

be seen as falsifying the hypothesis that schott production

was a regular feature of conulariid ontogeny.

Origin of conulariid pairs and clusters

As noted above, members of V-like pairs and radial

clusters here examined show no direct evidence of origi-

nal continuity of peridermal material at their apical

ends. However, the observation that several of the V-like

pairs are subhorizontal, apparently as a result of top-

pling, does suggest some kind of material connection

between the component specimens in life. While such a

connection does not necessarily indicate a clonal origin

for these associations, at present we cannot rule out this

hypothesis.

SUMMARY AND FINAL COMMENTS

1. Exceptionally abundant Conularia aff. desiderata Hall

occur in the upper part of the Otsego Member of the

Mount Marion Formation (Middle Devonian, Give-

tian) of eastern New York State, where a brachiopod-

mollusc-dominated macrofauna inhabited a relatively

low-energy, siliciclastic marine shelf environment in

which conulariids and associated invertebrates were

sometimes smothered by episodic depositional events.

2. Conularia originally measuring up to about 150 mm

long were oriented in life with their long axis inclined

at high angles (up to almost 90 degree) to the sea

floor and with their apertural (oral) end facing

upward.

3. Conularia did not attach to hard biological substrates.

Rather, the erect or semi-erect animals either stood

upon or had their apical region partially buried

within very fine sediment that was stable.
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4. Most Conularia were solitary, but some specimens

lived in compact pairs or clusters of three or four indi-

viduals, some or all of which converged adapically.

5. Conularia-forming V-like pairs or radial clusters show

no direct evidence of original continuity of perider-

mal material at their apical ends.

6. Schott formation was not a regular feature of the life

history of Otsego Member Conularia.

7. The conulariid-rich interval in the Otsego Member

appears to constitute an ecological epibole character-

ized by environmental conditions exceptionally

favourable for conulariid life.
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zil, and their biostratigraphic significance. Ameghiniana, 43,

293–310.

G R A H N , Y., PE R E I R A , E. and B E R GA M A S C H I , S.

2000. Silurian and Lower Devonian Chitinozoan biostratig-
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Ameghiniana, 43, 273–284.

R O OK E , H. and CA R E W , J. L. 1983. New light on a poorly

understood fossil group. Geological Society of America,

Abstracts with Program, 15, 53.

S A B A T T I N I , N. and H L E B S Z E V I T S C H , J. 2004. Nueva

evidencia en relación con el modo de vida de los Conulariida.

Ameghiniana, 41, 399–404.

S E I L A CH E R , A. 2005. Secondary soft-bottom dwellers: con-

vergent responses to an evolutionary ‘mistake’. 257–271. In

B R I G G S , D. E. K. (ed.). Evolving form and function: fossils

and development. Yale University Press, New Haven, 288 pp.

—— and H A G A DO R N , J. W. 2010. Early molluscan

evolution: evidence from the trace fossil record. Palaios, 25,

565–575.

S E R E Z H N I K O V A , A. E. A. 2010. Colonization of substrates:

Vendian sedentary benthos. Paleontological Journal, 44, 1560–

1569.
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