THE ICHNOGENUS BEACONITES AND ITS
DISTINCTION FROM ANCORICHNUS AND
TAENIDIUM

by D. G. KEIGHLEY and R. K. PICKERILL

ABSTRACT. Beaconites 1s a trace-fossil name that has been adopted indiscriminantly for unlined, hned,
unwalled, thinly walled, and thickly walled, meniscate backfilled burrows. The confusion is further exacerbated
by the inconsistent use of the terms *wall” and ‘lining’. A wall and a lining (a type of wall) are herein restricted
to features actively constructed by the burrower, and are considered distinct from peripheral features produced
by simple excavation or during locomotion. Differences in the type of meniscate backfilling are also recognized,
and may assist in the distinction of ichnotaxa. Beaconites, and likewise the type ichnospecies B. antarcticus, 1s
a lined (walled) meniscate trace fossil; B. barretti, the ichnospecies most popularly assigned to the ichnotaxon,
is actually unlined and unwalled, and cannot therefore be included within Beaconites. Recent emendments to
Taenidium describe it essentially as an unlined meniscate backfilled burrow. The diagnosis of Taenidium is.,
however, further emended to clarify that it is an unwalled structure. Forms previously assigned to B. barretii
can therefore be included within Taenidium as T. barretti. Emendments to the original diagnosis of Ancorichnus
describe this trace fossil as a walled ichnotaxon. These emendments are rejected because this would place the
ichnogenus in junior synonymy with Beaconites ; instead, the original diagnosis of Ancorichnus is re-established.
Two ichnospecies, A. capronus and A. coronus are, nevertheless, considered to be separate ichnospecies of
Beaconites, namely B. capronus and B. coronus. The type ichnospecies, A. ancorichnus, 1s distinguished by a
structured mantle peripheral to a meniscate core. The mantle 1s not considered as a wall structure since 1t is
formed by the locomotive behaviour of the burrow producer.

SEVERAL authors have commented upon the ichnotaxonomic problems associated with meniscate
trace fossils. For example, Frey et al. (1984) discussed Ancorichnus Heinberg, 1974, and Scoyenia
White, 1929; D’Alessandro and Bromley (1987) discussed both Muensteria Sternberg, 1833, and
Taenidium Heer, 1877. These authors, with, for example, Squires and Advocate (1984), O’Sullivan
et al. (1986), Briick (1987) and Gordon (1988) also suggested that further synonyms may exist for
these and other meniscate trace fossils, including Beaconites Vialov, 1962,

One of the major problems with addressing the potential synonymies of Beaconites is the nature
of this ichnotaxon’s margins, its internal structure and, to a lesser extent, its overall size and
orientation. Such diagnostic criteria (‘ichnotaxobases™; Bromley 1990) have been confused and
applied indiscriminately within Beaconites. Accordingly, Beaconites has been variably described as
a small, walled meniscate burrow (Vialov 1962), a large welted meniscate burrow (Héantzschel 1975),
a smoothly-lined meniscate burrow (Bradshaw 1981), an unlined meniscate burrow (Frey er al.
1984 Squires and Advocate 1984 : Briick er al. 1985), and a weakly or unwalled meniscate burrow
(D’Alessandro and Bromley 1987).

Since many of the terms employed in distinguishing Beaconites and related ichnotaxa have thus
been used with different or occasionally (and more problematically) unspecified meanings, the
terminology adopted for this contribution is imtially summarized. The diagnostic criteria of
Beaconites are then re-examined, particularly regarding its distinction from the morphologically
similar ichnotaxa Ancorichnus and Taenidium. This is followed by revised synonymy listings for
Ancorichnus, Beaconites, and Taenidium.
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TERMINOLOGY

Backfill structure (backfilled burrow)

Bioturbation in softgrounds caused by the active redeposition of sediment (active fill) immediately
behind a burrowing animal. Essentially, 1t is produced by the axial migration of a burrow that itself
1s not preserved (Bromley 1990). In contrast, an open burrow is occupied and maintained by an
animal and passively (or occasionally actively) filled later (Bromley 1990, p. 266). Backfilling
probably assists in the organism’s forward movement (Chamberlain 1971«; Heinberg 1974) and the
transport of such material to the rear of the producer may occur either externally, around the
burrower, or internally through the digestive tract. The backfill may therefore contain both faecal
and nonfaecal components.

Boundary

The sharp or diffuse interface between the host sediment and the bioturbation structure. In contrast,
the outline or margin (herein used interchangeably) are more general terms describing the outermost
part of the trace fossil and may include the boundary, wall, mantle, some other peripheral structure,
or a combination of these structures.

Branching

Four types of branching (sensu lato) have been recognized (D’Alessandro and Bromley 1987). Of
these, “false” and ‘secondary successive’ branching are applied to trace fossils that only apparently
ramify and are not truly branched.

Wall

A feature actively constructed by a burrowing organism to help provide the animal with temporary
or permanent protection from the external environment. In more permanent dwelling burrows the
wall might seal off permeability, allow canalization of the irrigation stream (Schéfer 1956) or prevent
burrow collapse. In backfilled structures the need for a constructional wall 1s of little importance,
since the “burrow’ is not permanent and is immediately closed off behind the producer. Note that
the simple excavated boundary of a burrow is not a wall in the true sense because there has been
no active construction, only excavation. A true wall may be simple or complex, thin or thick, and
may be composed of compacted sediment, a sediment lining, pelletal, faecal, skeletal or vegetational
material, or a combination of such (Text-fig. 1A-B).

Lining

A type of wall structure formed by the active or passive attachment of typically fine-grained material
to mucus, applied by the producer to the interior side of its burrow. It 1s observed as the inner part
of a complex wall or, alternatively, as the only wall structure produced (Text-fig. 1A, and Bromley
1990, p. 20. fig. 2.7). A lining in a backfilled structure would probably only be actively produced as
a by-product of selective sediment sorting by the burrower (Clifton and Thompson 1978), or
passively accumulated on mucus secreted locally to assist passage of a soft-bodied organism through
the substrate.

Mantle

The outer zone of a two-zoned burrow fill (Text-fig. 1B). Heinberg (1974, p. 10) explained that this
feature 1s formed by a burrowing organism’s hydrostatic anchor for the purpose of forward
locomotion. Mantles are not constructed as insulation against external conditions or to ease passage
through the substrate, but are actual locomotory evidence of such passage. Therefore, as pointed
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TEXT-FIG. 1. Morphological features of burrows. A, various types of wall construction (note that a lining is a

type of wall). B, various types of unwalled burrow margins; (i) and (i1) are backfilled structures and hence not

“burrows " in the strictest sense; (i) is a simple excavated burrow; no construction has occurred at the burrow
boundary and so it is classed as being “unwalled”. ¢, styles of meniscate backfill.

out by Heinberg (1970) and reiterated by Bromley (1990, p. 149), the mantle 1s “conceptually distinct
from a true burrow wall’.

Meniscus

This term is utilized in a more restrictive sense than its Greek derivation of “shaped like a crescent
moon’, being hmited to a transversely-oriented, arcuate to almost chevron-shaped, internal
interface that is observed on a surface trail in plan view, or in axial cross-section in a burrow or
backfilled structure. In this definition, use of the term “internal interface’ emphasizes the two-
dimensional nature of a meniscus. It has no longitudinal dimension (i.e. it appears as a thin line
running transversely across the structure). The concave side marks the direction in which the
producer 1s travelling (Text-fig. 1¢). The meniscus 1s produced by the termination of an episode of
material backfilling behind the burrower.

Between successive menisci, the amount of backfilling that can occur is variable (Text-fig. 1¢). If
the amount of material processed is large, a bullet-shaped compartment, or meniscate packet, of
material is produced. With less material present between successive menisci, a three-dimensional,
dish-shaped compartment forms. In cross-sectional view, menisci converge at the margin of the
structure forming cusps, and the general appearance is that of a crescent (meniscate segment). A
third style of meniscate backfill comprises a non-compartmentalized meniscate backfill, where
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menisci are too densely, or diffusely, stacked for separate segments or packets to be recognized. A
packet 1s most likely the result of a single excretory event (whether the packet contains visible
organic waste in the form of pelleted aggregates, or not), whereas non-compartmentalized backfill
may represent more continuous external backfilling (with or without scattered. intermixed, faecal
pellets). Potentially, the three types of meniscate fill are part of an intergradational sequence
dependent on how much material 1s processed, stuffed or excreted, and compacted behind the
animal as backfill at any one time between periods of forward locomotion. Meniscate backfill may
be homogeneous whereby the backfill (compartmentalized or not) is essentially of the same uniform
composition (sediment or faecal) throughout the structure. Alternatively, the backfill may be
heterogeneous, whereby more than one type/grain-size of internally or externally processed
sediment (and/or faecal material) 1s present or was presumed originally to be present before being
weathered out. Physical transport outside the body of the animal may itself provide for alternating
meniscate composition by way of the physical or compositional sorting of the sediment by the
organism (D’Alessandro and Bromley 1987 Pickerill 1989).

DIAGNOSTIC CRITERIA OF BEACONITES

The nature of the margin in a burrow or backfill structure, together with the presence or absence
of branching, are the significant primary diagnostic criteria at the ichnogeneric rank for the
distinction of most meniscate trace fossils, as emphasized by D’Alessandro and Bromley (1987),
D’Alessandro et al. (1987) and Bromley (1990). Factors such as lithology or geographical
distribution should not be considered as criteria for identifying Beaconites or any other ichnotaxon,
because they are contrary to the concept of ichnotaxobases (Pemberton and Frey 1982; Bromley
1990 ; Pickerill 1994). The following discussion concentrates on the true nature of the burrow outline
in  Beaconites, and attempts to clarify problems in the diagnosis and differentiation of
morphologically similar ichnogenera. particularly Taenidium and Ancorichnus.

Beaconites as a walled meniscate trace fossil

Although based solely on photographs rather than specimens or field observations, Beaconites was
validly erected by Vialov (1962, p. 727). In the preamble to his diagnosis, he stated that the walls
were “fine” and “clearly distinguishable *. Although Vialov’s definition of a “wall” was not provided,
his comments are best interpreted as meaning an actively constructed wall comprised of fine-grained
material, or a tubular lining, as the terms are utilized herein. Bradshaw (1981, p. 630), in emending
the ichnogeneric diagnosis, similarly noted that the ichnotaxon was distinguishable as “tubular
burrows’ with a smooth burrow lining. This same construction, occurring as a sand lining, was also
noted in her emended diagnosis of the type ichnospecies B. antarcticus Vialov, 1962. Such
characteristics have also been used consistently by other workers (e.g. Webby 1968 ; O’Sullivan et al.
1986: Woolfe 1990; Sarkar and Chaudhuri 1992) in their interpretation of Beaconites. The
presence of a lined wall 1s therefore a primary diagnostic criterion for the definition of this trace
fossil.

Despite Vialov’s (1962) original diagnosis and Bradshaw’s (1981) emendment, several subsequent
authors (e.g. Frey et al. 1984 ; Squires and Advocate 1984) considered the ichnogenus to be unlined
or unwalled. Accordingly, they suggested that Beaconites might be a junior synonym of some other
unwalled meniscate burrow. D’Alessandro and Bromley (1987, p. 751) also initially considered the
ichnotaxon as dubious, “... having a weak wall or none at all, and it should probably be included
in Taenidium’. In contrast, they later commented that B. antarcticus seemed to have a wall, and that
details of the burrow boundary, from photographs, topotypic material, and descriptions, were
unclear (D’Alessandro and Bromley 1987, p. 757). Examination of unweathered material was
therefore considered to be necessary before the relationship between Beaconites and Ancorichnus or
Taenidium could be clarified. It is, however, difficult to visualize how examination of unweathered
specimens would alleviate nomenclatural difficulties since, if Bradshaw’s (1981) specimens are
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considered to be too badly weathered, and Vialov’s (1962) material was never collected, it cannot
be ascertained what type of marginal structure constituted the original Beaconites (and assignment
of new material would depend on the diagnoses of the original ichnotaxa). As with many ichnotaxa
proposed in the nineteenth century, ichnologists have only the original diagnosis and illustrations
to work with. From both the validly introduced original and emended diagnoses, Beaconites must
remain a walled meniscate burrow.

The confusion over whether Beaconites was a walled or unwalled burrow probably persisted not
only due to poorly defined terminology but also because of inclusion within it of large meniscate
forms. Gevers ef al. (1971) were the first to consider large meniscate burrows as B. antarcticus,
possibly on the mistaken belief that Vialov’s (1962) specimens could attain a diameter of 150 mm.
In comparing their giant forms with other large burrows, they noted (Gevers er al. 1971, p. 83) that
their largest examples ‘compare in dimensions with the largest (150 mm) of B. antarcticus as
described by Vialov’. The largest specimens described by Vialov (1962) were, however, no larger
than 15 mm in diameter. Gevers et al. (1971) also suggested that nomenclatural distinction from
Vialov’s (1962) specimens might be justified at the ichnospecific level, but that this distinction
should be based upon significant differences in both the thickness of the meniscate packets, and in
the “septal’ (meniscate) shape. One of the differences they failed to recognize, however, was the
contrast in the outline of the trace fossil between their material and the type specimen of
B. antarcticus. They interpreted the coalescing ‘ridges” (individual meniscate segments) at the
margin as a lining, or ‘welt’, that they considered to be the erosional remnants of ‘outer
consolidated tubes’. The “welts’ were noted to thicken where the burrow curved sharply and the
‘septal’ ridges were close together. Photographs of these large forms, which they noted as
containing a marginal furrow, similarly illustrate the burrow outline being formed by the merging
of transverse meniscate ridges that were produced by backfill (Gevers et al. 1971, pl. 18, figs I, 2,
4). The large forms apparently had no true lining or other type of wall structure. In comparison,
their small burrows had a distinct lining and hence were walled (Gevers et al. 1971, pl. 18, fig. 3)
and correctly described as B. antarcticus.

Recognizing that two distinct morphologies were being included within the same ichnospecies,
Bradshaw (1981) followed the suggestion of Gevers er al. (1971) and introduced a second
ichnospecies of Beaconites. The description (= diagnosis) of B. barretti Bradshaw, 1981 (p. 631)
stated that the sediment compartments *... may merge laterally to form a crude burrow lining...’
when the meniscate segments ‘...meet the burrow wall at an acute angle’. However, in her
specimens, the “lining” of B. barrerti 1s produced by the backfill, specifically the peripheral margins
of the meniscate segments. The producer simply excavated and backfilled its burrow. No wall was
constructed. Neither i1s the presence of a true wall lining, or any other sort of wall structure,
supported by her illustrations (Bradshaw 1981, figs 17 and 18). B. barretti, both as defined and
illustrated, is not walled. Indeed, of all the large meniscate trace fossils previously or subsequently
described and figured as B. antarcticus, B. barretti, or simply Beaconites (e.g. Gevers et al. 1971
Hintzschel 1975 Pollard 1976; Allen and Williams 1981a, 1981h; Bradshaw 1981; Graham and
Pollard 1982; Narbonne 1984 ; Eagar ef al. 1985; Briick 1987; Dam and Andreasen 1990; Woolfe
1990 ; Pearson 1992; Tegan and Curran 1992), none appears either lined or walled. This clearly
contrasts with both the original and emended diagnosis of the ichnogenus. These large backfilled
burrows cannot be included within Beaconites and must, instead. be incorporated within an
alternative meniscate ichnotaxon, or re-introduced as a new ichnogenus. The former option is
adopted for the reasons discussed below.

Unwalled meniscate trace fossils: large “Beaconites™ forms and Taenidium

To determine to which ichnotaxon the large * Beaconites® forms should be assigned. it is necessary
to review briefly the current status of simple, unwalled, backfilled burrows. Debate has been going
on since the mid-nineteenth century as to the potential synonymies of the meniscate trace fossils

Muensteria, Keckia Glocker, 1841, Taenidium, and Beaconites (e.g. Fischer-Ooster 1858 : Heer 1877
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TEXT-F1G. 2. Currently accepted ichnospecies of Ancorichnus, Beaconites, and Taenidium, showing the variation
that might occur in backfill morphology for each ichnospecies.

Schroter 1894: Liburnau 1900; Wilckens 1947; Frey er al. 1984; Squires and Advocate 1984;
O’Sullivan er al. 1986; McCann and Pickerill 1988). Of most importance, D’Alessandro and
Bromley (1987, p. 747) considered Muensteria a name unavailable for trace fossils, concluding that

on the basis of its first ichnospecies Taenidium is available for the unbranched ichnospecies of
Muensteria...” Branched, annulate burrows of Taenidium were transferred to Cladichnus
D’Alessandro and Bromley, 1987.

Several of the actions of D’Alessandro and Bromley (1987) are, however, in need of clarification.
As Sternberg’s (1833) original Muensteria included algae, coprolites and possible specimens of
Chondrites Sternberg, 1833, it was therefore erected as a heterogeneous ichnogenus, and thus
invalidly introduced. It would, however, remain as an available name (International Code of
Zoological Nomenclature 1985, Articles 10-14, and 17). Although the heterogencous nature of
Muensteria was addressed in the emendments of Fischer-Ooster (1858), many of his actions,
particularly with regards to the introduction of three ‘subgenera’, were again probably invalid as
dictated by today’s 1.C.Z.N. D’Alessandro and Bromley (1987) considered Taenidium as an
unbranched ichnotaxon because the type ichnospecies was diagnosed as unbranched. This is not the
case because Heer (1877) did not consider branching as an important diagnostic criterion. The
original diagnosis of the ichnogenus (as opposed to that of the type ichnospecies) clearly stated that
the taxon was “rarius ramosa’ (rarely branching) in the sense that one or two ichnospecies, such as
T. fischeri Heer, 1877, could branch. Additionally, according to Heer (1877), Wilckens (1947), and
McCann and Pickerill (1988), amongst others, Taenidiium was differentiated from forms ascribed to
Muensteria because the latter may lack packeting and a ringed, or annulate, boundary and instead,
contain only simple, non-compartmentalized meniscate (‘runzelig quergestreift’ (transversely
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TRACE FOSSIL AUTHORS Recorded burrow widths (mm)
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T. serpentinum | Chamberlain 1977 g (1-2mm).
T. serpentinum Dam 1990a m (5-10mm).
T. satanasst D’ Alessandro and Bromley 1987 | mm (4-14 mm).
T. cameronensis | Brady 1947 m (12-18 mm).
T. barretti Gevers et al. 1971 e—— (27-103 mm).
T. barreiti Ridgway 1974 ————  (11-110 mm).
T. barretti Allen and Williams 1981 (30-250 mm).
T. barretti Bradshaw 1981 ————— R RV ) A
T. barretti Graham and Pollard 1982 s (35-125 mm).
T. barretti Briick 1987 (150-230 mm).
T. barreui This study gy g (5-51 + 75 mm).

TEXT-FIG. 3. Recorded widths of Taenidium and its ichnospecies from selected literature. As these are not

necessarily diameters, the data may contain some positive skew (Graham and Pollard 1982). In addition to the

75 mm wide specimen from the Port Hood Formation (Plate 1. figs 5-6). this study also measured a total of

56 specimens from the Perry Formation (see also Plate 1, figs 2-4). Over a discontinuous area of the same

bed (approximately 6 m by 2 m), burrows range in width from 5 to 51 mm (mean = 181 mm, standard
deviation = 9-7).

striped); Wilckens 1947) backfill. The emended diagnosis of Taenidium (D’ Alessandro and Bromley
1987) similarly stated that these burrows should contain a segmented fill articulated by meniscus-
shaped partings (i.e. the backfill is distinctly compartmentalized, consistent with the diagnoses of
Heer 1877 and Wilckens 1947). Contrary to this, from D Alessandro and Bromley’s (1987, p. 747)
sweeping statement quoted above, and their discussion of other potentially synonymous ichnotaxa,
it would appear that all unbranched forms of Muensteria, and other meniscate ichnotaxa, are to be
included within Taenidium, regardless of the style of backfill. This might be seen as an excessive
lumping of ichnotaxa but, as discussed earlier, segments and simple backfill in particular may
potentially intergrade within a single burrow. Differentiation of separate ichnogenera for variations
in the style of backfill may therefore be considered inappropriate.

Despite the problems outlined above, to promote ichnotaxonomic stability we follow
D’Alessandro and Bromley (1987) and include all radially branched, and potentially palmate,
ichnospecies of both Muensteria and Taenidium within Cladichnus. Similarly we follow their
suggestion to include unbranched ichnospecies of Muensteria within Taenidium (note that different
specimens may cross each other giving a falsely branching appearance, Plate 1. fig. 1). Variation in
the type of backfill contained within these, and other potentially synonymous, unbranched,
meniscate burrows is therefore relegated to an ichnospecies-level taxobase.

Another emendment to the diagnosis of Taenidium proposed by D’Alessandro and Bromley
(1987) 1s, however, still required. These authors potentially allowed for both unlined and thinly lined
burrows to be included within the ichnogenus. From their diagnosis, the production of a thin.
continuous lining can be considered a morphological feature comparable to no lining being present.
and not worthy of ichnogeneric distinction. The production of a thick lining, in contrast, is inferred
to be a morphological feature different from that of a thin lining and significant enough to warrant
a separate ichnogeneric name. What is construed as “thin’, or for that matter “thick’, is arbitrary.
and such a division cannot improve ichnotaxonomic stability. The presence of any form of
continuous burrow lining, thick or thin, should be considered a morphologically similar criterion,
and different to that of no lining. The presence or absence of a continuously lined wall is therefore
an important ichnotaxobase. Consequently, as a further emendment to the diagnosis of Taenidium.
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we propose that this ichnogenus should be restricted to unwalled, and thus unlined, burrows. Such
an emendment would also reinforce the differences between Beaconites and Taenidium, as discussed
in the previous section, and avoid further lumping of ichnotaxa.

Accordingly, although D’Alessandro and Bromley (1987) concluded that Beaconites should
probably be included within Taenidium, only B. barretti is regarded as synonymous. Without
exception, B. barretti burrows are unbranched, meniscate, cylindrical and, above all, unlined. Such
burrows are distinguished as a distinctive ichnospecies, specifically 7. barretti (Bradshaw), on the
basis of the heterogeneous, thinly segmented or non-compartmentalized. arcuate meniscate fill. The
style of meniscate fill in these burrows is clearly at variance with the three ichnospecies of Taenidium
considered by D’Alessandro and Bromley (1987), all of which are distinctly packeted (Text-fig. 2)
but this is a legacy of the latter authors’ relegation of style of meniscate fill to an ichnospecies-level
diagnostic criterion.

The size of a burrow has, in the past, been used as a significant criterion in formulating new
ichnogenera (e.g. Megagyrolithes Gaillard, 1980) as well as a secondary criterion in distinguishing
ichnospecies within an ichnogenus (e.g. Helminthopsis Heer, 1877). The range of widths measured
for specimens of 7. barretti, although typically much greater, overlap to some degree those widths
previously measured in other ichnospecies of Taenidium and Muensteria (Text-fig. 3). Therefore,
despite the measured widths of 7" barretti probably including some positive skew, resulting from the
measurement of widths on bedding planes as opposed to true burrow diameters (Graham and
Pollard 1982), it would be unwise for these burrows to be considered distinct at the ichnogeneric
level based on size. T. barretti observed at various localities in eastern Canada further illustrate
the varability in size that can be encountered within otherwise morphologically similar specimens
(Plate 1).

Vertical escape and vertical adjustment structures

Whether typically large, vertically oriented trace fossils containing distinctive arcuate, concave
upwards. nested menisci should be attributed to a previously established meniscate backfilled
burrow, such as Beaconites, was questioned by Bridge er al. (1986). Most commonly, such trace
fossils have been left in open nomenclature and described simply as ‘escape structures’ or
‘equilibrium structures’ (e.g. Eagar er al. 1985 Sarkar and Chaudhuri 1992). Occasionally vertical
“burrows’ have been erroneously named as Beaconites: the structures of Bridge and Gordon (1989),
Bridge and Droser (1985), and Berg (1977) do not contain a wall, whereas those of Allen and
Williams (1981a, 1981h) and Briick et al. (1985) additionally do not have an observable meniscate
structure.

The morphological characteristics of a trace fossil provide the only feasible diagnostic criteria for
distinguishing ichnotaxa. The behavioural interpretation of a trace fossil is not a valid criterion,
though morphological features may be indicative of one particular behaviour, or a variety of
behaviours: meniscate backfill containing faecal matter or meniscate packeting is typical of

EXPLANATION OF PLATE |

Figs 1-6. Taenidium barretti (Bradshaw). Burrows of variable size and variable distinctiveness of meniscate fill ;
14, preserved in convex epirehef; 5-7, preserved in convex hyporelief; they are ubiquitously non-
compartmentalized and meniscate and much less distinct where burrow-fill 1s of uniform composition.
I, Alma, southeast New Brunswick, Canada; alluvial fan deposits, Hopewell Conglomerate, Lower
Carboniferous; x 0-6. 2-4, McCann Cove, southwest New Brunswick, Canada partly calichified alluvial fan
deposits, Perry Formation, Devonian; 2, x04; 3, x0-5;:4, x09. 5, near Port Hood, Cape Breton Island,
Nova Scotia, Canada ; fluvial bar sandstones, upper Port Hood Formation, Upper Carboniferous; x 0-2. 6,
oblique view of same specimen as in fig. 5.

All field photographs, specimens not collectable.



PLATE 1

KEIGHLEY and PICKERILL, Taenidium



314 PALAEONTOLOGY, VOLUME 37

fodinichnia (Bromley 1990), but backfilled burrows lacking distinct faecal content or meniscate
packeting may represent repichnia, equilibrichnia of Bromley (1990), or even fugichnia. Vertically-
upward oriented, non-compartmentalized, meniscate structures may be repichnia, while oblique,
lateral or vertically downward-oriented structures may represent adjustment or escape from lower
water tables, desiccation, erosion or predation (cf. Sarkar and Chaudhuri 1992, fig. 5; if way-up was
not known, how would the two structures be differentiated?). Since Taenidium has never been
restricted to a particular orientation with respect to stratification, simple, vertically-upward
oriented, backfilled structures with arcuate menisci can be accommodated within this ichnogenus.
Vertically oriented ‘escape’ structures that contain irregularly patterned, downward-deflected
backfill (e.g. Pienkowski 1985, plate 1B; Bromley 1990, fig. 5.8¢; Gierlowski-Kordech 1991, fig. 7)
are distinguishable from Taendium and must, for the present, be retained in open nomenclature.

Beaconites and other walled meniscate trace fossils

Since Beaconites has a distinct wall structure, the relationship with other supposedly walled
meniscate trace fossils, particularly Scovenia and Ancorichnus, must also be considered. Scoyenia,
originally described in botanical terms, has subsequently been considered a walled, meniscate
burrow that possesses longitudinally striated linings (Frey et al. 1984). In this sense Scoyenia and
Beaconites are potential taphonomic variants of the same burrow, taxonomic classification
depending on the presence or absence of such longitudinal striations. Bromley (pers. comm. 1993)
suggested that Scoyenia is actually unlined and unwalled, with striations produced on the simple
excavated margin of a transient burrow. If this is the case, it would mean that Scoyenia and
Taenidium are potential taphonomic variants. The separate identity of Scoyenia 1s, however,
retained for ichnotaxonomic stability.

When originally proposed, Ancorichnus was monospecific. The type, A. ancorichnus Heinberg,
1974, was described as an undulating “cylindrical meniscus filled tunnel with a distinct mantle’. The
mantle was considered as the outer part of a two-zoned burrow fill and had, as an internal structure
or ornament, a distinct orientation of mica grains. The mantle, with its internal ornamentation, was
not believed to have been formed by the construction of a wall but rather by the burrowing
organism’s hydrostatic anchor for the purpose of forward locomotion (Heinberg 1974, p. 10). As
noted by Bromley (1990, p. 149), this type of margin 1s ‘conceptually distinct from a true burrow
wall”.

Heinberg (1974, p. 9) also recognized that, in some cases, the mantle could be weathered out and,
instead, be represented as a groove on each side of the meniscate core-fill. In such cases, the mantle
might be mistaken for a weathered-out wall. Since no internal ornament would be preserved in the
grooves, there would be essentially no difference between Ancorichnus and those burrows described
by Vialov (1962) or Bradshaw (1981) as Beaconites. Depending upon taphonomic variability,
problems may therefore also exist in the distinction of Ancorichnus and Beaconites. Nevertheless, the
presence or absence of an oblique or transverse internal fabric in the marginal structure of a
meniscate trace fossil will best determine whether it has a mantle or a lining and whether it should
therefore be assigned to Ancorichnus or Beaconites.

Further ichnotaxonomic problems have arisen because of the proposed changes to Ancorichnus
by Frey et al. (1984, p. 514). Linings, mantles and walls became less rigidly defined in their emended
diagnosis: “...relatively thick, unornamented wall linings surrounding well-developed, meniscate
burrow fills. Distal ends of menisci may blend directly into the wall structure.” Essentially, the
mantle in 4. ancorichnus was considered as a wall or a wall lining, and 1ts internal structure was
relegated to a feature of ichnospecific significance. Accordingly, A. capronus Howard and Frey,
1984, and A. coronus Frey et al., 1984, two simply lined burrows, were also accommodated within
the ichnogenus, even though they did not have a distinctly structured mantle.

Although Frey er al. (1984) made careful comparisons with several other meniscate burrows with
which Ancorichnus and Scoyenia could be confused, synonymy with Beaconites was dismissed
because they considered Beaconites an unlined burrow (Frey er al. 1984, p. 517). However, as
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Beaconites is lined, acceptance of the emended diagnosis of Ancorichnus by Frey et al. (1984) would
mean that there 1s no primary criterion to distinguish it from Beaconites, and it would therefore
become a junior synonym. By rejecting the emendment of Frey et al. (1984) in favour of the more
precise description originally provided by Heinberg (1974), the mmportant distinguishing
characteristic of Ancorichnus is retained, namely the presence of a distinctly structured mantle. It
is morphologically and behaviourally distinct, because the burrow outline 1s produced by a method
akin to active backfill; in Beaconites the outline 1s a constructional lining. Ancorichnus remains
monospecific, containing only 4. ancorichnus. D’Alessandro ez al. (1993) suggested that A. coronus
may not have a discrete wall structure, but rather that its marginal structure was formed by partial
overlapping of contiguous menisci (as 1s the case with B. barretti). They suggested placing the
ichnospecies within Taenidium. 1f this were done, A. coronus would be a junior synonym of
T. barretti, as revised herein. However, the original diagnosis of the ichnospecies is followed by Frey
et al. (1984), and A. coronus is considered to be walled. Even so, it could then be considered a junior
synonym of B. antarcticus because of its distinct, unstructured wall lining. This contribution
proposes that the ichnospecific identity of A. coronus be retained, albeit within the walled
ichnogenus Beaconites. As with Taenidium, variations in fabrication of meniscate fill can be used to
differentiate ichnospecies. Meniscate packets of a thickness approximately equivalent to the
diameter of the burrow typify B. antarcticus, whereas most specimens of what have previously been
called A. coronus have regularly arranged, heterogeneous, longitudinally short meniscate packets or
even segments (Text-fig. 2). The latter forms are therefore identified separately as B. coronus (Frey
et al. 1984). A. capronus, by way of its distinctive chevron pattern of meniscate infill within a thin,
unstructured wall lining, 1s similarly retained as a distinct ichnofossil, becoming B. capronus
(Howard and Frey, 1984).

SYSTEMATIC PALAEONTOLOGY

As this contribution deals primarily with the clarification of Beaconites, and its relationship to the
morphologically similar Ancorichnus and Taenidiwm, included synonymy is restricted to these three
ichnotaxa. Only a brief systematic treatment of Taenidiunm was provided by D’Alessandro and
Bromley (1987), and we have now expanded and updated their listing. In numerous cases, ichnotaxa
have only been illustrated schematically (in varying degrees of detail) and with limited accompanying
description. Such references can only be considered as uncertain synonymies (and are prefixed *?7)
and typically are only identified to the ichnogeneric level. Additionally, since Taenidium is now
considered to be the first valid name for specimens of Muensteria, former ichnospecies of the latter
that are now of indeterminate ichnospecific designation within Taenidium, or are reassigned to other
ichnotaxa, are included within the ichnogeneric synonymy of Taenidium.

Ichnogenus ANCORICHNUS Heinberg, 1974

non 1984 Ancorichnus capronus Howard and Frey, p. 201, figs 2-3 [= Beaconites capronus).

non 1984  Ancorichnus capronus Howard and Frey: Frey et al.. p. 514 [= Beaconites capronus).

non 1984  Ancorichnus coronus Frey et al., p. 511, figs 1D [copy of Stanley and Fagerstrom 1974, fig. 6], 1k,
3A-C [ = Beacontites coronus).

non 1985  Ancorichnus capronus Howard and Frey: Frey and Howard, p. 373. figs 5.6, 5.8, 16.3p
[= Beaconites capronus).

non 1985  Ancorichnus capronus Howard and Frey; Frey and Howard, p. 122, fig. 2 [copy of Howard and
Frey 1984, fig. 2; = Beaconites capronus).

non 1985  Ancorichnus capronus Howard and Frey; Frey and Pemberton, p. 90, fig. 26 [copy of Howard
and Frey 1984, fig. 2; = Beaconites capronus].

71986  Ancorichnus isp.; Valenzuela et al., p. 129.

non 1987  cf. Ancorichnus coronus Frey et al.; D’Alessandro er al., p. 285, fig. 2 [? = Taenidium barretti).

non 1989 Ancorichnus capronus Howard and Frey; Martino, p. 393, fig. 5.5 [= Beaconites capronus).

non 1990 Ancorichnus capronus Howard and Frey; Frey, p. 204, fig. 7o [= Beaconites capronus).
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TEXT-FIG. 4. Temporal and environmental distribution of ichnospecies of Ancorichnus and Beaconites. Only
references to confidently assigned ichnospecies and of known environment and age are included. Authors: 1.
Stanley and Fagerstrom 1974; 2, Frey et al. 1984 3, Daley 1968 ; 4, Howard 1966; 5, Frey and Howard 1970;
6, Howard 1971; 7, Howard 1972 &, Frey and Howard 1982; 9, Howard and Frey 1984 10, Frey and Howard
1985a; 11, Frey and Howard 1985h; 12, Frey 1990: 13, Frey and Howard 1990; 14, Pemberton and Frey 1984 ;
15, Heinberg 1970 16, Heinberg and Birkelund 1984 ; 17, Heinberg 1974 ; 18, Firsich and Heinberg 1983 19,
Martino 1989; 20, Vialov 1962; 21, Haskell ef al. 1965; 22, Webby 1968 ; 23, Gevers et al. 1971 ; 24, Bradshaw
1981.

non 1990 Ancorichnus capronus Howard and Frey; Frey and Howard, p. 808, fig. 12 [copy of Frey 1990,
fig. 7o), fig. 13.1 [= Beaconites capronus).
non 1991 Ancorichnus coronus Frey et al.; Aceniolaza and Buatois, p. 96, pl. 2.1 [= Taenidium barretti],

pl. 2.3 [indeterminate].
non 1993 Ancorichnus coronus Frey et al.; Aceniolaza and Buatois, p. 188, fig. 4D [copy of Acenolaza and

Buatois 1991, pl. 2.1; = Taenidium barretti].
non 1993 Ancorichnus aff. coronus Frey er al.; Mikulas, p. 106, fig. 34 [ = indeterminate].

Diagnosis. Cylindrical, weakly sinuous, sub- to horizontal burrow containing a central meniscate
fill and a structured mantle (after Heinberg 1974).

Type ichnospecies. Ancorichnus ancorichnus Heinberg, 1974 (by monotypy)

Remarks. According to Heinberg and Birkelund (1984) Muensteria (sensu lato) includes the
ichnogenus Ancorichnus. Whether they regarded Ancorichnus as an ichnosubgenus of Muensteria.
or a synonym of Muensteria, is uncertain. However, Muensteria is now included within the unwalled
ichnogenus Taenidium and, while both Ancorichnus and Taenidium are unwalled, the latter
comprises a simple, one-stage backfill, whereas Ancorichnus has a two-stage fill comprising an inner
meniscate fill and an outer mantle.

Ancorichnus 1s considered to be monospecific. 4. capronus Howard and Frey, 1984, and
A. coronus Frey et al. 1984, are now included within Beaconites.

Ancorichnus ancorichnus Heinberg, 1974

1970  Meniscus tunnel; Heinberg, p. 230, fig. 3e.
1974 Ancorichnus ancorichnus Heinberg, p. 7, figs 1A, 2-4. 9a.
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1983 Ancorichnus ancorichnus Heinberg; Firsich and Heinberg, p. 94, fig. 7.11.
1984  Muensteria Sternberg: Heinberg and Birkelund, p. 365, fig. 10B.

M990  Ancorichnus ancorichnus Heinberg: Dam., p. 121, figs 4, 7a.

21990  Ancorichnus ancorichnrus Heinberg: Dam, p. 221.
1990  Ancorichnus ancorichnus Heinberg: Bromley. p. 149, fig. 9.3

Diagnosis. As for ichnogenus.

Remarks. The mantle in Ancorichnus 1s an integral part of the burrow fill, produced by the
hydrostatic anchoring of the burrow producer. The mantle is not a wall structure. To avoid possible
confusion with Beaconites, a structured mantle should be recognized or confidently inferred (contra
the emendment by Frey er al. 1984).

A. ancorichnus has only been recorded from the Jurassic of Greenland (Text-fig. 4). This 1s
probably because excellent preservation of the fabric in the mantle is required for it to be
recognizable, and weathering of rock surfaces may be retarded in the high arctic. The mantle
typically exhibits a structure formed by the preferred orientation of the sediment, and usually this
is defined by oriented mica flakes (Heinberg 1974, fig. 4; Bromley 1990, fig. 9.1). Likewise, in
Heinberg’'s (1974) specimens, the weakly arcuate menisci of the inner fill are defined by oriented
mica flakes.

Determining whether a marginal structure is a mantle or a wall is difficult. However, the fabric
in the mantle is oriented at an angle to the burrow boundary, as opposed to being normal to the
direction of the burrow, which would be more characteristic of an applied wall lining. If internal
structure in the mantle cannot be recognized, assignment to Ancorichnus is of course, problematic.
Taphonomic variants (e.g. Dam 1990a, 1990h) may not contain a visibly structured mantle, but
Dam’s material was differentiated from Beaconites because the latter typically contains a lining
(usually fine-grained) that differs in composition from the surrounding substrate. Dam (19904,
fig. 4) diagrammatically illustrated A. ancorichnus with Jamesonichnites heinbergi Dam, 1990, as a
compound specimen (sensu Pickerill 1994) and suggested that the two types of burrow represent
different patterns of behaviour by the same organism.

Ichnogenus BEACONITES Vialov, 1962

non 1975 Beaconites Vialov; Hintzschel, p. W45, fig. 28.1 [copy of Gevers et al. 1971, fig. 2 = Taenidium
barretti].
11976 Beaconites Vialov: Scott et al., p. 4.
non 1981 Beaconites barretti Bradshaw, p. 630, figs 17-18 [= Taenidium barretti].
non 1984 Beaconites Vialov: Narbonne, p. 409, fig. 8G [= Taenidium ct. serpentinum.
non 1985  Beaconites barretti Bradshaw; Bridge and Gordon, p. 173, fig. 8a-B [vertical burrow].
non 1985 Beaconites barretti Bradshaw: Bridge and Droser, p. 154, fig. 88 [indeterminate vertical and
horizontal structures].
M985  Beaconites barrerti Bradshaw : Bridge and Nickelsen., p. 187.
non 1987  Beaconites barretti Bradshaw: Briick, p. 259, tigs 4-5 [= Taenidium barreiii).
11988 Beaconites Vialov: Pollard, p. 339.
non 1988  Beaconites barretti Bradshaw; Bradshaw and Webers, p. 787 [= Taenidium barretti).
non 1990  Beaconites isp.. Dam and Andreasen, p. 208, fig. 118 [= Taenidium barretii].
non 1990 Beaconites barretti Bradshaw; Woolfe, p. 302, fig. 3 [= Taenidium barretii].
non 1992 Beaconites barrerti Bradshaw; Tegan and Curran, p. A154 [= Taenidium barretti].
non 1992 7Beaconites Vialov; Pearson, p. 129, figs 30-€ [3D = Taenidium barretti, 3¢ indeterminate].

Emended diagnosis. Small, cylindrical, unbranched, walled, meniscate burrow. Straight or sinuous,
horizontal or more rarely inclined or vertical. Weakly to strongly arcuate meniscate packets or
segments enclosed by distinct, smooth and unornamented burrow linings.

Type ichnospecies. Beaconites antarcticus Vialov, 1962 (by monotypy).
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Remarks. Beaconites has distinct but structureless walls and. to date. has not been recognized with
a diameter exceeding 30 mm. Large, unwalled, unlined meniscate trace fossils should not be
included within this ichnogenus: B. barretti, s transferred to Taenidium. A. coronus and A. capronus
have been transferred to Beaconites as distinctive ichnospecies, since the structure surrounding their
central fill is a distinct wall or lining.

In addition to the records of Beaconites in the synonymy lists, other references to Beaconites have
been included in tabulations by Pollard ez al. (1982), Pollard (1988), and Maples and Archer (1989).
Pollard er al. (1982) assigned the ichnofossils of Trewin (1976) and Berg (1977), amongst others, to
Beaconites. Berg's (1977) specimens are indeterminate vertical burrows, whereas Trewin (1976)
figured and described only Scolicia Quatrefages, 1849, and Cruziana Orbigny, 1842. Pollard (1988)
reported the occurrence of Beaconites in mid-Jurassic cores from offshore Britain and also
attributed trace fossils described by Stanistreet ef al. (1980), to this ichnogenus. These latter traces,
originally reported as Rhizocorallium Zenker, 1836, do not have marginal tubes, thereby excluding
them from a rhizocoralliid designation. Assignment to Beaconites is also doubtful following the
comment of Stanistreet ez al. (1980) that although the burrows are more than 200 mm wide, they
are only 10-20 mm in depth, suggesting that these traces are surficial trails, not cylindrical backfilled
structures. Maples and Archer (1989) included reference to Gevers and Twomey (1982)—a report
that mentioned structures of Haskell es al. (1965)—and reference to an abstract by Plume (1983),
that does not name any ichnofossils.

O’Sullivan et al. (1986) noted ° Beaconites-like” burrows (that they distinguished from the
ichnogenus by a passive burrow fill) and Bamford er al. (1986) noted * Beaconites-type” burrows that
in fact contained distinct walls and lacked internal menisci. Allen and Wilhhlams (19814) also
reinterpreted “mechanical structures’ of Dixon (1921), Allen (1961, 1963), Dineley (1966) and
Horne and Gardiner (1973). as large burrows attributable to Beaconites. Horne and Gardiner
(1973), however, correctly considered their specimens to be most similar to Kulindrichnus Hallam,
1960, a trace fossil subsequently placed in synonymy with Bergaueria langi (Hallam, 1960) by
Pemberton et al. (1988). The examples of the other authors are of uncertain meniscate backfill.
Finally, other authors have included reference to Beaconites when commenting upon possible
synonymies for meniscate trace fossils. Frey er al. (1984) and Squires and Advocate (1984)
considered including it within other unlined meniscate burrows, and D’Alessandro and Bromley
(1987) within an ichnotaxon comprizing weakly walled or unwalled meniscate burrows.

Beaconites antarcticus Vialov, 1962

*1962  Beaconites antarcticus Vialov, p. 726, figs 9-10.
1965  Beaconites antarcticus Vialov; Haskell et al., p. 243.
1968  Beaconites antarcticus Vialov; Webby, p. 1004, fig. 7.
1971 Beaconites antarcticus Vialov; Gevers et al., p. 81, pl. 18, fig. 3.
non 1971 Beaconites antarcticus Vialov: Gevers et al.. p. 81, pl. 18, figs 1-2. 4 [= Taenidium barrerti].
71975  Meniscate burrow; Edwards, p. 7, fig. 1.
non 1976 Beaconites cf. antarcticus Vialov; Pollard, p. 105 [= Taenidivm barretti].
21977 Beaconites antarcticus Vialov: McKelvey et al., p. 829.
21977 Beaconites antarcticus Vialov; Forsyth and Chisholm, p. 19.
71978  Beaconites antarcticus Vialov: Allen, p. 88.
71978 Beaconites antarcticus Vialov: Willlams, p. 96.
2978  Beaconites antarcticus Vialov: Allen and Williams, p. 121.
71979  Beaconites antarcticus Vialov: Allen, p. 70.
non 1980  Beaconites antarcticus Vialov; Bridge et al, p. 154, pl. 20 [20 = Bergaweria: 2r s
indeterminate].
non 1981 Beaconites antarcticus Vialov; Allen and Williams, p. 23, fig. 6a [indeterminate vertical burrow].
non 1981  Beaconites antarcticus Vialov: Allen and Williams, p. 255, figs 2. 4-11 [2. 4-5 are vertical
burrows: 6-11 = Taenidium barretti].
1981  Beaconites antarcticus Vialov: Bradshaw, p. 630, fig. 15 [? fig. 16].
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non 1982  Beaconites antarcticus Vialov ; Graham and Pollard, p. 259, figs 3a-B, 4a-C, SA-B. [= Taenidium
barretti].
M985  Beaconites antarcticus Vialov; Bridge and Gordon, p. 170, fig. 8c.
21985 Beaconites antarcticus Vialov; Bridge and Nickelsen, p. 187.
non 1985  ¢f. Beaconites antarcticus Vialov; Eagar et al., p. 134, pl. 14a [= Taeniduon barretti].
non 1985  Beaconites antarcticus Vialov: Brick et al., p. 87, figs 4a-B. SA-B [vertical burrows].
non 1988  Beaconites antarcticus Vialov; Gordon, p. 143, figs 4a-8 [= Tacnidium isp.].
21990  Beaconites antarcticus Vialov; Woolfe, p. 302, figs 3-4.
71993 Beaconites antarcticus Vialov; Ekes. p. 469.

Emended diagnosis. Small, cylindrical, unbranched, lined burrows, straight to shightly sinuous.
Burrow infill meniscate, typically heterogeneous packets of unequal thickness. Larger packets
slightly thicker to slightly thinner than overall burrow width, meniscate interfaces weakly to
moderately arcuate. Burrow lining is uniform, smooth and unornamented, commonly thick and
very distinct.

Remarks. As noted by D’Alessandro and Bromley (1987), B. antarcticus has sediment packets of
unequal length. Commonly, specimens are encountered where thicker packets have been
preferentially weathered out, preserving only thin compartments, or “septa’ (e.g. Vialov 1962;
Gevers et al. 1971). The burrows of McKelvey et al. (1977), Forsyth and Chisholm (1977), Allen
(1978, 1979), Williams (1978), Allen and Williams (1978) and Ekes (1993) were not illustrated nor
adequately described and possibly correspond to additional examples of 7' barretti. The burrow of
Edwards (1975) is insufficiently illustrated to determine confidently whether the specimen is walled
or unwalled.

Beaconites capronus (Howard and Frey, 1984) comb. nov.

1966  Chevron trail; Howard, p. 40, fig. 4.

1970  Chevron burrow:; Frey and Howard, p. 183, fig. 8A [copy of Howard 1966, fig. 4].

1971  Chevron trail; Howard. p. 180, fig. 11 [partim: copy of Howard 1966, fig. 4].

1972 Chevron trail; Howard, p. 217, fig. 1 [copy of Howard 1966, fig. 4].

1982 Chevron burrow; Frey and Howard, p. 3, fig. 2¢ [copy of Howard 1966, fig. 4].

*1984  Ancorichnus capronus Howard and Frey, p. 201, figs 2-3.

1984  Ancorichnus capronus Howard and Frey: Frey et al.. p. 514,

1985  Ancorichnus capronus Howard and Frey; Frey and Howard, p. 373, figs 5.6, 5.8, 16.3D.

1985  Ancorichnus capronus Howard and Frey: Frey and Howard. p. 122, fig. 2 [copy of Howard and
Frey 1984, fig. 2].

1985  Ancorichnus capronus Howard and Frey; Frey and Pemberton, p. 90, fig. 26 [copy of Howard
and Frey 1984, fig. 2].

1989 Ancorichnus capronus Howard and Frey:; Martino, p. 393, fig. 5.5.

1990  Ancorichnus capronus Howard and Frey; Frey, p. 204, fig. 7p.

1990  Ancorichnus capronus Howard and Frey: Frey and Howard, p. 808, fig. 12 [copy of Frey 1990,
fig. 7o), fig. 13.1.

Diagnosis. Thinly lined, smooth walled, predominantly horizontal cylindrical burrow with distinct
chevron-laminated fill (after Howard and Frey 1984).

Remarks. This ichnospecies is readily distinguishable by the chevron pattern of the meniscate fill.
This fill has frequently been described as comprising alternating coarse and fine chevron-shaped
packets of sediment (Howard and Frey 1984; Frey and Howard 19854, 1985h, 1990), although
alternating grain size 1s not necessarily ubiquitously present (e.g. Martino 1989). Howard (1966)
described a chevron trail preserved in convex epirelief that he interpreted as having been formed at
the sediment-water interface, probably by a gastropod. Subsequently the trace was considered to
be a burrowed structure (Frey and Howard 1970, 1982) and included within A. capronus by Howard
and Frey (1984). B. capronus has, to date, only been recognized in marine strata (Text-fig. 4).
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Beaconites coronus (Frey et al., 1984) comb. nov.

1968  Meniscus burrow; Daley, p. 124, fig. 12A [partim].
1974 Horizontal burrows; Stanley and Fagerstrom, p. 70, figs 6, 7a-B.
1984  Muensteria Sternberg; Pemberton and Frey, p. 291, figs 4.6, 5B.
¥1984  Ancorichnus coronus Frey et al., p. 511, figs 1D [copy of Stanley and Fagerstrom 1974, fig. 6], 1E,
3a-c.

Emended diagnosis. Predominantly horizontal, more rarely inclined to vertical, distinctly lined,
gently winding, small meniscate burrow. Relatively short (with respect to burrow width) meniscate
packets, or segments, of alternating sediment type. Menisci gently to moderately arcuate.

Remarks. This ichnospecies is distinguished from B. antarcticus by its more uniformly sized and thin
individual meniscate segments, and from B. capronus by the presence of gently to moderately
arcuate menisci. Typically, several segments occupy a length of the burrow equivalent to its overall
width. Only one of Daley’s (1968) meniscate trace fossils appears to retain evidence of a wall
structure. This structure. ke the Taenidium of Toots (1967). may be due to preferential cementation
of the sediment adjacent to the trace-fossil boundary and not be a wall structure or part of the trace
fossil at all.

Ichnogenus TAENIDIUM Heer, 1887

2833 Muensteria hoessii Sternberg, p. 33, pls 6.4, 7.3 [partim] [?= Taenidium isp.. non Chondyrites].
21833 Muensteria flagellaris Sternberg, p. 33, pl. 8.3 [indeterminate].
non 1833 Muensteria geniculata Sternberg, p. 33, pl. 6.3 [= Hydrancylus isp. by Nathorst 1880;
7= Zoophycos isp.].
1841 Muensteria schneideriana Goppert, p. 115, pl. 57.3 [?= Taenidium isp.].
non 1851 Muensteria annulata Schathautl, pp. 22, 140, pl. 8.9 [= T. fischeri according to Heer 1877
?= Cladichnus 1sp.).
1858 Muensteria (Eumuensteria) flageflaris Sternberg; Fischer-Ooster, p. 36.
1858 Muensteria (Keckia) hoessii Sternberg: Fischer-Ooster, p. 38, pls 7.3, 16.4 [= Taenidiun isp.],
16.5 [= Taenidivm isp. partim].
non 1858  Muensteria (Keckia) dilatata Fischer-Ooster, p. 39, pl. 2 [? = Zoophycos 1sp.].
1861  Muensteria cretacea Ooster, p. 69, pl. 11.24 [reported in Heer 1877].
non 1865  Muensteria annulata Schathautl; Heer, p. 244, pl. 10.8 [= T. fischeri according to Heer 1877,
= Cladichnus isp.].
non 1869  Muensteria Sternberg; Ooster, p. 29, pls 8.2-8.4 [8.2 = Spirophycus; 8.3 7= Cladichnus fischeri;
8.4 7 = Ophiomorphal.
1869  Muensteria Sternberg; Schimper, p. 194.
N8TT  Muensteria (Keckia) antiqua Sternberg: Heer, p. 116, pl. 43.22.
877 Muensteria (Eumuensteria) flagellaris Sternberg:; Heer, p. 116, pls 66.4-66.5.
1877 Muensteria cretacea Ooster; Heer, p. 144, pl. 57.6 [= Taenidium isp.].
2877  Muensteria (Keckia) nummulitica Heer, p. 163, pl. 69.4.
1877 Muensteria (Keckia) hoessii Sternberg; Heer, p. 164, pls 66.6, 69.3 [= Taenidium 1sp.].
21877 Muensteria (Keckia) dilatata Fischer-Ooster; Heer, p. 164.
non 1880  Taenidium alysiodes Hosius and von der Marck, p. 131, pl. 24.5 [? = alga].
non 1887  Muensteria annulata Schafhautl; Squinabol, p. 554, pl. 17.3 [and synonymies therein:
= T. fischeri according to Squinabol 1891 ; ? = Cladichnus fischeri].
non 1887  Muensteria isseli Squinabol, p. 555, pl. 17.4-17.5 [= T. fischeri according to Squinabol 1891
? = Cladichnus fischeri].
1887  Muensteria minima Squinabol, p. 555, pl. 16.5 [? = Cladichnus isp.].
71888 Taenidium carboniferum Sacco, p. 162, pl. 2.1.
71888  Muensteria flagellaris Sternberg; Sacco, p. 169.
non 1888  Muensteria annulata Schafhiutl; Sacco, p. 170 [= T. fischeri according to Squinabol 1891
= Cladichnus isp.].
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Muensteria minima Squinabol; Sacco, p. 170.
Muensteria isseli Squinabol; Sacco, p. 170 [= T. fischeri fide Squinabol 1891 = Cladiclhius

fischeri).

Taenidium helveticum Schimper and Schenk. p. 54, fig. 42.2.

Taenidium radiatum Schroter, p. 80, figs 1-2 [= Cladichnus fischeri].

Taenidium isseli Squinabol; Papp. p. 315, figs 1-2 [= Cladichnus fischeri].

Muensteria Sternberg; Seilacher, fig. 5.43.

Muensteria Sternberg; Seilacher, p. 1070, table 2.28.

Muensteria hoessii Sternberg; Seilacher, p. 1070, table 2.40 [= Taenidium isp.].

Taenidium Heer [partim]; Hintzschel, p. W218 [non figs 136.2a-136.2b (copies of Papp, 1941 fig.
1) = Cladichnus fischeri].

Muensteria hoessii Sternberg: Seilacher, p. 229, pl. 2.6 [= Taenidiun isp.].

Muensteria Sternberg; Seilacher, p. 309, fig. 7.27.

Taenidium Heer; Toots, p. 93, fig. 1.

Taenidium Heer; Perkins and Stewart, p. 77, fig. 57d.

Taenidium Heer; Chamberlain, p. 42, fig. 6.32 [? = Cladichnus isp., partim, ? = Rhabdoglyphus
1sp.. partim].

Taenidium annulata (Schathdutl): Chamberlain, p. 241, figs 811, [? = Cladichnus] pl. 32.12
[?7 = Rhabdoglyphus).

Taenidium Heer; Germs, p. 866, pls 2.2-2.3.

Muensteria Sternberg: Heinberg, p. 17, fig. 1.

Munsternia [= lapsus calami].; Chamberlain, p. 1076, fig. 21"

Taenidium Heer; Chamberlain, p. 1076, fig. 2G".

Keckia Glocker:; Hiantzschel [partim], p. W75 [non fig. 47.2, copy of Glocker 1841, pl. 4].
Muensteria Sternberg; Hintzschel [partim], p. W84,

Taenidium Heer; Hantzschel, [partim], p. W112 [non fig. 70.1 = Cladichnus fischeri].
?Taenidium Heer; Hakes, p. 38, pl. 11.6 [also tabulated in Hakes 1985].

Muensteria cf. M. hoessii Sternberg; Chamberlain, p. 14, figs 21, 5 [? = Taenidivun barretti].
Taenidium serpentivm [lapsus calami]: Chamberlain, p. 18, fig. 3¢ [= Taenidium isp.].

Keckia annulata Glocker; Ksiazkiewicz, p. 63, pl. 3.14 [ = Taenidiunm 1sp.].

Keckia hoessii (Sternberg): Ksiazkiewicz, p. 64, pls 3.15-3.16 [= Taenidiunm 1sps.].

Taenidium annulatum (Schafhiutl): Ksiazkiewicz, p. 85, pl. 5.4 [= Taenidium isp.].

Taenidium isseli (Squinabol); Ksiazkiewicz. p. 85, pls 5.1-5.2 [= Cladichnus 1sp.].

Muensteria geniculata Sternberg; Ksiazkiewicz, p. 122, pl. 13.2 [? = Taenidivm barretti].
Muensteria hamata Fischer-Ooster: Ksiazkiewicz, p. 122, pl. 13.3 [indeterminate branching
meniscate structure].

Muensteria planicostata Ksiazkiewicz, p. 122, pl. 13.1 [? surface trail].

Taenidium Heer; Stanley er al. p. 267, fig. 18 [partim]. fig. 19¢.

Taenidium annulatum (Schathiutl); Alexandrescu and Brustur, p. 21, pl. 2.5 [= Cladichnus
fischeri].

Taenidium 1sp.; Alexandrescu and Brustur, p. 21, pl. 3.1 [= Cladichnus fischeri).

Muensteria Sternberg: Chamberlain, p. 144, fig. 3s.

Taenidium Heer; Chamberlain, p. 52, figs 4.23 [non 4.24 = Cladichnus]. 10 [partim]. 11 [partim,
copy of Chamberlain 1971, fig. 6].

Taenidium Heer; Seilacher, p. 195, fig. 6.30.

Taenidium Heer:; Carey, p. 438, fig. 6.

Muensteria Sternberg; Chamberlain p. 12, fig. 3 [copy of Chamberlain 1977, fig. 2].

Keckia isp.; McCarthy, p. 363, figs 3A, 3C-E.

Taenidium Heer: Pickerill, p. 1270, fig. 4/.

Taenidium Heer: MacDonald, p. 9, figs 6A-B.

Taenidium Heer; Tevesz and McCall, p. 270, fig. 5 [copy of Toots 1967, fig. 1].

Muensteria Sternberg: Wetzel, p. 290, fig. 2 [partim], fig. 6.4.

Muensteria Sternberg: Howard and Frey, p. 201, fig. 1.

Muensteria Sternberg; Pemberton and Frey, p. 291, figs 4.6, 58 [= Beaconites coronus].
Muensteria Sternberg ; Pickerill er al., p. 265, fig. 6A.

Muensteria Sternberg: Heinberg and Birkelund, p. 365, fig. 108 [= Ancorichnus ancorichnus).
Backfilled burrows: Archer, p. 286, fig. 3c.
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1985  Entradichnus meniscus Ekdale and Picard, p. 8, pl. 2a-B.
1985  Muensteria Sternberg; Eagar er al., p. 140, pls 1B [partim]. 6¢C.
1985  Muensteria Sternberg ; Frey and Pemberton, p. 76, fig. 2 [copy of Howard and Frey 1984, fig. 1].
1985  Muensteria Sternberg; Frey and Howard, p. 130, fig. 9 [copy of Howard and Frey 1984, fig. 1].
1985 Muensteria isp.; Frey and Howard, p. 378, figs 10.12, 16.38, 19.6.
71986  Taenidium Heer; Miller, p. 343, fig. 3B.
1986  Muensteria isp.; Valenzuela et al.. p. 129.
1986 Muensteria Sternberg; Wheatcroft, p. 61, pl. 6.1c.
1986  Keckia isp.: Wheatcroft, p. 61, pl. 6.1B.
1986  Muensteria Sternberg; Brenchley et al., p. 246.
1987 Muensteria isp.; Narbonne et al., p. 1284,
non 1987 Muensteria isp.; Pickerill et al., p. 83, fig. 4D [indeterminate].
1987  * Muensteria’: D’ Alessandro et al., p. 287, fig. 3.
1987  Muensteria 1sp.; Lockley et al., p. 259, figs 1, 2b.
MN987  Margaritichnus 1sp.; Lockley et al., p. 258, fig. 3.
1987  Backfilled burrow; Narbonne and Hofmann, p. 671, fig. 10e.
1988  Taenidium Heer; Bjerstedt, p. 55, fig. 5F.
1988  Muensteria isp.: Pickerill and Harland, p. 125, fig. 4d.
1988 Muensteria geniculata Sternberg; McCann and Pickerill, p. 337, fig. 4.4 [= Taenidium isp.].
1988 Muensteria isp.; McCann and Pickerill, p. 337, fig. 4.5.
non 1988 Taenidium isseli Squinabol; McCann and Pickerill, p. 342, fig. 5.8 [? = Cladichnus isp.].
1988  Muensteria Sternberg: Wiedman and Feldmann, p. 535, fig. 2.4.
1988 Beaconites antarcticus Vialov:; Gordon, p. 144, figs 4A-B.
non 1989 Taenidium Heer:; Powichrowski, p. 392, fig. 12 [= Cladichnus isp.].
1989  Muensteria isp.; Walter et al., p. 232, fig. 9A.
1990  Muensteria Sternberg; Dam and Andreasen, p. 215, fig. 11c.
1990  Muensteria cf. geniculata Sternberg: Mikulas, p. 314, fig. la. pl. 2.4.
1991  Taenidium Heer: Burton and Link, p. 295, figs 7A. 7G.
1991 Taenidium Heer; Ekdale and Bromley, p. 232, figs 1, 3, 4a, 5, 7, 12.
21991 Taenidium Heer: Miller, p. 167, fig. 4H [copy of Miller 1986m. fig. 3B].
21991 Taenidium Heer:; Miller, p. 76, fig. 4.
21991  Taenidium Heer; Romano, p. 197.
21991  Taenidium Heer; Scasso et al., p. 251.
1991  Muensteria Sternberg: Leszczynski, p. 171, figs 4. 6 [partim].
1992 Taenidium i1sp.: Crimes ef al., p. 68, figs 4D, 5C.
7992 ?Taenidiim Heer; Mikulas, p. 225, pl. 2.3.
71993 Taenidium Heer; Smith et al., p. 590, fig. 13.

Emended diagnosis. Variably oriented, unwalled, straight, winding, curved, or sinuous, essentially
cylindrical, meniscate backfilled trace fossils. Secondary successive branching may occur, but true
branching is absent.

Type ichnospecies. T. serpentinum Heer, 1877.

Remarks. Wall linings are not present in Taenidium, distinguishing it as an unwalled ichnotaxon (see
previous discussion). The trace fossil may typically appear slightly annulate when thick meniscate
packets are present; otherwise, the boundary is usually slightly irregular. Fill is variable, of
homogeneous or heterogeneous., faecal and non-faecal content. Ichnospecies are defined by such
variations in the style of meniscate fill.

Only three valid ichnospecies of Taenidium were described by D’Alessandro and Bromley (1987),
T. serpentinum, T. satanassi and T. cameronensis. T. gillieroni Heer, 1877, and T. convolutum Heer,
1877 were considered synonymous with the type. In this contribution we designate a fourth
ichnospecies, 7. barretti.

D’Alessandro and Bromley (1987) also noted that M. clavata Sternberg, 1833, M. vermicularis
Sternberg, 1833 and M. lacunosa Sternberg, 1833 are not trace fossils. They also made 7. fischeri the
type of a new ichnogenus, Cladichnus, included within which were specimens of 7. lusitanicum Heer,
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1881 by Heer (1881) and Wilkens (1947); M. (K.) annulata by Fischer-Ooster (1858 partim);
T. annulata by D’Alessandro er al. (1986) and * Taenidium’ by Kern (1978) and Pedersen and Surlyk
(1983). Also included should be references of 7. fischeri by Sacco (1888), Schimper and Schenk
(1890), Squinabol (1891), Schréter (1894) and Liburnau (1900). Together with M. bicornis Heer,
1877, M. caprina Heer, 1877 and M. involutissima Sacco, 1888 that were placed within Spriophycus
Hintzschel, 1962 by Héntzschel (1962), M. clavata, M. vermicularis, M. lacunosa and T. fischeri are
not included in the above synonymy list.

A plethora of other potential synonyms also exist between the various ichnospecies of Taenidium
and Muensteria, and with other ichnogenera. Briefly, Fischer-Ooster (1858) included Keckia
annulata Glocker, 1841, within one of his “subgenera’ of Muensteria, namely M. (Keckia) annulata
Schafthédutl, 1851. M. annulata and M. isseli Squinabol, 1887 were considered similar to 7. fischeri,
by Heer (1877) and Squinabol (1891) respectively. Keckia and Saportia Squinabol, 1891, were
included within Wilcken’s (1947) discussion of Taenidium. Subsequently, D’Alessandro and
Bromley (1987) considered Keckia as a dubious ichnotaxon, and included Saportia within
Cladichnus. Most specimens of Keckia can therefore be accommodated within Cladichnus.

Another of Fischer-Ooster’s (1858) “subgenera’, containing mainly spreiten-like structures, was
Muensteria (Hydrancylus). The subgenus included M. (H.) geniculata Sternberg, 1833. Hydrancylus
was later (Nathorst 1880) considered to be a distinct ichnogenus but can most probably be
considered a junior synonym of Zoophycos Massalongo, 1855. Ksiazkiewicz’s (1977) interpretation
of Muensteria was gemrally analogous to Fischer-Ooster’s (1858) Hydrancylus subgenus. However,
Ksiazkiewicz's (1977) specimen of M. geniculata, as well as M. geniculata of McCann and Pickerill
(1888) and Mikulas (1990), contained almost semi-circular menisci as opposed to a spreite, and must
be reassigned within Taenidium.

D’Alessandro and Bromley (1987) also considered M. cretacea Ooster, 1861, M. hoessii Heer,
1877, M. planicostata Ksiazkiewicz, 1977, T. carboniferum Sacco, 1888, and T. maeandriformis
Miiller, 1966 to be dubious ichnospecies. Of these, M. planicostata, in its original diagnosis, was
stated as hypichnial and described as “crescent grooves produced by contraction of (a gastropod)
foot, later cast in sand’ (Ksiazkiewicz 1977, p. 122). Being in all likelihood a surface trail. it should
not be included within Taenidium. T. meandriformis, like T. praecarbonicum Gumbel, 1879 into
which the former was placed as a junior synonym by Pfeiffer (1966), is herein considered
synonymous with 7. serpentinum. Sacco’s (1888) T. carboniferum is similar to the structures of
Lockley et al. (1987) that they erroneously termed ?Margaritichnus Bandel. 1973 they should not
be included under Eione as suggested by Maples and Suttner (1990), Eione being invalid as an
ichnotaxon (Rindsberg 1990). In subdued convex epirelief or concave hyporelief, these trace fossils
resemble 7. serpentinum, but although their structure is distinctly annulate, pcu,ku:: are occasionally
elliptical as opposed to bullet-shaped in form, and in longitudinal cross-section the upper parts of
the bd(.kfll]mg packets are imbricated. Imbrication and the occasional elliptical packeting (1.e. where
no menisci are really observed) may ultimately preclude inclusion of this form within Taenidium.
and the ichnospecies 1s considered dubious. M. cretacea has characteristics similar to some
specimens of M. hoessii, and 1s similarly still considered a dubious ichnospecies. The original
M. hoessii and M. flagellaris Sternberg, 1833 were considered to resemble Chondrites by D'Alc&%undm
and Bromley (1987) because they were diagnosed as dichotomous. From Sternberg (1833, pls 6.4
8.3), however, it is uncertain whether his specimens exhibited false or secondary successive
branching, and his other illustration of M. hoessii (pl. 7.3) 1s of an unbranched specimen. The
original diagnosis and illustrations of M. hoessii additionally mentioned the presence of *lineis
transversis’ and exhibit a distinct meniscate structure, unlike Chondrites.

M. hoessii 1s, however, a name that has been used for several different types of burrow and some
specimens may ultimately represent distinct ichnospecies (D’Alessandro and Bromley 1987).
Informally, it appears that the burrows M. cf. hoessii of Chamberlain (1977). (?) Taenidium of Carey
(1978) and Muensteria of Wiedman and Feldmann (1988) contain a highly distinct, heterogeneous
backfill in which regularly spaced segments form striking crescentic compartments between infill
that is indistinguishable from the enclosing strata. K. annulata and K. hoessii of Ksiazkiewicz (1977,
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pls 3.14, 3.16) and Keckia 1sp. of McCarthy (1979, fig. 3¢) are similar to B. capronus apart from
lacking a wall. Longitudinally thin, equally spaced, deeply concave, densely stacked but very
distinct heterogeneous meniscate segments would seem to distinguish M. (K.) hoessii of Fischer-
Ooster (1858, pl. 16.4), M. cretacea of Heer (1877), M. hoessii (partim) of Heer (1877), and
M. hoessii of Seilacher (1958, 1962). We therefore concur with D’Alessandro and Bromley (1987)
that additional ichnospecies of Taenidium can probably be distinguished. Apart from 7. barretti
introduced herein, however, we have not attempted to investigate thoroughly other potential
ichnospecies of Taenidium, as this is beyond the scope of this contribution. Such material has been
retained in the ichnogeneric synonymy only.

Ekdale and Bromley (1991) also illustrated both the densely meniscate and strikingly segmented
forms of Taenidium occurring in association with Zoophycos. Their photographs additionally
illustrate the problems that can arise between these two ichnotaxa when seen in section, because
both may appear as unwalled, meniscate (or spreiten) structures. Slabbing of samples may be
necessary to distinguish the two (Chamberlain 1978a). The ichnogenus Compaginatichnus Pickerill,
1989, was erected for burrows that contain similar arcuate meniscate infill to Taenidium. However,
at the base of this burrow, underlying the meniscate infill, is a distinct coprolitic, pelletal layer. The
burrow therefore contains a compound fill of upper meniscate segments and lower pelletal layer.
Recognition of bcth types of fill 1s necessary for the correct identification of this ichnotaxon;
otherwise, 1f the burrow was entirely meniscate, it would be included within Taenidium (Pickerill
1989). Full relief views Arthrophycus Hall, 1852, and Planolites annularius Walcott, 1980, may also
give the impression of being meniscate and could be confused with Taenidium, as could Nereites
MacLeay, 1839, where the disturbance zone in the latter is not preserved (D’Alessandro and
Bromley 1987). Again, slabbing of samples 1s essential to confirm that the trace fossil being
identified is a burrow and not a trail, and that the infill is entirely meniscate, and not partly pelletal,
internally structureless or imbricate, nor externally disturbing the surrounding sediment.
Imponoglyphus Vialov, 1971, contains truncated cones invaginated into one another. Poorly
preserved or weathered material may potentially appear as simple, articulated meniscate segments
assignable to Taenidium. Another invaginate trace fossil, Rhabdoglyphus Vassoievich, 1951,
resembles material figured by Chamberlain (1971a, pl. 32.12) as unbranched 7. annulata (see Stanley
and Pickerill 1993 for discussion).

Taenidium serpentinum Heer, 1877

1858  Muensteria (Keckia) schneideriana Goppert: Fischer-Ooster, p. 39, pl. 15.3.
1877 Taenidium serpentinum Heer, p. 116, pls 46.3-46.4.
1877  Taenidium gillieroni Heer, p. 117, pl. 50.1 [partim].
1877 Taenidium convolutum Heer, p. 117, pl. 50.2 [partim].
1887  Muensteria serpentina [ = lapsus calami]; Maillard, p. 37, pl. 1.4.
1890  Taenidium serpentinum Heer; Schimper and Schenk, p. 54, fig. 42.1.
21966  Taenidium maeandriformis Miiller, p. 712, figs 1-2, pl. 1.
2966  Taenidium praccarbonicum Gumbel ; Pleiffer, p. 688, fig. 3.21.
1971 Taenidium serpentium [= lapsus calami]; Chamberlain, p. 42, fig. 6.32 [partim].
1971 Taenidium serpentium [= lapsus calami]; Chamberlain, p. 241, pl. 32.10.
2972 Taenidium carbonicum [ = lapsus calami]; Hintzschel, p. 115, fig. 3.
1974 Muensteria Sternberg: Fursich, p. 34, figs 28, 29a.
2977 Taenidium serpentium [= lapsus calami]; Chamberlain, p. 18, figs 2a, 2h, 3¥ TA [non 31 =
Taenidim isp.].
21982 Taenidium praecarbonicum Gumbel; Benton, p. 122, fig. 6v.
1987  Taenidium serpentinum Heer; D’Alessandro and Bromley, p. 743, figs 5-7.
2989 Taenidium serpentinum Heer; Miller, p. 48, fig. 2B.
1990  Taenidium serpentinum Heer; Dam, p. 142, fig. 1la [partim].
2990  Taenidium serpentinum Heer; Maples and Suttner, p. 874, fig. 14.1.
1990  Taenidium serpentinum Heer; Dam, p. 226, fig. 6 [partim copy of Dam, 1990, fig. 11a], figs 15,
19, 23.
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Diagnosis. Serpentiform Taenidium having well-spaced, arcuate menisci; distance between menisci
about equal to or a little less than burrow width. External moulds may show slight annulation
corresponding to menisci, or fine transverse wrinkling. Secondary subsequent branching and
intersections occur. Boundary sharp and lacks lining (after D’Alessandro and Bromley 1987).

Remarks. As with T. satanassi, this ichnospecies has meniscate packets typically of slightly less
length than width. Unlike 7. satanassi, however, the fill 1s homogeneous and of the same
composition as the enclosing strata. The possibility of a thin, incomplete, and generally
“insignificant’ lining occurring locally was indicated by D’Alessandro and Bromley (1987). This
should not affect the naming of the structure, since trace fossils are named after their predominant
features (Pickerill 1994), in this case the lack of a wall structure. 7. praecarbonicum is provisionally
included within 7. serpentinum (along with specimens of 7. gilleroni. and T. convolutum), although
sketches of the former (Heer 1877; Pfeiffer 1966 Benton 1982) would indicate that assignment is
dubious, since the individual sediment packets are ellipsoidal in shape and nowhere have concave
meniscate interfaces. To date, the ichnospecies has only been confirmed in marine sediments (Text-
fig. 5).

Taenidium satanassi D’ Alessandro and Bromley, 1987

1986  Muensteria isp. Sternberg; D’Alessandro et al., p. 299, fig. 5B.
*¥1987  Taenidium satanassi D’ Alessandro and Bromley, p. 743, figs 6, 8-9.
1990  Taenidium satanassi D’ Alessandro and Bromley: Bromley, p. 178, fig. 10.9 [copy of
D’Alessandro and Bromley 1987, fig. 8].
1990  Taenidium satanassi D’ Alessandro and Bromley: Frey and Howard. p. 15, fig. 16.13. fig. 25
[copy of Howard and Frey 1984, fig. 1].

Diagnosis. Sinuous to nearly straight backfilled burrows, the fill consisting of meniscate packets,
each packet containing two types of sediment of more or less equal thickness: sediment packets
considerably shorter than wide. Menisci weakly arcuate (after D’Alessandro and Bromley 1987).

Remarks. Typically a slight constricting annulation in the outer boundary of the burrow
corresponds to the contact between the packets. 7. barretri. although similarly containing a
heterogeneous fill, does not have distinct packeting but only short, more arcuate crescents or non-
compartmentalized meniscate fill. Frey and Howard’s (1990) specimens do not incorporate
alternating meniscate fill, although individual packets are considerably shorter than wide. The few
specimens so far encountered of this ichnospecies are from a marine setting (Text-fig. 5).

Taenidium cameronensis (Brady, 1947)

1947  Scolecocoprus cameronensis Brady, p. 471, pl. 69, fig. 1.
1955 Scolecocoprus cameronensis Brady: Lessertisseur, p. 58, fig. 33¢ [copy of Brady, pl. 69].
1978  Scolecocoprus cameronensis Brady: Decourten, p. 491, fig. 1a—c.
1987  Taenidium cameronensis (Brady); D'Alessandro and Bromley, p. 743, fig. 6.
1993 Taenidiuvm cameronensis (Brady): Pickerill er al.. p. 63, fig. 2p.

Diagnosis. Unwalled meniscate burrows, secondary successive branching and intersection may be
present. Meniscate packets usually longer than wide, with the deeply concave meniscate interfaces
resulting in a nested appearance. (After D’Alessandro and Bromley 1987).

Remarks. This ichnotaxon was not clearly redefined by D’Alessandro and Bromley (1987).
Although they retained the overall meaning of Scolecocoprus Brady, 1947, the accompanying
illustration of the ichnotaxon by D’Alessandro and Bromley (1987, fig. 6) cannot be distinguished
from the original illustration of Scolecocoprus arizonensis Brady, 1947. S. arizonensis has a different
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TEXT-FIG. 5. Temporal and environmental distribution of Taenidium ichnospecies. Only references to
confidently assigned ichnospecies and of known environment are included. Authors: 1, D'Alessandro et al.
1993: 2, Smith et al. 1993 ; 3, Squires and Advocate 1984 ; 4, D’Alessandro et al. 1987; 5, D’Alessandro et al.
1986 6, D’ Alessandro and Bromley 1987; 7. Diemer and Belt 1991 ; 8, Pickerill ez al. 1993; 9, Bracken and
Picard 1984 10, Fursich 1981; 11, Firsich 1974; 12, Heer 1877; 13, Dam 1990a:; 14, Dam 19904; 15, Maulik
and Chaudhur 1983; 16, Sarkar and Chaudhuri 1992; 17, Acenolaza and Buatois 1991; 18, Acenolaza and
Buatois 1993: 19, Ridgway 1974; 20. Brady 1947; 21, Decourten 1978; 22, Chamberlain 1971a; 23,
Chamberlain 19715; 24, Chamberlain 19784 ; 25, Graham and Pollard 1982; 26, Briick 1987; 27, Eagar er al.
1985; 28, Keighley and Pickerill 1993; 29, this paper; 30, Nilsen 1982; 31, Allen and Williams 19815; 32,
Pearson 1992: 33, Gevers et al. 1971 ; 34, Bradshaw 1981 35, Bradshaw and Webers 1988 ; 36, Woolfe 1990
37, Thoms and Berg 1985 38, Bridge er al. 1986; 39, Dam and Andreasen 1990; 40, Tegan and Curran 1992.
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TEXT-FIG. 6. Taenidium barreiti (Bradshaw). Division of Natural Sciences, New Brunswick Musecum, Saint John
(NBMG); Grand Etang, Cape Breton Island, Nova Scotia, Canada; Pomquet Formation, mddle
Carboniferous ; burrows from fluvio-lacustrine (shoreline) deposits. A i, it, NBMG 9074 ; stereopair of full relief
structures ; thin-sectioning of the structures confirms that they are unwalled, the knobbly outline being the
result of irregular meniscate backpacking of sediment containing angular mudstone fragments; x0-7.
B, NBMG 9217; top surface view of horizontally orientated (and inclined) specimens that have more uniform,
silt-grade backfill, resulting in very indistinct menisci being preserved: x 0-25. ¢, NBMG 9216 vertical section
through slab, showing irregular meniscate structure that, in this case, indicates downward movement of
producer; x 1.

type of meniscate fill, approaching a chevron-shape, and is not synonymous with Taenidium
because this ichnospecies contains a deeply grooved ornamentation at the base of the burrow.
T. cameronensis, however, remains distinguishable from the similarly homogeneously backfilled
T. serpentinum primarily by having packets longer than the burrow width.

Taenidium barretti (Bradshaw, 1981)
Plate 1; Text-figure 6
1968  “Scolicia® de Quatrafages: Webby, p. 1003, fig. 8.
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1971 Beaconites antarcticus Vialov; Gevers et al., p. 81, figs 1-2, 4.
1974 Problematica [ = cf. Beaconites antarcticus Vialov; Pollard, 1976]; Ridgway, p. 511, fig. 1, pl. 17.
1975 Beaconites Vialov; Hintzschel, p. W45, fig. 28.1 [copy of Gevers et al., 1971, fig. 2].
1981  Beaconites antarcticus Vialov; Allen and Williams, p. 255, figs 6-11.
*1981  Beaconites barretti Bradshaw, p. 630, figs 17-18.
1981  Scoyenia isp.; Fursich, p. 160, pl. 5 [partim].
1982 Beaconites antarcticus Vialov; Graham and Pollard, p. 259, figs 3a, 4a-C, 5A-B.
1982 Backfilled burrow: Nilsen, p. 79, fig. 46A.
71982  Meniscate burrow; Bown, p. 282, fig. 12B.
71982  Meniscate burrow; Bown and Kraus, p. 118, figs 76-F, 8A-B.
1983 Horizontal feeding burrow; Maulik and Chaudhuri, p. 23, fig. 3.
1984 Muensteria 1sp.; Braken and Picard, p. 482, fig. 9.
1984  ?Muensteria isp.: Squires and Advocate, p. 594, figs 2a-F.
1985  cf. Beaconites antarcticus Vialov: Eagar et al., p. 134, pl. 14a.
1985  Bivalve trace fossils; Thoms and Berg, p. 13, pl. 1c-E.
1986  Vertical burrows; Bridge er al., p. 65, pl. 1B.
1987  Beaconites barretti Bradshaw; p. 259, figs 4-5.
1987 cf. Ancorichnus coronus Frey er al.; D'Alessandro er al., p. 285, fig. 2.
1988 Beaconites barretti Bradshaw ; Bradshaw and Webers, p. 787.
1990  Beaconites isp: Dam and Andreasen, p. 208, fig. 11B.
1990  Beaconites barretti Bradshaw ; Woolfe, p. 302, fig. 3.
1991 Ancorichnus coronus Frey et al.; Acenolaza and Buatois, p. 96, pl. 2.1.
1991  Meniscate burrow; Diemer and Belt, p. 97, fig. 12 [non Rhizocorallium, p. 96).
1992 ?7Beaconites Vialov; Pearson, p. 129, fig 3D.
1992 Beaconites barretti Bradshaw: Tegan and Curran, p. A154.
1992 Taenidium Heer; Sarkar and Chaudhuri, p. 11, figs 4-5.
1993 Taenidium 1sp.; D’Alessandro er al., p. 497, figs 3, 48, 68, 9, 10B [partim] 2, 6a, 10a, 12B.
1993 Taenidium Heer; Smith er al.. p. 590, fig. 14.
1993 Ancorichnus coronus Frey et al.; Acenolaza and Buatois, p. 188, fig. 4D [copy of Acefiolaza and
Buatois 1991, pl. 2.1].
1993 Taenidium isp.; Keighley and Pickerill, p. 83.
1993 Taenidium barretti (Bradshaw): Keighley and Pickerill, p. 83.

Emended diagnosis. Straight to variably meandering, unbranched, unwalled, meniscate backfilled
burrow. Menisci are commonly hemispherical or deeply arcuate, tightly packed or stacked, forming
non-compartmentalized backfill or thin meniscate segments.

Remarks. As previously discussed, menisci may merge laterally at the burrow boundary and in some
preservational variants form a pseudo-wall or -lining. This is more likely where distinct segmentation
of the backfill has been achieved. The boundary may be irregular to crenate, with individual
meniscate segments slightly offset to one another (Graham and Pollard 1982). In full relief the
burrow boundary may appear knobbly and similar to Ophiomorpha irregulaire Frey et al., 1978
(Text-fig 6A). The distinctiveness of menisci in the backfill is variable (Plate 1; Text-fig. 6B—C).
Individual backfilled compartments may be so short in longitudinal section (thin segments) with
respect to overall width, that distinct segmentation of the backfill 1s not achieved and the fill
becomes irregular (non-compartmentalized). In addition, homogeneity in particle size or clast
composition may result in the menisci being poorly defined when produced, and result in them being
uniformly cemented and weathered. Many specimens from the Upper Palacozoic are of giant size
(up to 450 mm wide — Pearson 1992), although recorded widths (but not necessarily diameters —
Graham and Pollard 1982) may be as small as 5 mm (Plate 1 ; Text-fig. 3). Almost all recordings are
from non-marine environments (Text-fig. 5).

T. barretti is typically undulating and subparallel to stratification, although vertical sections, of
similar diameter as the (sub-) horizontal burrow, may be dominant (e.g. Allen and Willhams 19814,
Graham and Pollard 1982, Bracken and Picard 1984). Although previously interpreted as ‘escape’
or “equilibrium’ structures, some exclusively vertical *burrows’ are also included in the synonymy.



KEIGHLEY AND PICKERILL: BEACONITES 329

Simple downward displacement of primary sedimentary laminae is not an exclusive and
distinguishing feature that can separate equilibrium structures from ichnospecies of repichnial
Taenidium, that comprise arcuate non-faecal backfill (see Sarkar and Chaudhuri 1992, fig. 5).

CONCLUSIONS

There 1s still a tendency for ichnologists to be influenced in naming a particular trace fossil
depending on the interpreted depositional environment in which it 1s encountered. The classic
example of this is the Cruziana—Rusophycus Hall, 1852 versus Isopodichnus Bornemann, 1899
debate, whereby several authors still persist in using the latter if a bilobate trace is encountered in
non-marine rocks (see Bromley 1990). Similarly, the presence of large meniscate burrows in non-
marine to marginal marine deposits appears to have automatically resulted in immediate
comparison to Beaconites and, more recently, small lined backfilled structures to Awncorichnus
without careful consideration of the significant criteria necessary for their nomenclature.
Ancorichnus is unwalled but possesses a two zoned fill: an outer mantle with an internal, transverse
to diagonal fabric, and an inner meniscate backfill. Simple meniscate structures with a distinct but
unornamented and unstructured wall are considered to belong to Beaconites, whose ichnospecies
are differentiated based on variations within the meniscate infill. Taenidium 1s a simple, unwalled,
meniscate, backfilled structure, ichnospecies again being differentiated on the basis of variation
within the meniscate infill (Text-fig. 2). We re-emphasize that depositional environment is not a
valid diagnostic criterion, and workers should name their trace fossils solely on the basis of
morphology. Without this directive, the development of workable ichnofacies/ichnocoenoses
cannot be continued, since workers will be following the circular argument whereby a trace fossil
is being utilized as an aid in the interpretation of a specific palaeoenvironment, but that
palaeoenvironment is being inferred in the first place to name the trace fossil.
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