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Fig. 8. Palaeoscolex cf. P. ratcliffei, SM X7802; Murero Shale (Valdemiedes Beds), northeast Spain; I photographed dry, 2-4
photographed under alcohol. 	 1,2. Entire specimen, X 2.8. 	 3. Anterior trunk and questionable head, X 7.6. 	 4.

Papillate bands on left posterior, X 14.1.
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Family PALAEOSCOLECIDAE Whittard,
1953

Genus PALAEOSCOLEX Whittard, 1953

PALAEOSCOLEX cf. P. RATCLIFFEI
Robison, 1969

Figure 8

New material. —Apparently more or less en-

tire soft-bodied worm, part only, SM X7802,

from the Murero Shale (Valdemiedes Beds) in

northeast Spain, donated by J. C. Gutierrez.

Description. —The only available specimen

(Fig. 8) is from the Middle Cambrian of north-

eastern Spain. The worm is preserved in fine-

grained calcareous silt as a flattened compres-

sion, possibly of carbonaceous composition. It is

folded upon itself, toward what is interpreted as

the posterior end. By the time decay processes

had either ceased or been interrupted, the worm

may have consisted largely of a bag of cuticle

with most of the internal organs destroyed. In

such a condition folding would be probably

facilitated, and it may be significant that other

specimens of Palaeoscolex show comparable fea-

tures (Whittard, 1953, pl. 4, figs. 1-3; Robison,

1969, pl. 138, fig. 1).
The unfolded length of the specimen is

about 81 mm. The body tapers only slightly

from a maximum width of about 7 mm. Mor-
phological details at either end are obscure. At

what is taken to be the anterior end there is a

suggestion of a lateral expansion and possibly a

broad median cleft (Fig. 8,3). Whether this

represents a head is most uncertain, as no
similar feature has been commented upon in

other material of Palaeoscolex (Whittard, 1953;
Robison, 1969; Glaessner, 1979). Nevertheless,

the papillate bands that occupy the remainder

of the body do not appear to extend onto this
anteriormost region, although irregularly scat-

tered brown spots may represent some original
ornamentation. No jaw apparatus is apparent

(compare Whittard, 1953).
Almost the entire external surface is oc-

cupied by transverse rows of papillae alternat-
ing with unarmed bands (Fig. 8,1,2). Their

oblique trend is not believed to be original and

in life they were presumably transverse. To-

ward the anterior the exact arrangement of the
papillae is obscure, possibly because of super-

position of both sides of the body. The majority

of papillae are preserved in positive relief, and

they extend across the entire body. More poste-
riorly, however, the lateral regions are sepa-

rated by a broad median division across which

only faint traces of the bands occur. The reason

for this smoothness is uncertain, but if it reflects

a broad alimentary tract then it is considerably
wider than the gut in other species of Palaeoscolex
(Whittard, 1953; Robison, 1969). In this part

of the body the papillae are preserved in
positive relief on the left, and as negative
impressions (pits) on the right, whereas on the

recurved length of the body the sides of nega-

tive and positive relief are transposed. This fact
suggests that folding of the body also involved
twisting through about 180 0 , a feature consist-
ent with the behavior of largely cuticular re-

mains (Conway Morris, 1977, pl. 12, fig. 8)
unless the animal was strongly compressed in

life. The transverse shift across the body from

positive to negative relief preservation of the
papillae is best explained by a jump in the plane
of splitting from one side of the animal to the

other.
Each papillate band (0.28 to 0.36 mm wide)

is separated by an unarmed narrower zone
(0.08 to 0.14 mm). There are approximately 24
papillate bands per cm, so that in the specimen

their total was about 190. Each papillate band

(Fig. 8,4) bears two rows of papillae separated
by a median zone that is conspicuously darker
than the interpapillate band and appears to
bear occasional isolated papillae. However, the
finer ornamentation of minute pits and median
ridges that occupied the intrapapillate zone of

P. piscatorum (Whittard, 1953) is not evident
here, although its absence may be preserva-
tional. The papillae are preserved as minute
(about 80 Am diameter) hemispherical struc-
tures composed of some dark material (com-
pare Robison, 1969). Each transverse band

contains about 35 papillae, so that the original
ring of papillae probably totaled about 70.

Discussion. —For the purposes of comparison
discussion is restricted to similarities between
the Spanish specimen and the three species
(piscatorum, ratcliffei, anti quus) currently assigned
to Palaeoscolex. The ornamentation of the Span-
ish specimen most closely resembles the ar-
rangement in P. ratcliffei. Whether a mor-
phological pattern similar to the intrapapillate
zone of P. piscatorum was present originally in P.
ratcliffei (Robison, 1969) or the Spanish spec-
imen, but has not been preserved, is unre-
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Table 1. Comparative data on Palaeoscolex.
(Length-width ratio approximate, for worms presumably could contract and elongate considerably. See text.)

Maximum
	

Segments
	

Papillae
	

Diameter
length:
	

per cm	 per ring
	

large papil-
width
	

lae, Am

P. antiquus
P. piscatorum
P. ratcliffei
Spanish specimen

SM X7802

12 :	 1 6-20 60 ca. 90-150
33 : 1 80-100 60-80 25
25 : 1 30-40 50-80 40-65
11	 :	 1 24 70 80-100

solved. It is clear, however, that the
ornamentation of P. antiquus is rather different
(see below). Other data (Table 1) in general
support the notion that the Spanish specimen is
most similar to P. ratcliffei (see also Robison,
1969, table 1). The decision of whether or not it
is conspecific, however, is best postponed until
additional specimens are available and the ex-
tent of intraspecific variation is better under-
stood.

Comparisons between the ornamentation
patterns of P. piscatorum, P. ratcliffei, and the
specimen described here appear straightfor-
ward, with the absence of small papillae in zone
2 (Fig. 9) in the latter possibly due to preserva-
tional factors. Establishing homologies, how-
ever, between the aforementioned species and
P. antiquus is less easy. The ornamentation of P.
antiquus consists of single rows of large papillae,

flanked by narrow unornamented zones and
bands of much smaller papillae (pustules)
(Glaessner, 1979; SCM personal observations
on type material). If it is assumed that each of
the divisions is equivalent in all species of
Palaeoscolex then there are a variety of repeat
patterns that could correspond by themselves or
in multiplicands to segmental units (Fig. 9).
However, there seems to be no simple way to
homologize the repeat patterns of P. piscatorum
and P. ratcliffei with that of P. antiquus without
making various effectively ad hoc transfor-
mations. However, if it is assumed that unorna-
mented bands (zone 3) are in fact absent in P.
antiquus then the ornamentation pattern in the
remaining species could be generated by du-
plicating zone 1 (large papillae) and interpolat-
ing an unornamented band (zone 3). Assuming
the various bands were budded from a pygidial

Palaeoscolex ratcliffei
Palaeoscolex piscatorum

	
Palaeoscolex cf. P. ratcliffei	 Palaeoscolex antiquus

possible 2	 1 3	 1 2
repeat 3	 1 2	 1 3
patterns 1 3	 1 2	 1 3	 1

3 2 3 1 3 2 3
2 3 1 3 2

3 1 3 2 3 1 3
1 3 2 3 1

or 2 1 2 1  

Fig. 9. Ornamentation patterns of papillae on three species of Palaeoscolex, and the different repeat patterns that could define

metameric segmentation. The underlined repeat patterns are the preferred options.
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1	 2	 3

Fig. 10. Trace fossils from the Marium Formation, House Range localities 347 (1) and 811 (2), and Wheeler Formation,

House Range locality 115 (3); 1 photographed under high angle UV radiation, 2,3 photographed under alcohol. 	 1.

Elongate questionable burrow with some evidence of backfill, KUMIP 204775, X 1.8. 	  2. Coprolite and possible fecal

ball (right), KUMIP 201771, x 1.7. 	 3. Burrows with pellets, KUMIP 204772, x 1.6.

zone, then a small alteration in the sequence of
budding presumably involving a genetic

change could generate a new pattern.

It is not known whether the papillate bands

reflect an underlying metameric segmentation,
although this is inferred by both Whittard
(1953) and Robison (1969). Whittard (1953)
regarded each metamere as being composed of

paired papillate and interpapillate bands,
whereas Robison (1969) identified the segment

boundaries as lying between each papillate
band. Glaessner (1979) suggested that in P.
antiquus the ridge formed on the inner half of the

papillate band in curved specimens and "ap-

pears to be doubled in places and to mark the

boundaries between segments." If these

boundaries are correctly identified and the in-

terpolation sequence to produce the observed

pattern in P. ratcliffei and P. piscatorum is ac-

cepted, this would imply that the segment
boundaries probably lay within the unorna-

mented bands (zone 3) as Robison (1969) sug-

gested. Whatever homologies exist between the

ornamentation patterns, the differences be-

tween P. antiquus and other species must cast

doubt on whether the former species should be

placed in the genus Palaeoscolex. Accepting that

a transition in ornamentation occurred, the

older stratigraphic position of P. antiquus suggests

that its ornamentation pattern was primitive,

with the derived pattern seen in P. ratcliffei and

P. piscatorum arising near the Lower-Middle

Cambrian boundary and persisting to at least

the Lower Ordovician.

TRACE FOSSILS AND

POSSIBLE SOFT-BODIED REMAINS

Figures 10-11

The importance of trace fossils in paleontol-

ogy and geology is now well understood (Frey
and Seilacher, 1980), and many studies have

emphasized their use as indicators of activities

of soft-bodied animals that have themselves



2 4

to-

5	 6	 7
Fig. 11. Indeterminate fossil worms from the Wheeler Formation, Drum Mountains locality 712 (1-4), and Marjum
Formation, House Range localities 347 (5) and 811 (6,7); 1,3,6 photographed dry, 2,5, 7 photographed under alcohol, 4
photographed under high-angle UV radiation. 	 1. KUMIP 144852, X 2.8. 	 2. KUMIP 144875, X 3.5. 	 3.
KUMIP 144863, X 3.8. 	 4. KUMIP 144853, counterpart, X 3.4. 	 5. KUMIP 204773, x 4.4. 	 6. KUMIP

204774, X 4.1. 	 7. KUMIP 204776, X 1.5.
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failed to survive as body fossils. The occurrence
of trace fossils in stratigraphic units with soft-
part preservation is of special significance be-
cause of the possibility of linking trace and
maker; however, at none of the localities (347,

712, 781) with preservation of priapulids with
soft parts have trace fossils been found that
might help confirm their proposed burrowing
habits (Conway Morris, 1977). Absence of such
traces is consistent with catastrophic burial, as

for the Burgess Shale where transport of the
fauna has destroyed tracks and burrows.

Brief descriptions of some trace fossils from
horizons in which soft-part preservation is also
known are given, together with mention of
equivocal material that may represent either
trace fossils or indeterminate soft-part preserva-
tion.

KUMIP 204771, part and counterpart (Fig.

10,2) is from locality 811 in the Marjum For-
mation. An elongate fossil (54 mm long), taper-
ing toward either end from a maximum width
of 7 mm, it is crowded with small black struc-
tures set in a dark gray groundmass. These
structures are of variable size and may repre-
sent either pellets or particulate fragments; the

latter appears more likely as they tend to have
irregular rather than rounded shapes. In places
the fragments are arranged in an arcuate fash-
ion that may have arisen during packing. Two
alternatives are that the fossil represents either
a pellet-filled burrow or a coprolite. While they
appear to be uncommon, pellet-filled or lined
burrows have been recorded from Lower and

Middle Cambrian rocks (Robison, 1969; Na-
tions and Beus, 1974). In the case of the
abundant examples from the Spence Shale,
Robison (1969) compared them with the Or-
dovician ichnogenus Tomaculum. He suggested
these Middle Cambrian examples may have
been produced by Palaeoscolex, echoing a com-
parable suggestion by Whittard (1953). The

shape of this specimen, however, appears more
consistent with a coprolitic origin than a bur-
row, in which case the particulate structures
more likely represent comminuted debris rather
than discrete pellets.

Immediately adjacent to this trace is a more

or less circular fossil (diameter 11 mm) which
has a spiral internal structure defined by scat-
tered elongate flecks of probable carbonaceous
matter set in a slightly darker groundmass (Fig.

10,2). A small bulbous extension on one side

recalls the structures produced in Car-
boniferous coprolites by escaping gas generated
during decay (Zangerl and Richardson, 1963)

and it may have had a similar origin. While this
fossil could represent a burrow it seems more

likely to be a coprolitic fecal ball.
If these trace fossils are accepted as

coprolites it is intriguing to speculate upon their
origin. The biota of locality 811 contains no

obvious candidate in either likely feeding habits

or size that appears capable of producing these
coprolites. One possible exception is the arthro-
pod Tuzoia guntheri, the carapace of which may
reach 125 mm in length (Robison and Rich-
ards, 1981), or less likely the trilobite

Hemirhodon amplipyge. Nothing, however, is
known of the appendages of Tuzoia, and it
seems plausible that this assemblage housed a
large predator whose rarity and light skeletiza-

tion minimized its chances of preservation.
Other records of Cambrian coprolites (e.g.,
Matthew, 1891; Durham, 1971; Conway Mor-
ris, 1979b) may provide important insights into
the activities of early predators (Conway Mor-
ris, 1985).

KUMIP 204772 (Fig. 10,3) and SM X7801
are more convincing examples of burrow sys-
tems lined by more or less oval, possibly car-
bonaceous pellets. They are also known from
locality 115 in the Wheeler Formation where
they occur in some abundance, with individual
bedding planes strewn with specimens. The

burrows are between about 2 and 3 mm wide,
and rarely exceed 30 mm in length. There are

rare branches, which usually have a slightly
narrower diameter than the main stem. The
ends of the burrows tend to be rather indeter-
minate, but rare patches of more poorly
grouped pellets suggest these traces had little
coherence once abandoned. Within the bur-
rows the pellets form in places very dense

accumulations, and more locally show a crude
orientation into stringers parallel to the burrow
axis. In contrast to the contents of the supposed
coprolite, the pellets are rounded and some-
what smaller (about 0.35 to 0.55 mm long, 0.17

to 0.25 mm wide).
These pelleted burrows differ from pre-

viously described Cambrian material (Robison,
1969; Nations and Beus, 1974) in being some-
what smaller, showing branching, and contain-
ing correspondingly smaller pellets.

Elongate vermiform structures (Figs. 10, 1 ;
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11) from localities 347 and 811 (Marjum For-
mation), and 712 (Wheeler Formation) may
represent either trace fossils or extensively de-
cayed soft-bodied organisms. Several variants
have been recognized, but all lack diagnostic
features that would permit confident assign-
ment even to a metazoan phylum. One type
(KUMIP 144853, part and counterpart;
144862; 204773, parts only; 204774, part and
counterpart) is known from localities 347, 712,
and 811 (Fig. 11,4-6). It consists of recurved
vermiform structures with slight relief that typ-
ically show arcuate structures that could be
consistent with sediment being packed into
either a gut or burrow. Regarding the former
alternative some of the specimens resemble
examples of the priapulid Fieldia lanceolata from

the Burgess Shale in which the alimentary canal
is typically sediment filled (Conway Morris,
1977, see especially pl. 28, fig. 4). Another
variant is a featureless vermiform structure
(KUMIP 144851, 144856) that in some exam-
ples possesses prominent transverse constric-
tions (KUMIP 144863, 144875, 150602; Fig.
11,2,3); all specimens are from locality 712.
Various other fossils include a relatively slender
worm (KUMIP 144852, part only) from lo-
cality 712 (Fig. 11, 1), an extremely elongate
(length 13.5 cm) structure (KUMIP 204775,
part and counterpart) from locality 347 that
may represent a trace fossil (Fig. 10, 1), and
other very poorly preserved material (KUMIP
204776, part only) from locality 811 (Fig.
11,7).
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