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Cricocosmia jinningensis, one of the most abundant palacoscolecid worms from the Lower Cambrian Chengjiang depos-
its of south China, was originally described as bearing double longitudinal rows of lateral conical sclerites on the trunk.
New observation reveals that the ventral trunk bears an additional set of ventral sclerites while the lateral sclerites display
a tubercle-bearing (inner surface) and net-like (outer surface) microstructure similar to that of Tabelliscolex hexagonus.
These findings mean that: (1) Cricocosmia shows a dorso-ventral and antero-posterior differentiation in trunk ornament;
(2) as seen from the microstructure, Cricocosmia is close to Tabelliscolex hexagonus, supporting the idea that lobo-
podians and arthropods, both of which show an upper capping layer in the outer sclerites, are more closely related than the
palaeoscolecidans; and (3) the similarities among the scalids, pharyngeal teeth and the trunk spines of palacoscolecidans
are superficial. Tabelliscolex maanshanensis sp. nov., characterized by an inner concentric circlet of laminae in each tu-
bercle of the lateral trunk plate, is proposed herein. Element mapping reveal that four known pathways of preservation can
be found co-occurring in a single specimen of Cricocosmia or Tabelliscolex, which sheds new light on the preservation of
the Chengjiang fossils.
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Introduction

The palaeoscolecidans, a group of fossil worms bearing a va-
riety of trunk ornaments, are known to have a long history
with a stratigraphic range from Early Cambrian to Late Silu-
rian (Conway Morris 1997). Most palacoscolecidans around
the world are preserved as trunk fragments or discrete scler-
ites, which fail to offer a complete picture (Whittard 1953;
Kraft and Mergl 1989; Hinz et al. 1990; Miiller and Hinz-
Schallreuter 1993; Porter 2004; Ivantsov and Wrona 2004).
However, specimens of four species from the Early Cam-
brian Chengjiang deposits, Yunnan Province, south China
are particularly abundant and well defined with complete
bodies consisting of spinose proboscis with quincunxially-
arranged pharyngeal teeth, annulated trunks and a pair of ter-
minal hooks (Hou et al. 1999; Han et al. 2003a; Hu 2005),
strongly indicating of the stem group of priapulids (Huang et
al. 2005a). These four species vary apparently in trunk orna-
ment: Maotianshania cylindrica Sun and Hou, 1985 bears
numerous irregularly arranged uniform trunk sclerites, SEM
analysis revealing that each sclerite bears four nodes (Hu
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2005); Mafangscolex sinensis Hou and Sun, 1988 bears four
or five transverse rows of plates with platelets in between and
both plate or platelet have one small central spine (Hu 2005);
Tabelliscolex hexagonus Han, Zhang, and Shu, 2003a is
characterized by two sets of plates with a honeycomb-like
structure (see also Huang 2005b); the trunk of Cricocosmia
Jjinningensis Hou and Sun, 1988 is well known for bearing
double rows of lateral conical sclerites, but little is yet know
about the microstructure of these sclerites. Numerous indi-
viduals of Cricocosmia were found constituting several fos-
sil concentrations in the Kunming and Anning regions, Yun-
nan Province (see Han et al. 2006). Among them three speci-
mens of Cricocosmia showing different fine details of their
lateral sclerites and many specimens with ventral spines has
been identified. A new scenario of the evolutionary history
of palaeoscolecidans, starting from a uniform cover of
microplates and with subsequent increase in size of plates
surrounded by minute platelets is proposed here.

Institutional abbreviation.—ELI, Early Life Institute, North-
west University, Xi’an, China.
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Fig. 1. Early Cambrian palaeoscolecid worms from the Early Cambrian Chengjiang deposits, China. A—E. Cricocosmia jinningensis Hou and Sun, 1988.
A. ELI-0001400, showing the ventral trunk spines (arrow) of Cricocosmia. B. ELI-0001401, showing the ventral trunk spines (arrow); B, is the rectangle area
on B;. C. ELI-0001402; C,, a complete specimen; C,, lateral spines at the anterior portion of the trunk (rectangle area in C,) preserved fine structure; Cs, show-
ing the preserved microstructure of the lateral spines, note that sclerites colored black can preserve finer structure than those of yellow, and that sclerites show-
ing finer structures are apparently dislocated probably due to molting. D. ELI-0001403; D, a complete specimen; D,, posterior portion of the body (rectangle
area in D) with several spines (arrows pointed) bearing fine structures. E. ELI-0001404; E|, a fragmental specimen in burrowing; E,, showing the trunk scler-
ites (arrows pointed) with a net-like structure; the marginal ridges are evident on these sclerites. F. Tabelliscolex hexagonus Han, Zhang, and Shu, 2003a,
ELI-0001218, holotype, showing the general outline. G. Tabelliscolex maanshanensis sp. nov., ELI-0001219, showing molted trunk sclerites.

chemical composition. All the uncoated whole specimens
were analyzed with a Philippe FEI Quanta 400-FEG with a
20.2kV and 80 Pa in the State Key Laboratory of Continental
Dynamics, Northwest University, China.

Materials and method

Up to date, more than three thousands specimens of Crico-
cosmia have been collected and the specimens examined
here came from the Jianshan (ELI-0001400, ELI-0001402,
ELI-0001403) and Yulongsi sections (ELI-0001401, ELI-

0001404), Haikou town, Kunming City, Yunnan Province.
However, only three specimens (ELI-0001402, ELI-
0001402, and ELI-0001402) have preserved fine structures
on their lateral sclerites in our collections. The holotype and
paratype specimens of Tabelliscolex hexagonus Han, Zhang,
Zhang, and Shu, 2003a (ELI-0001218, ELI-0001219) were
reinvestigated under SEM for comparison and by EDX for

Systematic paleontology

Phylum Priapulida Delage and Hérouard, 1897

Class Palaeoscolecida Conway Morris and Robison,
1986

Order uncertain
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tubercles.

Family Cricocosmiidae Hou, Bergstrom, Wang,
Feng, and Chen, 1999

Diagnosis.—Elongate trunk with paired macrosclerites on
each annulus that is wide and less prominent on the dorsal
side. Macrosclerites composed of many tubercles on the
outer surface and corresponding pits in the inner surface. Tu-
bercles with or without inner circlet. Terminal trunk with a
pair of hooks.

Remarks.—Houscolex Zhang and Pratt, 1996, Cricocosmia
and Tabelliscolex should be assigned to this family.

Genus Cricocosmia Hou and Sun, 2003

Type species: Cricocosmia jinningensis Hou and Sun, 2003, Qiong-
chusian Stage (Early Cambrian), Chengjiang, Eastern Yunnan, China.

Diagnosis.—Eversible proboscis with ten longitudinal rows
of scalids; trunk with paired macrosclerites that composed of
many tubercles on the outer surface and corresponding pits in
the inner surface.

Cricocosmia jinningensis Hou and Sun, 2003
Figs. 1A-E, 2, 3.
Emended diagnosis.—Elongate trunk bears approximately

110 annuli that decrease in wide backwardly and usually
form two sub-annuli on the dorsal side. Correspondingly,

Fig. 2. Diagrammatic presentation of the trunk ornamentation in Cricocosmia jinningensis Hou and Sun, 2003
from the Earlyn Cambrian Chengjiang deposits, China. A. ELI-0001402, lateral spines from the anterior trunk
(rectangle area in Fig. 1C); A, one of the plate-shape sclerites with a net structure; the anterior part of the sclerites
is broken; A,, one of the cone-shaped sclerites with net-like structure; note the size of the circlet decreases distally;
A;, showing the net-like structure; A,, the net-like structure consists of numerous finer spiculate minerals; As,
trunk cuticle surrounding the sclerite consists of bright larger octahedral pyrites, which are also composed of nu-
merous micro-spiculate minerals. B. ELI-0001403, lateral spines from the posterior trunk; B, the lateral sclerites
showing a bright white high-contrast colour with surrounding trunk cuticle (rectangle area in Fig. 1D); B,, a lateral
spine consisting of many tubercles; B, showing the tubercles. C. ELI-0001404, showing the lateral sclerites with

cone-shaped macrosclerites decrease in size and increase in
height. Trunk with or without ventral spines.

Description.—The proboscis of Cricocosmia dictates the an-
terior/posterior orientation of this animal while the bilateral
asymmetry is defined by the paired sclerites and the compa-
rably smooth area between the two rows of lateral sclerites
which consisting with the orientation of the terminal hooks,
indicate the ventral side of the trunk.

Ventral spines: Approximately 5% of Cricocosmia speci-
mens in our huge collections show two roughly longitudinal
rows of tiny spines at the ventral side of the trunk (Fig. 1A,
B). The arrangement of these spines is not regular, but usu-
ally, one annulus bears one or two such spines (Fig. 1A, B).
The specimens described here do not show any other differ-
ences from those devoid of ventral spines.

Lateral sclerites: The presence on the trunk of Cricocos-
mia of a pair of cone-shaped sclerites on each annulus is well
known (Hou and Bergstrom 1994). Despite of the first pair of
sclerites that are smaller than the second one, the lateral
sclerites increase gradually in height and decrease in diame-
ter toward the trunk end; those on the anterior part of the
trunk appear to be dorso-ventrally extended elliptical in-
wardly-curved plates; on the middle part they are shaped as
round plates each with a low-relief cone pointing backward;
and the posterior sclerites are formed into curved back-
wardly-pointing sharp spines with a ground base (Fig. 1A).

http://app.pan.pl/acta52/app52-423.pdf
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Each lateral sclerite has a marginal ridge that is wide and ap-
parent at its part posterior (Fig. 1E).

SEM-BSE analysis reveals that the well-preserved lateral
sclerites including the marginal ridges consist of a crudely
diagonal meshwork of hemi-spherical tubercles or round
concave pits (Figs. IC-E, 2A—C). The surface with holes
represents the inner side of the epicuticle whereas that with
tubercles represents the outer side. In ELI-0001402 and
ELI-0001404, the pits in the meshwork range from ca. 2 to
10 um in diameter, and they apparently decrease in size to-
wards the tip of the lateral sclerites (Fig. 2A,—Ay, C). The
skeleton frame separating the pits is also ca. 2-10 um in
thickness. In ELI-0001403, the tubercles, which are located
on the sclerites near the trunk end, seem to be uniform in di-
ameter. However, the distal part does not show any micro-
structure probably due to poor preservation. The pits at the
edge of the sclerites are complete or an incomplete pit (Fig.
2Aj3). Apparently, the sclerites on the posterior trunk are
composed of less tubercles than the anterior ones (Figs.
1C-E, 2A-C). The thickness of the lateral sclerites is hard to
estimate; possibly it is less than the diameter of the pits, ca.
10 um.

SEM reveals that the sclerites in ELI-0001402 consist of
densely packed finely spiculate minerals crystals less than
2 um in length whereas the surrounding trunk surface is cov-
ered with iron oxide octahedral pseudomorphs of pyrite,
which have been replaced by the spiculate mineral crystals
(Fig. 2A4, As). EDX and element mapping reveal that the lat-
eral sclerites are composed mainly of iron oxide with fewer
amounts of phosphorus, and the surrounding area is mainly
composed of aluminosilicates, probably chlorite (Fig. 3),
thus, the spiculate probably are limonite. It should be noted
that up to 3.53 wt% of organic carbon and lesser amounts of
phosphorus and sulphur can be detected from the mapping

Fig. 3. Element maps of Cricocosmia jinningensis Hou and Sun, 1988 from
the Early Cambrian of Chengjiang, China show that the lateral sclerites of
Cricocosmia have elevated content of oxygen and ferrum and depleted sili-
con and aluminium compared with other areas of the trunk. A small amount
of phosphorus is present on the surface of the trunk, possibly indicating the
presence of apatite. The first image is of the anterior cone-shaped sclerites
shown in Fig. 2A,, ELI-0001402.

Table 1. EDX analysis of the mapping area in Fig. 3, noting the high con-
centration of carbon in specimen ELI-0001402.

Elements Weight (%) Atom (%)
CK 3.53 6.40
OK 45.61 62.15

Mg K 1.69 1.52
Al K 7.56 6.11
SiK 18.30 14.20
PK 0.15 0.11
SK 0.09 0.06
KK 2.61 1.46
Ti K 0.26 0.12
Fe K 20.19 7.88
Total 100.00

area (Table 1). EDX analysis in ELI-0001403 and ELI-
0001404 shows similar results to ELI-0001402.

Genus Tabelliscolex Han, Zhang, and Shu, 2003

Type species: Tabelliscolex hexagonus Han, Zhang, and Shu, 2003,
Qiongchusian Stage (Early Cambrian), Chengjiang, Eastern Yunnan,
China.

Tabelliscolex chengjiangensis sp. nov.
Figs. 1G, 4A.
Derivation of the name: After the type locality.

Holotype: ELI-0001219, part and counterpart.

Type locality: Ma’anshan section, Changing County, Yunnan Province,
China.

Type horizon: (Eoredlichia—Wutingaspis Zone) Yu’anshan Member,
Heilinpu Formation, Early Cambrian.

Material.—Holotype only.

Diagnosis.—Elongate trunk with annuli that bear a pair of
elongate elliptic macroplates on each, constructed by hexag-
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Fig. 4. SEM-BSE images of uncoated specimens of Tabelliscolex from the Early Cambrian of Chengjiang, China. A. Tabelliscolex maanshanensis sp. nov.,
ELI-0001219, holotype; A, molted elongate sclerites; A,, shows the tubercles and the pits on the inner side; A5, showing each pit has a inner circlet of con-
centric laminae; A,, close-up showing the pit and the inner lamina. B. Tabelliscolex hexagonus Han, Zhang, and Shu, 2003a, ELI-0001218, holotype;
B, two over-lapping plates, one plate showing the tubercles (B,) and another showing the pits (B5); By, the skeleton of the plate, noting the framboidal py-
rites within the skeleton; Bs, close-up showing framboidal pyrites replicated by finer minerals (B¢); B, close-up of the pit; Bg, some needle-like minerals
within the pit in B.

onally arranged tubercles. It differs from Tabelliscolex hexa-
gonus by having a concentric lamina in each tubercle and
possibly lacking a dorsal sclerite on each annulus.

Description—The holotype, ELI-0001219, is completely
composed of more than 76 pairs of long elliptical sclerites.
All these sclerites are constructed from hexagonally arranged
hemi-spherical tubercles (pits) (Fig. 4A, A,) same with that
of Tabelliscolex hexagonus (see Figs. 1F, 4B,—Bj; see also
Han et al. 2003a: pl. 1; Huang 2005: figs. 44-46), thus each
sclerite usually has six others surrounding it while the mar-
ginal ones have four others. These tubercles are ca. 30 um
and the inner surface of the sclerites has an additionally inner
circlet within the pit (Fig. 4A;, Ay).

SEM analysis of Tabelliscolex hexagonus reveals that the
plates are mainly preserved as irregularly shaped argilla-
ceous mineral crystals (Fig. 4B;) and microspherules that
further consist of short plate-like mineral crystals (Fig. 4Bs,
Bg). Some needle-like minerals are present within the pit of a
plate (Fig. 4B, Bg). This is also the case for Tabelliscolex
chengjiangensis sp. nov. EDX and element mapping shows
that the plates of Tabelliscolex chengjiangensis sp. nov. are

mainly composed of oxygen, aluminum, and silicon, repre-
senting aluminosilicates, with a lesser amount of iron repre-
senting iron oxide, and phosphorus and calcium representing
apatite phosphate, as well as organic carbon (6%) that can be
found in the mapping area (Fig. 5; Table 2). The plates could
not be distinguished from the surrounding trunk in the ele-
ment mapping, but it did reveal that the fossil is composed
mainly of oxygen, aluminum, silicon, components of the
aluminosilicates.

Discussion.—Tabelliscolex hexagonus was described as bear-
ing two sets of trunk sclerites, one row of elliptic plates on the
dorsal side and two lateral rows of elongate elliptical plates, so
that each annulus has three sclerites (Han et al. 2003a). The
holotype specimen of 7. chengjiangensis sp. nov. does not
preserve the equivalent dorsal sclerites of 7. hexagonus; thus,
such structure need more specimens to be confirmed.

It seems unlikely that the concentric laminae in 7. cheng-
Jjiangensis sp. nov. are artefacts of preservation; they are also
not newly secreted cuticle replacing older ones because the
holotype specimen had already been molted.

Stratigraphic and geographic range . —Type locality only.
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Table 2. EDX analysis of the mapping area in Fig. 5, noting the high con-
centration of carbon in the current specimen (ELI-0001219). Phospho-
rus and calcium indicate apatite, sulphur indicates pyrite.

Al
Fe

Elements Weight (%) Atom (%)
CK 6.38 10.55
OK 48.76 60.50
Na K 0.14 0.12

Mg K 1.02 0.83
AlK 9.26 6.81
Si K 23.22 16.41
PK 0.08 0.05
S K 0.34 0.21
KK 3.72 1.89
CaK 0.62 0.31
Ti K 0.46 0.19
Fe K 6.01 2.13
Total 100.00

Comparison and implications for
evolution of the palacoscolecidans

Certain fossil and extant priapulids show structures compara-
ble to the ventral spines of Cricocosmia. For example, the
trunk of Louisella pedunculata (Conway Morris, 1977) from
the Middle Cambrian Burgess Shale bears two rows of ven-
tral papillae, which was conceived to have a respiratory
function; the female Recent priapulid Tubiluchus corallicola
bears many more tumuli on the ventral side of the trunk than
the male (Kirsteuer and Land 1970; Land 1970) and our new
observations confirm that Mafangscolex specimens also oc-
casionally bear roughly two rows of trunk papillae (our un-
published observation). Thus, it seems reasonable to inter-
pret the morphs with ventral spines as a female of Crico-

2
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Fig. 5. Element maps of Tabelliscolex
maanshanensis sp. nov. from the Early
Cambrian Chengjiang deposits, China.
Mapping area is the upper right part in
Fig. 4A,, ELI-0001219. Images show
that lateral sclerites of Tabelliscolex
maanshanensis are composed predom-
inantly of silicon, oxygen, and alumi-
num, with lesser amounts of iron, po-
tassium, and magnesium.

cosmia jinningensis rather than a new species. Correspond-
ingly, those devoid of ventral spines would be males or an ar-
tifact of preservation. The ventral spines may have func-
tioned for respiration, help in fertilization, to increase friction
in burrowing, or for mucus secretion from glands.

Similar structures of the tubercle-bearing sclerites are
widely seen in other palaeoscolecids: e.g., Houscolex Zhang
and Pratt, 1994, Utahphospha (Miiller and Miller 1976),
Kaimenella (Mirss 1988: pl. 3: 10), Plasmuscolex, Gamas-
colex, Hadimopanella (Wrona 1982, 1987, 2004; Kraft and
Mergl 1989: pl. 5, pl. 6: 1), as well as various Palaeoscolex
(Whittard 1953; Conway Morris 1997) species described by
Miiller and Hinz-Schallreuter (1993). However, the sclerites
of Cricocosmia and Tabelliscolex are apparently larger than
those mentioned above and each annulus of the trunk bears
only one pair of such sclerites (see Fig. 6). In other palaeo-
scolecid worms each annuli usually have one to two rows of
plates, and the remaining area is tightly packed with platelets
or microplates.

We propose that the trunk ornament of palacoscolecidans
is classified in five types: microplate, platelet, plate and
macroplate as well as various trunk protuberances, i.e.,
tubules, nipple-like projections, possible seta and ventral
spines. The last type, that is few in number and occurs rela-
tively occasionally, is of little significance in genus-level
classification (Miiller and Hinz-Schallreuter 1993; Zhang
and Pratt 1994; Han et al. 2003a). Because the platelets or
microplates are microscopic versions of the plates in some
species, i.e., Palaeoscolex lubovae (Ivantsov and Wrona
2004) and Palaeoscolex piscatorum (Conway Morris 1997),
most probably they are homologous structures. This allows
us to propose that: (1) the trunks with only one kind of uni-
form microplate or platelet most represent the primitive con-
dition, which is represented by Maotianshania (see Hou and
Bergstrom 1994; Hu 2005); (2) the trunks with plates and
platelets represent the advanced condition as seen in most
palaeoscolecidans, especially because the platelets are mi-
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Fig. 6. Reconstructions of the palaeoscolecid worms Cricicosmia and
Tabelliscolex (modified from Huang 2005b). A. Cricocosmia jinningensis;
A, whole animal; A,, typical lateral sclerite of Cricocosmia jinningensis.
B. Tabelliscolex hexagonus. C. Tabelliscolex maanshanensis sp. nov.

croscopic versions of the plates; (3) the trunks with macro-
plates and/or platelets most likely represent the most special-
ized level presented by Cricocosmia and Tabelliscolex.

Well-preserved specimens show that nearly all the re-
maining area left by the plates is occupied by microplates
and platelets, and thus this seems to be one of the key diag-
nostic features of palaeoscolecidans. Cricocosmia and
Tabelliscolex lack tightly-packed microplates or platelets,
which is possibly an artefact of preservation because the in-
ner surface of these sclerites resembles the platelets of some
palaeoscolecidans, e.g., Gamascolex herodes (Kraft and
Mergl 1989: pl. 5: 1-4, pl. 6: 1; Hinz et al. 1990: fig. 2g) and
Houscolex lepidotus (Zhang and Pratt 1994: fig. 2), thus
suggesting homology.

Because the scalids, pharyngeal teeth and trunk spines
share a cone-shaped outline, Han et al (2003b) conceived
that these structures are homologous. However, the tuber-
cle-bearing or net-like microstructure is not found in the
scalids of extant priapulids and other introvertians. Thus, the
similarities between these structures are superficial.

It was widely known that the dorsal sclerites on some
Cambrian lobopods, e.g., Microdictyon (Bengtson et al. 1986,
1990; Hao and Shu 1987; Chen et al. 1989, 1995), show a
compound eye-like microstructure with various nodes (tuber-
cles) at the point of the coalescence of the walls, somewhat
similar to the sclerites of our palaeoscolecid material. This
structure has been conceived as possibly having a function
similar to the compound eyes of insects and trilobites (Dzik
2003; Chen 2004). However, such structures are also shared in
the compound eyes and carapace of some bivalve arthropods
(Shu et al. 1990; Dzik 2003), and recently have been reported
in the eyes on the small heads of some lobopods (Collins 2002;
Liu et al. 2004), thus, providing a crucial clue to understanding
the origin of the compound eye.

A gradual evolutionary change from palacoscolecidans to
lobopods to arthropods was proposed by Dzik and Krum-
biegel (1989) and has been indirectly supported by molecular
analysis of recent forms of ecdysozoans (Aguinaldo et al.
1997; Mallatt et al. 2004). Fossil evidence supports the hy-
pothesis that the two later forms are closer in phylogeny be-
cause of the presence of walking appendages (see Briggs et al.
1994; Hou et al. 2004). The microstructure of the sclerites in
their cuticle also lends support to the idea of their close rela-
tionship. Although the trunk ornaments of palacoscolecidans
are rather diverse in morphology, no structure that could have
given origin to a compound eye-like structure is known there.
Additionally, the trunk of palaeoscolecidans is covered by
tightly packed platelets or microplates, and this phenomenon
is unseen in known lobopodians and arthropods. This, in this
sense, indicates a closer relationship between the latter two.

Implications for preservation

It has been generally accepted that in the Chengjiang fossils
the pyrite has been replicated by iron oxide, but sulphur has
not previously been reported. The studied specimens have
retained a rather small amount of sulphur (ca. 0.09 wt% in
Cricocosmia and ca. 0.34 wt% in Tabelliscolex) (Tables 1,
2). Organic carbon was reported from dorsal sclerites in
Microdictyon, the gill arches of Haikouella, the gut trace of
palaeoscolecids and Stellostomites, the grasping appendages
of Anomalocaris (Zhu 2005), as well as Isoxys carapace
(Gabbott et al. 2004). Approximately 6.38 wt% and 3.53
wt% of organic carbon were detected in the studied speci-
mens (see Tables 1, 2), higher than ever reported (2.1 wt%),
supporting that organic carbon and sulphur have high poten-
tial to be retained in decay-resistant structures, but were lost
later possibly through intense weathering, as suggested by
Butterfield (2002, 2003). Whether the source of the organic
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carbon in the gut of an animal is an original composition of
the gut or gut contents, needs wide examination because the
gut has generally been accepted as a labile structure. It
should be noticed that the concentration of organic carbon
and sulphur are higher in the sclerites of Tabelliscolex than in
those of Cricocosmia, probably indicating that the larger
mass of decay-resistant structures can retain a relatively high
content of such light elements or that the sclerites of the for-
mer are more resistant to decay.

Our specimens show that the sclerites of palaeoscoleci-
dans are mainly composed of fine crystals whereas the sur-
rounding trunk area is composed of larger crystals, indicating
that the highly sclerotized decay-resistant structure has a
higher potential than labile tissue to retain delicate structures
and the original chemical composition of the animal.

It has been illustrated that the exceptional preservation of
Chengjiang organisms has occurred by at least four ways: (1)
coalification; (2) pyritization; (3) phosphatization, as well as
(4) aluminosilicatization (Zhu et al. 2005). It has been re-
ported that the surface of Cricocosmia and Maotianshania is
composed predominantly of pyrite whereas Mafangscolex
(Palaeoscolex) has high concentrations of phosphorus and
calcium (Hu 2005; Zhu et al. 2005). Taken together with the
present analysis of Cricocosmia and Tabelliscolex, all four
pathways of preservation that can be found in the Chengjiang
palaeoscolecidans are supported, and can even be found
co-occurring in a single specimen of Cricocosmia or Tabelli-
scolex, and this should shed new light on the preservation of
the Chengjiang fossils.

Acknowledgements

This work was supported by the National Natural Science Foundation
of China (grants 40332016, 32070207, 04062003), the National “973”
Project (grant No. 2006CB806401), and the Program for Changjiang
Scholars and Innovative Research Team in University (PCSIRT).
Thanks are given to Jerzy Dzik (Institute of Paleobiology, Polish Acad-
emy of Sciences, Warsaw, Poland), Brian R. Pratt (University of Sas-
katchewan, Saskatoon, Canada), and Hu Shixue (Yunnan Geological
Institute, China) for valuable comments. The authors offer their heart-
felt thanks to Susan Turner (Queensland Museum, Brisbane, Australia)
for improving English. We also thank Cheng Meirong, Zhai Juanping,
Guo Hongxiang, Ji Yanbing, and Yao Yanchun (all the Early Life Insti-
tute, Northwest University, China) for their assistance in both field-
work and lab work.

Reference

Aguinaldo, A.M.A., Turbeville, J.M., Linford, L.S., Rivera, M.C., Garey,
J.R., Raff, R.A., and Lake, J.A. 1997. Evidence for a clade of nema-
todes, arthropods, and other moulting animals. Nature 387: 489-492.

Bengtson, S., Matthews, S.C., and Missarzhevsky, V.V. 1986: The Cambrian
netlike fossil Microdictyon. In: A. Hoffman and M.H. Nitecki (eds.),
Problematic Fossil Taxa, 97-115. Oxford University Press, New York.

Bengtson, S., Conway Morris, S., Cooper, B.J., Jell, P.A., and Runnegar,
B.N. 1990. Early Cambrian fossils from South Australia. Memoirs of
the Association of Australasian Palaeontologists 9: 332-335.

ACTA PALAEONTOLOGICA POLONICA 52 (2), 2007

Briggs, D.E.G., Erwin, D.H., and Collier, F.J. 1994. The Fossils of the Bur-
gess Shale. 238 pp. Smithsonian Institution Press, Washington.

Chen, J.-Y., Hou, X.-G., and Lu, H.-Z. 1989. Early Cambrian netted scale-
bearing worm-like sea animal [in Chinese, with English abstract]. Acta
Palaeontologica Sinica 28: 1-16.

Chen, J.-Y., Zhou, G.-Q., and Ramskold, L. 1995. The Cambrian lobopo-
dian Microdictyon sinicum and its broader significance. Bulletin of the
National Museum of Natural Science, Taichung 5: 1-93.

Chen, J.-Y. 2004. The Dawn of Animal World [in Chinese]. 188 pp. Jiangsu
Science and Technology Press, Nanjing.

Conway Morris, S. 1977. Fossil priapulid worms. Special Papers in Palae-
ontology 20: 1-95.

Conway Moirris, S. 1997. The cuticle structure of 495 Myr-old type species
of the fossil worm Palaeoscolex, P. piscatorum (?Priapulida). Zoologi-
cal Journal of the Linnean Society 119: 69-82.

Conway Morris, S. and Robison, R.A. 1986. Middle Cambrian priapulids
and other soft-bodied fossils from Utah and Spain. University of Kansas
Paleontological Contributions 117: 1-22.

Collins, D. 2002. Hullucigenia unveiled (abstract of poster presentation
given at 46th Annual Meeting of the Palaeontological Association,
Cambridge, 15-18 Dec 2002). Palaeontology Newsletter 51: 85-86.

Delage, Y. and Hérouard, E. 1897. Les Vermidiens. Traités de Zoologie
concrete 5: 1-372. Clément, Paris.

Dornbos, S.Q. and Chen, J-Y., 2006. Community palacoecology of the
Early Cambrian Maotianshan Shale Biota: Ecological dominance of
priapulid worm. /n: Q. Yang, Y.-D. Wang, and E.A. Weldon (eds.), An-
cient Life and Modern Approaches—Abstracts of the Second Interna-
tional Palaeontological Congress, Beijing China (Abstract), 303. Uni-
versity of Science and technology of China, Hefei.

Dzik, J. 2003. Early Cambrian lobopodian sclerites and associated fossils
from Early Cambrian Kazakhstan. Palaeontology 46: 93—112.

Dzik, J. and Krumbiegel, G. 1989. The oldest ‘onychophoran’ Xenusion:
a link connecting phyla? Lethaia 22: 169-182.

Gabbott, S.E., Hou, X.-G., Norry, M.J., and Siveter, D.J. 2004. Preservation
of Early Cambrian animals of the Chengjiang biota. Geology 32:
901-904.

Han, J., Zhang, X.-L., Zhang, Z.-F., and Shu, D.-G. 2003a. A new platy-ar-
mored worm from the Early Cambrian Chengjiang Lagerstitte, South
China. Acta Geologica Sinica (English Edition) 77: 1-6.

Han, J., Zhang, X.-L., Zhang, Z.-F., and Shu, D.-G. 2003b. Discovery of the
proboscis on Tylotites petiolaris. Journal of Northwestern Geology
(Natural Science Edition) 36: 87-91.

Han, J., Shu, D.-G., Zhang, Z.-F., Liu, J.-N., Zhang, X.-L., and Yao, Y.
2006, Preliminary notes on soft-bodied fossil concentrations from the
Early Cambrian Chengjiang deposits. Chinese Science Bulletin 51 (20):
2482-2492.

Han, J., Zhang, X.-L., Zhang, Z.-F., and Liu, J.-N. 2004b. Taphonomy and
ecology of the introverts from the Chengjiang fauna [in Chinese, with
English abstract]. Journal of Northwest University (Natural Science
Edition) 34: 206-211.

Hao, Y.-C. and Shu, D.-G. 1987. The oldest well-preserved Phaeodaria
(Radiolaria) from southern Shaanxi [in Chinese, with English abstract].
Geoscience 1: 301-310.

Hinz, L., Kraft, P., and Miiller, K.J. 1990. The problematic Hadimopanella,
Kaimenella, Milaculum and Utahphospha identified as sclerites of
Palaeoscolecida. Lethaia 23: 217-221.

Hou, X.-G. and Bergstrom, J. 1994. Palaeoscolecid worms may be nemato-
,morphs rather than annelids. Lethaia 27: 11-17.

Hou, X.-G. and Sun, W.-G. 1988. Discovery of Chengjiang fauna at
Meishucun, Jinning, Yunnan [in Chinese, with English abstract]. Acta
Palaeontologica Sinica 27: 1-12.

Hou, X.-G., Bergstrom, J. Wang, H.-F., Feng, X.-H., and Chen, A.-L. 1999.
The Chengjiang Fauna—Exceptionally Well-Preserved Animals from
530 Million Years Ago [in Chinese, with English abstract]. 170 pp.
Yunnan Science and Technology Press, Kunming.

Hou, X.-G., Aldridge, R., Bergstrom, J., Siveter, D.J., Siveter, D.J., and



HAN ET AL.—TRUNK ORNAMENT OF PALAEOSCOLECID WORMS FROM CHENGIJIANG 431

Feng, X.-H. 2004. The Cambrian Fossils of Chengjiang, China: The
Flowering of Early Animal Life. 233 pp. Blackwell Publishing, Oxford.

Hu, S.-X. 2005. Taphonomy and palaeoecology of the Early Cambrian
Chengjiang Biota from Eastern Yunnan, China. Berlin Paldobiolo-
gische Abhandlungen 7: 182—185.

Huang, D.-Y., Chen, J.-Y., Vannier, J., and Zhu, M.-Y. 2005a. Diversity of
palaeoscolecidans worms (Priapulida) from the Lower Cambrian Mao-
tianshan Shale. Acta Micropalaeontologica Sinica 22 (Supplement):
66-67.

Huang, D.-Y. 2005b. Early Cambrian Worms from SW China: Morphology,
Systematics, Lifestyle and Evolutionary Significance. Unpublished Ph.D.
thesis. 245pp. Nanjing Institute of Geology and Palaeontology, Chinese
Academy of Sciences, Nanjing.

Ivantsov, A. and Wrona, R. 2004. Articulated palaeoscolecid sclerite arrays
from the Lower Cambrian of eastern Siberia. Acta Geologica Polonica
54:1-22.

Kirsteuer, E. and Land, J. van der 1970. Some notes on Tubiluchus coralli-
cola (Priapulida) from Barbados, West Indies. Marine Biology 7:
230-238.

Kraft, P. and Mergl, M. 1989. Worm-like fossils (Palacoscolecida; ?Chaeto-
gnatha) from the Lower Ordovician of Bohemia. Sbornik geologickych
véd, Paleontologie 30: 9-36.

Land, J. van der 1970. Systematics, zoogeography, and ecology of the Pria-
pulida. Zoologische Verhandelingen, Leiden 112: 70-85.

Liu, J.-N., Shu, D.-G., Han, J., and Zhang, Z.-F. 2004. A rare lobopod with
well-preserved eyes from Chengjiang Lagerstitte and its implications
for origin of arthropods. Chinese Science Bulletin 49: 1063—1071.

Miirss, T. 1988. Early Palacozoic hadimopanellids of Estonia and Kirgizia
(USSR). Proceedings of the Academy of Sciences of the Estonian SSR,
Geology 37: 10-17.

Miiller, K.J. and Hinz-Schallreuter, I. 1993. Palacoscolecid worms from the
Middle Cambrian of Australia. Palaeontology 36: 549-592.

Miiller, K.J. and Miller, J.F. 1976. The problematic microfossil Utahphospha
from the Upper Cambrian of the western United States. Lethaia 9:
391-395.

Porter, S.M. 2004. Halkieriids in Middle Cambrian phosphatic limestone
from Australia. Journal of Paleontology 78: 574-590.

Shu, D.-G. 1990. Cambrian and Lower Ordovician Bradoriida from Zhejiang,
Hunan and Shanxi Provinces [in Chinese, with English abstract]. 95 pp.
Northwest University Press, Xi’an.

Sun, W.-G. and Hou, X.-G. 1987. Early Cambrian worm from Chengjiang,
Yunnan, China [in Chinese, with English abstract]. Acta Palaeonto-
logica Sinica 26: 257-271.

Whittard, W.F. 1953. Palaeoscolex piscatorum gen. et sp. nov., a worm
from the Tremadocian of Shropshire. Quarterly Journal of the Geologi-
cal Society of London 109: 125-135.

Wills, M.A. 1998. Cambrian and Recent disparity: the picture from priapulids.
Paleobiology 24: 177-199.

Wrona, R. 1982. Early Cambrian phosphatic microfossils from southern
Spitsbergen (Hornsund region). Palaeontologia Polonica 43: 9-16.

Wrona, R. 1987. Cambrian microfossil Hadimopanella Gedik from glacial
erratics in West Antarctica. Palaeontologia Polonica 49: 37-48.

Wrona, R. 2004. Cambrian microfossils from glacial erratics of King
George Island, Antarctica. Acta Palaeontologica Polonica 49: 13-56.

Zhang, X.-G. and Pratt, B.R. 1996. Early Cambrian palaeoscolecid cuticles
from Shaanxi, China. Journal of Paleontology 70: 275-279.

Zhu, M.-Y., Babcock, L.E., and Steiner, M. 2005. Fossilization modes in the
Chengjiang Lagerstitte (Cambrian of China): testing the roles of organic
preservation and diagenetic alteration. Palaeogeography, Palaeoclimato-
logy, Palaeoecology 220: 31— 46.

http://app.pan.pl/acta52/app52-423.pdf



