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Abstract The taxonomy of an early ancestor of Recent
Priapulidae, Xiaoheigingella peculiaris (= Yunnanpriapulus
halteroformis Huang et al., 2004) from the Early Cambrian
Chengjiang fossil Lagerstétte, is revised. Morphological
characters comprise a pair of caudal appendages rather than
a single appendage flanking the trunk end and a possible
urogenital duct found inside the preanal region. An addi-
tional extremely rare fossil priapulid worm, Paratubiluchus
bicaudatus gen. nov., sp. nov. is also described herein. Its
diagnostic characters are: an introvert bearing 25 longitudi-
nal rows of scalids, a distinct neck region, no annulus on the
oval trunk, and a pair of caudal appendages. The proportion
of body parts is similar in size to that of loricate larvae of
Recent priapulids and larva-formed Palaeopriapulitidae.
Taking account of the features of Xiaoheigingella, bicaudal
appendages are considered to be a synapomorphy of Pri-
apulidae and Tubiluchidae. Paratubiluchus gen. nov. is most
likely a candidate for the ancestor of the Tubiluchidae; it
probably originated from a larva-formed priapulid with 25
rows of scalids, thus representing an intermediate link be-
tween the priapulidsin mature-form and the priapulids with
lorica.
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It was suggested and eventually has been proffered
that the representatives of all extant phyla, including some
minor group, occurred during the Cambrian radia-
tions™%. Many priapulid-like fossil worms have been
reported from Cambrian Lagerstétten, such as the Early
Cambrian Chengjiang Lagerstaite®™%, the Middle Cam-
brian Burgess Shalé'”, and the Middle Cambrian Kaili
fauna®l. The palaeoscolecidan worms from these Lager-
stétten have been regarded as either a stem group of the
priapulids®® or nematoiids®2!, The Middle Pennsylva-
nian priapulid worm Priapulites konecniorum, showing
striking similarities to Recent priapulids, has been re-
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garded as one of the ancestors of living priapulids??. The
monocaudal or bicaudal nature of the caudal appendage,
however, is still obscuré®?. The recent finding of the ear-
liest-known ancestor of the priapulids from the Chengji-
ang deposits, Xiaoheigingella peculiaris®®, has bridged
the 530 Ma tempora gap between fossil taxa and Recent
priapulids. However, the introvert of Xiaoheigingella was
originally described as bearing 16 longitudinal rows of
scalids, and was recently revised to have 25 rows?. Yun-
nanpriapulus halteroformis??, which strikingly resembles
Xiaoheiqingella, is taken as further evidence to clarify the
evolutionary trend of the priapulids, and is possibly a jun-
ior synonym of Xiaoheigingella based on examination of
our collections from the localities near that of the holotype.
Two additional worms, Paratubiluchus bicaudatus gen.
nov., sp. nov. and form A, known from rare material, are
reported herein. For the latter it is premature to use a for-
mal taxonomy because the feature of its proboscis is not
digtinctive. They share the feature that the proportion of
their body components is similar to that of loricate larvae
of Recent prigpulids and the fossil family Palaeopri-
apulitidae, which contains Sicyophorus rara Hut2, Pa-
laeopriapulites parvus™ and Palaeopriapulites sp.*2,
thereby providing new insights into the deep history of
priapulids.

1 Materialsand preservation

Totally 50 specimens are recognized and 13 of them
(Eli-0001250—0001262) are described in this paper. All
these specimens were collected from the Jianshan and
Yunlongsi sections, which are about 1km to the east and 3
km, respectively, to the west of the famous Ercaicun sec-
tion, Haikou City, Kunming City, Yunnan Province, Chi-
na%24_ All specimens are deposited at the Early Life In-
stitute, Northwest University, Xi'an, China.

Most of the surface area of Paratubiluchus gen. nov.
is grayish white in color, and looks somewhat transparent
whereas the pharynx and the scalids are preserved in red-
dish brown. It seems that the scalids and the neck folds are
darker in color than other parts of the body of form A. It
can be concluded that thick cuticles display darker color.
The trunk of Xiaoheigingella is darker than that of
Paratubiluchus gen. nov. and form A on account of their
fine annuli. The same is true when the caudal appendages
of Xiaoheigingella are compared with the trunk. The color
of these priapulid worms appears lighter than that of the
pal aeoscolecidans which are usually preserved in reddish
brown or dark brown in Chengjiang Lagersttéte. Therefore,
this alows us to speculate that fossil priapulids might
have had a thinner cuticle than those of palaeoscolecidans.

Structures such as the nerve cord (only two speci-
mens, Pl. 12, Figs. 2—05; Text Figs. 61 and 62 in ref. [17]),
muscles and gonads are well recognized in the specimens
of Ottoia prolifica from the Middle Cambrian Burgess
Shalé!”. In the Chengjiang Lagerstétte, gonads and nerve
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cord were known only from the yunnanozoons>. The
ventral nerve cord was recently reported in a single
specimen of priapulid!??. We further present in this paper
a specimen (Eli-0001252) with possible urogenital duct
and three additional specimens (Eli-0001257, Eli-0001259,
Eli-0001260) with distinct nerve cords to confirm the
original findings?. All these suggest that the preserva-
tional quality of the Chengjiang fossilsis on a par with the
Burgess Shale fossils.

2 Systematic palaeontology

Phylum Priapulida Delage et Herouard, 1897.
Order Priapulomorpha Salvini-Plawen, 1974.
Family Priapulidae Gosse, 1855.

Genus Xiaoheigingella Hu, 2002.

Emended diagnosis. Cylindrical and extensible
body, divisible into four sections, i.e. an anterior proboscis,
a constricted neck, a finely annulated trunk and a pair of
long caudal appendages. A swollen introvert with 25
longitudinal ridges and bearing 25 longitudinal rows of
scalids, anterior seven scalids standing on each ridge
while the last two being located on the posterior introvert
without ridges. Posterior part of the trunk with 14 circles
of ring papillae. Two long caudal appendages devoid of
any ornament.

Type species. Xiaoheigingella peculiaris Hu, 2002.

Age and distribution. Qiongzhusi Stage, Early
Cambrian; eastern Yunnan, China.

Xiaoheigingella peculiaris Hu, 2002 (Figs.1 and 2).

Diagnosis. Asthe genus.

Description. The body consists of a proboscis, a
neck, an annulated trunk, and a pair of caudal appendages.
Despite of morphologica variability, the ratio of the axial
length between the proboscis and trunk ranges from 1:3 to
1:4.

The proboscis is subdivided into the introvert, collar,
and pharynx from the posterior to the anterior. The intro-
vert is pear-shaped and reaches the maximal width in its
posterior half. Up to 25 longitudinal parallel ridges and 25
longitudinal rows of scalids are clearly recognized on the
anterior half of the introvert (Fig. 1(a—(g); Fig. 2(a), (b),
(e) and (g)). The anterior seven of the nine scalids on each
ridge are evenly aligned, whereas the remaining two
scalids are positioned on the posterior half of the introvert
and do not stand on the ridges, with their intervals being
apparently wider than those between the anterior seven
scalids. The collar is armless and tapers rapidly forward
(Fig. 1(f)). Similar to the living priapulids, the eversible
pharynx often stays within the introvert cavity in its rest
status, but infrequently appearing as a short protrusion at
the anterior-most of the proboscis during eversion'®. Its
surface is densely armed with diagonally- or quincunxi-
aly-arranged spine-like teeth (Figs. 1(b) and 2(f)); at least
five teeth can be recognized in each oblique row on one
face of the specimen (Figs. 1(b) and 2(f)).
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The neck appears as a constriction and displays as a
boundary between the trunk and the introvert (Figs. 1(c),
1(d) and 2(g)). The portion described as “neck area with
fine annuli”*, should be regarded as the anterior trunk
rather than a neck. The remaining part of the trunk is also
finely annulated whereas the posterior bulge of the trunk,
referred to here as the preanal region, generaly is larger
than the rest of the trunk but never exceeds the introvert in
diameter in general. The preanal region is armed with ca.
14 circles of spine-like ring papillae. Each circle consists
of up to 16—20 (Figs. 1(c), 2(a), 2(b), 2(d), 2(h), and
2(j))- Ring papillae in anterior circles are most prominent
and arranged alternatively. The inflated preanal region and
their ring papillae could have functioned to increase the
friction against the sediment in the process of burrowing.
The gonads and the urogenital ducts in living priapulids
are bilaterally symmetrically located at the posterior end
of the trunk!®, so swelling of the preanal region in Xiao-
heigingella may be suggestive of accommodation to these
organs.

A pair of long caudal appendages is discernible bi-
laterally joining to the posterior end of trunk (Figs. 1(d),
1(e), 1(g), 1(h), 2(a), 2(b), 2(h), 2(d) and 2(j)), and have
been compressed into different bedding planes or flattened
on a single bedding plane. In the former case, only one
caudal appendage associated with main part of the body is
frequently exposed when the slab is opened, as seen in the
holotype of Xiaoheigingellal®. Since the anterior end of
the caudal appendage is not connected to the axial end of
the trunk, thus the other appendage is predicted to be bur-
ied on a bedding plane deeper or above, and indeed might
be exposed by careful preparation. In the latter case, two
caudal appendages occur on the same bedding plane and
look like a whole one. Its diameter, however, is amost
equivalent to or even larger than the trunk. Together with
the longitudinal line recognized through the center of the
caudal appendage, it follows that it consists of two sepa-
rated parts and an artifact of a whole one is produced by
overlapping of the two cauda appendages (Fig. 1(h)). The
cuticle of the caudal appendages is smooth-skinned and
devoid of any ornament (Fig. 2(b)).

Probably due to contraction of the muscles and asso-
ciated flowing of the coelomic liquid, the shapes of body
parts vary significantly. For example, the introvert can be
shrunk to a width equal to that of the trunk, or even be
inflated to reach twice as wide as the trunk; the middle
portion of the trunk can be dilated slightly, but restricted
locally, thus the outline of the trunk does not appear
ovum-shaped. The preanal region sometimes becomes
smaller than other portions of the trunk. The caudal ap-
pendages are also stretchable and contractile.

Similar to S rara and larva of Tubiluchus corallico-
1a28, the gut of Xiaoheigingella appears as a narrow dark,
reddish or grayish strip floating free or is dightly looped
or coiled in the lumen of the trunk (Figs. 1(f), 2(c),
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Fig. 1. Xiaoheigingella peculiaris Hu, from Jianshan section, Haikou, Kunming, Yunnan. an = annuli; as = anus; bc = buccal tube; ca = caudal append-
ages; co = collar; es = esophagus; gc = gut content; gt = gut; gz = gizzard; ir = introvert ridge; iv = introvert; mo = mouth opening; nk = neck; ph =
pharynx; pr = preand region; rp = ring papillag; sc = scalids; tr = trunk; 2ud = 2urogenital duct. Scale bar represents 1 mm. (a) Eli-0001250, the intro-
vert is axially compressed, al scalid rows are visible; (b) Eli-0001251, showing the diagonally-arranged pharynx teeth; (c) Eli-0001252A, showing
possible urogenital duct, gizzard and esophagus; the neck looks like a constriction between the introvert and the trunk, the scalid rows and ring papillae
are prominent; (d) Eli-0001253, a complete specimen, the body lies across to the bedding plane, the trunk tissue appears to be harder than introvert and
the neck, a pair of caudal appendages are rather slender, its bicaudal nature only can be recognized at the distal end; () Eli-0001254, showing a pair of
caudal appendages; (f) Eli-0001255, showing the gizzard and the collar, the trunk tapers backward; (g) Eli-0001256, almost complete specimen, intro-
vert ridges and the ring papillae are distinct, the caudal appendages are not completely exposed; (h) Eli-0001257, showing the curved gut and the
straight nerve cord.
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Fig. 2. Xiaoheigingella peculiaris Hu, from Jianshan section, Haikou, Kunming, Yunnan. nc = nerve cord, other abbreviations (see Fig. 1). Scale bar
represents 1 mm. (a) Eli-0001258, a complete specimen, showing the introvert, trunk and caudal appendages; (b) Eli-0001258, close-up showing a pair
of caudal appendages and the ring papillae; (c) Eli-0001259, showing the curved gut and the straight nerve cord; (d) Eli-0001260, showing the curved
gut, the straight nerve cord and a pair of caudal appendages beneath the bedding plane of the trunk; (e)—(j) explanation drawing of Fig. 1(a), 1(b), 1(h),
1(d), 2(c), 2(d) and 2(k) reconstruction of Xiaoheigingella peculiaris.
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2(d), 2(i) and 2(j)). The emptied gut is uniform in diameter,
except its anterior swelling (Figs. 1(c), 1(f) and 2(g)), re-
ferred to here as a gizzard. Thus the short portion between
the pharynx and the gizzard should represent an esopha-
gus. The anus opening is located between proximal end of
the caudal appendages and the posterior end of the trunk.

The ventral nerve cord is distinguishable by its com-
paratively fine line-shape and its reddish brown color near
to that of the trunk but significantly different from grayish
color of the gut. The bending of nerve cord corresponded
with the curving of the trunk (Figs. 1(h), 2(c) and 2(d)), it
therefore seems to be intra-epidermal like that of Recent
prigpulids. A short and narrow grayish stripe, visiblein the
lateral side of the preanal region (Figs. 1(c) and 2(g)), is
alternatively interpreted as a urogenital duct or, less possi-
bly, a posterior retractor muscle.

Sratigraphy and locality. Qiongzhusi Formation,
Yu'anshan Member (Eoredlichia zone), Lower Cambrian.
Meishucun section of Jinning, Jianshan section, Ercaicun
section and Yulongsi section of Haikou, Kunming.

Comparison and discussion. Huang et a.2 has
argued that the differences between Xiaoheigingella and
Yunnanpriapulus are (i) the posterior swollen trunk of
Yunnanpriapulus that bears ring papillae, which are absent
in Xiaoheigingella; (ii) the caudal appendage of Xiao-
heigingella is rather slender, whereas it is very short in
Yunnanpriapulus; (iii) the neck area of Yunnanpriapulusis
well delimited as a constriction between introvert and
trunk in Xiaoheigingella. However, there are severa con-
tradictions in their argument: at least one scalid is dis-
cernible in the posterior introvert of the most complete
specimen of Xiaoheigingella (EC60301 in ref. [23], Fig.
2(a); Fig. 3(a)), sharing a feature with Yunnanpriapulus;
EC60381 (ref. [23], Fig. 4(a); Fig. 5(a)); the holotype of
Yunnanpriapulus bears remarkable ring papillag, but
scalids are invisible on its posterior introvert. Furthermore,
none of the three differences mentioned above is sup-
ported by our observation: specimens orienteding
obliquely to bedding planes are usually shorten their di-
ameters backwardly (Fig. 1(d)—(f)), giving the appear-
ance that the diameters of preana and caudal appendage
are markedly decreased; the scalids and the ring papillae
on these specimens are obscure, showing more features of
Xiaoheigingella. On the contrary, specimens lying parallel
to bedding plane express more characteristics of Yunnan-
priapulus (Figs. 1(c), 2(a), 2(b), 2(d), 2(g) and 2(j)). Oth-
erwise, specimens preserved with bicaudal appendages,
short or long, co-occur with the phenomena that their pos-
terior introvert bears scalids and the neck appears as a
constriction between introvert and trunk (Figs. 1(c), 1(d),
1(9), 2(a), 2(b), 2(d), 2(g) and 2(j)). Therefore, Yunnan-
priapulus is most probably a synonym of Xiaoheiqgingella.
Our reconstruction of Xiaoheigingella is presented in Fig.
2(k) in which a protruded pharynx is drawn intentionally
to show the arrangement of the teeth.
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Acanthopriapulus horridus of Recent Priapulidae is
recognized by 25 longitudinal rows of scalids. Its middle
and posterior scalids, athough smaller in size, are loosely
arranged with little trace of longitudina rows??. This
character is very reminiscent of the posterior scalids of
Xiaoheigingella. It should be noted that spinous ring pa-
pillae on the preanal region of Xiaoheigingella show no
distinct difference with scalids and pharyngeal teeth in
shape, suggesting that all kinds of ornaments in the cuticle
of Recent priapulids might be derived from spines, which
are known as the most common form of ornament on the
surface of Cambrian taxa. The character that spines of the
pharynx, the introvert and the trunk are commonly ar-
ranged quincunxialy or diagonally is speculated to be a
primitive condition of the priapulids.

Tubiluchidae van der Land, 1970.
Genus Par atubiluchus bicaudatus gen. nov.

Etymology. The genus name refers to the body that
closely resembles living Tubiluchus.

Diagnosis. Pear-like introvert with 25 longitudinal
rows of scalids, the posteriormost one of six or seven
scalids is located with a distance from the others, and all
the posteriormost scalids themselves align circumferen-
tially. Neck area distinct. Middle part of the oval-shaped
trunk with many spines. Trunk end flanked by two long
caudal appendages with transverse striations.

Type species.  Paratubiluchus bicaudatus gen. et sp.
nov.

Age and distribution. Qiongzhusi Stage, Early
Cambrian; eastern Yunnan, China.

Discussion. The Family Tubiluchidae was origi-
nally defined as: pharynx with pectinate teeth of equa size;
polythyridium at entrance of intesting; introvert with 20
rows of scalids; trunk not annulated; larvae with radialy
symmetrical loricd®.. A definition of the Tubiluchidae
given by Adrianov et a.?? contains additional items:
meiobenthic worms; introvert and trunk separated by dis-
tinct neck area; neck folded or with soft cuticular plates;
trunk densely covered with tumuli, without annuli; tail
monocaudal, long, smooth and slender, introvert bearing
25 rows of scalids. The last item has also been supported
by other works®22 |t should be pointed out that features
including “meiobenthic worms” and “polythyridium” are
shared by Meiopriapulus, which is devoid of any caudal
appendage and was assigned to the Tubiluchidag®®.
Therefore, it seems the definition given by Adrianov et
a1 is too detailed to contain another genus. Features of
Paratubiluchus gen. nov. coincide with the definition of
the Tubiluchidae except for its bicaudal appendages. In
short, the monocaudal appendage should represent a fea
ture of Tubiluchus rather than the Tubiluchidae.

Paratubiluchus bicaudatus gen. et sp. nov. (Fig.

3(a)—(d)).

Etymology. The species name refers to two caudal
appendages.
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Fig. 3. (8—(d) Paratubiluchus bicaudatus gen et sp. nov., from the Jianshan section, Haikou, Kunming, Yunnan. (a) Eli-0001261A, holotype; (b)
explanation of (a); (c) close up of (a); (d) Eli-0001261B, holotype, showing the proboscis. (e)—(g) form A, from the Jianshan section, Haikou, Kun-
ming, Yunnan. (e) Eli-0001262, a complete specimen, one fourth area of the introvert bears 18—20 longitudinal rows of spine-formed scalids followed
by additional scalids loosely scattered, the neck area is well defined by transverse wrinkles, the short trunk lacks annuli, likely without caudal
appendage; (f) explanation drawing of (€); (g) close-up showing the introvert, the scalids and the pharyngeal bulb which seems to be armed. pb =
pharyngeal bulb; prm = posterior retract muscles; nw = neck wrinkle; ns = neck section; other abbreviations (see Fig. 1). Scale bar represents 1 mm.

Chinese Science Bulletin  Vol. 49 No. 17 September 2004 1865



ARTICLES

Recent

Xiaoheigingella . .
Priapulidae

Tubiluchus

Palaeopriapulitiidae Paratubiluchus

Palaeoscoliciida

Fig. 4. Simplified cladogram of fossil priapulids and Recent taxa
(modified from ref. [23]). 1, Pharyngeal spines and spine-formed scalids
arranged in quincunx; 2, body divided into three sections: anterior intro-
vert bearing 20 longitudinal scalid rows; neck well developed, oval trunk
enclosed in a radia symmetrical lorica; 3, body divided into four sec-
tions: 25 longitudina rows of scalids, trunk not annulated in adults,
bicaudal appendages; 4, meiobenthic worm, monocaudal appendages; 5,
cylindrical trunk with fine annuli and sub-region, no visible neck; 6,
scalids covering full length of the introvert, lorica differentiated
dorso-ventrally.

Diagnosis. Asthe genus.

Holotype. EIli-0001261A, B.

Description. The body consists of a proboscis, a
well delimited neck section, a trunk without annuli and a
pair of caudal appendages. The ratio of the four parts in
axia length measured from the holotypeisabout2 1 3

15.

The introvert is also pear-shaped, and its maximal
width is positioned at the posterior half. Up to 13 evenly
spaced longitudinal rows of spine-shaped scalids are
clearly recognized on the anterior half surface of the in-
trovert in one face of specimen. Thus total rows can be
count ca. 25. Anterior six of seven scalids on each row
increase their intervals dightly, whereas the posteriormost
scalid is far away from the anterior six and dightly apart
from the regular longitudinal row. Thus it appears that all
the posteriormost scalids on each row are arranged nearly
in a circle. The collar is armless and tapers rapidly for-
ward. The pharynx is invaginated into the introvert and its
dark colored surface indicates that it might have been
densely armed by tiny spines (Fig. 3(a), (b) and (d)).

The neck is fairly well delimited as a short con-
stricted section between introvert and trunk. It is aso
characterized by sparse papillae and some transverse
wrinkles, which differ remarkably from the annuli. The
trunk is oval-shaped, reaching its maxima width in the
anterior 1/3 portion. The trunk is ornamented with some
papillae but without any annuli (Fig. 3(a) and (b)).

The lateral end of the trunk is flanked by a pair of
short tubular caudal appendages with faint transverse
wrinkles or striations. As seen in the holotype, the distal
portions of the appendages are somewhat overlapped at
their median margins (Fig. 3(c)). A pair of grayish white
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stripes, with almost equal length and 1/4 width of the
caudal appendages, is visible within the inner sides of the
appendages. They display a color similar to that of the gut,
are possibly separately bifurcated from the gut end
stretching into the caudal appendages (Fig. 3(a)—(c)) and
are not imprinted by the overlapping area of cauda ap-
pendages. This might be interpreted as the posterior re-
tractor muscle, athough no comparable structures are
found in extant priapulids. The gut is partidly visible as a
light grayish white stripe. The anal opening is in the same
position as that in Xiaoheigingella.

Comparison.  Paratubiluchus gen. nov. differs
mainly from Xiaoheigingella and Recent Priapulidae in its
oval trunk with papillae but without annuli. Similarities
between the former two include: the last one or two
scalids are disposed distinctly far away from anterior
scalids; both have a pair of caudal appendages. Compared
with Tubiluchus, Paratubiluchus gen. nov. is a macroben-
thic worm possessing a bigger but relatively shorter trunk,
apair of caudal appendages, and a body proportion similar
to extant loricate larvae and S. rara. Paratubiluchus gen.
nov. also shows some resemblances to form A in having a
well delimited neck area, in lacking annuli on the trunk
and having a similar body ratio; hence they differ in the
detailed arrangement of scalids and caudal appendages.

The genera of Prigpulidae, Tubiluchidee and
Halicryptidae generally experience several stages of lori-
cate larvae in their ontogeny. During larval development,
the scalids are arranged in 20 longitudinal rows in the first
stage, and are increased to 25 rows at later stages®®. Con-
sidering the assemblage of characteristics found in
Paratubiluchus gen. nov., it may be concluded that the
nearest common ancestor of them is a loricate
larva-formed worm with 25 rows of scalids. It mostly re-
sembles the older larvae of Tubiluchus, which has com-
monly been considered to retain more primitive features.
Further deductions include that the nearest ancestor may
be derived from loricate priapulids with 20 rows of scalids,
resembling S. rara and the first stage of loricate larvae of
recent priapulids. Paratubiluchus gen. nov. is conceived to
be a link between larvaformed priapulids and ma-
ture-formed priapulids (Fig. 4).

Sratigraphy and locality. Qiongzhusi Formation,
Yu'anshan Member (Eoredlichia zone), Lower Cambrian,
Jianshan section, Haikou, Kunming.

3 Ancestral featuresof early Priapulomor pha

Clues about the ancestral features of early Priapulo-
morpha chiefly come from the ontogenies of recent pri-
apulids, and from comparison of fossil priapulids with
related phyla such as kinorhynchs and loriciferans. How-
ever, relationships among them are still unresolvedZ,
Although the palaeoscolecidans® are believed to occupy
a more basal position than crown priapulids®®, we will
exclude them in the following discussion because their

2004



phylogenetic position is still controversial.

Introvert. The number of scalids row are 20 in Pa-
laeopriapulitidae, 25 in Family Priapulidae, Tubiluchidae,
Halicryptidae and Chagetostephanidae (including tentacle),
and more than 25 in Meiopriapulidad®>==, So it is sug-
gested that introvert bearing less scalid rows should be a
primitive feature (Fig. 4). Scalids entirely covering the
introvert as in Recent Priapilidae have been interpreted as
a derived state, and those restricted to the anterior region
of the introvert in fossil Priapulidae as a primitive condi-
tion2,

Neck. The neck as a well defined short section is
probably a primitive statd?l. The speculation that “the
neck is a specialized trunk” among Priapulomorpha?! is
not supported. Because the main components of the body,
such as introvert, neck and trunk are also present in other
cephalorhynchs such as kinorhynchs and loriciferang®Z,
investigating their origin should not be limited in a single
phylum.

Trunk. An ova trunk is more primitive than an
elongate trunk; and a loricate trunk is more primitive than
a trunk without loricain the adult. A trunk lacking annuli
is more primitive than one with annuli. A trunk with a
distinct sub-region is an advanced featuré®. Ring papil-
lae at the trunk end of Halicryptus are probably homolo-
gous with the preanal hooks of Maccabeus®2,

Caudal appendage. The termina structures of the
body in Priapulidae, Tubiluchidae, Halicryptidee and
Chaetostephanidae vary significantly. Maccabeus lacks a
caudal appendage, but its anal opening bears a pair of tu-
buli-like processes3. Halicryptus also lacks a caudal ap-
pendage, but possesses a pair of large setae flanking the
anus®!, Tubiluchus bears a slender monocaudal append-
age. Two species of Priapulopsis and Priapulus atlantisi
of the Priapulidae are bicaudal®®, while the other species
of this family can have or lack appendages. Monocau-
dal-bicaudal has been suggested as an evolutionary route
for the caudal appendage®?, and the bicaudal appendage
should represent an autapomorphy of Priapulopsi being
regarded as the most advanced genus of the Priapulidae
(Fig. 4). Combining with the present two fossil species,
we conclude that bicaudal appendages should be a syn-
apomorphy of the Priapulidae and Tubiluchidae, rather
than an autapomorphy of Priapulopsis. The right append-
age of Priapulopsis australis is much smaller than the left
one?d, indicating that the bicaudal appendages could be
converted to a monocaudal appendage by degeneration.
The macroscopic tubular caudal appendages of Priapuli-
dae, the tubuli-like processes of Maccabeus, as well as the
terminal setae of Halicryptus, might be homologous.

Gut. A Pharyngeal bulb or polythyridium is present
in the Tubiluchidae, Meiopriapulidag®2”, Palaeopri-
apulitidae and form A (Fig. 3(e)—(g)). These organs are
conceived to be primitive features.

Ventral nerve cord. The ventral nerve cord found in
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living priapulids and the fossil materias in the present
study is a primitive character, which may have little phy-
logenetic significance.

Huang et a2 suggested that the body plan of the
Priapulidae has undergone very little changes over the last
530 millions years. Considering the feature of
Paratubiluchus, Tubiluchidae may be the case. And the
priapulomorphs probably show anatomical conservatism
and failed to create any new macroscopic structures in the
later stages of their evolutionary history.

4 Lifestyle

The caudal appendages of Xiaoheigingella might
have served as a device to adjust the body fluid rather than
having a respiration function contrasting with the vesicu-
lar tail of living Priapulus caudatus®. Xiacheigingella
probably burrowed in a fashion similar to those of Recent
priapulomorphies®?. The bodies of Xiaoheigingella are
frequently preserved lying at an angles about 30°—40° in
the rocks (Fig. 1(d)). It could be concluded that the animal
had the ability to move vertically in the sediment if the
high compression ratio of the rocks is concerned. The
specimens of Xiaoheigingella are occasionally associated
S rara on the same bedding, suggesting that they occu-
pied similar ecological niches. Annuli on the trunk of Re-
cent priapulids correspond to bundles of circle muscles
beneath the cuticle??, which thus give the trunk a more
effective contractile ability and so the animal is more ac-
tive in burrowing. form A and Paratubiluchus gen. nov.
lack annuli in their trunk, indicating that they are less ef-
fective and passive in burrowing. The neck of S rara is
well delimited and served as a hinge to bend the body,
whereas the neck in both Xiaoheigingella and living Pri-
apulidae has a very limited role. Thus the body bending in
these animals may have depended on the elongate cylin-
drical trunk instead of the neck. In this aspect, the short
trunks and neck sections of form A and Paratubiluchus
gen. nov. might represent an intermediate link between
these two styles of body bending.

Xiaoheigingella was chiefly carinivorous with possi-
ble occasional mud-eating habits?, A similar fashion is
suggested for Paratubiluchus gen. nov., whereas presence
of a pharyngeal bulb in the form A indicates a higher per-
centage of mud-eating.

5 Palaeoecology

The arthropods today make up 80% of the whole
animal kingdom. Their dominance in diversity was
scarcely less in the history record, a view well supported
in the Cambrian Lagerstatten®3), The priapulid-like
worms, especialy the palaeoscolecidans, are a rather di-
versified group in diversity, disparity and richness in the
Lower Paleozoic records®4. For example, they are nearl
asrich as the arthropods in the localities of Hai kou@@@{
having reached 10 genera from all sections of Chengjiang
deposits, and making up 10% of benthic communities,
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nearly equivalent to population structure of the Middle
Cambrian Burgess Shalél. However, they have not been
reported in the fossil record younger than Silurian’®Z.
Identified as a stem group of priapulids, the Palaeopri-
apulitae are very common in sections of Chengjiang de-
posits™:8 especially in the Haikou region, Kunming, and
might have been extinct after the Middle Cambrian.
Xiaoheigingella and Paratubiluchus gen. nov., which un-
doubtedly belong to Priapulomorpha, are extremely rare
and not recorded in other Lagerstdtten. This set of evi-
dence supports that the palaeoscolicidans and stem group
of priapulids except prigpulomorphs played important
roles at least in Cambrian benthic communities repre-
sented by the Chengjiang fauna and Burgess Shale fauna.
The priapulomorphs are very low in diversity (2 fossil
species and 18 living species) and rare in richness in both
the Cambrian and the extant ecological system™2: this
condition might have been maintained throughout their
history.

In conclusion, the anatomy, feeding habit, locomo-
tion style and ecological niche of the priapulomorphs re-
mained stagnant since they rapidly diversified in the Early
Cambrian. The roots of the main clades of the Priapulida
may have occurred, therefore, at that time or not far be-
fore.

Acknowledgiements Luo Huilin, Hu Shixue and Chen Liangzhong of
Yunnan Geological Institute are warmly thanked for kind permission of
reexamination of the holotype. The authors offer their heartfelt thanks to
Dr. Susan Turner for improving Engillsh and to Dr. Yasui Kinya, Zhang
Xingliang and Hu Shixue for helpful comments. They also thank Cheng
Xiuxian, Cheng_ Meirong, Zhai Juanping for photographing; Guo
HongX|ang and Ji Yanbing for fossils collections. This work was sup-
ported by the National Natural Science Foundation of China (Grant Nos.
40332016 and 30270207) and the Nationa “973" Project (Grant No.
G-2000077702).

References

1. Briggs, D. E. G, Erwin, D. H., Collier, F. J,, The Fossils of the
Burgess Shale, Washington: Smithsonian Institution Press, 1994,
114—125.

2. Shy,D. G, Conway Morris, S, Han, J. et a., Primitive deuterostomes
fromthe Lagerdte, Lower Cambrian, Ching, Nature, 20014,
41(4): 419—424

3. Shu, D. G, Luo, H. L., Conway Morris, S. et a., Lower Cambrian
vertebrates from South China, Nature, 1999, 402: 42—46.[DOI

4. Shu, D. G, Chen, L., Han, J. et a., An Early Cambrian tunicate
from China, Nature, 2001b, 411: 472—473. [DOI

5. Shu, D. G, Conway Morris, S, Zhang, Z. F. et al., A new species of
Yunnanozoan with |mp||caI|ons for Deuterostome Evolution, Sci-
ence, 2003, 299: 1380—1384. [DOI

6. Chen, J. Y., Dz, J, Edgecombe, G. D. et a., A possible Early
Cambrian chordate, Nature, 1995, 377: 720—722. [DOI

7. Conway Morris, S., The Crucible of Creation: The Burgess Shale
and the Rise of Animals, Oxford: Oxford University Press, 1998,
1—242.

8. Chen, J. Y., Zhou, G. Q., Zhu, M. Y. et al., The Chengjiang Biota:
A Unique 'Window of the Cambrian Explosron (in Chinese),
Taichung: National Museum of Natural Science, 1996, 1—222.

9. Chen,J. Y., Zhou, G. Q., Biology of the Chengjiang fauna, Bulletin
of the National Museum of Natural Science, 1997, 10: 33—37.

10. Chen, J. Y., Huang, D. Y., A possible Lower Cambrian Chaetog-
nath (arrow worm), Science, 2002, 298 (4): 187. [DOI

11. Hou, X. G, Bergstrom, J., Wang, H. F. et a., The Chengjiang Fauna:
Exceptionally Well-Preserved Animals from 530 Million Years Ago
(in Chinese). Kunming: Yunnan Science and Technology Press,
1999, 53—64.

12. Chen L. Z., Luo, H. L., Hu, S. X. et a., Early Cambrian Chengji-
ang Fauna in Eastern Yunnan China (|n Chinese), Kunming: Yun-
nan Science and Technology Preﬁ China, 2002, 163—166.

13. Han, J, Zhang, X. L., Zhang, Z. F. et d., A new platy-armored

1868

14.
15.
16.

17.
18.

10.

20.
21
22.
23.

24.
25.
26.
27.
28.
29.
30.
31
32

33.

35.
36.
37.

38.
39.

Chinese Science Bulletin  Vol. 49 No. 17 September

worm from the Early Cambrian Chengjiang Lagerstétte, South
China, Acta Geologica Sinica, 2003, 77(1 ()JJ 1—6.

Hou, X. G, Sun, W. G, Discovery of the Chengjiang fauna in the
Meishucun, Jinning, Yunnan, Acta Palagontologica Sinica (in Chi-
nese), 1988, 27: 1—12.

Sun, W. G, Hou, X. G, Early Cambrian Worm from Chengjiang
Yunnan, China, Acta Palaeontologica Sinica (in Chinese), 1987, 26
(3): 257—271.

Luo, H. L., Hu, S. X., Chen, L. Z. et a., Early Cambrian Chengji-
ang Biota from Kunming Region, China (in Chinese), Kunming:
Yunnan Science and Technology Press, 1999, 76—83

Conway Morris, S., Fossil priapulid worms, Special Papers in Pa-
Iaeontology, London, 1977, 20: 1—95.

Zhao, Y. L., Yang, R. D., Yuan, J. L. et a., Cambrian Stratigraphy
a Balag(? Guizhou province, China: Candidate section for a global
unnamed series and stratotype section for the Taijiangian stage, in
the Cambrian System of South China (eds. Peng, S., Babcock, L. E.,
Zhu, M.), Palacoworld, 2001, 10: 189—208.

Dong, X. P., Donoghue, P. C. J., Cheng, H. et al., Fossil embryos
from the Middle and Late Cambrian period of Hunan, south China,
Nature, 2004, 427: 237—240. [DOI

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

Budd, G E., Why are arthropods segmented? Evolution & Devel-
opment, 2001, 3(5): 332—342. [DOI

Schram, F. R., Pseudocoelomates and a nemertine from the Illinois
Pennsylvanian, Journal of Paleontology, 1973, 47: 985—989.
Huang, D. Y., Vannier, J., Chen, J. Y., Recent Priapulidae and their
Early Cambrian ancestors: comparisons and evolutionary signifi-
cance, Geobios., 2004, 37: 217—228. [DOI

Zhang, X. L., Shu, D. G, Li, Y. et a., New sites of Chengjiang fos-
sils: Crucial windows on the Cambrian explosion, Journal of the
Geologica Society, London, 2001, 158: 211—218.

Land, V. D. J,, Systematics, zoogeography and ecology of the Pri-
apulida, Zoologische Verhandelungen, Leiden, 1970, 112: 1—118.
Kirsteuer, E., Notes on adult morphology and larvae development
of Tubiluchus corallicaola (Priapulida), based on in vivo and scan-
ning electron microscopic examinations of specimen from Ber-
muda, Zoologica Scripta, 1976, 5: 239—255.

Adrianov, A. V., Maakhov, V. V., Priapulida: Structure, Devel-
opment, Phylogeny, and Classification, Moscow: KMK Scientific
Press, 1996, 1—268.

Calloway, C. B., Morphology of the introvert and associated struc-
tures of the priapulid Tubiluchus corallicola from Bermuda, Marine
Biology, 1975, 31: 161—174.

Lemburg, C., Ultrastructure of the introvert and associated struc-
tures of the Iarvae of Hallcryptus spinulosus (Priapulida), Zoom-
orphology, 1995, 115: 11—29

Land, J. van der Ngrrevang, ‘A., Affinities and intraphyletic rela-
tionships of the Prigpulida, in the Origins and Relationships of
Lower Invertebrates (eds. Conway Morris, S., George, J. D., Gib-
son, R. et a.), Oxford: Oxford University Press, 1985, 261—273.
Nielsen, C., Animal Evolution: Interrelationships of the Living
Phyla, New York: Oxford University Press Inc., 2001, 1—563.
Conwafy Marris, S., The cuticle structure of 495 Myr -old type species
of the fossil worm Palaeoscolex, P. pricatorum (? Priapulida), Zoo-
logical Journa of the Linnean Souety 1997, 119: 69—82. [DOI

Por, F. D., Class Seticoronaria and phylogeny of the phylum Pri-
apullda, ZooIoglcaScrlpta, 1983, 12: 267—272

Will, M. A., Cambrian and Recent disparity: the picture from pri-
apullds Paleoblology 1998, 24: 177—199.

Morse, M. P., Meropnapulusfulensrsn gen., n. sp.: An interstitial
pr|apu||d from coarse sand in Fiji, Transactions of the American
Microscroscopy Society, 1981, 100: 239—252.

Sanders, H. L., Hesdler, R. R., Priapulus atlantis and Priapulus
profundus, Two new species of priapulids from bathyal and abyssal
depth of the North Atlantic, Deep Sea Research, 1962, 9:
125—130.

Hammond, R. A., The burrowing of Priapulus caudatus, Journa of
Zoology London, 1970, 162: 469—480.

Briggs, D. E. G,, Fortey, R. A., Wills, M. A,, Morphologlcal dis-
parity in the Cambrian, Science, 1992, 256:1670—16

Budd, G. E., Ecology of nontrilobite arthropods and Iobopods in
the Cambrian, in the Ecology of the Cambrian Radiation (eds.
Zhuravlev, A. Y., Riding, R.), New York: Columbia University
Press, 2001, 404—427.

Zhu, M. Y, Zhang, J. M., Hu, S. X. et al. The Early Cambrian
Chengj|ang Biota. New quarry and discoveries near Earcaicun,
Haikou town, Kunming county, Yunnan province, China, in the
Cambrian %/stem of South China (eds. Peng, S., Babcock, L. E.,
Zhu, M.), Palacoworld, 2001, 10: 236—238.

(Received May 10, 2004; accepted July 9, 2004)

2004


http://dx.doi.org/10.1038/46965
http://dx.doi.org/10.1038/35078069
http://dx.doi.org/10.1126/science.1079846
http://dx.doi.org/10.1038/377720a0
http://dx.doi.org/10.1126/science.1075059
http://dx.doi.org/10.1038/nature02215
http://dx.doi.org/10.1046/j.1525-142X.2001.01041.x
http://dx.doi.org/10.1016/j.geobios.2003.04.004
http://dx.doi.org/10.1006/zjls.1996.0065

	Chinese Science Bulletin 2004 Vol. 49 No. 17 1860—1868
	The earliest-known ancestors�of Recent Priapulomorpha �from 
	HAN Jian1, SHU Degan1, 2, ZHANG Zhifei1�& LIU Jianni1
	Keywords: Early Cambrian, Chengjiang Lagerstätte, priapulids
	DOI: 10.1360/04wd0221

	1  Materials and preservation
	2  Systematic palaeontology
	3  Ancestral features of early Priapulomorpha
	4  Lifestyle
	5  Palaeoecology
	References



