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FIGURE 1—Location maps. 1, Index map showing the approximate location
of the study area in Shandong Province, China (shaded); 2, The Tangwangzhai
section (solid triangle), from which the study material was collected, is situ-
ated close to Gushan, which is located about 25 km southwest of Jinan, capital
of the Shandong Province.

THE CAMBRIAN trilobite Shantungia Walcott, 1905 is a mono-
typic genus, with S. spinifera Walcott, 1905 as the genotype

and is characterized by its long frontal spine extending medially
from the anterior cranidial border. The genus has hitherto been
known restricted in occurrence to the traditional Drepanura Zone
of North China (Walcott, 1913; Endo and Resser, 1937; Qiu et
al., 1983; Zhang and Jell, 1987). As Drepanura Bergeron, 1899
is preoccupied by a collembolan insect and Neodrepanura Özdik-
men, 2006 was proposed as a replacement, this zone is referred
to as the Neodrepanura Biozone herein.

Recently collected trilobites from the Kushan Formation in
Shandong Province of North China contain forty specimens of
Shantungia spinifera, including protaspid and meraspid forms. In-
terestingly, the juvenile specimens of S. spinifera are morpholog-
ically closely comparable to the specimens recently assigned to
Oculishumardia hunania Peng et al., 2003 from the uppermost
middle Cambrian Liostracina bella Zone of South China (Peng
et al., 2004). Peng et al. (2003) claimed that Oculishumardia is
the oldest shumardiid and phylogenetically represents an inter-
mediate stage between ptychoparioids and shumardiids.

This note describes the ontogenetic development of Shantungia
spinifera from North China and, based on this information, raises
the possibility that Oculishumardia may represent meraspid stages
of a damesellid trilobite and will explore its taxonomic and phy-
logenetic significance.

FOSSIL LOCALITY

All of the specimens examined in this study were collected from
the Kushan Formation of the Tangwangzhai section, Shandong Prov-
ince, China (Fig. 1). The Tangwangzhai section (116�51�42�E and
36�30�33�N) has served as the type section of middle Cambrian to
Furongian (upper Cambrian) strata of North China and comprises
the Changhia, Kushan, and Chaumitien formations in ascending or-
der (Bureau of Geology and Mineral Resources of Shandong Prov-
ince, 1996). The Kushan Formation in the section measures ca. 62
m in thickness and is generally poorly exposed due to weathering
and vegetation cover. The lower part of the Kushan Formation is
dominated by purple to greenish-gray shale with an alternating se-
quence of shale and lime mudstone facies forming the lowermost 3
m. The middle to upper part of the formation consists largely of
limestone/shale couplets and limestone conglomerates with sporadic
intercalations of grainstone and shale beds.

The biostratigraphy of the Kushan Formation at the Tangwang-
zhai section has yet to be fully resolved, but it was recently sug-
gested that it comprises the Blackwelderia-Damesella, Neodre-
panura, and Chuangia zones in ascending order (Bureau of
Geology and Mineral Resources of Shandong Province, 1996).
The Blackwelderia-Damesella Zone has been known to yield Da-
mesella Walcott, 1905, Blackwelderia Walcott, 1906, Teinistion
Monke, 1903, and Monkaspis Kobayashi, 1935. The Neodrepan-
ura Zone comprises Neodrepanura, Shantungia, Blackwelderia,
and Liostracina Monke, 1903. The Chuangia Zone is recognized
by the dominant occurrence of Chuangia Walcott, 1911.

Specimens of Shantungia spinifera were collected from dis-
continuous limestone lenses embedded within heavily weathered
shale facies, which occupy the interval between 43 m and 48 m

above the base of the Kushan Formation. The association of Neo-
drepanura indicates that the interval belongs to the Neodrepanura
Zone of latest middle Cambrian age. Specimens are not particu-
larly abundant but represent a range of ontogenetic stages of
Shantungia spinifera. The material comprises six protaspides, 24
morphologically immature and six mature cranidia. In addition,
three pygidia and one librigena were also recovered. All of the
specimens are deposited in the paleontological collections of
Seoul National University, Korea, with registered numbers under
the acronym SNUP.

ONTOGENY

Length and width measurements were taken for a total of 30 mor-
phologically immature cranidia (Fig. 2). The protaspid exoskeletons
form two distinct groups, and the first two clusters of post-protaspid
immature cranidia may correspond to the earliest two meraspid in-
stars. Nevertheless we do not attempt to distinguish any clustering
for the post-protaspid immature cranidia, as the small number of
specimens decreases the confidence of instar-corresponding cluster-
ing. Instead, we broadly divide the ontogenetic development of the
post-protaspid morphologically immature cranidia into the early and
late phases for the purpose of description. The morphological ma-
turity has been assumed to be achieved by the appearance of the
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FIGURE 2—Length and width dimensions of protaspides and post-protaspid
immature cranidia of Shantungia spinifera Walcott, 1905 from the Kushan
Formation, Tangwangzhai section, Shandong Province, China. P1 and P2 de-
note the protaspid groups 1 and 2, respectively.

→

FIGURE 3—Shantungia spinifera Walcott, 1905 from the Kushan Formation, Tangwangzhai section, Shandong Province, China. 1–2, Protaspid group 1
exoskeleton, SNUP5080, 1, dorsal view, �70, 2, oblique lateral view, �55; 3–6, protaspid group 2 exoskeleton, SNUP5081, 3, dorsal view, �70 , 4, lateral
view, �70, 5, posterior view, �70, 6, oblique lateral view, �55; 7, protaspid group 2 exoskeleton, dorsal view, SNUP5082, �70; 8, morphologically immature
cranidium, early phase of development, dorsal view, SNUP5083, �60; 9–10, dorsal and lateral views of morphologically immature cranidium, early phase of
development, SNUP5084, �60; 11, morphologically immature cranidium, early phase of development, dorsal view, SNUP5085, �55; 12, morphologically
immature cranidium, late phase of development, dorsal view, SNUP5086, �45; 13, morphologically immature cranidium, late phase of development, dorsal
view, SNUP5087, �35; 14, morphologically immature cranidium, late phase of development, dorsal view, SNUP5088, �30; 15, morphologically immature
cranidium, late phase of development, dorsal view, SNUP5089, �20; 16, morphologically mature cranidium, dorsal view, SNUP5090, �15; 17–18, dorsal
and oblique lateral views of morphologically mature cranidium, SNUP5091, �6; 19, morphologically mature cranidium, dorsal view, SNUP5092, �6.5; 20,
morphologically mature cranidium, dorsal view, SNUP5093, �4.5.

frontal spine and the differentiation of the frontal area into a pre-
glabellar field and an anterior cranidial border by a clearly-incised
cranidial border furrow.

Protaspid period.⎯Although there are only six protaspid spec-
imens, two size clusters are clearly formed (Fig. 2). The smaller
cluster is referred to the protaspid group 1, whereas the larger one
is protaspid group 2.

Protaspid group 1 dorsal sclerites (Fig. 3.1–3.2) are oval in
outline and measure 0.44–0.46 mm long and 0.35–0.36 mm wide.
The axis is indicated by faintly-incised axial furrows and tapers
slightly posteriorly. Segmentation of the axis is not discernible
except for the occipital ring, which is recognized by a shallow
occipital furrow and posterior cranidial marginal furrow. Sclerites
assigned to the protaspid group 2 (Fig. 3.3–3.7) differ from those
of protaspid group 1 by their larger size (0.59–0.60 mm long and
0.45–0.47 mm wide). The axis is convex and clearly defined by
axial furrows. The occipital ring is defined by a shallow occipital
furrow and deep posterior cranidial marginal furrow. No other
segmentation is observed in the exoskeletons.

The family Damesellidae has been assigned to the Order Lich-
ida (Fortey, 1990, 1997), but the protaspid morphology observed
here shows little affinity with the reported protaspid morphology
of lichid trilobites (cf. Chatterton and Speyer, 1997), suggesting
that the damesellid trilobites had nothing to do with the lichids.
Alternatively, if this trilobite group was closely related to lichid
trilobites, the protaspid morphology described in this study may
represent the plesiomorphic condition of this rather ‘‘primitive’’
sister taxon of lichid trilobites. A better-resolved conclusion is
expected to be drawn from ontogenetic studies of other damesellid
trilobites.

Post-protaspid morphologically immature cranidia.⎯Disar-
ticulated post-protaspid immature cranidia are differentiated into
two groups (Fig. 2), which are referred to as early and late phases

of development based on the size and appearance of palpebral
lobes.

The early morphologically immature cranidia (Fig. 3.8–3.11)
are small, 0.44–0.66 mm long and 0.58–0.78 mm wide, and are
characterized by a semi-circular outline with subparallel axial fur-
rows and no indication of a preglabellar furrow and palpebral
lobes. The occipital ring is faintly indicated by a shallow, trans-
verse occipital furrow. The posterior border furrows are trans-
verse, and the posterolateral projections of the fixigenae are de-
flected posteriorly.

The late morphologically immature cranidia (Fig. 3.12–3.15)
are larger than the early immature cranidia, ranging from 0.75–
1.49 mm long and 1.07–2.17 mm wide. The notable morpholog-
ical changes in the late immature cranidia are the appearance of
palpebral lobes, a forward-tapering glabella with a faint indication
of a preglabellar furrow in larger specimens (Fig. 3.14–3.15), and
the differentiation of the frontal area into a preglabellar field and
anterior cranidial border. With growth, the palpebral lobes become
comparatively shorter, and the anterior cranidial margin gets more
acuminate. In specimens 0.96–1.23 mm long (Fig. 3.13–3.14), the
anterior cranidial border is subtriangular in plan view, sculptured
with sub-horizontally aligned ridges and grooves. The largest
morphologically immature cranidium (Fig. 3.15) is poorly pre-
served but displays intermediate morphological features between
the smaller immature cranidia and morphologically mature cran-
idia. Its anterior cranidial border is slightly upturned, and the pal-
pebral lobes are dorsally more elevated than those of smaller im-
mature cranidia with a kidney-shaped outline.

Morphologically mature cranidia.⎯The small mature cranidia
(Fig. 3.16) are fragmentary, ranging from 2.13–2.37 mm long and
3.42–3.78 mm wide. The glabella is subconical in outline with
anteriorly-tapering axial furrows. The frontal area is clearly dif-
ferentiated into a short preglabellar field with median depression
and a transversely triangular upturned anterior cranidial border.
The most conspicuous morphological feature of this group is the
prolongation of the frontal spine on the anterior cranidial border.

The large morphologically mature cranidia (Fig. 3.17–3.20)
range from 4.44–7.94 mm long and 7.44–9.87 mm wide. The
cranidium excluding the frontal spine is subpentagonal in outline.
The glabella is subconical with a weak constriction at the anterior
portion in larger specimens. A pair of small anterolateral swell-
ings are recognized in the largest specimen (Fig. 3.20), but they
are not well defined in smaller specimens. Lateral glabellar fur-
rows are weakly impressed. The subrectangular occipital ring is
defined by a moderately incised occipital furrow. The preglabellar
field is short and ornamented medially with an anastomosing
ridge-and-groove pattern similar to a caecal network. With
growth, the anterior cranidial border and frontal spine become
longer, while the palpebral lobes become comparatively smaller
and more posteriorly situated. Bacculae are more prominent on
larger cranidia than on smaller ones. Posterolateral projections of
fixigenae are short, deflected posteriorly. Posterior border furrows
are clearly incised.

DISCUSSION

Oculishumardia Peng et al., 2003 was established based on
small (less than 1.5 mm in cranidial length) trilobites from the
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Liostracina bella Zone of the Huaqiao Formation in South China
(cf. Peng et al., 2004) and was suggested to be one of the oldest
shumardiids. The diagnostic features of this genus have been sum-
marized as having palpebral lobes, glabella with weakly-defined
anterolateral swellings, a pair of bacculae, weak lateral glabellar
furrows, a long, anteriorly-sloping preglabellar field, and a faint
preglabellar furrow (Peng et al., 2003). In these respects, the im-
mature specimens of Shantungia spinifera are morphologically
similar to Oculishumardia. Nonetheless there are apparent differ-
ences between O. hunania and the immature specimens of S. spi-
nifera: morphological features shown only in O. hunania include
anterolateral swellings on the glabella, indication of glabellar fur-
rows, a pair of bacculae, and well-defined occipital and posterior
border furrows. However, such morphological features are ex-
pressed in the morphologically mature cranidia of S. spinifera. In
addition, the illustrated specimens of O. hunania demonstrate that
the palpebral lobes are more prominent on larger cranidia (Peng
et al., 2004, volume 2, pl. 65, figs. 13–14; pl. 66, figs. 3–6) than
on smaller ones (Peng et al., 2004, volume 2, pl. 65, figs. 10–12;
pl. 66, figs. 7–8) and that the preglabellar furrow and anterior
border are not recognizable in the smaller specimens. Similar on-
togenetic changes are also apparent in S. spinifera (Fig. 3).

The morphological similarity between Oculishumardia and the
immature cranidia of S. spinifera indicates that O. hunania may
represent morphologically immature stages of some damesellid
trilobites occurring in the same stratigraphic interval in South Chi-
na. The collection data of the polymerid trilobites from the Wang-
cun and Paibi sections in South China (Peng et al., 2004, volume
2, text-figs. 2 and 3) show that Teinistion posterocostum (Yang
in Zhou et al., 1977) is the most likely candidate for mature forms
of O. hunania, as Teinistion is morphologically comparable to
Shantungia but differs in lacking a prominent frontal spine and
in having well-defined eye ridges.

Since Oculishumardia was considered to represent the evolu-
tionary intermediate stage between ptychoparioids and shumar-
diids (Peng et al., 2003), the ancestry of the family Shumardiidae
should be explored. For the purpose of taxonomic and termino-
logical clarity, the term ‘‘stem-group shumardiids’’ is used for the
middle Cambrian taxa possibly related to the Shumardiidae, while
the ‘‘crown-group shumardiids’’ refers to the post-middle Cam-
brian shumardiid trilobites characterized mainly by the lack of
eyes, yoked librigena, small size, long macropleural spines, and
a small number (usually no more than six) of thoracic segments.
Accordingly, it can be said that the possibility of Oculishumardia
being a juvenile form of some damesellid trilobites leads to two
hypotheses on the ancestry of post-middle Cambrian crown-group
shumardiid trilobites. First, if Oculishumardia-like forms truly
represent the middle Cambrian stem-group shumardiids, it can be
inferred that a stock of middle Cambrian damesellids gave rise to
shumardiid trilobites through paedomorphic evolution. If this is
the case, the current classification in which the family Shumar-
diidae is placed within the Order Ptychopariida (Fortey, 1997)
turns out to be inappropriate, and the Shumardiidae should be
included in the Order Lichida, to which the superfamily Dame-
selloidea is assigned. Second, if the post-middle Cambrian crown-
group shumardiids arose from some ptychoparioids, and the mid-
dle Cambrian Oculishumardia-like forms of immature damesellid
trilobites had no close phylogenetic relationship with shumardiids,
the synapomorphies of Oculishumardia and other crown-group
shumardiids proposed by Peng et al. (2003, p. 200) are results of
convergent evolution. The assessment of these hypotheses would
be largely dependent on the morphology of the oldest member of
the crown-group shumardiids. The oldest crown-group shumar-
diids reported so far are Elaphraella Lu and Qian, 1983 from the
late Changshanian stage of North China, and some specimens of
Liriamnica Shergold, 1980 (pl. 18, figs. 9, 11; two specimens
from the lowermost horizon) from the middle Iverian stage of
Australia. These oldest crown-group shumardiids clearly differ

from Oculishumardia-like forms in having a distinctly incised
preglabellar furrow and no anterolateral swellings on the glabella.
Accordingly, at present, the second hypothesis, in which dame-
sellids have nothing to do with the crown-group shumardiids, is
more probable.

CONCLUSIONS

The immature cranidia of Shantungia spinifera from North Chi-
na reveal that the specimens assigned to Oculishumarida hunania
may represent the immature forms of some damesellid trilobites.
As Oculishumardia was claimed to be the oldest shumardiid rep-
resenting a phylogentically intermediate form between ptycho-
parioids and shumardiids by Peng et al., 2003, this result leads to
two hypotheses on the ancestry of shumardiid trilobites: 1) the
shumardiids may possibly have arisen from a stock of some da-
mesellids or 2) the Oculishumardia-like forms of immature da-
mesellids had no close phylogenetic relationship with shumar-
diids. The morphology of the oldest crown group shumardiid
trilobites known so far suggests that the second hypothesis, in
which damesellid trilobites were not closely related to shumardiid
trilobites, is more likely.
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