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A new euarthropod with large frontal appendages
from the early Cambrian Chengjiang biota
Robert J. O’Flynn, Mark Williams, Mengxiao Yu, Thomas H.P. Harvey, and Yu Liu
ABSTRACT
We describe Fengzhengia mamingae gen. et sp. nov., a new euarthropod from
the lower Cambrian (Series 2, Stage 3) Chengjiang Lagerstätte, Southwest China.
Fengzhengia mamingae possesses prominent frontal appendages, stalked, circular
eyes, a simple, sub-triangular head shield, and a trunk with 15 tergites, the anterior
nine each bearing a single medial axial spine. Limited evidence suggests biramous
trunk appendages with paddle-shaped exopods. At the posterior end is a sub-triangular region, possibly a pygidium, articulated with a tail fan. The frontal appendage of F.
mamingae resembles those of certain ‘great appendage’ arthropods and Isoxys. We
test the affinities of F. mamingae by parsimony and Bayesian analyses and tentatively
suggest that it is an early branch of Deuteropoda. We suggest that F. mamingae may
have been a nektobenthic scavenger or predator, and its dorsal exoskeleton is notable
for exhibiting defensive spines.
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INTRODUCTION
The lower Cambrian (Series 2, Stage 3)
Chengjiang biota of China’s Yunnan Province is
famous for its diversity of exceptionally preserved
fossil organisms. Over 250 species have been
described and of these about one-third are arthropods. These taxa have provided important morphological information bearing on the evolution of early
arthropods (see Hou et al., 2017 and references
therein).
The Chengjiang biota provides fossils with
particular interest for assessing the character transitions leading to the evolution of Deuteropoda, a
group that includes ‘upper’ stem and crown-group
euarthropods (Ortega-Hernández, 2016; Daley et
al., 2018). The ‘lower’ part of the euarthropod stem
is occupied by lobopodians and radiodonts,
whereas the ‘upper’ part contains several groups
with fully arthrodised bodies and biramous appendages (reviewed in Ortega-Hernández, 2016; Daley
et al., 2018). The euarthropods of the Chengjiang
biota have the potential to reveal the origins of the
major crown lineages, i.e., modern chelicerates
and mandibulates (Ortega-Hernández, 2016), but
the constituent groups and their interrelationships
are a matter of dispute. Major challenges remain in
resolving the phylogenetic status and positions of
the megacheirans (‘great appendage’ euarthropods), artiopodans (including trilobites and relatives), fuxianhuiids, and various bivalved
arthropods (see Budd, 2021 for a review of competing hypotheses). Attention has focussed on the
implied major rearrangement of the arthropod head
in this region of the tree (Ortega-Hernández et al.,
2017). However, accurate interpretation of pivotal
characters, such as the segmental identity of the
prominent head appendages, and the presence
and location of a labrum, require exceptional fossil
evidence such as preserved neural tissue (e.g., Ma
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et al., 2012; Tanaka et al., 2013; Cong et al., 2014;
Strausfeld et al., 2016; Ortega-Hernández et al.,
2019; Budd, 2021) and three-dimensional information on the ventral head region (e.g., Liu et al.,
2020) — and even then, divergent interpretations
can be considered (Aria et al., 2020; Budd, 2021).
Another approach, however, is to document
new taxa from the ‘upper’ stem-group of euarthropods, in which novel character combinations can
potentially help polarise character transformations
(Budd, 1996; Daley et al., 2009; Smith and OrtegaHernández, 2014; Vannier et al., 2014; OrtegaHernández et al., 2017; Daley et al., 2018; Zeng et
al., 2020). Recently, for example, the description of
Kylinxia zhangi Zeng, Zhao, and Huang in Zeng et
al., 2020 has documented apparently radiodonttype frontal appendages and opabiniid-type eyes in
a euarthropod that otherwise resembles a
megacheiran (Zeng et al., 2020), whereas
Bushizheia yangi O’Flynn and Liu in O’Flynn et al.,
2020 apparently combines a ‘great appendage’like frontal appendage with a body form and pygidium more typical of certain artiopodans (O’Flynn et
al., 2020).
Here we describe Fengzhengia mamingae
gen. et sp. nov., an exceptionally rare component
of the Chengjiang arthropod assemblage. Although
incompletely preserved and known from only one
specimen, F. mamingae displays morphological
characteristics (e.g., body arthrodisation and limbbiramy) that suggest it is an early branch of Deuteropoda (Ortega-Hernández, 2016, table 4). We
evaluate its morphology, most notably the significance of its large frontal appendages and posterior
shield-like structure (a possible pygidium), articulated with a tail fan. We test the likely phylogenetic
position of this species using parsimony and
Bayesian phylogenetic analyses.
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MATERIALS AND METHODS
Material
A single specimen (part and counterpart) of
Fengzhengia mamingae was recovered from the
Yu’anshan Member, Chiungchussu Formation at
Jiucun Town (24°41’33” N, 102°59’26” E), Chengjiang County (Du et al., 2018). The Yu’anshan Member is informally subdivided into four successive
lithologically and palaeontologically distinctive
parts (Zhu et al., 2001). Fengzhengia mamingae
was recovered from the third stratigraphic unit of
the Yu’anshan Member from laminated mudstones
of the lower Cambrian (Series 2, Stage 3). The
specimen is deposited in the Yunnan Key Laboratory for Palaeobiology (YKLP 11431) at Yunnan
University, Kunming. The specimen was prepared
mechanically with a mounted steel needle under a
binocular microscope, where only a small amount
of matrix was required to be removed.
Photography and CT Imaging
Fluorescence microscopy and photography (a
Leica DFC7000 T linked to a Leica M205 FA fluorescence stereo microscope) were used to
increase the contrast between the specimen (not
autofluorescent) and the matrix (weakly autofluorescent). For photographs in natural colour, several
images of the fossil were captured with the aid of
the Keyence VHX-6000 Digital Microscope (Keyence International, Belgium), either with ring light
type illumination (Haug et al., 2018) or cross-polarised co-axial illumination (Haug et al., 2013) to limit
reflection of light and increase contrast (Bengtson,
2000). The focus-stacking function of the digital
microscope was used to create in-focus images of
three-dimensional objects despite the limitation of
the depth-of-field: all photographs presented are
composite images (Haug et al., 2008, 2011). We
used stereo photography to help convey further
morphological information for both part and counterpart. The specimen was also investigated with
computed tomography using a ZEISS Xradia 520
Versa.
Measurements
Measurements were made on digital photographs using the image processing software
ImageJ (Schneider et al., 2012). Morphological
characters measured include: (1) the total length,
measured from the anterior margin of the head
shield to the posterior termination of the tail fan; (2)
the head shield, measured from the anterior margin to the posterior margin; (3) tergites one through

15, measured from the anterior margin to the posterior margin of the tergite; (4) the posterior shieldlike structure, measured from the posterior margin
of the posterior most tergite to the posterior termination; (5) the tail fan, measured from the posterior
margin of the posterior shield to the posterior termination; and (6) the frontal head limb, measured
from the distal termination to the proximal margin
of the podomeres.
Parsimony and Bayesian Analyses
To test the phylogenetic position of Fengzhengia mamingae a series of analyses were performed using the data matrix of Zeng et al. (2020)
(see their supplementary information) with F. mamingae, Kiisortoqia soperi Stein, 2010, and
Bushizheia yangi added; this dataset represents a
large sample, with comprehensive coverage of
stem-euarthropods (Appendices 1-4), and thus
provides a robust framework in which to test
hypotheses. The matrix includes 283 characters
and 84 taxa. The priapulid Priapulus caudatus is
regarded as the outgroup as in the studies of Aria
et al. (2020) and Zeng et al. (2020). Panarthropod
representatives including tardigrades, onychophorans, lobopodians, Radiodonta Collins, 1996,
Megacheira Hou and Bergström, 1997, Fuxianhuiida Bousfield, 1995, and Artiopoda Hou and Bergström, 1997 are also included. The data matrix was
built in WinClada 1.00.08 (Nixon, 1999), and the
parsimony analysis was performed with TNT (Tree
analysis using New Technology) 1.5 (Goloboff and
Catalano, 2016). The software was set to retain
10,000 trees in memory and perform 10,000 replications. Each analysis included a traditional search
with tree bisection and reconnection, a random
seed of one and 1,000 trees to save per replicate.
The optimal trees found in traditional searches
were verified by new technology searches with
1,000 random addition sequences. Strict consensus trees were used to summarise the results of
parsimony analyses. Because of uncertainty in the
interpretation of certain structures in F. mamingae,
we performed four sensitivity analyses to test the
effects of coding for the presence of a pygidium,
and of alternative interpretations of the insertion
point of the frontal appendage, reflecting uncertainty in the segmental homology of frontal appendages in cases where the insertion point and neural
innervation pattern cannot be confirmed (Budd,
2021). To test the sensitivity of the results to alternative hypotheses for the homology of the large
frontal appendage of F. mamingae, we conducted
experimental analyses coding it as deutocerebral
3
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(Appendix 1), unknown (Appendix 2), and protocerebral (Appendix 3), respectively. In analyses 1 to 3
we included a pygidium, and in analysis 4 (Appendix 4) we excluded this.
Bayesian phylogenetic inference of the same
data matrix was conducted in MrBayes 3.2.7 (Ronquist et al., 2012). A run of 50,000,000 Markov
chain Monte Carlo generations was performed,
each containing four Markov chains under the Mkv
+ Γ model for discrete morphological character
data (Lewis, 2001). Trees were collected by a sampling frequency of 1,000 generations and with the
first 25% discarded as burn-in. Convergence, corroborated graphically in Tracer v1.7.2 (Rambaut et
al., 2018), was indicated by standard deviation of
split frequencies below 0.003. A 50% majority-rule
consensus tree of the remaining tree samples was
calculated and used as a summary of results.
SYSTEMATIC PALAEONTOLOGY
Phylum Euarthropoda Lankester, 1904
Class, Order, and Family incertae sedis
Genus Fengzhengia new genus
zoobank.org/3B72CDB4-5DE5-40AE-87B6-89B478FAAE63

Fengzhengia mamingae new species
zoobank.org/302FEF94-956A-4743-BD44-E67DCF3D70FC

Figures 1A-C, 2A-C, 3A-C, 4A-C, 5A-J, 6A-C
Type species. Fengzhengia mamingae gen. et sp.
nov., by monotypy.
Type material. Holotype, YKLP 11431 (part: Figures 1A-C, 2A-C, 3A-C, 5A, E-J, 6A-C; counterpart: Figures 4A-C, 5B-D) from the Cambrian,
Series 2, Stage 3, Eoredlichia-Wutingaspis trilobite
biozone, Nangoan Stage of regional Chinese
usage, Yu’anshan Member, Chiungchussu Formation (Repository: YKLP).
Diagnosis. Euarthropod possessing pair of
upward-orientated frontal-most appendages, each
consisting of stout shaft and distal articulated
region composed of at least six podomeres, five of
which clearly bear elongate triangular endites. Two
anterior and no posterior stalked compound eyes.
Head shield with rounded genal angles. Trunk consisting of 15 tergites — anterior-most nine bearing
medial axial spines. Biramous trunk appendages
with paddle-shaped exopods fringed with setae.
Posterior shield-like structure merged from ≥ three
somites articulated with tail fan.
Etymology. Genus name from 风筝 fēngzhēng,
Mandarin, kite, i.e., a quadrilateral whose four
sides can be grouped into two pairs of equal-length
sides that are adjacent to each other, with reference to the overall shape of the fossil. Species
4

from 马明 Mă Míng, the wife of 杨志鑫 Yáng
Zhìxīn of Kunming, the man who recovered and
prepared the fossil.
Description. Lateral aspect of the head shield,
trunk, posterior shield-like structure, and tail fan
(Figures 1A-C, 5A, E-J, 6A-C; Table 1): the overall
outline of Fengzhengia mamingae is sub-quadrilateral, making a kite-shape whose maximum length
is circa 38 mm. It is laterally compressed, lies parallel to lamination, and is well-articulated, i.e., the
tergites are preserved attached and the left eye is
preserved in situ.
The head shield is simple and sub-triangular
with a medial axial spine (Figure 1A-C), smoothly
rounded posterolateral margins, and its length,
which is comparable to its width, is circa one-third
of the total length of the body.
The trunk tapers very gently from the first and
second tergites, which are of equivalent size, to the
ninth tergite, each one of which possesses a
medial axial spine. Tergites 10-15 are comparatively short and narrow: tergite 10 is characterised
by an abrupt change in length and width compared
to the preceding tergite (tergite 9). These short and
narrow tergites, without medial axial spines, taper
backward to a posterior shield-like structure to
which a tail fan is attached. All tergites curve posteriorly (Figure 3A-C).
The posterior shield-like structure (Figure 6AC), is sub-triangular, appears to consist of at least
three fused segments, and covers at least one
putative endopod (Figures 1C, 6C) and two putative exopods (Figures 1C, 6C). Its length is circa
two-thirds its width. The pleural regions of the
shield’s anterior-most segment are effaced but a
transverse furrow is visible axially.
The tail fan (Figures 1A-C, 6A-C), attached to
the posterior shield-like structure, is broad. It
inserts at the end of the shield-like structure: one
lateral terminus is visible (‘tf’ in Figure 6A-C). Its
morphology, e.g., the posterior margin of the middle, cannot be described further because it is partly
hidden underneath the matrix.
The frontal head limbs, with no clear terminus,
reach a length of circa 16% of the total length of
the body. They are upwardly curved and protrude
from the ventral side of the head shield. The shaft
is sub-rectangular, robust, and stout across its
length. At least six podomeres, five of which bear a
single endite per podomere with no auxiliary
endites, taper distally. The length of each endite
does not exceed the height of its podomere, which
decrease in width distally. The frontal head limb,
along which the endites alternate in length, is not
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FIGURE 1. Fengzhengia mamingae gen. et sp. nov. (YKLP 11431a). A-B, lateral view (stereo pair) of the part (stereo
images have a tilt of 20˚ to emphasise topographic differences); C, composite line drawing of the same. All scale bars
are 5 mm. Abbreviations: ist, indeterminate soft tissue; cw, compression wrinkle(s); en?, putative endopod
podomere(s); es, eye stalk(s); ex?, putative exopod(s); gr, groove; hs, head shield; lae, left eye; ps?, putative pygidial
segment; pyg?, putative pygidium; rae, right eye; tf, tail fan; tfm?, perceived margin of tail fan; t1-15, tergites 1 through
15.
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FIGURE 2. Fengzhengia mamingae gen. et sp. nov. (YKLP 11431a). A, lateral view of the part; B-C, tomographic
models of the part — lateral view of the part with the matrix partially removed digitally and lateral view of the part with
the matrix further removed digitally, respectively. All scale bars are 5 mm. Blue and white arrowheads point to the tergopleurae of the third trunk segment and black and red arrowheads indicate the paddle shaped exopods of trunk limbs
1-3.
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FIGURE 3. Fengzhengia mamingae gen. et sp. nov. (YKLP 11431a). A-C, tomographic models of the part. The specimen is orientated with the anterior facing left. All scale bars are 5 mm. The blue arrowheads point to the tergopleural
terminus of the third trunk segment and, the red arrowheads indicate the paddle-shaped exopods of trunk limbs 1-3 —
transverse sections through flattened lobate exopods that clearly extend beyond the tergopleural termini, and white
arrowheads indicate exopod setae. Abbreviations: 1, trunk exopod 1; 2, trunk exopod 2; 3, trunk exopod 3.
7
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FIGURE 4. Fengzhengia mamingae gen. et sp. nov. (YKLP 11431b). A-B, lateral view (stereo pair) of the counterpart
(stereo images have a tilt of 20˚ to emphasise topographic differences); C, composite line drawing of the same. All
scale bars are 5 mm. Abbreviations: es, eye stalk(s); ex?, putative exopod(s); hl, frontal head limb; hs, head shield;
lae, left eye; t8, tergite 8.
8
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FIGURE 5. Fengzhengia mamingae gen. et sp. nov. (YKLP 11431). A, part (boxed regions are shown in E-J); B, counterpart (boxed regions are shown in C-D); C, tungsten photography lighting of head region in B; E, posterior body
region from A; G, trunk tergites from A; I, head region from A; D, F, H, J, fluorescent photography lighting of the same.
Arrowheads indicate medial axial spines. Scale bars are 5 mm (A-B, I-J); 2 mm (C-H). Abbreviations: asc?, putative
anterior sclerite; cw, compression wrinkle(s); ed, endite(s); en?, putative endopod; es, eye stalk(s); hs, head shield;
lae, left eye; p1-p6, podomeres 1 through 6; ps?, putative pygidial segment(s); pyg?, putative pygidium; rae, right eye;
rm, rim of eye; sh, shaft of frontal head limb; tf, tail fan; t1, tergite 1; t7, tergite 7; t15, tergite 15.

situated close to the eyes but inserts circa onethird of the length of the head shield behind it.
Three trunk limbs, immediately posterior to
the head shield, are concealed within the slab (Figure 2A-C) and revealed by micro-CT (Figure 3AC). Three paddle-shaped exopods that extend
beyond the tergopleural termini (Figure 3A-C), one
per tergite, one putative endopod with four putative
podomeres, and two putative podomeres in isolation (Figures 1C, 6C), are figured.
Indeterminate soft tissue (Figure 1A-C): an
indeterminate structure (Figures 1A-C, 5G-H),

which runs through the central portion of the body,
might be a trace of the gut. Its maximum diameter
is about 2.2 mm.
Remarks. Morphological features of Fengzhengia
mamingae include body arthrodisation, limb
biramy, and stalked compound eyes. The first and
second are synapomorphies associated with Deuteropoda (Ortega-Hernández, 2016, table 4).
Fengzhengia mamingae exhibits a stout,
anteroventral grasping appendage that is superficially like the frontal appendage of radiodonts,
megacheirans, isoxyids, and certain other euar9
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FIGURE 6. Fengzhengia mamingae gen. et sp. nov. (YKLP 11431). A-B, tungsten photography and fluorescent photography lighting of putative pygidium and tail fan, respectively; C, interpretive line drawing of the same. All scale bars
are 1 mm. Abbreviations: cw, compression wrinkles; en?, putative endopod podomeres; ex?, putative exopod(s); ps?,
putative pygidial segment(s); pyg?, putative pygidium; tf, tail fan; tfm?, perceived margin of tail fan; t15, tergite 15.

thropods, e.g., Bushizheia yangi and Kiisortoqia
soperi. The upward orientation of the appendages
in F. mamingae is shared with megacheirans and
Kylinxia zhangi (reviewed in Zeng et al., 2020) and
those isoxyids with raptorial rather than antenniform frontal appendages, e.g., Isoxys (Walcott,
1890) (see García-Bellido et al., 2009; Edgecombe, 2020). In contrast, the frontal appendages
10

of radiodonts typically face downward, and typically
bear a pivot joint (Wu et al., 2021), dorsal spines
(Pates et al., 2021), and auxiliary enditic spines
(Zeng et al., 2020), none of which are evident in F.
mamingae. The lack of dorsal spines on the frontal
appendage also distinguishes F. mamingae from
Bushizheia yangi (cf. O’Flynn et al., 2020, figure
2A-B).
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TABLE 1. Length and width measurements (in mm) of
anatomical structures of Fengzhengia mamingae gen. et
sp. nov. Note that tergite widths cannot be identified
hence absent quantitative data, and the dimensions of
podomere 6, although given, are of an incompletely preserved podomere. Endites of podomeres 4 and 5 are
also incompletely preserved.
Morphological terms

Length

Width

General habitus

38

13

Head shield

11

11

Tergites 1-9
Tergites 10-15

≤2
≤ 0.9

Posterior shield-like structure

4

5

Tail fan

4

5

Frontal head limbs

6

1.8

Shaft

1.9

1.8

Podomere 1 (+ endite)

0.7

0.9 (1.7)

Podomere 2 (+ endite)

0.8

0.89 (2.2)

Podomere 3 (+ endite)

0.8

0.88 (1.6)

Podomere 4 (+ endite)

0.8

0.87 (1.4)

Podomere 5 (+ endite)

0.7

0.86 (1.2)

Podomere 6

0.4

0.6

The frontal appendage in Fengzhengia mamingae is constructed from at least six podomeres,
whereas those of megacheirans typically consist of
five podomeres, therefore F. mamingae is not a
megacheiran sensu Aria et al. (2020). F. mamingae
also lacks evidence for the characteristic elbow
joint and chelate tip of megacheiran ‘great appendages’ (cf. Edgecombe and Legg, 2014). In contrast
to Kylinxia zhangi, a recently described deuteropod
with similarities to both radiodonts and megacheirans (Zeng et al., 2020), the frontal appendage in F.
mamingae exhibits a single rather than a double
row of elongate triangular endites on the shaft and
lacks auxiliary spines.
The head of Fengzhengia mamingae bears
what appears to be a protuberance (Figure 5I),
which could represent the anterior sclerite from
which large, stalked, sub-circular (far more circular
than elliptical) eyes protrude anterolaterally, as
observed in, e.g., Odaraia alata Walcott, 1911
(e.g., Briggs, 1981; Ortega-Hernández, 2015); the
peduncles’ length (such as are visible laterally) is
about equal to the eyes’ diameter. The eyes bear
marginal rims that may represent a flattened lens
or corneal layers (Figures 1A-C, 5J).
The division of the trunk into an anterior series
of nine broad tergites with medial axial spines, followed by a series of six comparatively narrow tergites that lack spines, resembles the thoracic-

abdominal subdivision of fuxianhuiids. Despite
these apparent similarities, neither part nor counterpart exhibits a pair of antennae or a pair of specialised post-antennal appendages (Chen et al.,
2020); therefore, it is not a fuxianhuiid sensu Chen
et al. (2020).
We interpret the posterior shield-like structure,
based on the conjoined segments posterior to the
last trunk articulation (Hughes et al., 2006) in Fengzhengia mamingae as a pygidium sensu Cotton
and Braddy (2004), i.e., a posterior tagma consisting of several fused segments under a single tergite, which may or may not incorporate the postsegmental telson. Fengzhengia mamingae also
shows a putative endopod attached to its posterior
shield-like structure (Figure 6A-C). A pygidium similar to the posterior shield-like structure in F. mamingae is also present in Bushizheia yangi (O’Flynn
et al., 2020), and the recently described stem mandibulate bivalved arthropod, Pakucaris apatis Izquierdo-López and Caron, 2021. If the posterior shield
of F. mamingae is a pygidium, it adds to a growing
number of pygidium-bearing arthropods and supports a phylogenetic scenario in which a pygidium
is not synapomorphic for a clade composed of xandarellids, naraoiids, helmetiids, tegopeltids, and trilobites, but rather is plesiomorphic, with the
structure being retained in certain groups (e.g., B.
yangi, F. mamingae, and Artiopoda; discussed in
O’Flynn et al., 2020; Izquierdo-López and Caron,
2021).
Fengzhengia mamingae resembles Kylinxia
zhangi (Zeng et al., 2020) in having a subtriangular
head shield with rounded genal angles; large,
stalked compound eyes extending from under the
head shield, which bear marginal rims; possibly
also a pygidium merged from ≥ three somites articulated with a tail fan. However, there are further,
significant morphological differences: (1) F. mamingae has 15 trunk tergites, of which the first nine are
broad with medial spines, and the remaining six
are narrow without spines, whereas K. zhangi has
as many as 25 trunk tergites, which do not contrast
in size; (2) the trilobation of tergites is effaced in F.
mamingae, but prominent in K. zhangi; and (3) F.
mamingae has no posterior stalked compound
eyes on the head, whereas K. zhangi has two anterior and three posterior stalked compound eyes on
the head (Zeng et al., 2020, figure 3).
In terms of preservation, Fengzhengia mamingae is laterally compressed, lies parallel to lamination, and is well-articulated, i.e., its tergites are
preserved attached and its eyes are preserved in
situ. This state of preservation suggests limited
11
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FIGURE 7. Consensus trees from Bayesian (left) and parsimony (right) analyses of panarthropod relationships based
on a matrix of 283 characters and 84 taxa with deutocerebral frontal-most appendages inferred. A, 50% majority-rule
consensus tree from a Bayesian analysis; B, strict consensus of a single most parsimonious tree of 54.38597 steps
(consistency index = 0.48; retention index = 0.86) from a parsimony analysis using implied character weighting (concavity constant k = 3). In the parsimony analysis Fengzhengia mamingae gen. et sp. nov. is retrieved as the sister
taxon to the early branching deuteropod Kylinxia zhangi Zeng, Zhao, and Huang in Zeng et al., 2020. In the Bayesian
analysis F. mamingae is resolved as a deuteropod that bridges between K. zhangi and all other deuteropods. Abbreviations: D, Deuteropoda; P, Panarthropoda; T, total-group Euarthropoda.
12
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post-mortem transportation (e.g., Shu et al., 1999).
Compression wrinkles in the head shield and tail
fan suggest localised, weak sclerotisation.
RESULTS
In the first phylogenetic analysis (Appendix 1,
Figure 7A-B) we coded the position of the frontal
appendages as deutocerebral. The parsimony
analysis yielded a single most parsimonious tree
under implied character weighting (concavity constant k = 3) (Legg et al., 2013). This single most
parsimonious tree has a length of circa 54, a tree
length of 713 steps, a consistency index of 0.48,
and a retention index of 0.86. Fengzhengia mamingae is retrieved as the sister taxon to the early
branching deuteropod Kylinxia zhangi. In the
Bayesian analysis, by contrast, F. mamingae is
resolved as a deuteropod that bridges between K.
zhangi and all other deuteropods.
The phylogenetic placement of Fengzhengia
mamingae in the parsimony analysis is supported
by the absence of circumoral structures in a radial
arrangement, the presence of post-ocular tergal
sclerotisation in the head, the absence of posteriormost lateral processes with lanceolate tips, the
presence of arthropodised trunk appendages, and
the presence of jointed legs or endopodites—characters 37, 75, and 146, 167, and 249, respectively
(Zeng et al., 2020). The Bayesian analysis, which
reconstructs F. mamingae in an intermediate position between the earliest branching deuteropod, K.
zhangi, and all other deuteropods, is supported by
the absence of frontal-most appendages with
endites bearing well-developed auxiliary spines—
character 198 (Zeng et al., 2020), which are present in radiodonts, K. zhangi, and megacheirans,
but absent in isoxyids (e.g., Fu et al., 2011a; Legg
and Vannier, 2013) and other Cambrian euarthropods (Hou et al., 2017).
In the second phylogenetic analysis (Appendix 2) we coded the position of the frontal appendages as unknown (Appendix 2), which resulted in
no change to the position of Fengzhengia mamingae in either parsimony or Bayesian analyses. A
third analysis (Appendix 3), however, which featured the frontal appendage coded as protocerebral, shifted the position of F. mamingae in
parsimony analysis; F. mamingae occupies a lower
branch to Kylinxia zhangi and all other deuteropods.
Considering the uncertain identity of the subtriangular posterior shield-like structure, a pygidium
was coded as present in the first three analyses

but absent in a fourth (Appendix 4); this involved
recoding character 151 (multiple posterior segments fused) and associated characters 152-155
(Zeng et al., 2020). This analysis assumed a deutocerebral identity for the frontal appendage, as in
analysis 1. The effect of coding a pygidium as
absent did not change the position of Fengzhengia
mamingae with respect to analysis 1: i.e., it is an
early branch of Deuteropoda.
DISCUSSION
The combination of characters in Fengzhengia mamingae suggests that it represents an
early branch of Deuteropoda. Recent discoveries
have posed challenges to established hypotheses
of character evolution in this part of the tree, notably that of Kylinxia zhangi (Zeng et al., 2020),
which apparently shares features typically associated with radiodonts, opabiniids, megacheirans,
and artiopodans. Another Chengjiang arthropod,
Bushizheia yangi, exhibits ‘great appendage’-like
frontal head limbs with a more typically artiopodan
body form (O’Flynn et al., 2020; see also Jiao et
al., 2021). At the same time, competing hypotheses of head limb homology continue to find support, resulting in uncertainty over the deep
structure of the euarthropod tree (reviewed in
Budd, 2021; see also Aria et al., 2020). In particular, a hypothesis of differing frontal appendage
identity in radiodonts (protocerebral) compared to
deuteropods (deutocerebral) can be challenged by
contrasting interpretations of fossil structures and,
in turn, the implied pattern of head reorganisation
that must have occurred in this part of the tree
(reviewed in Budd, 2021).
Fengzhengia mamingae cannot resolve
between competing hypotheses of frontal appendage identity, which would require preservation of
the nervous system (to establish the pattern of
innervation of frontal appendages) and threedimensional reconstruction of the ventral part of
the head (to test for the presence and position of a
differentiated labrum). However, given that it is
interpreted as an early branching deuteropod, it
contributes to a growing number of euarthropods
with character combinations that can potentially
resolve the polarity of character transformations in
this region of the tree. In particular, the documentation of an upwards-oriented frontal appendage with
more than five podomeres of comparatively simple
ornamentation adds to the known range of frontal
appendage architectures. The combination of a
frontal appendage with a tail fan, which possibly
articulates with a pygidium-type structure, is remi13
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FIGURE 8. Diagrammatic reconstructions of Fengzhengia mamingae gen. et sp. nov. A, dorsal view; B, lateral view.
The scale bar is 5 mm. Abbreviations: as, medial axial spines; en, endopod; ex, exopod; hl, frontal head limb; hs, head
shield; lae, left eye; pyg?, putative pygidium; rae, right eye; tf, tail fan; t1, tergite 1; t9, tergite 9; t15, tergite 15. Morphological details of the tail fan were partially inferred from Kylinxia zhangi Zeng, Zhao, and Huang in Zeng et al., 2020.

niscent of the condition in Kylinxia zhangi, and
clearly this influences the outcome of our phylogenetic analyses, despite the many distinctions
between these taxa. Overall, we consider any
placement of F. mamingae in the tree to be tentative, pending the discovery of more material of this
exceptionally rare Chengjiang arthropod. Nevertheless, the likely recognition of F. mamingae as an
early branch of Deuteropoda with a novel character
combination adds to the representation of taxa
from this pivotal region of the euarthropod tree, and
suggests that with further sampling of Cambrian
Lagerstätten, we can come closer to understanding
the profound transition in euarthropod evolution
which led to the origins of modern arthropod lineages.
PALAEOECOLOGY
In the absence of direct evidence, the interpretation of the possible life habits of Fengzhengia
14

mamingae must rest on inferences from its morphology and from other taxa. The frontal limbs of F.
mamingae (Figures 8-9) may have been predatory,
possibly analogous in their function to the ‘great
appendage’ of certain radiodonts and megachierans. Their spines are as robust as those of radiodonts and similar in length to those of
amplectobeluids and anomalocaridids, and due to
there being no apparent pivot joint between each
podomere, we infer flexure at the base of the frontal appendages, similarly exhibited by the hurdiid
radiodont Cambroraster falcatus Moysiuk and
Caron, 2019 (see also Whittington and Briggs,
1985). Pivot joints are also absent in Caryosyntrips
Daley and Budd, 2010, a radiodont with which F.
mamingae shares a more similar frontal appendage morphology, i.e., without the typical hurdiid set
of five elongate pectinate endites (Moysiuk and
Caron, 2019) and with a segmented appendage
that is elongate with each podomere bearing one
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FIGURE 9. Artistic reconstruction of Fengzhengia mamingae gen. et sp. nov.

thick spine on its inner margin (cf. Daley and Budd,
2010). Since Caryosyntrips is thought to have
moved its frontal appendages by pivoting at the
basal attachment joint (Daley and Budd, 2010;
Pates and Daley, 2017), perhaps the frontal
appendages of F. maningae were also capable of a
coordinated occlusive motion (cf. Pates et al.,
2021). Zeng et al. (2020) suggests a similar function for the frontal appendages of Kylinxia zhangi,
i.e., flexure is also exhibited by K. zhangi in the
absence of a pivot joint (see their supplementary
information, character 205).
The frontal appendages of Fengzhengia
mamingae are typically larger and have more
podomeres than those of antennate megacheirans
such as Fortiforceps Hou and Bergström, 1997 (cf.
Aria et al., 2020, figure 5A-B) and Jianfengia Hou,
1987 (cf. Aria et al., 2020, figure 5E), which have a
two-part proximal peduncle connected by an elbow
joint to a distal claw comprising four podomeres
each with a long spine on the inner side (Hou et al.,
2017). Fortiforceps foliosa Hou and Bergström,
1997 is thought to have used its elbow joint as a
jack-knife: a mechanism also credited to Yohoia

tenuis Walcott, 1912, another megacheiran (Haug
et al., 2012).
In their evolutionary history, euarthropods
have developed appendages specialised for swimming at several positions along the body (Perrier et
al., 2015). The presence of a tail fan could be indicative of a nektobenthic habit (Figures 8-9). Alternatively, the tail fan of Fengzhengia mamingae could
have enabled rapid changes in direction, as shown
in an exploration of the swimming efficiency and
manoeuvrability of Anomalocaris canadensis
Whiteaves, 1892 deduced from direct hydrodynamic analysis (Sheppard et al., 2018).
In combination with its possible tail fan, Fengzhengia mamingae has a foreshortened body and
extensive medial axial spines, which supply dorsal
but not ventral cover. If it lived at or near the seabed, F. mamingae may have used its well-developed anteriorly positioned stalked eyes for
searching out food, either to scavenge or to find
prey (Hou et al., 2017), and its lamellar exopod
setae for mechanical activity such as swimming or
digging (Farley, 2010). The presence of large,
stalked eyes and a pair of stout grasping append15

O’FLYNN ET AL.: A NEW CHENGJIANG EUARTHROPOD

ages have been interpreted as predatory in what
are essentially nektonic animals (Fu et al., 2011b;
Patterson et al., 2020).
Animals have evolved a range of adaptations
for defence (Hou et al., 1995; Haug and Haug,
2014), and the idea of thwarting predatory tactics
via dorsal axial spines draws a parallel between
Fengzhengia mamingae and Guangweicaris spinatus Luo, Fu, and Hu in Luo et al., 2007, a fuxianhuiid from the lower Cambrian (Series 2, Stage 4),
Guanshan biota (Wulongqing Member, Canglangpu Formation), of Yunnan Province (Chen et
al., 2020). Dorsal axial spines that serve as antipredator defences (Knell and Fortey, 2005) are
also found on trilobites (Fortey and Owens, 1999).
In a quantitative study, Pates and Bicknell (2019)
state that differences in repair frequencies of thoracic injuries are likely a result of predation intensity and not predator efficiency, and Nephrolenellus
geniculatus Palmer, 1998, which has the longest
spines in combination with the lowest repair frequency of the five species quantified in their study,
deterred predators most successfully.
The lack of apparent flexure in the narrow
posterior tergites of Fengzhengia mamingae does
not suggest this region of the body was used to aid
propulsion, contrary to the flexible abdominal
region of the fuxianhuiid Guangweicaris spinatus
(Chen et al., 2020). The tail fan of F. mamingae,
however, may have aided in changing directions
during natation and its flap-like exopods, albeit
fairly small, may further suggest natation, as Zeng
et al. (2020) suggest was the case with Kylinxia
zhangi. Given that the exopods of F. mamingae are
not as large as those of Haikoucaris (cf. Hou et al.,
2017, figure 20.20) and more similar in size to
those of K. zhangi (Zeng et al., 2020, figure 3B),
we suggest that F. mamingae may have been a
nektobenthic predator or scavenger and not necessarily an adept swimmer.
CONCLUSION
Fengzhengia mamingae possesses a fully
arthrodised body and limbs and consequently rests
comfortably within Euarthropoda (Aria, 2019). It
has large frontal appendages which are otherwise
typical of, e.g., radiodonts, megacheirans, and
isoxyids, and biramous trunk appendages with
short paddle-shaped exopods. It possesses a subtriangular head shield and a trunk bearing 15 tergites, the first nine with a medial spine not unlike
those found on some trilobites (Fortey and Owens,
1999) and fuxianhuiids (Chen et al., 2020). Fengzhengia mamingae also has a possible pygidium
16

articulated with a tail fan that resembles the posterior anatomy of Kylinxia zhangi. This structure in F.
mamingae adds further evidence that pygidia were
not uncommon in early branching euarthropods
(see Izquierdo-López and Caron, 2021 who corroborate this).
Although the phylogenetic position of Fengzhengia mamingae is unstable with the available
preserved morphology, our analysis suggests it is
an early branch of the Deuteropoda, assuming a
deutocerebral identity for the frontal appendage.
The results of phylogenetic analyses where
the frontal appendage of Fengzhengia mamingae
is coded as protocerebral, ipso facto placing it outside Deuteropoda, provides two scenarios: in parsimony analysis F. mamingae occupies a lower
branch relative to Kylinxia zhangi and all other deuteropods, as would be expected. However, in
Bayesian analysis is it resolved as a later branch to
K. zhangi within Deuteropoda. It is beyond the
scope of this article to attempt to solve the discrepancies stemming from different analytic tools, but
the difficulties here stem from how ancestral state
reconstructions vary. New datasets in combination
with better material will form key tools in helping us
to further understand the phylogenetic relationships within the euarthropod stem.
The dorsoventrally flattened exoskeleton, tail
fan, and paddle-shaped exopods may be indicative
of a nektobenthic mode of life for Fengzhengia
mamingae. It likely used its stalked eyes and frontal appendages, by analogy with other Cambrian
euarthropods, either to scavenge or find prey, and
its spines may have performed a defensive role.
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APPENDICES
APPENDIX 1.
Frontal head limbs of Fengzhengia mamingae gen. et sp. nov. coded as deutocerebral and
pygidium present. (NEX files are downloadable in one zip file from https://palaeo-electronica.org/
content/2022/3551-a-new-chengjiang-euarthropod.)

APPENDIX 2.
Frontal head limbs of Fengzhengia mamingae gen. et sp. nov. coded as unknown and pygidium
present. (NEX files are downloadable in one zip file from https://palaeo-electronica.org/content/
2022/3551-a-new-chengjiang-euarthropod.)

APPENDIX 3.
Frontal head limbs of Fengzhengia mamingae gen. et sp. nov. coded as protocerebral and pygidium present. (NEX files are downloadable in one zip file from https://palaeo-electronica.org/content/2022/3551-a-new-chengjiang-euarthropod.)

APPENDIX 4.
Frontal head limbs of Fengzhengia mamingae gen. et sp. nov. coded as deutocerebral and
pygidium absent. (NEX files are downloadable in one zip file from https://palaeo-electronica.org/
content/2022/3551-a-new-chengjiang-euarthropod.)
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