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Abstract

A new genus and species of the family Eugaleaspidae (Eugaleaspiformes, Galea-
spida), Xitunaspis magnus gen. et sp. nov., is described from the Lower De-
vonian Xitun Formation in Qujing, Yunnan Province, China. The new genus
displays the diagnostic characters of the Eugaleaspidae, including a slit-like me-
dian dorsal opening, no inner cornual process, developed median dorsal canals,
and only three pairs of lateral transverse canals extending from lateral dorsal
canals. Different from the other eugaleaspids, X. magnus possesses a large head-
shield with thick dermal bone and a more plesiomorphic sensory canal system.
The phylogenetic analysis of the Galeaspida reveals that Xitunaspis clusters with
Dunyu and Eugaleaspis to form a monophyletic clade Eugaleaspidae Liu, 1965,
and has a closer relationship with Dunyu than Eugaleaspis by sharing the thick
dermal bone of the headshield. The new finding represents the first convincing
fossil record of the Fugaleaspiformes in the middle Lochkovian Xitun Formation
and adds to our knowledge about the morphology of eugaleaspiforms and the
evolutionary pattern of the sensory canal system in the Eugaleaspiformes and
even Galeaspida.
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Abstract

A new genus and species of the family Eugaleaspidae (Eugaleaspiformes, Galea-
spida), Xitunaspis magnus gen. et sp. nov., is described from the Lower De-
vonian Xitun Formation in Qujing, Yunnan Province, China. The new genus
displays the diagnostic characters of the Eugaleaspidae, including a slit-like
median dorsal opening, absence of inner cornual processes, developed median
dorsal canals, and only three pairs of lateral transverse canals extending from
the lateral dorsal canals. Unlike other eugaleaspids, X. magnus possesses a large
headshield with thick dermal bone and a more plesiomorphic sensory canal sys-
tem. Phylogenetic analysis of the Galeaspida reveals that Xitunaspis clusters
with Dunyu and Fugaleaspis to form a monophyletic clade Eugaleaspidae Liu,
1965, and shares a closer relationship with Dunyu than with Fugaleaspis based
on the shared thick dermal bone of the headshield. This new finding repre-
sents the first convincing fossil record of the Eugaleaspiformes in the middle
Lochkovian Xitun Formation and adds to our knowledge about the morphology
of eugaleaspiforms and the evolutionary pattern of the sensory canal system in
the Eugaleaspiformes and even Galeaspida.

Key words: Qujing, Yunnan; Early Devonian; Xitunaspis, Eugaleaspiformes;
sensory canal system

Citation: Sun H R, Gai Z K, Cai J C et al., in press. Xitunaspis, a new
eugaleaspid fish (Eugaleaspiformes, Galeaspida) from the Lower Devonian of
Qujing, Yunnan. Vertebrata PalAsiatica.

1 Introduction

The Galeaspida is an extinct clade of armored jawless stem-gnathostomes known
exclusively from the Silurian and Devonian of China and Vietnam (Janvier, 1996;
Zhao, 2005; Zhu and Gai, 2006; Gai and Zhu, 2017). Except for some basal
or early-diverging taxa (Hanyangaspidae, Xiushuiaspidae, and Dayongaspidae),
Galeaspida can be classified into three major monophyletic groups: Eugaleaspi-
formes, Polybrachiaspiformes, and Huananaspiformes (Zhu and Gai, 2006; Zhu
et al., 2015). Recent fossil records show that the Eugaleaspiformes diverged
from basal galeaspids as early as the middle Telychian, Llandovery of Silurian
(Liu et al., 2021), and survived to the Pragian of Early Devonian, in which the
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youngest eugaleaspiforms Fugaleaspis and Pterogonaspis were known from the
Xujiachong Formation in Qujing, Yunnan Province (Liu, 1975; Zhu, 1992).

Abundant galeaspid fossils have been found in Ludlow to Early Devonian strata
in the Qujing area since the 1960s. The Early Devonian fish-bearing sequence
includes the Xishancun, Xitun, Guijiatun, and Xujiachong formations in ascend-
ing order (Liu, 2002; Zhao and Zhu, 2010). The eugaleaspiform FEugaleaspis
changi, the huananaspiform Nanpanaspis microculus, the polybranchiaspiforms
Polybranchiaspis liaojiaoshanensis, Microhoplonaspis microthyris, Laxaspis qu-
jingensis, and  ‘Lazaspis rostrata’ , in addition to Hyperaspis acclivis (incerti
ordinis, probably a polybranchiaspiform) were documented from the Xitun For-
mation in Qujing (Liu, 1965, 1975; Pan, 1992; Zhu et al., 2015). However, it is
noteworthy that F. changi, N. microculus, L. qujingensis, and ‘Lazaspis rostrata’
, which were assumed to be from the Xitun Formation at a site of Liaokuoshan
(formerly Liaojiaoshan) in their original description (Liu, 1965, 1975), were later
corrected to be from the middle part of the Xishancun Formation together with
the arthrodire Szelepis yunnanensis (Liu, 1979; Zhu et al., 2015).

Therefore, there is still no convincing fossil record of the Eugaleaspiformes in
the Xitun Formation. Here we describe the first eugaleaspiform from the Xitun
Formation, which may add to our knowledge about the morphology and evolu-
tion of eugaleaspiforms and shed new light on the evolutionary pattern of the
sensory canal system in galeaspids.

2 Geological Setting

The specimens of the new taxon were collected from grey-green marl in the
lower part of the Xitun Formation near Xitun village in Qujing City (Fig. 1A
[Figure 1: see original paper]). The fish-bearing Xitun Formation, dominated
by variegated marls, siltstones, and shales intercalated with mudstones, con-
formably contacts the Xishancun Formation and is overlain by the Guijiatun
Formation (Cai et al., 1994; Zhao and Zhu, 2010) (Fig. 1B). Since the 1960s, rich
fossils of placoderms, sarcopterygians, actinopterygians, chondrichthyans, and
galeaspids, constituting the famous Xitun Vertebrate Fauna, have been found
in the Xitun Formation, which probably represents a foreshore-shallow water
marine environment (Zhu, 2000; Zhao and Zhu, 2010). The age of the Xitun
Formation is middle-late Lochkovian based on evidence from associated spores,
such as Apiculiretusispora plicata, Streelispora newportensis, Stenozonotriletes
pusillus, Breconisporites breconensis, Apiculatisporites microcanonus, and Em-
phanisporites neglectus (Cai et al., 1994; Zhu et al., 2000).

3 Material and Methods

The new materials described herein include a nearly complete headshield (IVPP
V 27400.1b, Fig. 2B [Figure 2: see original paper]) as well as its external mould
(V 27400.1a, Fig. 2A) (holotype), and three incomplete headshields (V 27400.2-
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4, Figs. 2C, D; 3A). They are housed in the Institute of Vertebrate Paleontology
and Paleoanthropology (IVPP), Chinese Academy of Sciences (CAS).

The specimens were prepared mechanically using a vibro tool with a tungsten-
carbide bit or needle and measured with a digital vernier calliper. They were
studied under an Olympus SZ61 zoom stereo microscope. We used a Canon
EOS 5D Mark III camera coupled with a Canon macro photo lens EF 100 mm
1:2.8L to photograph the general morphology and a Canon macro photo lens
MP-E 65 mm 1:2.8 1-5x and Olympus SZ61 zoom stereo microscope for close-
ups of the ornamentation. All fossils and data are accessible for examination in
the collections of IVPP, CAS.

Specimen V 27400.4 (Fig. 3A [Figure 3: see original paper]) was scanned at
IVPP, Beijing, China using a 225 kV micro-CT (designed by the Institute of
High Energy Physics, CAS). The specimen was scanned with a beam energy of
130 keV and a flux of 120 mA at a detector resolution of 42.34 pm per pixel, using
a 360° rotation with a step size of 0.5° and an unfiltered aluminum reflection
target. A total of 1560 transmission images were reconstructed by means of
a two-dimensional reconstruction software (IVPP 225KVCT Reconstruction)
developed by the Institute of High Energy Physics, CAS. Three-dimensional
reconstructions were then generated using Mimics (Materialize version 19.0),
and images exported from Mimics were processed in Adobe Photoshop and
Adobe Illustrator.

We conducted the phylogenetic analysis within Galeaspida. Character data
entry and formatting were performed with Mesquite (version 3.61) (Maddison
and Maddison, 2019). The dataset was subjected to parsimony analysis in
the TNT software package (Goloboff and Catalano, 2016). The analysis was
conducted using a traditional search strategy, with default settings apart from
10000 maximum trees in memory and 1000 replications.

4 Systematic Paleontology

Subclass Galeaspida Tarlo, 1967
Order Eugaleaspiformes (Liu, 1965) Liu, 1980
Family Eugaleaspidae (Liu, 1965) Liu, 1980

Xitunaspis gen. nov. (Figs. 2-4)

FEtymology: From Xitun, in reference to the fossil site; and aspis (Gr.), meaning
shield.

Type species: Xitunaspis magnus gen. et sp. nov.

Diagnosis: A large-sized eugaleaspid fish with nearly semicircular headshield;
rostral margin of headshield blunt; narrow leaf-shaped cornual process extend-
ing posterolaterally; inner cornual process absent; median dorsal opening lon-
gitudinal slit-like (length/width>6), extending posteriorly behind the level of
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the center of orbital openings and ending at the level of the posterior mar-
gin of orbital openings; orbital opening round, and dorsally positioned; typical
eugaleaspid-type sensory canal system consisting of U-shaped median dorsal
canals, posterior supraorbital canals, infraorbital canals, lateral dorsal canals,
and three pairs of lateral transverse canals; ornamentation composed of large
polygonal, flat-topping tubercles.

Remarks: The most obvious difference between Xitunaspis and other eugalea-
spids is shown in the distribution pattern of the sensory canal system. The
vestige of the median transverse canal issuing from the median dorsal canal and
a short central canal differentiate it from other eugaleaspids. Xitunaspis dif-
fers from Fugaleaspis in its larger headshield, the median dorsal opening ending
at the level of the posterior margin of orbital opening, and the thicker dermal
bones of the headshield. Xitunaspis differs from Dunyu in its width/length ratio
of headshield being bigger than 1, the narrow leaf-shaped cornual processes ex-
tending posterolaterally, and the median dorsal opening ending at the level or in
front of the posterior margin of orbital openings. Xitunaspis is distinguishable
from Nochelaspis and Yunnanogaleaspis by its polygonal flat-topping tubercles
and the absence of paired inner cornual processes.

Xitunaspis magnus gen. et sp. nov. (Figs. 2-4)

Etymology: From magnus (Latin), meaning large, in reference to the large-sized
headshield.

Holotype: A nearly complete headshield and its external mould, IVPP V
27400.1a, b.

Referred specimens: Three incomplete headshields, IVPP V 27400.2-4.

Locality and horizon: Qujing, Yunnan, China; Xitun Formation, Lochkovian,
Lower Devonian.

Diagnosis: The only known species, diagnosis as that of the genus.
Measurements: See Table 1 .

Description: The holotype IVPP V 27400.1 (Fig. 2A, B) and referred specimens
V 27400.2-4 (Figs. 2C, D; 3A) show that X. magnus is a large-sized eugalea-
spiform with a semicircular headshield. The measured data of five specimens
demonstrate that the maximum length and width of the headshield are 103.4
and 146.0 mm, respectively (Table 1). The ratio of width/length of the head-
shield is about 1.4. The midline length of the headshield in the largest specimen
is 85.0 mm (Table 1). The exoskeleton composed of galeaspidin is thicker than
that of any known galeaspids. Its thickness is about 1.0 mm. In dorsal view,
the headshield is gently convex to form a domed structure with its highest point
at the middle of the posterior margin.

The rostral margin is smooth and blunt. The right cornual process is completely
preserved in the holotype V 27400.1b (Fig. 2B). It is narrow leaf-shaped and
about 27 mm long, extending posterolaterally.
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The median dorsal opening (md.o, Figs. 2A, B, D; 3A) is very long and longi-
tudinally slit-like in shape with nearly parallel lateral margins. In the holotype,
the long axis of the median dorsal opening is 34.2 mm and the short axis is
4.2 mm (Table 1), with the ratio between them being about 8.1. The median
dorsal opening extends posteriorly and ends at the level or a little in front of the
posterior margin of orbital openings. The median dorsal opening is encircled
by a dermal ring-like structure, which bears anteriorly-tapering spine-like ridges
along its medial surface (Fig. 2E).

The orbital openings (Figs. 2A-D; 3A) are positioned dorsally on the headshield.
They are nearly circular in shape and large, with a diameter of about 10.0 mm
(Table 1). In the holotype, the distance between the two orbital openings reaches
44.0 mm (Table 1).

The pineal opening is preserved in the holotype V 27400.1b (Fig. 2B) and the
referred specimen V 27400.4 (Fig. 3A, C). It is located in the midline of the
headshield just behind the level of the posterior margin of the orbital openings.
The pineal opening is large and nearly round. The long and short axes of the
pineal opening are about 3 and 2.5 mm, respectively. The length of the pre-
pineal region is about 50.0 mm and the length of the post-pineal region is about
34.1 mm (Table 1).

We restore the sensory canal system, which is of the typical eugaleaspid-type,
mainly based on the CT slices and 3D reconstruction of the referred specimen
V 27400.4 (Figs. 3B, G; 4A). The identified sensory canal system of X. magnus
includes anterior supraorbital canals, posterior supraorbital canals, infraorbital
canals, median dorsal canals, lateral dorsal canals, lateral transverse canals,
dorsal commissure, and a central canal (Figs. 3B, G; 4A, B). The anterior
supraorbital canals are disconnected with the posterior supraorbital canals (Figs.
3B, 4A). The paired median dorsal canals are nearly parallel. Their anterior ends
join smoothly with two posterior supraorbital canals at the level of the pineal
organ, while their posterior ends converge with the dorsal commissure forming a
U-shape (Figs. 3B, G; 4A, B). The infraorbital canals connect smoothly with the
lateral dorsal canals, positioned lateral to the orbital opening (Figs. 2C, D; 3B).
Three pairs of lateral transverse canals, extending from the lateral dorsal canals
on either side of the headshield, are visible in the holotype V 27400.1b (Fig. 2B),
CT slices, and 3D reconstruction of specimen V 27400.4 (Figs. 3B; 4A). Among
the three pairs of lateral transverse canals, the first is the shortest and extends
anterolaterally same as the second, while the third is the longest and extends
posterolaterally. The dorsal commissure connects the median dorsal canals and
lateral dorsal canals, and extends to the second lateral transverse canals (Figs.
3B, G; 4A, B). A short central canal issues from the dorsal commissure (Figs.
3B, G; 4A, B), as in Changzingaspis gui and Sinogaleaspis shankouensis (Gai
et al., 2020). The vestiges of median transverse canals, distinct in the CT slices
and 3D reconstruction of the referred specimen V 27400.4 (Figs. 3B, G; 4A),
are positioned at the level between the first lateral transverse canals and the
second lateral transverse canals.
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The subcutaneous vascular plexus, well-developed at the boundary between the
exo- and endo-skeletons, is composed of lots of irregular vascular canals (Figs.
2A; 3A, E, F). The lateral margin of the headshield is smooth and the surface
of the headshield is ornamented with large polygonal, flat-topping tubercles.
Like Fugaleaspis changi, the tubercles on the margin of the headshield (about
4 tubercles per square millimeter) are slightly smaller than those on the center
(about 3 tubercles per square millimeter) (Figs. 2B-D; 3A, B, G; 4A, B).

5 Phylogenetic Analysis and Results

To explore the phylogenetic position of Xitunaspis magnus gen. et sp. nov.
within Galeaspida, we conducted an extended phylogenetic analysis based on
known datasets (Gai et al., 2005, 2018; Zhu and Gai, 2006; Shan et al., 2020;
Jiang et al., 2021; Meng and Gai, 2021), with the addition of three new charac-
ters: [64] Central canal: (0) absent, (1) present; [65] Dermal bone of headshield:
(0) no less than 1 mm in thickness, (1) less than 1 mm in thickness; [66] Vestige
of median transverse canal: (0) absent, (1) present.

Data entry and formatting were performed using Mesquite version 3.61 (Maddi-
son and Maddison, 2019), and the dataset was subjected to maximum parsimony
analysis in the TNT software package (Goloboff and Catalano, 2016). The anal-
yses were conducted using a traditional search strategy, with default settings
apart from the following: 10000 maximum trees in memory and 1000 replica-
tions. Bremer support values were generated in TNT by applying the ‘New
Traditional Search’ using TBR and collecting suboptimal topologies with 1000
replicates. Bootstrap values were generated in TNT using 1000 replicates (Qiao
et al., 2016). All characters were treated as unordered and weighted equally, as
in earlier versions of this dataset (Shan et al., 2020; Jiang et al., 2021; Meng and
Gai, 2021). The phylogenetic analysis included 48 galeaspid genera as ingroup
taxa. The basal osteostracan genus Ateleaspis was selected as the outgroup
for the phylogenetic analysis because Osteostraci is a sister taxon to Galeaspida
(Fig. 5 [Figure 5: see original paper|) and Ateleaspis is regarded as the ancestral
taxon of osteostracans (Sansom, 2009; Meng and Gai, 2021).

The phylogenetic analysis yielded a strict consensus tree of two equally most-
parsimonious trees (Fig. 5) with a tree length of 198, a consistency index (CI)
of 0.4192, and a retention index (RI) of 0.7609.

6.1 Taxonomic Implication

Xitunaspis magnus gen. et sp. nov. exhibits the diagnostic characters of the
Eugaleaspidae, including a nearly semicircular headshield, a long and longitudi-
nally slit-like median dorsal opening, absence of paired inner cornual processes,
and a typical eugaleaspid-type sensory canal system with three pairs of lateral
transverse canals. Our phylogenetic analysis indicates that Xitunaspis, Dunyu,
and Fugaleaspis cluster together to form the monophyletic clade Eugaleaspidae
Liu, 1965 defined by synapomorphies such as the semicircular headshield and
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absence of paired inner cornual processes, whereas Falxcornus, Tridensaspis, and
Pterogonaspis cluster together to form another monophyletic group, the family
Tridensaspidae Liu S F, 1986 (Fig. 5). Within the Eugaleaspidae, Xitunaspis
has a closer relationship with Dunyu than with Eugaleaspis because they share
the thick dermal bone of the headshield.

The Eugaleaspiformes mainly consists of the families Shuyuidae, Sinogaleaspi-
dae, Tridenaspidae, and Eugaleaspidae (Zhu et al., 2015; Shan et al., 2020). Yun-
nanogaleaspis and Nochelaspis were consistently resolved as a paraphyletic ar-
ray between the Sinogaleaspidae and Tridensaspidae plus Eugaleaspidae. They
were removed from the Eugaleaspidae to maintain the stability of Eugaleaspidae
(Shan et al., 2020; Meng and Gai, 2021) (Fig. 5). The finding of X. magnus and
its phylogenetic result corroborate previous analyses. The emended Eugalea-
spidae still represents the most diversified clade of Eugaleaspiformes. It now
includes six species of three genera, among which the two species of Dunyu from
the Ludlow (Silurian) of Yunnan and Chongging (Liu, 1983; Zhu et al., 2012;
Gai and Zhu, 2017) represent the earliest revival of Eugaleaspiformes from the
Wenlock extinction of the Sinogaleaspidae. The Eugaleaspidae survived to the
Pragian of Early Devonian. The youngest eugaleaspiform fish, Fugaleaspis zuji-
achongensis, was documented in the upper part of the Xujiachong Formation in
Qujing, Yunnan Province (Liu, 1975). Therefore, the Eugaleaspidae also repre-
sents the longest-lasting family of Eugaleaspiformes, extending from the Ludlow
(~427 million years ago) to the Pragian (~407 million years ago). X. magnus,
representing the first convincing fossil record of Eugaleaspiformes in the middle
Lochkovian Xitun Formation, bridges the gap of Eugaleaspiformes between the
early Lochkovian Xishancun Formation and the Pragian Xujiachong Formation.

6.2 The Evolutionary Pattern of Sensory Canal System in
Galeaspids

The sensory canal system of Galeaspida, also named the lateral line system, is a
system of sense organs that serves to detect movements, vibration, and pressure
gradients in the surrounding water (Shan et al., 2020). It usually exhibits a grid
pattern consisting of two pairs of longitudinal canals and a varied number of
transverse canals, and has an evolutionary trend from complex to simple pattern
(Liu Y H, 1986; Zhu et al., 2015). The anterior supraorbital canals, posterior
supraorbital canals, median dorsal canals, infraorbital canals, and lateral dor-
sal canals belong to the longitudinal canals, while the lateral transverse canals,
dorsal commissure, and median transverse canals can be referred to the trans-
verse canals (Liu Y H, 1986). In general, the number, placement, and branching
pattern of the sensory canals in galeaspids varies significantly among different
groups (Liu Y H, 1986; Shan et al., 2020).

There are three evolutionary patterns of sensory canal system shown in galea-
spids: the hanyangaspid-type pattern (first named here) with two median trans-
verse canals and more lateral transverse canals issuing from the infraorbital
canals and undeveloped supraorbital canals as in the basal galeaspids (Fig. 6A
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[Figure 6: see original paper], B), the eugaleaspid-type pattern characterized
by U-shaped median dorsal canals as in Eugaleaspiformes (Fig. 6C-J), and
the polybranchiaspid-type pattern featured by V-shaped posterior supraorbital
canal with one median transverse canal (dorsal commissures) as in Polybranchi-
aspiformes and Huananaspiformes (Fig. 6K-L) (Liu Y H, 1986; Shan et al.,
2020).

In the plesiomorphic galeaspid taxa, such as Hanyangaspis, Changxingaspis,
and Dayongaspis, the transverse canals are very developed and the longitudinal
canals are reduced, which should be plesiomorphic in the sensory canal pattern
of Galeaspida. The transverse canals of Hanyangaspis include seven or eight
pairs of lateral transverse canals and two pairs of median transverse canals (the
second pair is equal to the dorsal commissure) (Fig. 6A). Nine pairs of lateral
transverse canals and two pairs of median transverse canals can be observed in
the headshield of Changzingaspis (Fig. 6B).

Compared with the basal galeaspids, the transverse and longitudinal sensory
canals within Eugaleaspiformes are developed on the dorsal side of headshield
and generally show a trend of reduction of the transverse canals and increase of
the longitudinal canals except in several genera of the families Shuyuidae and
Sinogaleaspidae (Fig. 6C-J). The longitudinal U-shaped medial dorsal canal,
which is usually regarded as a derived character in Eugaleaspiformes, is well
developed in the families Sinogaleaspidae, Eugaleaspidae, and Tridenaspidae as
well as in Nochelaspis (Fig. 6C-J). However, more than one of the median trans-
verse canals are regarded as a primitive character found in the basal galeaspids
as well as in the family Sinogaleaspidae (Shan et al., 2020). Therefore, the sen-
sory canal system of the families Shuyuidae (without the medial dorsal canal)
and Sinogaleaspidae (with three pairs of the median transverse canals) should
represent a plesiomorphic condition of the Eugaleaspiformes. The sensory canal
system of the families Eugaleaspidae and Tridenaspidae with the developed me-
dial dorsal canals and a dorsal commissure, i.e., the typical eugaleaspid-type
sensory canal system, may represent an apomorphic condition of the Eugalea-
spiformes.

One pair of vestiges of the median transverse canals can be observed in Xi-
tunaspts, which may be the result of the incomplete degradation of the first
paired median transverse canals. The finding of the new eugaleaspiform Xitu-
naspis magnus provides new evidence for the evolutionary pattern of sensory
canals in galeaspids.

The sensory canal system in Polybranchiaspiformes and Huananaspiformes ex-
hibits another evolutionary pattern, i.e., the polybranchiaspid-type pattern with-
out the median dorsal canals (Liu Y H, 1986). The typical polybranchiaspid-
type sensory canal system is characterized by the longitudinal V-shaped supraor-
bital canals and a transverse dorsal commissure, together with the transverse lat-
eral transverse canals and the longitudinal canals (mainly including the infraor-
bital canals and lateral dorsal canals). In general, the sensory canal number of
the typical polybranchiaspid-type is between that of the typical eugaleaspid-type
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and hanyangaspid-type. For example, there are four pairs of the lateral trans-
verse canals in Polybranchiaspis and five pairs in Sanchaspis, in addition to the
developed longitudinal V-shaped supraorbital canals (Fig. 6K, L). Compared
with the hanyangaspid-type, the sensory canal system of the polybranchiaspid-
type still displays a trend of reduction of the transverse canals and increase of
the longitudinal canals, although its median dorsal canal is not developed. The
developed V-shaped posterior supraorbital canal is regarded as a derived char-
acter only found in both Polybranchiaspiformes and Huananaspiformes (Shan
et al., 2020), while the absence of the median dorsal canal probably represents
a plesiomorphic condition of the basal galeaspids.

In summary, the evolutionary patterns of the sensory canal system within the
endemic Galeaspida can mainly be exhibited by the evolution and replacement
among the hanyangaspid-type, the eugaleaspid-type, and the polybranchiaspid-
type patterns. The latter two patterns evolved from the former, then devel-
oped independently. The findings of the oldest known eugaleaspiforms and
polybranchiaspiforms in Llandovery of Silurian indicate the split among three
patterns of the sensory canal system had been accomplished by the end of the
early Silurian (Liu Y H, 1986; Zhu et al., 2015; Gai et al., 2018). The trend
towards simplification, together with the reduction of the transverse canals and
the increase of the longitudinal canals, can be observed in the evolution history
of galeaspids. The sensory canal system of plesiomorphic galeaspids has a grid
distribution, but we are still not very clear about the process from the grid dis-
tribution of the primitive sensory canal system to the more simplified sensory
canal system in the later period.
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