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Abstract. A new species of Saurichthys, S. majiashanensis, is
described. It comes from a series of marine vertebrate-bearing beds
of the upper member of the Nanlinghu Formation outcropping in
the large quarry at the top of Majiashan (Majia Hill) near Chaohu
(Hefei City, Anhui Province, China). Its age is Middle Spathian (Ole-
nekian, Early Triassic). This new species deeply differs from the several
pre-Spathian species of Saurichthys mainly for having only two long-
itudinal scale rows together with a reduced grid-like structure for the
neural elements in the vertebral column. Further derived characters are
in the endoskeleton of the dorsal and anal fin, where radials articulate
only to anterior lepidotrichia, the posterior ones being supported by
the first scale from the caudal pedicle mid-dorsal and mid-ventral rows,
deeply imbedded in the body. In addition, the haemal spines of the
caudal region are much enlarged and reversed, with their distal parts
pointing forwards. Though the skull is lacking, postcranial characters
are enough to justify the erection of a new species. This new Saur-
ichthys species, together with other few actinopterygians, can be con-
sidered as the oldest assemblage of the Triassic Middle Fish Fauna,
which bloomed probably in the early Anisian and widespread espe-
cially all over the Tethys for the Middle Triassic and at least the Carnian
in the Late Triassic. This new fish assemblage, together with some of
the oldest marine reptiles, is considered as the beginning of the actual
Triassic recovery among marine vertebrates.

Introduction

The knowledge of biotic recovery, especially the
biodiversity and evolution of marine vertebrates in the

Early Triassic after the P/Tr mass extinction, is being
deepened under new light owing to careful field-based
collecting during the last few years, especially in south-
ern China. Regarding the marine vertebrates, the Early
Triassic has been split in two parts (Tintori et al. 2013),
with the first part, Griensbachian to Smithian, being
dominated by fishes and the second, Middle-Late
Spathian, characterized by the oldest marine reptiles
(McGowan & Motani 2003; Motani et al. 2014). So
far, most of the Early Triassic fishes come from the
classical sites in western Canada, Greenland, Spitsber-
gen and Madagascar and more recently from Anhui,
Hubei and Jiangsu Provinces in Southern China. These
faunas were considered as a whole the Triassic Early
Fish Fauna (TEFF), based on their similar composition
all over the world (Tintori et al. 2013). Above the fish
bearing levels, marine reptiles appeared in the Spathian
and they have been found in Japan, Spitsbergen and
southern China (Shikama & Kamei 1978; Wiman
1929; Young and Dong 1972; Jiang et. al. 2012). Though
in some cases also fishes, and particularly Saurichthys,
have been cited together with the oldest marine reptiles
(Chen 1985; Cox & Smith 1973), no detailed report has
been given for them, or they have been described to-
gether with the older fauna (Stensié 1925), as a part of
the general ‘Early Triassic” assemblage.
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In southern China, two major Early ‘Iriassic lo-
calities are known to yield marine fishes of a typical
TEFE, viz., Jurong in Jiangsu Province (Liu et al
2002) and Chaohu in Anhui Province. The most inter-
esting site appears to be Chaohu, where plenty of mar-
ine reptile skeletons (Jiang et al. 2012; Motani et al.
2014; Stone 2010), together with a few fishes, were ex-
cavated from the Upper Member of the Spathian Nan-
linghu Formation at the Majiashan Quarry near down-
town Chaohu City (Sun et al. 2013; Fig. 1). The locality
also exposes the end-Smithian level (top of the Helong-
shan Formation) with nodules yielding abundant fishes,
similar to those from Jurong (Tong et al. 2006), and
considered as the youngest assemblage for TEFF (Tin-
tori et al. 2013).

At Majiashan, the most common fish genus in the
Upper Member of the Nanlinghu Formation appears to
be Chaohuperleidus (Sun et al. 2013), which can be con-
sidered the oldest representative of the Perleidiformes,
one of the two major orders of subholosteans, a specia-
lized group of basal, non-neopterygian, actinoptery-
gians. Few more fish specimens have since been col-
lected from this fossiliferous level and they point to a
still poor assemblage made of no more than four to five
taxa. A few specimens unequivocally belong to Saur-
ichthys, one of the most common fish across the Triassic
(Beltan & Tintori 1980; Romano et al. 2012), even if
apparently lacking in the end-Smithian assemblage of
Jurong and Majiashan itself. Owing to the size of some
skull fragments, we can assume that these saurichthyids,
more likely belonging to different species, from the
Spathian at Majiashan could reach well over 100 cm in
length, thus comparable to other large species from
Early and Middle Triassic (Tintori 2013). Their size is
furthermore very close to the commonest Ichthyopter-
ygla, Chaohusaurus, collected from the Upper Member
of the Spathian Nanlinghu Formation at Majiashan. Un-
fortunately, only one specimen is suitable for a detailed
description (Fig. 1) that allows us herein to erect the
new species for this cosmopolitan genus.

Material and methods

The specimen consists of an almost complete post-cranial ske-
leton. It lays on a light-grey marly slab, together with a fragmentary

Fig. 1 - A, the localization of Majia-
shan quarry in Chaohu City,
Anhui Province, South Chi-
na, makes the position of
Majiashan Quarry. B, the
Majiashan Quarry seen from
West toward East (after Sun
et al. 2013, modified).

skeleton ot a very interesting Chaobusaurus (Motani et al. 2014),
though the two specimens are not yielded on the same lamina surface.
The specimen (AGM I-2) was collected through a joint excavation led
by AGM, Peking University, University of California, Davis, Univer-
sitd degli Studi di Milano and the Field Museum, Chicago, under con-
cession of the Ministry of Land and Resources of the People’s Republic
of China. The specimen is stored at the Anhui Geological Museum in
Hefei City, Anhui Province, China (Fig. 2).

Preparation of specimen has been roughly done by air chisels;
some anatomical details have been cleared manually by very thin nee-
dles under the stereomicroscope, and were photographed with Nikon
D200 and D3100 with micro lens Nikkor 60 mm, and Sony NEX 5N
with micro lens 30 mm.

Abbreviations

Institutional Abbreviation. AGM, Anhui Geological Mu-
seum.

Anatomical Abbreviations. af, anal fin; al, anal loop; dcs, dor-
sal caudal scutes; df, dorsal fin; dfr, dorsal fin radials; h, haemal ele-
ments; mds, mid-dorsal scale row; mvs, mid-ventral scale row; n, neur-
al elements; pct, pectoral fins; pv, pelvic fins; rhs, reversed haemal
spines; vcs, ventral caudal scutes.

Systematic Paleontology

Subclass Actinopterygii Cope, 1887
Order Saurichthyiformes Aldinger, 1937
Family Saurichthyidae Owen, 1860 [sensu Stensid 1925]
Genus Saurichthys Agassiz, 1834

Saurichthys majiashanensis sp. n.
Figs 2-5

Etymology: from Majiashan (Majia Hill) where the large quar-
ry bearing the holotype and unique specimen is located.

Holotype: specimen AGM I-2, an almost complete specimen
lacking most of the skull and the posterior tip of the caudal fin.

Age and Stratigraphical Distribution: bottom of the Subco-
lumbites zone, Middle Spathian, (Olenekian, Early Triassic), Middle
Member of the Nanlinghu Formation.

Geographical Distribution: Majiashan of Chaohu City, Anhui
Province (China).

Diagnosis (based on a single combination of characters and
*apomorphies): medium sized species of Saurichthys, possibly about
450/500 mm in total length. Two longitudinal scale rows (mid-dorsal
and mid-ventral). Neural elements in vertebral column with short prae-
zygapophisis, very low-angled in the caudal region, giving rise to a
limited ‘grid structure’ (sensu Tintori 2013). Haemal elements ossified
beginning from the region between pelvic and median fins, with half
the number of the corresponding neural ones; at least 15 of them be-
come very stout and pointing forward in tail region*. About 140 neural
elements up to the caudal fin. Median fin rays with at least 8 segments
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Fig. 2

in anal and more than 7 in caudal fin. Fringing fulcra at least on median
fins. Dorsal and anal fin radials present only in anterior part of the fins,
the posteriormost rays articulating on deeply inserted first median scale
of caudal pedicle*. Mid-dorsal and mid-ventral scales gradually enlar-
ging to caudal scutes after the median fin.

Description

The length of the body is about 310 mm, which
should correspond to a total length of about 450-500
mm; this estimate has been made considering that for
middle-sized Sawrichthys the skull usually represents
about 30% of the total length (Tintori 2013).

Skull. As previously noted, little can be known of
the skull because only the incomplete inner side of the
left opercular bone is seen.

Vertebral Column. The vertebral column is pre-
served almost completely even if its small elements are
not always well detectable (Figs 2, 3). The paired neural
elements are made by a small arch region which is con-
vex both on the anterior and posterior sides. Each hemi-
arch bears a rather short laterally flattened, backward
directed, neural spine, not extending for more than one
vertebral segment length. A thinner praezygapophysis
(sensu Tintori 1990), roughly of the same length of the
neural spine, is also present; it is medial to the neural
spines and lays at lower angle relative to the notochord
than the neural spines. The praezygapophysis and neur-
al spine show a regular arrangement until the middle of
the median fins, when they abruptly become almost

- Sanrichthys majiashanensis sp. n., the holotype, specimen AGM I-2. Scale bar equals 50 mm.

parallel to the notochord. About 100 neural elements
are present counting from the skull until the beginning
of the dorsal and anal fins, and 40 more have been
counted from there to the beginning of the caudal fin.

Haemal elements ossify starting immediately be-
hind the anal loop: they are paired, very small, probably
half the number of the corresponding neural elements,
as in most of the earlier species of Saurichthys (summar-
ized by Maxwell et al. 2013). Haemal elements are re-
presented by the small arch region; when they approach
the middle portion of the caudal pedicle they suddenly
expand in a spine and extend in an unusual orientation:
pointing anteroventrally instead of posteroventrally.
Each spine abuts the adjacent ones giving rise to a very
solid continuous ‘wall’: about 11 elements are involved.
The length of the spines increases until the beginning of
the caudal fin where they appear to be closer to the
body axis: at least six-seven spines form this part and
they are increasingly covered by the proximal end of the
caudal lepidotrichia.

Scales. Only the two median scale rows are pre-
sent: the mid-dorsal row starts immediately behind the
skull; the mid-ventral one, as usual when squamation is
not complete in the trunk region, is visible halfway
between the pectoral and the pelvic fins (Fig. 2). The
mid-dorsal scales are narrow and elongate at least until
the insertion of the dorsal fin: their morphology seems
to be the same except for the very first ones, which are
very thin. The first mid-dorsal scale after the dorsal fin
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Fig. 3
pedicle. Scale bar equals 5 mm.

has the anterior edge well below the posterior part of
the fin itself and it shows a specialized expanded ante-
rior tip (Fig. 3). This tip has, on the dorsal side, two
longitudinal, parallel ridges to articulate the posterior-
most short lepidotrichia of the dorsal fin. Five-six
scales, which show the usual lance-shape, follow this
modified scale: proceeding posteriorly, the scales be-
came larger and larger assuming the caudal scute-like
shape (Fig. 4). At least 6-7 of such scutes are present;
their external surface is smooth.

The mid-ventral scales follow the same general
pattern as the mid-dorsal ones, but they start about
mid-way between the pectoral and the pelvic fins and
give rise to the anal loop just posterior to the pelvics.
The anal loop is made of six scales on each side and does
not show any specialized structure. The first scale after
the anal fin is modified to give support to the posterior
part of the fin itself. None of the mid-row scales shows
any ornamentation.

Paired Fins. Both pectoral fins are preserved,
probably in dorsal view, with the left one almost com-
plete (Fig. 2). Each fin is made of about 40 unsegmented
rays, most of which branch at least twice. Lepidotrichia
are quite long, compared to most other saurichthyids,
the longest one being up to 40 mm. The pelvic fins are
made of 28-30 unsegmented lepidotrichia, the longest
being at least 25 mm long. They are inserted at about
mid-way between the pectorals and the caudal fin.

Median Fins. The median fins (Fig. 3) are inserted
quite posteriorly and they are almost symmetrical as

L ¢ -

- Saurichthys majiashanensis sp. n. The holotype, specimen AGM I-2. Detail of the region between the pelvic fins and the caudal

usual in Saurichthys: dorsal and anal fins are inserted at
2/3 of the body length, in correspondence of about the
100" neural element of the vertebral column. The dorsal
fin is made of 50 rays, with posteriormost ones being
very thin and short. In the anal fin, all rays are densely
arranged as probably they were in life: at least eight
segments are present in the longest rays, but their distal
part is not preserved. A few fringing fulcra can be seen
along the anterior margin of the fins. There are eight
ossified endoskeletal elements at least in the dorsal fin:
they are quite stout and their length decreases regularly
backwards. As mentioned above, the posterior part of
both anal and dorsal fin is supported by a modified scale
of the mid ventral and mid-dorsal row respectively.
The caudal fin is preserved only in its proximal
region (Fig. 4). It looks almost symmetrical, since the
ventral lobe starts somewhat in front of the dorsal one,
even if this can be due to the taphonomic process. The
dorsal lobe shows lepidotrichia made of elongated prox-
imal segments followed by very short ones. At least
four more segment rows are present, each one becoming
longer and longer distally. In the ventral lobe the struc-
ture of the lepidotrichia looks different as, following the
long proximal segments, no regular segmentation pat-
tern can be detected and each ray is further jointed at
least up to six times (Fig. 4). In the preserved part no
branching can be observed. Thin and elongate fringing
fulcra are present on both the dorsal and the ventral

edge of the fin.
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Fig. 4 - Sawrichthys majiashanensis

sp. n. The holotype, speci-
men AGM I-2. The poster-
ior caudal region. Scale bar
equals 5 mm.

Fig.5 - Saurichthys sp., from Carnian

(Late Triassic) of Kozja dnina
(Slovenia). Detail of the dor-
sal and anal fin region show-
ing the anal fin endoskeleton
with enlarged first mid ven-
tral scale of the caudal pedi-
cle. Courtesy by T. Itjj. Scale
bar in mm.

Discussion

As far as we know, the postcranial characters in
Saurichthys can well support the subdivision in subge-
nera and species (Rieppel 1985, 1992; Tintori 1990,
2013; Mutter et al. 2008; Romano et al. 2012) even in
absence of the skull. The most obvious character of §.
majiashanensis sp. n. is the greatly reduced scale cover-
ing with the presence of the only mid-dorsal and the
mid-ventral scale rows. So far, only S. grignae (Tintori,
2013) from the early Ladinian of northern Italy, other
than S. deperditus and S. sp. B (Tintori, 1990) from the
Norian of the Alps, has this same character. However,
these latter species have a well-developed grid structure
in the neural part of the vertebral column (Tintori 1990,
2013), as both neural spines and praezygapophyses are
as long as a few vertebral segments, up to six, thus much
longer than in S. majiashanensis sp. n.

All the other species from the end Permian/Early
Triassic [S. (Eosaurichthys) chaoi, S. (E.) madagascarien-
sis, S. (Lepidosanrichthys) ornatus, S. (L.) wimani, S. (L.)
dayi, S.aff. dayi, S.(L.) toxolepis], all from pre-Spathian
levels, have at least six scale-rows, with the anterior part
of the body almost totally covered by well ornamented
scales (Mutter et al. 2008; Kogan 2011; Romano et al.
2012; but see Tintori 2013 for the subgeneric assigna-
tion). All other Middle Triassic species such as S. (Sino-
saurichthys) spp., S. curionii, S. macrocephalus, S. (Costa-
saurichthys) costasquamosus, S. (C.) paucitrichus, have
six scale rows but S. dawaziensis has probably four
(Rieppel 1985, 1992; Wu et al. 2009, 2011). Species from
the early Late Triassic have usually four or six scale-
rows, too (Kogan et al 2009; Tintori 2013). Though
the preservation of the new specimen is not perfect,
there are no doubts that there are no other scale rows
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than the two median ones. Nothing can be said about
the relationships with Yelangichthys, a supposed saur-
ichthyiform recently erected only on skull elements
(Wu et al. 2013). Also, it must be pointed out that the
phylogenetical analyses of Wu et al. (2013) is quite poor,
as very few species of Saurichthys have been accounted
for. Moreover, it is mostly based on dermal skull and
neurocranial characters, which are not usually known in
most species of Saurichthys.

Following Rieppel (1992), also the segmentation
in the median fin may be of some taxonomic interest. .
majiashanensis sp. n. has a comparably high number of
segments, seven-eight or possibly more, in the lepido-
trichia of the median fins. Other species with compar-
able high ray segmentation are S. (E.) madagascariensis
(Dienerian-Smithian), S. dawaziensis (Pelsonian), S. (C.)
costasquamosus (around Anisian-Ladinian boundary)
and S. deperditus (Norian) (Rieppel 1985, 1992; Wu et
al. 2009; Tintori 2013). However, all these species can be
easily distinguished from S. majiashanensis at least by
the scale covering. Two apomorphic characters, the sup-
port of the posterior end of both dorsal and anal fins by
a deeply inserted mid-row scale, and the reversed direc-
tion of the enlarged haemal spines in the tail, further
support the erection of the new taxon S. majiashanensis
sp. n. Regarding the former, the same structure of the
dorsal and anal fins endoskeletric support seems to be
present also in an undescribed specimen of Saurichthys
(Fig. 5) from the late Carnian of NW Slovenia (T. Itij
pers. com. 2014). On the other hand, also in Saurichthys
grignae the posterior part of the endoskeleton of the
dorsal and anal fins is quite peculiar (Tintori 2013)
and very different from the most common pattern,
which shows the radials regularly decreasing in size
from the anteriormost to the posteriormost one, sup-
porting the last rays (Rieppel 1985, 1992; Wu et al. 2011;
A.T. pers. obs.). Regarding the paired haemal spines in
the posterior caudal region, though this character could
appear unusual, we do not see any other congruent in-
terpretation. Biirgin (1990, fig. 5) showed similar struc-
tures in Saurichthys curionii at the pelvic fins level: they
were correctly ascribed to the ventro-lateral scale row.
These paired rows, when present, are well developed
both anterior and posterior to the pelvic fins, as in Saur-
ichthys orientalis (Kogan et al. 2009), but they never
reach the posteriormost caudal region, after the dorsal
and anal fins. In this part of the body, the posteriormost
scales of the lateral scale row can be of similar shape
respect to the posteriormost haemal spines in S. majia-
shanensis sp. n. However, when present, the paired lat-
eral scale rows cover all the fish body. Thus, we think it
is not correct to interpret these bones as a scale row, in
the light of the fact that only the mid-dorsal and mid-
ventral scales rows are present in S. majiashanensis sp. n.

The haemal elements in the different species of
Sanrichthys can vary greatly, and in some cases, they
can become very strong, such as in the caudal pedicle
of S. grignae (Tintori 2013), even if they do not reach
the same size visible on S. majiashanensis sp. n.

Maxwell & Wilson (2013) conclusions about
Sanrichthys are to be considered at best as provisional,
as they are based on very few species of Saurichthys,
possibly only one or two from a similar age (Middle
Triassic). Furthermore, Maxwell & Wilson (2013) did
not considered that Saurichthys had paired haemal ar-
ches and spines, in contrast to the median haemal spines
in neopterygian taxa. This latter character, together with
the presence of the notochord in Saurichthys and ver-
tebral centra in teleosts, must be taken into considera-
tion when discussing the anatomy and the functional
morphology of the vertebral column. It is highly prob-
able that also the haemal structures in the caudal (post-
pelvic fins) region in Saurichthys actively contributed to
stiff that region, together with the neural structures and
the unpaired fins endoskeletons (Tintori 2013), in order
to achieve a better thrust during the ambush ram chase
(Gozzi 2006). Thus, the interpretation given by Max-
well & Wilson (2013, fig. 1C) is clearly wrong, as the
body cavity cannot end after the anal fin endoskeleton
and, furthermore, in the notochordal space.

Conclusions

Though this new fish assemblage from the Upper
Member of the Spathian Nanlinghu Formation is still
poorly known, it highlights a very important evolution-
ary step in the actinopterygian fishes, marking the onset
of the Triassic Middle Fish Fauna (TMFF) that later
radiated in the Anisian (Tintori et al. 2013). So far, ty-
pical TMFF is not known in Anhui or Jiangsu Pro-
vinces. However, well-known TMFF localities do exist
further southwest in China, in Guizhou and Yunnan
Provinces, where two very rich Anisian actinopterygian
assemblages, comprising both basal Neopterygii and
subholosteans, are known as the Panxian and Luoping
Faunas (Lombardo et al. 2011; Sun et al. 2012; Tintori et
al. 2010). The new species of Saurichthys described
herein, being so different from all other Early Triassic
species of Saurichthys, suggests that the important
ichthyofaunal change was already started during the
middle Spathian (Sun et al. 2013; Tintori et al. 2013),
when also several marine reptile clades suddenly
bloomed (Jiang et al. 2012; Motani et al. 2014). After
the Spathian, marine fishes and reptiles became sud-
denly very common and diversified at least by the mid-
dle Anisian, as recorded by the Panxian and Luoping
Faunas in South China (Motani et al. 2008; Lombardo et
al. 2011; Sun et al. 2008, 2012; Tintori et al. 2010).
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