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Abstract A new species of sinamiid fish, Sinamia liaoningensis, is described from
the Barremian-Aptian Yixian and Jiufotang formations of western Liaoning, China
and the morphology of the sinamiid fishes is reviewed. The new materials reveal three
synapomorphies of the Sinamiidae proposed by Grande and Bemis (1998): the presence of
only a single median parietal; three pairs of extrascapular bones; and short dermopterotic
about equal in length to parietal length. The new species was attributed to Sinamia because
it has three synapomorphies of the genus: relative small postinfraorbitals, a long dorsal fin
and rhombic scales. The new species is a big podgy fish and it differs from all other species
of the genus in the shape of the rostral, nasal, preopercle, the size and shape of infraorbitals,
more subinfraorbitals (3), less dorsal fin rays (18), more caudal fin rays (16), more scale rows
(32) between the origin of the anal fin and the dorsal margin of the body, and lack of serrated
scales. The anterior half of the caudal fin rays of S. liaoningensis sp. nov. has remains of thin
fibrous actinotrichia.

Key words western Liaoning, Early Cretaceous, Yixian Formation, Jiufotang Formation, Amiidae
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1 Introduction

Sinamia was first described by Stensio (1935) based on materials collected by Tan and
Zdansky from the Early Cretaceous Mengyin Series of Shandong Province in 1923 (Fig.1).
He named the fish Sinamia zdanskyi. The fish is embedded in fine grained, grey or grey-
green sandstone. Besides the fish, terrestrial plants, freshwater molluscas, Lycoptera sinensis,
dinosaurs and turtles were also found in the series. In 1950s, a great number of well preserved
Sinamia zdanskyi were found in Gansu, Shannxi, Ningxia and Nei Mongol around the Ordos
Plateau. Liu and his colleagues (1963) restudied the fish on these new materials. Su (1973)
reported a new species of Sinamia, S. huananensis, from the Early Cretaceous Yangtang
Formation of Anhui Province. Wei (1976) described Sinamia chinhuaensis based on a specimen
from the Early Cretaceous Guantou Formation of Zhejiang Province. Li (1984) named Sinamia

luozigouensis according to the two specimens from Luozigou Formation in Jilin Province.
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Fig. 1 Distribution of Sinamia in China
1. Yixian and Beipiao, Liaoning Province; 2. Tonghua; 3. Wangqing, Jilin Province; 4. Tahe, Heilongjiang
Province; 5. Luanping, Hebei Province; 6. Guyang; 7—9. Vicinity of Etuokeqi, Nei Mongol; 10—11. Wugqi,
Shaanxi Province; 12. Huanxian, Gansu Province; 13. Guyuan, Ningxia Hui Autonomous Region; 14. Lintao;
15. Lanzhou; 16.Yumen, Gansu Province; 17. Mengyin, Shandong Province; 18. Shexian, Anhui Province;
19. Jinhua, Zhejiang Province; 20. Yiyang; 21. Taihe, Jiangxi Province; 22. Meishan, Sichuan Province
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The skull of the specimen is severely damaged, providing nothing valuable information. The
postcranial skeleton is very similar to that of Sinamia zdanskyi. Therefore, the validity of this
species is not reliable. Su and Li (1990) erected the fifth species of the genus, Sinamia
poyangica, based on the materials from the Early Cretaceous Shixi Formation of Jiangxi
Province. Besides these five species, Sinamia sp. was reported from Jilin, Hebei, Nei
Mongol, Sichuan and Jiangxi Provinces (Liu and Su, 1983). Sinamia has not been found
from outside China until recent years. Lionel et al. (2007) reported three articulated partial
skulls and some isolated bones of a sinamiid fish from the Early Cretaceous Sao Khua
Formation, Northeast of Thailand. Yabumoto et al. (2006) reported remains of Sinamia sp.
from the Early Cretaceous Kuwajima Formation in Ishikawa Prefecture, Japan. His specimens
include 18 skull bones and 211 detached scales. A recently found Sinamia sp. from the
Sanlianhe Coal Mine site, Helongjiang Province represents the northernmost distribution of the
genus (Li et al. 2010). In addition to Sinamia, fossil amiids were also found in China recently
(Chang et. al. 2010) implying the palacobiogeographical significance of East Asia on study of
Amiiformes.

Sinamia from Liaoning was first reported by Jin et al. (1995) from the Jiufotang
Formation, including a nearly complete specimen from Chaoyang County and some detached
scales from Fuxin County. They referred the specimens to S. zdanskyi. Thanks to the extensive
excavations for feathered dinosaurs and birds in recent years, many specimens of Sinamia
were discovered from both the Jiufotang and Yixian formations of western Liaoning and
neighboring areas, including some exceptionally well preserved ones. This makes it possible to
carry a detailed morphological study of the fish.

The materials studied were first reported in the Fourth International Meeting on Mesozoic

Fishes (Zhang, 2005), and this paper provides a detailed description.

2 Materials and methods

The specimens studied are deposited in the collection of the IVPP (Institute of Vertebrate
Paleontology and Paleoanthropology, Chinese Academy of Sciences). The specimens were
collected in the last decade during the field works in western Liaoning, in which some were
discovered by Dr. Wang Xiaolin and his field team. Most specimens are skeletons but one from
Dijiagou and one from Toudehe of Yixian are impressions. The scales for microscopic structure
study were taken from the anterior part of the left side of a large detached specimen. The
following comparative materials were examined: S. zdanskyi (IVPP V 1141.1), S. huananensis
(IVPP V 4087), S. chinhuaensis (Zhejiang Museum M. 20-1), S. luozigouensis (IVPP V
6760-1, 2). Except for M. 20-1, which is deposited in Zhejiang Museum, other specimens
are all deposited in IVPP. Fossils were prepared using fine needles under a Wild TYP 308700
microscope.
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3 Systematic paleontology

Division Halicostomi Regan, 1923 (sensu Patterson, 1973)
Subdivision Halecomorphi Cope, 1872 (sensu Patterson, 1973)
Order Amiiformes Hay, 1929 (sensu Grande & Bemis, 1998)
Superfamily Amioidea Bonaparte, 1838 (sensu Grande & Bemis, 1998)
Family Sinamiidae Berg, 1940
Genus Sinamia, Stensio, 1935

Type species  Sinamia zdanskyi Stensio, 1935.

Sinamia liaoningensis sp. nov.
Sinamia zdanskyi Jin et al., 1995, pp.169-193, figs.1-11, pL.I-I
Sinamia sp. Zhang, 2005, p.277

Diagnosis A species of Sinamia different from other species of the genus in the shape
of the body, rostral bone, nasal bone, and preopercle; the size and shape of infraorbitals; more
subinfraorbitals (3), less number of dorsal fin rays (18), more caudal fin rays (16), more scale
rows (32) from the beginning of the base of the anal fin to the dorsal margin of the body, and
no serrated scales. Anterior half of the caudal fin rays with remains of thin fibrous actinotrichia.

Holotype IVPPV 14608, a well preserved complete skeleton.

Additional materials IVPP V 12700.1-2, V 12700.4B, V 17973A-B, V 17974, V
18332.1-2.

Horizon and locality V 14608, V 12700.1-2, V 18332.1-2 from Jiufotang Formation,
Xierhugqiao, Yixian County, Liaoning Province (type locality); V 17973A-B from Jiufotang
Formation, Dijiagou, Yixian county, Liaoning Province; V 12700.4B from Yixian Formation,
Toudaohe, Yixian County, Liaoning Province; V 17974 from Yixian Formation, Sihetun,

Beipiao City, Liaoning Province.

4 Description

The holotype (Fig.2) is well preserved and its standard length is 36.5 cm and the total
length is 42.5 cm. The specimens V 17973A-B (Fig.3), represented by impressions, are
somewhat curved and therefore some of its measurements are approximate. The specimens V
12700.1-2 are larger than the specimens mentioned above with a total length of about 48 cm.
These two specimens (V 12700.1-2) were glued together from broken pieces and therefore
were not measured in detail. Ray counts: pectoral fin, 12-14; dorsal fin, 18; pelvic fin, 6; anal
fin, 5-6; caudal fin, 16. For measurements and meristics, see Table 1.
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Fig. 3 Sinamia liaoningensis sp. nov., IVPPV 17973 A

Table 1 Measurements and meristics of Sinamia liaoningensis sp. nov. (mm)

Specimen V 14608 V 17973A Specimen V 14608 V 17973A
Total length 425 310 Caudal peduncle length 35 28
Standard length 365 261 Dorsal fin base 80 ~50
Body depth 100 60 Anal fin base 30 30
Head length 107 77 Dorsal fin rays 18 —
Head depth 90 57 Anal fin rays 6 5
Prepectoral length 107 75 Pelvic fin rays 6 6
Prepelvic length 220 160 Pectoral fin rays 12 —
Predorsal length 187 ~ 150 Caudal fin rays 16 16
Preanal length 290 200 Scale rows from the.base of anal fin 3 B
Caudal fin length 62 50 to the dorsal margin of the body
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Braincase The bones of the skull (Fig.4) roof is relatively smooth without coarse
ornamentations as in S. zdanskyi. The rostral is V-shaped, which is shorter than that in S.
zdanskyi. The ethmoid commissure runs along its anterior margin. The nasal is large and
a nearly quadrate bone. The well-preserved supraorbital canal begins anteriorly in the
posteroventral corner of the nasal, from where it first goes in an arch forwards and upwards
to the anterodorsal part of the nasal, thence continuing backwards to the posterodorsal corner
of the nasal, as in S. zdanskyi. The canal issues several tubuli and opens outwards with about
eight pores. The antorbital is rather short as compared with that in S. zdanskyi. Two openings
of sensory canal can be seen on the antorbital. Only one pore is shown on the lachrymal
(ifol). The frontal is large, slightly broader posteriorly than anteriorly. The lateral margin
above the orbital opening is excavated. The anterior margin of the bone has a very shallow

notch. The suture of the two frontals is curved. The sensory canal on the frontal is difficult

Fig. 4 The skull of Sinamia liaoningensis sp. nov., holotype IVPP V 14608
Abbreviations: ang. angularffif; ant. antorbitallEFi#; bop. branchioperclefilfif 35 {; br. branchiostegal
BE4H; cl. cleithrum@; d. dentaryihiH; dpt. dermopterotichi fi3 H-1; dsp. dermosphenotic/i i i H-
‘B ecp. ectopterygoid /M3 1 ; extl-4. extrascapular 1-4%i4MgE 1 1-4; fr. frontal % ; g. gularMEARH;
h. hyomandibulari5 i ; 1-4, ifo5-6. first to sixth infraorbitalsfiE | F1-6; iop. interopercle[R] il 7% & ; mpt.
metapterygoid 5 #LH; mx. maxilla @i H; na. nasal & ; op. operclefif 551 ; pa. parietal i pcll-2.
postcleithrum 1-2J5 2L 1-2; pmx. premaxilla Hif A ; pop. preoperclefij &% & ; pt. posttemporal
JE#UE; q. quadrate i ro. rostral) ' ; scl. supracleithrum /2 ; smx. supramaxillaZfi [ #0H

sop. subopercle I il 55 sy. symplecticZE 1
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to trace but a series of pores can be seen, which are situated first along the middle part of the
bone and then to the lateral margin. The parietal is a large median plate as in other sinamids.
The bone is sutured posteriorly to two median extrascapulars, laterally to the dermopterotic
and anteriorly to the frontals. The posterior margin of the bone is not as straight as that in
S. zdanskyi, while its lateral margin is nearly straight. Anteriorly, the bone becomes pointed
and fits into the two frontals. The dermopterotic is short and about equal to parietal in length.
Its medial margin is somewhat concave, suturing with the slightly convex lateral margin of
the parietal. Posteriorly the bone is quite straight and sutured with two extrascapulars. The
dermopterotic is connected by a suture to the frontal and dermosphenotic anteriorly. Most
pores are along the ventral margin of the dermopterotic, but five pores are at the anterior part
of the bone, different from the case in S. zdanskyi where these anterior pores are missing. A
bone lateral to the frontal and dermopterotic is recognized as the dermosphenotic. It is sutured
dorsally to the frontal and posteriorly to the dermopterotic. Four pores can be seen along the
middle part of the dermopterotic. There are four independent extrascapulars on each side of the
median line, and all are rectangular and longer than broad except the most lateral one which is
roughly triangular in shape and slightly larger than others. Eleven pores are present along the
ventral margin of the most lateral extrascapular, but only one or two in other extrascapulars.
The parasphenoid (V 12700.2) is only partially exposed. It is large and has a strong processus
ascendens. The vomer is not preserved.

Circumorbital ring The circumorbital ring (V 14608, V 12700.4B) is well preserved
except for the supraorbitals, which are not shown in the specimens studied. There are six
infraorbitals, one more than in S. zdanskyi, including the lachrymal (ifol), three subinfraorbitals
(ifo2-4), and two postinfraorbitals (ifo5-6). The lachrymal is small with a posteroventral
process. The sensory canal enters the lachrymal at its anteroventral corner. Three pores can be
seen along the ventral margin of the bone. There are three subinfraorbitals, one more than in
S. zdanskyi. These bones are nearly quadrilateral and similar in size. The fourth one is situated
completely in a deep curve on the anterior margin of the ventral postinfraorbital. The posterior
margin of the orbit is formed mostly by the two postinfraorbitals, which are somewhat smaller
than the two corresponding bones in S. zdanskyi, leaving a wide gap between them and the
preopercle. The anterior margin of the ventral postinfraorbital has a deep concavity at the
anteroventral corner, which receives the last subinfraorbital. The posterior margin is somewhat
concave without a long process as found in S. zdanskyi. The bone is short and not twice
longer than the dorsal postinfraorbital as shown in the type species of the genus. The dorsal
postinfraorbital is partly covered by the demosphenotic with only its lower part visible in the
holotype. The impression of the bone in V 12700.4B is also partially shown with the dorsal
margin unclear. As far as can be judged, this bone is smaller than the ventral one. The pores of
the infraorbital sensory canal are situated along the ventral margin of the subinfraorbitals and
the ventral postinfraorbital, but the number of the pores cannot be counted.

Jaw and suspensorium The premaxilla is incompletely preserved and therefore the
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outline of the bone cannot be seen. Conical teeth are present on the oral margin of the bone,
with the posterior ones larger than the anterior ones. The number of teeth is difficult to count
because of the poor preservation. The maxilla is large and short. The head of the bone is stout
and curved medially. The posterior end of the maxilla is deep and bears a broad notch (a
synapomorphy of halecomorphs). The oral margin of the bone bears numerous teeth, which
decrease in size posteriorly. The maxillary teeth are smaller than the posterior ones on the
premaxilla and also smaller than those of S. zdanskyi. A definite count of maxillar teeth is not
possible due to the preservation. Above the posterior part of the maxilla is a small elongated
supramaxilla, similar in shape and position to the corresponding bone of S. zdanskyi. The
length of the bone is about half that of the maxilla.

The lower jaw is well preserved on the holotype. The dentary is large and long, bearing
a single row of large conical teeth. The posterior part of the bone increases in height to form
the coronoid process. The coronoid process is formed by the dentary only. No supraangular
is recognized in the available specimens. The angular is of the same shape as in S. zdanskyi
but shorter. The sensory pores are along the middle part of the mandible but the number is
uncertain.

A bone partially shown above the anterior part of the maxilla is identified as the
ectopterygoid according to the teeth on it. The metapterygoid is visible on the holotype but
its shape is unclear. The quadrate is large and triangular in shape. The hyomandibular is a
flat bone with a fairly strong concave anterior margin just as in S. zdanskyi, but its opercular
process is covered by the preopercle. Below the lower end of the preopercle is a bone that only
preserves its ventral margin, and is identified as the sympletic here. The dermopalatine and
entopterygoid are not exposed in the specimens.

Opercular series The opercular series bones are almost perfectly preserved. The
preopercle is narrow and more arched than that in S. zdanskyi. The upper end of the bone is
large, but the bone is narrowed downwards. The anteroventral margin of the bone is attached
to the quadrate. The preopercular canal leaves about 18 pores along the dorsal, posterior and
ventral margins of the bone. The distinct character of the sensory canal on this bone is the
presence of two pores at the dorsal margin, contrary to the situation in S. zdanskyi where
these pores are missing. The opercle is large with rounded dorsal and posterior edges and
straight anterior and ventral edges. The subopercle, lying between the opercle and interopercle,
is triangle in shape and much shorter than that in S. zdanskyi and Amia. The anterodorsal
projection which fits into an anteroventral notch on the opercle is not as pronounced as that in
S. zdanskyi and Amia. The posteroventral edges of subopercle and interopercle are articulated
with the lateral surface of the last branchiostegal ray (the branchiopercle). The interopercle is a
rather small triangular bone, similar to that in S. zdanskyi.

There are 9 elongated plate-like branchiostegal rays in the holotype, less than in S.
zdanskyi (14). The most posterior one of these bones is enlarged and termed the branchiopercle

following Grande and Bemis (1998). Anterior to the branchiostegals is the median gular that is
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only partially exposed.

Pectoral girdle and paired fins The posttemporal lies posterior to the extrascapulars
of the skull with its anterior part underlying the extrascapulars. The bone is large and four-
sided. The dorsal margin, the longest one, is rounded while the other three somewhat concave.
No scale covers the bone as it does in Amia calva. No pore of sensory canal can be seen on the
bone. The supracleithrum is only partially visible with a concave dorsal margin. One pore is
present at the dorsal margin of the bone. Two postcleithrums are found as in S. huananensis.
The upper one is larger and deeper than the lower one. The cleithrum is rather large and
broad, with the ventral limb longer than the dorsal one. At the junction between its dorsal and
ventral limbs, there is a small ornamented area, the only ornamentation found in the skull. The
pectoral fin is almost perfectly preserved. There are four elongated proximal radials which
are articulated directly to cleithrum (Fig.2). The number of the pectoral fin rays is 12-14, all
branched except the first two, which are unbranched and very strong. The proximal end of
the first ray is remarkably enlarged and articulated to the ventral margin of the cleithrum. The
pelvic fin is small with 6 rays, all branched distally. The pelvic bone is unknown.

Dorsal and anal fins and supports The dorsal fin is shorter than that in S. zdanskyi
and has only 18 principal rays supported by 17 proximal radials. The middle and distal radials
are not visible. The anal fin is situated more posteriorly than in S. zdanskyi and lies behind
the posterior part of the dorsal fin. It contains 5 segmented fin rays in specimens V 14608, V
12700.4B, but 6 in V 17973.

Vertebral column The holotype and other complete specimens are covered with
scales and therefore the number of the vertebrae cannot be counted. Some vertebral centra
are partially shown on the holotype. In specimen V 17974, 18 centra are preserved and well
ossified. The centra are amphicoelous, deeper than long, with several deep irregular grooves on
the lateral side. Some neural spines and ribs can be seen in this specimen.

Caudal skeleton and caudal fin

T ma e ran ol .
N ..2..‘.“..“.}..?.- The caudal skeleton is covered by

-

scales and cannot be seen. The caudal
fin is rounded convexly in outline.
There are 16 principal rays, of which
the inner 14 are branched. Several
short, non-segmented epaxial rays (6
in V 17973A) and hypaxial rays are

present anterior to the principal rays.

Fig. 5 The caudal fin of Sinamia liaoningensis sp. nov., ~Lhe anterior half of the caudal fin rays

IVPP V 12700.4B, showing the remains of thin fibrous has remains of thin fibrous actinotrichia
actinotrichia (Fig.5).

Scales The scales are thombic and covered with ganoin on their exposed area. Most

scales are lower than long, particularly the ventral ones. The scales near the dorsal margin of



44 SRk 1L T AR 5 g ff (Sinamia)—#i Fh 331

the body are not as narrow as others and some are even rounded. Articular pegs and articular
sockets are entirely absent. The posterior margins of all scales are smooth, different from in
S. zdanskyi and other species of the genus where some of the trunk-scales are serrated. The
number of scales along the vertebral column is about 51 and the number of scale rows from the
beginning of the base of anal fin to the dorsal margin of the body is counted as 32.

The microscopic structure (Fig.6) of the scale is lepidosteid type (Schultze, 1993). The
base lamellar bone layer is directly overlain by ganoin without an intercalated dentine layer.
The canals of Williamson extend inward from the base to the ganoine layer and do not branch
below the ganoin. The ganoine layer is relatively thin in the middle part and thick on the
margin of the scale.

200 pm

canal of Williamson

ganoin

bone

Fig. 6 Cross section of the scales of Sinamia liaoningensis sp. nov., IVPP V 18332.1
The photograph was taken with a Zeiss Laser Scanning Microscope (LSM 5 PASCAL)

5 Discussion

The new materials reveal the three synapomorphies of the Sinamiidae as proposed
by Grande and Bemis (1998): presence of only a single median parietal, three pairs of
extrascapular bones and short dermopterotics about equal to parietal in length. Therefore,
the new fish belongs to the family Sinamiidae undoubtedly. Up to now, three genera of the
family have been established, Sinamia, Ikechaoamia and Siamamia. The specimens studied in
this paper are most similar to Sinamia according to the original description of Stensit (1935)
and the emended diagnosis made by Liu et al. (1963). Thus, they are referred to this genus.
Sinamia closely resembles lkechaoamia in its skull structure but with a longer dorsal fin,
rhombic scales and relatively small postinfraorbitals. Siamamia is represented by only three
partly articulated skulls and a collection of isolated ossifications, which makes it difficult to

have a detailed comparison with other two genera of Sinamiidae. Sinamia from Liaoning was
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first reported and referred to S. zdanskyi by Jin et al. (1995) but the specimens were poorly
preserved. The new materials from Liaoning differ from the five nominal species of Sinamia in
the form of the body, shape and/or number of rostral, nasal, infraorbitals, preorpercle, scale and
some meristic characters (Table 2). The sensory canal of the new fish is also different in many
aspects from the type species, but this character is unknown in other four species. It represents

a new species: Sinamia liaoningensis sp. nov.

Table 2 Meristic and measurements data of Sinamia (mm)

S. zd S. hua S. ch S. lu S. po S. li
Total length 153-437 130 ca 125 ca 400 120-270 310-480
Body depth/total length 0.142 0.174 0.115 0.162 0.146 0.323
Subinfraorbitals 2 — — — 2 3
Pectoral fin rays 10-12 11 13 cal2 ca8 12-14
Pelvic fin rays 6 — ca’7 9 ca’7 6
Dorsal fin rays 27 22 ca 33 28 25 18
Anal fin rays 6-9 cab ca9 11 6 5-6
Caudal fin rays 11-13 cal2 13 13-14 11 16
Scales along the vertebral column 46-48 ca4l ca 54 54-56 48 51
Scales serrated yes yes yes yes yes no

Note: S. zd. S. zdanskyi Stensio, 1935; S. hua. S. huananensis Su, 1973; S. ch. S. chinhuaensis Wei, 1976; S. lu. S.
luozigouensis Li, 1984; S. po. S. poyangica Su & Li, 1990; S. /i. S. liaoningensis sp. nov.

Sinamia liaoningensis sp. nov. is a very large fish and has a much more podgy body
form than the other species of the genus, with a ratio of body depth to total length up to 0.323
while the ratio of other species is only 0.115-0.174. Three subinfraorbitals are present in
S. liaoningensis, one more than that in S. zdanskyi and S. poyangica. The infraorbital ring
is unclear in other fishes of the genus. The preopercle is more arched than in all the other
species of the genus. The dorsal fin rays count differently among the five known species of
Sinamia, with a maximum of 33 in S. chinhuaensis and a minimum of 22 in S. huananensis.
S. liaoningensis has only 18. The caudal fin rays of the new fish are more than in the other
fishes of the genus. The presence of thin fibrous actinotrichia in the anterior half of the caudal
fin rays of sinamiid fishes supports the sister group relationship of Sinamiidae and Amiidae as
suggested by Grande and Bemis (1998) since many long thin fibrous actinotrichia form within
fleshy fin folds in the early stages of fin-ray development of Amia. All the five known species
of Sinamia bear scales with the posterior margin serrated on some parts of the body. Whereas,
the posterior margin of all scales of S. liaoningensis is smooth. There are 32 scale rows
between the origin of the anal fin and the dorsal margin of the body in S. liaoningensis, which
is greater than in other Sinamia species (less than 25).

In conclusions, S. liaoningensis sp. nov. is a big fish and it differs from all other species
of the genus in the shape of body, nasal, preopercle, the size and shape of infraorbitals,
the number of subinfraorbitals (3), less dorsal fin rays (18), more scale rows (32) from the
beginning of the base of the anal fin to the dorsal margin of the body, more caudal fin rays (16)
and no serrated scales.

The pectoral fin of S. liaoningensis sp. nov. has four elongate proximal radials. This
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feature is described for the first time in a sinamiid fish. The anterior half of the caudal fin rays
of S. liaoningensis has remains of thin fibrous actinotrichia. S. /iaoningensis has lepidosteoid
scale in microstructure. The basal lamellar bone layer is directly overlain by ganoin and the
dentine layer is lacking. The canals of Williamson do not branch below the ganoin.
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