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Abstract

Moganopterus zhuiana Let al. 2012 was erected as a member of the Boreopteri-
dae, which was questioned by different researchers shortly after the publication.
Although the new assignment to the Ctenochasmatidae is widely accepted by
pterosaur researchers, some characteristics still require a detailed description.
Here, the holotype of this taxon is restudied, and some ambiguous characteristics
are re-identified. The diagnosis of this taxon has been revised as the following: a
large ctenochasmatid pterosaur, which can be distinguished from other members
of this clade by a single autapomorphy: an elongated rod-like parietal crest that
extends posterodorsally, forming an angle of about 15with the ventral margin of
the skull. This taxon can be further distinguished from other ctenochasmatids
on the basis of the following combination of characteristics: straight occlusal
surfaces of the upper and low jaws; presence of a low premaxillary crest con-
fined anterior to the nasoantorbital fenestra; rostrum about two thirds of the
skull length; nasoantorbital fenestra occupying slightly more than 20% of the
skull length; about 100 slender teeth; and a mid-cervical length/width ratio of
about 7. The wingspan of M. zhuiana has been re-estimated according to a
simple regression equation for wingspan versus skull length in ctenochasmatids.
It confirms that M. zhuiana, although smaller than previous thought, is still the
largest known ctenochasmatid. When comparing the sizes of ctenochasmatids
in the Jurassic and Cretaceous, ctenochasmatids showed a rough tendency to
increase their sizes.
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Abstract

Moganopterus zhuiana Lii et al. 2012 was originally erected as a member of
the Boreopteridae, a classification that was questioned by different researchers
shortly after its publication. Although the new assignment to the Ctenochas-
matidae is now widely accepted by pterosaur researchers, some characteristics
still require detailed description. Here, the holotype of this taxon is restudied,
and several ambiguous characteristics are re-identified. The diagnosis of this
taxon has been revised as follows: a large ctenochasmatid pterosaur, which can
be distinguished from other members of this clade by a single autapomorphy
—an elongated rod-like parietal crest that extends posterodorsally, forming an
angle of about 15° with the ventral margin of the skull. This taxon can be
further distinguished from other ctenochasmatids on the basis of the follow-
ing combination of characteristics: straight occlusal surfaces of the upper and
lower jaws; presence of a low premaxillary crest confined anterior to the nasoan-
torbital fenestra; rostrum about two thirds of the skull length; nasoantorbital
fenestra occupying slightly more than 20% of the skull length; about 100 slen-
der teeth; and a mid-cervical length/width ratio of about 7. The wingspan
of M. zhuiana has been re-estimated according to a simple regression equation
for wingspan versus skull length in ctenochasmatids. This confirms that M.
zhuiana, although smaller than previously thought, remains the largest known
ctenochasmatid. When comparing the sizes of ctenochasmatids in the Jurassic
and Cretaceous, these pterosaurs show a rough tendency to increase their body
size through time.

Key words: Liaoning, Jiufotang Formation, Moganopterus zhuiana, largest

chinarxiv.org/items/chinaxiv-202201.00059 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00059

ChinaRxiv [$X]

ctenochasmatid

Citation: Gao D S, Jiang S X, Xu L et al., in press. Reappraisal of the largest
ctenochasmatid Moganopterus zhuiana Lii et al., 2012. Vertebrata PalAsiatica.

Funding: This research was supported by the Strategic Priority Research Pro-
gram (B) of the Chinese Academy of Sciences (grant numbers XDB26000000,
XDB18000000), the National Natural Science Foundation of China (grant num-
bers 42072028, 41572020, 42072017), the National Science Foundation for Basic
Science Center Program (grant number 41688103), the Youth Innovation Promo-
tion Association of the Chinese Academy of Sciences (number 2019075), and the
Cear4 State Foundation for Scientific and Technological Development (Fundagao
Cearense de Apoio ao Desenvolvimento Cientifico e Tecnologico, FUNCAP no
DCR-0024-02039.01.00/).

Received: 2021-09-16

1. Introduction

Moganopterus zhuiana is the toothed pterosaur with the longest skull from the
Early Cretaceous Jehol Biota, represented to date only by its holotype (HGM
41HII1-0419), which is housed at the Henan Natural History Museum (previ-
ously called the Henan Geological Museum) (Lii et al., 2012). This specimen
was collected from Xiaosanjiazi Village, Lamadong Town, Jianchang County,
Liaoning Province, China, and was initially assigned to the Yixian Formation
(Lii et al., 2012). However, it was later reassigned to the Jiufotang Formation
(Jiang et al., 2014, 2016).

Moganopterus zhuiana was first described as a member of the family Boreopteri-
dae, and the new subfamily Moganopterinae was erected to include M. zhuiana
and Feilongus youngi (Lii et al., 2012). This assignment was questioned by dif-
ferent researchers shortly after its publication (Jiang and Wang, 2013; Witton,
2013). Jiang and Wang (2013) excluded M. zhuiana from the Boreopteridae, and
Witton (2013) further proposed that M. zhuiana would be a ctenochasmatoid
(similar to archaeopterodactyloid sensu Kellner, 2003) with six typical features
of this clade. Subsequently, three phylogenetic analyses including this taxon
confirmed the polyphyly of the Boreopteridae as conceived by Lii et al. (2012)
(Andres et al., 2014; Jiang et al., 2014; Vidovic and Martill, 2017). The hypoth-
esis that M. zhuiana is a ctenochasmatid, first proposed by Andres et al. (2014),
was accepted by most later researchers concerning this taxon (Brougham et al.,
2017; Alarcén-Munoz et al., 2020; McPhee et al., 2020). Despite their differ-
ences, it was confirmed that M. zhuiana and F. youngi were members of the
Ctenochasmatoidea or Archaeopterodactyloidea, either forming sister groups
(Andres et al., 2014; Vidovic and Martill, 2017) or having a close evolutionary
relationship (Jiang et al., 2014).

The holotype of M. zhuiana consists of almost complete upper and lower jaws
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and four cervical vertebrae, preserved on two slabs as part and counterpart
(slabs A, B). The cranial elements were evenly separated on both slabs with
slight crushing, which makes it difficult to observe the surface of most elements.
Based on these new observations, we provide a detailed osteological description
and modify the diagnosis of M. zhuiana, as well as estimate the wingspans of
M. zhuiana and most other ctenochasmatids.

Institutional abbreviations: BSP, Bayerische Staatssammlung fiir Paldon-
tologie und Geologie, Munich, Germany; GIE, Geologisches Institut der Univer-
sitdt Erlangen, Germany; HGM, Henan Natural History Museum (Henan Ge-
ological Museum), China; HM, Hami Museum, China; MBH, Museum Bergér,
Harthof bei Eichstatt, Germany; MMSD, Musée Municipal de St-Dizier, Ger-
many; PMZ, Paldontologisches Institut und Museum der Universitat Ziirich,
Germany; PVL, Instituto Miguel Lillo, Universidad Nacional de Tucuman, San
Miguel de Tucumén, Argentina; SMNS, Staatliches Museum fiir Naturkunde
Stuttgart, Germany; SoS, Jura-Museum (Solnhofen-Sammlung), Eichstétt, Ger-
many.

2. Description and Comparison
Skull

The skull is low and extremely elongated in lateral view (Fig. 1 [Figure 1: see
original paper|). The dorsal margin of the skull (excluding the premaxillary
crest) is nearly straight, contrasting with some archaeopterodactyloids such as
Gegepterus (Wang et al., 2007), Ctenochasma (Fabre, 1976), and Pterodaustro
(Chiappe et al., 2000). The orbit in this specimen is incomplete (Figs. 2, 3),
and the opening identified as the orbit in the previous literature probably ac-
tually corresponds to the lacrimal fenestra (Lii et al., 2012). Hence, the orbit
is much larger than previously thought, and its shape is an oblique ellipse with
an estimated long axis of about 45.8 mm. The naris and antorbital fenestra
are confluent, forming a nasoantorbital fenestra whose shape was thought to
be rectangular (L et al., 2012). This abnormal shape, however, is a result of
the taphonomic dorsal crushing of the right jugal (Figs. 2, 3). The maximal
height of the reconstructed nasoantorbital fenestra is about 31.0 mm, which is
much deeper than previously thought (17 mm) (Lii et al., 2012). The lower
temporal fenestra is almost complete, and it is an elongated piriform shape
with an estimated length of about 49.6 mm. The rostral part of the skull is
extremely elongated, occupying about two thirds of the skull length (Table 1
). Its rostral index (sensu Martill and Naish, 2006) and rostral value (sensu
Kellner, 2017) are 0.077 and 23.32, respectively, which is similar to some other
ctenochasmatids such as Gegepterus, Ctenochasma elegans SMNS 81803, and
Ctenochasma taqueti MMSD 75-1671 (Wellnhofer, 1970; Wang et al., 2007; Ben-
nett, 2021).
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Premaxilla

The premaxilla is quite elongated and extends until close to the posterior margin
of the orbit, though the exact limit is difficult to determine. There is a low
premaxillary sagittal crest confined to the anterior part of the premaxilla. It
starts close to the 6th alveolus, and its preserved length is 82.53 mm on slab
A, but it possibly extends slightly further posteriorly (Fig. 4 [Figure 4: see
original paper]). Although the surface of the crest is unknown, its dorsal margin
is striated, indicating that a soft tissue extension could have been present when
the pterosaur was alive. A similar crest has also been reported in Feilongus,
Gegepterus, and Huanhepterus, which also begins at the anterior region of the
rostrum and ends anterior to the anterior margin of the nasoantorbital fenestra
(Dong, 1982; Wang et al., 2005, 2007). The crest of Huanhepterus, however, is
not as low as that of M. zhuiana (Dong, 1982). Gnathosaurus subulatus and
Ctenochasma elegans SMNS 81803 also have a low crest, though its extension
differs from that of M. zhuiana (Wellnhofer, 1970; Bennett, 2021).

Maxilla

The maxilla is an elongated element that forms the ventrolateral part of the
skull. The posterior extension of this bone is limited, forming about 40% of the
ventral margin of the nasoantorbital fenestra length. The suture between the
premaxilla and maxilla is clear, except for the anterior portion (Fig. 4). Most of
the maxilla, especially its posterior part, is smooth on both slabs, which differs
from the condition of the premaxilla.

Nasal

The nasal is preserved on slab B, along with a small fragment on slab A; it is the
right nasal in medial view. The left nasal is probably still covered by matrix in
slab A. The nasal is a tri-radiate bone. Its posterior process is unclear, while its
anterior process is long and slender (46.69 mm), corresponding to 28.2% of the
nasoantorbital fenestra length, differing from the roughly half-length found in
Gegepterus (Wang et al., 2007). The nasal descending process is thick and almost
perpendicular to the ventral margin of the nasoantorbital fenestra. This process
was previously thought to contact the right jugal (Lii et al., 2012), which was
actually caused by the dorsal crushing of the right jugal. The nasal descending
process (15.93 mm deep) extends more than half of the estimated height of
the nasoantorbital fenestra. There is no foramen on the nasal including its
descending process, and only an elliptical depression can be observed in medial
view, similar to what was previously reported for Feilongus (Wang et al., 2005).

Frontal and Prefrontal

Poor preservation prevents precise delimitation of both frontal and prefrontal
in both slabs.
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Parietal

The parietal is not well exposed, and the suture with the frontal is obliterated.
The parietals should form the medial wall of the upper temporal fenestra. It
has an elongated rod-like parietal crest, which forms an acute angle with the
ventral margin of the skull. The crest is incomplete with a preserved length
of 177.92 mm. The dorsal and ventral margins are straight and almost paral-
lel. The shape of the crest is unique among ctenochasmatids and even within
archaeopterodactyloids, but similar to some Pteranodon specimens (Bennett,
2001).

Squamosal

The squamosal articulates with the posterior surface of the quadrate. It also
contacts the postorbital, forming the posterodorsal margin of the lower tempo-
ral fenestra. The squamosal is ventrally expanded, extending below the base of
the lacrimal process of the jugal, which is a typical feature of archaeopterodacty-
loids (Kellner, 2003). It also has an otic process, reported in many Cretaceous
pterosaurs (Vidovic and Martill, 2017), such as Pteranodon (Bennett, 2001),
Anhanguera (Kellner and Tomida, 2000), and Ikrandraco (Wang et al., 2014).

Lacrimal

The lacrimal is a triangular bone and is poorly preserved in the holotype (Figs.
2, 3). The right lacrimal is overlapped by the right jugal, and only a small part
of the bone is exposed. There is a foramen in the same position of the lacrimal
in both slabs, indicating that it could be the lacrimal foramen with expanded
breakage.

Postorbital

The right postorbital can be observed in slab B with dorsal crushing. The
postorbital has an elongated and tapering anteroventral process, also reported
in Gegepterus (Wang et al., 2007), but different from what is observed in some
other ctenochasmatids such as Ctenochasma (Wellnhofer, 1970). The posterior
part of the postorbital cannot be delimited.

Jugal

The right jugal is exposed in both slabs and has been dorsally crushed as a
taphonomic artifact. The jugal is a tri-radiate bone with maxillary, lacrimal,
and postorbital processes. The maxillary process is elongated (100.69 mm),
forming more than 60% of the ventral margin of the nasoantorbital fenestra. The
lacrimal process inclines slightly anteriorly with a wide base. The lacrimal and
maxillary processes form a nearly right and rounded corner, which represents
the posteroventral corner of the nasoantorbital fenestra. The postorbital process
tapers posteriorly and contacts the anterior process of the postorbital in slab B.
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They form the posteroventral margin of the orbit and the anterodorsal margin
of the lower temporal fenestra.

Quadrate and Quadratojugal

Both quadrates are preserved in the right and left slabs. The left quadrate is
almost in its anatomical position, but the right one was dorsally crushed. The
quadrate is a long element. The condyle can be observed at the anterior end
of each quadrate, demonstrating that these bones have a helical articulation
surface. The left quadrate is well articulated with the left articular of the
mandible, forming a 152° angle with the ventral margin of the upper jaw, which
is similar to what is observed in most archaeopterodactyloids (Wang et al.,
2007; Jiang et al., 2016). The right quadratojugal is exposed on slab A. It is
a V-shaped element, and the longer and shorter processes are fused with the
jugal and quadrate, respectively. The suture with the quadrate and most of the
suture with the jugal are obliterated, while the upper part of the suture with
the jugal is visible (Fig. 3).

Palatal Region

The outline of a partial pterygoid can be observed in both slabs, but the limit
of this element is difficult to detect.

Occipital Region

Due to the dorsal crushing of the posterior part of the skull, some elements of
the occipital region are exposed (Figs. 2, 3). The occipital condyle is preserved
in both slabs. The left exoccipital and opisthotic are fused together with an
expanded paroccipital process. The crushed region posterior to the orbit might
be part of the right occipital region, although no elements can be detected in
this condition.

Mandible

No sutures or limits between mandibular elements can be detected, as is also the
case for the mandibular symphysis. The outline of the retroarticular process is
visible on slab A, demonstrating it to be elongated as in some other ctenochas-
matids, such as Gegepterus (Jiang and Wang, 2011a) and Pterofiltrus (Jiang
and Wang, 2011Db).

Dentition

The teeth of the upper and lower jaws are slender, with the longest one being
about 32 mm in length (Fig. 4). The teeth are slightly curved with a smooth
surface. Most of the teeth are anteriorly projected, as is visible through the
anterior inclination of most alveoli. The total tooth number was previously esti-
mated to be about 62, based on the number of preserved teeth and an appraisal
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of successive distances between alveoli (Lii et al., 2012). Our observation under
the microscope, however, revealed that about 100 teeth were present (Fig. 4).
On slab B, the second to sixth alveoli are clear, and they are inclined anteriorly.
At least one additional alveolus was probably present anterior to these five, as
the anterior tip of the upper jaw is missing. In the middle part of the tooth
row, the alveoli are exposed as anterior-inclined tubes, and the seventh and
tenth alveoli are indicated by the distance between successive ones. The 20th
to 26th alveoli are well exposed, and the 25th can be observed in slab B. Some
teeth are preserved posterior to the 26th alveolus, indicating more alveoli may
exist. Hence, there are at least 26 teeth on each side of the upper jaw. The
tooth number of the lower jaw is hard to estimate due to limited exposure of
the middle part of the tooth row. Generally, the tooth number of the lower jaw
is slightly less than or equal to that of the upper jaw. As such, the total tooth
number is estimated at about 100, much more than that estimated in previous
literature (Lii et al., 2012).

Cervical Vertebrae

Four cervical vertebrae are preserved. The atlas is incomplete, indicated by the
position of its preserved irregular shape (Figs. 2, 3). The axis is also incomplete,
and its posterior part is preserved on slab B. The preserved vertebra is short, and
the indicated neural spine is high (Figs. 2, 3). The third and fourth cervical ver-
tebrae are extremely elongated, especially the fourth one (Fig. 5 [Figure 5: see
original paper|; Table 2 ), which is a typical character of archaeopterodactyloids
and azhdarchids (Kellner et al., 2019). Due to preservation, only the outlines of
the cervical vertebrae can be distinguished. The postexapophyses of the fourth
cervical vertebra are well-developed. These structures are present only in ptero-
dactyloids and some derived non-pterodactyloids (Bennett, 1994). The neural
spine of the third cervical vertebra is hard to distinguish in mediolateral view,
indicating that its height is extremely low in M. zhuiana.

3. Discussion

Moganopterus can be assigned to the Monofenestrata due to the presence of a
confluent nasoantorbital fenestra. It can be further attributed to the Ctenochas-
matidae based on the following characters: a low and elongated skull; extremely
elongated rostrum; more than 100 slender teeth; and elongated mid-cervical ver-
tebrae (Kellner, 2003; Unwin, 2003; Andres et al., 2014).

Lii et al. (2012) established Moganopterus and proposed the following diagno-
sis [with numbering of characters added]: “Large-sized pterosaur bearing the
following characters: [1] both the upper and lower jaws much elongated with
straight ventral margins; [2] at least 62 long, slender, curved upper and lower
jaw teeth with sharp tips; [3] rectangular nasoantorbital fenestra occupies 22%
of the upper jaw length; [4] the long, narrow blade-like parietal crest extends
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posterodorsally, forming an angle of 15 degrees with the ventral margin of the
skull; [5] the ratio of length to width of cervical vertebra greater than 5:1; and
[6] the ratio of skull length (excluding the parietal crest) to height about 11.5:1.”

Among the Ctenochasmatidae, the holotype of M. zhuiana has the largest upper
and lower jaws. Character [1] includes two independent aspects of the upper and
lower jaws, which should be separated. The first aspect is that the upper and
lower jaws are elongated, similar to character [6]. Based on our reconstruction
of the skull (Fig. 1C), its length/height ratio is 11.1, falling within the range
expected for ctenochasmatids (Andres et al., 2014; Zhou et al., 2017). Hence,
the first aspect and character [6] should be considered a synapomorphy of this
family and excluded from the diagnosis. The other aspect of character [1] is
straight ventral margins of the upper and lower jaws, which actually should
refer to the occlusal margins of the upper and lower jaws being straight accord-
ing to their description (Lii et al., 2012). In this respect, M. zhuiana is similar
to most ctenochasmatids but differs, for instance, from Gegepterus and Ptero-
daustro (Chiappe et al., 2000; Wang et al., 2007). Slender teeth (character [2])
are a typical feature of ctenochasmatids, and the tooth number is not 62 but
rather about 100, which is what was reported for Huanhepterus, Gnathosaurus,
Plataleorhynchus, and Pterofiltrus (Dong, 1982; Howse and Milner, 1995; Jiang
and Wang, 2011b). The shape of the nasoantorbital fenestra (character [3]) is a
taphonomic artifact, and the reconstructed shape is similar to that seen in other
ctenochasmatids. The length ratio between the nasoantorbital fenestra and the
skull is 22.4%, falling between the values of Pterodaustro and Liaodactylus (10%-
31%) (Chiappe et al., 2000; Zhou et al., 2017). Character [4] is unique among
all ctenochasmatids. Character [5] is a typical character of ctenochasmatids and
azhdarchids (Kellner et al., 2019), but the cervical vertebrae length/width ratio
is 7 for M. zhuiana, which is close to the values of Gnathosaurus macrurus and
Huanhepterus (Seeley, 1875; Dong, 1982) but much larger than what is observed
in other members of this clade (Andres et al., 2014).

Therefore, the revised diagnosis of M. zhuiana is as follows: a large ctenochas-
matid pterosaur, which can be distinguished from other members of this clade
by a single autapomorphy—an elongated rod-like parietal crest that extends pos-
terodorsally, forming an angle of about 15° with the ventral margin of the skull.
This taxon can be further distinguished from other ctenochasmatids on the ba-
sis of the following combination of characteristics: straight occlusal surfaces of
the upper and lower jaws; presence of a low premaxillary crest confined anterior
to the nasoantorbital fenestra; a rostrum about two thirds of the skull length;
nasoantorbital fenestra occupying slightly more than 20% of the skull length;
about 100 slender teeth; and a mid-cervical length/width ratio of about 7.

The holotype of Moganopterus zhuiana is the largest toothed pterosaur skull
from the Jehol Biota. Lii et al. (2012) first proposed an estimated wingspan of
more than 7 m; Witton (2013) estimated a smaller wingspan of 4.2 m. In order
to establish the wingspan of the holotype of M. zhuiana, length measurements
of published ctenochasmatids (Wellnhofer, 1970, 1978; Jiang et al., 2016) were

chinarxiv.org/items/chinaxiv-202201.00059 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00059

ChinaRxiv [$X]

used to calculate a simple regression equation for wingspan versus skull length
(Table 3 ), and the assignment of Ctenochasma specimens follows Bennett (2007).
Two types of wingspans are present in pterosaur research: the differences result
from either excluding or including the length of the carpus and coracoid, also
known as normal and maximized wingspan, respectively (Bennett, 2001; Kellner
et al., 2013). Here, the normal wingspan is used. The regression analysis was
carried out in Microsoft Excel. The linear regression equation is below, and the
correlation coefficient (R?) is 0.9959.

Wingspan = 4.529 x skull + 102.86 (mm)

The wingspan of the holotype of M. zhuiana is here established as being about
3.5 m (3455.95 mm). This estimated wingspan is smaller than half of the
wingspan proposed by Lii et al. (2012), as well as smaller than the estimation
of Witton (2013), confirming that its size is smaller than previously thought.

Moganopterus was recovered from the Jiufotang Formation, and the only other
ctenochasmatid discovered in the same horizon is Forfexopterus. The holotype
of Forferopterus is a subadult with a wingspan of about 2.4 m, suggesting a
larger wingspan in the adult (Jiang et al., 2016); however, an adult specimen
with a wingspan of about 1.8 m was reported recently (Zhou et al., 2020). The
phenomenon that an adult individual was smaller than a subadult one could be
interpreted as developmental variation (Zhou et al., 2020). Aside from these two
ctenochasmatids from the upper part of the Jehol Group, most ctenochasmatids
were from the Yixian Formation which is the middle part of this group (Wu et
al., 2017), the largest one being Elanodactylus prolatus. The holotype of the
latter, interpreted as an adult, has a wingspan of 2.5 m (Andres and Ji, 2008),
and another adult assigned to this species has a wingspan of 1.7 m (Zhou,
2010). Most other ctenochasmatids are juveniles or subadults with a wingspan
of around 0.8-1.2 m (Ji and Ji, 1997; Lii, 2003; Lii et al., 2006; Wang et al.,
2007).

The ctenochasmatid Huanhepterus from the Early Cretaceous Huanhehuachi
Formation is at least a subadult, as can be inferred from its fused sacrum (Kell-
ner, 2015), and its wingspan is about 2.0 m (Dong, 1982). Another Lower Creta-
ceous ctenochasmatid, Pterodaustro guinazui, has the largest recorded wingspan
of about 2.5 m (Chinsamy et al., 2008). Plataleorhynchus streptophorodon only
preserves cranial elements and has an estimated skull length of nearly 400 mm
from the Berriasian Purbeck Limestone Formation (Howse and Milner, 1995).
According to the regression equation, this implies a wingspan of about 1.9 m
for these taxa.

Compared with the large-sized Cretaceous ctenochasmatids, the Jurassic taxa
are apparently smaller. The largest preserved skeleton of Ctenochasma elegans
comes from the Late Jurassic Solnhofen Limestone, with a wingspan of less than
0.7 m (Bennett, 2007). The largest skulls of Ctenochasma are close to 0.3 m
(Bennett, 2007), with an estimated wingspan of about 1.5 m. The holotype of
Gnathosaurus subulatus has a similar skull length to the largest Ctenochasma
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elegans skull (Wellnhofer, 1970). The earliest ctenochasmatid, Liaodactylus, has
a skull measuring 133 mm (Zhou et al., 2017). According to its description,
some elements were fused, such as the atlas-axis and frontal-parietal (Zhou et
al., 2017), indicating that this specimen could be at least a subadult individual
(Kellner and Tomida, 2000; Kellner, 2015). Hence, Liaodactylus could have
had a wingspan of more than 0.7 m when it reached the adult stage. In brief,
ctenochasmatids had a rough tendency to increase their sizes from the Jurassic
to the Cretaceous (Fig. 6 [Figure 6: see original paper]).

4. Conclusion

The holotype of Moganopterus zhuiana has been re-studied, including some re-
identified characteristics and a revised diagnosis. The wingspan of M. zhuiana
has been re-estimated according to a simple regression equation for wingspans
versus skull lengths in ctenochasmatids. This confirms that M. zhuiana, al-
though smaller than previously thought, remains the largest known ctenochas-
matid thus far. Comparing the sizes of ctenochasmatids in the Jurassic and
Cretaceous shows that ctenochasmatids had a rough tendency to increase their
body size through time.
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