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A specimen of Paralycoptera Chang & Chou 1977 (Teleostei: Osteoglossoidei) from Hong
Kong (Guangdong, China) with a potential L ate Jurassic age that extends the temporal
and geographical range of the genus
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Abstract We identify an osteoglossoid teleost fidharalycoptera- from Late Jurassic
volcaniclastic mudstones from the Lai Chi Chongniration of Hong Kong, China. This
partially preserved postcranial skeleton represtietdirst Mesozoic fish from Hong Kong
and the most southerBaralycopterato date. A radiometridateagefor the Lai Chi Chong
Formation of ~146 Ma implies a temporal range esfmanforParalycopteraof
approximately 40 million years back from the EaEhetaceous (~1101a). However, spores
found in the Formation suggest an Early Cretacagesthat is consistent with the existing
age assignment faralycoptera We argue that the proposed temporal range exteisi
genuine because it is based on regeatisand-aceurehigh precisiorradiometricagedata,
but given the discrepancies with the biostratigieplges further investigation is needed to
confirm this. This study provides an important si@pards revealing Hong Kong’s Mesozoic
vertebrate fauna and understanding its relatiortshigell-studied mainland Chinese ones.

Keywords  Jurassic, fish, osteoglossomorplaralycoptera Hong Kong, Lai Chi Chong
Formation, lacustrine, volcanism

1 Introduction

In the summer of 2013, a fish fossil - SHGM L278bkelled as a plant was discovered in the
collections of the Stephen Hui Geological Museutd@®) at the University of Hong Kong
(HKU). The fossil (~2 cm long) is hosted withinmall mudstone fragment (5 cm bych)

that was supposedly collected from the Lai Chi GhBarmation 345 3§14H) of Lai Chi
Chong,Sai-kunglolo Channglnorth-eastern New Territories, Hong Kokdg. 1). This
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provenance information is based on the specimeai,lalhich appears to be correct, given
that all fossils with the same catalogue numbetitir@logically similar and match the
locality’s expected lithologies (see Section 4)sIhot mentioned in the literature - probably
because of its incorrect specimen label - unlikessil fish specimen from associated rocks in
Shek Pik &%), Lantau Island, which has a passing mention meteal (1997) Fig. 1). The
latter specimen is supposed to be in the SHGM ctitlies, but as it could not be located, it is
assumed to have been lostfo&sil fish is also known frorbantau Peakfil/E(LL]), Lantau
Island (C.M. Lee, personal communication, July 19814) Eig. 1).The rocks from this site,
Shek Pik and the Lai Chi Chong Formation all beltmthe Lantau Volcanic Group, so all
assemblages of Lai Chi Chong and Lantau Islandharefore important to compare, but
unfortunately, the whereabouts of the Lantau Peagilfis also unknown, so this comparison
is not currently possible.
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Figure 1: A map of Hong Kong showing the location of the Ciii Chong Formation iSai K

from Sewellet al.2000).

The plant fossils discovered within the Lai Chi @gd-ormation e.gCyathidites
ClassopollisandCicatricosisporitessuggest that it has an Early Cretaceous agedtlak
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‘| Comment [s1]: The stratigraphy for

Lantau Peak has been superseded by
Campbell et al. (2007). Shek Pik and
the Lai Chi Chong Fm belong to the
Lantau Volcanic Group, but the upper
part of Lantau Peak belongs to the Kau
Sai Chau VG, (141 Ma) and the lower
part to the Repulse Bay VG (143 Ma).
See also Sewell et al. 2012, G-cubed

for a composite section.

| Comment [s2]: Suggest that you

;“ show the location of Cheung Sheung.

Comment [s3]: Sai Kung is not
labelled on the diagram, and it is more

accurate to say Tolo Channel.

Comment [s4]: Apart for the fossil
locality at Shek Pik, which is shown on
the published geological map sheet 13,
the locations of the other fish fossils

are rather vague.
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| 1997). Howeverhigh precisiorlJ-Pbsingle crystakircon dating of coarse crystiak tuff
from the upper Lai Chi Chong Formation suggeststtieFormation is actually 146.6 + 0.2
million years old, which corresponds to the Titteonstage of the Late Jurassic (Campétll
al. 2007), some 40 million years earlier. The high giémgy and analytical standardgplied to
obtaining the radiometric age for théhat-were-met-in-obtaining-the-abseolute-ageanChi
ChongFormation(see Campbebt al 2007 for details) suggests that tnumerical agés
unequivocal and that the plant fossil evidence mkesefurther detailed investigation.

This study focuses on the identification of SHGM/b2and understanding its ecology in the
context of the palaeoenvironment of the Lai Chi @h&ormation, that has been inferred
from its geology and plant fauna (Letal 1997)(Fig. 2).
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Figure 2: A simplified geological field sketch of the typachlity of the Lai Chi Chong
| Formation at Lai Chi Chongsai Jolo ChannelNE New Territories, Hong Kong
(simplified from Workman 1991).

2 Methodsand Materials

The studied fossil specimen, SHGM L275, is a plytjareserved articulated bony fish
skeleton that is missing its anterior portidmg; 3). The specimen shows the dorsal, anal and
caudal fins and is preserved in a laminated, nssilé, pale grey orange-spotted mudstone
from the Lai Chi Chong Formatiofrig. 3). SHGM L275 is how deposited in the collections
of the Stephen Hui Geological Museum (SHGM) atUiméversity of Hong Kong. The
specimen was prepared mechanically using a thidle@ad was examined undekeica



S8APOstereomicroscope which has a magnification rafig®80x. Photographs were taken
of the specimen using a range of focal points witlikon D610 DSLR camera mounted to
the stereomicroscope. The images were uploadedhiatopen-access computer software
CombineZRwww.combinezp.software.informer.com/) to focuaegtthem into fully-focused
composite images. Based on a preliminary comparativdy against Nelson (2006), SHGM
L275 was diagnosed as an osteoglossomorph fisld lmesthe possible presence of an epural
and 15 principal branched caudal fin rays (Xu & @p&009). The specimen was then
compared by standard methods with other Chines@ibisosteoglossomorph fish from the
collections of the Institute Vertebrate Paleontglagd Paleoanthropology (IVPP; Beijing,
China) and the Stephen Hui Geological Museum (SHEKU), Hong Kong) (see
Supplemental Table Sl in the Supplementary Information). The specimee&dires were
then coded against character lists from osteoghgguh-specific phylogenetic analyses
(Shen 1996; Zhang 2006; Li & Wilson 1996; WilsorMurray 2008; Xu & Chang 2009).

The review of the osteoglossoid osteoglossom&aualycopteraby Xu & Chang (2009) was
particularlyimportant towards the referral of SHGM L275 to thenus because of its details
on anatomical variation.



o

-

A lem-

Figure 3: Magnified image (10.5x) of the specimen SHGM L2Vbe upper right image was
taken before further preparation. The circulardesd in the anterior portion of the specimen
appear to be the anterior rims of vertebrae. Ifledtvertebrae are numbered from 1 to 20,
with 1 being an abdominal vertebra, and the re3t{lcaudal vertebrae. Scale bar =1 cm.

3 Resaults

The specimen SHGM L275 is a rather small fish. pireserved part corresponds to the
caudal portion of the fish, with the head and abidehportion missing. The total length of
the preserved part, including the caudal fin, igragimately 18 mm. Twenty vertebrae are
identified in this portionKig. 3) between the anterior part of the dorsal and fimsand the
caudal fin, with the anteriormost preserved onadpa@in abdominal vertebra, and the rest (19)
— caudal vertebrae. The number of caudal vertébre@mparable to many stem
osteoglossomorphs, likduashia gracilis and Jinanichthys longicepha(gilson & Murray
2008). Most of the vertebral centra are dorsovéwtdeeper than anteroposteriorly long,



which may allow easier lateral movements duringoptsion, as in most fish. In the anterior
part of the specimen, there are four circular fesgtdirectly on the vertebral coluniig. 3) -
these are the anterior rims of the vertebréus feature is also identified in the osteoglodsoi
osteoglossomorpRaralycoptera wuilVPP V2989.100Kig. 4), and in other studied
osteoglossomorph specimens Ikanbiania wangqgingicd VPP V6767-1, and
Tongxinichthys microdysVPP 2332.1 (Wilson & Murray 2008).

i Cireulal ims
“5 5 of vertebrae.

Figure4: Paralycoptera IVPP V2989.100, has a partially disarticulatedeteral column
that reveals numerous circular vertebral rims (nebshem are impressions), as in SHGM
L275. Scale bar =1 cm.

In SHGM L275, the anal fin is larger than the dobfselike those inParalycoptera wui
(Chang & Chou 1977; Xu & Chang 2009). Seventeendirs were observed in the anal fin
whilst 10 were observed in the dorsal fin, althotlghactual number of fin rays may be
higher because the anterior ends of both finsremenplete Fig. 5). However, the fin ray
counts - as they are - are the same as thd3arafycoptera wulVPP V2989.100 and .105,
although the fins of the latter specimen are aisomplete, as in SHGM L275. For both the
anal and dorsal fins, the lengths of the fin ragslanger in the anterior portion of the fin than
in the posterior portion giving them a sub-triarzgidhape. The preserved anterior margins of
the anal and dorsal fins are opposite to each atieare rather close to the caudal fin
suggesting that the dorsal fin is posteriorly diédaalong the fish. Such features, together
with the shape of the fins, are seemingly simitathie posterior portion dfycoptera but in

the latter taxon the size difference between ttad @nd dorsal fin is not significant compared
to SHGM L275. Between the fins and the vertebréerygiophores supporting the fin rays
are observedHig. 5). The number of pterygiophores is more or lesstirae as the number

of fin rays because the ends of each pterygioppi@served leads to the base of a fin ray.
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Figure 5: Magnified image (10.5x) of the anterior portionSHIGM L275 showing the
position of the fin rays in the anal and dorsasfiScale bar = 0.5 cm.

In the caudal skeleton of SHGM L27Eig. 6), six hypurals were identified. The first one is
posteriorly broader, giving a fan-like shape, whsrthe second is comparatively narrow.
These hypurals articulate with the first ural centr and support the rays of the lower lobe of
the caudal fin. Under the first hypural, the patmgs, articulating with the preural centrum 1,
also has a somewhat fan-shaped broader posteriiwrpal he second ural centrum is
triangular in shape and is slightly upturned towatte upper lobe of the fin. The third to
sixth hypurals are rectangular rod-shaped, artitgavith the second ural centrum, and
supporting the rays of the upper lobe of the cafidaComparing ural centrum 2 with ural
centrum 1 and neighbouring vertebral centra, watram 2 is anteroposteriorly longer than
dorsoventrally deep whilst the others are dorsaadiptdeeper than anteroposteriorly long. In
the area above the ural centra 1 and 2, tracepéurals can be seen, though it is difficult to
estimate their number (possibly two or three). &hterior tip(s) of the uroneurals extend to
the posterodorsal end of the preural centrum lepural is probably present above the



uroneurals. No urodermals were found.

Even though the caudal fin rays are poorly-preskrtree caudal fin appears to be
symmetrical because the vertebral column only batidistly towards the upper lobe. Thus,
the specimen is likely to possess a homocercalthith is a trait of all teleostean fish
(Nelson 2006). We were able to find out the apprate counts of the caudal fin rays: 17
principal fin rays are recognized, seven branclgd with one unbranched ray at the upper
margin in the upper lobe, and eight branched ratfs ene unbranched ray at the lower
margin in the lower lobe. Besides, about 5-6 addsBiort, procurrent rays are observed in
front of the upper and lower lobe respectively.dHneural spines on the 1st-5th preural centra
and four haemal spines under 2nd-5th preural canérprolonged, the posterior ones of
which are in support of the procurrent rays. Thad aentrum 1, perhaps, also carries a short
neural spineKig. 6).



hsp2-5

1 mm

Figure 6: Magnified image of the caudal skeleton and bageawdal fin rays in SHGM



L275, the arrows point to the outermost (unbranpedcipal caudal fin rays. Abbreviations:
ep, epural; h1-6, hypurals 1-6; hsp2-5, haemalespim preural centrum 2-5; nsp1-5, neural

spines on preural centrum 1-5; nspul, neural spingl; ph, parhypural; pr.r, procurrent rays;
pul, preural 1; ul, u2, ural centra 1 and 2; uoneurals. Scale = 1 mm.

Based on the features described above, espedialiyatpossible epural is present, the number
of branched caudal fin rays is 15 and the dorsakfposteriorly situated, SHGM L275 most

likely belongs to the order Osteoglossiforrﬁes (SI%T, Xu & Chang 2009), under the { Comment [s6]: Not in references

superorder Osteoglossomorpha (Greenwetcal. 1966).

SHGM L275 was added to the osteoglossomorph phgktgedata matrices of Shen (1996),
Zhang (2006), Wilson & Murray (2008), and Xu & Clgaf2009) Table 1) and in all four
analyses the taxon that has the most similar cedivasParalycoptera However, for the
Zhang (2006) matrix, SHGM L275 has more closelyahead codings t&ingidathan to
ParalycopteraThe Eocene temporal rangeSihgida(Xu & Chang 2009) is at odds with the
Late Jurassic age of SHGM L275, but it might besgigle that the new specimen supports an
extremely large range extension. However, SHGM Lig#&ferable td*aralycopterabased
on additional details of the caudal skeleton: the hypurals in the lower lobe of
Paralycopteraare separated and unfused (Shen 1996) like in SH&M, whilst those in
Singidaare partially fused (Murray & Wilson 2005). In atitoh, Singidahas a falcate anal fin
instead of the triangular one Raralycoptera(Murray & Wilson 2005) and SHGM L275.

Table 1: The applicable characters from Shen (1996), Zi{a6g6), Wilson & Murray (2008)
and Xu & Chang (2009) to SHGM L275, coding simtias with the most closely-matched
genus -Paralycoptera(c = matched; x = not matched). For the codings of the individual
studies please s&ipplemental Tables S2-S5 in the Supplemental Information).

Osteoglossomor ph study | Equivalent character numbers

Shen (1996) 28 29 33 34 35 36

Zhang (2006) 47 48 49 53 54 61 60

Wilson & Murray (2008) 69 67 68 71 65 64
Xu & Chang (2009] 54 55 56 62

SHGM L275 compared tParalycopterag o x X o o o o

In comparing SHGM L275 andaralycopterabased on the above analys&abjes 1, S2-S5),
there were a few character state discrepancieseTimematched characters include: (1) the
condition of the neural spine on ural centrum lhethier the neural spine is complete or
rudimentary, and (2) the number of epurals. Aceagdo Wilson & Murray (2008), the neural

10



spine on the first ural centrum Baralycopterashould be absent or rudimentary, whereas
Shen (1996) and Xu & Chang (2009) observe a corlyldeveloped neural spine. Zhang
(2006) is uncertain about the relative developnoémiis spine, but in SHGM L275 a
rudimentary neural spine is present. The numbepafals present iRaralycopteraremains
controversial. Shen (1996) identified a single epimParalycopterawhereas Xu & Chang
(2009) noted its absence. In specimens IVPP V2839160 and .105 d?aralycoptera we
also identified no epurals, like Xu & Chang (200®).‘x’ was been marked ifable 1 for
this character, even though the character statbhysXu & Chang (2009) - ‘one or absent’ -
should justify the use of @* mark instead. We therefore advocate the separafithis state
in future work in accordance with Greenwood (1988 the epural characters of Shen
(1996), Zhang (2006) and Wilson & Murray (2008)efédnis a possible epural in SHGM
L275. Zhang (2006) and Wilson & Murray (2008) batleord uncertainty in the number of
epurals inParalycoptera The first preural centrum of SHGM L275 has a ctatgneural
spine, as identified iRaralycopteraby all four aforementioned analyses, but Xu & Gjan
(2009) mistakenly recorded a ‘rudimentary or abgeral spine in their data matrix
Excluding the aforementioned discrepancies, the $tudies otherwise converge on SHGM
L275 being a specimen Bfaralycoptera However, Xu & Chang’s (2009) observations of
individual anatomical variation withiRaralycopteraactually explain the differences in the
therefore confirms that SHGM L275 is a specimeRafalycoptera(Fig. 7), which in our
opinion negates the need for a numerical phylogeaeglysis. Xu & Chang (2009)
synonymised the genus into one spePiesuiwhose features in SHGM L275 are:

(1) a completely developed neural spine on thégirsural centrum;
(2) two or three uroneurals;

(3) four upper hypurals and two lower hypurals, and

(4) all hypurals are independent.

11
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Figure 7: Reconstruction oParalycoptera(Xu & Chang, 2009; used with the permission of
the authors).

Systematic Palaeontology

SUBDIVISION TELEOSTEI MULLER, 1846
SUPERORDER OSTEOGLOSSOMORPHA GREENWOEBDAL, 1966
ORDER OSTEOGLOSSIFORMES REGAN, 1909
SUBORDER OSTEOGLOSSOIDEI REGAN, 1909
GENUS PARALYCOPTERAHANG & CHOU, 1977
TPARALYCOPTERAP.CHANG & CHOU, 1977

4  Discussion
4.1 Ecology of Paralycoptera

Paralycopterais a member of both northern ChinkigcopteraFauna and south-eastern
China’sMesoclupedauna (Chang & Jin 1996). It has been discoverdilin, Liaoning,
Shandong, Zhejiang and Fujian provinces (Xu & Ch2e@9) and now in Guangdong
Province too (this studyJ(g. 8). This geographical range is impressive given thet
northern part of China has been separated froradtith by the Qinling-Dabie Shan orogenic
belt since the Late Triassic (Hackaral.2004), and the 2alifference in latitude between the
southernmost and northernmost localities - HongdK@uangdong Province and Tonghua,
Jilin Province respectively - a distance of oved@®8m. This geographic distribution may
imply thatParalycopterawas adaptable to a wide range of environments aogapto other
members of the two faunas. However, climate vditslmver this geographical area was not
very significant in the Late Mesozoic - climate nfa towards more temperate and humid
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conditions is reflected by geochemical weatherimdides(Ohtaet al.2014) with
temperatures betweerfG and 25°C reconstructed from oxygen isotope data from
sedimentary rocks in north-eastern China (Weinal.2013). However, occasional semi-arid
periods are indicated by the appearance of thepéaittsEphedripitesandClassopollisin
Hong Kong(Leeet al1997), as well as oxygen isotope data from sediangmocks in
north-eastern China, including from Jilin and Lianprovinces (Wangt al.2013).
Therefore Paralycopteramost likely lived in areas with a tropical-subticgd climate similar
to many modern osteoglossoids, suckagropages formosiKottelat 2011).

K
Location of Paralycoptera
discoveries

Figure 8: The locations oParalycopteradiscoveries within China (Locations from Chang &
Miao, 2004).

Paralycopteraocalities were all continental basiri&d. 8) where fluvial or lacustrine
deposits dominated (Chang & Jin 1996) and these kimilar lithologies (se€able 2).
Vigorous tectonic activity and episodes of volcamisere common in these localities during
the late Mesozoic (Chang & Jin 1996; Chang & Ch@®u7t Li & Li 2007). The Lai Chi
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Chong Formation of Hong Kong consists of mainly aurfd tuffaceous sedimentary rocks

al. 1996), and the discovery of terrestrial freshwatant fossils includingquisetites

Cladophlebis exiliformisGleichenites gladiatuandCarpolithus(Leeet al1997). According \\

‘| Comment [s8]: Strange, Shaw &

Addison (1990) (Memoir No. 4) is a
better reference to use here as it was
they who first defined the formation

at the type locality.

to Lin & Lee (2012), the ‘parallel laminated finerglstone and mudstone’ facies is the most \{Fommd: Font: Not Italic

likely origin of SHGM L275 as the only light-coloedl mudstone unit is confined to this
facies (grey volcaniclastic mudstone from the waspmrtion of the Lai Chi Chong loday;

Fig. 2). This facies contains fine-grained, cross-lamgdatvhite and grey coloured mudstone
representing a depositional environment below theerbase, where suspension currents
might affect deposition (Lin & Lee 2012). The siarities in the palaeoenvironment between
Lai Chi Chong and existinBaralycopteraocalities (Workman 1991; Chargg al. 2008; Hu

et al.2012; P.J. Chen 1983) provides additional supjpotthe inference tha&aralycoptera
from Lai Chi Chondived in shallow freshwater lakes near areas d¥aatolcanism. One
potential hypothesis to explain the associatioRarfalycopteradiscovery sites with

volcanism is thaParalycopteramay have thrived on the higher nutrient levelsia lake
caused by the influx of volcaniclastic materialdém the warmer water temperatures
provided by thermo-tectonic activities. The seditagnrocks preserved at Lai Chi Chong
frequently show syn-sedimentary structures inclgdiicrofaults, slumps, convolute bedding,
triggered by episodic volcanic and seismic actiditectly related to the local subduction
tectonic setting (Sewedlt al. 2000). This implies that the habitatRdiralycopterawas
subjected to episodic catastrophic events and wia prolonged quiet, tranquil water body.
This habitat is possibly similar to the turbid awdft-water habitat of Hiodontiformes - a
closely related group to Osteoglossiformes (Gra88)9These episodic conditions could
indicate thaParalycopterahad a high tolerance to environmental stress igdriable
sediment and nutrient input and possible changestar temperature). However, the
association of the fish with volcanism may morepinreflect the higher fossil preservation
potential by volcaniclastic sediments, especialgedghat only one specimen is known among
the strata so far. Crucially, the laminated mudstivat SHGM L275 is preserved in
represents a relatively stable rather than unstidpesitional setting. This also fits the living
environments of most modern osteoglossoid fish wvténd to prefer still water bodies e.g.
Pantodon buchholzndScleropages formosiMoelants 2010; Kottelat 2011). It therefore
seems more plausible tHaaralycopteralived in relatively stable water body like their
modern counterparts and probably migrated in tiofeswironmental stress (no evidence of
mass fish mortality in the rocks showing synseditanstructures).
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Table 2: Lithological characteristics of the formationggpervingParalycoptera.

Formation Province Age Major lithology (those thyeld
Paralycopteraare in bold font)
Lai Chi Guangdong ~146 Ma, Light grey thickly laminateduffaceous
Chong Tithonian, Late mudstone, massive black cherty mudstone,
Jurassic alternatively light and dark thickly
(Campbellet al. laminated and cross-bedded coarse
2007) sandstone, conglomerate; greenish grey fine

Fenshuiling Shandong

Guantou Zhejiang

Hengtongshan Jilin

Baiyashan Fujian

ash crystal tuff and rhyolite (L&t al. 1996;
Lin & Lee 2012)

Late Jurassic tdludstone, shale, siltstone, sandstone,
Early conglomerate and tuff (Wang 1985)
Cretaceous (Li
1998)

~110 Ma, Early Purplish grey, greyish green and greyish
Cretaceous (Xu yellow tuffaceous siltstone, dark grey

& Chang 2009) mudstone, purplesandstone; andesite and
tuff breccia (Q.S. Chen 1983; Hu al.

2012)
Early Black mudstone, oil shale and tuffite (Han
Cretaceous (Hanet al.2013)
et al.2013)
Early Purplish red conglomerate, siltstone and
Cretaceous sandstone (Zhang 2009)

(Zhang 2009)

4.2 Geographical distribution of Paralycoptera atim biogeography of the Mesoclupea

Fauna

The discovery oParalycopterain Hong Kong extends the geographical rarkgg.(8) of the
genus ~700 km further south of the previously nsositherly locality in the Baiyashan
Formation of Fujian Province (Xu & Chang 2009). § hmplies thaParalycopterawvas much
more widespread than previously thought and sugdbkat the genus may also be present in
other similarly-aged lacustrine deposits in soustera ChinaKig. 8). Paralycopterais a
typical member of th#lesocluped-auna (Chang & Jin 1996) so it is possible thatather
members of this fauna suchMgsoclupeaSinamiaandParaclupeacould be found in Hong

Kong in the future.
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4.3 Age of the Lai Chi Chong Formation and ostesgonorph evolution and biogeography

Another implication of SHGM L275 arises from theeagf the Lai Chi Chong Formation. A
Jurassic age was originally proposed by Workma@118ased on the identification of the
fossil plantsCladophlebisand EquisetitesHowever, subsequent studies of sfossils
(including CicatricosisporitesKlukisporites Cyaathidites ClassopollisandPinuspollenitg

Chi Chong - suggest that the Formation was depgbbiéween the Valanginian to Barremian
stages of the Early Cretaceous (let@l. 1997) Table S6). This age determination is closer
to the Aptian age of othétaralycopteraspecimens found elsewhere in China, based on
absolute dating of volcanic units (Xu & Chang 20083ble 2).[However, as mentioned in the
introduction (see section 1), an Early Cretacegesisnot corroborated by the Late Jurassic
radiometric age of the Formation (Camplelhl. 2007). The small degree of uncertainty in
the radiometric data (see Camplelhl.2007) suggests that the Formation - and so SHGM
L275 - date to the Tithonian stage of the Late shicafig. 9), but its discrepancy with the
biostratigraphic ages warrants further investigatithus, a Late Jurassic age is cautiously
assigned to SHGM L275 pending the discovery ohasitu specimen - the formation and
locality information of SHGM L275 are based ongfgecimen label only, as it was not

has a profound impact on the origins of osteoglossphs as it shows thBaralycopteraand
Lycopterawere contemperanoeous. This hew evidence theredjgets Chang & Chou’s
(1977) hypothesis thatycopteragave rise td?aralycoptera According to Chang & Chou
(1977),Paralycopterais more derived thahycoptera despite their many similarities,
because of features including a dorsoventrally delepdy and a larger anal fin compared to
dorsal fin. However, as found in this study, the agParalycopterais comparable to the age
of Lycoptera so the many morphological similarities betw&eamalycopteraandLycoptera
described in Chang & Chou (1977) were likely resoltconvergence, given their relatively
disparate phylogenetic relationship&l & Chang 2009).

Given the freshwater habitats of osteoglossomonpigration across an oceanic barrier was
unlikely, so these fish should have a Pangeanro(i & Chang 2009). However, the
location of their origins, whether in Africa or Asihas been debated (Wilson & Murray 2008;
Xu & Chang 2009). The Late Jurassic occurrendeavélycopterain Hong Kong provides
additional evidence to support the hypothesis (XGléang 2009) that osteoglossomorphs
originated from eastern Asia, as the oldest repeees of this clade are all known from the
Late Jurassic of China, elgycopteraandTongxinichthygChang & Jin 1996) instead of
Africa, which instead has members with more deriedtomical traits (Xu & Chang 2009).
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Figure 9: Jurassic fish localities in SE Asia and the ldzadiofParalycoptera(Modified
from Chang & Miao, 2004).

4.4 New phylogenetic characters

In our study a numerical phylogenetic analysis natsperformed because existing data made

17



it possible to unequivocally assign SHGM L275@ralycoptera However, in the course of
this study it was noted th&ingidawas not easily distinguishable frdparalycopteraon the
basis of existing characters relating to the pastskeleton. Anatomical characteristics such
as the degree of fusion in the hypuratsl the shape of the anal fin that were not indude
exisiting phylogenetic character lists would therefbe useful to include in future
phylogenies:

- Hypurals in the lower lobe: [0] = independent; flpartially fused; [2] = fully fused.
- Anal fin shape: [0] = triangular; [1] = falcate.

4.5 Limitations and future work

The taxonomic identification of SHGM L275 was diffit because the fossil is incomplete,
and is the only specimen of its kind from Hong Komhgus, further discoveries of
Paralycopterain the city (in Lai Chi Chong and on Lantau Islameuld help to facilitate
further anatomical comparisons with mainland Chéngsecimens providing additional
insights into anatomical variation in this taxon.résolve the current discrepancies between
the biostratigraphic and radiometric ages of thieQtd Chong Formation, and confirm the
proposed temporal range extensionRaralycoptera a reappraisal of current biostratigraphic
evidence is required. Radiometric dating of fobsiring strata within the Formation will be
particularly valuable, if suitable rocks can benitiiéed in the future. However, both of these
aspects are beyond the scope of this paper tossifineher, More detailed petrological
analysis of the matrix of SHGM L275 using scanraherctron microscopy would be valuable
facies with the scheme of Lin & Lee (2012) and\bkaniclastic sedimentary facies of
Workman (1991)) and facilitating comparisons wtik sedimentary facies of other
Paralycopteraocalities in mainland China, such as in Liaonimgyince (P.J. Chen 1983).
These facies investigations, in addition to comguars between the floras at these different
localities, will be important towards elucidatirtgetpalaeoenvironment Bfaralycopteraland

its co-inhabitants) in greater detail, particuldrlyrelation to neighbouring volcanic activity.
Future fossil collection and petrological analysision-Lai Chi Chong Formation Lantau
local variations in the palaeoenvironmen®airalycoptera and will potentially provide
evidence of how this taxon (and its co-inhabitargsponded to the well-documented
episodes oliddle Jurassido Early Cretaceougolcanism in Hong Kong (Sewedt al. 2000).
The latter narrative therefore makes Hong Kongdaaliplace to understand the biotic
response of Mesozoic fossils to significant envinental stress, so it is hoped that this will
lead to further development of palaeontologicatis in Hong Kong.
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5 Conclusions

A fossil fish, SHGM L275, from Lai Chi Chong, Holkgpng was rediscovered in the fossil
collections of Stephen Hui Geological Museum atlinéversity of Hong Kong. This
specimen is identified d&aralycopterabased on the following four anatomical
characteristics:

(1) a completely developed neural spine on thégirsural centrum;
(2) two or three uroneurals;

(3) four upper hypurals and two lower hypurals, and

(4) all hypurals are independent.

The discovery oParalycopterain Late Jurassic-aged strata in Hong Kong - thgsodnly
Mesozoic vertebrate — appears to extend the terhgzorge of the genus back by ~40 million
years. However, discrepancies between the biagtaathic and radiometric ages of the strata,
which belongs to the Lai Chi Chong Formation, waisaa cautious treatment of the proposed
temporal range extension, pending further geocHogical investigation. However, our
discovery unequivocally exten®aralycopteras geographical range approximately 700 km
southwards, potentially affecting tMesoclupedish Fauna. In the context of the geological
literature on the Lai Chi Chong Formation and oumwkledge of the fossil's matrix, it is
suspected thataralycopteralived in freshwater lakes in close proximity tdeenic
environments that experienced episodic earthquak@solcanic eruptions that greatly
affected the lake’s regime. This palaeoenvironnagpiears to match those of other
Paralycopteraocalities in mainland China inspiring the conctirsthat this taxon was
potentially tolerant of high environmental stresard may even have thrived on higher
nutrient levels and changeable water temperatortieeilake, during times of volcanic

activity.

This study makes an important contribution to awlerstanding of Hong Kong'’s fossil
heritage, given that the city has a relatively plossil record and limited sedimentary rock
exposures (Leet al. 1997). This study is the first on Hong Kong foséil over 15 years (Lee
et al.1997) so it is hoped that it can help to promotéher interest in Hong Kong’s
palaeontology, particularly given the rare oppaitiuto study the biotic response to
long-lived and accurately-dated Mesozoic volcanierngs.
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