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Figure 1 Main localities of Palacogene fishes from the onshore basins around Bohai Gulf (red triangle) (Based on the map downloaded from
http://bzdt.nasg.gov.cn). 1, Sanshui Basin; 2, Maoming Basin; 3, Changchang Basin; 4, Nanning Basin; 5, Baise Basin; 6, Ningming Basin, China; 7,

Na Duong Basin and 8, Cao Bang Basin, Vietnam
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Figure 2 {Jianghanichthys sanshuiensis
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Figure 3 Morphology of cyprinin pharyngeal teeth during Palacogene.
(a) TEoprocypris maomingensis, (Chen et al), 2015; (b) THuashancy-
prinus robustispina; (c), (d) TNanningocyprinus wui. Abbreviations: A,
B, and C standing for main row, outer row, and outmoster row of phar-

yngeal teeth, respectively. Tooth position is numbered from anterior to
posterior in each row! 1332511
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B 4 TUEZs At Ecocarpia ningmingensis. (a) TFRIARAS NMV 41702; (b) HKEIIERIARAAYSKTS: (c) WHENMV 41503a, HEHEHL; (d) M
NMV41503b, MG, art, 955 br.b, 885 E: d, hE; dpt, BRI EE; fr, HiE; ioc, FHERWEE; iop, [MHLE; la, HE; le, MFHE; mc,
TRURGEA; mx, LAUE kie, SR op, #8835 pa, TUHE pl, B pmx, 1T _LAE pop, RIS pte, JEHUE; sb, 8% scler, JUIEIE; so,
LMEH; sop, FHE. MKHEChendE M

Figure 4 tEcocarpia ningmingensis. (a) Holotype; (b) head of the holotype; (c) pharyngeal teeth in ventral view; (d) pharyngeal tooth in grinding
surface view. Abbreviations: art, article; br.b, branchiostegal rays; d, dentary; dpt, dermopterotic; fr, frantal; ioc, infraorbital sensory canal; iop, in-

teropercle; la, lacrimal; le, lateral ethmoid; mc, mandibular canal; mx, maxilla; kie, kinethmoid; op, opercle; pa, parietal; pl, palatine; pmx, premaxilla;

pop, preopercle; pte, posttemporal; sb, scale bone; sclera, sclerotic; so, supraorbital; sop, subopercle. After Chen et al.
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Bl 5 BTkt Cobitis nanningensis. (a) IETFRASNHMG 011653.1, MI#L; (b) EAARANMHGO11653.1, #4; (c) NHMG 011653.2, JEMIAL; (d)
NHMG 011653.2, & MH. Lep, M5 %8; Ip, MZE; lrp, M)%E; mep, HJE%E; mp, H58; mrp, %S, UK EEH 0.5 mm. HKHEChens A2
Figure 5 {Cobitis nanningensis. (a) Holotype NHMG 011653.1, lateral view; (b) holotype NHMG 011653.1, dorsal view; (c) NHMG 011653, later-

oventral view; (d) NHMG 011653, laterodorsal view. Abbreviations: Icp. laterocaudal process; Ip. lateral process; Irp. laterorostral process; mcp. Me-
diocaudal process; mp. medial process; mrp. mediorostral process. Scale bars equal to 0.5 mm. After Chen et al.'*"!
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Paleogene sediments are well developed in the onshore basins, including Ningming, Nanning, and Baise Basins of
Guangxi, Sanshui and Maoming Basins of Guangdong, and Changchang Basin of Hainan, around the Beibu Gulf (Gulf
of Tonkin). A large number of fish fossils have been recovered from these sediments. As our fieldwork and research ac-
tivities progressed in recent years, the picture of the Paleogene ichthyofauna is gradually unveiled. Here we review the
systematic paleontology of the fossil fishes and their implications on paleoecology and paleobiogeography. Known
Paleogene fossil fishes from this region include cypriniforms, osteoglossiforms, siluriforms, and perciforms from Sanshui
Basin; cypriniforms, siluriforms and sharks from Maoming Basin; cypriniforms from Changchang Basin; cypriniforms,
siluriforms, and clupeomorphs from Nanning Basin; cypriniforms, fellimmichthyiforms, siluriforms, and gobiiforms
from Ningming Basin; and cypriniforms from Baise Basin.

Among all these fossil fishes, cypriniforms, a group of primary freshwater fishes, were the dominant fishes in terms of
specimen numbers and taxonomic diversity, which spanned from the Paleocene to the Oligocene and occurred in every
basin of this region. Described cypriniforms from this region include (1) Cyprinidae: ¥ Eoprocypris maomingensis from
late Eocene Youganwo Formation of Maoming Basin; THuashancyprinus robustispina and tEcoparpia ningmingensis
from Oligocene Ningming Formation of Ningming Basin, and tNanningocyprinus wui from Oligocene Yongning For-
mation of Naning Basin; (2) Jianghanichthyidae (the only fossil family of the order Cypriniformes and only occurred in
South China): f{Jianghanichthys sanshuiensis from Paleocene Buxin Formation of Sanshui Basin; and (3) Cobitidae:
tCobitis nanningensis from Oligocene Yongning Formation of Nanning Basin. These fishes are among the oldest cy-
priniform fossils, which provide critical information on the origin and evolution of the largest extant freshwater fish order
Cypriniformes. Moreover, Oligocene fellimmichthyiforms (Clupeomorpha) and gobiiforms (Percomorpha) are important
discoveries from this region. The former represents the first discovery of fellimmichthyiform from the Oligocene world-
wide which is younger than its known fossil records. The latter is the first occurrence of fossil gobiiforms in China. Fur-
thermore, the most abundant Paleogene fishes of this region are cypriniforms, which are strict freshwater fish. Mean-
while, shark materials are also discovered along with possibly marine fellimmichthyiform and siluriforms. The combina-
tion of above fishes indicates that the freshwater bodies of this region were invaded occasionally by marine water during
the Paleogene.

To conclude, the Paleogene ichthyofauna from onshore basins of Beibu Gulf consists of oldest fossils of major clades
of Cenozoic fishes and a relict of typical Mesozoic fish taxa, which suggest that this region is an evolutionary hotspot of
Cenozoic freshwater fishes, especially of cypriniforms. The vertebrate paleontology, systematics, taxonomy, and paleoe-
cology of the fish assemblages from this region are pending further study. To understand the origin and divergence of the
major clades of the Paleogene fish, as well as hypothesize on the development of the recent fish fauna of East and South
Asia, we suggest conducting more comprehensive fieldwork to collect scientifically valuable specimens in the onshore
basins around Beibu Gulf, and performing in-depth laboratory research using traditional paleontological methods, 2-D
and 3D computational tools, and molecular data of related extant fishes.

onshore basins around Beibu Gulf, Palaeogene ichthyofauna, evolution, palaeoenvironment
doi: 10.1360/N972018-00569
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