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　The early Aptian Kitadani Formation of the Tetori Group, which outcrops at the “Kitadani Dinosaur Quarry” 
located in Katsuyama City, Fukui Prefecture, is well known for its rich floral and vertebrate fossil assemblages. The 
authors previously reported a diverse palynoflora from the lower part of the quarry composed of spores, gymnosperm 
pollen grains, freshwater algae and one epiphyllous fungus, but barren of any angiosperm pollen grain. We report 
here eumagnoliid angiosperm pollen attributable to Clavatipollenites hughesii Couper from the middle to upper part 
of the quarry. It represents the first convincing angiosperm fossil record for the Lower Cretaceous of the Inner Zone 
of Japan.
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ルグラン ジュリアン・寺田和雄・湯川弘一・西田治文（2019）北谷層から内帯日本の下部白亜系において
初となる被子植物化石Clavatipollenites hughesii．福井県立恐竜博物館紀要 18：21‒30.
　手取層群北谷層（下部 Aptian）は福井県勝山市の「北谷恐竜発掘現場」に露出し，植物や脊椎動物化石
を多く産出する．我々は以前，発掘現場の下部から胞子や裸子植物花粉，淡水性緑藻類，葉上寄生菌類な
どの多様なパリノフロラを報告したが，これまで被子植物花粉は未発見だった．今回，発掘現場の上部か
ら真正モクレン類の Clavatipollenites hughesii Couper を発見した．これは内帯日本の下部白亜系から初の
被子植物化石記録である．
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INTRODUCTION

　Angiosperm fossils of the Lower Cretaceous period are scarce 
in Japan. The oldest angiosperm record is a pollen grain reported 
from the la te  Barremian of  the Nishihiro  Formation,  
Monobegawa Group, Wakayama Prefecture (Legrand et al., 
2014), belonging to the Outer Zone of Japan. Other reports of 
angiosperms are permineralized remains such as a seed of 
Trimeniaceae (Yamada and Kato, 2008; Yamada et al., 2008) 
and wood (Takahashi and Suzuki, 2003), both from the Albian 
of the Yezo Group, Hokkaido. Monosulcate, tricolpate and 
chotomosulcate pollen have also been reported from the late 

Barremian-early Aptian Pechikunnai Formation of the Sorachi 
Group, Hokkaido (Tanaka and Hirano, 2009), but this diverse 
angiosperm assemblage suggests much younger age than authors 
thought (Legrand et al., 2014).
　No angiosperm report exists from the Lower Cretaceous of 
the Inner Zone of Japan. With regard to the Upper Cretaceous of 
the Inner Zone of Japan, the oldest angiosperm fossils are leaves 
reported from the Coniacian-Campanian Upper Formation of the 
Mifune Group in Kumamoto Prefecture (Matsuo, 1993). Leaves 
were reported in the Izumi Group from the Upper Campanian in 
Sanuki City, Kagawa Prefecture (Kimura and Ohana, 1995) and 
from the Maastrichtian in Kada-cho, Wakayama Prefecture 
(Matsuo, 1966) and Awaji Island, Hyogo Prefecture (Iwaki and 
Maeda, 1989). Leaves and pollen grains were reported from the 
Maastrichtian of the Asuwa Formation in Fukui Prefecture 
(Matsuo, 1962; Sazawa et al., in press) and Omichidani 
Formation in Fukui and Ishikawa Prefectures (Matsuo, 1960, 
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1970; Nichols et al., 2010). Soda (1955) and Oyama (1962) also 
reported some angiosperm leaves recovered from an horizon 
inserted between volcanic rocks of the Upper Cretaceous 
Sugitani Formation in Okayama Prefecture.
　The authors previously reported a diverse palynological 
assemblage from samples collected in the lower part of the early 
Aptian locality known as the “Kitadani Dinosaur Quarry” 
(Azuma, 2003) of the Kitadani Formation, Tetori Group, Inner 
Zone of Japan (Legrand et al., 2013). The plant assemblage 
already reported from the Kitadani Formation is characterized 
by the abundance of Filicopsida together with common 
Bennettitales and Coniferales (Kimura, 1975; Kimura and 
Horiuchi, 1979; Yabe et al., 2003; Yabe and Kubota, 2004; 
Terada and Yabe, 2011; Yabe and Shibata, 2011; Sano and 
Yabe, 2017), whereas the palynoflora is dominated by 
palynomorphs of spore-producing plants, mostly Filicopsida 
(Schizaeales, Cyatheales, and Osmundales) and gymnosperm 
pollen, primarily of Coniferales and Bennettitales, Cycadales or 
Pentoxylales (Legrand et al., 2013). However, neither the 
macro- nor microfossil assemblages yielded any angiospermous 
remain.
　The fourth excavation project held by the Fukui Prefectural 
Dinosaur Museum started in 2013, revealing unstudied horizons 
in the middle to upper part of the quarry from which we took 
fresh samples (Legrand et al., 2016). Among them, two samples 
revealed angiosperm pollen of Clavatipollenites hughesii 
Couper (1958),  that  we report  in this  paper.  Detai led 
palynological assemblages of these two horizons will be 
summarized and discussed together with those from other 
horizons in a later paper.

GEOLOGICAL SETTING

　The Tetori Group (sensu stricto) outcrops in the Hokushinetsu 
and Hida districts of central Japan (Maeda, 1961) and is divided, 
in the Takinamigawa area, into the Akaiwa and Kitadani 
Formations in ascending order (Maeda, 1958). The Kitadani 
Formation crops out along the Sugiyama River, northeastern 
part of Katsuyama City, Fukui Prefecture. It constitutes the 
uppermost part of the Tetori Group, where it conformably 
overlies the Akaiwa Formation and is unconformably overlain 
by the Maastrichtian Omichidani Formation.
　The Kitadani Formation has been assigned to the early to 
mid-Aptian in age based on the molluscan (Isaji, 1993; Kozai et 
al., 2002), ostracod (Cao, 1996) and charophyte (Kubota, 2005) 
biostratigraphy and on geological correlations with coeval strata 
distributed in the basin (Sano, 2015; Sano and Yabe, 2017). It 
probably deposited in a meandering river and fluvio-lacustrine 
environment (Legrand et al., 2013; Suzuki et al., 2015).

MATERIALS AND METHODS

　The two samples were collected from the “Kitadani Dinosaur 
Quarry” in 2013. Sample “2013.10.02-01” was collected from 
the mudstone intercalated between sandstone layers in the 

middle part of the quarry close to the third step dug during the 
fourth excavation project (Fig. 1). Suzuki et al. (2015) interprets 
this deposit as alternation of mudstone and sandstone subfacies 
(AMS) of abandoned channel-fill facies (Suzuki et al., 2015: 
Fig. 5a). Sample “2013.06.11-12” was taken in a block of 
siltstone excavated during the same year from an unknown 
horizon of the middle to upper part of the quarry.
　We followed Legrand et al. (2013) for palynomorph isolation 
as well as for classification system. In the name of specimens, 
the letter after sample number corresponds to the slide number, 
followed by the position of the grain on the slide using an 
England Finder graticule. The grains were observed under a 
Leica DMRD Differential Interference Contrast Microscope 
equipped with a Leica MC170HD Camera, and a Confocal 
Laser Scanning Microscope Zeiss LSM510.

DESCRIPTION AND DISCUSSION

　All angiosperm pollen grains obtained from the two samples 
belong to Clavatipollenites hughesii (Fig. 2) and they represent 
about 0.5% in number in both palyno-assemblages. The state of 
preservation of palynomorphs was slightly better in sample 
2013.06.11-12. The preparations cited in present paper are 
housed in the Collection of the Fukui Prefectural Dinosaur 
Museum.
　Some problems remain for defining genus Clavatipollenites 
(Friis et al., 2011), and Clavatipollenites hughesii may also 
include several morphological types (Hugues et al., 1979). We 
describe the pollen type found from the Kitadani Formation 
below.

Systematic Palynology

Anteturma VARIEGERMINANTES Potonié, 1970
Turma MONOCOLPATES (MONOSULCITES) and 

ZONOCOLPATES
Iversen and Troels-Smith, 1950

Infaturma RETICULATI Pons, 1988
Genus CLAVATIPOLLENITES Couper, 1958

CLAVATIPOLLENITES HUGHESII Couper, 1958

　Type species.—Clavatipollenites hughesii Couper, 1958, p. 
159–160, Pl. 31, Fig. 19–22.
　Material examined.— 2013.06.11-12a, B29/4, 2013.10.02-01a, 
S52.
　Description.—Grain subspherical, 23 μm in diameter. Pollen 
monosulcate; sulcus broad, from 4 μm at the ends to 7 μm wide 
in its middle part, and almost extending to  the whole length of 
the grain; microreticulum irregularly polygonal of lumina 
around 0.4 μm wide (0.35 to 0.7), smooth, with muri about 0.5 μm 
high. Exine thin, about 0.5 μm thick.
　Distribution.—Clavatipollenites hughesii was firstly 
described by Couper (1958) from the Wealden (Barremian) of 
England. The oldest reports are from the late Hauterivian of 
Morocco (Gübeli et al., 1984) and Israel (Brenner, 1996), and 
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FIGURE 1. Location of the horizon which yielded sample “2013.10.02-01” (picture taken on August 19th, 2014).

FIGURE 2. Clavatipollenites hughesii observed under the light (A) and confocal laser scanning (B) microscopes (2013.06.11-12a, B29/4 ). Scale bar: 10 μm.
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Dongning Formation of eastern Heilongjiang (Kovaleva et al., 
2017) in North East China, the Barremian-Aptian Longpan 
Formation in North Korea (Jiang and Yang, 1996), and the 
Barremian-Aptian (age uncertain because of a lack of any 
marine intercalation or other stratigraphic marker; Vakhrameev, 
1991) Zazinskaya Formation of the Transbaikal region in Russia 
(Markevitch, 1994; Vakhrameev and Kotova, 1977). In younger 
strata, it is reported from the Aptian-Albian Fuxin Formation of 

the species is found worldwide from the Barremian to 
Maastrichtian lowland sediments.
　In Asia, the oldest report of Clavatipollenites hughesii is from 
the Barremian Qingshila Formation of the Jehol Group of 
Western Liaoning in North East China (Yu, 1990). It is then 
reported from the Aptian of the Lumuwan Group of Hainan in 
southernmost China (Dong et al., 1991), the Aptian Changcai 
Formation of eastern Jilin (Yu and Miao, 1983) and the Aptian 



TABLE 1. Previous reports of Clavatipollenites hughesii and other species of the Clavatipollenites genus in the Lower Cretaceous of Asia.

(Magnoliales). Among the extant Chloranthaceae, this genus is 
closely similar to pollen of Ascarina lucida distributed in New 
Zealand, Oceania in terms of morphology and wall ultrastructure 
(Couper, 1958; Doyle et al., 1975; Walker and Walker, 1984). 
Clavatipollenites grains were reported in situ from a carbonized 
anther closely similar to those of extant Ascarina from the Early 
Cretaceous (early Aptian) Baqueró Formation of Argentina 
(Archangelsky and Taylor, 1993). Clavatipollenites hughesii has 
also been reported in situ attached to the stigmatic area of the 
fossil fruit Couperites mauldinensis from the early Cenomanian 
of the Potomac Group, Maryland (Pedersen et al., 1991).
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the Jehol Group (Yu, 1990), the Barremian-early Albian Yimin 
Formation (Wan et al., 2005), the Hauterivian-Albian Saihan Tal 
Formation and the Albian Hadat Formation (Hua, 1991) of Inner 
Mongolia in North East China, the early Albian Zhonggou 
Formation of Gansu in North West China (Zhang et al., 2015), 
the Albian Bayan-Erkhet Formation in Mongolia (Ichinnorov, 
2003b), and the Aptian-early Albian Lipovtsy Formation 
(Kovaleva et al., 2016; Volynets et al., 2016), the early to  
mid-Albian of the Partizansk Basin (Volynets, 1998; Volynets et 
a l . ,  2001) ,  and the Albian Galenkovskaya Formation 
(Markevitch, 1994) of the Primorye region in Russia.
　Botanical affinities.—Pollen classified to Clavatipollenites 
could have been shed by a plant of the Chloranthaceae 
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is concordant with the hypothesized paleophytogeography of 
this species.
　Paleoecology.—Palynomorphs previously reported from the 
lower part of the “Kitadani Dinosaur Quarry” were composed of 
spores, gymnosperm pollen grains, freshwater algae and one 
epiphyllous fungus indicating a warm temperate and moderately 
humid climate, with locally drier conditions. Some of them 
suggested transportation and indicated an accumulation from 
various sources in the sedimentary basin (Legrand et al., 2013). 
Previous global reports of Clavatipollenites show a distribution 
in humid environments, so is the extant Ascarina. Among the 
earliest angiosperms, it has been suggested that plants producing 
Clavatipollenites would have flourished in shady, disturbed and 

Discussion 

　Distribution of Clavatipollenites in East Asia during the 
Lower Cretaceous.—Previous reports of Clavatipollenites 
hughesii and other congeneric species in Asia are summarized in 
Table 1. According to these reports, a distribution of this species 
was restricted to the eastern margin of the Eurasian continent 
(Inner Japan; North Korea; North East China: Liaoning, Jilin 
and  Hei longj iang;  South  China :  Hainan)  dur ing  the  
Barremian-Aptian, and then expanding to whole North China 
(Gansu and Inner Mongolia), Mongolia and the Primorye and 
Siberia regions of Russia during the Albian (Fig. 3). The 
presence of Clavatipollenites hughesii in the Kitadani Formation 
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FIGURE 3. Distribution map of Clavatipollenites hughesii and other Clavatipollenites species in East Asia during the Lower Cretaceous. Localities 
number indicated in  Table 1. Paleomap (black lines; white lines indicate the present position of Japan; bold line with triangles represents the subduction 
front) based on Maruyama et al. (1997).

prep.). The extant species of the Gnetales, especially those of 
Ephedra, prefer a drying climate in which a wind-pollination is 
advantageous (Kubitzki, 1990). Therefore, paleoclimate inferred 
from Clavatipollenites seems contradictory to the abundant 
occurrences of the gnetalean pollen. However, similar co-occurrence 
has been reported in the Barremian-Aptian Yixian Formation of 
the Jehol Group in western Liaoning, China, where an early 
angiosperm Archaefructus (Sun et al., 2001) and Gnetalean 
fossils (Zhou et al., 2003; Rydin et al., 2006; Rydin and Friis, 
2010) occur in fluvio-lacustrine sediments (Wang and Zheng, 
2010). In addition, Crane and Lidgard (1989) suggested a 

wet habitats (Doyle and Hickey, 1976; Hickey and Doyle, 
1 9 7 7 ) ,  a n d  m a y  h a v e  b e e n  w i n d -  a n d  o c c a s i o n a l l y  
insect-pollinated (Bernhardt and Thien, 1987, Crepet and Friis, 
1987; Gottsberger, 1988; Feild and Arens, 2007; Friis et al., 
2011).
　The two samples of the quarry containing Clavatipollenites 
hughesii have a palynological composition close to those from 
other horizons (Legrand et al. ,  2013). However, these 
assemblages are markedly different from those by Legrand et al. 
(2013) in the relative abundance of Gnetalean pollen, 
particularily of Gnetaceaepollenites sp. (Legrand et al., in 
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Cao, M. Z. 1996. Nonmarine Cretaceous ostracods from Inner 
　Zone of SW Japan. Bulletin of the Kitakyushu Museum of 
　Natural History 15: 13–30.
Chlonova, A. F. 1977. The first find of Clavatipollenites pollen in 
　Cretaceous deposits of western Siberia. Paleontology Zhurn 
　2: 115–121.
Choi, D. K. 1985. Spores and pollen from the Gyeongsang Supergroup, 
　southeastern Korea and their chronologic and paleoecologic 
　implications. Journal of the Paleontological Society of Korea 
　1: 33–50.
Couper, R. A. 1958. British Mesozoic microspores and pollen 
　grains. Palaeontographica 103B: 75–179.
Crane, P. R., and S. Lidgard. 1989. Angiosperm diversification 
　and paleolatitudinal gradients in Cretaceous floristic diversity. 
　Science 246: 675–678.
Crepet, W. L., and E. M. Friis. 1987. The evolution of insect 
　pollination in angiosperms; pp. 181–201 in E. M. Friis, W. G. 
　Chaloner and P. R. Crane (eds.), The Origins of Angiosperms 
　and their Biological Consequences. Cambridge University 
　Press, Cambridge.
Davies, E. H. 2001. Palynological analysis and age assignments 
　of two Burmese amber sample sets. Unpublished report by 
　Branta Biostratigraphy Ltd. for Leeward Capital Corp., 4 pp.
Dong, B. L., H. J. Lu, X. N. Pang and R. H. Hua. 1991. Discovery 
　of Early Cretaceous sporo-pollen assemblages from Baisha 
　Basin of Hainan and its significance. Acta Micropalaeontologica 
　Sinica 8: 171–182.++

Doyle, J. A., and L. J. Hickey. 1976. Pollen and leaves from the 
　mid-Cretaceous Potomac Group and their bearing on early 
　angiosperm evolution; pp. 139–206 in C. B. Beck (ed.), Origin 
　and Early Evolution of Azngiosperms. Columbia University 
　Press, New York.
Doyle, J. A., M. Van Campo and B. Lugardon. 1975. Observations 
　on exine structure of Eucommiidites and Lower Cretaceous 
　angiosperm pollen. Pollen et Spores 17: 429-486.
Feild, T. S., and N. C. Arens. 2007. The ecophysiology of early 
　angiosperms. Plant, Cell and Environment 30: 291–309.
Friis, E. M., P. R. Crane and K. R. Pedersen. 2011. Early Flowers 
　and Angiosperm Evolution. Cambridge University Press, 
　Cambridge, 585 pp.
Gao, R. Q. 1982. Evolutionary trends of Cretaceous angiospermous 
　pollen from the Songliao Basin, NE China. Acta Palaeontologica 
　Sinica 21: 217–224.+

Gottsberger, G. 1988. The reproductive biology of primitive 
　angiosperms. Taxon 37: 630–643.
Gübeli, A. A., P. Hochuli and W. Wildi. 1984. Lower Cretaceous 
　turbiditic sediments from the Rif chain (northern Morocco) - 
　Palynology, stratigraphy and palaeogeographic setting. 
　Geologische Rundschau 73: 1081–1114.
Hickey, L. J., and J. A. Doyle. 1977. Early Cretaceous fossil 
　evidence for angiosperm evolution. The Botanical Review 43: 
　1–104.
Hua, R. 1991. Early Cretaceous angiospermous pollen from Eren 
　Basin, Nei Mongol. Geological Publishing House, Beijing, 65 
　pp.++

striking increase in Gnetalean diversity during the Early 
Cretaceous simultaneously with the initial angiosperm radiation. 
This contradiction would be reconciled if the Cretaceous 
gnetalean pollen is entomophilous and may not indicate dry 
conditions (Bolinder et al., 2015, 2016; Rydin and Hoorn, 
2016).

CONCLUSION

　Clavatipollenites hughesii is reported for the first time from 
the Lower Cretaceous of the Inner Zone of Japan, and the oldest 
appearance of the genus in Japan. Clavatipollenites is thought to 
be widely distributed in the eastern margin of the Eurasian 
Continent during the Aptian, but it has not been clarified if this 
scheme is applicable to Japan at that time period. Composition 
of the palyno-assemblage and the association of C. hughesii 
with relatively abundant Gnetalean pollen is very similar to the 
floral characteristics observed in the Yixian Formation, which 
also deposited in a fluvio-lacustrine environment.

ACKNOWLEDGMENTS

　This study has been supported by a JSPS Postdoctoral 
Fellowship, a Grant in Aid for Scientific Research from the 
Japanese Government (Monbukagakusho: MEXT), and by the 
Fukui Prefectural Dinosaur Museum. We are grateful to Dr. 
Atsushi Yabe and an anonymous reviewer for their useful 
comments that improved the final version of the manuscript.

REFERENCES

Amiot R., N. Kusuhashi, X. Xu and Y. Wang. 2010. Isolated 
　dinosaur teeth from the Lower Cretaceous Shahai and Fuxin 
　formations of northeastern China. Journal of Asian Earth 
　Sciences 39: 347–358.
Archangelsky, S., and T. N. Taylor. 1993. The ultrastructure of in 
　situ Clavatipollenites pollen from the Early Cretaceous of 
　Patagonia. American Journal of Botany 80: 879–885.
Azuma, Y. 2003. Early Cretaceous vertebrate remains from 
　Katsuyama City, Fukui Prefecture, Japan. Memoir of the Fukui 
　Prefectural Dinosaur Museum 2: 17–22.
Bernhardt, P., and L. B. Thien. 1987. Self-isolation and insect 
　pollination in the primitive angiosperms: New evaluations of 
　older hypotheses. Plant Systematics and Evolution 156: 159–176.
Bolinder, K., K. J. Niklas and C. Rydin. 2015. Aerodynamics 
　and pollen ultrastructure in Ephedra (Gnetales). American 
　Journal of Botany 102: 457–470.
Bolinder, K., L. Norbäck Ivarsson, A. M. Humphreys, S. M. 
　Ickert-Bond, F. Han, C. Hoorn and C. Rydin. 2016. Pollen 
　morphology of Ephedra (Gnetales) and its evolutionary implications. 
　Grana 55: 24–51.
Brenner, G. J. 1996. Evidence for the earliest stage of angiosperm 
　pollen evolution: a paleoequatorial section from Israel; pp. 
　91–115 in D. W. Taylor and L. J. Hickey (eds.), Flowering Plant 
　Origin, Evolution and Phylogeny. Chapman and Hall, New York.



JULIEN LEGRAND, KAZUO TERADA, HIROKAZU YUKAWA AND HARUFUMI NISHIDA28

　Japan, Abstracts with Programs: 16–17.
Kubitzki, K. 1990. Ephedraceae; pp. 379‒382 in K. Kubitzki (ed.), 
　The Families and Genera of Vascular Plants. I. Pteridophytes 
　and Gymnosperms. Springer, Berlin.
Kubota, K. 2005. Charophyte gyrogonites from the Lower 
Cretaceous Kitadani Formation of the Tetori Group in the 
　Takinamigawa area, Katsuyama City, Fukui Prefecture, central 
　Japan. Paleontological Research 9: 203–213.
Legrand, J., D. Pons, K. Terada, A. Yabe and H. Nishida. 2013. 
　Lower Cretaceous (upper Barremian-lower Aptian?) palynoflora 
　from the Kitadani Formation (Tetori Group, Inner Zone of 
　central Japan). Paleontolgical Research 17: 201–229.
Legrand, J., K. Terada, H. Yukawa, A. Yabe, T. Yamada and H. 
　Nishida. 2016. Lower Cretaceous paleofloras and paleoenvironments 
　of Inner Japan inferred from the Tetori Group palynofloras. 
　The 2016 Annual Meeting of the Palaeontological Society of 
　Japan, Abstracts with Programs: 22. *
Legrand, J., T. Yamada and H. Nishida. 2014. Palynofloras from 
　the upper Barremian-Aptian Nishihiro Formation (Outer Zone of 
　southwest Japan) and the appearance of angiosperms in Japan. 
　Journal of Plant Research 127: 221–232.
Li, W. 1979. Mesozoic sporo-pollen assemblages from 
　volcano-sedimentary rock series in Jiangsu and Anhui; pp. 
　129–142 in Editorial Group for the Works from the Symposium 
　on Iron Geology (ed.), Selected Works for a Scientific Symposium 
　on Iron Geology of Academia Sinica, 1977, Stratigraphy and 
　Palaeontology. Science Press, Beijing.+

Maeda, S. 1958. Stratigraphy and geological structure of the 
　Tetori Group in the Hakusan District (Part 1. Stratigraphy). Journal 
　of the Geological Society of Japan 64: 583–594. **
Maeda, S. 1961. On the geological history of the Mesozoic Tetori 
　Group in Japan. Journal of College of Arts and Sciences, 
　Chiba University, Natural Sciences Series 3: 396–426. **
Markevitch, V. S. 1994. Palynological zonation of the continental 
　Cretaceous and lower Tertiary of eastern Russia. Cretaceous 
　Research 15: 165–177.
Markevitch, V. S. 1995. Cretaceous palynoflora of northern East 
　Asia. Dalnauka, Vladivostok, 200 pp.++++

Markova, L. E. 1971. Palynological characteristics of Neocomian 
　deposits of the northwest part of West Siberia; pp. 34–41 in L. 
　E. Markova (ed.), Paleopalynology Material of Central 
　Siberia. Trudy Sibirskogo Nauchno-Issledovatelskogo Instituta 
　Geologii Geofiziki i Mineralnogo Syrya (SNIIGGIMS). 
　Ministerstva Geologii SSSR, Vypusk 117.
Maruyama, S., Y. Isozaki, G. Kimura and M. Terabayashi. 1997. 
　Paleogeographic maps of the Japanese Islands: Plate tectonic 
　synthesis from 750 Ma to the present. Island Arc 6: 121–142.
Matsuo, H. 1960. On the Nymphaeacean plant from the Omichidani 
　bed (Cretaceous system), Ishikawa Prefecture, inner side of 
　Central  Japan. Transactions and Proceedings of the 
　Paleontological Society of Japan. New series 40: 329–336, pl. 38.
Matsuo, H. 1962. A study on the Asuwa Flora (Late Cretaceous 
　age) in the Hokuriku district, Central Japan. The Science Reports 
　of Kanazawa University 8: 177–250.
Matsuo, H. 1966. Plant fossils of the Izumi Group (Upper 

Huang, Q. H., C. B. Li, H. Kong and M. Zhang. 2004. Early 
　Cretaceous stratigraphy and sporopollen assemblages in the 
　southern Hailar Basin. Acta Micropalaeontologica Sinica 21: 
　431–438.+

Hugues, N. F., G. Drewry and J. F. Laing. 1979. Barremian earliest 
　angiosperm pollen. Palaeontology 22: 513–536.
Ichinnorov, N. 1999. Palynomorph assemblage from the Tevshiin 
　Govi Formation, Shivee-Ovoo coal deposit, Mongolia. Mongolia 
　Geoscientist 12: 18–23.
Ichinnorov, N. 2003a. Discovery of Early Cretaceous pollen and 
　spores from the Shaazan  Govi area, Southeastern Mongolia. 
　Mongolian Geoscientist 18: 2‒7.
Ichinnorov, N. 2003b. Palynocomplex of the Lower Cretaceous 
　sediments of the eastern Mongolia. Mongolian Geoscientist 
　22: 12–16.
Isaji, S. 1993. Nippononaia ryosekiana (Bivalvia, Mollusca) 
　from the Tetori Group in Central Japan. Bulletin of the National 
　Science Museum, Tokyo, Series C, Geology & Paleontology 
　19: 65–71.
Iversen, J., and J. Troels-Smith. 1950. Pollenmorfologiske 
　definitioner og typer. Danmarks Geologiske Undersøgelse, IV 
　Række 3 : 1–54.
Iwaki, T., and H. Maeda. 1989. Mudstone facies and the fossil 
　molluscan assemblages of the Upper Cretaceous Izumi Group in 
　the southeastern Awaji Island, southwest Japan. Research 
　Reports of the Kochi University 38: 187–201, pls. 1–6. **
Jiang, D. X., and H. Q. Yang. 1996. Early Cretaceous palynofloras 
　from Anchow Basin, Korea. Acta Botanica Sinica 38: 150–155.
Kang, H. C., and I. S. Paik. 2013. Review on the geological ages 
　of the formations in the Gyeongsang Basin, Korea. Journal of 
　the Geological Society of Korea 49: 17–29. ****
Kimura, T. 1975. Middle - late Early Cretaceous plants newly 
　found from the upper course of the Kuzuryu River area, Fukui 
　Prefecture, Japan. Transactions and Proceedings of the 
　Palaeontological Society of Japan, New Series 98: 55–93.
Kimura, T., and J. Horiuchi. 1979. Some late Early Cretaceous 
　plants from Fukui Prefecture, in the Inner Zone of Japan. 
　Transactions and Proceedings of the Palaeontological Society 
　of Japan, New Series 113: 1–14.
Kimura, T., and T. Ohana. 1995. Fossil plants from the Lower 
　Cretaceous Monobe Formation and Upper Cretaceous Izumi 
　Group, West Japan. Journal of the Paleontological Society 
　of Korea 11: 101–124.
Kovaleva, T. A., V. S. Markevich, E. V. Bugdaeva, E. B. Volynets 
　and M. A. Afonin. 2016. New data on palynostratigraphy of 
　the Lipovtsy Formation in the Razdol’ naya Coal Basin 
　(Southern Primorye). Russian Journal of Pacific Geology 10: 
　50–62.
Kovaleva, T. A., V. S. Markevich and G. Sun. 2017. Age and 
　palynological characteristic of the Dongning Formation (Eastern 
　Heilongjiang, China). Russian Journal of Pacific Geology 11: 
　28–40.
Kozai, T., K. Ishida, S. O. Park and K. H. Chang. 2002. Early 
　Cretaceous non-marine bivalves from Korea and Japan. The 
　2002 Annual Meeting of the Palaeontological Society of 



REPORT OF THE ANGIOSPERM POLLEN CLAVATIPOLLENITES HUGHESII FROM THE KITADANI FORMATION 29

　non-marine and marine correlation. Cretaceous Research 28: 
　146–170.
Shang, Y. K. 1997. Palynology of the angiospermous fossil-bearing 
　bed of the Chengzihe Formation, Jixi, Heilongjiang Province. 
　Acta Micropalaeontol Sinica 14: 161–174.++

Soda, K. 1955. New locality of Mesozoic Flora. Journal of the 
　Geological Society of Japan 61: 405. *
Song, Z. 1986. Review on the study of Early Cretaceous Angiosperm 
　pollen in China. Acta Micropalaeontologica Sinica 3: 373–386.
Sun, G., and D. L. Dilcher. 2002. Early angiosperms from the 
　Lower Cretaceous of Jixi, eastern Heilongjiang, China. Review of 
　Palaeobotany and Palynology 121: 91–112.
Sun, G., S. L. Zheng, D. L. Dilcher, Y. D. Wang and S. W. Mei. 
　2001. Early Angiosperms and their Associated Plants from 
　Western Liaoning, China. Shanghai Scientific and Technological 
　Education Publishing House, Shanghai, 227 pp.
Suzuki, S., M. Shibata, Y. Azuma, H. Yukawa, T. Sekiya and Y. 
　Masaoka. 2015. Sedimentary environment of dinosaur fossil 
　bearing successions of the Lower Cretaceous Kitadani 
　Formation, Tetori Group, Katsuyama city, Fukui, Japan. Memoir 
　of the Fukui Prefectural Dinosaur Museum 14: 1–9.
Takahashi, K., and M. Suzuki. 2003. Dicotyledonous fossil wood 
　flora and early evolution of wood characters in the Cretaceous 
　of Hokkaido, Japan. IAWA Journal 24: 269–309.
Tanaka, S., and H. Hirano. 2009. First appearance of angiosperm 
　pollen in the Japanese  Cretaceous: pollen fossils from the Lower 
　Cretaceous of the Teshionakagawa area of Hokkaido. Japanese 
　Journal of Palynology 55: 67–75. ***
Terada, K., and A. Yabe. 2011. Cretaceous conifer woods discovered 
　from the Sugiyama River area of Katsuyama City, Fukui 
　Prefecture, Japan. Memoir of the Fukui Prefectural Dinosaur 
　Museum 10: 89–102. **
Tsolmon, G., L. Uranbileg and N. Ichinnorov. 2014. Paleobotanical 
　and Palynological characteristics of the Shivee-ovoo coal deposit, 
　Central Mongolia. The second International Symposium of 
　International Geoscience Programme (IGCP) Project 608, 
　Abstract Volume: 133–134.
Vakhrameev, V.A. 1991. Jurassic and Cretaceous Floras and 
　Climates of the Earth. Cambridge University Press, Cambridge, 
　318 pp.
Vakhrameev, V. A., and I. Z. Kotova. 1977. Ancient angiosperms 
　and their accompanying plants from Lower Cretaceous deposits 
　of Transbaikalia. Paleontological Journal 4: 101–109.+++

Volynets, E. B. 1998. Evolution stages of the Mesozoic floras from 
　the Partizansk coal field. Abstracts of the XLIV session of the 
　Paleontological Society, Saint-Petersburg: 22–24.+++

Volynets, E. B., E. V. Bugdaeva, V. S. Markevich and T. A. Kovaleva. 
　2016. First flowering plants in Primorye region (Russia). The 
　Fourth International Symposium of International Geoscience 
　Programme IGCP Project 608, Short Papers: 39–41.
Volynets, E. B., A. V. Oleinikov and V. S. Markevich. 2001. New 
　data on stratigraphy and fauna from the Jurassic–Cretaceous 
　deposits, Partizansk coal basin. Proceedings of the II International 
　Symposium “Evolution of life on the Earth”, Tomsk: 255–256.+++

Walker, J. W., and A. G. Walker. 1984. Ultrastructure of Lower 

　Cretaceous) in the Izumi mountain range, Kinki district, Japan. 
　Annals of Science, College of Liberal Arts, Kanazawa University 
　3: 67–75.
Matsuo, H. 1970. On the Omichidani Flora (Upper Cretaceous), 
　inner side of Central Japan. Transactions and Proceedings of the 
　Paleontological Society of Japan. New series 80: 371–389.
Matsuo, H. 1993. Fossil plants from the Mifune Group. Academic 
　Research Report: the Dinosaurs of Mifune: 63–67. *
Nichols, D. J., M. Matsukawa and M. Ito. 2006. Palynology and age 
　of some Cretaceous nonmarine deposits in Mongolia and China. 
　Cretaceous Research 27: 241–251.
Nichols, D. J., M. Matsukawa and M. Ito. 2010. The geological age 
　and phytogeographical significance of some metamorphosed 
　palynomorphs from the Omichidani Formation of Japan. 
　Palynology 34: 157–163.
Nichols, D. J., M. Watabe, N. Ichinnorov and Y. Ariunchimeg. 2001. 
　Preliminary report on the palynology of the Gobi Desert, 
　Mongolia; pp. 131–138 in D. K. Goodman and R. T. Clarke (eds.), 
　Proceedings of the IX International Palynological Congress, 
　Houston, Texas, U.S.A.
Oyama, T. 1962. The first occurrence of the genus Sassafras from 
　the Cretaceous in Japan (Kamogata flora I). The Bulletin of the 
　Faculty of Arts and Sciences, Ibaraki University (Natural 
　Science) 13: 47–50.
Pedersen, K. R., P. R. Crane, A. N. Drinnan and E. M. Friis. 1991. 
　Fruits from the mid-Cretaceous of North America with pollen 
　grains of the Clavatipollenites type. Grana 30: 577–590.
Pons, D. 1988. Le Mésozoïque de Colombie, macroflores et 
　microflores. Cahiers de Paléontologie, CNRS, Paris, 168 pp.
Potonié, R. 1970. Synopsis der Gattungen der Sporae dispersae. V. 
　Teil: Nachträge zu allen Gruppen (Turmae). Beihefte zum 
　Geologischen Jahrbuch 87: 1–222.
Rydin, C., and E. M. Friis. 2010. A new Early Cretaceous relative 
　of Gnetales: Siphonospermum simplex gen. et sp. nov. from the 
　Yixian Formation of Northeast China. BMC Evolutionary 
　Biology 10: 183.
Rydin, C., and C. Hoorn. 2016. The Gnetales: past and present. Grana 
　55: 1–4.
Rydin, C., S. Q. Wu and E. M. Friis. 2006. Liaoxia Cao et S.Q. Wu 
　(Gnetales): ephedroids from the Early Cretaceous Yixian 
　Formation in Liaoning, northeastern China. Plant Systematics 
　and Evolution 262: 239–265.
Sano, S. 2015. New view of the stratigraphy of the Tetori Group in 
　central Japan. Memoir of the Fukui Prefectural Dinosaur Museum 
　14: 25–61.
Sano, S., and A. Yabe. 2017. Fauna and flora of Early Cretaceous 
　Tetori Group in Central Japan: The clues to revealing the evolution 
　of Cretaceous terrestrial ecosystem in East Asia. Palaeoworld 
　26: 253–267.
Sazawa, T., J. Legrand, A. Yabe, S. Agematsu and K. Sashida. 
　in press. Geologic age of the Upper Cretaceous Asuwa 
　Formation of Ikeda Town, eastern part of Fukui Prefecture, 
　Japan—A palyno-stratigraphic approach. The Journal of the 
　Geological Society of Japan. **
Sha, J. 2007. Cretaceous stratigraphy of northeast China: 



JULIEN LEGRAND, KAZUO TERADA, HIROKAZU YUKAWA AND HARUFUMI NISHIDA30

Yan, W., T. Fan, H. Wang, C. Zhu, Z. Gao, X. Meng, Y. Sun and 
　F. Yang. 2017. Micropaleontology and palaeoclimate during the 
　Early Cretaceous in the Lishu depression, Songliao basin, Northeast 
　China. Geoscience Frontiers 8: 93–106.
Yi, M. S., S. J. Choi and H. Yun. 1993. Cretaceous palynomorphs 
　from the Iljik Formation in the Euiseong area, Korea. Journal of 
　the Paleontological Society of Korea 9: 166–179.
Yu, J. 1990. The study of Early Cretaceous angiosperm pollen 
　in northern China. Professional Papers of Stratigraphy and 
　Palaeontology 23: 212–220.+

Yu, J., and S. Miao. 1983. Early Cretaceous spores and pollen 
　assemblage of Yanbian district. Bulletin of Tianjin Institute of 
　Geology and Mineral Ressources 8: 55–76.+

Yu, J., R. Pu and H. Wu. 1986. Sporo-pollen assemblages from 
　the upper part of the Rehe Group, Liaoning Province. Bulletin 
　of the Chinese Academy of Geological Sciences 13: 93–115.+

Yu, J. X., W. B. Zhang, Q. S. Zhao and S. M. Song. 1982. Late Jurassic 
　and Early Cretaceous palynological assemblages from Minhe 
　Basin, Qinghai and Gansu Province. Bulletin of the Chinese 
　Academy of Geological Sciences 5: 111–126.+

Zhang, M., L. Ji, B. Du, S. Dai and X. Hou. 2015. Palynology of 
　the Early Cretaceous Hanxia Section in the Jiuquan Basin, 
　Northwest China: The discovery of diverse early angiosperm 
　pollen and paleoclimatic significance. Palaeogeography, 
　Palaeoclimatology, Palaeoecology 440: 297–306.
Zhou, S. F., and W. M. Wang. 2001. Gucunpollis gen. nov. from 
　Cretaceous Gecun Formation of Jurong area in Jiangsu, and its 
　distribution. Acta Palaeontologica Sinica 40: 450–455.++

Zhou, S. F., L. Q. Zhou, W. M. Wang, Y. Y. Wu and X. Y. Yang. 
　2009. Cretaceous palynostratigraphy, with emphasis on 
　angiospermous pollen grains and their evolution in Jiangsu 
　Province. Zhejiang University Press, Zhejiang, 470 pp.++

Zhou, Z. H., P. M. Barrett and J. Hilton. 2003. An exceptionally 
　preserved Lower Cretaceous ecosystem. Nature 421: 807–814.

　* 　     : in Japanese
　**       : in Japanese with English abstract
　***     : in Japanese with English summary
　****   : in Korean with English abstract
　+         : in Chinese with English abstract
　++         : in Chinese with English summary
　+++       : in Russian
　++++      : in Russian with English abstract

　Cretaceous angiosperm pollen and the origin and early evolution 
　of flowering plants. Annals of the Missouri Botanical Garden 
　71: 464–521.
Wan, C., X. Qiao, Y. Xu, Y. Sun, Y. Ren, Y. Jin, P. Gao and T. Liu. 
　2005. Sporopollen assemblages from the Cretaceous Yimin 
　Formation of the Hailar Basin, Inner Mongolia, China. Acta 
　Geologica Sinica (English edition) 79: 459–470.
Wang, K., Y. Zhang, R. Wang, Z. Wang, Y. Wang, C. Wang and 
　S. Qian. 1987. Cretaceous-Tertiary palynologyical assemblages 
　from Anhui. Petroleum Industry Press, Beijing, 109 pp.+

Wang, L., C. Wan and Y. Sun. 2014. A Spore-Pollen assemblage 
　from the Damoguaihe Formation in the Tamutsag Basin, 
　Mongolia and its geological implication. Acta Geologica Sinica 
　(English Edition) 88: 46–61.
Wang, X., Z. Song and D. Zhang. 1992. Early Cretaceous angiosperm 
　pollen from the Bayanhua Group in the Eren Basin, Nei Mongol. 
　Acta Micropalaeontologica Sinica 9: 243–255.+

Wang, X, and S. L. Zheng. 2010. Whole fossil plants of Ephedra 
　and their implications on the morphology, ecology and evolution 
　of Ephedraceae (Gnetales). Chinese Science Bulletin 55: 675–683.
Wang, Z., D. Ren and Y. Wang. 2000. First discovery of 
　angiospermous pollen from the Yixian Formation in western 
　Liaoning. Acta Geologica Sinica 74: 265–272.++

Yabe, A., and K. Kubota. 2004. Brachyphyllum obesum, newly 
　discovered thermophilic conifer branch from the Lower 
　Cretaceous Kitadani Formation of the Tetori Group, central 
　Japan. Memoir of the Fukui Prefectural Dinosaur Museum 3: 
　23–29.
Yabe, A., K. Terada and S. Sekido. 2003. The Tetori-Type Flora, 
　revisited: a review. Memoir of the Fukui Prefectural Dinosaur 
　Museum 2: 23–42.
Yabe, A., and M. Shibata. 2011. Mode of occurrence of Brachyphyllum 
　from the Lower Cretaceous Kitadani Formation of the Tetori 
　Group in Fukui Prefecture, Central Japan, with reference to its 
　paleoecology. Memoir of the Fukui Prefectural Dinosaur 
　Museum 10: 77–88. **
Yamada, T., and M. Kato. 2008. Stopesia alveolata, a fossil seed of 
　Trimeniaceae from the Lower Cretaceous (Albian) of Hokkaido, 
　northern Japan. Acta Phytotaxonomica et Geobotanica 59: 
　228–230.
Yamada, T., H. Nishida, M. Umebayashi, K. Uemura and M. Kato. 
　2008. Oldest record of Trimeniaceae from the Early Cretaceous 
　of northern Japan. BMC Evolutionary Biology 8: 135.


