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Abstract
Taiwan accommodates more than 600 avian species, including about 30 endemic ones. As yet, however, no fossil birds have 
been scientifically documented from Taiwan, so that the evolutionary origins of this diversified avifauna remain elusive. 
Here we report on the very first fossil bird from Taiwan. This Pleistocene specimen, a distal end of the left tarsometatarsus, 
shows diagnostic features of the galliform Phasianidae, including an asymmetric plantar articular facet trochlea metatarsi III. 
Our discovery of a Pleistocene phasianid from Taiwan opens a new perspective on studies of the evolution of the avifauna 
in Taiwan because the fossil shows that careful search for fossils in suitable localities has the potential of recovering avian 
remains. In general, East Asia has an extremely poor avian fossil record, especially if terrestrial birds are concerned, which 
impedes well-founded evolutionary scenarios concerning the arrival of certain groups in the area. The Phasianidae exhibit 
a high degree of endemism in Taiwan, and the new fossil presents the first physical evidence for the presence of phasianids 
on the island, some 400,000–800,000 years ago. The specimen belongs to a species the size of the three larger phasianids 
occurring in Taiwan today (Syrmaticus mikado, Lophura swinhoii, and Phasianus colchicus). Still, an unambiguous assign-
ment to either of these species is not possible due to the incomplete nature of the left tarsometatarsus. Because the former 
two species are endemic to Taiwan, the fossil has the potential to yield the first data on their existence in the geological past 
of Taiwan if future finds allow identification on species-level.

Keywords  Galliformes · Phasianidae · Tarsometatarsus · Fossil record · Avifauna · Avian diversity

Zusammenfassung
Ein Vertreter der Phasianidae aus dem Pleistozän von Tainan: das erste Vogelfossil aus Taiwan.
Taiwan beherbergt mehr als 600 Vogelarten, von denen etwa 30 endemisch sind. Bisher wurden jedoch keine fossilen 
Vögel von Taiwan beschrieben, so dass die evolutionären Ursprünge dieser diversifizierten Avifauna im Dunkeln liegen. 
Hier berichten wir über den allerersten Fossilfund eines Vogels aus Taiwan. Das pleistozäne Fossil ist das distale Ende 
eines linken Tarsometatarsus, welches diagnostische Merkmale der galliformen Phasianidae aufweist, einschließlich einer 
asymmetrischen plantaren Gelenkfacette der Trochlea metatarsi III. Unsere Entdeckung eines pleistozänen Vertreters der 
Phasianidae aus Taiwan eröffnet eine neue Perspektive für Untersuchungen der Evolution der taiwanesischen Avifauna, weil 
das Fossil zeigt, dass einen gründliche Suche nach Fossilien an geeigneten Orten durchaus das Potenzial hat, Vogelreste zu 
liefern. Im Allgemeinen ist der Fossilbericht von Vögeln aus Ostasien extrem spärlich, insbesondere was Landvögel betrifft. 
Das erschwert fundierte Evolutionsszenarien bezüglich der Ankunft von bestimmten Vogelgruppen in der Region. Vertreter 
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der Phasianidae weisen in Taiwan ein hohes Maß an Endemismus auf und das neue Fossil ist der erste direkte Nachweis 
von Phasianiden auf der Insel vor etwa 400,000–800,000 Jahren. Das Exemplar gehört zu einer Arte von der Größe der drei 
größeren Phasianiden, die heute in Taiwan vorkommen (Syrmaticus mikado, Lophura swinhoii und Phasianus colchicus). 
Allerdings ist eine eindeutige Zuordnung zu einer dieser Arten nicht möglich. Weil die beiden ersteren Arten in Taiwan 
endemisch sind, hat das Fossil das Potenzial, die ersten Daten über ihre Existenz in der geologischen Vergangenheit Taiwans 
zu liefern, falls zukünftige Funde die Identifizierung auf Artebene ermöglichen.

Introduction

Taiwan accommodates more than 600 species of mod-
ern birds [precisely, 674 documented by Lin and Pursner 
(2020)], including 29 endemic species and 55 endemic sub-
species. In terms of its island-scale landmass with such high 
avian diversity, Taiwan should be an ideal region for study-
ing avian evolution and speciation. Molecular samplings and 
analyses explored the endemism and evolutionary history 
of various avian lineages in Taiwan (e.g., Hung et al. 2014; 
Li et al. 2006). Surprisingly, until now, no avian fossil from 
Taiwan has been described and documented in the scientific 
literature. The non-existent fossil record impedes an in-depth 
integrative understanding of the evolutionary history of this 
highly diversified insular avifauna.

Here we report on the very first fossil bird from Tai-
wan (Fig. 1). The specimen represents the distal end of 
a left tarsometatarsus. Albeit incompletely preserved, 
the diagnostic morphology of the avian tarsometatarsus 
allows a taxonomic identification, and the bone shows a 

close match with phasianids (Galliformes: Phasianidae). 
Today, seven native species of phasianids (all belonging 
to different genera: Arborophila, Bambusicola, Coturnix, 
Lophura, Phasianus, Synoicus, and Syrmaticus) inhabit 
Taiwan, including four endemic species and one endemic 
subspecies. The discovery of a phasianid tarsometatarsus 
from the Middle Pleistocene of Taiwan should encourage 
more finds to elucidate the evolutionary history of these 
disparate phasianid lineages in Taiwan.

Institutional abbreviations

NTUM-VP: Vertebrate Paleontology, Museum of Zoology, 
National Taiwan University, Taiwan; SMF: Forschungsinsti-
tut Senckenberg, Frankfurt am Main, Germany.

Systematic paleontology

Aves Linnaeus, 1758
Galliformes Temminck, 1820

Fig. 1   The occurrence of a phasianid left tarsometatarsus from the 
Pleistocene of Taiwan, NTUM-VP 210117. a geographical map of 
NTUM-VP 210117; b geological horizon of NTUM-VP 210117; c 
dorsal view of the left tarsometatarsus, NTUM-VP 210117; d recon-

struction of the Pleistocene phasianid based on the extant male Syr-
maticus mikado from Taiwan (©Lab of Evolution and Diversity of 
Fossil Vertebrates, National Taiwan University, illustrated by Cheng-
Han Sun)
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Phasianidae Horsfield, 1821
Gen. et. sp. indet.

Referred specimen

NTUM-VP 210117, a distal end of the left tarsometatarsus. 
The high-resolution 3D file of NTUM-VP 210117 can be 
freely downloaded at: https://​doi.​org/​10.​5281/​zenodo.​45529​
28 or https://​schol​ars.​lib.​ntu.​edu.​tw/​handle/​12345​6789/​
556266. The specimen was first found by the private col-
lector L.-R. Hou. LRH donated it to CHT (the first and cor-
responding author), the principal investigator of the Lab of 
Evolution and Diversity of Fossil Vertebrates at the National 
Taiwan University for the permanent curation and research.

Locality and geological horizon

NTUM-VP 210117 was collected from the Chi-Ting Forma-
tion in the city of Tainan, Taiwan (Fig. 1). The geological 
age of the Chi-Ting Formation ranges broadly from 0.8 to 
0.4 million years ago (Chen 2016) in the Middle Pleistocene; 
see Chen (2016) and Otsuka (1984) for detailed lithological 
descriptions and the paleoenvironmental considerations of 
the Chi-Ting Formation. Due to the long-term, unmanage-
able, and somewhat destructive fossil collecting behavior 
along the Tsai-Liao River and nearby areas in Tainan, we 
refrain from providing the exact locality or more relevant 
information publicly. Nevertheless, the request can be 
addressed to CHT.

Diagnosis and morphological remarks

Except for some minor damage due to abrasion, the speci-
men (NTUM-VP 210117) is relatively intact. The proximal 
portion is broken, and the preserved proximodistal length is 
21.66 mm. Nevertheless, the preserved lateromedial width 
across trochlea II and IV is 13.81 mm, comparable with 
male Syrmaticus mikado and Lophura swinhoii (Fig. 2) 
and slightly larger than that of female Phasianus colchicus 
(Fig. 2).

NTUM-VP 210117 can be assigned to the Galliformes 
because of the possession of a diagnostic feature—a troch-
lea metatarsi III with an asymmetric plantar articular sur-
face, in which the lateral rim reaches farther proximal than 
the medial one [Fig. 2; for identifying the diagnostic fea-
tures, see Mayr (2000)]. In other aspects of its morphol-
ogy, NTUM-VP 210117 also closely resembles phasianids 
(Fig. 2), including the presence of a plantar projection on 
the trochlea metatarsi II, and a relatively narrow incisura 
intertrochlearis. The specimen belongs to a species the size 
of the three larger phasianids occurring in Taiwan today: 
Mikado Pheasant (Syrmaticus mikado), Swinhoe’s Pheas-
ant (Lophura swinhoii), and Common Pheasant (Phasianus 

colchicus), but an unambiguous assignment to either of these 
species is not possible (Fig. 2). Because the three extant 
species are almost inseparable based only on the distal por-
tion of the tarsometatarsus, we currently identify NTUM-VP 
210117 as Phasianidae gen. et. sp. indet.

Discussion

NTUM-VP 210117 represents the very first avian fossil to 
have ever been found and documented in Taiwan. Build-
ing up the fossil record is extremely time-consuming and 
requires the input of substantial budgets. However, long-
term accumulation or each find reveals previously untold 
and critical details for deciphering aspects of avian evolu-
tion, which molecular studies cannot cover. For example, 
more than 600 modern avian species inhabit Taiwan (Lin 
and Pursner 2020), and even whole-genome analyses of the 
extant species (e.g., Lee et al. 2018) pose limits to our under-
standing of the origins of each avian lineage and their sub-
sequent evolutionary histories. A full appreciation of their 
historical biogeography and evolutionary history is impeded 
by the virtually non-existent avian fossil record in Taiwan, 
from where literally no avian fossil record has yet been sci-
entifically documented.

Seven native species of phasianid birds occur in Taiwan, 
including four endemic species (Arborophila crudigula-
ris, Bambusicola sonorivox, Lophura swinhoii, Syrmaticus 
mikado) and one endemic subspecies (Phasianus colchicus 
formosanus). This level of endemism is one of the highest 
among avian families in Taiwan, likely resulting from their 
ground-living habits and limited flying abilities. A recent 
paper (Lee et al. 2018) estimated the divergence date of 
Syrmaticus mikado, a representative phasianid in Taiwan, 
from other Syrmaticus spp. and concluded that Syrmaticus 
mikado might have originated or migrated to Taiwan in the 
Late Pliocene (about 3.47 million years ago). Neverthe-
less, the inferences based on the molecular clock contribute 
little to unraveling the evolutionary history, such as the 
origin, speciation, species longevity, extinction, and turno-
ver. For example, the first species of Syrmaticus arriving 
in Taiwan almost certainly did not belong to Syrmaticus 
mikado, but to an ancestral mainland stock of Syrmati-
cus. The fossil record is the only evidence for revealing 
the paleoavifaunal composition, extinction events, paleo-
ecological adaptations, and faunal succession. Up to date, 
two fossil species of Syrmaticus have been described and 
recognized: Syrmaticus phasianoides from the Late Mio-
cene of Hungary (Jánossy 1991) and Syrmaticus kozlovae 
from the Miocene/Pliocene boundary of Mongolia (Kuro-
chkin 1985; Zelenkov and Kurochkin 2010). In addition, 
confirmed fossil material of extant Syrmaticus is likewise 
poorly documented. Updated morphological analyses 

https://doi.org/10.5281/zenodo.4552928
https://doi.org/10.5281/zenodo.4552928
https://scholars.lib.ntu.edu.tw/handle/123456789/556266
https://scholars.lib.ntu.edu.tw/handle/123456789/556266
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with abundant specimens (such as diagnosable coracoid, 
humerus, and carpometacarpus) substantiated the pres-
ence of fossil Syrmaticus in the Middle/Late Pleistocene 
of Japan (Watanabe et al. 2018), while the other Pleisto-
cene record from China remains dubious (Hou 1993; Shaw 
1935). NTUM-VP 210117, though only referable to Pha-
sianidae get. et. sp. indet. based on the distal end of the left 
tarsometatarsus, promises future finds to reveal the detailed 
regional colonization, ecological adaptation, and speciation 
of pheasants along the eastern margin of Eurasia.

Historical legacies (e.g., Tokunaga 1936; Hayasaka 1942) 
and recent discoveries (e.g., Ito et al. 2018; Tsai and Chang 
2019) of vertebrate paleontology in Taiwan demonstrate the 
potential and its role of contributing to deciphering the evo-
lutionary history in a global frame. Yet, vertebrate paleon-
tology in Taiwan is still in its infancy, mainly owing to the 
lack of long-term and consistent research effort and public 
attention. The dinosaur-to-bird transition in the Mesozoic 
(e.g., Xu et al. 2014) and subsequent radiation of birds in 
the Cenozoic (Cooney et al. 2017) currently attract much 

research endeavor. Our discovery of an incomplete phasianid 
tarsometatarsus from the Pleistocene of Taiwan might seem 
to be insignificant. However, this ever first documented avian 
fossil from Taiwan should encourage more finds and pave 
the way for revealing the origin of the modern avifauna in 
Taiwan. Similarly, future discoveries may also help to pro-
vide critical data on the speciation, extinction, endemism, 
island biogeography, etc., for avian evolution. For example, 
modern insular Taiwan and Japan are both geographically 
separated from the Eurasian landmass. Taiwan is much 
smaller than Japan in terms of size, but the endemism level 
of avian diversity in Taiwan is comparable to or even higher 
(about 30 endemic species: Lin and Pursner 2020) than 
that of Japan. Fossil collecting and its interpretations, with 
molecular, ecological, and skeletal studies, should resolve 
the endemism mystery, whether it results from differential 
speciation or extinction rate, or regional niche partitioning. 
In addition, our first discovery of the delicate avian fos-
sil from Taiwan suggests the prospects of finding similar 
fragile fossil bats (Chiroptera) that represent the other main 

Fig. 2   Anatomical interpretations of NTUM-VP 210117 from the 
Pleistocene of Taiwan and morphological comparison to three extant 
phasianids. a dorsal view of the left tarsometatarsus from the Pleisto-
cene of Taiwan (NTUM-VP 210117); b dorsal view of the left tarso-
metatarsus of Syrmaticus mikado (SMF 2448); c dorsal view of the 
left tarsometatarsus of Lophura swinhoii (SMF 19620); d dorsal view 
of the left tarsometatarsus of Phasianus colchicus (SMF 19325); e 

plantar view of the left tarsometatarsus from the Pleistocene of Tai-
wan (NTUM-VP 210117); f plantar view of the left tarsometatarsus 
of Syrmaticus mikado (SMF 2448); g plantar view of the left tarso-
metatarsus of Lophura swinhoii (SMF 19620); h plantar view of the 
left tarsometatarsus of Phasianus colchicus (SMF 19325). The 3D 
file of NTUM-VP 210117 is freely accessible (see Availability of data 
and material) for detailed examination of our anatomical explanations
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component of vertebrate diversity in the Cenozoic sky, apart 
from birds. Future paleontological fieldwork and in-depth 
research should reveal the origin and evolution of flying ver-
tebrates (birds and bats) from Taiwan, laying the foundation 
for understanding the biodiversity origin and interchange 
along the eastern margin of Eurasia.
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