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TEEFE RS- B FOLATE f S8 e 419 % (Segodon)
b FEe h- B R Ao Boak Ry ¥R TERDGS F T
el EHAGE DAL B ook E RS R BRI TG
Boo X A T R ARGLG R irs K 2% 2 (Jaramillo Event) &R 0 & 4578 K R
i & % 54 (Brunhes Epoch) » F]pt @ # % % £ AL A 27 3 a 6w

BHHE o

SR R F AEE N = BAE A W 8 X&)% % (Segodon aurorae) ~ &

&% % (S orientalis) ~ i &) &k (Smsgnls)o FARIE. T2k L
g d feify - BATL A S elephantoid&GtaiWanicuv TA - BANE &S %
(S dephantoides) 27 (7 < &| & % (s Zdanskyl A Al - SR A v
# B AR A e & o @?ﬁmﬁ*ﬁi%m* BRSO B L0
R o B LT G ALK A B Gl ék'*ww% ®RDEE S o BITS
W LI Rt e o e

LR L AR R A D e B4 A @ e Tob o B AR
Pt B ) 2 GBS R PRALERITE TS A &S R o T -
PR E T Bk & ffR A 0 BEARE 5 RN AR I P A e Sk ) G chd i
B F S SRR B R e FIW > TGV AaE T o8
B3 BERE oo

SHTE LG R R T P ARGET NS BRI A R 2L (S

e taiwanicus) ek = @l # % o F IS FE LS Gl R EZ R 2 3P a3
e fd o F L & % 5 L ATE S i R—&l% % & 53 (Ailuropoda-Stegodon
fauna) & A= F - @@ ki3 Arg en? WA 2 3 4 (Rhinoceros sinensis
hayasaka) > & #ihgld % % < A & p ¢ Ws > HBa ko
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Abstract

“Chochen Fauna” is one of the most famous mammal fossil faunas in Taiwan
during Pleistocene. Segodon fossils from “Chochen Fauna” have been discovered from
Taichung and Tainan areas. The Segodon fossils in Taichung distribute from Cholan
Formation to Toukeshan Formation while the fossils from Tainan are all from Chiting
Formation. Since the top of Cholan Formation mainly is positioned at about the bottom
of the Jaramillo Event, whereas the Chiting Formation mainly belongs to Brunhes
Epoch, apparently the Segodon inhabited.in the_ central Taiwan and then expanded to
southern area.

Previous studies have ident.iﬁed S_??g.c;“%?ﬁalilrorae,_s orientalis, and S. insignis
from Taiwan. In addition to these 'épegiés, a new I“ca);oﬁ, S elephantoides taiwanicus, has
been identified in this study. This was a large and primitive Segodon intermediate
between S. zdanskyi and S. elephantoides. It was found from the Kuoling Member of the
Chiting Formation of the middle Pleistocene in age. This newly recognized taxon is
considered as a descendant emigrant dispersed from China and became a relic member
of the primitive S. elephantoides survived in Taiwan refugia.

The specimens of S. insignis are missing and can not be reexamined. Two of the

specimens previously identified as S. aurorae are now revised to be S. orientalis by

morphological comparisons. Although another specimen identified as S aurorae has

VIl



characters similar to S aurorae in Japan, it is actually too fragmental to assure such a
taxonomic designation. Hence, there is no solid evidence for the existence of S aurorae
in Taiwan.

In summary, Two Segodon species can be identified from Taiwan materials. They
are S. elephantoides taiwanicus and S. orientalis. S. elephantoides and S. orientalis
mainly distributed in southern China and the latter species is known as a member of the
Pleistocene Ailuropoda-Segodon fauna. Together with previously discovered
Rhinoceros sinensis hayasaka, Segodon and other associated large mammals in Taiwan
are likely to come from southern:China du‘lringf e_arly./ tomiddle Pleistocene.

Keyword: Chochen Fauna, Pleistoeene, S*efa&aon elephantoides, Segodon aurorae,

Segodon orientalis, Taiwan
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TWD67: % 1967 & 2.~ ¥ %3 #1k48 (GRS67) % o %+ % T o A% <
PANES s PF LG Lo B2 A FARAFUABRRD
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ETRS
by
Sk
|4
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v g PR 2k R kRS Arme & (E S 0 1999) -
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. &% gerygit 2L
& % (Segodon) A_f b FTE &2 L ATE PER LA BT R - AR
# p ¥4 (Proboscidea) > 1 &3 H 25 B # B o ( Sego: roof; odon:
teeth )> f- & % # % 4 ( Segolophodon ) /** & # % #4( Stegodontidae )( Shoshani,
1998; Shoshani and Tassy, 2005 ) » &~ % 3% 5 Segodon = Stegolophodon f& % **
£ % 4% (Elphantidae) ¥ g 2 (Kalbetal., 1996) -
Kalb etal. (1996) ;%% Segodon {= Segolophodon % & *t B % 41 > e 835
= Ja>t % i ¥ (paraphyletic group ) (Bl- ~ A.)° Shoshani (1996 ) - Saegusa
(1996) §= Saegusa et al. (2005) #R=% srSegodon - Segolophodon >+ 8 [k 3
( monophyletic group ) » @ 4’4 ¢ /iq'*“'z’% ﬁv 7‘fi ( Fﬁf]— » B.) » Shoshani (1996)
4 Saegusa (1996) 325 Kalb et all (_‘;1;99__6) I mq‘,{ # % ( Gomphotheriidae )
Sl B R T R PR U rj gl :L,-Segodon 22 Jegolophodon 4 B 31| 2
s ffH mend %5 @ 'a\r: o § ¢k Taruno (1985) #- Segolophdon ftﬁ EY

g% #% % #1 ( Gomphotheriidae ) =7 ﬁ @ Segodon v 5 & K AL o
P 1

w
=
m
Stegolophodon - Stegolophodon 18
(=]
Stegotetrabelodon Stegodon 5
b
Stegodibelodon Stegotetrabelodon ] m
m
Stegodon 5 Stegodibelodon
=X m
= —
Primelephas 3 Primelephas Y
= ] - =
Loxodonta 5 |m Loxodonta S |3
= = |2
Mammuthus g Mammuthus g m
> =
A Elephas mo B Elephas m

Bl- ~ Segodon f= Segolophodon 737 # 7 fo £ A 4 5E B8 o A. Kalb et al. (1996)
ELEL > IR L A X f&ﬁ“ 2 % #1 (Elphantidae) ¥ 37 fr % &3 - B. Shoshani
(1996)4v Sacgusa (1996) LB LA A H R 3t @) # % 42 (Stegodontidae ) >
ZH %2% (P p Sanders, 1999) -



AVEHIBALEOTT S PG R E AR &S haE o R
FOGAFT &l 2t i Al D e 1 BT A oA o ok (1924)
Parastegodon > 12 H 2 5 3 & T-£7 3 5'J?f P A E A 2R R0 3R
5 E %8V AR (Matsumoto, 1929 ) - Parastegodon 4% Taruno (1991b)
ﬁr’?;é Segodon =k 4+ £ %> @ Parastegodon ¥ = R £2 2 % flenjp iR £ 3 B
F A A2k inle 345i¢ (Saegusa, 1987) - Maglio (1973) 45 1 &l # 4 chiadh &
7 @& ¥ & B (transverse valley ) » # # d /] # 4 (pillar) T @ & > 352 3
% 11 (intravalley column) fr 7 #h#7# (median folding) > 3] f >4 it @ &
E sy TR S 0 Flet 4k 4 @l % % (Stegodontidae > ¢ 3% Segodon &7
Segolophodon) # 2B % g chje L > @ & §t# % (Mammutidae) - A 2

Tassy (1982) 5.5 &l &% 7+ (#4 Segodon{- Segolophodon) fr5t & 4 7

LI ey I ﬁim%\- ﬁ ' njrq,\ # % 4+ (Gomphotheriidae) {
AT AVHEF ﬁlg R TP Shﬂ‘Sham (1986) » i 3 :z4 ehi % - Saegusa

(1996) #% 144>t 544 % ﬁi = Seéolobhodon m?‘? HvE G 2E eEs (E PR,

o e d el g AR T R REET K o 5{“ # 9 - {- Segolophodon & £ 3%
Bt i & R4k £ % 7 41 (central conule) 24 % 44+ (lophodonty) - & i&
B 2 F R AR L& Ft Y 235 Tassy (O L0 325
Segolophodon et # % £Li2 3 i g 4 b 7k o

Segolophodon — #3235 A & %47 fAa4san= B o 7 a0 eSS R

i 1Y ek B (Saegusa, 1996; van den Bergh, 1999 ) o Taruno (1985) %5 fed k&
spLEk + - Segolophodon §- Segodon % e B 1 3R 0 F] b Stegolophodon # € &
Segodon =4 k> fe F_is $& 11 Eostegodon Yabe, 1950 & § 4 *+ & ;i # (bunodont )
o4 e (lophodont) RFervadh » @ 3 K & fF 30T IRF| P 309 R750 > F)

Eostegodon ¥ & Segodon e L - 2@ > Saegusa (1996) #- Eostegodon ~ &

» Segolophodon ¢ - i ¥ FEIT % e Gl G fL A B e B R % g o

N



Segolophodon =% 45 & - ** Segodon > # % 7 Segolophodon % 457 # % %

=
™
™
She
-
e

LGB GlE RS AR BLE R ST WP A ER
Padiidafir ko oY A Re 3OS T AR foa s E W
Bls 223 % 4+ (Saegusa, 1996; van den Bergh, 1999 ) - Maglio (1973) #-2t4
chgd % £ ATHE LS W] S kaisensis - & - Sander (1999) $FH 7 - 2 % p 2t
M T e Qegodon 7o dEE A 0 A YK-PAr wE g %0 E R L 6.5 Mao

EHeehE HF 5 I e Segodon 0 e Saegusaetal. (2005) # 4 A R Z
% l”i’fj* B RN F RaA G gl 2007 0 Bavad 3re > A d il 4R

¥ % Segolophodon &2 Segodon 7% 4 o e b &l R AT B RN SFE

(s

AR AP WA TFrR-F  FRALACERE > KL GHE T

e ®a 2% 5 Segodon fhig 4w it @ o (Saegusa, 1996) °

.wzarwfimﬁlﬁaﬁﬁ'

A ﬂﬁgﬁc«/‘f"%%m{? ﬁ,@@,wzﬂaﬁ;}gﬁ #7101 S snensis,

S cf. sinensis, S orientalis, S cf. orlentallsfr S insignis (Hayasaka, 1930;
Hayasaka, 1933b; Hayasaka, 1942)-Shikama et al. (1975)#- Hayasaka (1942) #=_
% Sorientlaliseh- BHEAEITET L Ssnensis> L AFFy ¢
NTUG-F8082 - Otsuka (1984)R32 5 s & A& T F R ~ & 53 2R
(hypsodonty )~ # # 5* R e~ 9 & F# ¥ A2/& = & 17 02> S orientalise Shikama
et al. (1975)» #-Hayasaka (1942)# % _% S Snensis - i A > % e & £ 37
# ¥ % S akashiensis (NTUG 010-F000589) c ¥ 3 — B A3 37it 3 F § 4 e
R =7 P etk A& (NTUG-001) (Hayasaka, 1933b; Otsuka, 1984 ) & LAk & 3
S. cf. sinensis ( Hayasaka, 1942 ) » Shikama et al. (1975)R]:% % = 2 &=~ £_S
auroraec B> SR AR YT - &S R IRATEFRABETITFY o
ErLEgs (2007) £H 0 M2 SR SR - Al iR



(NTM-104016B) - #>ti#2 Shikama et al. (1975)#74F ¥ chg) s % BHF % 4

W& 35 Sorientalis{r S aurorae > 1345 & Hcdr S F P R Fw L S

aurorae -
- AR L SinsigniseE A - B A LY Apus - BANERE
7 @ ¥i(Hayasaka, 1942) 230 5% A puihil A R B3 o B8 TS L

7X@ t Shikama et al. (1975)5%= 3 #» T Fif 4 @ &% &4 (Otsuka, 1984 ) » i&

T

BIAPTC K2 o AAIWERT g puhiE Al 7 B 2 2R A 4cif (Hayasaka,
1942; Otsuka, 1984 ) » & ;2 F& T4 & o Fyt » A2 3 $30iF 3 “r48 F S insignis
A EZEFRABETAE A LA REPEAY -

S akashiensis @ #3235 £_S aurorae 1l 4 £ = (Saegusa, 1989; Saegusa,
1996; Taruno, 1972 ) - Taruno (1972)#% ﬂ:.’;ﬁtﬂ »ehd 3 & % (subhypsodont) &

# % i B AR B o T S aurorag ».S aurorae AP A #j 4l
# % (Saegusa, 1996; Saegusa et al EUS*) 178 L‘t%«‘t-ﬁ (island dwarfism) @ 3
O REA D B X3 AF ; L_.ﬁ % N Pl .. Y (epifrontalonasal fossa )
(Saegusa, 1987; 1996 ) - #f %.e77 ]ﬂnﬁﬂi“;p,’&fi S aurorae ¥ } 318 A m 3¢ &/
At & p A in S zdanskyl § 3T B % (Saegusa, 1987) > v S zanskyi 4p
v 5 S aurorae %8 %) A Mgl 01Tz b Z2_—- > K B %2 = % (Konishi, 2000; Saegusa,
1996) - S aurorae - 2.5Ma ¥| 3 Ma 2. & » F| & el g > 4 p A< A chk| & %
S miensis ;7 i* ! % (Konishi and Takahashi, 1999; Saegusa, 1987; Saegusa, 1996;
Takahashi and Namatsu, 2000) c p & = | k| % o £ F 4 7% S shinshuensis
(Taruno, 1991a)> & ko *t ¢ &L 7 A L ¢ 5 S miensis(Saegusa et al., 2005;
Taru and Kohno, 2002 ) > S miensis &) it fri % #3173t S zdanskyi » # it &5 * &7
wd @ FM > S zdanskyi #:B 5 p A @ A1 #42( Saegusa et al., 2005; Taruno,
1991a) > p & < A &l & % % gk E 7 3 5Ma (Taruno, 1999) > iz & # e+

Al &) & % v 4pF R4em 22 S, zdanskyi 4piT 0 FEtr #EE_ 5 S miensis ehk 45 1)



%% 4 Ma (Saegusa et al., 2005; Taruno, 1999 ) » o /% T g 2 ' 22 % ph g % chg)

# % % &2 > Saegusaetal. (2005) 5 # Eb#kxf S miensis I 2bd ¥7 < pE s
FAIEF A, T Ao F ¥ A ¥ Miss A # 4 S zdanskyi ¥ S miensis
SFUF L JEAS o

S sinensis{r S orientalis .5 *t & faw A F I S A Gl % o ’

S sinensis{rS orientalis &% & 4+ & % % 3 & ;&( Takai, 1939 )-Saegusa( 1996 )
I n d 3t Sdanensis gV 5~ (Holotype ) 2 — B % = &0 vadh anph B 5 ¥4
FF o 4P Wfrp A8 R R TS dnenss; &4 % A3 Sorientalis’ S
snenssiz B ¥ ¢ T HE & Lol R4 o S oorientalis £ ¢ 9 { AT B
R % &t @) % (Schepartz et al., 2005; van den Bergh, 1999 ) » i & £ 4,307

e > o B3 EFa b § L jih—aR %Lﬁvﬂ-}w%: C Ailuropoda-Segodon fauna ) =

SUFRofT e BT RS ASRIDE RS S b
BEFEIO AT P AT 'ﬁﬁ)iZ = ;%y' g B (7 %4&, 1995; Tougard,
1

2001; Taruno, 1991a)- > d %?’El_ ’é‘l 5%t S orlentalls 3 PR PR A = s 2l
Mt H AR MM G BAGFER o {vj tﬂﬁ:ﬂ;,{gﬁiia * 'F—T » Young ( 1938)
fo it ¥ 4 0 S preorientalis 4p 173t S orientalis (% B 4567 5k 1. 5% > 1974,
Saegusa, 1987 ) » ¥ it #_S orientalis e74e £ ( Young, 1938 ) - Saegusa (1996 )
fr Saegusa etal. (2005) 3% % S preorientalis 7 ;% #% * {v S orientalis iz 3 P
AR RiFHS Sorientalisy & & WA & s EjRFTEREX ELL S
preorientalis (it e F & R 4o @) # %0588 o 7 B4R (1995) Rlin:
S preorientalis sV &~ 7 @7 % S elephantoides ¥ ¢ #3005 e
Roo Gt &l# % it 7 ¥ jF » S elephantoides > # 335 d & ) fifrd 5 pF i
k5 0 7 B 2 S zdanskyi ~ ¢ * 1 S elephantoides 7] S orientalis 2 7 %

R REIE T S



. = el 3% R BLE P R %

AT FRE R G B R A SHY T Sak H oo SHY B RS

t(1) &¢ Bi# R T s b (Hayasaka, 1942; k3P 22,1952)~(2) o7 B i %
k# 3+ (Hayasaka, 1942)~(3) 57 A A0 E (F > 2009 > # 2@ )~ (4)
o ® # % ¥ (Hayasaka, 1933a)~(5) = # B¢ F 3 L $ 7 (Otsuka, 1984) -

B EeIE (1) 5@ RiATC B ¢ @ (Hayasaka, 1942; Hayasaka, 1933b) ~ (2)
- % Btz 4248 4 (Hayasaka, 1933b)~(3) 5 & Bt =422 ¥ 3 (Otsuka, 1984) -
(4) ~afiM B 1 7 (Otsuka, 1984)

Al Rt e A B S menip M el o B kg
(B=) 5" %i@Téﬁ&ﬂ#%gaﬁ%ﬂ%zﬁﬁi—%?@—wﬁ
Bltg e » 3t A - Aot e e % » Hayasaka (1933a) £7 +%ip % (1952)
A LR ALY ”Lri!tl——f’ixl’k 9/ l“ %ﬁ*“ BB R E o FR T 4 0 A

| %
’W

”’\ﬂi’};{'—rr&immﬁ ?IL?XE“‘ é} ,—r,,iéi J\#:}]‘—.—r’\;r-frzj_’_ﬂa

T

3o AP B RAL R N @ftkiﬁza’h?%F”%iw%(%‘)

J

SR G R F Rk DG B AR e (NMNS
003617-F003770) » 13354k 4 3 LA 2 #7af > iR A A0 K g (3 o
2009 > 4 A ) o MRITAN B Z X X E Y MR A R T B R L E A
ARE RBALF IS AN B T AN B R AT N h K p
R

53— % (Haysaka, 1933a) #t% 4k 5 @ % Buengld % B 2 (NTUG
010-F000589 ~ NTUG-F8082) & i 8Lt % ks b+ 5% - B sl o

E3

@
11\1,
ETS

TR G NPT

=i

i NI 2 DA LI T S B N I B B L N
yakE

Bl B2 d ptilg @

gtr_
kg
T

ko R AP A (1997) HETE ¢ >
A s S R LR R R E (1999) RI# A pUL L E R Hl 5
FLg A LAr (W12 ) P15 Gk ST ALK B SR Db 5 o &

8



WAL BERFEZHT IR FPEEY FFRE FHEFAN 4
B AR @A et AR R S AR L R (R
FE1999) 0 A S (1997) i BHs L FAIRFA SBT3 & £14%
B~k R - BERE LR EFALE PSR

P a2 (1997) X P0% ~ §IiEfesp F Ui e chy B B R4 &y
WA giig‘;?fidvé; IR P g ~ Jaramillo o Jaramillo & B FF R 5 1.07 Ma
(Berggrenetal., 1995) c 822 < i % A gl % - £ ek =2 LK HIA ¥

THo TR ARE RANGE R B BT B -

T
g 5;
5 :
o 42 Y % RERREH
g-f:a.?. H
s L | o | A
i [ ] e

4 ﬁ;;s
S0 [ e
! HrHH 241 ﬁ"’giﬁEE: sireees : .-E b :
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Terminology and Parameters

Fig. 3. Terminology and biometric parameters used to describe Segodon deciduous

premolar and molar. Modified from van den Bergh (1999) and Schepartz €l al.
(2005).

12



N = Ridge number. “x” indicates the halfridge in the medial or distal end of molar.

L = maximum length, measured along the longitudinal axis of the teeth.

W = maximum width, measured on the width ridge of the teeth, along the longitudinal
axis of the ridge.

w = width of individual ridge, measured along the longitudinal axis of the ridge.

h = height of individual ridge, measured vertically from the crown base to the apex of
the conelets.

H = maximum height, measured on the highest unworn ridge, vertically from the
crown base to the apex of the conelets. Maximium height is only given from unworn

ridges.

\
—
—

1 = anterior halfridge. At anterior: extremi%__(;.f a tooth, which is sharing root with the
first ridge and has less width andf ﬁei_g:ht than thé first ridge.

2 = posterior halfridge. At posterior extremity of a tooth, sharing root with the last
ridge and has less width and height than the last ridge.

3 = deciduous premolar or molar ridges.

4 = transverse valley filled with cement.

5= conelets or mammillae of ridge. Tassy (1996) referred the term “conelet” to the
subdivision cusp of each main cusp and Saegusa (2005) identified mammillae as
“small round structure seen on the submit of the loph(id). This structure is brought out

by the subdivision of cusps or conelets.” However, some authors, such as Schepartz et
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al. (2005), used the term “conelets number” to indicate the count of this structure. In
this article, the usage of the term follows Schepartz et al. (2005).

6 = dentine

7 = median cleft or median sulcus.

8 = outer enamel.

9 = inner enamel.

10 = ET, enamel thickness. ET is measured perpendicular to the enamel surfaces of
ridges. In broken ridges, ET can be obtained. from vertical broken enamel surface. At
least 10 measurement of ET would beimade oﬁ a.specimen. The mean of the 10
measurement will be used to represent theu‘._:ETof the specimen.

11 = ridge width on lateral side.. Bpth:l;ucczi and lingue.ll sides are taken.

12 =root.

L F = Lamella Frequency, defined as the number of the ridges occurring in 100 mm.
The distances of two valley separating more than 3 ridges are taken on buccal, lingual,
and occlusal surfaces. If the distance measured from buccal, lingual, and occlusal

[(Ie-2]

surface is “dy”, “d;”, and “d,”, respectively, and the number of the ridges is “n”,

n n n
p_d d d
3

2 x100
HI = Hypsodonty index, represented by H/W for the whole tooth, and h/w for a single

ridge.
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Species | dentification
new subspecies of S. elephantoides
Order PROBOSCIDEA Tlliger 1811
Superfamily ELEPHANTOIDEA Gray 1821
Family STEGODONTDAE Osborn 1918
Genus STEGODON Falconer 1857
Species STEGODON ELEPHANTOIDESClift 1828

STEGODON ELEPHANTOIDESTAIWANICUSSUBSP. NOV.

A. Holotype

=W

The designated type spec'fir'ne.n: (Fig. 6.) is an incomplete skull with upper right
third molar (M?) and partial upper left th.ird molar °M). The *M has only 4 worn
ridges preserved, and the M has all 9 ridges preserved. This specimen was found
from Guoling area of Chochen Townside, Tainan County, southwest Taiwan by a
local collector, Mr. Jhong-Fong Wan. It is now deposited in Ts’ai-liao Fossil

Museum of Tainan County (TLFM-E0025).

B. Paratype

LFMM-003 and HPC-003
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C. Etymology
The new subspecies name “taiwanicus”’ formed by combination of “taiwan” +
“-icus”. Taiwan infer to the geological area of the fossil occurrence. —icusis the

Latin suffix added to noun to forming adjective meaning “belonging to”.

D. Occurrence

All the specimens identified as S. e. taiwanicus was discovered from Sinhua
area. The occurrence of LFMM-003 and H_RC-003 can only be allocated to Sinhua
area by the owners. No further details ?f t}}e_loéation_ are available. Only the

holotype has been tracked backito the ﬁlglcé of discovery. The holotype was found at

| iy
TWD67 (187697, 2548588).1t is 1r'1 .the Guollihg area of Chochen, about 3.5 km
south of TLFM. Along provincial highwéy Tai-20, from TLFM toward east, turn
right into South-171-1, and turn left at the entrance of a trail at TWD67 (187478,
2549125). Turn right into a creek at TWD67 (187514, 2549211) and the fossil was
found from the upstream site separately. According to the collector, the first time the
broken cranium with the left molar was found in the bottom of the outcrop next to
the creek. The outcrop showed a massive gray mudstone at the lower part. The

upper part was yellow sandstone with thin layer of silt-sand stone and iron-rich

sandstone in it. Judged by the angular state of its roundness, the holotype could not
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be transported for long distance, it may fall from the outcrop on the side. The broken

right molar was found further downstream in a later day, and match with the

specimen found earlier
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Fig. 5. The geological map of Chochen shows the area and the occurrence location of S
e. taiwanicus holotype. The related magnetic and nannoplankton record is also
present (modified from Ho et al., 2005)

E. Sratigraphy and age
The site of the type specimen locates in the Kuoling Member of Chiting

Formation (Fig. 5.). Kuoling Member has been found upper than the top of
19



Jaramillo and locate in Brunhes which has the bottom age 0.78 Ma (Horng €t al.,
1998; Horng, 2009, personal communicate). The nannoplankton record place
Kuoling Member in P. lacunosa Zone of NN19 (Horng et al., 1998; Horng and Shea,
2007) which has the top age 0.46 Ma. Therefore, the possible age for the type

specimen is 0.78 ~ 0.46 Ma in the Middle Pleistocene.

F. Description
A large and primitive Segodon has comparative wide molar and small ET. The

type specimen (TLFM-E0025) has 4 ridges of M, -almost complete *M, and partial

cranium (maxilla and palatine) pres(?r;% -”i"l.le alveolus of the prior tooth is still

_ B L
shown which indicates the coﬁlplgfléness the Irid_ge of the mesial side of the *M. The
1% and 2™ ridges of both molar are worn to very low crown and show the
rectangular abrasion patter. The cement is filled less than 1/2 of the valleys between
the used ridges but well developed between the unworn ridges of *M. In fact, the
ridges posterior to the 6th ridges of the *M are covered by cement. Significant
median sulcus is shown on the 1st to the 4th ridges on both M? and *M. On 3" and
4 ridge of *M, minor clefts are shown on the buccal side and separate each ridge to

3 parts.

The ridge-crest formula is 9x in the complete *M. The maximum width of the
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molar is 122 mm. The molars are low-crowned with HI = 47.5. The enamel
thickness is 5.25 mm. The LF is around 3.4. Because the posterior ridges of *M are
covered in cement, the measurement and observation of the 7™ to 9" ridges can
hardly been done. The division of conelet is pretty developed. The conelet number
of the exposed ridges are 9-10. The crown length of M? is 113+ mm, the maximum
crown width is 120 mm at the 2™ ridge, the ridge frequency in 100 mm is 3.3, and

the enamel thickness is 4.22. For measurement data, see Appendix A.

G. Diagnosis

S elephantoides was first de,slcriBTgc_‘l:gs. a fine specimen of lower jaw from the
left bank of Irawadi. The tooth is .llLl | inches illi length, 3.5 inches in width, having no
less than 10 ridges, and 5-8 conelets on each ridge. The teeth class had not been
decided, but judging from the cavity behind the tooth, it may not be an third molar.
It was published earlier than the genus Segodon being proposed, so the comparisons
were made to Mastodon (Clift, 1828).

Young (1938) named a new species, S. preorientalis, for a specimen from
Papu, Kwangsi, southern China. This species then found from Kwangsi Liucheng

Gigantopithecus cave and other site of southern China (Chow and Zhang, 1974;

Saegusa et al., 2005). Saegusa (1996) and Sacgusa €t al. (2005) suggested that the
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holotype of this species is too fragmental to be distinguished from S. orientalis.
However, he also mentioned that those specimens from Liucheng Gigantopithecus
cave represent some primitive Segodon. Zong (1995) revised the holotype of S,
preorientalisto S. elephantoides, and put it between S. zdanskyi and S. orientalis.
The holotype of S. e. taiwanicus represents a form of molar structure between
S zdanskyi and S. elephantoides (Table 1.). From the point of view of the size of the
molar, the width of the molar is fall in the range of the width of S. zdanskyi’s molar.
S e. taiwanicus differ from S. zdanskyi in ha_wing small ET, high LF, high cement
cover, and strong enamel folding. Morf:ovgr,_thé S-zdanskyi from northern China
usually has ridge number less than 8| S;:;ne S. Zdans_kyi specimen from Yushe Basin
has only 7 ridges (Saegusa et al", 2005) Onlél fc:w.cases of S zdanskyi have ridge
number up to 9, including a specimen fr(;m Baoshan, Yunan (Zong, 1995) and a
specimen from Jiangsu (Liu and Yin, 1997). The Jiangsu specimen has been
identified as S. chiai (Chow and Zhai, 1962; Liu and Yin, 1997), a species
considered as a synonym of S, zdanskyi (Zong, 1995). Another opinion on species

identification of the Jiangsu specimen allocates it to S, miensis (Saegusa et al.,

2005). The existence of the species S. chiai remains controversial.
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Table 1. Comparative morphological characters of three species of Segodon from China

(modified from Zong, 1995). The measurements are taken from the third

molars.
S. zdanskyi S. elephantoides S. orientalis
Body size Extremely large Moderately large Moderately to
dwarfish
N M2:5 M2:6 M2:8
M3: 7-8 M3:9-10 M3:10-13
Conelet # =9 10 =10
LF 2-3 3-3.5 3.5-4
ET (mm) 6-5 4-3 3
Enamel folding Weak Strong Very strong
M edian cleft Present in anterior ~ Present in the 1* Present in the 1*
ridges ridge ridge

S elephantoides usually have'mediamsulcus only on 1% to 2™ ridges. S e.

=

taiwanicus has ridge formula, conelets .;_i.gim;ber, HI, LF, and enamel folding
consistent with S. elephanoi d% Héwever, S. e taiwanicus has strong median sulcus
on anterior 4 ridges. Also, S e. taiwanicus has enamel thickness range between S,
zdanskyi and S. elephantoides.

S e. taiwanicusis also morphologically alike to S. miensis (Aiba et al., 2006;
Matsumoto, 1941; Taru and Kohno, 2002; Taruno, 1985; Taruno, 1991a), an
intermediate species between S. zdanskyi and S. aurorae in Japan. However, S
miensis has thicker enamel thickness than S. e. taiwanicus. Moreover, the youngest
record of S miensis was found in Yaoroshi Formation which has been dated to

2.93+0.19 Ma by fission track analysis of the tuff layer just beneath the
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fossil-bearing bed in Japan (Aiba et al., 2006). The oldest possible age for S. e.

taiwanicus is about 1 My latter than the youngest record of S. miensis.

Table 2. The measurement range of S miensisand S. aurorae from Japan (Taruno,
1991b). The measurements are taken from the third molars. The upper number

is for the upper third molar and the lower number is for the lower third molar.

S. miensis S. aurorae
N x8(x7x) ~ x9x x11x ~x13x
x9(x8x) ~ x9x x12x ~x13x
106 ~130 + 79 ~ 107
W (mm)
95 ~129 76 ~93
55~63 50 ~ 74
H (mm)
60 ~65 50~73
i 50 ~.57 60 ~ 87
)L Y 60 ~ 84
2%5~3 4~6
LF '
3 45~6.5
ET (mm) 6~8 3.0~43
max. Conelet Number
_ 8~11 8~12
per Ridge

I1. Revision of speciesidentification

Segodon orientalis Owen, 1870

Segodon akashiensis  Shikama et al., 1975. Science reports of the Yokohama
National University. Section II, Biological and geological sciences,
22:28-29, P1. 1, fig. 4-5
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Segodon aurorae  Shieh and Chang, 2007. Journal of the National Taiwan

Museum, 60(1):36-37, fig. 1

See Appendix A. for measurement data of the specimens.

NTUGO010-F000589 (Fig. 7.) was described and identified to S. akashiensis
(Shikama et al., 1975). This species is considered to be the synonym of S. aurorae.
S aurorae was diagnosed as a dwarf species has greatly high crown and extremely
high LF (Matsumoto, 1918; Matsumoto, 1929). The ridges are so compressed in this
species that the transverse valleys b_.etvyeell rjxdg‘es are sharp V-shaped to Y-shaped
(Matsumoto, 1929). NTUGOIO-FOO{S8;—%-‘;I.1 incomplete molar with the distal end

_ B L
preserved. The concaved distal 'en.dl 6f root irll'digates the compression by posterior
tooth. W of this specimen infer to a molar, but it is hard to discriminate M1 and M2.
The low ET and high LF could be explained by the tooth class. Because LF is
determined by two factors including ridge number and the size of teeth (Lister and
Sher, 2001), smaller teeth tend to have higher LF. From the two molar of
TLFM-E0015, it is clear that the prior teeth have higher LF than the later ones

(Appendix A). The W, conelet number and enamel folding are fit with the

descriptions of the variation of both S. aurorae and S. orientalis. However,
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NTUF010-F000589 lack of extremely high crown and the transverse valley are not
very compacted. This specimen should be a prior molar of S, orientalis.

NTM-104016B (Fig. 8.) has been identified as S. aurorae by Shieh and Chang
(2007). It is a replica. Although the origin specimen has been long missing,
NTM-104031 (Fig. 8.) deposited in the same institution should be the same species.
Unfortunately, the detailed information of the location and occurrence of both
specimens are not available. Shieh and Chang (2007) reported NTM-104016B was
from Sinhua, Chochen area, Tainan. The geqlogical time range of the Segodon from
this area is at the end of thatof S. a_lll_ronrae.;The ;liscrimination of NTU-104016B

\

from S orientalis was that the speqime@-?a:s.less ridge numbers and less conelets on
each ridge than S orientalis db'(S.ﬂi.eh and Clh'ax_}g, 2007). However, the specimen is
not completely preserved. It only preser\;ed 9 ridges and the loss of ridges can not
be estimated. In S. orientalis, the well division of conelet is truly an important
characteristic, yet the conelet number varies from specimen to specimen (Taruno,
1991a; Zong, 1995). Besides, only 3 ridges at posterior preserved all the conelet.
The conelet number counted may not be the maximum of the conelet number on
each ridge.

Both NTM-104016B and NTM-104031 strongly curved (Fig. 8.). The

measurement of LF and the abrasion pattern could be influenced by this character.
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Both of them are the third molar for that the width of individual ridges decrease post
ward. The measurement of LF, H, and HI of NTM-104016 is obviously against the
measurement range of these parameters of S aurorae. NTM-104016 may not present
the maximum crown height and conelet number of the molar because of the abrasion
of ridges, but LF would not affect by this factor. The low LF of NTM-104016 and
the wide valley discriminated it from S aurorae. The measurements of all
parameters are consistent with S. orientalis.

In NTM-104031, the measurements act_ually fall in the range of S aurorae
(Taruno, 1991b). However, those m.easxlurerfncnts. fall'in the range of S orientalisas
well. Only HI is a little highg:r than tlhe%ported range of S. orientalis. However, this
index of NTM-104031 is closé to 9;1:f1er SpeCill’ne_I:lS .in this study which can be clearly
identified as S. orientalis, such as LFMM-007. The outer enamel has distinct
wrinkle line on the vertical surface of the crown. The strongly curved property,

cement filled in transverse valley, and the wrinkle on outer enamel consistent with

the description of S, orientalis (Owen, 1870; Zong, 1995).

II'1. Theuncertainty of the S. auroraerecord in Taiwan
Shikama et al., (1975) reported another specimen of S. aurorae (Shikama et al.,
1975. p. 30-31, PL. 1, fig. 6-7). Of all the specimens examined in this study,
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NTUG-001 (Fig. 7.) is the only one showing very high LF (5.65) and compressed
parallel ridges as S aurorae. However, this specimen is an incomplete molar lacking
both anterior and posterior end and the top of ridges. Only 5 and half ridge is
preserved. The teeth class can not be identified for NTUF-001. Also, the H, HI, and
conelet number can not gain from this specimen. The cement fills high in the
compressed narrow transverse valley. The enamel thickness is 4.03. With the absent
information, it is hard to identify this broken piece to S aurorae (Saegusa, 1991).
High LF could indicate small individual (L_ister and Sher, 2001), such as small or
young S, orientalis. Moreover, the §i_mﬁi1ariﬁty\0 f‘the endemic Japanese Segodon

might be a result of convergence eyoluﬁpjn (Séegusa, 1996).
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W=122 mm

H =58 mm
ET = 4.2-5.3
HI = 47.54
LF = 3.38

Fig. 6. Holotype of S. e. taiwanicus, TLFM-E0025; upper: occlusal view; lower: left
buccal view. This specimen preserved part of cranium and an almost complete
*M and partial M. 1t presents some primitive characteristics such as high ET and
distinct median sulcus. This specimen represents a primitive type of Segodon

living in Taiwan during Pleistocene.
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Fig. 7. Segodon molar NTU-001 and NTUGO010-F000589. A-C: NTU-001 (A: Occlusal
view; B: Lingual view; C: Buccal view). D-E: NTUGO010-F000589 (D: Occlusal

view; E: Lingual view; F: Buccal view).
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Fig. 8. Segodon molar NTM-104016B and NTM-104031. A-C: NTM-104016B (A:
Occlusal view; B: Lingual view; C: Buccal view). D-E: NTM-104031 (D:

Occlusal view; E: Lingual view; F: Buccal view).
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‘14 — (AppendixA.)

Measurements (in mm) data of the Segodon fossils from Taiwan. See section 11

“Terminology and Parameters” for the measured parameters.

N = Ridge number. “x” indicates the halfridge in the medial or distal end of molar.
TC = Teeth classes.

Conelet # = Conelet number of ridges. “-* shows the variation of conelet number

between individual ridges. Only complete ridges which preserved all the conelets were

documented.
Taxon S orientalis|S orientalis| S e. taiwanicus S orientalis|S. orientalis
Specimen |LFMM-001|LFMM-002| LFMM-003 [(LFMM-004|LFMM-006|LFMM-007
Occurrence** Sinhua Sinhua Sinhua Sinhua Sinhua Sinhua
TC M? M? M, dp2 sM M’
N +4 +5% +5x x3 +5x +9x
L (mm) 91+ 85,89+ 125+ 22.24 112+ 174+
W (mm) 67 57.170 AL 73 15.29 71 77
H (mm) 41 29[| =2 : 12.08 i 57.5
LF 5.2 ™5 4.1 19.38 4.67 4.465
ET (mm) 2.68 274 541 - 4.79 4.82
HI 61.19 50.73 79.01 74.68
Conelet # - 10-13 - 7-8 - 11-14
Taxon S orientalis | S orientalis
Specimen | LFMM-008-1 | LFMM-008-2 | LFMM-010-1 | LFMM-010-2 | LFMM-011
Occurrence** Sinhua Sinhua Sinhua Sinhua Sinhua
TC Y M M? M’ dps
N +3x +5x +5x x5+ +3x]
L (mm) 127+ 114+ 137+ 149+ 55.24+
W (mm) 68 74 101 104 38.17
H (mm) - - - 56 -
LF 6.25 5.003 3.58 3.58 8.18
ET (mm) 4.11 3.82 4.04 - 1.49
HI 53.85
Conelet # 8-11
49 (Continue)




Taxon S orientalis|S orientalis| S e. taiwanicus

Specimen HPC-001 | HPC-002 HPC-003 HPC-004 | HPC-005 | HPC-006

Occurrence**| Ts’ai-liao| Ts’ai-liao Shanbao to Ts’ai-liao| Ts’ai-liao| Ts’ai-liao
Chengshan area
TC M sM M; M; M M
N x9x +10x +4x +6+ +8 +5+
L (mm) 204 216+ 100.06+ 118+ 165+ 103+
W (mm) 75 97+ 93 78.5 71.02 74.61
H (mm) 49 41 38 46 45 48
LF 4.98 4.536
ET (mm) 2.28 3.23 4.07 5.02 3.43 4.77
HI 65.33 40.86 58.60 63.36 64.33
Conelet # 7-10 9 8-9 9-10 7-11 6-9
Taxon S e. taiwanicus S.e-taiwanicus S orientalis

Specimen TLFM-E0025-1 TLFM-E0025-2 TLFM-En001 [TLFM-E0015%*-1
Occurrence** Guoling Guoling Ts’ai-liao| Yanshuei River
TC M M’ Mi/M, M,
N x9 +4+ +4 +4
L (mm) 243 113+
W (mm) 122 120 58.36+ 65.92
H (mm) 58 - - -
LF 3.378 3.31 5.13 5.2
ET (mm) 5.25 4.22 6.67 4.03
HI 47.54
Conelet # 9-10
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Taxon S orientalis S orientalis | S orientalis | S orientalis
Specimen |TLFM-E0015*-2|NTM-104016B| NTM-104031 | NTM-104482 [ NTUG-001
Occurrence**| Yanshuei River Chochen - - Wujhanhu
TC M, M M; dp2 M,
N 9+ +9 x9+ +3x 6+
L (mm) 190+ 219+ 193+ 3341+ 111+
W (mm) 68.86 86.54 76 31.36 73.61
H (mm) 49.95 39 56 17.05 43
LF 4.8 3.86 4.92 11.26 5.65
ET (mm) 2.49 3.61 3.82 - 4.03
HI 72.54 45.07 73.68 54.37 58.42
Conelet # 8-11 4-9 8-10
Taxon S orientalis S orientalis
Specimen | NTUG 010-F000589 .NTUG-F8202 NTUG-002 NMNS
003617-F003770

Occurrence** Takeng - ~Takeng Dakengwei Dongshih
TC "M/ M M M’ M
N +5% +4+ +5+ +4+
L (mm) 83.42+ 1+ 107+ 186.5+
W (mm) 68.75 85 99.65 108
H (mm) 38.5 - 54 -
LF 5.53 4.3 4.1 3.62
ET (mm) 2.69 4.92 3.03 6.03
HI 56.00 54.19

Conelet # 11 10-11 9+

*: TLFM-E0015 is a replica. The original specimen is deposited in NTM. Another
replica of the same specimen is deposited in Chao-Ci Hall in the Library of Ming-Dao

High School, Taichung County.

**. Most specimens lack of precise and detail records of their occurrence, especially

those which are not deposited in museums or university. Therefore, the exact location of

the occurrence of some specimens may not be shown in this chart and only the rough

area is documented.
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Name Comparison

Chengshan
Chiting Formation
Chochen

Cholan Formation
Dakengwei
Dongshih

Guoling

Jiangsu
Kangtzuling Member
Kuoling Member
Kwangsi
Liucheng

Papu

Shanbao

Sinhua

Taichung

Tainan

Taiwan

Takeng

Takenwei Member
Toukeshan Formation
Ts’ai-liao
Wujhanhu
Yanshuei River
Yushe
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