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Figure 1 (Color online) Fossil sites of Quercus sect. Heterobalanus

(see Table 1 for details)
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Table 1 Fossil records of Quercus sect. Heterobalanus
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Figure 2 Sketch of the strata in the vicinity of the fossils in Heqing
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FIT A f AR 1 0 25 44 R AR )2 R I S BR Ellis
NHVHIDilcher™* i BIF 5% .

2 [IRER

2.1 fbndik

5¢3}-#l: Fagaceae Hand.-Mazz., 1929.
kB : Quercus L., 1753.
= ILIBREH: Quercus sect. Heterobalanus (Oerst.)

Menits., 1984.
#PCHMR: Quercus hegingensis H.S. Huang et Z.K.

Zhou n. sp., 2015.

Fh 225 O T A A B A PR

1E 4 R bR R (Holotype): KUN-PC2015021, LA
3(g).

Bl A 2 AR S (Paratypes): KUN-PC2015015, KUN-

PC2015016, KUN-PC2015017, KUN-PC2015018, KUN-
PC2015019, KUN-PC2015020, KUN-PC2015022, KUN-
PC2015023, KUN-PC-2015024, KUN-PC2015025, KUN-
PC2015026, UL 3(a)~)Fith)~(1).

FECH R R B B W AR W0 F 52 BT s A
(KUN).

Leaves oblong, elliptic or obovate; leaf apex
round, mucronate or blunt round, and leaf base heart-
shaped, slightly heart-shaped or blunt round, occasion-
ally asymmetric. Secondary veins, 7~12 pairs, pinnate
and parallel, alternate growth, bifurcating near 1/3 to
1/2 of the leaf margin. Tertiary veins, relatively thin,
perpendicular to secondary veins. Stomata on abaxial
epidermis, cyclocytic. Trichome bases unicellular and
multicellular on adaxial epidermis, and unicellular on
abaxial epidermis.

MR, T (E30), (ARG . KIETE
3(a), ()FI()) . HhITE (1213 (c)) sl BIIE (K13(d), (F)AI
(2)), 2L (E3(a)~() BRI B (F300 A1), K
3.1~8.7 cm, %1.8~5.7 cm; Wi B (K13(d), (e)l
(). HER (K 3()~(c), ()Gt B (K 3(H Al (g);
FEERMEAXIFR, OIE(E3(b), (HFI()) . HOIE (El3(a)
A BCBE B (3(h)); FHRSEHL, P EEME, K

1.8~4.9 mm; FEPKE“ZFHE, FEHHH, 2=k
B, PR B A, HHE AT, 7~12%F,
i A 24540°~73°, FEUT M2 1/3~1/240 53 XL (K 3(m));
=Yk EE B K (E3(n)), B, BT EOKA 5~T45
(E3(e)F(n)); DUk . B Wk St Ik A5 AS 5 b
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ks 220 FIHTE WA AR BRSNSt JE T, W] sk
I, BkRI4AEZ A e, &R R R R
M, £25~85 um, 9515~35 pm (Kl4(a)). FEE RN
Jik 2% 22 Jy VU 3 0% B L T8 AR IR - ik 465 A i 22 Sy il
KAETE, WK X H2~68 ANl A%, 3 J8 e 550 0 F 1
o TE0) 240 it Ay 3 PO T e L, S TC R HES), ]
BEWECN T H, FiHK10~30 pm, F85~13 um; A5
ML, T2 B, ALARIEA N IR AL (1A
4(c)), ¥20~33 um, $517~27 um, fLEEFE2~6 um;
FLESBENL A, R ALEE 503298 mm™%; {4 D40
EER, A 42 R 5~7 1 (El4b)Fi(e)).

22 fEAamRGME

P INARA M R b A g A2, SRR kR
TEARAF 58 3 (K13), M HoaxX ek £/ o 2 AR A AR 58
I-(E3(c), (d)FI(g)~1)), Z5HTE T (&l4), 25 A
o J2 AR 43 Bo6s b, TSI T A A S Rl il
PRGN E D HETRE.

P E AR ST, 76w IARA AR, B L
BREA M R AL AIE S50 5 BNk ILAR(Q. rehderiana)
RIS UR(Q. guyavifoliay i WAL, (FLEETEN Fe
EEMEIRRA LEEES. Bk ILARANE - ER
TRIZHA LM MR B, i ERE
ST KIX, SR LB REGER, JR TR E S
RIER, J5 8 MK XSG KA X B RS E R 2,
& TREEEAMER, MRS LAt AT
REIFA RRA ZHMERE, B kX EARA
BE, DRBEREERED, BTREMEY. HHh,
X E LR LA A R e B, RIES D s L RR AL A Ak
A —FE, A ER(Q. preguyavifolia) 4=k s LIk
BRI IE, MK TS AR(Q. presenescens). 15 ER(Q.
pannosa, TG IFEIEHF)FFEEHR(Q. yangyiensis)
SRR RGI A | A R RARGE . EE
FRA B, WIEHER . SRR EAR T R KA Z
B, BFEAMEY, FIKEHEETREZTL
B, XAEEKEILERHT e a TR RAH
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i 3 b B 201648 #F61E F£12H#

B 3 (M %MR @) KL 18 . (@) KUN-PC2015015; (b) KUN-PC2015016; (c) KUN-PC2015017; (d) KUN-PC2015018; (e)
KUN-PC2015019; (f) KUN-PC2015020; (g) KUN-PC2015021, IERI457; (h) KUN-PC2015022; (i) KUN-PC2015023; (j) KUN-PC2015024; (k)
KUN-PC2015025; (1) KUN-PC2015026; (m)A(b) KT TEF TR, AT I8R Rk X () AP KT THOR, Aefikisn =%
fik B gk, EeBR: 1 em

Figure 3 (Color online) Selected fossils of Quercus hegingensis n. sp.. (a) KUN-PC2015015; (b) KUN-PC2015016; (c) KUN-PC2015017; (d)
KUN-PC2015018; (e) KUN-PC2015019; (f) KUN-PC2015020; (g) KUN-PC2015021, holotype; (h) KUN-PC2015022; (i) KUN-PC2015023; (j)
KUN-PC2015024; (k) KUN-PC2015025; (1) KUN-PC2015026; (m) enlargement of the rectanglular part in (b), where arrows show bifurcation of sec-
ondary veins; (n) enlargement of the rectanglular part in (e), where arrows show that the tertiary veins are perpendicular to the secondary veins. Scale
bars: 1 cm

QERAR. HIt, SamHREEMMELEE 3 KRS COHeE il
AT (F2), 46 % 5 B R —— 1 BR AR (Quercus _ _
hegingensis . sp.). AR WAIGHp e e 31 W BB R COLRIE

fHE, H P Bk L AR AR SR A BT R T SR SR 26 R 3 PRI Ao A A0 B LS B 8.90%+0.32%, HF
A HR B R B A M BT I S P e A D IR AL AR BN T B Rl SR R B —— R S AR
Ve Z ek RO i fe it TR e faie . BT A= it i AL S KT pCOLR S R/, s i
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B4 (P2 PR ) SRR RIB K e LR . SR K it i SRR BRI R XS HE. (a) B3IRMR 3R BZ, 2 RS KUN-PC2015027-1-20X; (b)Fli(c)
HIIRMR T 252, % A5 KUN-PC2015023-5-20XFIKUN-PC2015028-1-40X; (d) Bk itk 132, %559 XTBGCAS-PL-001; (e)F(f) Ffik
IR TR, %75 XTBGCAS-PL-002 FIXTBGCAS-PL-003; (g) WH=}#k B3R, %R 5 HS007-2A-1-10X; (WHIG) WEFHRFRE, KA
5 HLO01-1B-2-20XHILi010-1A-3-40X; (j) TilE 8k F3 iz, % H5: QFC007-1-20XFHIQFC006-1-20X (47 F£A); (FI(1) THIEHHRE T 5, %
Ji5: HST705-3-20XATHS T705-1-40X. (g) 6o WilBix 10 MR (), (), OFNQ) x40 PIBEIE A5 HAx 20 YpBai A, ROHET AR Al
MELE, AEESIRZANRER, AERKEIERIFFISIE. LHL: 100 pm

Figure 4  (Color online) Comparisons of cuticular features among Quercus heqingensis n. sp., Q. rehderiana, Q. guyavifolia and Q. preguyavifolia.
(a) Adaxial epidermis of Q. hegingensis n. sp., slide No. KUN-PC2015027-1-20X; (b), (c) abaxial epidermis of Q. hegingensis n. sp., slide Nos.
KUN-PC2015023-5-20X and KUN-PC2015028-1-40X; (d) adaxial epidermis of Q. rehderiana, slide No. XTBGCAS-PL-001; (e), (f) abaxial epider-
mis of Q. rehderiana, slide Nos. XTBGCAS-PL-002 and XTBGCAS-PL-003; (g) adaxial epidermis of Q. guyavifolia, slide No. HS007-2A-1-10X; (h),
(i) abaxial epidermis of Q. guyavifolia, slide Nos. HLOO1-1B-2-20X and Li010-1A-3-40X; (j) adaxial epidermis of Q. preguyavifolia, slide Nos.
QFC007-1-20X and QFC006-1-20X (lower right); (k), (1) abaxial epidermis of Q. preguyavifolia, slide Nos. HST705-3-20X and HST705-1-40X. (g)
was taken using a x10 objective lens; (c), (), (i) and (1) were taken using x40, and the others were taken using x20. Black arrows show unicellular
trichomes, white-short arrows show multicellular trichomes, and white-long arrows show cyclocytic stomatal apparatuses. Scale bars=100 pm

o g M A R SO R M X 1) oy R A pC O3l P T SRR o 2R R O VR AN TR], B i SR i
26.69+2.52 Pa (Vg 45 bh R AEAE S A 45 )M AN [R) (U I A6 B SR A I B o A SRR 05 6014
23.73+2.28 Pa (J7 SEARAKE S B ARLE ). A AREEE  HE, M ARA H FARARE P9 ] R R RR A B
PRET A S R B, M B A KR COME ANEH ) U LS EEE ), T LA S S 0 6 2% of il
JE 43 S %E B A 263.42424.86 F1234.25422.49 ppm (1 KA —E MR, X AR I L FRA AR AR /D,
ppm=1 pL/L, 4x[A])(52). IR A . BT Bt K ZEWr s 8 2R D
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2 BbFEROESEKE. RESHEARCO. MERERBEKKCO, IRELE

Table 2 Comparison of estimated pCO, and palaecoatmospheric-CO, concentrations among three late Pliocene floras, namely the Hongyuan flora

[18 [18]

(this study), the Huishuitang flora'*!, and the Qingfucun flora

A s, AR LIRS PSS SALFE D pCO,-E® pCO,-HY
R . 26.69+2.52 Pa 23.73+2.28 Pa
4T W LA 6 31 8.90%=0.32% (263.42+24.86 ppm) (234.25+22.49 ppm)
\ 21.01+3.47 Pa 18.60+5.53 Pa
K I W L i 5 46 6.69%=0.76% (207.36434.25 ppm) (183.52454.63 ppm)
Rt e L 37 1 4 34 7.79%+0.10% 23.842.57 Pa 21.15+3.84 Pa

(235.26+25.37 ppm) (208.77+37.87 ppm)

a) 8T ALIEE 737 (0 Ff B2 OLEF Aokt b) B(E D P SR ehR R 225 ©) D R T VA3 35 A 38 R B2 1) Y A A it () A e 2 T
HpCO,, BB N T H bR IR 2 d) S 7 SR AR A BH A I 5 0 A o 1 26 T A2 (¥ p C O, B0 {E A T4 (L i DR 22

SRRAS R R S R 2, BATTEE G RE S 5 R
FHUT TR0 P SR AR A it R SR AR AR it S P 25 A
e L, RRASRIEAT LR, U RERT 21 5 firf A 25

3.2 WElEERVe

A G K IR S DOBR i i R SRR AR B s
mIIARALAE Y, BTz A A= B R S RRE
55 v LLBR 20 09 B ks LU BR B AR BL. E T R A 2 1Y
Sk, AT AR RE R RE LA B BT Bt
Gep, (H A SEIE SRR AR LS AN RE 52 1k A7 2 5
DIAEFRH . BRARBRR L TE & BHX 5
fESL, HARTEASRHE S I8 S FARARAR 40, i A
BEACIR B 5 B Bk AR AR, B LLWE S 8RR K
e LLBR AR T LA Ay 185 DR 08 BT B T R 5 T

bb A R AR P it B LA By 1 T B i
KA COL M B 25 22N ((&] 5) & B, ) S DR AR
I H Ak A 3 A R A CO, Mk B 5 H At T A 4 O
A—F, ¥H300 ppmAAT. 5 EIFEFHIE RS
fLAEE S RpCOMY KR, & it i it B A4V
(1 e vy R COL Mk B VS IH e (B SR 2), AR
FERIE R B, X AT RE A AR AR 22 5,
VR AN [] A B S 380 1 7 Gt 1 2 A D R 3 3

SRS AR 5 vk A I T R ROk
J# M 180%1534 ppm RAF!S22944T1 - Il dg R, RS2
185 PRAR Y B A 4 SR 5 40 R 22 BOH e it Y o A
45 RILTH8 /N T AR KA CO % 400 ppm, Jf 5
Beerling fllRoyer ™ B 25 (9 25 R ILAR W) &, UL T 4
BRTT 5N 0 R COL M B2 7E W F 5 tH i 381 )& T O A1
KOV BRI, AT DU H B DR Y B 2 A bE A )
B 0T B K 2 B 2 MR AR, 3 AT R 5 A PR AL el A Ay o
6 ST T 1 o 9l 4 e B A O, Hu s USRI i A%
T R re S B L VY o VR A AR S A, Y e X I
AT 0 oy VR RT e A B T AR v B ER AR
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R A PR E G, HEIN S Ry 3 D 3, T ARG AR
BE AR G- A e W 1t s 3 Ah A T Ak T 3R s 1
W R CO RGP X A SC i 45 S e AT IR
1E, T4 2 B b Bt 1 - T R COL R B 43 1 2
S350 ppm (¥ TRF PR 6 B SR SR AE O R A 45 L) RN 310
ppm (J5 LARA T L), S IEL R 54 K2 B0
R #EEE YA, BAl, BF5E L LY CO, Mk 1 i d 2
500 ppmff, S FLAE X CO, S W ANEEURE, W 13 78 Ky
JELR P RN K, AR EEL RN T
500 ppm, BEMEEE G T COMK BE 7= AL 58 KR 22
PZEEFALIER, RS DORR ) S ALFE B T E
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The occurrence of Quercus heqingensis n. sp. and its
application to palaeo-CO, estimates

HUANG HuaSheng'?, HU JinJin', SU Tao' & ZHOU ZheKun'?

! Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla 666303, China;

2 University of Chinese Academy of Sciences, Beijing 100049, China;

3 Key Laboratory for Plant Diversity and Biogeography of East Asia, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201,
China

Many leaf fossils belonging to Quercus sect. Heterobalanus were collected from the Upper Pliocene Sanying Formation
in Heqing County, Yunnan Province, China. Leaves are oblong, elliptic or obovate with entire margin or spinous
serrations, 3.1-8.7 cm in length and 1.8-5.7 cm in width. Leaf apex is round, mucronate or blunt round, while leaf base is
heart-shaped, slightly heart-shaped or blunt round, and occasionally asymmetric. The petiole is slightly sturdy, straight or
a bit curved, with 1.8—4.9 mm in length. The main vein of these specimens is slightly zigzagging, with a sturdy base
attenuating to the apex. Secondary veins are pinnate, 7-12 pairs, alternate and parallel with the stretching angles from 40°
to 73°, bifurcating near 1/3 to 1/2 of the leaf margin. Tertiary veins are, relatively thin, 5-7 bands in 1 cm®, and
perpendicular to secondary veins. Quaternary, blind and marginal veins are not clear. The upper epidermis has both
unicellular and multicellular trichomes without stomata, and most of the epidermal cells are nearly quadrangular. The
lower epidermis has only unicellular trichomes and cyclocytic stomatal apparatuses, and the epidermal cells are nearly
quadrangular or pentagonal. The stomatal apparatuses are 20-33 pm in length, 17-27 pum in width , with 2—-6 pm wide in
apertures. They spread casually with the stomatal density of 50398 mm™ and the stomatal index of 8.90%=0.32%. The
guard cells show kidney-shaped, with 5-7 subsidiary cells. These features are similar to Q. rehderiana, Q. guyavifolia, Q.
preguyavifolia and some other extant or fossil species of Q. sect. Heterobalanus, but they are different in terms of density
and type of trichomes. Both Q. guyavifolia and Q. preguyavifolia have more trichomes in total, and multicellular
trichomes in lower epidermis which spread in veins and between veins. The fossil leaves of Q. sect. Heterobalanus in
Heqing and Q. rehderiana have less trichomes, and the former has no multicellular trichome in lower epidermis, while
the latter’s multicellular trichome are just found in veins. Hence, it was designated as a new species—Quercus
hegingensis n. sp. The estimates of palacoatmospheric-CO, using the positive relationships between stomatal frequency
and atmospheric CO, partial pressure in its Nearest Living Relatives (NLRs)—Q. guyavifolia show that, the palaco-CO,
levels in the late Pliocene reconstructed by Q. hegingensis were 263.42+24.86 ppm (equation with extant field collections)
and 234.25+22.49 ppm (equation with historical herbarium samples). These results are slightly lower than most previous
estimates of the same age. Our results are in agreement with other estimates when palaeoaltitude is considered. This
indicates that it is feasible to apply the stomatal index of Q. hegingensis to the positive relationship between stomatal
index of Q. guyavifolia and atmospheric pCO, to reconstruct palaco-CO, levels. Meanwhile, the results further support
lower palaeco-CO, level in the late Pliocene than present. This study provides credible evidence for future palaco-CO,
estimates using NLRs as proxies.

Quercus heqingensis n. sp., Quercus sect. Heterobalanus, Nearest Living Relatives, stomatal index, palaeo-CO,
estimates, late Pliocene, Yunnan

doi: 10.1360/N972015-01198
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