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Neogene Picea leaves from the Baoshan Basin of Yunnan and
their implication for paleoaltimetry
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Abstract Picea A. Dietrich. (Pinaceae) has a rich fossil pollen record. Macrofossils of the genus known to date are
mainly represented by wood and seed cones, while leaves are scarce. Moreover, reported fossil leaves lack microscopic

WS H 31: 2023-04-26; 2001 H #1: 2023-08-28; 3% H#: 2023-08-29

* E R EHRRIEIES(41972023) THIE H AR IS (202301AT070374) =i T3 AN HRIAA 15 H (YNWR-QNBJ-2019-26 1) F1 i [ R}
T i) e A3

ok JEAEE: WKIL, BIFFFT R, e-mail: huangyongjiang@mail kib.ac.cn



334

SEIEAREE: R L B HIE L A2 JE EH L Zong et al.: Neogene Picea leaves from the Baoshan Basin

411

examinations, limiting their taxonomic resolution. In this study, we report a large number of three-dimensional pre-
served leaves and leaf fragments from the Neogene (latest Miocene to early Pliocene) Yangyi Formation of the Ba-
oshan Basin, western Yunnan Province. These fossil leaves are compressed and flattened. The leaf apex is acuminate
and its base is truncated with no petiole. The midvein is obviously raised on both the adaxial and abaxial surfaces. On
the adaxial surface, a stomatal band is present on both sides of the midvein, each comprising five or six, mostly con-
tinuous stomatal files. The epidermal cells are rectangular to elongate with undulate anticlinal walls. On the abaxial
surface, stomata are absent, and the epidermal cells are rectangular to elongate with undulate anticlinal walls. Based on
comparisons of gross leaf morphology and micromorphology with extant species of Picea, we found that the fossil
leaves are most similar to Picea brachytyla var. complanata (Mast.) W. C. Cheng ex Rehder. Due to the absence of
other associated plant organs, it is uncertain if these leaves truly represent this living species. In consequence, we ten-
tatively assign these fossil leaves to Picea brachytyla var. complanata (Mast.) W. C. Cheng ex Rehder. Based on mod-
ern altitudinal range (2000-4000 m) of Picea in Yunnan along the southeastern margin of the Tibetan Plateau, the Ba-
oshan Basin might have reached a considerably high elevation, at least higher than the modern level (1650 m), during
the latest Miocene and the early Pliocene. Given the warmer climate of that period, Picea may have occupied even
higher elevations than their modern counterparts. This finding enriches our knowledge on the elevation history of the

southeastern margin of the Tibetan Plateau.
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Fig. 1 Geographic location and geological setting of the fossil site
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Fig.2 Images of fossil Picea leaves taken under an ultra-depth three-dimensional microscope
A, SEEEIILA, R EREADAIF R (A2), #5345 YYGG 002; B. R5gBEF (b4, 7R354 88 4 79 _E 3R TH (B R 2 1H (B2) K M L
K, ARASS: YYGG 005; C. AZ e it 4, il it 26304 19 _ERE(CHM T K (C2) KR ik, #3455 YYGG 021. HBIRI91 mm.
A. Intact fossil leaf, showing adaxial (A1) and abaxial (A2) surfaces, speciment No. YYGG 002; B. Fragmentary fossil leaf, showing the adaxial (B1) and
abaxial (B2) surfaces of the apical part, both with a raised midvein, YYGG 005; C. Fragmentary fossil leaf, showing adaxial (C1) and abaxial (C2) sur-
faces of the basal part, both with a raised midvein, YYGG 021. Scale bars = 1 mm.
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MESEMES EMERZER . WR1FTR, K
o7 JE BT AR A AR AR e S, BRI )E .
PR WA, mEE. EHRE. SRR .
WMAZ B TRE, R A28 MR JE it i
TR R 1R/ E L, B S R, 3R
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FRA BAERE— D XF . BAZJE I EN LS, 1
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al., 2001, 2004), P& FAT DUAHIX 4y o R FEMN
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B3 HE T A A T iR A R U &
Fig.3 SEM images showing microscopic surface features of the apical part of fossil Picea leaves
A-C. 3R, #45: YYGG 006; A. SRTER, RutR, Bty ik & ik i< fLar; B. AfLi, R 6 5904k €. JFALIX, il 4
o B HgIRAR A8 2% D-F. FRE, /A5 YYGG 007; D. BMATEE, /R, SFIBIRE R ERE Pk, E-F. REECOK, RAEKIE L4010
JB R A% . LI 0.5 mm (A, D), 50 um (B, C, E, F).
A-C. Adaxial surface, speciment No. YYGG 006; A. General view showing acute apex, raised midvein and stomatal bands on both sides of the midvein;
B. Stomatal band with six stomatal files; C. Non-stomatal area; epidermal cells not obvious. D—F. Abaxial surface, speciment No. YYGG 007; D. General view

showing acute apex, smooth surface and weakly raised midvein; E, F. Close-up of the abaxial surface, showing rectangular epidermal cells with undulate anti-
clinal walls. Scale bars = 0.5 mm (A, D), 50 um (B, C, E, F).
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28 MWL 5% 21 NI B BV (1 IR 728 (Huang et al., 2020).
BATCE A A R, BARNIE, HEfis

TR BT T AR B MR i v KR GE, FT LA
BRI B R T REVE . RIIE, FRATR T4 E
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Fig.4 SEM images of microscopic surface features of the basal part of fossil Picea leaves
A-C. L3R, #A5: YYGG 020; A. SBRIEE, mE, #UBRIMIE, B Rt ik & sk < 5L, B, LW, = 5 & FLERMEIE <AL
C. JERALAF IR AR B B RGN % D-F. PR, WA S: YYGG 023; D. MAKTER, w~ETE, 8% 85 K B A ik, B-F. REBCK, &
KHETE 26 B2 40 A B B IROIR 4Bl i 2% . EE1R A 0.5 mm (A, D), 50 um (B, C, E, F).
A-C. Adaxial surface, speciment No. YYGG 020; A. General view showing prismatic, truncate base, raised midvein and stomatal bands on both sides of the
midvein; B. Stomatal band with five stomatal files; C. Close-up of the non-stomatal area, showing rectangular epidermal cells with undulate anticlinal walls;
D-F. Abaxial surface, speciment No. YYGG 023; D. General view showing prismatic, truncate base and raised midvein; E-F. Close-up of the abaxial surface,
showing elongated rectangular epidermal cells with undulate anticlinal walls. Scale bars = 0.5 mm (A, D), 50 um (B, C, E, F).
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Table 1 Leaf morphology of 10 genera in Pinaceae
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Fig. 5 SEM images of microscopic surface features of the middle part of a fossil Picea leaf

A-C. B3R, Ar4%5: YYGG 080; A. BVATEES, i T-HIM T8, BEAD D ok R b RS 00l g <L s B fLl, ek UALEk; €. AR AL R
o0 R B IRARAN AR L %% ; D-F. FRIH, 4545 : YYGG 081; D. SATEZS, 7~ i~ ], Jo LRI M mg i i k. E-F. RIBOKR, =5
TE (3R 5 A R e RAR IR Al B i % . BL Al ROA 0.5 mm (A, D), 50 um (B, C, E, F).

A-C. Adaxial surface, speciment No. YYGG 080; A. General view showing flattened leaf with raised midvein and stomatal bands on both sides of the
midvein; B. Stomatal zone with six stomatal files; C. Close-up of non-stomatal area, showing rectangular epidermal cells with undulate anticlinal walls;
D-F. Abaxial surface of YYGG 081; D. General view showing flattened leaf with non-stomatal area and slightly raised midvein; E-F. Close-up of the
abaxial surface, showing rectangular surface cells with undulate anticlinal walls. Scale bars = 0.5 mm (A, D), 50 um (B, C, E, F).
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Table 2 Leaf morphology and micromorphology of extant Picea
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Fig. 6 Extant Picea leaves and their adaxial and abaxial epidermal characters

A MEMZK; AL B BRI WP, M@, MEEDE, M A2, A3, LR, PRk, P0ESILE, AL 2o AL,
ST STLE; A4, AS TR, £S5, THKER; B. WLa12; Bl (M RRES: T, HRER, MK, T, B2, B3. XM,
HkEER, WOEASALT, BRI 256 R, MAKEI6R AL B4, BS. TR, A1 2% ANESENAILL, PIKER; C. EREK;
C1. #rmh BRI WP, mhoiide, mHEE0E, THm; €2, €3. LK, WhikkEi, WESIH, BASIW 2345 TL, M2%kaid<IL
2%, C4, C5. TR, G125 NELLMSILL, FHkER. HE R A1 mm (Al Bl, Cl), 0.5 mm (A2, A3, B2, B3, C2, C3).

A. Picea brachytyla var. complanata; Al. General shape, showing flattened leaf with acuminate apex, and truncate base without a petiole; A2, A3. Adaxial
surface with raised midvein and stomatal bands on both sides of the midvein; each stomatal band is composed of six, sometimes five or seven stomatal
files; A4, AS. Abaxial surface with slightly raised midvein and no stomata; B. Picea likiangensis; B1. General shape, showing flattened leaf with acuminate
apex, and truncate base without a petiole; B2, B3. Adaxial surface with raised midvein and stomatal bands on both sides of the midvein; each stomatal band
is composed of five, sometimes four or six stomatal files; B4, B5. Abaxial surface with slightly raised midvein and 1-2 discontinuous stomatal files;
C. Picea purpurea; C1. General shape, showing the slightly flattened leaf with acuminate, and truncate base without a petiole; C2, C3. Adaxial surface
with raised midvein and stomatal bands on both sides of the midvein; each stomatal band is composed of three, sometimes two or four stomatal files;
C4, C5. Abaxial surface with raised midvein and 1-2 discontinuous stomatal files. Scale bars = 1 mm (A1, B1, C1), 0.5 mm (A2, A3, B2, B3, C2, C3).
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Fig. 7 SEM images of microscopic leaf epidermal characters of Picea brachytyla var. complanate

A RS BRI, drkEERD; B, AR BRI, PAKREA; C. MR BRI, dhAKEERS, PIIARALL, BRI 6K AL

D. MRS R AR, JEAL, PRKEERE . HRCS0.5 mm.

A. Adaxial surface near the apex, with raised midvein; B. Basal adaxial surface with raised midvein and truncate base without a petiole; C. Middle adaxial
surface with raised midvein and stomatal bands on both sides of the midrib; each stomatal band comprising six or seven stomatal files; D. Middle abaxial

surface  with slightly raised midvein and no stomata. Scale bars = 0.5 mm.

®3 FESEFPESTEBIEMIERSHEEETR, 1993)
Table 3 Altitudinal ranges of extant Picea species at the southeastern margin of the Tibetan Plateau (Wang, 1993)
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12, 52600-4000 m. J& T 732K %E Bow, AL
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2 & X AR T AE 20003600 m. % R BT
20 A RO 3 = T L AE (Zachos et al., 2001;
Zachos et al. 2008; Pagani et al., 2010; Goldner et
al., 2014; Burke et al., 2018), iZAA7 1R 7] g bt H 31
AR G A B T s AR A, TN, EE
DX 2 B ()93 AT BE AN T-2000-3600 miX — ik
JEH. Z TR ee SRR, B BErt LUk, R
A B I X — B A2 @ ) 1) 73 A (B
2555 2003; Xu et al., 2004), W] [FREE R T 241
B R R, 2 BT R ) KA A B A R OR,
& X AE BB o A A R R A R
(Quercus sect. Heterobalanus)TEYI(H R5, 2006;
He et al., 2014), BT & WARHED IS EEAEK
T R SRR B G I TR i AR X, R b
T 2N R o I Be R AR A R S R T IR
G T 2 E o XA o g R HE I o M5 i B, 75
ARG 7 RIZ R F, Horb b X 36 7+
B, BT EETH, AR, 2 b
F+ 73000 mPA_E(Li et al., 2015; Tang et al., 2017;
Li et al., 2018; Su et al., 2019; Xiong et al., 2020);
AT Hb X 6 RO, B ET A TR i, BHAa ot
o BB (525, 2009; Clark et al., 2005; Hoke
et al., 2014; Gourbe et al., 2017; Zhang et al., 2019).
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Fig. 8 Altitudinal ranges of extant Picea species at the southeastern
margin of the Tibetan Plateau and their comparison with the modern
altitude at Yangyi of the Baoshan Basin
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