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Abstract; Bark, the outermost structure of the stem in woody species, plays important roles in protecting stem, nutrient
storage and transportation. Therefore, bark thickness is a very importantly functional trait, and its variation not only affects
various ecological functions of bark, but also affects community construction and species coexistence. However, previous
studies on the bark thickness focused on the fire-prone ecosystem. Bark thickness in fire-free subtropical evergreen broad-
leaved forests has still not been investigated. In this study, we measured the bark thickness of woody species in a subtropical
evergreen broad-leaved forest in Gutianshan National Nature Reserve ( GNNR ), and examined the variations of bark

thickness, including total bark thickness ( TBT), inner bark thickness ( IBT) and outer bark thickness ( OBT), at
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species, family and functional group levels. The results showed that: 1) the TBT, IBT and OBT of 807 individuals from 39
species were 1.90 mm, 1.38 mm and 0.54 mm, respectively. The family Anacardiaceae, Myricaceae and the dominant
families like Fagaceae and Theaceae had larger TBT, IBT and OBT, as well as species as Quercus serrata, Schima superba ,
Cyclobalanopsis myrsinifolia. 2) There were significant differences in TBT, IBT and OBT among species and among
families, respectively. Among different functional groups, the TBT, IBT and OBT of tree species were larger than those of
shrub species. The TBT and IBT of evergreen species were larger than those of the deciduous species. In this study, bark
thickness in the subtropical evergreen broad-leaved forest community of GNNR is relatively thinner than that of the fire-
prone ecosystem, indicating the adaptability of these species to the local humid climate. The significant variation of bark

thickness reflects the coexistence of different ecological strategies within the community.

Key Words: bark thickness; evergreen broadleaved forest; functional traits; niche differentiation; species coexistence
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fraterna) = ARSI
1.2 BTk

T 5 hm FEHA, BCE 2 2% 5 m x 240 m (UREHT (FRAFRITETRE 100 m)  XFREAF AR R 25T 1 em (9T
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Table 1 Variation of bark thickness among 39 woody species

Y MR ARERERE MR AMAREL AR AT Y
Species TBT/mm IBT/mm OBT/mm Individuals Growth forms Life forms
SR Quercus serrata 10.66+5.09 5.17+2.43 5.50+4.29 7 TR ot
KFF Schima superba 5.26+2.58 3.431.62 1.83+2.19 21 FrA Wik
INHFE K] Cyelobalanopsis myrsinifolia 4.99+3.32 4.38+3.11 0.61+0.43 7 PN Hak
BEW Toxicodendron succedaneum 4.71+0.83 3.1820.10 1.53+0.88 3 PN #*nt
¥t Myrica rubra 4.03+2.58 3.20£2.71 0.83+0.44 4 PN Hak
f1¥k Lithocarpus glaber 3.28+2.10 2.56+1.89 0.72+0.45 18 PN G
FHAE Castanopsis eyrei 3.13+2.26 2.101.72 1.03+0.80 73 FrAR ek
WEW} Castanopsis fargesii 3.13+3.63 2.35+2.69 0.90+1.15 22 EIN GiE S
#4¥% Castanopsis tibetana 3.10£1.01 2.51+0.92 0.60+0.36 12 FrAR g
X Cyclobalanopsis glauca 3.10x1.71 2.44%1.56 0.66+0.43 17 PN GiE S
211/ Machilus thunbergii 2.91%1.53 2.07+1.25 0.83+1.00 18 FrA ek
2 K2 8§ Daphniphyllum oldhamii 2.62+1.64 2.21+1.53 0.41+0.24 56 A GiE S
1B Symplocos sumuntia 2.62+1.52 1.83+1.47 0.79+0.34 8 AR Wik
WENA Adinandra millettii 2.57+1.13 2.11+1.01 0.46+0.26 5 HEA gk
R4 llex wilsonii 2.13+1.23 1.22+0.00 0.91+0.00 9 PN G
K252 Eurya muricata 1.99+1.13 1.57+0.03 0.45+0.31 49 HEA Wk
HEAR Loropetalum chinense 1.89+1.34 1.60+1.14 0.35+0.31 19 AR GiE S
WAL Machilus pauhoi 1.67+0.44 1.33+0.36 0.34+0.29 3 TrA e
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W4 SRR AREREE MY MAR%L AR A A A
Species TBT/mm IBT/mm OBT/mm Individuals Growth forms Life forms
J&J¢ & Ternstroemia gymnanthera 1.54+0.50 1.07+0.32 0.47+0.32 8 N Heg
B Acer cordatum 1.43+0.47 1.11£0.40 0.32+0.12 4 AR Lk
W44 llex ficoidea 1.38+0.91 1.04+0.88 0.34+0.24 7 TEA Gt
WEAR T Sloanea sinensis 1.31£0.37 0.82+0.37 0.50+0.24 9 TrA ik
VLAY Vaccinium mandarinorum 1.23+1.89 1.00£1.82 0.23+0.14 9 AR ek
BT llex rotunda 1.14£0.50 0.77+0.45 0.37+0.29 4 HEAR e
BIEBRIR Camellia fraterna 1.09+0.74 0.80+0.52 0.31+0.33 52 HEA ok
YAHFEE Cinnamomum subavenium 1.08+0.56 0.93+0.50 0.15+0.08 8 PN Wk
ﬁifjj(f; var. Chekiangensis 1.08+0.68 0.87+0.60 0.21+0.14 48 HEAR =
LA Symplocos stellaris 1.03+0.44 0.68+0.28 0.35+0.16 3 N G
Wit $EHF Chimonanthus salicifolius 1.000.63 0.65+0.46 0.37+0.25 74 TEA Lk
JEFa kB8 Rhododendron latoucheae 0.95+0.83 0.63+0.25 0.33+0.68 56 AR GiE S
A Syzygium buxifolium 0.94+0.31 0.62+0.17 0.32+0.20 19 N GiE S
IYEIAE Rhododendron ovatum 0.86+0.82 0.63+0.70 0.24+0.20 73 AR GiE S
FE B Ttea oblonga 0.83+0.20 0.54+0.16 0.29+0.09 16 HEA ek
S A Vaccinium carlesii 0.78+0.35 0.56+0.28 0.22+0.08 20 AR GiE S
1L ZT Rhododendron mariesii 0.76+0.21 0.46+0.00 0.30+0.00 3 AR #nt
SeM-A1HR Photinia glabra 0.71+0.39 0.49+0.44 0.22+0.09 3 N GiE S
T DEEA Pieris formosa 0.70+0.37 0.51+0.33 0.20+0.09 17 AR Heg
AEILLIWGHFY Eurya rubiginosa var. attenuata 0.70£0.15 0.50+0.11 0.20£0.08 16 HEA ek
B ILZT Rhododendron simsii 0.67+0.27 0.44+0.12 0.24+0.15 7 AR Pt

TBT: Total bark thickness;IBT: Inner bark thickness; OBT: Outer bark thickness

2.2 MR RRHA 22 5

AABHA] G K JEEBE (P<0.001) (AR BZJRERE (P<0.001) (S 2R (P<0.001 ) HYFHE] 25 5 B4 2. 3%
Forp  BRRE AR B JRE AR, AT 5 SR R AR SR 2B 72 LB USRI A R SRR A R (L 1)
2.3 WREEMERAER

TR ARZETE B S B S (P<0.001, [ 2) AR B2 JREBEE ( P<0.001, [ 2) (A J B (P<0.001, 8] 2) B 3%
KFMEARIHE,
2.4 BRI EE Y AR S A 2 5

B ERISTE IS KRB (P=0.006, 8] 3) 5 A B2 JEEE (P<0.001, 8] 3) S 3 KT 3 S 0E, (H > 25
() g IS B JELJE 25 57 AN W 2 (P =0.528 K1 3) ,,

3 Wit

ABIEFE S B, v FEL L R 2o ] AR ol 14 S B JBE BE -2 {E R 1.90 mm, S8 38 /N RUAE KB A2 75 &
BRI SE RO R JEBE(E 4N, K FE Howard Springs H ARZNFE | L 7Y Botucatu AR R 5L | I 94 i 43z JH M1
Thigh JAERRIRIL B 15 I = SIS T ety R AR o () B P B SR E 43 3510 11.7 9.7 7.3 4.5 mm > SR, Tl
HIAEJEE. Stunt Ranch H375 3 s g A I IR JE 0SS 3 LA VO BEAR 1 AR R R IR 26 e s Dt 7 Al
ARAHT R JEEREACR 1.5.1.2.1.0 mm' o SLAR R[]l X S S [ AR 4 S 20 (g A 1 JEE FE AP E T B 2 5, 1 0, Ak
ZORFGE K B B JEEE S5 AR AT O, I R JEE i 5 A2 S Py S T 1 JRE - 77 O [ B ol IX. 1 40 o A2 G TR AR
], L2 T O B SRR BE B2 5 (BARURITSE Hp B B BORE A AP B AR 7.62 om, SREABFFEH 18 A
[ A DX IR B 72 /N4 8.8 em (1.3—34.9 em) AHZEANK Y LYK A g JR 8 282 55 T R 5 AN [] (9 P55 LA
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Fig.1 Variations of total bark thickness, inner bark thickness and outer bark thickness at family level
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AUMITE R T W B IS FEAE ARV N A S 252 5 R TSR] AR 25 SR O 37, I BB SR A A K O
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JELPR 6T T 1 AR A B2 P 2R 25 SRS LA S DT RE 2 S T B

5 2% 30k ( References) ;

[ 1] Rosell JA. Bark thickness across the angiosperms: more than just fire. New Phytologist, 2016, 211(1) ; 90-102.

[ 2] Paine C ET, Stahl C, Courtois E A, Patifio S, Sarmiento C, Baraloto C. Functional explanations for variation in bark thickness in tropical rain
forest trees. Functional Ecology, 2010, 24(6) : 1202-1210.

[3] WZE, BRA, WA, 318, ERAT, AREZR. T IRE MR I 5 S Y 0 m S kA RE 1 0P, N AR 2R, 2012, 23
(12) . 3288-3294.

[4] Ryan MG, Asao S. Phloem transport in trees. Tree Physiology, 2014, 34(1): 1-4.

[ 5] Pfanz H, Aschan G. The existence of bark and stem photosynthesis in woody plants and its significance for the overall carbon gain. An eco-
physiological and ecological approach//Esser K, Liitige U, Kadereit J W, Beyschlag W, eds. Progress in Botany. Berlin: Springer, 2001
477-510.

[ 6] DossaG G O, Schaefer D, Zhang J L, Tao J P, Cao K F, Corlett R T, Cunningham A B, Xu J C, Cornelissen J H C, Harrison R D. The cover
uncovered : Bark control over wood decomposition. Journal of Ecology, 2018, 106(6) : 2147-2160.

[ 7] Romero C, Bolker B M. Effects of stem anatomical and structural traits on responses to stem damage: an experimental study in the Bolivian Amazon.
Canadian Journal of Forest Research, 2008, 38(3) : 611-618.

[ 8] Pausas J G. Bark thickness and fire regime. Functional Ecology, 2015, 29(3) ; 315-327.

[ 9] Midgley J J, Hempson G, Kruger L, Vickers K. Savanna woody plant dynamics; The role of bark thickness. South African Journal of Botany,
2013, 86. 141.

[10] Pausas J G. Bark thickness and fire regime; another twist. New Phytologist, 2017, 213(1) ; 13-15.

[11] Pinard M A, Huffman J. Fire resistance and bark properties of trees in a seasonally dry forest in eastern Bolivia. Journal of Tropical Ecology, 1997,
13(5) ; 727-740.

[12] Uhl C, Kauffman J B. Deforestation, fire susceptibility, and potential tree responses to fire in the eastern Amazon. Ecology, 1990, 71(2) .
437-449.

[13] TLawes M J, Adie H, Russell-Smith J, Murphy B, Midgley J J. How do small savanna trees avoid stem mortality by fire? The roles of stem diameter,
height and bark thickness. Ecosphere, 2011, 2(4) ; 1-13.

[14] Lawes M J, Midgley J J, Clarke P J. Costs and benefits of relative bark thickness in relation to fire damage: a savanna/forest contrast. Journal of
Ecology, 2013, 101(2) ; 517-524.

[15] Ratnam I, Bond W J, Fensham R J, Hoffmann W A, Archibald S, Lehmann C E R, Anderson M T, Higgins S T, Sankaran M. When is a * forest’
a savanna, and why does it matter? Global Ecology and Biogeography, 2011, 20(5) : 653-660.

[16] Poorter L., McNeil A, Hurtado V H, Prins H H T, Putz F E. Bark traits and life-history strategies of tropical dry- and moist forest trees. Functional
Ecology, 2014, 28(1): 232-242.

[17] Rosell J A, Olson M E, Anfodillo T, Martinez-Méndez N. Exploring the bark thickness-stem diameter relationship: clues from lianas, successive

cambia, monocots and gymnosperms. New Phytologist, 2017, 215(2) : 569-581.

(18] TFHAME, BagUs, NEV. i HILEY SRR, BUM . WIVTRRARR B AL, 2019.

[19] Condit R. Research in large, long-term tropical forest plots. Trends in Ecology & Evolution, 1995, 10(1); 18-22.

[20] VEBRAE, WAL, BRFAESC, ZRERLL, TR, oy LR S i iobk 2R RP 2002—2007 4R BT B, A=W 2 HREHE, 2011, 19(2) : 178-189.
[21] N, BRIBUR, TBOR, 07, fild, BRFSSC, Rubg, PREE. BRVTIR RIS A R B LR S RO A A (9 07 4 ERTRRAE. A28

http ; //www.ecologica.cn



8 1

GERTE A5 i P UL TZ R o o] PR B B2 88 119 2% S i 3177

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

#ft, 2018, 38(10) : 3562-3568.

R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria; R Foundation for Statistical Computing, 2019.
EEMS, MR, A, B, TR ST IREMERH SR B KERETFN. AR, 2013, 33(20) : 6604-6613.

Yu X Q, Gao L M, Soltis D E, Soltis P S, Yang J B, Fang L, Yang S X, Li D Z. Insights into the historical assembly of East Asian subtropical
evergreen broadleaved forests revealed by the temporal history of the tea family. New Phytologist, 2017, 215(3) : 1235-1248.

Ackerly D. Conservatism and diversification of plant functional traits: evolutionary rates versus phylogenetic signal. Proceedings of the National
Academy of Sciences of the United States of America, 2009, 106(S2) : 19699-19706.

Zhang S B, Cao K F, Fan Z X, Zhang J L. Potential hydraulic efficiency in angiosperm trees increases with growth-site temperature but has no
trade-off with mechanical strength. Global Ecology and Biogeography, 2013, 22(8) : 971-981.

Liu X J, Swenson N G, Zhang J L, Ma K P. The environment and space, not phylogeny, determine trait dispersion in a subtropical forest.
Functional Ecology, 2013, 27(1) : 264-272.

Liu X J, Swenson N G, Wright S J, Zhang L. W, Song K, Du Y J, Zhang J L, Mi X C, Ren H B, Ma K P. Covariation in plant functional traits
and soil fertility within two species-rich forests. PLoS One, 2012, 7(4) : €34767.

B, KREE, EULEE, W/, Thol T WV F LR SR I MO AE RS S ki R AR N 22 5. b E AR Adnfleg, 2016,
46(11): 1312-1323.

Ackerly D D, Cornwell W K. A trait-based approach to community assembly: partitioning of species trait values into within- and among-community
components. Ecology Letters, 2007, 10(2) : 135-145.

TEHE, EVEA, KT, AR, 5 R. PRSI AR AR, 2017, 25(4) ; 345-354.

Peakte, DioF- AT AL IR R B S e . AR A4, 2002, 26(S1) : 1-8.

http ; //www.ecologica.cn



