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Abstract; Karst regions are characterized by exposed rock, shallow soil, and poor water retention. A comparative analysis
of tree traits in exposed versus covered karst habitats is essential for understanding species-specific ecological adaptation

strategies in heterogeneous karst environments. Previous studies have primarily focused on contrasts between karst and non-
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karst ecosystems, with limited attention given to habitat heterogeneity within karst landforms. This study aims to elucidate
the differences in economic, hydraulic, and anatomical traits of trees in exposed and covered karst habitats. We selected
five dominant tree species from typical subtropical exposed karst ( bedrock-exposed) and covered karst ( soil-covered)
areas: Cinnamomum burmannii, Liquidambar formosana, Osmanthus fragrans, Eriobotrya japonica, and Cinnamomum
camphora. The measured traits included; (1) leaf traits, which are comprised of Huber value ( Hv) , leaf dry matter content
(LDMC) , specific leaf area (SLA) , stomatal density (SD) , guard cell length (GCL) , stomatal area index (SAI) , upper
epidermis thickness (UET) , palisade tissue thickness ( PT), spongy tissue thickness (ST), lower epidermis thickness
(LET), total epidermis thickness ( ET), and leaf thickness (LT); (2) branch traits, which consist of wood density
(WD) , sapwood water content (SWC) , vessel density (VD) , hydraulically weighted vessel diameter (D, ), theoretical
maximum branch hydraulic conductivity (K, ), and Carlquist vulnerability index ( VI). Key findings include: (1)
Variation in the 18 measured traits differed substantially. For leaf traits, coefficients of variation (CV) ranged from 16.9%
(leaf dry matter content) to 97.4% (leaf area). For woody tissue traits, CVs ranged from 24.4% ( sapwood density) to
90.9% ( Carlquist fragility index). (2) Trait variability was generally higher in trees from covered karst habitats ( CVs.
17.1% to 101.4% ) compared to those from exposed karst habitats ( CVs: 14.2% to 69.0% ). Significant differences ( P<
0.05) between habitat types were found for specific leaf area, guard cell length, stomatal area index, spongy tissue
thickness, upper epidermis thickness, and leaf thickness. (3) Leaves exhibited divergent trait covariation strategies
between the two habitats, whereas branches showed convergent patterns. Branch-leaf trait covariation was closely coupled in
covered karst trees but significantly decoupled in exposed karst trees. (4) Principal component analysis (PCA) revealed
distinct trait integration patterns. In exposed karst habitats, leaf traits were functionally integrated along an economic-
hydraulic dimension. In contrast, leaf traits in covered karst habitats achieved multidimensional differentiation across
economic, hydraulic, and anatomical structure dimensions. Branch traits in both habitats exhibited a consistent two-
dimensional structure, with the hydraulic dimension prioritized over the anatomical structure dimension. This study
demonstrates that trees in exposed karst habitats predominantly adopt a conservative survival strategy, while those in covered
karst habitats favor a resource-acquisition strategy. This divergence is reflected in significant differentiation in branch and

leaf traits between the two habitat types.

Key Words:; hydraulic traits; anatomical structure; economic traits; branch-leaf trait differentiation; Karst region
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Table 1 Basic characteristics of exposed and covered karsts
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and longitude

HREFER Exposed 25°10'N, 110°15'E 50—600 NG 5—10 Y= = ] > 80
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Table 2 Basic Information of Samples

Yir sk B4 A5 AR MR AL/ 6 RS O A
Species name Family name Life form Growth form karst distribution
FH# Cinnamomum burmanni 1Bl Lauraceae FrAR W L

WF Liquidambar formosana MR Hamamelidaceae TrA &t UL/ H W

FEAE Osmanthus fragrans AR} Oleaceae INFRAR G S 1B UL/ W

HEME Eriobotrya japonica L Rosaceae EIN G I/

Tt Cinnamomum camphora 18l Lauraceae FrAR GiE S L
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Table 3 Total characteristics of dominant tree traits

LE2N A AR ERE RKRHE R/ME 5t FE %
Tait Mean +Standard error Maximum Minimum Coefficient of variation
H,/(cm?/dm?) 0.04+0.03 0.11 0.01 63.0
LDMC/ (g/g) 0.47+0.08 0.60 0.28 16.9
SLA/(dm?/g) 1.63+1.59 7.65 0.50 97.4
SD/(A~/mm?) 539.76+128.83 755.43 207.74 23.9
GCL/pm 19.96+3.43 27.08 13.53 17.2
SAI 0.22+0.08 0.46 0.10 38.1
UET/pm 20.80+9.19 42.30 5.84 44.2
PT/pm 68.57+31.78 159.74 18.82 46.4
ST/pm 102.29+31.32 178.16 12.06 45.7
LET/pm 12.88+3.68 20.77 4.28 28.6
ET/pm 33.62+11.24 58.16 11.51 33.4
LT/pm 204.57+64.34 386.75 61.41 31.5
WD/ (g/em®) 0.55+0.13 0.98 0.19 24.4
SWC/ (%) 0.94+0.27 1.63 0.52 28.5
VD/ (A/mm?) 263.56+187.26 597.69 58.51 71.1
D,/pm 28.09+8.69 48.09 18.66 30.9
K,/(kgm™ MPa™' s7')  3.70+3.07 12.53 0.73 82.8
VI/(mm/m?) 219.81+199.70 666.89 32.32 90.9

TR (B bR e 25, A8 S R B €V = (hrifE 22/ 49 (H ) x 100% ; H, ; $11A1 /5 {8 Huber value; LDMC; M1 #) 5 7 & leaf dry matter
content; SLA ; LI TR specific leaf area; SD ;AL stomatal density; GCL: 4 T4 guard cell length; SAT: LI AR5 %L stomatal srea
index; UET: I JERE upper epidermis thickness; PT: #HFZHZUSE palisade tissue thickness; ST: H4RZ1ZUREE spongy tissue thickness; LET:
FEZJERE lower epidermis thickness; ET: 832572 epidermis thickness; LT FJEJE leaf thickness; WDk 35 wood density ; SWC : $1 44161 Fl
/K3 sapwood saturated water content; VD FAFHE vessel density; D, : /K FIHIHFLE AL hydraulically weighted diameter; K, : 825 HE i K TR

stem theoretical maximum hydraulic conductivity; VI Carlquist i 55 P+ 5 carlquist vulnerability index

3.2 PREEAVHIZE 5 RUA IS IREE T MR AR SRR

& 4 1,5 P ATEAR MBI M RAEA R AR T (G S SR AR R ESR . MEBEALAH T
PEIRAR T8 BE R 14.29%—97.0% , 78 36 B A N HIRAS SR B 17.1%—101.4% , B 3 AVA W XTI H, |
SLA .GCL SAL .PT ST LET LT D, K, VI ARIER THER A, SUE RN, EEm A TIRSHITEA
) LDMC ,SLA .SD . GCL SAL PT ST LT .SWC.VD D, K, IR R & THEN AR, NEASEZH,
SLA \GCL,SAL. ST LET LT AR 25 8 8] B E K- (P < 0.05) , AR A IR ) i K,
3.3 R HRR A B R S B

PEIRARSEAEA AT RO (] 2) , A TR AR A PR 2 55 DR 0 gt e PR =2 10 770 Al 553 T 8 5 A A Sk
(P<0.05) , A FTHR A PR IR 57K 7 R Z (B AR AR AEAR S . i ok Mtk S Z8oK Mtk 2Z el 7
T 538 IR ARG (E T R AR S A K F1 R 22 (] il | SEA A e AR ek

I R PR O B, R TR DX 5 8 T AR5 8 DX T AR R Bt AN [R) A bR D ) s ( 1 2) 7 i AR
A EAZRIE (H,) 5 M A (SLA) 2 B F B (r=0.76, P < 0.01) , 15L& (SD) £ i35 fAH
K(r=-0.48, P<0.01) ,FKIM F K5 SRR S50E BRI R % OCH:, A, Tt & & (LDMC) 5
PRI E (GCL) B F IEAH S (r=0.72, P>0.01; & 3B),1fi SLA 5 GCL 2 3 i€ (r=-0.79, P<
0.01) , N T 0 J 2549 - D REMER U BRI R . M2 T B8 A IX I bR e PR 4255 , /L LDMC 5 SLA
T B E G (r=-0.62, P<0.01) 17 H, FAHABMRIY T0 83 SCHE (P>0.05) | B /R iz A58 N FR AT fig i
UL R LIVA ST 6 RN RE ST IVEZ 271 ) SIS
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Table 4 Statistical results of differences in mean trait values of trees in different karst habitats

PR PRER LA BERAAE RER LA TR S R % B RUA TR S B %
Trait Exposed karst Covered karst CV in exposed karst CV in covered karst
H,/(cm?/dm?) 0.03+0.02a 0.05+0.03a 64.6 59.0
LDMC/(g/g) 0.47+0.07a 0.47+0.09a 14.7 19.2
SLA/(dm*/g) 1.19+0.59b 2.07+2.10a 49.6 101.4

SD/ (4~/mm?) 546.93+113.64a 532.58+144.45a 20.8 27.1
GCL/pm 18.64+2.65b 21.29+3.67a 14.2 17.1
SAl/(—) 0.19+0.05b 0.24+0.10a 26.0 41.0
UET/pm 21.88+10.15a 19.60+7.93a 46.4 40.4
PT/pm 63.01+23.97a 74.71+37.93a 38.0 50.8

ST/ pm 89.10+24.33b 117.12+31.88a 38.6 42.7

LET/ pum 12.14+3.76b 13.69+3.45a 31.0 25.2
ET/pm 33.92+12.19a 33.30+10.23a 35.9 30.7
LT/pm 187.78+48.64b 222.74+74.15a 25.9 33.3

WD/ (g/cm®) 0.58+0.15a 0.52+0.11a 25.7 21.6
SWC/ (%) 1.00+0.28a 0.89+0.25a 27.9 28.6

VD/ (~/mm?) 274.86+189.79a 252.88+189.69a 69.0 75.0

D),/ pm 27.46+7.19a 28.68+10.08a 26.2 35.1
K,/(kgm™ MPa™'s™")  3.1241.37a 4.26+4.05a 44.0 95.0

VI/ (mm/m?*) 207.12£200.99a 231.79+203.54a 97.0 87.8

F PRI R B AR 22 AR FRHCFRR R A AR B TR B3 22 5% (P < 0.05)

R FEBHARIIHT B | BAR VR ISR TR (B TR A A 7K PR E 2 B AR B0 38 AR 2 (181 2) , K Ja A
HRZ(D,) 5SHItHKFKE(K,) ¥R D ZFEMHC(HER . r=0.60,P<0.05; 35 .r=0.89,P<0.001) , 15
FEBE (VD) 2B ARG (REEY . r=-0.85,P<0.001; B w8 .r = -0.60,P<0.01) . XFfE[a] PR OCHK
BRI R PRI IR 22 7 W3 TR AR T /K 01 353 1 D Ak SR ek 10510 25 AR AL ) SRR A

Tl - PR G AR X 7 2 AR B ) R R 2 0 5 (&1 3) o 7 3 R TR IX TR R i B M 2 A - P ) 5%
&, 434% H,-K,, LDMC-VD SLA-D, 5§ 9 20 JCHEVERAAAAE 35 0CHK (P<0.05) , N 1 i SRS PRIR B 5
GEPEDNIIE R TR R 75 A X0 2 A A R - R AR G, XTI B YR R R A B 1Y SR R B O i
SR ST AL IR BRI AR ] AR A T S I 3R, A R R, s R AR B TR IR oRCR A Uk
D[] SRS, T AR A 5 B U e AR Ak ST N, RN TR R A AR S AR A
3.4 MR ERS P

FREAT AT (] 3) |, 25 K 7R PR S B0 A S A A o A A% SR T X = A E RS B
THRERERIK 70.94% , Hord PC1(39.07% ) FELAZ A HIFFEIK By, K27 - 45 Fa £ 58 5 W PC2(16.36% ) FAIE
CEBCPEARAS S RIR T W8 PR AR B~ (AT s PC3 (15.51% ) FZK JTRHE 5, RN T /K AMEcR 25 5%, %
P IXAE = 2R X 3R B 3 T B B, R G UK - R A B ) 40k T R A DX R 42
Ve 57K I HARAE PCA S EE & /R LD BER WS i 48 Gt it

TR EE R BN ([ 4)  BAHRAR T R B XU FE 2540, R X PC(44.48% ) %2tk J1 8K 3
PEAR (K, D, VD Fif 238w ) , RAE 8 1 i 0% 8 57 PC2(27.99% ) LA F R AE R 3252 (WD . SWC fif 8 it
)R BALE I ARG , WIS TR A b (R aE AL ) 7R 4 B B R — . K 1 T RE
(PC1) >fRHIZEF (PC2) | SO A Vs A 0 3t LA K 43 5 Ry QSR W il XA K AR Se i et = AR B 12
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