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Abstract: As a supplement to the traditional community structure index system, eco-exergy is applied to forest ecosystems
to quantify the bio-thermodynamic spatial structure of the community by measuring the genetic information contained in the
species, and to measure and evaluate the stability and health of the community. Based on the eco-exergy theory, the spatial
heterogeneity and distribution of tree layer and shrub layer of Pinus taiwanensis community in Daiyun Mountain were studied

by geostatistics and GIS technology. The main results are as follows: (1) Tree layer and shrub layer are the main
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contributors to community ecology and structure, respectively. (2) P. taiwanensis population has higher competitiveness and
survival probability in the community, and the contribution rate of community ecology is 98.39% , which plays a key role in
maintaining the stability of community structure. (3) Eco-exergy and specific eco-exergy of tree and shrub layer have strong
spatial autocorrelation on the local scale, and their spatial heterogeneity is mainly caused by structural factors, accounting
for more than 75%. (4) The eco-exergy and specific eco-exergy of tree and shrub layer show obviously banded and patchy
distribution. There are many obviously high value areas, the isoline is curved and dense, and the degree of spatial
heterogeneity is high. The study could not only confirm the thermodynamic status of P. taiwanensis population in Daiyun
Mountain, but also highlight its crucial role in maintaining community stability and complexity. The results could provide a

theoretical basis for the succession dynamics and sustainable management of P. taiwanensis community.

Key Words: eco-exergy; specific eco-exergy; community structure; spatial heterogeneity; Pinus taiwanensis
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Fig.1 Location of the study area and the sampling points
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Table 1 Species composition of P. taiwanensis community in Daiyun Mountian

- 2% Abundances T/ % H: Wi Biomass/ ( g/mz )
Species i TeA Sz A2 Important TR WA
Community Tree layer Shrub layer value Tree layer Shrub layer
HeIHA Pinus taiwanensis 5607 1616 3991 32.11 40780.23 14951.26
X1 Eurya groffii 7460 4 7456 9.29 1.97 84.58
AR IR 5 Bredia sinensis 5612 0 5612 6.79 0.00 12.03
WLLLZT Rhododendron pulchrum 4331 0 4331 6.16 0.00 74.97
S B Vaceinium carlesii 2470 9 2461 3.77 6.20 10.56
VLRI LMY Clethra cavaleriei 1265 195 1070 3.75 1777.79 32.55
REFALRS R. latoucheae 1424 54 1370 3.66 871.53 36.57
A E. saxicola 1564 0 1564 2.87 0.01 11.04
EER Symplocos glauca 475 18 457 1.92 339.15 100.11
EILLTMGHY E. rubiginosa var. attenuata 692 0 692 1.73 0.00 8.64
211 Machilus thunbergiisieb 223 45 178 1.68 1285.53 4.61
Ty e

Ajfij(z‘jdrr;;l;iitoloma var. macrosepala 319 2 20 1.58 34151 942
AETIALEY R. eudoxum 224 0 224 1.35 0.00 7.33
S B B Trea omeiensis 412 1 411 1.03 3.25 5.33
WHILZL R. mariesii 284 0 284 1.05 0.00 3.67
INHT5AE Syzygium grijsii 271 0 271 1.04 0.00 5.94
Bl 275 llex crenata 221 12 209 1.04 5.83 3.08

4.2 BFILFMEE A R R R A A AN ZE R i o3 A
B SR IMMEE AL 5 R B 4.17%0—66.77 %0 22 18], AT 25850 B2 1) 25 (8] A2 Sk (3R 2) , RIS
Bn 2z Ferdivh . 452 A2 M5 S5 A0 23 B 405 R 4% A 25 ST R IO NHR R . BV AR SMLEEL 171 x
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10° kJ/m* (£ 3) , FEARZAESMEME R 1.26x10"° kI/m* (£ 4) , BEE A S MEE P TRA)Z, EILMIERE
% TARZHBERZ R TTERE R S T 97% , TERETS (1.68%x10" kJ/m?) FFARJZ (1.23%x10" kJ/m?) FIHE A )2
(4.52x10° kJ/m? ) A S MIME Y S e, LIS TERE VR Hh T A X A3 . ARFFAERE I RN AR )2 rp AR 2 MME SR
THEIFY, 43910 9.00x107 kJ/m> il 8.78x107 kJ/m*(F 3 .4.5) . FeARZLEHI M AEME N 1.83%10° k)/g(F 4) ,
HER)ZEEF M BB R 2.45%10° k)/g (R 5) , BERZAEGE R M rh 3 K LU E o8 LR B % 45 4 ) 1 o i
(3.02x10° kJ/g) o 5 b FRBHE LA RERT AR VR 2540 10 52 2 M S e LA SCHME T . TR 22 5
AN F TR, BEARZ ISR I 25 MY £ 2 DTk

F2 EBMBEESIAMSRIASIHHE

Table 2 Statistical characteristics of eco-exergy and specific eco-exergy in P. taiwanensis community

" b2z RURSAI R
b /M SN FHE - TRFRE Wekig Rk
Types of exergy Minimum Maximum Average deviation cv K-S test

(P=0.05)
B LS The community Ex,CEx 2.54x107kJ/m? 3.74x10%k)/m> 1.71x10%kJ/m> 6.85x107k]/m>  40.00% 0.20*
HETE LRI The community SpEx, CSpEx 1.34x10°k]/m  3.02x10°kJ/m  2.57x10°kJ/m  3.45%10*k]/m 13.42% 0.20"
TR ARZHAZS M The tree layer Ex, TLEx 4.27x10°k)/m? 3.21x10%kJ/m? 1.25x10%k)/m? 7.46x10’k)/m*>  59.73% 0.20*
FEARIZEEHI I The tree layer SpEx, TLSpEx 7.11x10%k)/m  3.02x10°k)/m 2.39x10°k)/m  5.30x10*k]J/m 22.14% 0.20*
HEARZEZSJH The shrub layer Ex, SLEx 7.61x10°k]/m? 1.21x10%k]/m> 4.29x107kJ/m> 2.86x107k]/m?>  66.77% 0.20*
HEARZZ5H ) The shrub layer SpEx,SLSpEx ~ 2.37x10°kJ/m  3.01x10°kJ/m  2.90x10°kJ/m  1.21x10*k]/m 4.17% 0.20"

s BG4 3k Z938538h ( Johnson ) #5146t Data is Johnson transformed

R3 BUMBEETERMEESE ERETMEREEP,)

Table 3 The eco-exergy and specific eco-exergy and P of main species of P. taiwanensis forestry

Yy F H I Ex/ 45 SpEx/ FE TR DTk R
Species (kJ/m?) (kJ/g) The community contribution rate, P/ %
HILAS P. taiwanensis 1.68x10' 3.02x10° 98.397
A1af Schima superba 9.00x 107 4.52x10* 0.526
2146 M. thunbergiisieb 2.71x107 2.10x10* 0.159
YL LA C. cavaleriei 2.57x107 1.42x10* 0.150
KEF) A A. glischroloma var. macrosepala 1.59x107 4.52x10* 0.093
I Michelia maudiae 1.17x107 4.53x10* 0.068
EAEWAN S. congesta 1.00x107 1.99x10* 0.059
L5 F Litsea cubeba 9.18x10° 3.51x10* 0.054
EEW S, glauca 8.75x10° 1.99x10* 0.051
JESAAEES R. latoucheae 8.38x10° 9.22x10° 0.048
ST Total 1.71x10" 2.66x10° 1

x4 HUMKFTAREEERMEESE EEBMETHKE(P,)

Table 4 The eco-exergy and specific eco-exergy and P, of main species of the tree layer in P. taiwanensis forestry

YyFp H U Ex/ 4EF M SpEx/ PN &S
Species (kJ/m?) (kJ/g) The tree layer contribution rate , P /%
H UM P. taiwanensis 1.23x10'° 3.02x10° 97.927
A S. superba 8.78x107 4.52x10* 0.698
Z1K8 M. thunbergiisieb 2.71x10’ 2.10x10* 0.215
TR UM C. cavaleriei 2.52x107 1.42x10* 0.201
KREF) A A. glischroloma var. macrosepala 1.54x107 4.52x10* 0.123
WL M. maudiae 1.14x107 4.53x10* 0.091
FAEIIBL S. congesta 1.00x107 1.99x10* 0.079
WIEF L. cubeba 8.76x10° 3.51x10* 0.069

HE AT Fokienia hodginsii 8.35%x10° 1.56x10° 0.066
REFAKERY R. latoucheae 8.04x10° 9.22x10° 0.064
STt Total 1.26x10' 1.83x10° 1
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x5 HUMWEREEEMMEESE SRBMETRKE(P,)

Table 5 The eco-exergy and specific eco-exergy and P, of main species of the shrub layer in P. taiwanensis forestry

L A Ex/ 45 SpEx/ NS
Species (kJ/m?) (kJ/g) The shrub layer contribution rate, P /%
FIHS P. taiwanensis 4.52x10° 3.02x10° 99.704
Xits E. groffii 4.11x10° 4.85x10* 0.091
KA S. superba 2.15x10° 4.52x10* 0.047
EHBS. glauca 1.99x10° 1.99x10* 0.044
WL 2T R. pulchrum 6.92x10° 9.22x10° 0.015
HH E. saxicola 5.36x10° 4.85x10* 0.012
YLREGIIMN C. cavaleriei 4.62x10° 1.42x10* 0.010
KEEF) EHIA A. glischroloma var. macrosepala 4.26x10° 4.52x10* 0.009
AEILLTMGHY E. rubiginosa var. attenuata 4.20x10° 4.85x10* 0.009
II#EF L. cubeba 4.16x10° 3.51x10* 0.009
ST Total 4.53%10° 2.45%10° 1

4.3 A RHEERE A A3 1) S o

MR 6 RN 2 TN, 45 A 25 AN 25 74 R 5 Bl A 0.490—0.950 , [T £ A% FE 55 v, 45 A= 25 M RN 245 ) 6 5% 22
LT 0, BUA R Ry, FWABEAY AT Sz RAFF 5 X A 25 KRN 285 460 M0 2 o) A AR RS AIE 45 25 A6 44
PR AAE I BN BT 0, 3R BT SE50 R 22 AN T s/ NBRE RS R A BEHLAS 8/, TR 2S5 M &
{HE K (1.070) , 25 18] 5 T ME R B o oy 5 E VR 285 P T2 5 [ /N (0.850) , 25 [A] S PR B e (IR, AR X AR 2
RN AT RO AR SR B 15.20—29.10 m, Hrh R )Z S5 40 M AR FR 5 K (29.10 m) , e B L7258 a] 7% 22
PESF, BFGEIX S TEARJZ S5 F0 M T A2 G540 M TEVE AR A M TR A2 AR 25 M A J2 A 25 RT3 7 45 4 6
SITE 29.10 m . 20.61 m.19.10 m.18.53 m18.30 m F1 15.20 m 78 [B N FETEAS ] EH AH G

F6 EXEMENELERREBRERNEXRSH

Table 6 Relevant parameters of theoretical variogram models for eco-exergy and specific eco-exergy

s Moran 184 4 fH RAME ARER S Al SRR P R A BR2EH
Types of exergy Moran 1 Co (Co+C) Ao(m)  C€/(Co+C)  Theorelical model R? RSS

TEEEZS I CEx 0.155 0.049 0.954 19.10 95.0%  Spherical BRI 0.721 0.009
HEIE 4540 JH CSpEx 0.102 0.001 0.850 15.20 99.9%  Spherical BRIRFEE 0.625 0.011
TeARJZEZS M TLEx 0.245 0.135 0.943 18.53 85.7%  Gaussian fm HiA5AI 0.868 0.006
AR JZ LR JH TLSpEx 0.122 0.182 1.070 20.61 83.0%  Gaussian 15 B2 0.950 0.004
HEARJZHZS M SLEx 0.247 0.024 0.938 18.30 97.4%  Exponential 1§ H 1 0.490 0.011
T 2254 JH STSpEx 0.300 0.146 1.055 29.10 86.2%  Exponential F5 57 0.766 0.013

Wz LB LA SR AR AR SS K M 25 LR T 75% (3R 6) , AR RUEE B34 HAT SR ZU A 2 1] AR
Ko FERTHRERIE/NTARCERTE RN, 5 A2 A SIS M 23 8122 S B S5 PE N 15 83.09%—99.9%,
BEPLIEN T 7 0.19%—17% , RWIFERE T g fe b i 3 ot AR U oA S S S5 A R IR 15 | Ay
() S B o 32 et BERH AT RAT 5 ARG 3, i A TS5 BEAI L R 15 | RS 1) 2 ) e B P58
4.4 RG] o3 A R AR

R T RS A SRS IR ZE BB BIE T 0, 2977 MR 22 FIPF- PR iR 22 50T, b vl 7 AR
TRZEHIL T 1, RIS LE A5 MR SS AL KT br el (6 FORS BE e , ] T A A TR 2 b 2 18] A Bt . AL 3 )
R, 2% 2 A 25 MRS AL T S W S AR AIBEBOAR 0A , S5 (E 2 25 i 2 4, 25 [ S TR PR AR B s, 7T ST IX R
AEFBEIHBURAEIX 252 A S MHEAE AT 58 DXAR 2 Pl | o8 R B MR R i 3 0 A A R (ELIX B AT AR JZ 1Y
SERA KTMEL 32 1 DY e R RIAR i r S s B s (X, A P Pt B ELIX  BEAC SR S5 M MM PY AL A 2R R i
BRI,
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Fig.2 Semivariograms of eco-exergy and specific eco-exergy
Fx7 WEERBELZXWIESE
Table 7 Cross-validation analysis to the interpolation accuracy
185 Index BEEAERMN BERSHM RARBERM FARBEMM EARBAESM  ERBEWIHE
e e CEx CSpEx TLEx TLSpEx SLEx SLSpEx
¥/ 2% Root mean square error 9.31x107! 9.36x107! 8.50x107! 1.00x10° 8.94x107! 8.68x107!
PIHIR 22 Mean error -7.42x1073 1.52x1072 -1.58x1073 1.67x1072 2.29x1073 3.20x1073
R 7 AR 2
R R . 9.98x107" 1.00x10° 1.01x10° 9.93x107! 9.69x107! 9.54x107!
Root mean square standardized error
FHFRIETR2E Average standard error 9.33x10"! 9.32x10! 8.46x107! 1.01x10° 9.52x107" 9.13x10™"

5 i

Wz LB LARTEREE TEAZREA 2 A M ST I8 5 T 97% , 7045 )2 2546 M v A AR 45 d s, 6 W ¢
LLPATE TR VR S AR RS R Tk v 3 S SR E T, A B 2 A e O BEVR S M sk K . JRIRIAE T8 = 111 1400—
1600 m MEHRAL , 3 ILAAFHEEOL S B (MR S H AR 1415 m) ) ZEREVS rh 4 W R e VR F S 22 | 3 50
HERR oAb > Wz (DB LA R T R B P TR Z , G50 M0 5 2 5 R ], R 2 1 R 0%
H PR HE L 250X v [ 4R S DU o B AR A2 25 PG 5 & B0, S B N T bR A 25 K Y 2 sk
BENTEAR)E  BARIEA 2 25 2540 M0 1) 322 TR 5 280 A5 X8 1L 20 A g TR 45 44 I A 9
B, TR A2 A 2 43 S A A AN 25 R T SRR HE B S A SO e 4 SR AR — 8, R T A S R R
FEPRTAY R, FRARZIA SR Y R TA)Z B S EZE STk E D S5 E R KN
B TR R 5, W 2 A5 M B T, DR T R SR 2 M M ) E B Sk
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Fig.3 Spatial distribution map of eco-exergy and specific eco-exergy in P. taiwanensis forestry shrub layer
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