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Abstract; Species conservation, especially of endangered species, has become a major focus of the international ecology
community. Global biodiversity is in decline, which is affecting ecosystem functioning, and efforts to protect and mitigate
this decline are necessary. Within the last few years, the endangered plant species Abies chensiensis has experienced
unexplained mortality in the Xiaoqinling national nature reserve. The analysis of potential causes of this mortality is
necessary to avoid further loss of A. chensiensis. This study examines the condition of living trees to identify the cause of this
widespread mortality and suggests a management plan for the protection and population recovery of A. chensiensis. Ecological
communities are complex systems characterized by multiple interacting processes, and the growth and death of species is a

complex process. Univariate statistical methods do not provide sufficient information to identify the requirements of ecological
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development. The structural equation model (SEM) is a multivariate statistical method that can solve complex problems and
that is increasingly applied by ecologists to solve complex problems. SEMs provide a unique perspective in addressing
scientific questions. A census of all living and dead A. chensiensis trees in Xiaoqinling was used for a comparative analysis.
The distribution pattern and structure of living and dead trees, combined with correlation analysis, partial correlation
analysis, and SEM was used to explore the conditions of live individuals and the cause of mortality. Dead trees had similar
distribution patterns as living trees. The ratio of large and small trees was small for living A. chensiensis; dead trees were
mostly young and middle-aged individuals. The distribution of A. chensiensis was significantly correlated with elevation,
slope, soil moisture, and soil temperature. SEM analysis showed that the living individuals were significantly positively
correlated with soil heterogeneity, while dead trees showed a negative correlation. There was a stronger negative correlation
between dead trees and position and topography compared to living trees. These results suggest that the numbers of A.
chensiensis seedlings and young trees are low and that the ability of the species to regenerate is poor. Abies chensiensis
mortality is likely caused by local environmental changes, rather than by a single phenomenon, and the growth and
regeneration of A. chensiensis is closely related to elevation, slope, and soil water content. To protect A. chensiensis, changes
in the microenvironment must be minimized and human interference with the environment must be reduced. Heterogeneity of
soil moisture and temperature promotes growth and is an important environmental factor that influences mortality. The
observed mortality of A. chensiensis may be a result of human activity and gradual climate change that has affected

precipitation, temperature, and other environmental factors.

Key Words: endangered plant; Xiaoqinling; Structural Equation Models; soil; topography
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ZRIRYE K2 (Abies chensiensis) JENFHA K2R H ST AR, WK E AR 2P fatiyy, F 20 m & EI Mt
ZRU VR RS T30 B, ARTTRA AR, B S A2 I, S AR5 1 R 1 R A bR A 7= B IR AR ) R v 2 B R TR
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A RARBLA I ZR , H AP AR AR R/ INE ISR AR 18R DBH IR R A i A (AR s A5 A IEAS 0 A1, Ir A 728
AT T log Fetfe, RN J7 GEt AUG D0 BE 38 BOMAS 15 - B AR BOR PPN RS 1927 . SEM
S R R SRR bR AT DL it B fitindices =c (" GFI" , "RMSEA" , "NFI" ) {53,

AT ITA AT A F I EGE 224k F R 2.15.3( R Development Core Team, http ://www.Rproject.org)
HEAT , LA A OC 43 BT 38 5 ¢ ggm” BOHE 42 52 B, SEM 43 BT i sem AL 1T, SEM EIJE i1 4 # 19 Graphviz
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HAE R 158 B ARTERA 74 B ASTER (5 RISV R2 BB 31.9% , I ZAE MM AIZE T RS B
FFER FIFET - () BEA T 3—4 4F . AU eI 2 2 %, A KRS — A Z2 I A2 A K S A i 55
BN ERERE A B B JF BAS Se b, I 1 RIS AZIE M FIRG JER oA 1, I bl 25 1 A AR R 5
WA R B REE A, RS TR A0 FEA A — 0, 3% U B 2308 A2 B0 1 Ji PUAS 2 Jmy 3 Dt DR s iy %o
UGN A S A Fe v ARME R B, ARER LD o K 2 T A TR 4R 2L TP AE 10 em #) 35
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Table 1 The profiles of Abies chensiensis Van growth conditions and environmental factors

45 54 Environmental Conditions

o v WE W o e peer PUT AR
DBH/cm  Tree height/m Elevation/m  Slope/° Aspect/° Yovol emperature/C bS.em”!
TR /ME 3.50 1.10 2292 10.00 -0.93 15.30 10.50 193.30
(158 1) rha] i 23.15 7.80 2377 30.00 0.09 21.37 12.75 562.30
Live trees FHE 23.41 7.96 2367 30.92 0.25 22.03 12.97 580.90
SN 49.60 19.20 2412 80.00 0.96 40.03 17.97 1299.7
BERL e/ MA. 3.00 1.60 2290 0.00 -0.93 14.80 11.67 397.30
(74 #1) SR EIF(EN 19.20 5.70 2368 28.00 0.00 20.93 13.07 572.00
Dead tree EHIE 19.88 5.94 2363 27.90 0.21 21.73 13.45 602.50
S ONIER 43.10 10.30 2407 60.00 0.96 29.40 17.80 818.30

®2 FRREZEENHEE

Table 2 The spatial distribution range of Abies chensiensis Van

R Pt A Northwest %4t £ Northeast corner Vi ffi Southwest corner Z5Fg i1 Southeastern corner
SRR — — — — — — — —
Growth status ZJE/e i/ &g/ Zig/e ZJE/e /e &g/ g/
Longitude Latitude Longitude Latitude Longitude Latitude Longitude Latitude
TG Live trees 110.4759 34.4225 110.4791 34.4230 110.4783 34.4184 110.4791 34.4178
SEF Dead tree 110.4761 34.4223 110.4788 34.4224 110.4774 34.4220 110.4789 34.4184
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MBI VAZTETE AT TR DU ) ZR IR VA2 R RS A5 (0, B O AR MR BRI T2 2 h R I v A2 o
RERZ M ZR I VR A2 I AL I /N R I B AR DR X = 4F
AR BE R BE K B S T R ORI A SR AN 3 77

R3 FURIZEEMEIRL
Table 3 A profile of Abies chensiensis plots

T, R 3 NRIRV AL, L LAF IG5 n]

Fes o 5 LiE1 YiFh £ 5 2 PrEmE R Wiz Weim) i LR
Plots number  Species abundance Species richness Family richness Elevation/m  Slope/° Aspect/®  Latitude/°  Longitude/°
1 160 45 26 2020 30 0 34.4272 110.4794
2 124 30 18 2075 20 180 34.4267 110.4800
3 71 28 18 2080 32 45 34.4264 110.4797
4 60 35 24 2120 20 315 34.4253 110.4803
5 71 19 15 2186 35 0 34.4242 110.4803
6 148 40 24 2220 30 225 34.4233 110.4803
7 74 29 20 2284 30 180 34.4231 110.4792
8 113 36 23 2303 15 0 34.4214 110.4758
9 135 34 19 2315 35 315 34.4225 110.4775
10 104 25 16 2324 35 0 34.4225 110.4786
11 146 37 18 2339 35 315 34.4222 110.4778
12 141 44 25 2350 40 225 34.4219 110.4783
13 181 37 17 2358 25 0 34.4219 110.4786
14 72 18 13 2378 25 0 34.4214 110.4783
15 98 32 17 2400 25 0 34.4208 110.4786
16 143 20 11 2413 25 315 34.4189 110.4789
3.2 ASCHMwARSC AT =
— N N >, o
Spearman MG HT 45 R ANZR 4 PR 1G5 =7
o =} BE —hi A >, Al ©
e R L R R B B IR G B A G A
WSRO AN HHERE R B B TG, T e = o
= ©
IR T 6] ] REAFTE—E RN LS R AR DG 8 2 7
™
SYBTEREBLIT 6 FOPH TR BLSCIOM, 4504 (£5), B
R R RO LSRR B B JER S 8
T -
R bR A R 30 U A =l
33 SEM o
A A BRI EAL (4 4) RIS 2R 2 S
I 2 R BORE IERE 8 IR BRI IEIE 2 4 & 5
IR LR 4, b A RBCA R IR R 1, U5
IR JERL 2 B AR SRR R RO . 8
— e V[ o7 552 B, y 2 7
INSHRUE AT MR [ (K 6) , A7 Z A Y AR &R &
BB WA 7, SRR rh BRI AT LU BRI Ve ' ' ' '
19451800 19451900 19452000 19452100

RNV 51 31.68% FERIARAL i A RL AT L) fife e
AMRRINVE 11 64.99% , SEM 43H1 45 Fe 546 R i AH
KO R A — 2, I H SEM 5 5 a] DL 47 41
A AL R A B R R AR ELAR T, A BT S A A
HRIR IS L IR Z AR KR, B4 12 M
SV RIEEE ST VN S LR AT RS R $78: AR =N

RIERY

£ [m44R The longitude coordinates(m)

E1 HWLEZ=ESHE
Fig. 1 Abies chensiensis space distribution
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Fig. 2 The distribution structure of DBH and height ofAbies chensiensis of living and dead trees

-0.9479 F1-0.7510, 1116 #4535 A —0.0980 F1-0.712,

Table 4 Spearman correlation between growth status and environmental factors

T4 FIRAEW LR SIFEREFHY Spearman 18X 1%

. . T SR KR + 1R
AR R Wk WE M . A AR
; : Soil water content/ Soil water content/ Soil temperature/
Growth status ~ Variables Elevation/m  Slope/° Aspect/° L
r.S.cm 9ovol C
&R Mtz -0.226** 0.051 0.140 0.113 0.166 0.310**
Live trees i -0.419** 0.126 0.127 0.141 0.268** 0.383"*
FER Ma#z -0.227%  -0.567"* 0.179 -0.260 0.135 -0.362 =
Dead tree =2 -0.395*"  -0.414"* 0.128 -0.291 0.220 -0.397""
* P<0.05; ** P<0.01
x5 FWRIZEM EMSINERFHREXSH
Table 5 Partial correlation between growth status and environmental factors
PR o e T R + ISk + R
ERRR R Wk WE W@ A A
. ) : Soil water content/ Soil water content/ Soil temperature/
Growth status ~ Variables  Elevation/m  Slope/° Aspect/° 5
r.S.cm Yovol C
TR Mtz -0.244** 0.009 0.194* 0.037 0.191" 0.206 **
Live trees R -0.439**  -0.035 0.159* 0.049 0.322** 0.259 **
HER JaAz 0.165*  -0.569** 0.072 -0.206** -0.045 -0.362*"
Dead tree B -0.168*  -0.326"" 0.096  -0.200"" 0.069 -0.310"*

* P<0.05; ** P<0.01

http :// www.

ecologica.cn



74 UM A5 /NI FRRI X R IE ve A2 HE T T AT R 7

1.0

15 20 25
|
AN
™
%

06 07 08 09
| |
=
[ ™
\\
L ]
L ]
Fa
[+]
s
op

e
P

i —— 20M3%F
o T 20124
| e 20114F
w‘c\a\
_ o ' 0\3.\0 Y
LY NN <ﬁ

2 4 6 8 10 12 2 4 6 8 10 12

10
|
~
<

5
|

0
|
»

F 5B B Atmospheric temperature T
I>
b
F S8 EAtmospheric humidity

100 120
| |
* [0
N
* ’“/9
*
0.20
|
=3
&)
L= o
.o—"_F-d_‘-'_'-—d_’

80
1
°
LY
©
0.10
| |
s
o
-~
=
\\
™
i
o o
&
T
e
=
40

#[A%E &1 Solar radiation W/m?2
40 80
! 1
[
N
\ o
L
o
v
-
P& f = Rainfall mm
|

.
¢
.
0.00
]
L =]

T T T T T T
2 4 6 8 10 12 2

H 17 Month H 17 Month

3 MRREARPREZESKEHTL

Fig. 3 The variation of meteorological condition in recent years in Xiaoqinling national nature reserve

% 6 SEM L& TFMER
Table 6 Evaluation index of the SEM fitting

e AR AR AR EEFREL PRI 22 35 5 AR A -5 N R AL

Models Growth status Goodness-of-fit index RMSEA index Bentler-Bonett index
2% [Hl Reference range >0.900 <0.200 >0.900
HEIE 1 Model 1 T 0.995 0.116 0.983
I 2 Model 2 %) 0.986 0.144 0.986

x7 BEEEENBIZRY

Table 7 Unstadardized and standardized coefficients are shown for each pathway

AR B i b I REL FrifEfL R AL PH
Growth status Pathway Unstandardized coefficient Standardized coefficient P value
T Live trees L — MR -0.1473 -0.1218 <0.01
frE — BT -0.0365 -0.0364 <0.01

I — AR -0.1121 -0.0926 <0.01
WY — L3R mrE -0.0621 -0.0619 0.1460
TR — AMERRD 0.6414 0.5315 0.0482

BER Dead tree PLE — MR -0.9529 -0.5638 <0.01
i — HHES 0.0289 0.0287 0.2170

HWIE — MK/ -0.8841 -0.5230 <0.01
WY — st -0.1189 -0.1180 0.1642

I TE — MR -0.4889 -0.2914 <0.01
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E 4 ETSEMEVHRTEAEEXREERNREER
Fig. 4 The final models of the relationship among variables based on SEM
Topography : #iJE, Position: {ii ., Slope: 3 &, Soil. Environment: 1 3 ¥/ 3%, Elevation: I $%, Soil. Water. Content: 1= 3 % 7K &, Soil.
Temperature ; T3 & | Spatial. Distribution ; 5% [8] 5347 , Longitude : 2%, Latitude :Zh¥, Soil.Electric.Conductivity : +3€H 5% | Individual.Size ;
AEK/N, DBH: 12, Tree.Hight . #4 5
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MRV AL LG R T LU B, ZWe v A2 AT AN AR R, T L A R AR R — 8 R 3, A Rk
Dl—Me, TR MISER 0 A KT A SEAR 73 A7 BT S R AR BUSOR 20 A, 15 6 A A R AR — 2, X 1l W
ZEW VA FET AR B B R AR PR ERIR AL AL I i B . NZR IRV A2 T IS A B A AR ol LA 1, 4l
FNRIED BRI RE 1 22 | I RIVE A7 CZ WV AZ T RN 45 SR IF ST 45 SR A — B, P S0 1 1Y BEAH e
MEAN R R A E R R Y BISR A AIRBURN R A AR,

IS ZR WV AT TR A A B, TRV A2 2B AR ST 3t 25 AP (I8, PR AN A7 DR 0 o 5 4 T 5 B R A
FET-RRIRE . JF HA = AR MR URLEE ORAMREE K BH AR S IR K B Ay S 8 oA e e AL B 9%
RE W, KR AT R MGV AL KIS FIAE TR BRI PE 7, X AR T B8 5 PR I 3R A8 fh g
HANRTIA K,

MUL LA il LU /NG I i X FR IV AZ AL T AR R T RE S IR A AU P AR R R . SR SOMEARAERT ST
HL R B PR A5 DR R AEZR IV ASRI R A S R P R T AR I L ASBIR A DG AR AH G 43 BT 245 SR 3R W 2 I 18 A2
A S iR S | SRR TR S R Y], R v A2 1) Tl LA B AR R R 4RI L, AN R T4
17 BE TR B R K A5 PRIRE R R A AR AR 22 53 20 PN RS S5 AR D IG 220 3t IX 90 3R W R IV A2 BRI A5 A
)R o FERRAEAFAE 3 22 53 1 LRIV A2 M AR R 2 I U BE R, AN TR) B B8 114 1 305 43 N 8 K &
FAEARR 22 50, R4 O AR TRESEHE F & 22 i R e Kt mT DL B e B RIS 2 A K, JFE
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