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Abstract; By analyzing the phylogenetic structure of plant community, the response of species to environmental changes in
tree layer, shrub layer, and herbaceous layer can be explored. Carpinus turczaninowii community in Taxus chinensis Nature
Reserve in Lingchuan, Shanxi province were surveyed and compared. The net relatedness index ( NRI) and nearest taxon
index (NTI) of Carpinus turczaninowii community from different spatial scale and different sloping directions were studied
by the method of sampling analysis. The phylogenetic structure characteristics of Carpinus turczaninowii community formed
along the spatial scale gradient were discussed and the historical process of the construction of Carpinus turczaninowii

community was analyzed. The results showed that: (1) the phylogenetic tree of Carpinus turczaninowii community in these
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reserve arbor layer (26 species) , shrub layer (32 species), and herbaceous layer (39 species) could be divided into 5
groups, 5 groups, and 4 groups, respectively. Arbor layer (86.67% of the plot, the below is same) and shrub layer
(73.33%) species community phylogenetic structure were phylogenetically overdispersed ( NRI<0, NTI<0), but the
herbaceous layer (86.67% ) species community phylogenetic structure were phylogenetically clustered ( NRI>0, NTI>0).
(2) In the arbor layer of Carpinus turczaninowii community, from the first stage to the second stage, the NRI index
decreased with the increasing of the diameter at byeast height (DBH) , but the NTI index increased. From the second stage
to the fifth stage, with the increasing of DBH, the NRI index and the NTI index showed a decreasing trend; at different
DBH level, NRI and NTI index was significant difference ( P<0.05). The results showed that the community phylogenetic
structure changed from phylogenetic clustering to phylogenetic overdisperseding. (3) The species of shrub layer were
phylogenetically clustered on the shady and sunny slopes. The species on the shady slope in arbor layer were
phylogenetically overdispersed (NRI<0, NTI>0). The arbor layer on sunny slope and herbaceous layer on both shady and
sunny slope community were unable to determine whether the phylogenetic structure of the community was clustered or

overdispersed.

Key Words: Carpinus turczaninowii ; phylogenetic structure ;spatial scale ;slope direction
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LAY B )1 7 25242 AV SRR XSS B B A PSSR R, R GEGETT T RS HA IS TR R 2 AR JZ A
JE AN 2 8] (RS R R 06 B R BRI S A ) SR 28 06 R84, — D IRE T AR AR GRS [R]35% 1] 36 -
WiREVE 1 R AR AL 8- RE A RE TS A1 R E S PR N 7 Z IR RY G R, L ve e 1 g 7 41 5242 A SR 1R
I DXCHRG HA A ) PR AP LR (I IR

1 ARMXEARTE

L1 AR5 XA

LUV B2 )1 e D7 £L5AZ A AR DRAP AL T B T B N B AR BB ASF K & L 03224 & AN 8 & 45N (35°34.796'—
35°49.228' N,113°21.401'—113°29.401" E) , FEE ELI 30—70 km, PR DXIIARBED, SR A, KIEFE 2, 7R
MRS IR 628—1469 m , AR =5 222 841 m, Ja Iz il ity 2 1 ) R Bl 1 2 XU Ae i AR AP IX R 2 &, A AR T
FL16423.6hm* , FRAREL w5 K35 85% LA I AR P40 5—11°C AR dR il 34.5°C  MaiiiefR ik -23.7°C 1 A
1R -7—3.8°C , 7 HAn i 13.87—23.8C , 4Ef#/K & 503—673 mm!**

AR DA e 2R 1Y Ja T Wl e 5 0 R bR, E TR AR R P BR T B K — S R AP R ) e J7 2L TS (Tasus
chinensis var. mairei) Jb, ¥ F5 1L ZR ¥k ( Quercus wutaishanica ) K& [ Bk ( Quercus variabilis ) F1 %S B4 ( Carpinus
turczaninowii ) S AFEF  FEREARJZ A 858 ( Forsythia suspensa) . JKK T ( Cotoneaster acutifolius) % 5 ( Deutzia
scabra ) FVEEARIEFL (Smilax stans ) FEEHEF ; WA Z F DL —0 2% (Aspidistra elatior) ERHE S (Viola collina) |
JEFAYE ( Thalictrum aquilegifolium var. sibiricum) 1% ¥ ( Carex spp) N F ., KEEMIAK 32 2040 78 LR 37 X I3k
850—1200 m B, SEHAFVEI AT, ORI IX EZARMIEI Z —  REF) 2 KA S 5% WL sl R 9 A B
40 L A e ER RS+ TIEIE AR )ZE 1—3 em, AiEE M2 2—4 em, 128 10—25 em,

1.2 W55k
121 HTRE

2015—2018 4F[1] , FELR I XN EHK 850—1200 m & H-Af 2 24 v 73 A (9 M B | R4 10 94 3 J3E 0 3k 1) 452
AR B 30 DT, IR 860 m AbTTF R, BEFR 20 m R —ANFRAT, IR E 7 DR BRI
4—5 RS P BRI BE 2—3 DEDT, TR ARFEDT N 10 mx 10 m, FEFETR ARKE DT N & AR TS
(5 mx5 m) MIFEARFETT (1 mx1 m) 2 4 4>, HJIAETTARRETT 30 A BEARRET FEARFETT % 120 4>, JHA R,
ICSRFE T TR AR IR 48 IRECRII 1S AR T B A AT ) R o 24 FRR AR B 22 B2 5 ) GPS T it g 4K A2 26 | [ i)
TSR ] A ARSI
1.2.2 iR

¥ 30 AEETT ) 99 ANFh KRR A5 B A B E LAY 2 BEE Phylomatic /4, 4 Zanne
SV AR R AR BUL PGB )1 R 40542 AR R X RS EE BE VR 1% R . Zanne $EAKAT LA APG TIT™
A R G HR, F SR BE AR T ARt ] R A A i ) 7
1.2.3  JERIER TR

K I R R 2% 5 223880 ( Net relatedness index , NRI) F1¥4+ 5 1 Fh 0] 5% 2% 5 £ $5 80 ( Nearest taxon index,
NTI) £ 5 B A FE i N LAY I B A3 2 20 08 . DRl NRIE S TREE AR B OCR , BRI T V&
PRGE R , 3 HAEAIN 35 28 A 5 T B 5 K s NTT H T S5 T ) 3 28 40Uk, A 32 0 1y J2 IR 35 R 5 Al ) 2 ), O
FLAERN B R R O S 4

NRI $EE0AT NTI 48 %05 551 %3 N - 24 1i% 22 #5245 ( Mean phylogenetic distance, MPD) Al i T 1% £ 5 25 ( Mean
nearest phylogenetic taxon distance, MNTD) FUFRIUEFLINEE ™ Horh  MPD JE&: 45 #E 7% T P Flouf (8] 5 2 14
FBHE 25 s MNTD AR EAL B — MR SEEE R 5 B O RGO R EGL N — DY Fh 0 - X2 fERE 25, NRI 5501
NTI F5 8332550 F

MPDsample _MPDrandsample
N = =1 SD(MPD, . jcumpic)
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sample randsample

MNTD__ . ~MNTD
Mhemse =250 NTD )

A, NRI,,,, NTI, o MPD_ o FMNTD AR 52 PR AYILINAE; MPD o BT MNTD o AR Tl
FEiE 2L BEHLG AT A, SD MARMENR2E . 5 NRI>0, Ui AT PG FI i 22 4544 A SR 457, 37 NRI<
0, BEHIRE J7 rh B il 2R 2546 g S B0080 s 45 NRI= 0, BERARE J7 I (0 b1 28 540 g AL A5 1130
1.3 Bk

FIH R FEF AL Plantlist 251 FIALBAGEY) 2 2 ; FH Phylomatic (version 3) ZEZEHK4H Tree View X H4H#S H-
WiHES 1% 2B 5 8 H] Phylocom 4.2 343K 30 M WAL ( 1. DBH<S5 em; II. 5 em<DBH<10 em; III.
10 em<DBH<15 cm;IV. 15 em<DBH<20 cm; V. DBH=20 cm) FIAS [E135% ] ( B | B ) %8 HAGBEVS 19 NRI
EROM NTI $5%%,

H Excel 2013 F1 SPSS 19.0 # {4 iE47 Ab B8 , Geitah R b 22 55 i 2 K P=0.05,

2 HREHS

2.1 JEHWIREE ARG AR A
211 FEAREYIFIE R

(R X P J BT 75 K2 26 FRE B M R 9% 22 Coppeere
WAk 5 A RBECIE 1) o 55 —25HF . i 358 ( Hovenia Celtis sinensis
acerba) /INWFN( Celtis bungeana) KM ( Celtis sinensis) |

il

Morus cathayana
Crataegus kansuensis
Cerasus clarofolia

%i( Morus C(ltha}’ana ) N 1L /iE ;F/EE %u ﬁ & 7‘:/[]‘: %{:F 12 ﬁp *E % Cerasus pseudocerasus
S NIV FUENy Sorb huash, ]

LR, o5 TRAFHI SN 46.15% . 55 e 2T 5k by i Cratacgus pinnatifids

( Rhus punjabensis var. sinica) . X 58 ( Rhus typhina) Fl Carpinus turczaninowii
Quercus wutaishanica

%fj{?‘iﬁ ( Rhus potaninii) % 9 ﬁ*ﬁ%éﬂﬁi , I'I_:f ﬁjﬁfﬁlﬂ;’él%& Quercus variabilis
Tilia tuan

ﬁ E/:J 34. 62% ° % = ;’é Ei . Hﬂ /\ ﬁ *JX[‘ ( Alanglum Rhus punjabensis var. sinica
Rhus typhina

chinense) \F i ¥ ( Diospyros lotus) F1 H W& ( Fraxinus
chinensis) 3 FHAE Y 2H B, 7 TF AR PP RVBAY 11.54%
T R 7 21 S AZ FUAA ( Platycladus orientalis ) W 45—
A5 AT TR AR B 3.85%

212 FEARZYFE R

Rhus potaninii
Toxicodendron vernicifluum
Acer truncatum

Acer davidii
Koelreuteria paniculata
Ailanthus altissima
Alangium chinense

el

o \ 1 Fren shimnsis
TR I PR LR RE AR 32 FRRAOIIO R R T e hienis

Platycladus orientalis

SRS NERE(KE 2), B KB RAAEF
(Elsholizia stauntoni) , = AE3Jt ( Caryopteris terniflora) ' @1 65375 4 T4 B A R4 RS EAR B % 7 A 2 it
EN IR ( Callicarpa japonica) 55 15 MHYI AL, G #n
AR BB 46.87%, 58 —2K#E. h 4 ( Ficus Fig.1 Species phylogenetic tree of arbor layer of Carpinus
heteromorpha) \/J\ u+ Eﬂj%((Rhamnus parvifolia) %ﬂ%%@% turczaninowii community in Taxus chinensis Nature Reserve in
(Rubus corchorifolius) % 12 FRTHVALIL . 5 ACFI 25 Lingchuan, Shanxi Province
B 37. 5%, 5 =B B AT M ( Zanthoxylum
planispinum) | FH T H i $LFT ( Grewia biloba ) 3 FAE ¥ 41 1l , AR RIS BB 9.37% , H FE/NBE ( Berberis
dasystachya ) FIFEAREEEL ( Smilax stans) 25 WN—3SHE , £ HTEAF 0B 3.13%
2.1.3  HURZYIFNE R

TRAP X NI HA R V8 B A2 39 FA Y RO 1% R 0T 20 4 S ZERE (I8 3) o 55— 38 HE: th %8 42 ( Bromus
japonica) A& H-( Xanthium sibiricum ) F1# 555 10 PO, & ALY FI IS BET) 25.64% , 55 258 .41
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Berberis dasystachya

Elsholtzia stauntoni
Caryopteris terniflora
Callicarpa japonica var. angustata
Vitex negundo var. heterophylla
Callicarpa bodinieri

Forsythia suspensa

Abelia biflora

Lonicera ferdinandii

Lonicera japonica

Viburnum betulifolium
Viburnum schensianum
Viburnum dilatatum

Philadelphus incanus
—E Deutzia parviflora
Deutzia scabra
Lespedeza formosa
—E Indigofera bungeana
L Lespedeza bicolor
Rhamnus parvifolia
Ficus heteromorpha
——— Rubus corchorifolius
Spiraea salicifolia
Spiraea pubescens
Spiraea trilobata
Cotoneaster acutifolius

Celastrus orbiculatus
Euonymus alatus

Zanthoxylum Planispinum
- Grewia biloba

Smilax stans

B2 WERIIEALENBARPRBEREEEARRDMIE RN
Fig.2 Species phylogenetic tree of shrub layer of Carpinus turczaninowii community in Taxus chinensis Nature Reserve in Lingchuan,

Shanxi Province

Bromus japonica
Arthraxon hispidus
Carex spp
Donax canniformis
Smilacina japonica
————————— Polygonatum sibiricum
I Polygonatum odoratum
| Aspidistra elatior
Paris verticillata
Dioscorea nipponica

Arisaema heterophyllum
Potentilla flagellaris

I Fragaria ananassa
Fragaria orientalis
— Duchesnea indica
Potentilla chinensis
Vicia unijuga
Viola collina
Viola acuminata

Viola verecunda

Viola variegata
—— Lithospermum erythrorhizon
— Rubia cordifolia

l Scutellaria baicalensis

Phlomis umbrosa
— Elsholtzia ciliata
Mentha canadensis
Kalimeris lautureana
Saussurea japonica
Artemisia argyi
Xanthium sibiricum
Stellaria media
Thalictrum aquilegifolium

Anemone vitifolia
10 Ranunculus japonicus
- Epimedium sagittatum
Macleaya cordata

Asplenium trichomanes
L [Lepisorus thunbergianus

3 WERINIEAFLEYBARPRBEREEEREY L RN
Fig.3 Species phylogenetic tree of herbaceous layer of Carpinus turczaninowii community in Taxus chinensis Nature Reserve in Lingchuan,

Shanxi Province
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R 2% 32 (Potentilla ﬂagellaris) ACERE (Paris verticillata ) 7R )7 ¥ 4&§ ( Fragaria orientalis ) %5 26 | 5 5
AR BEAY 66.67% , f —25HE . AWK (Asplenium trichomanes ) 1 FL= ( Lepisorus thunbergianus ) 20 1%, 5
A 5.13% , KFd A (Arisaema heterophyllum) B8 H A —AN 2888, 5 A 2.56%
2.2 JEHWIREK IS R AL

HIZR 1 AR I 78 RGP XN RS H B ERS (30 DT ) TRARJZ T, BR T 1.12.27 5 3 MHETT YIS 50K
G R FZ TR NRI) AR PR 32 4% 0C R A8 80 (NT) {H 1E 57— B, Toik AW H R 35 R4 40,25 ST
NRI(0.1120) F11 NTI( 1.8760) fH¥1K T 0, Ui W #EVE 115 R 454 0] T 2R 42 (NRI>0,NTI>0) 5 HAx 26 FET7 11
NRI Al NTIEY/NT O, BE 3% R 451 1 T A HU(NRI<O,NTI<0) . FEEARJZH,BR T 1,4.13.25 5 4 4
FEJ5 B9 NRT AT NTIEIE SR — 25, TR AW R 405,23 7.9 ST NRI A NTLES AT 0,

F1 LARIEALELEARPERBEMBEET AR EAENEREHEIERFLX RIS (NRI) 58 SR MEFREX RIS (NTI)
bk
Table 1 NRI and NTI of arbor layer shrub layer and herbaceous layer between Carpinus turczaninowii community in Taxus chinensis Nature

Reserve in Lingchuan, Shanxi Province

T+ A2 Arbor layer WA Z Shrub layer WA Z Herbaceous layer
IS R E AT (E] N =Sl EEEN AR (E]
Sample SRGRAIM RGRATE SRGRATB SRGRAM PRGRATE RGRATB
number Net relatedness Nearest taxon Net relatedness Nearest taxon Net relatedness Nearest taxon
index index index index index index
1 -0.4924 0.0728 0.3651 -0.0500 0.9440 2.0174
2 -1.7970 -1.9173 0.3971 1.3321 -0.4842 0.3770
3 -1.4331 -1.2895 0.1033 0.9090 1.2863 1.9830
4 -1.9496 -2.2170 0.3608 -0.5255 0.2849 0.5840
5 -1.8154 -1.6002 -0.4590 -0.3953 -0.0576 -0.9210
6 -1.7057 -1.8765 -1.8930 -1.6971 0.4200 1.1452
7 -1.8541 -2.2014 0.7842 1.0941 0.1174 -0.0440
8 -1.4605 -0.4895 -1.5993 -2.3214 -0.9670 0.2600
9 -1.8069 -1.5036 0.0611 0.2265 0.4985 0.3210
10 -2.3202 -2.3848 -1.3438 -1.4275 0.4948 0.9236
11 -1.3433 -1.7714 -2.6117 -1.4075 -1.3169 -0.6381
12 -0.1578 0.9599 -2.2279 -1.1168 0.1924 0.3342
13 -1.2734 -1.2379 -0.3258 0.4034 0.1849 0.8261
14 -1.9953 -1.6811 -0.1968 -0.1177 0.2055 0.9477
15 -1.9845 -1.6289 -2.6245 -1.9582 0.3916 1.1288
16 -1.4499 -1.5035 -1.7060 -1.1818 0.6613 2.0674
17 -0.9228 -0.7863 -2.0583 -1.2870 -0.1951 0.4816
18 -1.8163 -1.8163 -1.7951 -1.5814 0.3133 0.0246
19 -1.1271 -1.2217 -2.3646 -1.0221 -0.0138 -0.3221
20 -0.7580 -0.4150 -1.9961 -2.0975 0.5391 1.8292
21 -1.4854 -1.4854 -1.8352 -2.0533 0.3417 0.5037
22 -0.9145 -1.0139 -1.6901 -0.9815 0.3696 0.9298
23 -0.6318 -0.6731 -2.7570 -1.8895 0.4281 0.3485
24 -0.8283 -0.7773 -0.4517 -0.7382 0.1160 0.3651
25 0.1120 1.8760 -0.3304 0.1135 0.2182 0.3621
26 -0.9152 -0.9152 -0.3722 -0.1973 0.5814 1.3708
27 0.2810 -1.1022 -1.6191 -1.1990 -1.0976 -0.3737
28 -0.5053 -0.4464 -1.1977 -1.3744 0.5566 2.0223
29 -0.3940 -0.1760 -1.6605 -0.8815 0.4217 1.4146
30 -0.7058 -1.0794 -1.6013 -0.8695 0.7349 1.7381
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UL 25 YR E] R 2506 R B (NRI>0, NTI>0) 5 HiAgy 22 AMFEJT B NRT AT NTI /N O, SO 45 4 i 1]
G AR (NRI<O,NTI<0) . MFEEA)ZH,2 .7 .8 17 5 4 AFEJT B NRI AT NTI A IE A8 —2, TokH b
FETETE 224549 ,5 11,19 27 5 4 NFEJ7 A9 NRT Rl NTI {35/ T 0, BETE % R 45 F0 4 17 T &2 #0 ( NRI<O0, NTI<
0) ; HAy 22 AMFEJ B NRIT FIlNTIEI KT 0, BEEIE R 45/ #4174 (NRI>0,NTI>0)

2.3 AR GIEEHAREE S R 51

HIFE 4 W] BRI XN H D V& T A2, A 57 .
1 9¢% 11 9%, NRI $5 £ b3 54 DBH 3 KM/, 1 ﬁH 0s o
NTI $5 50 b6 % A4 DBH #4578 T & V 4> ﬁ:-os
[, b %5 464 DBH H K NRI 45 % (1= -10.856, P= G5
0.002) F1 NTI $5%(1=-4.001 ,P=0.026) i & Tt = é s
i, i FLZE AR 7] DBH ZKF- [ 7% NRI R NTI 5 %04 2% 5 | | | .
5835 (P<0.05) , LW BAE 75 ARSI, I I m W v
N5 4 IR, 36 EE A B A J2 % 2R 2 A R 1) T #4 DBH class/om
KR (NRI<O,NTI<0) , B4 \WERIES LR O AR X BEAREE AR NRI 15
2.4 N[EIYE R AR EETR I R 45 HANTLIEH S ERZ AKX R

Fig.4 Relationship between NRI and NTI of Arbor layer and

AN TR 1] 68 EL A0 B 7 A AR 2 TR 2 R AR 2 11
NRI F550R NTS B AT — 2192258 (K1 5) o FETEA chinensis Nature Reserve in Lingchuan, Shanxi
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Fig.5 NRI and NTI of Carpinus turczaninowii community in different slope directions in Taxus chinensis Nature Reserve in Lingchuan,

Shanxi Province
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