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Community Characteristics and Species Diversity of Pinus armandii in
Caohai National Nature Reserve

HE Bin?, LI Qing?, LIU Yong?
(1. Key Laboratory of Biological Resources and Ecological Remediation of Guizhou Province, College of Ecological Engineering, Guizhou University of
Engineering Science, Bijie 551700, Guizhou, China; 2. College of Forestry, Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing

Forestry University, Beijing 100083, China)

Abstract: In order to understand the succession dynamics and biodiversity maintenance mechanism of forest
community in karst area, the species composition, flora characteristics, species diversity and population structure
of Pinus armandii forest in Caohai National Nature Reserve by using sample-plot survey. The results showed that
there were 81 species of seed plants, belonging to 21 families and 39 genera, including 11 species of trees, 32
species of shrubs and 38 species of herbs. The floristic type of families and genera was complex mainly composed
by temperate element. The main life-form spectrum was dominated by phanerophytes (46.91%) and hemicryp-
tophyte (27.16%). Pinus armandii was the single dominant species with importance value of 58%; the diameter
structure was a skewed normal distribution (left-biased type), and the distribution of tree height was focused on
12-21 m, and the distribution of e crown was V type. There was a significant difference in the diversity between
tree layer with shrub layer and herb layer. The species richness indexes, S and Dy, and diversity indexes, H and
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Ds, were in the order of herbaceous layer>shrub layer>tree layer, and the evenness index (J) was shrub layer>
herb layer>tree layer. So, the characteristics of P. armandii community and species diversity in Caohai National

Nature Reserve have obvious regional features.

Key words: Pinus armandii; Community characteristics; Species diversity; Caohai National Nature Reserve
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FEHBIEEST NI TR 4584 . IR LR R A= 2
FEPEORAP R 73 28R SN R I 667, (B,
FH 198 ke b DX AR B3 (R AR AL DL R K TG Bl
SO, ARMEEE A TIAVN BANESE . Rk, R
TR Hb R 25208 VR 2 AR AR 7 SR 8 7~ s 7 e IX
MRIEIE S FRFIE AN A ) 2R M SRR LA

LA (Pinus armandii) & 4 J& B4R B FLAT R
“H (sect. Cembra Spach)H 1 # 4k T A, IR IEHRFA 1
et PRI S i iR ST TR S = L e
REMHEE. B L. perb. wEg. widk. Py
. =E B, PR S S X A A BE
O3 EBEAEHFIR 1.000~3 300 m. ALk B HA 1R
KIER . WAL ARG, ENEE, AFRE
FHERFEEM R —. TR R R
AR, X2 A3 AR AEAR L B S RO J ] B, 4
BRI NR TS S (WUBEL #RR 2R 0 ) fifi 4
LLFAPRAZ S R G0 H T B R AL I R 100, AR T e
LMW g, REMTLHE 14 PR IIAREEE AT
TEAFEFEEE IR . Rl Fa I BEVE RFAE DA, P
e, FEHTRAERA, o3 Ak SR USIRI AR 7= Fy el Ty
MOAETRiRE, FEEFTRE A, (HEXE
PEAbHE X A2 LA 7 IR 70 20 6 40

AT T LA B A8 H [ K SRR X A Y
AN IABEVE NI TERT R, MADFRAL R RS54
LV Z RS R T, DR oo R AL
AR ] Rra s B LR M AET REMIKE S
H SRR KA

1 B 7 XA

O E K H AR YT X AL T 5N A R T S
] 8 7 e E ¥R B 7 R ] (269477327 ~26°52'52" N,

104<10'16"~104°20'40" E), /& —A™ LB 1) J5 v i
FREHA S RS, ST 9 600 hm?, 23 X A #
wEmERENAEX, BAKATE .. FEHOHE. T
B, R EE R A AR 10.6°C, 7
HARRER&Q7.7°C), 1 HRRHKIK(L.9C): FF
P & 950.9 mm, [FE/KEPIAER . P T, 5-10
H IR & A1) 88%. I B A, it
SNEFR AR Al BELSE, BT R
AR BRI % FE KK %A, %
BT 2 AR R A . A I A R RRK X T B
T KA (Pinus yunnanensis). #1114 (P. armandii)-
VEA% (Populus yunnanensis) FHE M 25 22 i ZRARAE 4% .
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21 FRHRBSAE

ST TR L XA A B SR TR
(RISERRIEIL, 2017 4 7-8 H X HiikEE 52 2 1 SR 1
X A A Al b, R SRR B B 20 mx
30 m FUFEHE 15 B, dsRAEHL IR . R MR
KAGEERAEE . RATEREE AT, X
FEHL Y BT A 042 (DBH) = 1om FIFRARBHTREARR R,
R ARR MmO B s R R
Hpp Py % B 55 2 m><2 m FVEARFE T A1 L mx1l m
MBARRETT, K& FR. S B,
(GNEIE

2.2 RBFFHMEL. BEREER] 5

WX AR LLFATETE TR IZ IR R —, A5
FRFIERAEFPI ML, ARYE TIREEL 7, ¢
AAPHEEIAE R 50 9 MRS, B 3 em v 1 MR,
3519 1(0~3 cm). 11(3~6 cm). HI(6~9 cm). IV
(9~12cm). V (12~15cm). VI (15~18 cm). VII(18~
21 cm). VII(21~24 cm)F1 IX (= 24 cm), 4iit&%4%
RFARNMEEL, SiEHREME . WEklah o
HEG, BE3m AL AEEEY, 501 (3~6 m).
1(6~9 m). 11(9~12 m). IV(12~15 m). V(15~
18 m).VI(18~21 m). VII(21~24 m). VIII (24~27 m).
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IX(=27m), Giit&mERTeARMNMEE, il m i
MeErE . WER N 9 NH, B 10 m2h 1A
221, 7358 1 (0~10 m2). 11 (10~20 m?). 1l (20~
30 m2). IV(30~40 m?). V(40~50 m?). VI(50~
60 m?). VII(60~70 m?). VII(70~80 m?). IX(=
80 m?), Gt &R I ANMEEL, LR .

2.3 MR RS

ASON B [ 2R g H AR RS XA LI AR B EVE T
FhE ZAE (V)M 2 AR S5 B o PRSI ik . T
R E B (IV)= (X 2 B+ AH 0 35 B + A X 45
FE)13, EARFFLARHEEH(V)=(FEX 2 B +FHXT 55
JE + A X A) /13, Shannon-Wiener £ £ F8 51 (H):
H=—-2PilnP;, Simpson Z #£1%:45%(Ds): Ds=1-2P:?,
Pielou #J51E$5%0(J): J=—2PilnPi/InS, Margalef £
B IZIE(Dm): Dm=(S-1)/InN, X, S ARk
FlEEL, N YA FAMARUEAT, PR | M)
PR M E S BV SRS L

R AR B, Rl

Table 1 Composition of species, genus and families of Pinus armandii community

3 SRR

3.1 BEEHIYIRPA R

R HEG T, AR A R 1
Y81 h, BT 37 £ 69 JE(E 1), H Y
3RL3Jm 4 M, (HEFNEUL 4.94%; BTHEY) 34 B
66 J& 77 Ff, (5 EFPEL 95.06%; #E TR T
HHEY) 3 B} 8 J& 8 i XU A4 31 #} 58 J& 69 Fht.
T3 FLLEMA 9B, HERHIE 24.32%, S FHEL
) 53.09%, 4374 JEIEE(Labiatae). 5§ £+ (Compo-
sitae). 7% Al (Rosaceae). 2 & Fl(Caprifoliaceae).
/NEER} (Berberidaceae). & Fl(Liliaceae). v H A}
(Rubiaceae). EEH(Umbelliferae). ¥EAE} (Betu-
laceae); & 2 Fiff 10 B, & RSB 27.03%, &
FREI 24.69%; & 1 FI2I4 18 B, b R
48.65%, S FHELIY 22.22%. R RHE SRR
(12 ), HXI9%EH6 Fi). JBIERNG F). BAR
(@ MAEEFE . FENTARZE L ASEL R

4w'5 No. Bl Family J&%C Number of genus % Number of Species
1 A%} Cupressaceae 1 1
2 %A} Plantaginaceae 1 1
3 JEIEFL Labiatae 5 5
4 EF} Leguminosae 2 2
5 FHESFERl Ericaceae 1 1
6 AAFL Gramineae 2 2
7 B 7 %} Elaeagnaceae 1 1
8 H#3F} Violaceae 1 1
9 %F} Compositae 5 6
10 5e3}F} Fagaceae 1 2
1 Rl Polygonaceae 2 2
12 Rl Rosaceae 8 12
13 HAFL Caprifoliaceae 2 4
14 = FI%%} Saururaceae 1 1
15 A} Pinaceae 1 2
16 BRI Guttiferae 1 1
17 /NEERL Berberidaceae 2 3
18 #~%} Taxodiaceae 1 1
19 WAL Salicaceae 1 2
20 #AkE} Juglandaceae 1 1
21 HARL Liliaceae 4 4
22 AFEEL Oleaceae 1 1
23 AL Anacardiaceae 1 1
24 2%l Coriariaceae 1 1
25 T Fl Celastraceae 2 2
26 2=k} Rhamnaceae 2 2
27 IALEL Symplocaceae 1 1
28 # L Cucurbitaceae 1 1
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43 (Continued)
%5 No. Al Family JE%L Number of genus Fh#r Number of Species
29 M )L B Geraniaceae 1 1
30 HHEl Rubiaceae 2 3
31 FEHEFA Ranunculaceae 2 2
32 %R Umbelliferae 3 3
33 K2Rl Araceae 2 2
34 JefHEl Gentianaceae 1 1
35 RAlifER}E Balsaminaceae 1 1
36 WFEACRL Primulaceae 1 1
37 HeAFL Betulaceae 3 3
2t Total 69 81

afidk, HHAEH . #HER(Quercus aliena);
AR ZWIPLEFE Kk (Pyracantha fortuneana). Ji i
78 (Rosa sweginzowii) YEL#(Corylus yunnanensis)
7' 74 #f) ¥ (Cotoneaster franchetii). 3% 3% (Viburnum
dilatatum). 422 #k(Hypericum monogynum)%s; #Ax
JEFEAFRNESE RAEHEY) . ZEHT % (Plantago
depressa). Z=%f# (Galium odoratum). £ JiE % (Hout-
tuynia cordata)ZEHE4) .

AR RN, TRARH 11 M, SR
13.58%, HHHESEIIAR 4P, EHIRR T B EEAR
4 32 Fb, 5 ERRE 39.51%, HorFE SEEEAR 9 Fi
VEHEA 23 B BAAT 38 Fh, (5 RN 46.91%,
HA ZAE A FIAR 30 Ff, —4FEAZFIA 8 Filio

AR RaunkiaelOMR ALY 70 2K 140, ARILFAHT
Ve N LRI 45 38 Bl (5 RFPEL 46.91%;
YR, B 22 7, SRR 27.16%;
NI AR AR 8 M, 43 i AR ) 9.88%;
RIS, A SR 6.17% (B 1), X
A 7 X AT TR IR e EL R e (P A S R AE

3.2 Y RARR

FERMIOKT £, S 30 E R AR
DA RIS RGE, FEHbA 37 BHRRTAEA TR Sy
N6 ANAXER(EK 2), EELMM A, bl
TP ARRIZ B oA N W A 17 B, R
(f] 45.95%, FEAFEARL. EHAL AaRh R
B BERL WEREE, X RBOILTRL LR
RHE 18.92%, DLz iAoy, TEMHS
BPRL REgER IBURPR IR B85, iR IX R
L3 EL,  HERHET 35.13%, HA LIALIE A 4 A
NE, FEAFEHBTR, SR SRR R
o XU FEIX R A ST DL S A A
I AN, BA YRR X R,

B RPEL Number
2
o

Ch H G Th

HEIE T Life-form
1 A LFABEE AR A TE S . Ph: AL 2EHEY; Che M L 2R R, H:
MO A, G TS Th — 42
Fig. 1 Life-form of Pinus armandii community. Ph: Phanerophyte; Ch:

Chamaephyte; H: Hemicryptophyte; G: Geophyte; Th: Therophyte.

TEJEGOK b, SRR o E R R
(oA X BB BRI 73 T i, FEHLN 69 J& Fh 1Y)
SR 1L AN ATIXER(ER 2), (R Z IH T F 3 55
2T SN o 0| A o 2 N2 117 o (RTINS 1  a  ie
W E A BRI PO AL 4 ANSEAL, FEHb A
THYENHBE Sy B R2 M. A A 11 )8,
R 15.94%, FEAFEE TR (Rubus). B
Z= & (Rhamnus). 422 8k J& (Hypericum)&;  #5 [X
R 10 )&, HSJEE 14.49%, DLz #vi
oA L, EEASEILWLUE (Symplocos). Hill &5
J& (Pogostemon) . 27 J& (Euonymus) %5 ; R4 X &R
BRI AT JE, R 68.12%, DAL AT 2>
i, HIRNERE oA, FEAHERER
(Fragaria). )& (Artemisia). #%7%)&(Rosa). X )H
(Lonicera). /)N5EJ& (Berberis). #HA1T-J& (Elaeagnus)
S o XU BRI P b A J 1) 2 AT X 2R 2 o DU
W AR, R 1B BRI .
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Table 2 Areal-types of families and genera of Pinus armandii community

vigiires3itl B ) % JE% %

Avreal-type Number of family Number of genera
1. #5434 Cosmopolitan 17 45.95 11 15.94
2. Z AT Pantropic 6 16.22 7 10.14
3. s PRI 52 PN AT T 42 A Tropic Asia and America disjunct - - 1 1.45
6. #vi W AT IEIN /34 Tropic Asia to Tropic Africa - - 1 1.45
7. AL (ENEE-T >R PG IE) 434 Tropic Asia (Indo-Malesia) 1 2.70 1 1.45
8. JLif 774G North Temperate 11 29.73 30 43.48
9. ZRIEANALSEIM I />4 East Asia and North America disjunct 1 2.70 3 4.35
10. IAtH SR 434 Old World Temperate - - 5 7.25
11, AN 4G Temperate Asia 1 2.70 1 1.45
14, ZRW40 A East Asia distribution - - 8 1159
15. " EFFH 4045 Endemic to China - - 1 145
&1t Total 37 100 69 100

3.3 HILAFIE S HFHE

1 2 45 W B 4 I W ) A K 5 B I ) 1 o
R, SEAHYIBEEREAM S —, AT LR RIE
TYIRBEIE R AE KR B IR R M DL R T VR &5
MR RO, N 2 W] W, A Fa BEIE AR A
AR IEZS 730 (fe W ZY), g th 4l 4429 0~9 cm
W, MARECREY 2, DRI EUR 2 (5
15.19%), LG AMARREOOE T FEAC, DARAR IX ik
Hom /(I 1.96%). AR E, IMEFA R
I~ R 2, 5 41.67%; 2 HHRA(HEZE
IV~VDEEEKZ . 5 37.09%:; KAFZAAFIE VI~
IX)RRER D, 15 21.24%, KRR AT Rase 3K
A,

o i R 4 W AR TR T L S M R EE B R AR, AT LA
S e A DR VA L TR LS R 2 IR IR LR £
FEPERIBHAS LY, 58 5504 i B RS W mT VRN FE )
RS Ze Az e FE R NI 2 mp I, A1l
BER IO s o A SRR TE R R IV~ VI b, ARSI

S 46.04%, DA FER VI IR %, HEIT
SR 19.3%; S I~ R EOR 2, L
PRECIY 32.18%; iFE VI~ IX HIRREER D>, G
KRB 21.78%, i B LI FA HE T SIS B 88
PR AR PR, i e R KRS

TR K /NE— 2 R B R MR AR s A VR R g
71~ HEEMMEEIFTES . WE 2 ArL, il
PABER RO /0 A 5 V AL, = AR el g 1~ 11
b, HERRE 63.24%, LUEIES | MR ERZ,
7 EPREL) 30.39% . JEME LR IV ~VI AT VI~ IX [k
BT, 59 5 SRS 18.63% A1 18.13%, LU
MLk VI Bk E b, A SR 2.94%.

3.4 Yirp SR

ANTR]JE R P o ) B AR AT S AN [ 4 AR
FEVE RO AR 22 RE R TR . 3R 3 WA,
DR TR R G EU s o, KT 10%
MR FRELR . =Rz 5t &% H 4 (Carpinus

100, 140 200
90}t 180+
- 80r _ 160}
2 70r 2 2 140t
E 60t E E 120}
Z 50| z ~ 100}
= 40} 1 B g0l
= Ee =
30} 60}
20¢ 40+
10} 20t
I 0 m N vV VI v X I T m v vV VI I vt Ix I 0T m v vV VI Ix

#4915 DBH class
B 2 fLIMAFERINA G, WA RS

Fig. 2 Structure of diameter class, height class and canopy class of Pinus armandii

i EEZ Height class

L2 Canopy class
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pubescens), 73%)7y 0.580. 0.131 #10.116, HriE
s G R, HA YRR B SRR

ERZOMEEE, HEHFRERZENIRS
B, HEEMREA, WA 0.150; ki, 3%, VA
Be. HJM/NBE(Berberis cavaleriei). Ji i 0k 3% 7
(Rosa omeiensis). 422k B EH M, FEAE
(1) E L BRI o

HEARBEOMEE, EEEBRNNAZERE
(Geranium wilfordii). ZHi%E. AT HAIE LM T
(Viola philippica), FAEH HAME, HARFIH
AR,

TE BT AN 5] J2 WD o 22 R A1 R 108 S B T
T AR L B BRI LR S5 ), RAFIIEEE 2
REE R R T T RS E I REVE IR B35 129 SR 4 T AL,
HERBEETAZ SERE . FEARRIN Z VTR
H 5t 275 (P<0.05), W= FE40(S) 1 (Dw)-

Z FEVEFREL(H) (D) N H AR R SRR >TEARJR,
WA S AR O)NER R > AR >TERRE. X
72 TR TR AR RV R AL AR B A7
FERZ A, B2 DGE MR AR5
ARAERANE T EE R

4 FERATF IR

TR R 2 AR B P RIAETS . 536
B ARE BT R4, 5 ST A s B Ay
AR GRATAT R4, B R 4 B AR IR IX Ik
A e B AR X, AV B AT R
ABFFRY, FEHA SR Y 37 B 69 J& 81
F, Hrp @R T 1Y) 3 B 38 4 B, #eTHEY) 34
FHe6 Jm 77 My DIEREL AL B BAR
MEGRERMERL . BE D EY g B

R 3 AT YR 2

Table 3 Importance value of species in Pinus armandii community

J2R Layer

YFh Species

HEE(E Importance value

TeARJZE Tree

HEARJZE Shrub

HRJZE Herb

£ s Pinus armandii

Z®F Pinus yunnanensis

=R REHA Carpinus pubescens
Hitkk Quercus aliena

1L Platycarya strobilacea
JIVEAEA Alnus ferdinandi-coburgii
PEFHIT Cotoneaster franchetii
k¥ Pyracantha fortuneana
J£3% Viburnum dilatatum

JEFE Corylus yunnanensis

Bt /NBE Berberis cavaleriei

Jm il JE 4% Rosa omeiensis
422k Hypericum monogynum
;2% Coriaria nepalensis

kLAY Rhododendron simsii
A8k T Lespedeza cuneata
il 5 L7 Euonymus acanthocarpus
L Geranium wilfordii
5 Galium odoratum
ZERiEE Plantago depressa
AEHT Viola philippica

T Reineckia carnea

—4%E3% Erigeron annuus

JEEL Arthraxon hispidus

5B E Ophiopogon bodinieri
FEHUR Galium aparine

M EEH Clinopodium polycephalum
I % Duchesnea indica

P67 Anaphalis margaritacea
faIE% Houttuynia cordata
—JB<=m £ Arisaema erubescens

0.580
0.131
0.116
0.068
0.068
0.014
0.150
0.084
0.075
0.065
0.057
0.053
0.053
0.047
0.040
0.039
0.039
0.091
0.070
0.064
0.051
0.047
0.044
0.042
0.042
0.041
0.037
0.031
0.028
0.027
0.026
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Table 4 Species diversity of the P. armandii community in Cachai National Nature Reserve

v Mo Margalef 3= & FE 5% Shannon-Wiener £ #4355 Pielou Y51 EEFa %L Simpson ZFEETE %L
LaIyer Number Margalef richness index Shannon-Wiener diversity index Pielou evenness index Simpson diversity index
(O] (Bwm) @ (Ds)
TEARE Tree 11b 1.71b 0.51b 0.83b
EAJZ Shrub 32a 4.18a 0.95a 0.96a
HARJZ Herb 38a 4.85a 0.93a 0.97a

[R5 B0 5 A A = BER R 22 7 B % (P < 0.05).

Data followed different letters within column indicate significant differences at 0.05 level.

3, B BRI X B A 6 11 B,
TR B8 5 68.12%, HGHMET S (5 14.49%.
P B8O A S RO vk, AR R BRI R A L
4.70, VLEIEAT A ATRAL AL, X ATRE S H
FRIR bR 25 AR A b T G 2%, B E R % H
SRRT XA LA BEVE 7 AT AEMR 2 171~2 503 m )
XN, 3 AT HOHE o AR 20 AT 2 BRI
ST AT KRBT & LB PR, X SR IG LR
FEVR (P 5 17.94%, IR 5 71.15%, b
T 3 A 5 A 37.18%) Al A ZR 4 LA BEVR (4
WA 14.76%, AT & 72.12%, dbIEAT 4>
i AR 42.6%) I X R FFAE AL A2 A
SEM B ARG N S5 R, 1T DU R
TEA . S50, ARSI R 2 R, Aefgieit
TEVE R R E PR B IR 1~ 25 (A1) FH RO ] 6 2R 255 THI
(145 21200 AT 51 3 B A8 LLRA TR 1) A i B v vy
RIZFHEA) AR SS, HhT ZF MR, Hh E 2R
Xk Z . AREFUET28R B, M I A TE Y 252 B
R HEFE. MR RUKRGEAF R, — R UL, #4
7 MEFAAT B SR RE AR DL 6 2R 3, HL R
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