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The distribution of male and female Populus cathayana populations along an

altitudinal gradient
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1 College of Life Science, China West Normal University, Nanchong 637002, China
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Abstract: Dioecious plant species are an important component of terrestrial ecosystems. However, little is known about
their ecology, including the factors affecting their distribution. We investigated the ecology of Populus cathayana Rehd, a
dioecious and deciduous species that occupies a wide range of habitats in China. We measured the mean diameter at breast
height (DBH) , population density, sex ratio, size structure, and spatial distribution of male and female P. cathayana
populations in a series of forest plots along an altitudinal gradient (1400—1700 m) in the Xiaowutai Mountains. The results
showed that the trends in mean DBH and density were significantly different for males and females. There was no significant
difference in mean DBH along the altitudinal gradient in female populations and the population density at 1700 m was lower
than at other altitudes. Compared with females, the maximum mean DBH for males was observed at 1700 m and was
significantly larger than at other altitudes. However, there was no variation in the population density of males associated

with altitude. The mean DBH in male and female populations was nearly equal at 1600 m and the density at this altitude

E&WH : EHRARFHIEGIUH (30771721)
We#m B #1:2010-09-30; &1T B #1:2011-02-14
# WIRAER Corresponding author. E-mail ; xuxiao_cwnu@ 163. com

http ://www. ecologica. cn



7068 A E = 31 &

was also very similar among male and female populations. The sex ratio ( male :female) tended to increase along the
altitudinal gradient. Although the sex ratio was close to 1:1 (x*= 2.94, P > 0.05) for the entire population ( 1400—1700
m) , the ratio was biased towards females (x7,,,= 5.91, P <0.05) at low altitudes and biased toward males (x},,, = 6.56,
P < 0.05) at high altitudes. The sex ratio approached 1:1 (x}= 0, P > 0.05) as the altitude tended towards 1600 m.
Furthermore, the size structure of all male and female P. cathayana populations revealed a steady-state distribution along
the altitudinal gradient ( except for a decline-state distribution at 1700 m). However, the distribution of the size classes
differed between male and female P. cathayana populations. A large proportion of class I and I were observed at 1400 m
in female populations but at 1600 m in male populations. In addition, we also found that the distribution of male and female
populations was affected by altitude. We observed a random distribution pattern at low altitudes and a clumped distribution
pattern in most male and female populations at other altitudes, though we did not detect a difference among the sexes.
However, the aggregation intensity between male and female P. cathayana populations differed markedly along the elevation
gradient. The aggregation intensity of female populations increased gradually along the elevation gradient whereas the change
in aggregation intensity was nonlinear in male populations. Below 1500 m, the aggregation intensity increased with
increasing altitude, but then decreased with increasing altitude above 1500 m. This phenomenon may be explained by
differences in the adaptability of male and female P. cathayana plants. In summary, we showed that differences in the
distribution of male and female P. cathayana populations along an altitudinal gradient. And we conclude that P. cathayana

populations are likely to reproduce and survive best at moderate altitudes.

Key Words: dioecious; altitudinal gradient; population density; sex ratio; distribution pattern; Populus cathayana

VBN B — B A S T MO FE ) A A B R ANERIE 2 LA SRR 0 A7 1) 5% ) 2 28 78 AR 2 F 9 Hh 4%
DIRIE . A0 RS A LK I LEHE (Betula ermanii) MR FE TR ( SLA) RIS (Chl) 258 Bifi 5 6 3k
BYFHE RN, 4% a/b( Chla/Chlb) FAE & S AIZEEA S bR (Car) BYAIXT 5 & ( Car/Chl) Bl 14 T 5 7 4
It AR KBS SR ( Bergenia purpurascens ) KA I A /INBE R AR 1O T i vd N JE IDeie A N K
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ARG B 20 48 7 E e S R A 0 A0 M LU B I SR K A AR A, WA ( Populus tremuloides ) W b ( e/ ) 23 Bl
FIER B30 T 380 5 1L BE ( Mercurialis perennis ) ()1 He £ Bl 2 W 45 1 48 i i v /017 5 Y0 K ( Hippophae
rhamnoides ) WV L VPR A 34 DB HG Sesk 2 5 3 i i R 34 (B A SRR S R A A R AR 1) 25 8D 43 A
REAIE B VR A 728 A R A A 0 75 2 0E |, B 2 SR AR AR A G R E BT Z . 1A i &
B BLER AT, ME U S ARATL (A MR R B R A ) 12 o3 A7 76 R [ Rt 45 b, SR 7 4R B 2 R AR 2
KGR Yy TR A AT 2 BR800 Ak, A PARHEAS [R) PRI rb i SR 300 L SR 13 1 e 2 S
I LGS MIZ A YR RE R AL S50 BTG BRI, A0 AR [ UL 1 i e S5 AR AR 0 75 4% ( Populus
cathayana ) RIRFIEAAIFFERT G2 | 308 355 43 Bl A0E vl i A Aok 174) 003 R 0 A3 A6 AS TRV 48000 B 1) 28 ke i, LAH
71N S T S A A0 R (%) 1 LU RN A A Jmy B PSR 0 T R AR, I 5 SR Dy e — 25 8 5 A S R A 0 o
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39°50'—40°07", %X IR AR W KPP TR, B EH AR SEEF R, KB EZERK, R iR
2882 m( LR A )  BARIHE A 1190 m(FIGIT 1) o AL GRAFBEE AT, AP R UM B 26 0
A LR ] VR AT AR R SR AR TR R AR T E A ARV 1400—1700 m YA IEAS oA AR
TR IR MR, IR 2O £ Ll 3 R I g Ll R ) £
1.2 Wk
1.2.1 FEHiRE 54

LA 1 AR 09 52 bR o0 A 4K 0 R (1400—1700 m) S BIFSE IX S8k, 43591 78 14K 1400 ,1500 1600 ,1700 m
AE R4 A~ 20 m x 20 m POFEERETT , 30116 A~ SR IETE 5 BUUR A 75 12 U8 4 25 Hi D 7 4 0 A A o 119
i M B E IR GPS SRR A ; [ XT A 500 B i SR DR IRGR B | 38 5K i DA K 3 Ty 4R
PR F U TIE (£ 1),

x1 BHEBE ENHEER

Table 1 The indexes of the environment at different altitudes

1 Altitude/m 1400 1500 1600 1700

+- e /K Soil moisture/ % 16.40+2. 70ab 11.53+1.83b 16.35+0.71ab 18.45+0. 88a
2 SMRE Air humidity/ % 95.25+0.25a 95.00=0. 00a 95.00+0. 00a 89.50+0.87b
FEHRBRIE Light intensity/1x 0.20+0.05a 0.11+0.01a 0.20+0.02a 0.27+0.10a
A HLBE Organic matter/ ( g/kg) 92.74+15.70a 70.72+13.01a 81.40+5.32a 86.95+13.42a
pH 6.22+0. 14a 6.50+0.09a 6.3620. 18a 6.45+0.05a
N/ (g/kg) 3.87+0.58a 3.59+0. 64a 4.31%0.21a 4.45+0.74a
P/ (g/kg) 0.83+0.03a 0.77+0.03a 0.82+0.03a 0.84+0. 04a
K/ (g/kg) 22.28+0. 44a 22.25+1.98a 19.490.26a 19.31£0.21a

DR LA B AR R | 18] — AT Pl (B A A [e] 5% R D 35 WY A 2 (0] A S 35 22 5 (R IR 45 22 9 FEAS: 3 7% ( Duncan’s Multiple

Range Test) )

TP 1) 2 B R T e SR AR AR T SRR R TR X 43 o X AR AL AR IR , 32 2558 2 A2 75
TG SR A T He )
1.2.2 FhEEZsH

e 5 b — e 3 K/ NREE A ZRAE , B R AR GO T AR AR . ARTE/ N L A i M A 1
$E IR IR 3 ARG 1, DBH<20 em AURGH AN 1,20 em <DBH<35 em AR HPHE T,
DBH=35 cm fRFEEW,
1.2.3  FPREES ()5 Ak il

I 5E 25 18] 43 A M R OB AR 22 (025 T RS — 20, IR AR AR 2 48 A I s 5 SR b AT 25 5 40T
— BN R AR BOIEAR L 0] DU 2 IR A 40 A1 48 SR 28 ) AR FR BN Cassie 3505 RE 5 56 1F 9™ IR £ )
LR, IAEFRRR 0 I SR ER BOM IR Bt T AR I R A G AT U R A A R R ) R AR
BRI, RIEHE ST PO EE R, UL 10 m x 10 m SAbRifi b b A AR 23 6] b 520 A A R 200 e SR 4
FREIAT A HTEoE . AT

(1) P B EE( Dispersal index, C) M H: t K5

C=S/x

M C o= 1 BRERREPLE,C > | T REN,C < 1 BHEAT A0, IS C B Poisson 437 [

T T B Y 0L = S V2 W
t=(C-1)/V2/n-1
(2) I\VAEFEH5 (Index of clumping,I)
I=(S/x) -1
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1= 0 WENBENLIAT T > 0 BRI (E O RAE DR BEBOR 1 < O WIS 1 5) 73417, {8/ Nk
R,
(3) £ — 35K ( Negative binomial parameter,K)
K=x/(S - %)
KRB/ N SRR RE O
(4) Cassie 845 ( Cassie index, Ca)

Ca= (S -x)/%
Ca= 0 NFENL G, Ca > 0 NEEA, Ca < 0 NI 0T0
(5) FHIHEFHE 5L (Index of mean crowing, M) Fl Lloyd EHPEFE4R ( Lloyd index of patchiness, PAI)
M=x+(8/x-1)
PAI = M/x
o, M RIS BRI 22 /DA R B A8 B A BUE BRI BN B8R . PAT AR5 B 1) %5 B 1 5%
M, (LB AR SR AR R
DL AR SR T AMAEY Ty 22 & JERE T TR AN M n R TE
1.2.4 Bt
K SPSS13. 0 GEitH b ATSE it o0 br o PR L (/M) D 25 121 FAR By B PR R RT3 7E
PG AR PR Y 0 R R 207 22 0
2 MRER
2.1 FAMERRE AT 24 B AR R0 R B T A Y AR A A AR
B b MERREFACT- B M AR PR AACRR B2 00 0 A7 TG 1 35 22 5 5 MERR AR 7 S I A= 7E V4K 1700 m d5c K,
SHEmRES B, MRBHAR % TR 1700 m /b, SH A B35 255 BRI % eI
EEEIFTC W 26 5 (B 1) o B 1 v K 1600 m AL | MERERFUA Y1 12 i 428 f dme e ] o 25 2 (Bt e 00T

[0 1400 £ 1500 31600 B 1700

5000 5.00
a

£ 40.00 - g 400 -,
z T
o A S
a 30.00 | 3.00 - A
g X A
= = :

20.00 | o 200 |

o
10.00 | 1.00 F
0.00 0.00
Femde Mde Femae Mde

B 1 BREELSHBERGTMRMEE
Fig.1 Mean DBH and density of male and female plants of Populus cathayana along an altitudinal gradient

I RS TR AR MERR IR 5] A 22 5 /NG TR AR A R R A ) S (22 S 5 B AN ) 7 R DU AR L ) A A 35 22 5 (R
15 Z H 75 B 367% ( Duncan’s Multiple Range Test) )
2.2 T MERRERER AP LG SR ) AR AL

TEREAMEARAR L b BRI E M0 AR AR ST SL 8 2 1) DBH=4 em 97547 311 Bk, H b MERS 138 #k , MRS
110 B AL A 63 Bk, 5 A7 MR TR L Bl 4406 BE OB I B8 (38 2) o 7EARIEAR, 1 LU A 38 D B (xR0 =
5.91,P < 0.05) ; M7= 4R 1700 m, W05 E AN ()0 = 6.56,P < 0.05) . FAE TR 1600 m £, P LT
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BT 1:1 (s = 2. 64, P >0.05;x16p=0,P > 0.05) . WEEA TR AE A0 (TSR [FIR A | MEMERE (A 10
PEHCAEIT 1:1(x* = 2.94,P > 0.05) ,

K2 BERMELSHEEREMEL
Table 2 Sex ratio of male and female plants of Populus cathayana at different altitudes

(557 IR bR TR/ Wi Bk )

Altitude/m Males Females M/F X P
1400 24 54 0.44 5.91 <0.05
1500 25 39 0.64 2.64 >0.05
1600 33 34 0.97 0.00 >0.05
1700 28 11 2.55 6.56 <0.05

J&11 Total 110 138 0.80 2.94 >0.05

2.3 EHHMEMEREAR I K N I TR 0 AR A R A

B2 R 1700 m, BEARH T T ZORpRBCR IR, TR VR B3 22 | S BB URFE U006 L 4R
RIATREAL, EHERERRE b, [ 00 1T SE bR 3 BE AR LU T bk o5 BRI LE )N BEAR IR R B0
FUER, P2 A, T ORI GO PR 7 SERRAE U LU () fe R AR 1400 m, S5 MERR BRI R, RERRAEMAR T T
RN 1 AR o5 BEAAR LU A1) B R ¥4 2 1600 m (1812 B)

O O
30 - 20 -
A B
B 16 - =
S 200 | il
= 5 ) 2r :
2as | [ & %
| A 3 % I
10 + ] Lo e i
] F i -
0 H | Fir | s | | - | | | £ |
1400 1500 1600 1400 1500 1600 1700

Altitude/m

B2 BREGELSHBERER/NRER

Fig.2 Size structure of male and female plants of Populus cathayana along an altitudinal gradient

2.4 TEAGMERERER A 23 18] 20 A R AR 0 BE VR VAR () AR fL B A

I 3 ATAL, A MEHERER R 40 A A% Jm) SRR OC . TETRFR 1400 m , BEMERF AR R A BENL M6, 7EIE
1700 m, MEREREAR RIS AR HERRIER R I BENL AR, B R B B I, e R AR e ol SR 4
O3 o AN RAETR BERE AR I 4 S W, VA O A A A SR A i B A B R R B R 1 AR Ak BE
PRI TR P K A AR Ab , I FLX R AR LA E MR 2 (R 22 5, BERRIFEIR 1Y) PAT (B R TR 0 T =0 14 347
BN, HERRREAR I PAT (B 0 Bl 2 TR 3R 0 T 50 S 3R S 5 9t/ i e 4
3 itig

X T W IR IR A e B R AR 1Y) S S B AR AV BROR B B R A A R SOR [A] R Y F X B AR A i K
1600 m AbsR /), TR 147 24 o 422 B /N VA R 1400 m, EARRAE AR T3 1600 m 135 BE #5 K T Ak ( 18] 1
B), [HBEE I, HERRE W8N, TR 1600 m DA HERR 25 B s T [, 150 BA 205 A Ak 6o ek
AR mE R AR TR AR, 1A R 1600 m AL, MEHEER - 35 o 22 (8 A
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T, B BE A AR B AT, R WITE I AARR BE AR AR 1) A A BB Bl 3R e 00 BT A Y- 8 e A2 1) 1k A
FURTEREAAR LSRG (TR BE S A A BT e, BFFE3R W B G P-4 A3 O, T ORI SRAE Ak o 44K 1L 151
23 TR BEAAR 2 RSB BUFE A S T REARY . 134K 1700 m SEHERRREAAR T2 M A2 B R Tk, BEIAR S5 A R I T I
Y U BRI RRAE = W 5 DL BHSR R AN R T HAE AR Y . SRR AT 35 M 728 e/ NI TR 3K 2 1400 m, BF
ARG AL BT A T AR 32 v R P o 1 ) 5 TR AR5 A8 U R TR 1600 m BRE PSRy . X FHBLR U], Bl
BRI AL MR 1A s PGl A H F B AR KRB T 500, PR G R IESE 1 MRS B 7E TR
AT B A MR TS A AR R R R AR R AR T o Eh T 2 M A R A 2 B A AR B T I AR AR, LA
RSz A v AT R SRR TR IR 1600 m 52, 14K 1600 m F] GEE R fol BT X, MR 24E
FH %5 N BRI, V23 ( Hippophae rhamnoides) TE /AR 554 F BOPE FL 4% T 1 o RN 7 1 A e S ey s e d
K 1600 m IXAFREfcid ST DX AP LE T BEAT & 1:1 Y LBISC AR

R3 FUMERGHATERERERE

Table 3 Distribution pattern and aggregation intensity of male and female plants of Populus cathayana

A %k?j{_]
Ahjﬁjﬁ - fjﬁ c tf’j? D)ijf;;mn I K Ca M PAI
type

1400 273 1.05 0.13 R AL 0.05 74.63 0.01 3.48 1.01
bk 1.16 0.43 FitiAL 0.16 9.64 0.10 1.66 1.10

1500 AR 2.30 3.55 R&E 1.30 1.88 0.53 3.73 1.53
273 3.07 5.67 R4 2.07 0.76 1.32 3.63 2.32

1600 AR 3.07 5.66 R4 2.07 1.03 0.97 4.19 1.97
Tekk 2.15 3.19 B 1.16 1.77 0.56 3.23 1.56

1700 PR 1.69 1.89 RE 0.69 1.00 1.01 1.38 2.01
ik 1.18 0.50 FitiAL 0.18 9.67 0.10 1.93 1.10

Xof WERFEE LS8 I 25 SR W7 FE AR 1600 m MEREX: 501 L ) TE 47422008 7 121 (3R 2) , IR B3R 4] 2
R, T30 B R AR B EE b A MEMERFAR PR ) LU0 A IR 25 121, (HAER TRl 4ARR 2 B
SHE B AR A U] HE B T O S A 0 25 TR B S , FEAIRTAR IR 1400 m, BERREDE FE R 0. 44 | I & M1 5 76 54K 1700 m,
WEREVE LA 2. 55  BERRAE i X O B 8 1 8 03, BEE TR 1600 m #23T R LB W& I T 1:1, 1%
25185 Grant 5 AXTEAGYE L IOAR TS5 R E W& . Grant 58 A\ K I EAGPE AR B AN OBE BE 1 A & A M
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