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Woody plants species-area relationships in a broad-leaved Korean pine forest in

the Xiaoxing’an Mountains

WANG Ruizhi, GUO Qingxi”
Northeast Forestry University, Harbin 150040, China

Abstract: The species-area relationship is an important approach for understanding the structure of the plant community,
which represents a fundamental issue in ecology, and is an important component of community surveys. The minimum
sampling area of a community can be determined by a species-area curve. However, different sampling methods have
dramatic effects on the species-area relationship. Previous studies have shown that the minimum sampling area can be
determined by species-area relationship models (e.g., logarithmic function, power function, and logistic function) , which
are constructed from nested plots and quadrate combination methods. However, the forms and parameters of the species-area
relationship models vary with sampling method, regional location, and spatial scale. The nested plot method may increase
the probability of appearance of rare species, resulting in exaggeration of the number of species, while the quadrate
combination method may neglect the aggregation distribution. Therefore, further research is needed to develop methods with
decreased uncertainty. Here, based on the inventory data from two 10.4 hm® plots ( Shengshan and Liangshui) and five 1.0
hm” plots ( Fangzheng, Tangwanghe, Daliangzihe, Dongzhelenghe, and Fenglin) in the broad-leaved Korean pine ( Pinus
koraiensis) mixed forests in Xiao Xing’an mountains, Heilongjiang Province, the minimum sampling areas were determined
by species-area curves with the moving window method. This method overcame the limitations of the nested sampling and

quadrate combination methods and prevented the interference of sampling error on the species-area relationship caused by
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the community spatial heterogeneity. Additionally, the species-area curves of the seven plant communities were fitted with
four saturation curve models to simulate the minimum sampling areas, and the suitability of these fits was evaluated.
Furthermore, random sampling simulation was carried out with the minimum sampling area to examine the effects of
sampling number on the accuracy of the species number estimation. The results showed that the measured minimum sampling
areas of the seven forest communities with the moving window method varied from 40 m X 40 m to 45 m X 45 m,
demonstrating that the minimum sampling areas of the broad-leaved Korean pine forest communities were similar. The R’
values of the four species-area relationship models were all greater than 0.8 for the seven plots, but the minimum sampling
areas determined by the models differed greatly from that measured because of the suitability of the models and the reliability
of the curve extrapolation. Moreover, the proportions of the species of minimum sampling areas to that of the entire plot were
overestimated by the models. By simulating the process of random sampling, we examined the effects of sampling number on
the accuracy of species number estimation and found that the differences in community structures could be reflected in the
demands of sampling numbers. Plots at Fenglin and Daliangzihe required only a small number of samples, indicating an
even spatial distribution of species. However, the plots at Fangzheng and Shengshan required a large number of samples,
indicating high spatial heterogeneity in the species distribution. Further studies are required to determine the mechanisms

responsible for this difference.

Key Words: minimum sampling area; sampling size; species-area relationship; broad-leaved Korean pine forest
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ARG DX S T B VTAR ARALFR /N 2420 (L4 46°28'—49°21"  ZR4: 127°42'—130°147) IZIX g AL T
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19 —21°C /A, foe i i B2 AT 35 31°C, i fie s il A 35°C , A 4R 1 Ul - 1—1C 5 4F [ /K & o 500—700
mm ; R IESERY N MR AR SRS 50 em, BB )R, /N SEI AR R A A DX R R T R AT R TR S AR X
SN AL AR DX SR AR R L0 DA SR A TLHT G T ZDARAR  RAE TS A TR I 32 B FR LI
( Pinus koraiensis) . 3 #% ( Tilia amurensis ) . WA KE ( Betula costata) . [ K€ ( Betula platyphylla ) | =% ¥ ( Abies
nephrolepis) Y4 %E W ¥ ( Larix gmelini) . 5% 15 ¥k ( Quercus mongolica ) . 3¢ M #i ( Ulmus laciniata ) 41 = 42
( Picea koraiensis ) . i 8§ = %2 ( Picea jezoensis ) . 7K W Ml ( Fraxinus mandshurica ) . ¥ 3% % ( Phellodendron
amurense ) \ﬁﬂMﬁW((] uglans mandshurica) \@*W(Acer mono ) MKHEZ ( Populus ussuriensis ) s s AR T BT
%5 T 4% (Syringa reticulata) . BT ( Corylus mandshurica) J8#E BF ( Euonymus pauciflorus ) , F1 4< At B 2%
( Rhamnus davurica) 5,
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Table 1 Introduction to the plots

75 FE 124 T FL/hm? Hb AR R 148/ m LIREE
No. Plot name Area Location Elevation Species number
1 JiE L 10.4 49°28'35.2"N  126°46'31.98"E 552 31
2 Bk 10.4 47°13'1.16"N  128°52'12.62"E 418 46
3 ik 1.0 45°39'38.15"N  129°04'57.64"E 393 28
4 HNE] 1.0 48°35'22.84"N  129°51'50.9"E 305 23
5 Kse T 1.0 47°02'13.51"N  129°41'29.6"E 498 31
6 ARk 1.0 46°47'32.57'N  129°02'20.25"E 383 26
7 Fhk 1.0 48°07'02.65"N  129°11'21.87"E 352 28

2.2 Fp-EFOC R 0 E

PL5S mx5 m REEA A EE AT . BT AR ARG 5 m I KMy AR A TR Ry 5
mx5 m .10 mx10 m 15 mx15 m -++--- 100 mx100 m, A T ST RF AT N RARASH R, R T
e 0¥, LL 10 mx10 m #EJ5 00, FEREHLZE R AIRE 10 mx10 m B8R E 1, o5 0 NREL, SR )5 %4
T R AT B B3 5 m, BB S5 FRR GE 5T 11 P9 A RP 8, Mk 17 88 AR b, 83T g 31X — i1 AR
FETT BT R E S 3 e B PS4 B T T R 8 o i A5 b 1) G SR 2 i R - TR BRI £ 4 Bt 2 s 1
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S =aA/(1 + bA) (1)
S=c¢/(1 +ae™™) (2)

S=c-ae™ (3)
S=a(l —e™) (4)

AP A SRR, S AR T R BRI RN o b RTFESEL. Jr RIS FI SPSS17.0 Bk 5E I,
SR A fre /N BB 2 A5 B R SR —E el p(0 < p < 1) IR TR 2R THIAR, 15 4 ik il 2o s
AR L R 53028 3050

A=p/(b(1 -p)) (5)
A==1In((1 =p) /ap) /b (6)
A ==1In(c(1 =p) /a) /b (7)

A==1In(1l -p)/b (8)
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Fig.1 Species-area curves
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FIFHAS s A5 2 B Fp- T BOC R B0 , AR P P Bl A7 (1) —(4) $0A 15 BAH L 9 7 2 L3 2.,
JIT 5 )5 FE X AT FROG R AUA I RAEIITE 0.9 DL L, 2745 FAs 4 ANp0RN il ZRA A A (1) F1(3) X 7 A FEHBAY
Fh-EAC R G ROER 4 — 28,
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Table 2 Modeling results of species-area curves

P piyis S8 Parameters @
Site Equation a b ¢
75 iE (1) 0.022 0.001 — 0.972
(2) 2.975 0.001 25.375 0.940
(3) 22.303 0.001 26.485 0.975
(4) 24.785 0.001 — 0.935
IE (1) 0.034 0.002 — 0.982
(2) 2.658 0.001 20.487 0.943
(3) 17.057 0.001 20.971 0.976
(4) 20.200 0.001 — 0.934
KT (1) 0.062 0.002 — 0.982
(2) 2.694 0.002 26.725 0.916
(3) 22.405 0.001 27.269 0.955
(4) 26.487 0.002 — 0.926
ARYTHE T (1) 0.037 0.002 — 0.965
(2) 2.331 0.001 23.072 0.921
(3) 18.555 0.001 23.575 0.958
(4) 22.264 0.001 — 0.901
FHk (1) 0.075 0.003 — 0.941
(2) 1.786 0.001 24.201 0.899
(3) 17.407 0.001 24.613 0.933
(4) 23.250 0.002 — 0.845
L (1) 0.037 0.002 — 0.928
(2) 1.861 0.001 19.608 0.934
(3) 14.369 0.001 20.070 0.963
(4) 18.453 0.001 — 0.838
wok (1) 0.060 0.002 — 0.985
(2) 2.726 0.002 27.068 0.924
(3) 22.763 0.001 27.611 0.961
(4) 26.837 0.001 — 0.932

WL T p 4350108 0.6.0.8 0.9 , B /NI B354 &5 S R 60% 80% 90% it i sR A5 i A A~ A1
2R AR Yy e/ NTRR, L3R 3, PR 3 AT DA 78 7 /M RE A DL p=0.6 48051 12 19 B/ T AR i /N KA
SEPREE (RS St D3k ) M e, HA S I T p B 0.8—0.9 B, JTAf A2 18 d5e /)N T FRUA™ 5 52 B o A {42
I T E A S PR CE A RS S0 T 0 0 /NIRRT AL 5 AN EIONN 43 A 7E 48.4%—70.9% 2 (8], i
A M AR RIS 2] () o/ N T AR /DN T 58 s 8] e 245 2 5 RV 38 o 400 il RS 70 T i o 149 e/ )N 1T AR5 S B i £ 2%
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Table 3 Minimum sampling area calculated by species—area curves

FEHb filEEs Fh-T AL 2k Species-area curves SE (Y
Site p (D) (2) (3) (4) Average
FIiE 0.6 1500 1496 744 916 1164
0.8 4000 2476 1437 1609 2380
0.9 9000 3287 2130 2302 4180
W] 0.6 750 1383 709 916 939
0.8 2000 2363 1402 1609 1844
0.9 4500 3174 2096 2302 3018
K 0.6 750 698 719 458 656
0.8 2000 1188 1412 804 1351
0.9 4500 1594 2106 1151 2337
Rz 0.6 750 1251 676 916 898
0.8 2000 2232 1369 1609 1803
0.9 4500 3043 2063 2302 2977
BRI 0.6 500 985 569 458 628
0.8 1333 1966 1263 804 1341
0.9 3000 2777 1956 1151 2221
JELL 0.6 750 1026 582 916 818
0.8 2000 2007 1275 1609 1723
0.9 4500 2818 1968 2302 2897
K 0.6 750 704 723 916 773
0.8 2000 1194 1416 1609 1555
0.9 4500 1600 2109 2302 2628

3.2 RS R E

HIRIARE T 45 B /NI (IR BB U 1 A8 B /N i BRI R 7 st e A5 21 n] 52 R P Ah Eihh
TEEEAE ARG AR L) ST , W RACR 1A S/ NERRAE T, DRI Al 45 2R 5 FOF S8 A7 AR K
% HE KARHRZE A BN HELL 56% 7K 40% 75 1F 64% 37 30% K455 21% AR A0 30%  F Ak
18% . W] WLAAZIRE B — B AR T , A BERF R 25 BRI 7E— 2 u Bl

R T BT BURE B X R B TR BE B R , FAT VAT X e/ N T RURE Jr A TASADLI AR . 7R b R A LA B
Bl 2 Ay e/ NEBURE TR ) TE 7 TEAE 7, R B LA R BRI B 1.2 3 oo , 20, AR BR A
FEMIBEDLIR 22 | K B A RE 7 B (O BORE /R B &2 3000 R, B3 WK &2 HR VR AR IS 2N 45 B A B E M8 . 4eit
X 3000 (K E E HAE TS B 0 PTG X K S Be/IMEL, THER K5 e/ IMELR] S/ IN T RR T 5 0 P 5 52
T 2 8] AR 22, AR R

E = (9)

max

E, =— (10)

BERT AR it/ T AR 7 URE RS 5 B RO IR 22 Z A1 SC RS AR 1A, LIRS 2, B AR A5t e/ T AR
BEAR—FC AE BRSO BRI 22 AR R, AR KA X R 22 209% 0], IRk 25k — K5 B, “FARKE L T 14>
/NIRRT S REIA 2, 7 IR N G 2 30 17 A, AEBNE O RO 7 20 2 1 8 31 S M SO A
FYIFPE AR (B ESEBR T AR Al LUK B, A 07 BOR B — (I | i IO B 22 I 281 [ A4 R B2 T2k T
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Fig.2 Relationship of maximum relative error between sample size
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FRAE R KB A BE U SR T 3 R T ) TR S AR iR A b - T OGR4 R AR
[ EURE 7 i X - T AR G R A R 52 MR, 48 HAH HSR S CIBORE v BEHLEBORE TR B ROCR B, ASCRITE
BN TR SR AR G R 5 DA SR D s A G R I AR L, B8 B 0 RS2 A W] — b
BOg W KA AR, R — i Bt B AL 00 /IR 7 AR N 8 ek 4 A b, o AN T) BUARE TG R A R 7 T a5t
T IEA TG, T A R (7 Fh 8, T38RO T H 37 4 18] 5 o P R 1) JBORE 5 25 X6 - LD
AT

AR [ st ) FH RS B 7 11 364520 B - 1 ARG 22 8000 ( AR IESOLA il 26 B R0 AN AE BORE IR 22) 3833 T 4
ol FARLRI R - I BOC R 2R AR /N T FR AR B e 25 L, & S b RS B A0 5 T i 1) e /S TR 55 AR S B
B S5 R 22 (BAFAE 250 AR 52 B B0 0 o 119 S /DN T R A 35 VR R ) R B 609% 26 A, T SR 44 R
FLFERETE 60% RN ELEER | 308 1 - T AR S A0 6 0 1) s /N T FRUU) B SR A S PR I A 25 5 . A FE g
WAL HEHEVR 80%—90% MR A M E R A THA G, A R A 5 I bRl 230 H 3L BR B axX A e/ MBI 3 &
W eI AR, AT L AE A SCT I 7 1 XCR F I35 s R LT ANIE B, Z T A X — B4, ]
FIE 232 B0 R ol - 1 AR il R A TR 6T T AR 5 B 403 P | A R - T Ll 286 A0 A% T S 1 A S ) 4 0 - 1 AR
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IR A e KA DR 22, e sr S BURE RO A5G 28, SRS A5 L i/ T AR AT — B30, (4% A0 M ] - 2 A AR AR 7
LRI 22 S AT BURE B A 2R EARBIR , Hvp FEbR S DR TR s R B A A X 22 s e /IN T
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