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Sample effects on species-area relationships of typical
forests in karst and non-karst mixing distribution areas
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Abstract: The species-area relationship (SARs) is a fundamental pattern in ecological research. It is also a common
tool in predicting species extinction and assessing species diversity. The species-area relationships curves describe the
increase of species number with increasing scales. Various factors affect the shape of species-area curves at different

scales. However,it is still not clear in selecting the best SARs model for a certain area and insufficient attention has

W B A9 2014-08-01 &5 B #: 2014-09-15
ESTR: EEMSZHITRIN B (2011BACOYB02) ; [~ 74 B A5 2 # 4 (2010GXNSFE013003,2013GXNSFBA019076) ; J WY H ST EA
oMb & 2 H CEEAEE 11001),
EEMA: MIEEQ78), B, TTRAABFRR, TBENEHYESFEFEMHHE, (E-mail) xwusheng@ gmail.com.
CEWEE 2B IR TENE/AYESENKE &S FEHFEMHFR, (E-mail) xiankunli@163.com,



310 A1 N - R/

been paid to the effects of sample methods and standards on SARs. The region in north tropics of Guangxi, where the
karst area and non-karst area are mixing distributed, supports very high level of biodiversity. In this region,the Nong-
gang National Natural Reserve is located in the typical tropical karst terrain where forests are less disturbed and con-
serve hyper diverse endemic species. The forests in the Nonggang National Natural Reserve are typical karst forests
which are shaped by the distinctive geological environments. In contrast, the terrain in the Shiwandashan National
Natural Reserve is non-karst forests where are mainly shaped by climatic conditions. A contrastive study of species-
area relationships between the karst forests and non-karst forests in the same climatic zone and elucidate the differ-
ence of species diversity may provide insight into the conservation of biodiversity in the karst area and non-karst area
mixing distributed region. In this study,we established 14 plots of 400—600 m’ in Nonggang and 15 plots in Shiwan-
dashan, These plots contain representative forests communities in the study area,for example,including Excentroden-
dron tonkinense ,Cephalomappa sinensis , Deutzianthus tonkinensis, Litsea dilleniifolia in Nonggang and Eberhard-
tia aurata ,Madhuca pasquieri , Lithocar pus pseudovestitus » Hopea chinensis in Shiwandashan. All individuals of tree
species with DBH (Diameter at breast height) greater than 2 cm were recorded and identified to species. Based on the
sample data of 10 mX 10 m subplots, species number was counted by a series continuous sample area. In order to de-
termine the optimal SARs models and sample effects on SARs models, we constructed three SARs models(Logarithm
model, Logistic model,and power model) from noncontiguous grid combinations design based on survey data of typi-
cal forest communities. To assess the effects of minimum measured DBH on SARs, species numbers of individuals
with DBH =2 c¢m,DBH=>4 cm, DBH=26 cm, DBH>=8 cm, DBHZ>210 cm were counted separately. We used least
square method and Gauss-Newton method to estimate the parameters of SARs models, Akaike Information Criterion
(AIC) was used to compare the goodness-of-fit of each model. Spearman rank correlation was used to assess the
effect of base sample unit and minimum measured DBH on SARs. The results showed that logistic model was the
best among the three SARs models both in karst area and non-karst area. Base sample unit and minimum measured
DBH both had significant effects on SARs,but the effect varied among the SARs models. We argue that logistic mod-
el is a robust model to describe SARs of tree species in karst and non-karst forests in north tropics Guangxi. The re-
sults also suggest that special attention must be paid to the influence of sample methods as applying SARs models to
protection practices.

Key words: species-area relationship; minimum measured DBH; base sample unit; karst seasonal rain forest; non-

karst forest
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B UM K 48 55 4 S AR % Y) A 36 (Brooks et
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SR, BRI X TH—ERXRMRERBHTLE
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al.,2003; Azovsky,2002;Condit et al.,1996),%F
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laria laosensis) KT ™ K (Schima bambusifolia)
% A TR FEZ R AN 3 2 (Hopea chinensis)
g 55 KWk 4§ ( Horsfieldia hainanensis) K B B
i, UUASR It 3 2 £ 0L, ) 76 R AR 1A T ARE)
FEHA X GRIEIESE,2004) ,

ITTEFE R E AR QRGP X b T SR B
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i, BAFH 7 AP HRE 22 C.ERAVPHRA
13°C,EHREHSE 37~39 C,>10 CHBRBEN
7 344~7930 °C, LA 351 d. FHFEKEN
1150~1 550 mm., > REIBHFBEOK L HE
ARLE, RPXEYX R FEH P ER . JCEHRE
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TETFRL R ER SRS, FRAF KB TR
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(Excentrodendron tonkinense) , I 4 ¥ (Cephalo-
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ves) M £ K (Cleistanthus sumatranus) ¥ 5 KK
Wi(Hors fieldia hainanensis) (Fr 2Bl %%,1988),

2 MR FFE

2.1 BFAMAIERE

FERT T X P, e R AR M BE B B 400 ~ 600
m? BEH, 3F 4 AL 10 m X 10 m /MVBE DT 4T 2, B
WREBEARELLEK 1, FRENRLAN, FEHIC
F M2 (DBH) 22 cm BIFe RFPE HE B FE . E
B M, X T AR Y B S A B AT R A SOt OF
IWRHEEEBE. £t 7 RLARRPXILERE
T 15 A, B LG ER TR L ER
K .FBIRE BB Kb (Castanopsis carlesii ) K
Mk (Quercus griffithii YE MR EH L BEF ST
AR TARFD L H SRR AR, 7ETR R B AR
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A AR ARE T 222 G KR P E
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F1 IEEAEEFSEMERTSXEDIZERRL

Table 1  Summary of the sample plots in the northern
tropical karst and non-karst areas in Guangxi

Rt
B4 P RK
B BER B9 S w pa

Brotix B Towl  FHE Sum of Mean Maximum

Area No. of area Total 7 | .
plots of plot species indivi- - DBH of DBH
duals (em)  (cm)

(m®)

FF i1 (M B4R X)) 14 8400 180 2711 7.67 104
Nonggang (karst area)

THICEEREFX) 15 7800 203
Shiwanshan Mountain
(non-karst area)
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BEFHERAITHEANE . AR R AN HOER
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al.,1996), XH,S HYF . A HEBFHEEMR,C.B
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Fig. 1 Species-area relationship curves of three models in the northern tropical karst area (Nonggang)
in Guangxi X-axis of right part is the logarithm of sample area. The same below.
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Table 2 Parameters and goodness-of-fit of the three
models by using variousbase sample units in

northern tropical karst area (Nonggang)

oy ig% A B EL Parameters of model Al
Model Base sample
unit (m?) ¢ Z B

X B Y 100 -241.7278 % 42,9905 * 628.89
Logarithm 200 -262.3553 % 45.4524 % 306.32
model 300 -271.3393 % 46.5984 * 199.08

400 -286.9126 % 48,4522 % 146.49
R 100 0.00086 * 0.8125%  0,1973* 336,16
A 200 0.0005 * 0.8492 %  0.1498 % 158.58
Logistic 300 0.0007 * 0.7801 % 02469 % 125,18
model 400 0.0006 * 0.8229% 01808 % 89,70
FREER 100 1.0676 * 0.5565 * 442,97
Power model 200 1.0050 * 0.5633 * 227.31

300 1.1001 * 0,5531 * 149,50

400 1.0463 * 0.5589 * 115.12

.« FRAREEP<0.00D), TH.

Note: * indicates significant difference (P<0.001). The same below,
3, B/ 100 m® HEMZEN 2 cm BF 3 F
HEAMSHHAEERITERE L. SBHTHEXKHPTR
HEREFMU BEFFEY AICHE/D, HE
RUCR B B4 T R R R AR X O A, o R AL A
3ETHUBHAEE.
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Table 3 Parameters and Goodness-of-fit of the three
models by using variousbase sample units in northern

tropical non-karst area (Shiwanshan)

%/J\E} R Z B Parameters of model
A FERTT .
AIC

Model Base sample

S C z B

unit {(m°)

St B R 100 -267.4895 x 51,0643 * 522.46
Logarithm 200 -268.7322 % 51.2632 * 243,37
model 300 -291.5326 *  54.0215 » 147.74

400 -301.3672 x  55.1861 * 110.03
BEEFR 100 0.0006 * 0.9424 % 0,1567 * 296,53
LR 200 0.0013 * 0.8233 %  0.3663% 147.88
Logistic 300 0.0007 *  0.9151% 0.1917* 110.77
model 400 0.0008 *  0.8892%  0.2244 % 77.46
T R B A 100 3.4838 * 0.4545 * 514.46
Power model 200 4.0690 *  0.4363 % 243.22

300 3.7455 %  0.4462 % 169.93

400 3.7704 % 0.4451 127.20

HEHESHM AICKRER. HRERER. A
B IR ST R DX O R AR e B R X, O T /D BURE BT
THREMHSHEHEFREIT 2R, EHFR/DNR
BT B #F R U S HOR B, BRI
BIRZ, B R ., R R/ BT
Himes, AIC EX A B M. R4 HERER,
B TR XA — ET AR R R A B R 2 NS HE A
BR/NBURER TR E AR, M A XX A R
— N SEMB/NBH BT REEMR, BEITHIE
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Fig. 2 Species-area relationship curves of three models in the north tropical non-karst area (Shiwanshan) in Guangxi
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Table 4 Results of Spearman rank correlation analysis

between base sample unit and parameters of the three models

36 ZH Coefficient of correlation
oA L R A )

Parameter fﬁ](@%ﬁ'ﬁg) Shiwanshan Mountain
onggang(karst) (non-karst)
X B R 1.00 * 1.00 *
Logarithm model-Z
Xt B R -0.94 -1.00 *
Logarithm model-C
BHRFEFER -0.09 0.77
Logistic-Z
PHRHER 0.09 -0.88
Logistic-C
BEET#N 0.09 -0.77
Logistic-B
FRBBEA -0.37 -0.25
Power model-Z
R R A 0.31 0.26

Power model-C

RUANFE bR B B B9 2 80 5 B/ BURE B n A e R
B#E,
3.4 7 [E) 2 M AR 12 3o ¥ — T AR B 4% B R 0

F 5 MR 6 Al T AREMMET 3 MR
UESHM AIC R R., NERBHFXTE
X, ARENEZET 3 MEENSHIE
Aot E Y. EMHFERNERET, B8R
BMUGROR BRI BRI R Z , SR &=,
RIGRER FRHFRA—THAXROELS
BB wEER Z SRS RN BAEMEXA
BES, KU S8 5 0 AR 7 A 3 B

RS IHIAFEERSE(FH)AEREN
METIHEANBESSHTN
Table 5 Parameters and Goodness-of-fit of the three
models by using different minimum measured DBH
data in northern tropical karst area(Nonggang)

R EEIBE Parameter of model
A Minirmum AIC
Model measured
DBH (cm) C Z B

X B RY 2 -241.7768 * 42,9908 * 634.04
Logarithm 4 1924316 % 33,9246 * 607.47
model

6 -161.4253 *  28.3529 * 583.29

8 -143.9505 * 25,2344 * 562.64

10 -129.5870 * 22,8047 * 542.69
BEIFR 2 0.0006 * 0.7981 %  0.2157* 351.66
R 4 0.0006 * 0.7409 *  0.2329 %  303.42
Logistic 6 0.0006 * 07580 %  0.1687 *  318.38
model 8 0.0006 * 0.7240 x  0.1863 % 283.85

10 0.0006 * 0.7591 %  0.1369*  265.83
TR BRI 2 1.0383 * 0.5597 * 439.61
Power model 4 0.6552 * 0.5839 * 356.15

6 0.5045*  0.5925 * 354.49

8 0.4306 *  0.5970 * 310.98

10 0.4274 %  0.5869 x 311.38

. o« FAREREEP<0.00D, FH.

Note: * indicates significant difference (P<(0.001). The same below.

KEFR. W XA —HE A ROEE S Hop, 0
FRANSHESENMEIRA L BEFNRRER,
BHEHFAEANSHE Z5FREEENSH C
WHEMERFERENHLKXR., NEKERE,
AR R X AR AL S 40 5 R T I AR R SR BB K A
BRERE , X 0 2 A of B R 2 80 5 R U g 72
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Table 6 Parameters and Goodness-of-fit of the three
models by using different minimum measured DBH

data in northern tropical non-karst area (Shiwanshan)

RER ﬁ?ffuﬁ BRI B HX Parameters of model
Model measured AIC
diameter (cm) c Z B
X B 2 -263.3311 % 50.6075 % 523.19
Logarithm 4 -254.9739 % 46,9151 = 549.99
model 6 -233.2592 % 42,2603 * 548.14
8 -208.1654 * 37,5717 * 535.36
10 -193.3190 *  34.5765 * 538.31
IR 2 0.0007 * 0.9284 % 01763 %  324.89
R 4 0.0005 * 0.9349 * 0.1189 *  317.79
Logistic 6 0.0005 * 0.8984 *  0,1227 *  312.26
model 8 0.0004 * 0.9152 % 0.0946 *  300.42
10 0.0005 * 0.8565 %  0.1198 *  309.08
FREEAL 2 3.6883 * 0.4481 * 514.14
Power mdoel 4 1.8719 * 0.5104 * 477.15
6 1.2756 * 0.5400 * 439.38
8 1.0588 * 0.5472 % 423.97
10 0,7746 * 0.5723 = 387.22

%27 FAERUMESHBSHEHBEXSH
Table 7 Results of Spearman rank correlation
analysis between minimum measured DBH

and parameters of the three models

Mk EH Coefficients of correlation

278
Parameter FER (B ET XD Stﬁﬂ-!(}?Fl@]\%ﬁﬁ:[z.)
Nonggang(karst) iwanshan Mountain
(non-karst)
e 1,00 * x -1.00 % *
Logarithm model-Z
X BORLEY 1.00 * * 1.00 % *
Logarithm model-C
BRI -0.88 * 0.17
Logistic-Z
B 0.33 -0.88 *
Logistic-C
BB e -0.43 -0.88 *
Logistic-B
FRpER 0.50 0.98 % *
Power model-Z
AR 0.98 x * -0.98 x *

Power model-C
F, *RREREBE(P<0.0D); * x RAREREF(P<0.001),

Note: * indicates significant difference (P<C0.01); * * indicates signifi-
cant difference (P<{0.001)
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MM -ERXREENUSER DR, LR
J2 W ST R 3t DX S A W S A . X, B MR TR Y

RUEGRBRETH—EBAXRAWMERE, He
et al.(1996) %} Pasoh MI#VH ZRAR B B3 K BH , ZE /D
RE(EMY 30 m®) B, B AR F— 1 B & 7T AR
TR BERRE A, PEREN ERYA 1 000
m? ) T bR B B Y 1L A AR AR T 48 HeR B T AR
RESRKIGZENFAEETHEMMESR, £
82 %5 (2012) X b 18 &1 1 VB 32 AR A9 B 5% .48 B AE AL
RIS R .

7 B 5T 7 W A A A o 307 R T e S [RD A s
BETHBIWERE He et al. (1996) M ER S
(2012) WP TS5 R 3 — 2, RAER E B KRR, A
b B XA A —E AR R AT DML e

AR T8 B /N EURE B 0 o A TR 2 R T ) 4 SR Ok
B, B /N BURE BT X 4 B AL AN R B A Y &
BRI R R, T X 3B 4 R A AR R R A
G RGeS e A TENTE S IL v E L 3 S
HRAMEANER., X—MREREZH. ER/PR
HEITRTF 100 m* 5, BB S B0 & /p BURE
BT R /INIE B SRR, T P 4 A B B 00T B /N BORE B
TR, F. EERAM- TR RME
RUB, g R B 3 33 o i /N BRURRE B 5T 72 Ak A B e A
T, 4N 3% 48 37 A SO A SRR eR B B, DR IR B )
BHERWATREERREE.

R B xT 3 R —ER X RERANSEKRE
RAHLBEHZW, &R A [F RS RO 5K
ARBEVE PP —TH B R WS IR R 5E AR R, A6 L g
HHXmE RN ERASEE S Z R
W2 AL e, SRR AT LG R R, %
B LA A R S B R T 42 AR A B T 3R
AN R PR A R B AR R — AL,

PR EME R R E LA ZH
HRRERX BREAY AR SAMRXEHNEET
B (FEIRY%,2009), 7R — A K R A B 5 R
FHEL, BPAMN R MR MR BE T XN EREE
B AR (Azovsky,2011) ., RITMMFRRE R FH, B
AN VRS B A A (S I 4 DA e B /N BRURE BT Y AR fb
Bixfp—EERRNEBSHRE AR N, ERR
WHRERNBFRFHERTHUNGER. ZTUL
PR R RATA R EF— R R AR A & A
L B, 75 B AR ) O R OB O CAn AR K A A )
7 B/NBEERIT RN M, L EEE LA
i) X 38, B4 A 0 22 B M I, 7R B A UE U O 5 AT A
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HRW—, FEBRMEEZR, RFEF—mH KR
LAY B 2 800 S T M 42 28 40 AN B /N BORE BT AR TR Y
BURRR I A B2 — B A B (I 4B T A T
EDRALKEE, X S RBERRIN.EMH @
R AR B BF 5T A0S P I AT R B R e fa g iy
AR, UM R B E T .

MBITWERKE  BENHESH—ERSHK
BB EMXH, B I AR 4 B 5T 45 5 00 2 X R Bk A2
BRI A B AR, (BN R E TR B Ay, )
TSR R 2 B R W B R TR AR — B R K
TEFE N AR 8 Bk 0 BF 5T S A B T 8, Fang et
al . (2012)%F A = 1L sth A 4 22 R PEBF SR B SR A I AR
M9 FE AR HE R 3 om, 1H A 35 B 52 2% £ BF 5T B [ B A
W RRAR YT W 4% (CTFS) AT E N B [ 2Rk d ¥ &
BE M W I P 4% (CForBio) B4R #E & & (Condit, 1995;
D5 ,2008), 2 MMAZECEN 1 cm, H IR &
4 oV, BAT RSN & AR TR R F M
CTFS #1 CForBio M4 MAs L —, EH 1 cm, X
MU ERRSGRATTE. B TFRITWEER S
TEMBFELEA, MEM ERMRNWEF LR
WA, BRI & R I T8 M EEE
HENOGEBRAEER, HEEHTFEEX MY #
BERY R BB REEIRE, 2009,

B AW SR EAAEVRR R AR
TAFTLRRBERSHEAETA, TIEBHFR
HBRERINMRTRA. ST BFERFLEGMAEF RS
AEREFAUIGARSA T HHFINAEL L
K, FRERAAARPEEFRZHAFTFTALER
BORRYPREREHIAZ ML TRXEHNY
Fo X Fr, A b — I B,
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