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Macrobenthos species-area relationship was investigated and empirical models were estimated to enable com-
parisons among species numbers of different sample size. The study aims to choose a way to predict cumulative
relative species number (CRSN) in a given sample size. Saemangeum, located in the west coast of South Korea,
were visited in Apr., May and Aug., 2002 and a total of 261 biological samples from 87 stations were obtained
by employing a quantitative sediment sampler, Smith-Mclntyre grab and design of 3 replicates at each station.
Relative species numbers (%) were baselined at sample size of 1000 cm” and the patterns of CRSN along the
axis of sample size were measured and observed. In correlation analysis performed on a set of abiotic and biotic
variables, log-transformed CRSN showed the only significant relationship with log-transformed density. Based
on the result, three models, Log CRSN 2000, Log CRSN 3000 and Log CRSN were produced. The former two
were devised to predict CRSN at 2000 and 3000 cm? respectively, and the latter at various sample sizes and
samplers (all p-values were <0.001). Database from other studies (intertidal or subtidal macrofaunal samples
from Kyonggi Bay and Saemangeum) were used to evaluate validity of the models. Observed CRSN below
sample size of 3000 cm” fell under the range of 95% prediction interval and this was appeared to provide reli-
ability of the models below that sample size.

Keywords: Species-Area Relationship, Macrobenthos, Species Richness, Sample Size Effect

*Corresponding author: jwyoo023 @netsgo.com

20



9 ANEE 2P A Do)

M B

=3¢ A #edd 7Hg de] 2ole AE v A4 7R
A shtrt Fo02 AA WellA S48 23 F(number of species
or species richness)®|THGray, 2000). o] 3$F 58 2] AJej Aol A
£ B4 7YY AR Faee A Wiy Fob] we ujad
JERIH o2 75 BE] FHHo 2 Frisld ole w4 &3
T WA LM (species area curve)O 2% 47| oEH T}, w4
oz Qe Ay WAl vhE B8 T EE F49 vz B
Hehe ol 3 AT wote] METREC] LW F9F FHold o
A2 7hed] shtolnt Fu e AXFTE e AT x 9
1 A FE T ¥2E YA Reke A5 ool
|3 BAE FH317] Y5l Sanders(1968)2] 28PH (rarefaction
technique)?t Whittaker(1975)2] d=SR,/logA == SR,/log N (SR,=
B2V F 35 A=Ad 98 a3 N=F AAF) Tl A
2 v 9

g AXMEE +39 28 S5 vkd a9l o8] AA =
A ol& FAE thFe =S ddo] €A F gls A2 B
FoFdle) A9 dgked diY AMEE w1 vkzr Yehdle
N7 dlEe =2 5 Ee] 54 (substratum properties), 7]-&
A3 a8y 29U 53 dEE oz M 91eH (Yoo
und Hong, 1996; Yoo, 1998; Hong et al., 1999), Ron and Grassle
11992)0l] o]t A QAM = B H Eo] H23F §7E zh= 7o
2 Uehgth 28y oledt A2 As) vlae] Fre u$
&) Ao, o) 9ol = thzlt 293} 714 (Stehli er al., 1967;
Huston, 1979; Sanders, 1968)°] &3 thFde] Hel s
g5t At

At AejAle] RUEHA A AAMTE e 29 F
T WEE Aur o 9908 =dhe AL v Fa% dojut
23y FAE F2o|L HI FUdA] dEF iRy AME
F 23 AFeld AP HWHL 2000, 3000 cm?e) Rog YR
vl ofjgo] EAlste ezt £ 4 Jith BlwE 5ol
420 FAl9 A3 B4 7ME AR wWHo] M2 2 A7t
A sl AMAE ol B3 A,

2002)] AHH HA2 Zkz} 2250 e’k 3000

Hao g gate dxgl Akl vt 2
grons ouzt glovt 28 F49 A2 483 AR

Fl L=
FTT ==

o[t

#2719 28 347} 25 AT AHE AFA E
™
[+]

9 89 Foz dgsn} dashe A3 BAe oy gl
Teht AY WAl ThE A% 7k 28 Fhe) M W dE

ol Fu] APAE ARe Agolny

Hedo] o st aolof &) A=
27 g HF Ay WA F4E
2 AR g Ao FHAA JFTH =H¥E BYsd w3 F4
o} 27 A 7 AAE A3 tHLivingston et al., 1976; 37
1999). & ddFolMe 73 S5 H4UE F7h FH 234

cek

21

231 Zo) Pedtn
BEE B0l O 87 29 A= F3o] W) @) AR
7} R 20T SCiEkE, A HHE S, AR

FHefalzl) 22l (3) °f
Ay P mEvo R
d|Zo] ErFs & vy =¥ ettty 47

ek 53 43 7 B7oR o|Foi Ankg o)A
2002 4, 5, 889 33]9] Al7]dl AAA AHE AEE wEOE
7H B3 E 2137 D9 (sampling unit)?] 1000 cm?®] W42 100%
2 7)1&Este AF Ao wE 7 Fe] AUlE ML o
She A 28e A5 g JFE ke 7ho] iy
% &S A& Fol| AAA BA 7t
W3 238 FE 8
& FH3sl= Aol £ dre
TS Teketthd chekst
q B2 ARWEFE FA, S AlE
2AYAA Y 28 T HsoHy HEH vs g 97
7 588 vt 7hsEld ez Agigio

ko

4
=2
%

74
A

ZAL
A = 28l X9 A4 718 AAAE PSR 2002
170 A4, 597 8 ztzh 370 A (& sl AEHye A
T cHFig. 1). =) B@olA 334 vHE 2 (replication)d}H &
, Smith-McIntyre 23 37113 94 1000 cm® = 0.1 m?)
ol g3t F 261709 EE-S ABAC A EL HAglA
1 mm 272 # FHog E87F QYR sieved] B3 -2 Al
Zsle] HAE 1 mm o] B4 278 Zhe Uy AAMEE

llbzrﬂ
0

ti 2oox rE
of

2 guksiyich
AollMe AXAE A5 A2 FAl9 CTD(SBE-19)9F
P - = 0|45l water column®] F2, GE= 2

A 52
25l B3 E 2% 5
mean grain size)%}
a8 HHe W
457] 918 88

o ZAsiglon, HABe] B YEMCS,

=
7= (sorting value), ¥ (water content)

5
gt4 8 (organic carbon content) 52

7] =
AYAAL FE5H APAZ S,
AEA 2

eue AEAE

i} o) BB

FEA 2 FEA BAHU 7 e w2 AW N w2
29 358 930
E3 HHEe) F4AE Y] Slsle} H1R AR Az



2 A9 - 2 -

' ]
N
= :
g Saemangeum
= o e
38 37
Yellow Sea o
- 29 30
. ag‘w a3
Y
¥
[ ] (o]
26 25 24
O O [e]
16 17 18
_ 4
%y
®
13 32
~ ) Gomsom:mh
i |

126°40’

126°00'E 126°20°

A FAY Az F FAY A2 FAEHAUL, A2 A FA g
HEez Jepidoh 4= 248 3o 589 §U1ES &
S AAG & HalAAER 4”21] J5le] FAlo] wEgg F
stttk HA e A4 Wl FEUYEMGS, mean grain
size)} EFE(sorting) & 5749 } 3ot HEE W fo1EA ¢
B8 243517] Y98] Carlo Erba NA1500 CNS Analyzerg ©]-8-3}

Joll AME5H7] 918 AR
P—e—‘iiq. HA 7-f 449 1 HhE "1
A3, 7Hsgt i%‘% AHE-sted 1000
0 cm*(n=1) HH¥X e HF &H TFE F
Hxl wWa 7k JAE Fetshr] sl =

d Fo] Ha g AR olfE AF °7<}91 L
T AEF 8l7] A% Aeolt} 3000 cm*e BF FF
e} MY HHo] Adidez w7 wlEed H

‘:H ﬁ‘ii’y\—(cumulaﬁve species number
in average, 0]3 9] PH L Fhelshs Flo] 8
ojmg Y Ocm2—4 Bt 24 F5E 100%2 7)1E3)
o 7t AR WA 24 T4 vE(%)ye e ATE -4
HEARE Ao 2 F 7] 7HEE Y E4HEA (one-way ANOVA)
g o] &st] st AR daxe Haoll Al7]HQ] Aol
7F globoly Exie AR Harol] AR A <F, #e] A

rEL
JN“"
5_1

36°00°N

35740

Fig. 1. Locations of 38 sampling sta-
tions for esitmating size effect on spe-
cies number in Saemangeum area. -11
stations (@) are those visited in Apr,
2002.
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Fig. 2. Cumulative relative species number in average and sample
size (cm?) - Observations of Apr. (A), May (B) and Aug., 2002 (C).
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Table 1. Results of one-way ANOVA for testing difference of
relative species number at given sampling areas of 2000 and 3000
cm’ among sampling time, Apr., May and Aug., 2002

Sample area: 2000 cm®

Source DF SS MS F P
Factor 2 0.01 0.01 0.42 0.661
Error 84 1.16 0.01

Total 86 1.17

Sample area: 3000 cm®

Source DF SS MS F P
Factor 2 0.09 0.05 0.92 0.401
Error 84 4.18 0.05

Total 86 4.28

Table 2. Results of one-way ANOVA for testing difference of relative
species number (3000 cm?) between inner and outer dyke of Saemangeum
at each sampling time

Sample time: Apr., 2002

Source DF SS MS F P
Factor 1 0.01 0.01 0.56 0.473
Error 9 0.22 0.02

Total 10 0.24

Sample time: May, 2002

Source DF SS MS F P
Factor 1 0.02 0.02 0.26 0.613
Error 36 2.89 0.08

Total 37 2.91

Sample time: Aug., 2002

Source DF SS MS F P
Factor 1 0.01 0.01 042 0.523
Error 36 1.02 0.03

Total 37 1.03

£ Z(p-values 22t 0.661, 04012 2 4 UAATH Table 290
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Fig. 3. Power curves fitted on cumulative relative species number in
average and sample size data.

Table 3. Results of correlation analysis (Pearson’s product moment).
r (p-value)

Log CRSN Log N Log$S
3000 1000 1000
Log N 1000 -0.328(0.002)
Log S 1000 0.732(<0.001)
Sediment temperature
Bottom salinity 0.443(<0.001)
Water content 0.284(0.013)

Mean grain size
0.301(0.008) 0.411(<0.001)
0.336(0.039)

Sorting
Organic carbon

*Log CRSN 3000=log-transformed cumulative species number in aver-
age at sample size of 3000 cm?, Log N 1000=individuals in average
at sample size of 1000 cm?, Log S 1000=species number in average
at sample size of 1000 cm’.
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Table 4. Estimated regression models of cumulative relative number

" (a) Regression Plot
of species (Log CRSN 2000, Log CRSN 3000 and Log CRSN) on Log GRSN 2000 = 0250852 - 0.0434416 Log N 1000
individuals in average at sample size of 1000 cm® (Log N 1000) and $=00296763 RSq=223% R-Syad)=21.4 %
sample area (Log SA) 03 — 5% PI=+0.060
Log CRSN 2000=0.251-0.0434 Log N 1000
Predictor Coef SECoef T 3 8
Constant 025095 0019 1346  0.000 = o
Log N 1000  -0.04344 0.009 -492  0.000 o
$=0.02968 R-Sq=22.3% R-Sq(adj)=21.4% g .
o1 T e
Analysis of Variance -
Source DF Ss MS F P 0
Regression 1 0.021 0021 2416  0.000 Log N 1000
Residual Error 84 0.074  0.001 (b) Regression Plot
5 oo
Log CRSN 3000 = 0.369 - 0.0606 Log N 1000 ~o 7T 95%PE40.004
Predictor Coef SECoef T 3 L
Constant 0.36865  0.029 12.57 0.000 §
LogN 1000  -0.06060 0014  -436  0.000 LI
$=0.04670 R-Sq=18.4% R-Sq(adj)=17.5% g
P o2 -
Analysis of Variance -~ Regression
Source DF SS MS F P e s SRR
Regression 1 0.041  0.041 1898  0.000 T 1;8 T
Residual Error 84 0.183  0.002 Log N 1000
Total 85 0.225 S
Log CRSN= - 1.48+0.510 Log SA-0.0248 Log N 1000
Predictor Coef SE Coef T P VIF 030
Constant -1.47665  0.037 -40.03 0.000 025 : 5% PO 068
Log SA 0.50984 0.011  47.30  0.000 1.0 020
Log N 1000  -0.02478 0.005 462  0.000 1.0 3 ors
$=0.03431 R-Sq=89.7% R-Sq(ad)=89.7% % o ,
Analysis of Variance 005 ]' e ’ :
Source DF sS MS E p 000 o e e g ppestved ]
Regression 2 2.658  1.329 112920  0.000 oos |- ‘“J’f“ o 200 8000
Residual Error 258 0.304 0.001
Total 260 2.962 -010 - DU

Sample area {cm?)

Fig. 4. Estimated models and 95% prediction intervals. - Regression
x¢] 109t AR e Aow veh) theEEAAdo] £A15HA] @& models of Log CRSN 2000 vs. Log N 1000(a), Log CRSN 3000 vs.
= Aoz 248 2 YU}, Log N 1000(b) and Log CRSN vs. Log SA and Log N 1000(c).
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+42.3%°1t), Ml HA 2 (Log CRSN vs. Log SA and Log N 3ol ]38t of|&X]9} 8] 2 THFig. 5a-d). A& W& 4000 cm™l|
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Fig. 5. Evaluation of validity of the
empirical model by comparing observed
and predicted values from randomly
selected subtidal sand bottom samples
around Seungbong Island, Kyonggi Bay,
Dec. 2001 (a), Jan., Mar. and May 2002
(b~d) (CRSN1=Log CRSN; CRSN2=Log
CRSN 2000, Log CRSN 3000). N 1000
denotes an average density at sample size
of 1000 cm”.

Fig. 6. Evaluation of validity of the
empirical model by comparing observed
and predicted values from randomly
selected intertidal mud and sandy silt
bottom samples in Chokchon, Kyonggi
Bay, May 1993 (a), Nov. 1994 (b), Mar.
1994 (c) and Jul. 1993 (d). N 1000
denotes an average density at sample
size of 1000 cm?.
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