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Abstract

This study was conducted to find out the influence of sample size (accumulated survey areas) on the seven biological indices
of benthic macroinvertebrates. BMI, the index similar to Zeilika-Marvan’s saprobic index, tended to be independent on the
variations of sample size. The other indices (Shannon-Weaver’s diversity, Margalef’s richness, Menhinick’s richness, Pielou’s
evenness, and Lenat’s EPT index) showed the considerable variations along with the increase of sample size and environmental
conditions. To get the appropriate index values, it should be sampled at least 6 replicates more based on 30x30cm Surber
sampler. In addition, the habitat heterogeneity index of benthic macroinvertebrates suggested in this study, it will be able to be

used for evaluating the heterogeneity of habitats.
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2. Materials and Methods
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Fig. 1. Location of the survey sites.
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Z} A4 9] = (altitude)9} 31E(channel width), S=Z(water
width), f<i(water current), SHd(substratum) 52 AE=
Kong and Kim (2015)2] &4 A8 E o]&3}ytt F2&
20123 SEASAYAEMOE, 2012) 5 3|3 FAAFH
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Table 1. Combined numbers of sampling units and cumulative survey areas (z) according to cumulative sample size number (1)

n 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

15C, 15 105 455 1,365 | 3,003 | 5,005 | 6,435

6,435 | 5,005 | 3,003 | 1,365 | 455 105 15 1

z(m') 0.09 0.18 0.27 0.36 0.45 0.54 0.63

0.72 0.81 0.90 0.99 1.08 1.17 1.26 1.35
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Table 2. Biological indices used in this study

. Equation
t
Indices (reference) Componen
s
— . log, p;
Species diversity index ,,-,;p" BBy
(Shannon-Weaver, 1949)
N +N,
Dominance index DI=———o— S : Total number of species
(McNaughton, 1967) ¢ Number assigned to the species
_S—1 p; : Proportional abundance of ¢th species (N,/N)
~ InN N : Total number of individuals
. (Margalef, 1958) N, : Number of individuals in species ¢
Species richness Index o= S N, : Number of individuals in 1" dominant species
" JN N, : Number of individuals in 2™ dominant species
(Menhinick, 1964)
ITg
. . J=
Species evenness index log,S
(Pielou, 1975)
EAPLT E, P, T : Number of species
Intolerant order EPT:T in Ehemeroptera (E'),
category index (Lenat, 1988) ¥n Ple.coptera (P),
in Trichoptera (717)
Nisihg n : Number of taxa
Benthic macroinvertebrate BMI=|4— L > 25 s; . Saprobic valency of ith taxon
Index Eh,ﬁgi h; : Frequency of ith taxon
! g;  Indicator weight value of ¢th taxon
(Kong et al., 2012) ]

UEsh AR A ATE 2R Rl A s, () 2 U .
BE 499 58 2%se] #@ Aolmz FAzAWE T2 7 Jn(es,)* | n(2s,) ®)
o MmE Yr+= Y4) Menhinick (1964)2] FFFEA|42
i dshs T AAFNE B BHEA A =1+ Log,s,) ©)
= e 5 Stk (). 4 (99 249 F4E ool o
@ olE R dASE THUEREE 4 ©°] = 3. Results and Discussion

-5 __ 85 __ 5 3.1. ZAIX[He| =2|-0f3fsty =A
R2= = = 5)
VN Vpez Vo e oapde M SSlnEe] XS gom Afol
FRE B5E HEF 5Eo] HolAe YA HA 5
F(2) =~ [1—pe ] 6 % HYTh exde ¥% A¥dE 24z 2 xva@l
vz Hlgo] tor} SRE ArE AR mAAEe v
A

ZAPE A W& A AFE A4 (Benthic Macroinvertebrate
Index: BMD)9] W3le 7MF =& APAS Hel FARK]
FE &3t BA3IATHA (7).

F(z)=a+bcos(cz+d) 7

234. MAIX oY x|

Kong and Kim (2015)& 4] (3)9] ®FE3HEFH(2,)S A
2% 9] o]AE HHEhE ARXE AAIS vl T

= ATelME ZARWEAA ()% FEIFEH (A (3)
o] HE FHHE FAY ARE MZo] A (8),
2] (9)), ©]& Habitat heterogeneity index (h) (X243 ©]&
4 APE HH S

=S AR M3A Hes, 2015

Eol FotA ARdA SRE ZAFE F9Y7%(median
diameter)©] ZolA= HES OdI”z}(Table 3).

AP AR AHL WIRSA(oligosaprobic) AFERR AL
=7 AHe B-FHSA(B-mesosaprobic), 3HF AHL a-
Zn /‘é(a -mesosaprobic) ‘JEHIG o™, HAAHSE {F7]e
A7l &2 9 K hypertrophic)’dEl S H A HKong and
Kim, 2015).
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Kong and Kim (2015)°] <}o]&
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o] Z71ghol Wl 40 7188 A tHFig. 2(b)).
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Table 3. Physicochemical conditions of the survey sites (Kong and Kim, 2015)
Code Altitude ~ Width ~ Water width Velocity Su+bstratum ‘DO BODs T-N T-p “Saprobic “"Trophic
(m, HSL) (m) (m) (cm/s) ®0.5 (mg/L) (mg/L) (mg/L) (mg/L) state state
01 37 78 10-20 63 -5.0 13.4 23 5.40 0.25 oligosaprobic hypertrophic
02 21 135 26 88 233 11.2 3.2 6.24 0.13 (3-mesosaprobic | hypertrophic
03 18 100-150 40-70 86 -1.0 10 7.5 8.47 0.56 | «a-mesosaprobic | hypertrophic

¥ _ Log(zm edian diameter, mm)

Average annual water quality

Sladecek (1969, 1973), BODs (mg/L) O~1: xenosaprobic, 1~2.5: oligosaprobic, 2.5~5: (-mesosaprobic, 5~10: «-mesosaprobic, >10:

Polysaprobic

" Vollenweider (1974), T-P (mg/L) 0~0.01: oligotrophic, 0.01~0.02: mesotrophic, 0.02~0.1: eutrophic, >0.1: hypertrophic

(@)

30
~ 25 =
n I
@» ZCA -
2 20 Pt
pet et
Z s [ -2
bS S=S,F(z2) =S, 11— 1 e
s 3 >
2 i Upstream 35.2 [1 — ¢~ (o72) ]
S E 7 10387
E H Midstream  26.4 [1 - e_(0-569) ]
: 0.541
Z s iz.=037 Downstream 51.4 [1 — e_(2~3261) ]
0 =E ] Z,=1.20
0 0.5 1 1.5 2

(b)

0
Weibull _|_Skewness | _Kaurtosis |
g Upstream 6.52 81.99
‘5‘ Midstream 12.40 351.76
= Downstream 5.61 58.44
: K
= 10 _(k\(z\t (%
. o=@ 0
=
‘% 0497 0503
z \~ (-2 )"
5 Upstream 0660(0 763) e (0-763)
~ Y7 (0613 (5 )0337
z 1 Midstream 0.681 (0 69) e~ \0.569
_ =
=
=
<
E
S
=]
0.1
0 2

Cumulative area (z) (m?)

Fig. 2. Weibull cumulative distribution function and Weibull probability distribution function results between number of species
and cumulative survey area in the Osan stream (Kong and Kim., 2015).
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ZAFH Aol =718l wal thtEx|ge] zhe =715
o APAS 63o] AP FHRANAG olF 2§
H Xl 77k 5ol Estar 1 o]Ate] WA A= H]

24 A oz G4 ATHFig 3(a).

o] A7 HlFo B u] 2AMHAHo| S we WHo] F
71l whet JfAgElEe] & BE FEC] MYEWA o
Oktx]—)r:g‘ ST AP A 0] F7kekH F2 RA)
gol Ao HaFEel AYHe] AIEATY F71e
o] Golxle Ao g FAHAGUIAS vl&o] 2 IHiF
9] JiE gUd=EAFA= AdlFe=z AT, Dufrene and
Legendre (1997)2 A%l 7} B w OUd=x|49
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TH) &

Kim et al. (2013)2 74313 SHAHAME NP3 5~6
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D e
o 3

Hob FHY ) GF=AFY g SR S 2A B

S0l GABEFE o] HHNAME ZAMEAHY HRo4E =
HH2 Aoz gddy.

332 RHEX[F

SHEAF e 2AMAF ] 718 W) i T S8}
Fout, AF3E 6359 sFshe WH o] ZAFAA
e AY gASA FAHA 1”/}(Flg. 3(b)). <folE R
A} T S=(shape parameter) k Ftol =9 S Hole FFH
AR 3R - 5‘-/\}‘1”—10] % Fe o A5 o] A&
stdom, Hol ZAEAY sFete AF #e HIA=

o2 A RT oF 20% A% 4L FEoZ e,
FF AW AR AR A5 ghol 2AHEAY

e P RS TR MANAAT 24 A
A FAF 99 80l A8 53 FAF
24717 Mg Ao Bk

A5 AR A% g
7} FAE Bgou AAH
ofe] vAAYHNN JuHoE
2 uehd Aot aud
AN AR 563000
2RI SRHEAS d
(Kim et al, 2013), SHEAS A GF=A59} vpzirt
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Fig. 3. Weibull cumulative distribution function results between each biological index and cumulative survey area in the
Osan stream. (a) Species diversity index, (b) Dominance index, (c) Species evenness index, (d) EPT (based on the

number of species)
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Fig. 4. Response of species richness index to the increase of cumulative survey area. (a) Margalef’s species richness index
(R1), (b) Menhinick’s species richness index (R2) in the Osan stream.
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Fig. 5. Response of BMI to the increase of cumulative survey area in the Osan stream.
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