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Performance Comparison of Ecological Indices for Health Assessment of Benthic

1.

Habitats in Korean Coastal Areas
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Abstract This study compared performance of 15 ecological univariate and multivariate indices to evaluate
health of marine benthic ecosystems. Sediment environmental data and macrozoobenthic community data were
retrieved from the coastal observation of Korean national ocean ecosystem observations. A total of 146
locations were surveyed two times in May and August in 2015-2016 targetting the entire coasts around the
Korean peninsula. For statistical analyses, principal component analysis (PCA), multi-dimensional scaling
(MDS), nonparametric Wilcoxon paired sample test were applied to compare performance of health evaluations
by various indices. All locations were clearly grouped by five eco-regions in two-dimensional spaces of PCA
where two principal components accounted for 76.3% of variances. Ecological health evaluation was similar
in Shannon index and M-AMBI throughout all five eco-regions by Wilcoxon paired sample test. Similarity of
evaluation by 15 indices were analyzed in two-dimensional space of MDS, resulting to different in five
eco-regions. Several indices should be applied to evaluate benthic ecosystem health in Korean coastal areas

rather than using a single index.
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2 1#E3 QJtKPearson and Rosenberg, 1978;
Rosenberg and Nilson, 2005; Wildsmith et al., 2009).
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2004), Ecological Quality Ratio (EQR) (Borja et al.,
2004), Multivariate Azti's Marine Biotic Index
(M-AMBI) (Muxika et al., 2007) S T} $-2]tfa}of A
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Figure 1. Map showing the sampling stations of the coastal observation of Korean national ocean
ecosystem observations. The map also presents delineation of five eco-regions

Table 1. The classification criteria of ecological quality (EcoQ) in seven benthic ecological quality indices.

Abbreviations of indices referred to the text

EcoQ AMBI BHI BPI BQI EQR H' M-AMBI
1 (reference value)
< > > > >
(High) < 1.2 > 71 > 60 > 318 > 0.80 > 4 > 0.77
2
< 3. ~ > < 31. > 0. < > 0.
(Good) < 33 26 ~ 70 > 40 < 31.8 > 0.65 < 4 > 0.53
3
< < > < > < >
(Moderate) < 50 < 25 > 30 < 238 > 043 <3 > 0.39
4 < 6.0 > 20 < 159 > 0.20 <2 > 0.2
(Poor)
5
> < < < < <
(Bad) 6.0 20 <179 0.20 <1 0.2
Z2&)o] EAL u|wsly] ¢dl FAAEEA(Principal 9] AL v|nwriely] ¢a] HRSEAAGY 2
Component Analysis, PCA)Z, e X2} thHTFR| 4= Wilcoxon Tf3#E H[E4H A (Wilcoxon  paired

1 gAEE dohn)
dimensional Scaling, MDS)-2-

sl ThAE =R (Multi-

L LSRR EARS

sample test, ©|3} Wilcoxon testz} )< o]-&3FAth
(Wilcoxon, 1945). Wilcoxon test+= AZAAR 9 55
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Table 2. Summary of principal component analysis
(PCA) based on correlation matrix of the
sediment environmental variables in
eco-regions of Korea

PC 1 PC I
Percentage 66.25 10.02
Cum. Percentage 66.25 76.23
PC 1 PC 1
Zn 0.974 -0.018
Cu 0.956 0.025
Cr 0.925 0.192
Co 0.844 0.284
Ni 0.840 0.372
Pb 0.803 -0.424
TOC 0.766 -0.057
Al 0.741 -0.586
Mz 0.720 -0.154
Cd 0.437 0.442
Tt o] kel YRR AsE et Adse] AE
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Figure 2. Ordination of 148 locations in a space with axes of PC1 and PC2 based on sediment
environmental variables. Five eco-regions are presented in different symbols
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Table 3. Number of species, mean number of species, mean density, mean biomass (wet weight), ecological uni-

and multi-variate indices in five eco-regions of Korean coastal areas in 2015-2016

Coastal area / EcoQ Total West Southwest Korea Strait East Jeju
Number of species 1053 535 626 301 299 279
Mean number of species 47.8 63.9 51.6 315 35.7 37.8
(indiv./0.3m?) +31.3 +32.7 +37.4 +18.3 +12.6 +16.6
Mean density (indiv./x) 1161.8 1843.9 974.4 630.7 1182.6 573.9
+1600.8 +2374.0 +1003.2 +896.8 +1374.6 +627.8
. ; 80.7 73.3 80.8 98.3 86.0 55.3
Mean biomass (gWW/ur) £144.0 £142.1 +1422 £171.2 £60.9 +184.6
EcoQR 1.8+0.5 1.7+£0.5 1.6+0.5 2.1+£0.6 1.9+0.4 1.7+0.5
BHI 1.1+0.3 1.0£0.0 1.1+0.4 1.3+0.5 1.0£0.2 1.0£0.0
Mean EcoQ (3GS) 1.4+0.4 1.340.3 1.4+0.4 1.740.5 1.540.3 2.0£0.4
AMBI 1.9+0.5 1.8+0.6 1.9+0.4 2.1+£0.5 1.8+0.4 1.7+£0.5
BPI 1.4+0.8 1.4£1.0 1.7+0.8 1.6+0.8 1.1+0.3 1.0£0.2
BQI 3.0+1.0 2.4+0.9 2.8+1.1 3.7+0.7 3.5+0.5 3.0+0.6
EQR 1.7+0.8 1.4+0.7 1.7+£0.7 2.2+1.0 1.60.6 1.4+0.6
H’ 2.7+0.8 2.5+0.7 2.5+0.9 3.2+0.9 3.0+0.4 2.6+0.7
M-AMBI 2.6+0.8 2.3+0.7 2.6+0.8 3.1+0.9 2.8+0.5 2.5+0.6
Mean EcoQ (5GS) 2.240.6 1.940.6 2.240.6 2.7+0.7 2.340.2 2.0£0.4
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Figure 3. Percent frequency (%) of ecological quality (EcoQ) status based on

eight selected ecological

health indices (EcoQ, AMBI, BHI, BPI, BQI, EQR, H’, M-AMBI) in five eco-regions of Korea.
Abbreviations of indices referred to the text
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Table 4. Result of the non-parametric Wilcoxon paired sample test among the ecological indices deriving ecological
quality status classification (with the five EcoQ classes defined by the WFD) without considering tied

ranking
(a) Total (n=292) (b) West (n=84)
BPI BQI EQR H' M-AMBI BPI BQI EQR H' M-AMBI
BPI skekosk sekosk sekok sekosk BPI skekosk ns sk sk
BQI sksksk sksksk skkk BQI KKk ns ns
H' ns H' ok
(c) Southwest (n=86) (d) Korea Strait (n=58)
BPI BQI EQR H' M-AMBI BPI BQI EQR H' M-AMBI
BPI skeksk ns dekok skeksk BPI skksk sksfesk ek ksfesk
H' ns H' ns
(e) East (n=40) (f) Jeju (n=24)
BPI BQI EQR H' M-AMBI BPI BQI EQR H' M-AMBI
AMBI *kk skk * ®kk k% AMBI P *kk * *kk *kk
BPI kk% skk ®kk sk BPI ®kk * ®kk *kk
BQI ®kk ®kk k% BQI k% sk *%
H' ns H' ns

ns : not significant (p>0.05)

* ¢ Significant (p<0.05)

*¥* 1 Very significant (p<0.01)
*** . Highly significant (p<0.001)

Total West Southwest
Stress: 0.02 Stress: 0.01 Stress: 0.02
3 1 3
1
3
1
12
2 2
04® 8 -
14 3 2 10®
® ag dgf 5 @ ® @n
® @ 1804 5 ®
CO g B i G g
Korea Strait East Jeju
Stress: 0.01 Stress: 0.01 Stress: 0.01
1 1 1
2
3
3 5
2 e 3 ® ()
5
6 B @
6 BeE
1&3 MG 14
124t a® e @
® @ gy 2 wp @
1: abundance (density, A); 2: number of species (S); 3: A/S; 4: Simpson's diversity index (1-A); 5: Margalef's index(d);
6: Estimated species in 50ind. (ES50); 7: Pielou’s evenness index (J'); 8: Shannon-Wiener diversity index (H’); 9: Taxonomic distinctness (Delta+);
10: AMBI; 11: Benthic Health Index (BHI); 12: Benthic Pollution Index (BPI); 13: Benthic Quality Index (BQl); 14: EQR (UK MBITT); 15: M-AMBI.

Figure 4. Ordination of 15 ecological indices based on the similarity of evaluation results in two-dimensional space
of MDS in five eco-regions of Korea
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