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Abstract: Benthic macroinvertebrates are important ecological and environmental
indicators as primary or secondary consumers, and therefore are widely used in the
evaluation of aquatic environments. However, there are no comprehensive river eco-
system monitoring surveys that link the major physicochemical water quality items with
benthic macroinvertebrates in urban streams. Therefore, this study investigated the
distribution characteristics of benthic macroinvertebrates and physicochemical water
quality items (17 items) in Yangjaecheon and Yeouicheon from 2019 to 2020. At the same
time, by applying Spearman’s rank correlation analysis and nonmetric multidimensional
scaling (hMDS) analysis in the water quality data and biotic index, we tried to provide
basic data for diagnosing the current status of river ecosystems in major urban rivers in
Seoul. Based on the study results, a total of 39 species and 3,787 individuals were identi-
fied inYangjaecheon, the water quality (based on BOD, TOC, andTP) of Yangjaecheon was
higher than Grade Ib (good), and the BMI using benthic macroinvertebrates appeared as
Grade C (normal) at all the sites. In'Yeouicheon, a total of 51 species and 4,199 individuals
were identified, the water quality (based on BOD, TOC, TP) was higher than Grade Ib (good)
similar to Yangjaecheon, and the BMI of both Upstream and Saewon bridge was Grade
B (good), while Yeoui bridge was Grade C (normal). Overall, analysis results for the distri-
bution of benthic macroinvertebrates by a nonmetric multidimensional scaling method
showed no significant difference between the two streams (p=0.1491). Also, significant
environmental variables related to benthic macroinvertebrates distribution were deter-
mined as water temperature and DO. On the other hand, the results of the correlation
analysis between biotic index and major water quality items confirmed that R1 and BMI
could be used for on-site urban river water quality evaluation.

Keywords: benthic macroinvertebrates biotic index, correlation analysis, nMDS, water
quality grade
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Ecological health assessment of Yangjaecheon and Yeouicheon
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Fig. 1. Map of study sites in Yanjaechon and Yeouicheon. The coordinates for study sites are as follows: Juam bridge (N 37°27'35.9", E
127°01'37.7"), Bodo bridge (N 37°28'35.4", E 127°02'29.1"), Daechi bridge (N 37°29'47.0", E 127°04'25.0"), Upstream (N 37°26'44.5", E
127°03'33.7"), Saewon bridge (N 37°27'30.2", E 127°02'57.2"), Yeoui bridge (N 37°28'10.4", E 127°02'17.2").
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S—1
Rl =+ (Eq. 4)

Ni: first dominant species population
N,: second dominant species population
Ni: population of i species

N: total appearing population

S: total number of species
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Fig. 2. Box plot comparing the average biological oxygen demand (BOD), total organic carbon (TOC), and total phosphorus (TP) water quality

by study site in Yangjaecheon. Red triangles indicate outliers.
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Table 1. Number of individuals and number of species in Yangjaecheon and Yeouicheon

Taxa (Yangjaecheon) Number of Number Taxa (Yeouicheon) Number of Number
9 individuals (%) of species individuals (%) of species

Platyhelminthes 452 (11.9%) 1 Platyhelminthes 230(5.5%) 1

Mollusca 22(0.6%) 4 Mollusca 98(2.3%) 6

Nematomorpha 2(0.1%) 1 Annelida 183 (4.4%) 5

Annelida 205 (5.5%) 4 Arthropoda (Crustacea) 1,327 (31.6%) 3

Arthropoda (Crustacea) 172 (4.5%) 2 Arthropoda (Insecta)

Arthropoda (Insecta) Diptera 673(16.0%) 8
Diptera 897 (23.7%) 7 Odonata 10(0.5%) 7
Odonata 4(0.1%) 3 Trichoptera 1,066 (25.4%) 9
Trichoptera 671 (177 %) 9 Coleoptera 1(0.1%) 1
Coleoptera 2(0.1%) 2 Megaloptera 4(0.1%) 1
Ephemeroptera 1,360 (35.9%) 6 Ephemeroptera 597 (14.2%) 10

Total 3,787 (100%) 39 Total 4,199 (100%) 51

Table 2. Results of the first dominant species and dominance index by study site in Yangjaecheon

1%t quarter 2" quarter 39 quarter 4™ quarter
Site 1 dominnant 1t dominnant 1t dominnant 1%t dominnant
species DI* species DI* species DI* species DI*
(pollution index) (pollution index) (pollution index) (pollution index)
. Chironomidae Turbellaria Baetis fuscatus Chironomidae
Juam bridge (3.4) 0.67 0.7) 0.70 (1.8) 0.89 (3.4) 0.59
. . . . Hydropsyche
Bodbo bridge Chironomidae 081 Baetis fuscatus 057 Baetis fuscatus 088 orientalis 050
(3.4) (1.8) (1.8)
(0.4)
) . Hydropsyche Hydropsyche Hydropsyche
Daechi bridge Chlrcir;oi;wldae 0.77 orientalis 0.62 orientalis 0.61 orientalis 0.74
' (0.4) (0.4) (0.4)

*DI: dominance index

o, ZEal o] Fol MLk sfFAel S, ol F, Eief=o]
B2 g A eH, AHE R AuER o4 4
3 Aol BZO] (Hynes 1970; Allan 1995) T3 o
SANARGE & S5 /HAT TRt nla A A7t %
JEo] Sl AFA AN (FAE T, o A7~
) ¥4 teFgt o] 2@ gRIsH 4= 919

—

ofl

[

= = 12 T AMA

3. AR

PR 2HAS @% Ane A EH, SHEASE
Table 201141 H50], 0.50~0892 UEfon, Eg] QI
A7 058 o)iFe bﬁ-—%-or =58 o] Ao
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Table 3. Results of species diversity and richness indices by study site in Yangjaecheon

H!* R’I *%
Site
18t 2nd 3¢ 4t Mean +sd 1st 2nd 3 4t Mean +sd
Juam bridge 2.27 2.23 1.18 2.82 2.13+0.59 1.80 2.08 193 2.82 2.16+0.40
Bodo bridge 1.60 2.64 1.37 2.76 2.09+0.61 191 2.34 1.96 2.23 2.11+0.18
Daechi bridge 1.94 2.78 2.79 2.16 2.42+0.38 2.07 2.41 2.43 2.70 2.40+0.22

*H': species diversity index, **R1: species richness index

WA= Z}ZF 1.18, 1.60, 1.372 A o2 T4
7} 2.0 °]3t=2, TAo] SHEA 4= 242} 0.89, 0.81, 0.88
2 BE 08 o149 E2 HEAFE B tha B9
e AH=, ol oFed F¢ Foll WE HAHA wet
o] AL Aoz FHHELY FHREAFE FAW 216+
0.40, B! 2.11+0.18, tHA| I 2.40 £0.22= tHA] W 2] H
o] 3 o] FAo] TFSI e, MutH o5 1ARE 7]
A AR FHREA G2 JAF moAle (Be oAt
7} 35 E=) AFS Hl=t o= BODZ 1AHE7ll 1.7
mg Lol A 4AMR7] 12mg L&, ¥ e= 1AHE7] 8.4 mg
Lo A 4AHE7] 42mg L2 Yol = 5 AR A
A1) weto] FoFol AAE 7] wltoletal weEh

o] 0] 9] 79, M LA 4 E Table 49t 2] 0.39~0.79
2 105t & Boow, vt o ot fARR
AL 4 BLE HTH Wilcoxon Matt Whitney test 7
4 A3 (n=12,p=0.3706)).

Ao FHFTLEE A7 B 2[H ol Adglel
HI~MVESA F2 Aok QERS7H A 22 &

W (527) 50l F4 S$AFo2A U4 &

ral
_O'L
8
e

o oo A O] hF R4 HZ-2 Table S 2ol A
F2]4 2394046, A 2.06+0.12, 91 9] 1 1.90+0.28
2 olRE yeZd45 o] FolA= EAS Helow,
oW E A|LJ5tH A¥tH o7 F4A] AN FHEZ
o /o] & oSl ofoHdo] FHHET ThFER]
7t ok = A vt FREA S TR AR 3.38+
0.54, Y1 2.82+0.56, 6191 2.00+0.512 YEF A
AR vwd =A Jepgton, ohFe 2|42} npdrhA]
% ol & 455 FHREAS7 dasiiith 9] oo)d
SHERA| Q1 ool wofA= Bl ZA4=7], AXs}, s A

—_

HIBAL 59 Qfgko 2 AR AR % AAA Bt of
2l9] FREALT} 132710 Wol Ak 5 FREs} ok

A0 ZAME T
4. 5P g2 eq Wt
AA4EEA5 (BMI) S} 5P ABe7 7% whe 53
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Table 4. Results of first dominant species and dominance index by study site in Yeouicheon

1%t quarter 2" quarter 3" quarter 4™ quarter
Site 1%t dominnant 1% dominnant 1°' dominnant 1% dominnant
species DI* species DI* species DI* species DI*

(pollution index) (pollution index)

(pollution index) (pollution index)

Asellus Asellus Asellus Asellus
Upstream 2.3 0.65 2.3 0.46 2.3) 0.69 2.3) 0.39
. . Hydropsyche Hydropsyche
Saewon bridge Chironomidae 0.67 Asellus 073 orientalis 0.49 orientalis 0.72
(3.4) (2.3)
(0.4) (0.4)
L Chironomidae Asellus Baetis fuscatus Asellus
Yeoui bridge (3.4) 0.77 2.3) 0.56 (1.8) 0.79 2.3) 0.71

*DI: dominance index
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Table 5. Results of species diversity and richness indices by study site in Yeouicheon

H!* R1 *%
Site
7st 2nd 30 4" Mean £ sd 75t 2" 3 4" Mean *sd
Upstream 2.25 2.57 175 3.00 2.39+0.46 2.54 3.51 3.43 4.03 3.38+£0.54
Saewon bridge 2.22 2.02 2.1 1.88 2.06£0.12 2.59 2.03 3.52 3.13 2.82+£0.56
Yeoui bridge 1.96 2.18 1.44 2.02 1.90+£0.28 1.32 2.75 1.98 1.93 2.00x£0.51
*H': species diversity index, **R1: species richness index
BMI
80.0 - 769 696 o
4684 68. i 68.0 g 6 12 709 623 \ /'
649639641 cor - - 61.5 63.0
60.1 )
6004 °** st 55 55.1)
52.2
40.0 -
20.0
0.0 t f
4th Mean
Juam bridge Bodo bridge M Daechi bridge Upstream Saewon bridge M Yeoui bridge

Fig. 4. Results of quarterly benthic macroinvertebrate index by study site in Yangjaecheon and Yeouicheon.
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Ecological health assessment of Yangjaecheon and Yeouicheon

Table 6. Results of grade comparison of benthic macroinvertebrate index and water quality by study site in Yangjaecheon

Benthic
macroinvertebrates

Water quality

Site BMI BOD* TOC* TP*
Value Grade (ngOEg) Grade (ns:gOELW) Grade (ngOEq) Grade
Juam bridge o5 <usucany) 12 ipood) 24 toood) 0078 sighty gooc)
Bodo bridge ol (usucauy) R (gclfyd) 23 (gclJtc)>d) 0073 (snghug good)
Daechi bridge 62.3 (ust?ally) 1.0 (verylagood) 2.3 (g(l)tgd) 0.065 (slightllxl good)
*BOD, TOC and TP applied water quality and aquatic ecosystem standards
Table 7. Results of grade comparison of benthic macroinvertebrate index and water quality by study site in Yeouicheon
macro?r?vrgrr;fbrates Water quality
Site BMI BOD* TOC* TP*
Value Grade (mC;E'_W) Grade (ngoE'_q) Grade (ngoEI'U Grade
Upstream 69.6 (goBod) 1o (g(latz)d) 23 (g(l)?)d) 0.068 (slightlu good)
Seawon bridge 678 (goBod) 1.6 (g(l)k())d) 2.1 (gcl)k;d) 0.084 (slightlu good)
Yeoui bridge 63.0 (Usfa”y) 15 (gc'f; 9 16 (Very'z 00d) 0.079 (S“ghﬂu go0d)

*BOD, TOC and TP applied water quality and aquatic ecosystem standards

-
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al. 2010; Park et al. 2013).
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9 *455?_741 (r=-0.32, p<0.05)E, FF
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=042, p<0.01)5, TP %%ﬂrE 2] AFGTA (r=-030
p<0.05)E UehliE 5 F8 $AFE Folgt A

o P

Juam bridge Bodo bridge

P H

Daechi bridge Upstream

gz z oi
TP
Saewon bridge Yeoui bridge TOC

Fig. 5. Star plot comparing the use of biotic index (BMI, R1, H’,
and DI) and major water quality items (BOD, TOC, and TP) by study
site in Yangjaecheon and Yeouicheon. The longer the axis is toward
the biotic index and the shorter the axis toward water quality
items, the better the ecological environment.
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Fig. 6. Scatter plot matrix between the biotic index and major water quality items according to Spearman's rank correlation analysis. ‘wtemp’,
V' is abbreviations for water temperature, velocity of river. (***: p<0.001, **: p<0.01, *: p<0.05 in the correlation analysis).
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Ecological health assessment of Yangjaecheon and Yeouicheon

Benthic Macroinvertebrate Community Composition

& Yangjaecheon
2 ® Yeouicheon .-w r
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o o -~
-

uwy
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T T T T

05 00 05
axis 1

Fig. 7. Ordination diagrams of benthic macroinvertebrates in Yangjaecheon and Yeouicheon according to nonmetric multidimensional scal-
ing analysis. The distances between points (red triangle, blue circle) approximate compositional dissimilarity among samples. Axis 1 and
axis 2 are dimensions 1 and 2, and are arrays of distances between Yangjaecheon and Yeouicheon.
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Fig. 8. Shepard plot where ordination distances are plotted against observed dissimilarities according to nonmetric multidimensional scal-
ing analysis. The fit between observed dissimilarity and ordination distances is indicated by the monotonic step line (red). The non-metric fit
is the modified Kruskal's stress value and the linear fit is R? value of the correlation between the ordination values and the ordination values
predicted from the monotonic regression line.
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Fig. 9. Ordination plot (type: triplot) representing the relationship between benthic macroinvertebrates and major environmental variables
according to nonmetric multidimensional scaling analysis. Arrows indicate the direction in which the value of the environment increases
and the arrow length is proportional to the degree of the correlation between the environmental variable and the ordination.
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