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Relationships Between Continuous Exposure Time and Distribution of

Macrozoobenthos Across Varied Elevation in Tidal Flats
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Abstract In order to examine the relationship between continuous exposure time and distribution patterns
of Macrozoobenthic communities living in the tidal flats of Chungcheongnam-do, a total of 26 stations in four
study areas (Hwanseong-ni, Mageum-ni, Weoljeon-ni, and Seondo-ri) were targeted. In August 2020, a survey
was conducted on Macrozoobenthos and benthic environments, and in March 2021, measurement of precise
elevation of each station was performed on the same stations, using RTK-GPS (Real-time kinetic positioning
GPS). All of the sampling stations were located between -362.20 cm MSL (mean sea level) and 352.24 cm
MSL, and the degree of continuous exposure was divided into four distinct exposure ranges according to the
time intervals of <6 h, 6-12 h, 13-24 h, and >24 h of continuous exposure time. The mean grain sizes of the
surface sediments in the study area were 5.03+0.36® in Hwanseong-ni, 4.68+0.21® in Mageum-ni, 2.63+0.04
@ in Weoljeon-ni and 1.79+0.04@® in Seondo-ri. Sediment facies of Hwanseong-ni and Mageum-ni were
predominantly muddy, and Weoljeon-ni Seondo-ri showed sandy sediment facies. A total of 84 species of
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Macrozoobenthos were collected, and the mean density and biomass were 1428+222 indiv./m® and

184.90+£97.01 gWWt./m?. Hierarchical classification using the Bray-Curtis coefficient categorized samples into

3 assemblages viz. upper, middle, and low tidal flat according to mean elevation. The characteristic species

of each three group were also established as follows: 1) Group A : Assiminea japonica, Perinereis linea,

Ilyoplax pingi, Macrophthalmus japonicus (high elevations specialists), 2) Group B : Nephtys polybranchia,

Heteromastus filiformis (middle elevations specialists), 3) Group C : Armandia lanceolata, Magelona sacculata,

Mactra chinensis (low elevations specialists). In this study, all stations of group A (10 stations) were included

in exposure range I (11 stations), which clearly presented the significance of continuous exposure time due

to varied elevation in determining macrozoobenthic zonation.

Key words Macrozoobenthos, Tidal Flat, Community Structure, Elevation, Degree of Exposure Duration
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Figure 1. Location of sampling stations of study area in the Chungcheongnam-do tidal flat, Korea. 1
. Weoljeon-ni tidal flat, 4 : Seondo-ri tidal flat

tidal flat, 2 : Mageum-ni tidal flat, 3
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Table 1. Benthic environment and macrozoobenthic community of study area. The numbers in parenthesis are the

percentages of composition
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Hwanseong-ni (HS)

Mageum-ni (MG)

Woljeon-ni (WJ)

Seondo-ri (SD)

Number of station 6 8 6 6
Benthic environments (mean+SE)
Mean grain size (®) 5.03+0.36 4.68+0.21 2.63+0.04 1.79+0.04
Sorting (®) 2.59+0.28 1.94+0.11 1.00+0.17 0.88+0.12
Mud content (%) 82.39+7.36 66.42+6.45 7.27+0.95 5.57+0.62
Organic matter content (LOIL, %) 3.014+0.124 2.064+0.104 1.382+0.060 0.910+0.055
Benthic chlorophyll-a (mg/cmz) 1.042+0.161 1.250+0.117 1.564+0.227 2.254+0.180
Macrozoobenthic community
Number of species
Polychaeta 8 15 33 27
Crustacea 7 12 13 14
Mollusca 2 4 10 9
Others 1 2 3 3
Total number of species 18 33 59 53
Density (indiv./mz, mean+SE)
Polychaeta 323+£27 969+384 727+235 1588+481
(70.55%) (83.97%) (40.30%) (66.46%)
Crustacea 88+14 156+22 923£505 593£117
(19.27%) (13.54%) (51.20%) (24.83%)
Mollusca 18£8 24+14 130465 113446
(4.00%) (2.06%) (7.21%) (4.74%)
Others 28+7 5+4 23+8 95+16
(6.18%) (0.43%) (1.29%) (3.97%)
Total Density 458435 1154+387 1803+401 23904453
Biomass (gWWt./mz, mean+SE)
Polychaeta 14.88+6.76 7.07+2.73 12.85+5.22 11.35+4.19
(18.85%) (11.28%) (2.72%) (6.84%)
Crustacea 63.14+28.78 52.27+13.37 25.73+8.57 71.83+30.31
(79.99%) (83.47%) (5.44%) (43.25%)
Mollusca 0.06+0.01 1.45+1.22 433.78+424.21 51.39+44.48
(0.08%) (2.32%) (91.76%) (30.95%)
Others 0.85+0.49 1.84+1.67 0.38+0.17 31.49+13.54
(1.08%) (2.93%) (0.08%) (18.96%)
Total biomass 78.94+29.31 62.63+10.96 472.73+422.91 166.06+32.79
Dominant species (indiv./mz)
Perinereis linea (P) 52 9 0 2
Macrophthalmus japonicus (Dec) 37 58 0 10
Mactra chinensis (Biv) 0 0 90 2
Scolelepis sp. (P) 0 0 97 5
Haustorioides koreanus (Amp) 0 0 547 0
Heteromastus filifrmis (P) 255 845 80 1033
Nepthys polybranchia (P) 2 63 35 255
Urothoe sp. (Amp) 0 0 73 317

* SE : Standard error , Amp : Amphipoda, Biv :
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[e] )
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filiformis)7} A4 = 255 indiv./m*& 714 24519
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A Eder o

Bivalvia, Dec: Decapoda, P : Polychaeta.
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Table 2. Boundary value for each four regions of degree
of exposure in the study area

Elevation (cm)

Study area .1 T r—
Hwanseong-ni (HS) 150 50 -200
Mageum-ni (MG) 130 50 -150
Woljeon-ni (WJ) 140 60 -140

Seondo-ri (SD) 120 30 -130
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Station elevation (cm) and total and continuous exposure duration (h) along the elevation (cm) in the

study area. Total; total exposure duration, <6; sum of the less than 6 hours continuous exposure, 6-12

h; sum of the 6-12 hours continuous exposure, 13-24; sum of the 13-24 hours continuous exposure,

>24 h; sum of the greater than 24 hours continuous exposure. I- IV : Degree of exposure
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Figure 3. Dendrogram showing the station groups classified by the cluster analysis based on density data of
macrozoobenthic communities in the Chungcheongnam-do tidal flat, Korea
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Table 3. Comparison of three station groups (A, B, C) in this study area of environmental characteristics, community
structure indices and density, biomass and frequency of dominant species. The number in parentheses next
to the density is the frequency (%)

Station group A Station group B Station group C
Number of station 10 9 5
Environmental characteristics (mean+SE)
Elevation (cm, Mean sea level) 228.88+19.21 17.99+43.07 -127.16+85.93
Mean grain size () 5.08+0.22 2.96+0.41 2.27+0.18
Sorting (D) 2.36+0.20 1.39+0.19 0.83+0.09
Mud content (%) 82.02+4.58 26.58+8.10 5.82+0.24
Organic matter content (LOIL, %) 2.664+0.177 1.438+0.182 1.207+0.149
Benthic chlorophyll-a (mg/cm?) 1.013+0.096 1.754+0.152 2.061+0.333
Community structure indices (mean+SE)
Total number of Species 23 61 56
Mean density (indiv./m?) 379+39 2250+348 1750+152
Mean biomass (gWWt./m?) 80.22+17.92 95.10£22.65 614.17+495.17
Ecological indices
. 1.50 +0.08 1.56+0.24 2.36+0.25
Diversity (H')
Richness (R) 1.98+0.18 3.12+0.45 5.10+0.45
Evenness (J') 0.73+0.03 0.55+0.06 0.71+0.07
Dominance (D) 0.68+0.03 0.73+0.06 0.45+0.06
. . Density Biomass Density Biomass Density Biomass
Dominant species L. > > L. 5 2 L 2 2
(indiv./m”) | (gWWt./m") | (indiv./m") | (gWWt./m?) | (indiv./m”) | (gWWt./m")
Assiminea japonica (Gas) 14 (70) 0.05 - - - -
Tubuca arcuata (Dec) 4 (20) 16.17 - - - -
Perinereis linea (P) 38 (80) 7.09 1 (11) 0.04 - -
Ilyoplax pingi (Dec) 21 (70) 2.47 3 (22) 0.09 - -
Macrophthalmus japonicus (Dec) 32 (80) 40.79 47 (56) 19.14 - -
Upogebia major (Dec) 2 (20) 0.67 84 (44) 29.68 - -
Nephtys polybranchia (P) 1 (10) 0.02 162 (89) 0.25 144 (100) 0.07
Heteromastus filiformis (P) 182 (100) 0.33 1421 (100) 4.13 66 (80) 0.04
Lingula anatina (Bra) - - 12 (44) 15.47 10 (20) 12.19
Neotrypaea japonica (Dec) - - 27 (33) 11.50 24 (80) 0.68
Macrophthalmus abbreviatus (Dec) - - 16 (44) 2.17 24(80) 9.19
Armandia lanceolata (P) - - - - 22 (60) 0.01
Mactra veneriformis (Biv) - - 6 (33) 0.43 42 (60) 90.27
Magelona sacculata (P) - - 6 (11) 0.01 90 (60) 0.13
Scolelepis sp. (P) - - 3 (22) <0.01 104 (40) 0.14
Mactra chinensis (Biv) - - - - 110 (80) 469.13

* Species in bold indicate characteristic species selected, in
0.5, DOM > 0.05, DAS > 0.6, DAI > 0.6.

SE : Standard error , Biv :

Bivalvia, Bra :

Brachiopoda, Dec: Decapoda, Gas :

case of satisfying three out of the following criteria; CON >

Gastropoda, P : Polychaeta.
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Figure 5. Densities of characteristic species and dominant species (indiv./m®) according to the mud and sand station

in the study area. Red : high elevation specialists, Green :

middle elevation specialists, Blue : low

elevation specialists. Biv : Bivalvia, Bra : Brachiopoda, Dec: Decapoda, Gas : Gastropoda, P : Polychaeta
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