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Distribution of benthos in Lake Shinji in 2006
Kengo Kurata', Keiko Yamaguchi’, Koji Seto' and Takeshi Sonoda’

Abstract: Distribution of benthos in Lake Shinji was investigated in 2006. Six species of mollusks
were collected from 64 stations in L. Shinji. Corbicula japonica was the predominant species in
wet weight and Iravadia elegantula was the predominant species in abundance. No molluscan
species was found at the only one station out of 64 stations. Cluster analysis showed that benthic
fauna at the two stations in the lower section of the Ohashi River differed from that at the other
stations in L. Shinji and the Ohashi River. Multivariate analysis (nMDS) indicated the relationship
between benthic community compositions and particle size categories of the sediment. Benthic
community compositions were also corresponded with water depth and bottom dissolved oxygen
according to nMDS. These results implied that benthic community compositions in the present
study area were generally regulated by water depth, bottom dissolved oxygen and particle size
categories of the sediment. Although C. japonica has persisted to be the predominant species in L.
Shinji since 1920s, long-term changes in macrobenthos in the Shinji-Nakaumi system need to be

surveyed at intervals of the coming several years.
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Fig. 1 Study area and sampling stations. The data obtained from a total of 71 stations in Lake Shinji and the Ohashi

River (Table 1) were analyzed in this study.
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Table 1 (b) Wet weight of the taxa collected.
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£1© KEBIUEH. /K% W.depth m), KFDZ/m7 1)L aRfE (S. Chl-a (ppb), KEDEE (S.
Tur. (FTU)), JEJEDIKIE (B. Temp. (°C)), EKEDHEIT (B. Sal. (PSU)), JEJFHDA(FIEZRAIAIE (B. DO (%),
JEJEDVEAFIE IR E(B. DO (mg/D)), YRV DR L/KZRMH,S) 51: 50, 0: 75U, HEREY)I D Ki & 2 1 7 (Sediment) ;
12: WkHKIRS , 11 fHRD , 10: HRkild | o: Mkt , 8: Mufiihiy, 7: Je BRI, 6: Je BRIk, 5: Je B HkilD, 4:
JeERIRIRD , 3: OB (MkERD) T, 2: RVELJE , 1: 98, 0: T—X7xL.

Table 1 (c¢) Environmental factors. Water depth (W. depth (m)), surface chlorophyll a concentration (S. Chl-a (ppb)),
surface turbidity (S. Tur. (FTU)), bottom water temperature (B. Temp. (°C)), bottom salinity (B. Sal. (PSU)), bottom
dissolved oxygen saturation (B. DO (%)), bottom dissolved oxygen concentration (B. DO (mg/l)), odor of H,S; 1: yes,
0: no, particle type of sediment; 12: very coarse sand, 11: coarse sand, 10: medium sand, 9: fine sand, 8: very fine sand,
7: muddy very coarse sand, 6: muddy coarse sand, 5: muddy medium sand, 4: muddy fine sand, 3: sandy (very coarse)

mud, 2: sandy mud, 1: mud, O: no data.

Station Date Time W. depth (m) S. Chl-a (ppb) S. Tur. (FTU) B. Temp. (°C) B. Sal. (PSU) B. DO (%) B. DO (mg/l) H,S Sediment
0-1 2006.10.08  14:45-15:03 7.14 1.242 1.098 21.067 2679 87478 7646 0 4
0-2 2006.09.27 14:17-14:34 5.19 2.682 1.635 22.839 2374  112.323 9.509 0 4
0-3 2006.09.27  14:40-14:56 4.57 3.080 1.692 22.745 12.556  76.146 6.106 0 3
0-4 2006.09.27  15:00-15:06 4.79 2.605 1.578 22.713 11.544 79.615 6438 0 3
0-5 2006.09.27  16:01-16:15 4.54 3.997 1.618 23.155 7.154  94.922 7781 0 7
0-6 2006.09.27  16:25-16:35 4.52 4.761 1.553 22.914 8.011 75.700 6.202 0 12
0-7 2006.09.27  16:41-16:50 4.59 4.437 1.578 23.294 18.962  59.507 4542 0 6
SJ1 2006.09.29  15:56-16:09 2.20 4.871 5.661 22.216 1.526  76.063 6.557 0 1
SJ2 2006.09.29  15:34-15:49 2.75 1.754 2.465 21.942 1582 82.194 7112 0 1
SJ3 2006.10.08 8:52-9:07 0.61 1.007 6.730 17.235 0.042  99.336 9.523 0 11
SJ4 2006.10.08 9:21-9:36 3.08 1.175 2.667 20.534 2.201 87.198 7.728 0 1
SJ6 2006.09.29  14:53-15:08 1.88 3.909 5.074 22.393 1485  80.023 6.869 0 8
SJ7 2006.09.29  12:39-12:57 3.79 4.742 3.849 22.457 1.767 89.999 7703 0 1
SJ8 2006.09.29  12:16-12:33 2.00 1.741 3.442 22.605 1.690  72.785 6.212 0 10
SJ9 2006.10.08 9:44-9:58 3.31 1.236 2.046 20.781 2.356  85.406 7.525 0 2
SJ10  2006.10.08  10:08-10:29 4.46 1.390 2.091 20.499 2275  87.287 7.738 0 2
SJ12  2006.09.29  14:06-14:23 4.80 3.779 2.489 22.447 1.931 93.220 7972 0 1
SJ15  2006.10.08  11:58-12:13 3.18 1.082 1.201 20.584 2273  87.977 7.784 0 5
SJ17  2006.10.08  11:14-11:31 5.00 1.264 2.302 20.557 2252  89.821 7955 0 1
SJ19  2006.09.29  11:36-11:53 4.85 2.270 4.277 22.467 1.945  98.826 8.449 0 1
SJ21  2006.10.08  13:10-13:30 5.29 2.378 3.791 20.526 2.359  89.062 7.886 0 1
SJ23  2006.10.08  13:53-14:09 5.25 1.425 2.248 20.657 2.287  86.561 7.651 0 1
SJ26  2006.10.09  9:59-10:18 5.21 1.290 1.708 21.073 3.961 38.759 3370 0 1
SJ30  2006.09.29  10:03-10:28 5.01 4.324 3.585 22.424 2.943 42.447 3613 0 1
SJ31  2006.10.09  13:33-13:50 4.51 1.630 1.630 21.203 3.237  33.340 2899 0 1
SJ33  2006.10.09  12:40-13:03 5.56 2.096 6.158 20.967 3.964  70.859 6.190 1 1
SJ35  2006.10.09  11:44-12:03 5.40 1.519 1.660 20.930 4429  35.118 3.046 0 1
SJ37  2006.10.09  14:55-15:16 5.33 1.764 2.518 21.075 3.741 37.389 3229 0 1
SJ39  2006.10.09  15:42-16:00 5.52 2.624 2.944 20.555 2.721 76.863 6.777 1 1
SJ41  2006.10.12  15:55-16:10 212 2.664 1.849 21.047 2414 75.528 6617 0 9
SJ42  2006.10.12  15:27-15:49 5.04 3.726 2.683 20.983 3.393  39.724 3.465 0 1
SJ44A 2006.10.12  14:37-14:57 5.49 3.004 2.385 20.995 3.657  64.719 5658 0 1
SJ44B 2006.10.12  14:37-14:57 5.49 3.004 2.385 20.995 3.657  64.719 5.658 0 1
SJ46  2006.10.12  10:59-11:19 5.39 4.250 2.315 20.918 3.305  59.548 5220 0 1
SJ49  2006.10.18 8:31-8:56 5.28 2.197 2.297 21.459 6.814 18.158 1520 1 1
SJ51  2006.10.12  10:08-10:28 5.41 2.628 2.429 20.781 2.851 84.112 7.395 0 1
SJ53  2006.10.11  17:09-17:24 4.68 3.322 2111 20.847 2.886  67.332 5.908 0 1
SJ55  2006.10.11  16:21-16:41 5.13 3.090 1.879 20.955 4295  47.394 4.109 0 1
SJ58  2006.10.11  14:01-14:21 4.65 2.144 1.519 20.747 3.094  62.599 5486 0 1
SJ60  2006.10.11  14:51-15:08 4.84 3.240 2.622 20.537 2492  76.925 6.807 0 1
SJ61  2006.10.11  15:19-15:32 1.32 2.048 1.047 22.116 2.384 105.564 9.058 0 9
SJ62  2006.10.11  13:14-13:33 4.31 2.187 1.645 20.854 3.028  67.533 5923 0 1
SJ64  2006.10.11  12:25-12:44 4.75 2.463 1.750 20.859 3.471 77.479 6.789 0 1
SJ67 2006.10.11  10:49-11:06 4.31 3.000 1.538 20.718 2776 73.568 6.460 0 0
SJ70  2006.10.11  10:06-10:20 1.80 2.470 0.961 20.585 2643  92.128 8.135 0 9
SJ71_ 2006.10.11 9:41-9:59 4.12 3.723 2471 21.378 8.745  88.460 7.380 0 1
SJ72  2006.10.11 9:14-9:34 4.13 3.705 1.768 20.805 2.767 _ 60.290 5297 0 1
SJ73  2006.10.11 8:54-9:07 2.89 2.637 1.477 21.015 2557 77918 6.826 0 4
SJ74  2006.10.11 8:07-8:23 3.13 2.722 1.563 21.497 9.781 90.147 7490 0 4
SJ75  2006.10.11 8:37-8:48 2.14 3.563 1.562 21.325 2.542 100.181 8.722 0 4
SJA  2006.10.12  11:26-11:36 1.45 1.467 0.669 21.589 2.290  83.079 7.200 0 9
SJB 2006.10.09  14:01-14:13 1.43 1.625 1.400 21.443 2.278 92522 8.045 0 9
SJC  2006.10.08  12:26-12:39 227 0.984 1.083 20.906 2.312  85.700 7.532_0 5
SJD  2006.09.29  10:56-11:12 2.57 3.587 5.327 22.534 1.739  81.103 6.936 0 11
SJF 2006.10.11  17:31-17:44 3.36 4.215 1.787 21.084 2.542  85.001 7435 0 2
S1R-12006.09.29  13:45-13:56 0.82 1.987 1.836 24174 1400  97.709 8.107 0 9
S1R-2 2006.09.29  13:25-13:38 1.77 2.620 6.673 22.582 1463  91.410 7.740 0 9
S1R-3 2006.09.29  13:04-13:19 2.80 4.650 3.221 22.435 1.620  77.750 6.663 0 2
S2R-2 2006.10.12  11:48-12:03 1.97 3.241 2.792 21.365 2298  79.993 6971 0 9
S2R-3 2006.10.12  12:16-12:29 291 3.561 2.052 20.950 2409  80.783 7.092 0 0
S2R-4 2006.10.12  12:50-13:02 3.75 4.712 2.609 20.895 2.451 85.143 7480 0 5
S2R-5 2006.10.12  13:08-13:26 4.69 3.959 2.863 20.892 2456 89.025 7.821 0 2
S3R-3 2006.10.12  16:38-16:53 297 2.732 1.733 20.944 2.521 70.321 6.171 0 2
S3R-4 2006.10.12  17:02-17:20 3.90 2.782 1.710 21.038 2,927  49.744 4.350 0 1
S4R-12006.10.18  10:03-10:12 1.05 2.124 1.167 21.320 2.586 _ 100.509 8.754 0 9
S4R-2 2006.10.18  10:27-10:41 244 2.079 1.250 21.209 2.946 95932 8.357 0 2
S4R-3 2006.10.18  10:51-11:07 3.63 1.945 1.055 22.312 13.209  69.258 5.556 0 2
S4R-4 2006.10.18  11:14-11:34 1.96 2.133 1.282 21.445 2.816  103.261 8.966 0 9
S4R-5 2006.10.18  11:36-11:50 1.29 2.352 1.270 21.594 3.008 107.137 9.268 0 9
S4R-6  2006.10.18  11:54-12:03 1.26 2.289 1.368 21.968 4.035  90.377 7.652 0 9
S4R-7 2006.10.18  12:14-12:26 1.16 1.443 1.341 21.883 2.763  100.796 8.673 0 9
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Hierarchical Cluster Analysis, PC-ORD 5.21

Linkage method: Ward’s Method
Distance measure: Euclidean (Pythagorean)

Percent chaining = 7.28
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Fig. 2 Results of cluster analysis. See Table 1 for the categories (sediment:0-12) of particle type of sediment.
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%2 nMDS OfEHHER.
Table 2 Results of nMDS analysis.

Nonmetric Multidimensional Scaling, PC-ORD 5.21
Lake Shinji, Ordination of Station in Species space, 71 Stations, 36 Species

Stress in relation to Dimensionality (Number of Axes)

Stress in real data
50 run(s)

Axes  Minimum Mean

Stress in randomized data
Monte Carlo test, 50 runs
Maximum  Minimum Mean Maximum  p

1 31.895 48.893 57.116 32.113 46.633 57.371 0.0196

2 15.577 20.851 41.092 16.354 22.386 41.188 0.0196
3 10.110 15.269 41.865 11.212 14.499 32,172 0.0196
4 6.772 9.419 27.401 7.945 11.578 36.630 0.0196

p = proportion of randomized runs with stress < or = observed stress
i.e., p=(l + no. permutations <= observed)/(1 + no. permutations)
Conclusion: a 3-dimensional solution is recommended.

Now rerunning the best ordination with that dimensionality.

Y NV H A Xenostrobus securis, 73T VA
Trapezium liratum), 2 T (hTOTF VR, AT
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¥ Cyathura spp. & A1) 7758 Chironomidae 35515
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<RV IOERED 0.04 m® Y720 250 fEALL |
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JEAE BB L 723l 5 DU T nMDS O fiffr 7z
1o (F2). ZOME, AFLA{E (Minimum)
DV 3 §iliE T T 10.11 &7 Monte Carlo 7 A MK 3
& DKL, p=0.0196 TH-7z. 10.11 Dl Fair O
10 /L Ui % % 7% Poor @D 20 KDAXWVWODT, 55 1 i
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K0 3782—=20 2 o BWTHLED 73 fh 72 i
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R DONZ MV OKE) &7 (KE) Kb, 5521

Ze A 7z 2 Do i TR Y OREEE- KD 7707
CIRETERE ORLEMN I DN TH S EEZ DN,
CTDI, DEOMEHTHBWTIE, 5 16he 5 3 il
D 2 Ry Fmic B AH R ZHOICTEH T iUk,

nMDS DfEHTHRE RN S1E DN T fiD 7RI L
T, HEREWIDRIE R A 7, 4 FEFEO F B A B,
BRUIKFEDERBE HIA OKZE L JE OV 71 22 AT
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nMDS D5 1 #il| & 55 3 #ili0D 2 Kot i 513 % HE
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TN FER AL B OE AL nMDS D 1 fifj&
B30 2 o Fmicisr S8z (K5, vvhoy
SOEEEIEEE 1 HNSN L TEOMBNRH, o5
F ROMEAENSEE 3 il s LTROMBENH -7z
NG 2 IR E R AR T ENZNE O E
HETHO, EAFYOHEMKD 4% nMDS T
FRAT LIRS R, Y bV HTTFVROBIE
BICKEGHEINSTENEZLNS. LIzh-T,
nMDS DO 1fiflld v~ b ¥ IOMEERE L BIHRDEL,
55 3 HillE A0 7 ROARERE BIRDRN T EAVR
SN ERB. i, AFTUIFF TR 1
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ST LIS AU N O T — 2 BRI N
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FEFIE RO E ST B MDD Tz KO
12, £ FEOFRBICEZ W fine sand I X7 SN Tz T,
IR TATFRE R ETFIE DY E O & S 9 2 1
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Fig. 3 Distribution of the stations by nMDS analysis. (a) Axis 1 vs. axis 2, (b) axis 1 vs. axis 3, (¢) axis 2 vs. axis 3. See
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Table 1 for the categories (sediment:0-12) of particle type of sediment.
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Fig. 4 Representation for distribution of particle type of sediment by nMDS analysis. See Table 1 for the categories

(sediment:0-12) of particle type of sediment.
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Fig. 6 Representation for distribution of environmental factors in water column by nMDS analysis. (a) Water depth,

(b) bottom DO (%). See Table 1 for the categories (sediment:0-12) of particle type of sediment. Size of circles and value

of axes in the scatter plots indicate the value of environmental factors. Red lines and blue curves in the scatter plots

indicate linear regression lines and polynomial (nonlinear) regression curves, respectively.
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