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rates between 2020 and 2021.
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Canonical Discriminant Function1 (55.32%)

Canonical discriminant analysis of the water quality in the three clam ponds with 0%, 40%, and 70% shading
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Table 1 Water quality for the 3 clam ponds with shading rates of 0%, 40% and 70% between 2020 and 2021
3 0% 40% 70%
Water quality parameter 2020 2021 2020 2021 2020 2021
Dissolved Oxygen (mg/L)
Range 5.70-6.70 5.18-8.64 6.10-7.26 5.43-8.03 5.32-6.82 5.10-8.61
Mean + standard error 6.3320.10 6.67£0.35 6.5120.12 6.700.24 6.28%0.13 6.74£0.30
significant (p) - - -
Chemical Oxygen Demand
(mg/L)
Range 34.00-88.00 35.00-106.00 35.00-89.00 62.50-215.00 36.00-91.00 58.00-94.00
Mean = standard error 64.50%5.89 78173573 69.80£5.30 93.75*11.78 63.60%5.69 74.88%3.24
significant (p) - * -
Biochemical oxygen demand
(mg/L)
Range 1.20-14.52 0.80-3.30 0.96-15.00 1.00-8.10 1.02-14.31 0.20-8.40
Mean + standard error 7.670%1.82 1.99%0.23 7.17%2.06 3.50%0.62 6.23%1.98 2.47%0.66
significant (p) - - -
Suspended solids (mg/L)
Range 26.50-113.0  29.00-151.00 33.50-104.00 22.00-119.00 12.5-203.5 19.50-203.00
Mean = standard error 57.80%7.27 70.96%13.04 56.9018.52 50.38%9.55 56.75%18.05  52.50%14.67
significant (p) * - -
Chlorophyll-a ( mg/m?)
Range 1.17-6.80 0.89-19.25 1.12-6.40 2.07-47.89 0.24-4.80 0.74-27.03
Mean + standard error 4.2120.62 7.20%1.69 3.2020.54 13.0824.08 2.3320.53 6.4022.08
significant (p) * =* -
NH:*-N (mg/L)
Range 0.12-1.64 0.17-1.12 0.05-0.70 0.16-0.87 0.10-0.80 0.20-0.73
Mean * standard error 0.52:0.14 0.45%0.10 0.41+0.07 0.34£0.06 0.360.07 0.32£0.04
significant (p) - - -
NO:-N (mg,-"L)
Range 0.003-0.088 0.004-0.020 0.002-0.070 0.004-0.015  0.009-0.555 0.004-0.011
Mean * standard error 0.03£0.01 0.01+0.00 0.02%0.01 0.01£0.00 0.11£0.06 0.01£0.00
significant (p) ** ** **
NO3-N (mg/L)
Range 0.01-0.70 0.00-0.06 0.01-0.09 0.00-0.02 0.02-0.165 0.01-0.02
Mean + standard error 0.0320.01 0.01£0.00 0.0420.01 0.0120.00 0.05%0.02 0.01£0.00
significant (p) =* = =
PO4'(I113}"|_}
Range 0.04-0.56 0.37-1.95 0.03-0.60 0.38-1.85 0.03-0.88 0.4-1.94
Mean + standard error 0.1620.06 0.9310.15 0.21£0.06 0.9410.14 0.27£0.10 1.07£0.14
significant (p) = = -
TP(mg/L)
Range 0.01-0.60 0.37-2.66 0.01-0.75 0.33-2.27 0.02-0.93 0.25-2.30
Mean + standard error 0.3520.07 1.14%0.18 0.3420.08 1.09%0.17 0.4320.09 1.2120.17

significant (p)

*p < 0.05; **p <0.01; ns: non-significant
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HKBE 2 (ttest, p<0.05, Table 1) - FEEFALHT -
TR 0% Bl H At 43 AH A BE A8 /K B IR RE 22 S48/
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Table 2 Total canonical structure coefficients between canonical discriminant functions (CDF1 and CDF2) and
discriminant variables (water quality parameters) in three clam ponds with 0%, 40%, and 70% shading rates between

2020 and 2021. The top four absolute values are highlighted in bold

2020 2021

Water quality parameter

CDF1 CDF2 CDF1 CDF2
DO (mg/L) 0.07 0.47 -0.01 -0.03
BOD (mg/L) 0.09 0.01 -0.27 0.22
COD (mg/L) 0.03 0.28 -0.36 0.07
SS (mg/L) 0.01 -0.01 0.21 0.12
Chl-a ( mg/m?) 0.37 -0.12 -0.28 0.21
NH;*-N (mg/L) 0.16 -0.40 0.20 0.20
NO;™-N (mg/L) -0.20 -0.10 0.19 -0.03
NO,-N (mg/L) -0.30 -0.32 0.11 0.32
PO, (mg/L) -0.18 0.01 0.00 -0.16
TP (mg/L) -0.13 -0.16 0.04 -0.09
Canonical correlation coefficient 0.84 0.56 0.69 0.65
Eigenvalues 2.42 0.46 0.91 0.74
Cumulative variance explained (%) 84.06 15.94 55.32 44.68
Significant (p) * ns * ns

*p < 0.05; ns: non-significant

Table 3 Sediment parameters for the three clam ponds with shading rates of 0%, 40%, and 70% between 2020 and

2021
Sediment parameter 40% 70%
2020 2021 2020 2021 2020 2021

Organic matter (%)

Range 3.52-8.76 3.01-3.90 3.18-7.50 2.96-4.40 2.58-7.98 2.95-4.77

Mean + standard error 4.35%0.28 3.59+0.04 4.6310.25 3.67%0.09 4.8610.34 3.7040.07
Moisture (%)

Range 21.78-26.84 21.70-27.59 20.14-34.91 21.21-39.48 22.11-31.46 22.63-33.79

Mean = standard error 24.35%0.33 24.8110.27 24.2610.67 25.58%0.74 24.74%0.51 25.8310.52
Grain size (mm)

Range 0.18-0.27 0.20-0.34 0.17-0.29 0.17-0.30 0.20-0.31 0.15-0.31

Mean % standard error 0.2410.01 0.24%0.01 0.2410.01 0.24%0.01 0.25%0.01 0.25%0.01
Silt/clay (%)

Range 0.10-0.74 0.12-0.57 0.06-1.56 0.02-1.75 0.01-1.35 0.05-2.89

Mean = standard error 0.32%0.04 0.25%0.02 0.38%0.07 0.41%0.08 0.3320.07 0.55%0.14
Sorting coefficient

Range 0.63-0.83 0.61-0.78 0.64-0.85 0.33-0.81 0.57-0.85 0.58-0.91

Mean = standard error 0.7120.01 0.69%0.01 0.71%0.02 0.69%0.02 0.70%0.02 0.71%0.02

TERL A B S A EVA AR 2.58 - 8.76% 2l &
FREHIEAA 20.14 - 39.48% 2 [ - EETRIfE
{ESMALE 0.15 - 0.34 mm 2] » FERLE /3 JER AR
R (013 - 0.25 mm) J o S B SF R
(0.25 - 0.50 mm) (Folk, 1966) - [fj £ E2 50 it A HIH
Te/ah T e E AL 0.01 - 2.89% 2 [ BIARYE
B R Ve/A A AR AYEREE - BhAh

JEE B Ry 0.33 - 0.91 ERPE I E IR
Y95 o AnARRER 7 AR L TR (<0.35)
DUk (0.71 - 1.00) S ] - MRS RS -
BT B 22 WA A5 (3SR o L PRSI v A9 R 1
725 (Fig.2) » MEERTHAYEE & BN
%I (F=4.67,p<0.05, n=144) - ZME—FEFRIHHITR
WIEAaHMET EERNEESE -
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Table 4 Numbers of benthic macroinvertebrate communities for the three clam ponds with shading rates of 0%, 40%,

and 70% between 2020 and 2021

Benthic macroinveterbrates 0% 40% 70%
2020 2021 2020 2021 2020 2021
Annelida
Polychaeta
Capitella sp. 532+189 332467 176154 279+113 2831188 2641164
Lysidice sp. 241124
Neanthes glandicincta 1024102 99177 3124213 161121 414 414
Scoloplos marsupialis 8591303 8431146 138151 215144 86129 229160
Laonome albicingillum 44144 44112 294%162 1001583 1014101 79146
Polydora comuta 8511163 446%179 5671531 145169 101196 218163
Arthropoda
Insecta
Chironomus sp. 30130 612 64138 715 20413
Mollusca
Gastropoda
Cerithidea cingulata 212 915
*Mean=SE, indivudal/m?
°] . I p— (Nereididae) J57%#70 % (Neanthes glandicincta)
5 = ] = KR (Bunicidac) #HA#E (Lysidice sp.)
£ 5 o ASHEHREO TR R R - KRB R HEB)
5 4 Sy —
5 - i ™ VIRER AL BT AT R B 25U R B o B
5> B ¢ SR 0%8 A0%HLLZ P AR L A
S . (similarity) #75 (FiHA 2020 4£:72.63: 484 2021
5 61 85.62) » 3 FLEGIEHER T0% IR (Fig
h 3) » MR B 2 B I R B34 5 DAY
0 : . , BN -
0% 40% 70%

Shading rates(%)

Fig. 2 The comparison of sediment organic matter
concentrations in ponds with shading rates of 0%, 40%,
and 70% between 2020 and 2021. Analyzed through
two-way ANOVA. *p<0.05 for two survey period.

=~ KRB HEBIIR R < ML

ANFREHRR S - KA A HEB Y {2
AR IR iR SRERH] (Table4) » 24
BYE LR E Y (Annelida) % F
((Polychaeta) » W7 » ' & H R M ARAK 7 By - BHESH
& Bl (Orbiniidae) & Z& 4 ¢ &  (Scoloplos
marsupialis) ~ /NBE&E Rl (Capitellidae) /)NGH &8
(Capitella sp.) ~ JGHEERFE} (Spionidae) A Zr &k
(Polydora cornuta) ~ &8 5F} (Sabellidae) HHF

# @8 & (Laonome albicingillum) ~ ¥ & ®l

[a). 2020 BT ) 20m

% A% 0% % A% To%

Fig. 3 Cluster analysis of the community structure of
benthic macroinvertebrates in a pond with shading rates
of 0%, 40%, and 70% between 2020 (a) and 2021 (b).

RIS HEBN ) AL V) AR MR B R
FaREH - T R I R T AT AR B IR
Sl R B MRS (Table 5) » SR 40%01)
fE#URE (F=6.08, p<0.05) (Fig. 4a) - AR
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Fig. 4 Means + SE (n = 24) of benthic macroinvertebrate
diversity index in a pond with shading rates of 0%, 40%,
and 70% between 2020 and 2021. (a) Species diversity
(b) Species Diversity (c) Shannon’s index of diversity.
Analyzed through two-way ANOVA. a, b: p<0.05 for
Duncan’s test of three shading rates. *p<0.05 for two
survey period.
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Table 5 Two-way ANOVA of the biodiversity index (species richness index, Pielou’s evenness index, and Shannon
index) for the three clam ponds with 0%, 40%, and 70% shading rates between 2020 and 2021

Species Richness Index

Pielou’s Evenness Index

Shannon Index

Source of variation

df MS F p MS F p df MS F p
Period 1 0.65 14.94  ** 0.07 4.64 * 1 0.16 255 ns
Shading rates 2 0.27 6.08 o 0.02 1.01 ns 2 052 8.09 **
Period*Shading rates 2 0.02  0.41 ns 0.00 0.30 ns 2 0.00 003 ns

*p < 0.05; **p <0.01; ns: non-significant

Table 6 Results of 2-way ANOVA for polychaeta environment indicator species in the three clam ponds with 0%,

40%, and 70% shading rates between 2020 and 2021

Indicator species of environmental deterioration

Ecological health indicator species

Source of variation

df MS p df MS F p
Period 1 19555.56 0.02 ns 1 343.32 0.01 ns
Shading rates 2 4796713.29 4.41 * 2 65457.46 2.66 ns
Period*Shading rates 2 889219.96 0.82 ns 2 1254.12 0.05 ns

*p < 0.05; **p <0.01; ns: non-significant
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Environmental and Benthic Fauna Effects of Solar Panel Installation
on Meretrix taiwanica Aquaculture
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ABSTRACT

This research investigated the effect of solar panel installation on the water quality, sediment, and benthic
macroinvertebrates of clam culture ponds. The ponds were located at the Taixi Fisheries Research Institute's
Mariculture Research Center. The period of cultivation lasted from May 2020 to June 2021. In this study, Meretrix
taiwanica was cultured at three different shading rates: 0%, 40%, and 70%. During the initial culture period, the
shading rates were negatively correlated with biochemical oxygen demand, chlorophyll-a, ammonia, and nitrate
concentrations in water, but positively correlated with organic matter concentrations in sediment. The 40% shading
rates had relatively higher species abundance and biodiversity indices, but the community structures were
comparable to those of the 0% shading rates. In addition, ponds with shading rates between 0 and 40 percent were
deemed relatively healthy due to the presence of numerous polychaeta Neanthes glandicincta. as an indicator

species. The recommended shading rates for solar panels in hard clam ponds were therefore 0% and 40%.

Key words: solar panels, shading rates, Meretrix taiwanica, water quality, sediment, benthic fauna,
indicator species
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