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Influence of Aquaculture and Topographic Conditions on the Macrobenthos
and the Sediment in Fish Farms along the Kumano-nada Coast

Hisashi YokoyaMa'!, Akifumi NisHIMURA? and Misa INOUE3

A quantitative survey of the macrobenthos was conducted in 22 fish farms along the coast of Kumano-nada, middle
Japan, in order to clarify the influence of fish farming and topographic conditions of farms on the macrobenthos and the
sediment, and to obtain data for specifying environmental criteria for fish farms. The biomass in sediments peaked in
summer with concentrations of 9.0 mg g”' of total organic carbon (TOC), 1.2mg g™ of total nitrogen (TN), 2.0mgg™!
of total phosphorus (TP) and 23 mgg™" of chemical oxygen demand (COD), where majority of aerobic mineralization
of the loaded organic matter is supposed to occur. Animals were scarcely found in sediments with acid volatle sulfide
(AVS-S) >1.7mgg"", suggesting this as a critical condition for the aquaculture environment. An index “ED”, which
represents the topographic conditions of the sampling site, was proposed to discriminate artificial factors arising from
aquaculture activities from the natural factors related to the topography. Four community parameters of the macroben-
thos (biomass, density, number of species and the species diversity H') and six environmental factors (TOC, TN, TP,
COD and AVS-S in the sediment and dissolved oxygen of the bottom water) were significantly correlated with ED
(p<0.001), whereas fish production showed no correlation with the community parameters and environmental factors
excluding TN, TP and dissolved oxygen. In large-scale farms with ED values >3, the environmental deterioration was
conspicucus and the faunal extinction was found. These findings suggest that the variability of the macrobenthos and
environmental factors are attributed first to the topography and secondly to aquacultural activities, and that the sediment
parameters based on the macrobenthos will be of practical use as possible indicators for assessing fish farm environ-

ments.
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Figure 1. Map of fish culture grounds along the coast of Kumano-nada, showing sampling stations (1-51). Broken
lines indicate the width of the bay mouth or the inlet mouth, which was used for calculation of the index of £D.

See text for ED.
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Figure 2. Parameters for the calculation of ED. ED is expressed
as ED=(L/W)(45/Dm)(20/Ds).
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Table 1. Fish production in 1998 and the range of ED values
(an index of topography) at each fish farm.

Station Name of Name of FISI} %2
No.*! fish farm Bay productl? . ED
t year

1-2 Shukuura Gokasho Bay 110 24-4.1

3—4  Shimotsuura Gokasho Bay 182 8.3-0.1

5-6  Gokashoura Gokasho Bay 99 5.6-6.0

7-11 Hazamaura & Gokasho Bay 1400 3.9-72

Sazaraura

12-13  Asoura Nie Bay 683 0.9-1.7
14-15 Nayaura Kamisaki Bay 101 1.8-24
16-17 Kamisakiura Kamisaki Bay 545 0.9
18-19 Hozaura Hozaura Bay 1507 1.9-2.2
20-22 Kowaura Kowaura Bay 852 1.3-4.7
23-25 Nishiki Nishiki Bay 1053 0.4-1.9
26-27 Kaino Katsuragi Bay 608 0.9-1.1
28-29 Doze Katsuragi Bay 90 1.6-3.2
30-31 Miura Katsuragi Bay 116 0.4-0.9
32-33 Shiroura Katsuragi Bay 601 0.0-0.5
34-35 Hikimotoura Owase Bay 657 3.3-54
36-37 Sugari Owase Bay 1102 0.4-0.6
38-39 Owase Owase Bay 684 1.4-2.7
41-42 Osoneura Owase Bay 530 1.1-1.2
43-44  Mikiura Kata Bay 1112 0.7-0.9
45-46 Hurue Kata Bay 210 0.8-0.9
47-48 Sone Kata Bay 61 0.8-0.9
50-51 Nigishima Nigishima Bay 446 0.8-14

*! See Fig. 1.
*2 After Tokai Regional Administration Office (1999).
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Table 2. Correlation matrix between the environmental factors and the community parameters of the macrobenthos.
TOC TN TP COD DO AVS-S Silt-clay %
TN 0.983**
TP 0.745%* 0.7947%
COD 0.908** 0.921%* 0.782%
DO —0.686** —0.730%* —0.739%* —0.763%*
AVS-S 0.841%* 0.862%* 0.778%* 0.925%* —0.754%*
Silt-clay % 0.576%* 0.576%* 0.340% 0.539%* -0.270 0.370*
Biomass® —0.314* —0.280 —0.361* —0.565%* 0.569%* —0.646%* ~0.143
Density’ —0.508%* —0.461%* —0.293* —0.655%* 0.526%* —0.627%* —0.390*
No. of species’ —0.589* —0.565%* —0.454%* —0.788%* 0.593** —0.811%* ~0.405%+*
¥ —0.098 —0.148 —0.299* —0.140 —0.029 —0.275 —0.012
H' —0.488%** —0.499** —0.499+* —0.649%* 0.415% —0.722%* —0.305*
#Values transformed into logarithms, * Significant ( p<<0.05). ** Significant ( p<<0.001).
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Figure 3. Relations between the acid volatile sulfide content in
the sediment and community parameters of the macrobenthos
(a—c), and between the dissolved oxygen content of the bot-
tom water and the community parameters of the macroben-
thos (d—f). Broken lines indicate a value of AVS-S when near
azoic conditions were found.
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Figure 4. Relations between the sediment parameters and the biomass of the macrobenthos. Broken lines indicate
values of the sediment parameters when the biomass of the macrobenthos reached a maximum.
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£
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BE (p<0.001) DEWHEBE AR L, EDEAKE VAL
R h O EEE (TOC, TN, TP, COD) & AVS-SA %
, ERBAKODOBRSEL, povraxy F ADHTFE,
AEBEELB L OHBEERS DAL RS EALSH - 7 (Fig.
5). EDMEA 2L TOBEE CIIEEEDSDICHEHLST
AVS-Si3 0.6mgg 'K, DO 4mg/ 'Ll L, v 7uxY
FZOBRBERIZ10gm R E, A BEEIL 2000 @& m 2B
L, HBREBUL 208 0.04m 2 EE B BBEAMILAL
ThH o7z, EDEH 5L _EOFEE T3 AVS-Sid 1.0mg
gt behh, WEmrZFNIENVREE Ro72, EDLE
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D EACME RIS L FEE A 500 R BT O N BEEE L O
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Table 3. Correlation coefficients between the environmental
factors and the community parameters of the macrobenthos,
and the fish production and the ED value.

Fish production ED

TOC 0.225 0.695%*
TN 0.287* 0.691**
TP 0.409* 0.568**
COD 0.263 0.814**
DO —0.379* —0.743%*
AVS-S 0.258 0.752%%*
Silt-clay % 0.166 0.378*
Biomass” 0.142 —0.669*
Density” 0.172 —0.800**
No. of species” 0.172 —0.827%*
¥ 0.025 0.129
H' 0.141 —0.566**

#Values transformed into logarithms.
* Significant (p<<0.05).
** Significant (p<<0.001).
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1~26580.04m™?).
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Figure 5. Relations between ED and the physicochemical factors (a—f), and between ED and the community parame-

ters of the macrobenthos (g—i). Plots are clustered into three categories in terms of fish production in 1998. Solid
lines, the regression line (correlation coefficient: »|) based on data from large-scale farms; broken lines, the regres-
sion line (correlation coefficient: r,) based on data from small-scale farms.
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