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An Evaluation of the Environmental Effects of Marine Cage Fish Farms:
I. Estimation of Impact Region and Organic Carbon Cycling in Sediment
Using Sediment Oxygen Consumption Rates and Macrozoobenthos
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7t &gy Uex 70%E HAEHE AL E vehdth

In order to understand the environmental impact of marine cage fish farms, we measured the vertical fluxes
of particulate to the sediment, the distribution of organic carbon in core samples, sediment oxygen consumption
rate (SOD), and macrobenthos with increasing distance from a fish cage in Miruk island located in Tongyong.
The experiment was performed in August 2003. Measured values gradually decreased with distance, indicating
that the organic matter in the sediment derived from the fish farm. The dominant macrobenthos species were
Tharyx multifilis, Lumbrineris longifolia, Sigambra tentaculata, and Capitella capitata, occupying 88% of the
total population. Capitella capitata, an opportunistic polychaete species, were especially abundant between 0
to 5 m radius range. The estimated impact regions of organic matter enrichment based on sediment consumption
rates and compositions of macrobenthos were in good agreement. Most organic matter derived from the fish
farm was deposited within a 10 m radius and then dispersed horizontally to nearby (at least 50 m) surface sed-
iment. The vertical organic carbon fluxes to the sediment at the fish farm were higher by a factor of two than
those outside the area. The remineralization organic carbon in the upper sediment layer was estimated to be 50%
(1.07 g C m™ day™) at the fish farm. In contrast, outside the area, 30% (0.30 g C m™ day™") of organic carbon
was recycled and the remaining 70% was deposited to the deep sediment layer.
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Fig. 1. Schematic representation of the
sampling stations and two transects.
The icons represent oxygen microsensor
(to measure SOD) and sediment trap (to
collect particulates). The arrow symbols
represent sampling sites for both core
and grab samples.

Table 1. Summary statistics at the marine cage fish farm

Speci Mean body No. of Total weight
pecies weight (g)  indivisuals (M/T)

Pagrus major 360.0 250,000 90.0

Oplegnathus fasciatus 256.3 80,000 20.5

Sebastes schlegeli 364.6 120,000 43.8

sum - 450,000 154.3
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Fig. 2. Vertical distributions of organic carbon in core samples. The dashed lines and shade areas represent non-metabolic organic carbon

< ntents (Cw) and remineralization fraction (Gn) respectively.
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Table 3. The variation of the number of macrobenthos species, abundance and diversity with increasing distance from the edge of the fish farm
net cage

Transect Om Sm I15m 30 m 50 m
Number of species (0.1 m?) ilz g ii ;g S 12
e
Diversiy (D) & EC R S N ST

Table 4. Distance from the edge of the cage, oxygen concentration in the bottom water and oxygen penetration depth along the two transects.
The oxygen consumption rates and net reaction rates were calculated using the one-dimensional diffusion-reaction models from vertical
profiles of oxygen concentration in pore waters

Transect Distance from the edge of cage (m) O2mwy(Umol L™ OPD (mm)  Fo, (mmol O m?day™) R (M day™)

TS 0 150 0.65 53 9.97
5 146 0.80 30 3.69
15 133 1.10 13 1.16
30 166 130 20 1.51
50 146 1.35 23 1.92

TE 0 140 0.65 53 12.22
5 121 0.65 27 2.72
15 158 1.00 35 4.23
30 171 1.55 19 1.15
50 . 134 1.60 - -

- Results for vertical profiles that may have been disturbed by macrozoobenthos activity were excluded.
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Fig. 5. Two dimensional PCA ordination of the sample abundances
from the fish farm. PCA-1 and PCA-2 together accounted for 90%
of the total sample variability. The results are divided into two
groups: One group, between 0 and 5 m, represents those in the area
severely polluted by organic matter. The other group is between 15
and 50 m, where organic matter is expected to be received from the
fish farm.
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1992; 91 5, 1992; & %, 1994; ¥ 5, 1997; &9 &, 2000; ¥ %,
2002). ©] T 4 AMEHIME MR 2REH 5 m Az Hel
AR oz BRSO, B3] F ZAMI 0 m A HlA Zpzh
520 ind/m*3} 510 ind/m*¢] £ Y=Z EH3GYFig. 5). ©l
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Table 5. Total organic carbon content (Co) at the sediment/water interface, content of non-metabolic carbon (Co), vertical organic carbon fluxes
(Cin), and partitioning of organic carbon fluxes in sediments. Co and Cs were determined by Eq. (2) applied to the vertical profiles of organic
carbon contents in the core sediment. The vertical organic carbon fluxes were estimated from the collected sediment trap samples

. CO Coo Cin Cbenlhic* Crcmin>l< * Cburia\l.>I< *x (Chenlhic+Cremin)./Cin Cburial/cin
Station
(mg g™) (gCm™day™) (%)
Om 19.3 9.6 2.14 0.44 0.63 1.07 0.50 0.50
50m 11.3 79 1.00 0.19 0.11 0.70 0.30 0.70

*Crenmic: OXygen consumption ratex(110/170).
**Cremin,: (Jmmin fraction (%)Xcin) B Cben(hic~
FFFECalt Jbuﬁal fraction (%)xCi,,.
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