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Distribution of Indicator Bacteria in Seawater off the Coast of Jeju Island
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We examined correlations of the density of fish farms with the distributions of indicator bacteria (Escherichia coli,
fecal streptococci) and a bacterial fish pathogen (Streptococcus parauberis) off the coastline of Jeju Island. Seawater
samples were collected at four coastal sites on the Island [Aewol (control), Gujwa, Pyoseon and Daejeong] in June,
August and October 2016. The indicator bacteria were generally more frequently isolated from samples taken in Au-
gust when water temperatures and human activities on nearby beaches were highest. Although fish farms were least
common at Daejeong, the numbers of isolated fecal indicator bacteria were highest in the seawater and effluent water
collected from this site. Hence, fish farms were not likely major contributors of indicator bacteria at Daejeong. We
found discrepancies between the isolated bacterial counts and the predicted bacterial copy numbers deduced from our
qPCR results, indicating that this pathogen may exist in a viable but non-culturable (VBNC) state in seawater. Thus,
livestock wastewater and chemical fertilizer loading off Jeju Island may negatively impact seawater quality more
than the effluent released from fish farms does.
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Fig. 1. Sampling locations (white and red circles) used in this study. Note that six and three locations for Daejeong and Pyoseon and for

Gujwa and Aewol (control), respectively. Red circles indicate the effluent sample released from a land based olive flounder farm. Orange

circles indicate the location of the sewage treatment plant in Jeju Island.
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Table 1. Sampling locations, water depth, water temperature and dissolved oxygen (DO) level in sea water

1t sampling (6/21-7/06)

27 sampling (8/29-9/01) 3¢ sampling (10/25-10/26)

Distance (M) 1 100 200 1 100 200 1 100 200
Aewol Depth (M) ~1 3.9/59 10.4/14.8 ~1 3.9/59 10.4/14.8 ~1 8.3 14.8
(Control)  Temperature (°C) 21 20 20 26 26 26 21 22 22
DO (ppm) 8.7 9.2 9.6 6.3 6.5 7.2 8.1 8.5 8.4
Distance (M) Effluents 100 200 Effluents 100 200 Effluents 100 200
Gujwa Depth (M) NA 3.3/5 3.2/44 NA 3.3/5 3.2/44 NA 24 3.8
Temperature (C) 19 20 19 21 22 24 19 20 21
DO (ppm) 7.9 8.9 10.5 8.1 8.4 8.5 8 8.8 8.2
Distance (M) Effluents 100 200  Effluents 100 200  Effluents 100 200
Pyoseon Depth (M) NA 3.0/45 6.0/8.0 NA 3.0/45 6.0/8.0 NA 1.6 35
Temperature (C) 21 20 19 21 28 27 20 20 21
DO (ppm) 10.2 10.6 10.7 8.2 8.4 7.9 8.3 7.7 8.4
Distance (M) Effluents 100 200  Effluents 100 200  Effluents 100 200
Dagjeong Depth (M) NA 6.4/9.4 16.2/224  NA 6.4/9.4 16.2/224  NA 4.1 7.8
Temperature (‘C) 22 21 21 21 22 22 22 21 21
DO (ppm) 10.1 8.5 8.7 8.6 8.3 8.2 8 8.3 8.4

NA, not applicable.
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Fig. 2. Escherichia coli counts and their median values in seawater sampled in Aewel (A), Gujwa (B), Daejeong (C) and Pyoseon (D). S, M
and B indicate surface, middle and bottom water, respectively. Red bars indicate samples harboring more than 43 CFU 100 mL"! of E. coli

and grey bars indicate samples harboring less than 43 CFU 100 mL"".
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Fig. 3. Fecal streptococci counts and their median values in seawater sampled in Aewel (A), Gujwa (B), Daejeong (C) and Pyoseon (D). S,

M and B indicate surface, middle and bottom water, respectively.
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