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Semiweekly Variation of Spring Population of a Mixotrophic Ciliate
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Myrionecta rubra, a mixotrophic ciliate, is a cosmopolitan red tide species which is commonly found in neritic and
estuarine waters. M. rubra had long been listed as an “unculturable protist” until 2 different laboratory strains were
finally established in 2 research groups at the beginning of this century, enabling us to perform initiative
investigation into various aspect of the live M. rubra strains (Gustafson et al. 2000; Yih et al. 2004b; Johnson and
Stoecker 2005). Field sampling was carried out on high tide at 2 fixed stations around Kunsan Inner Harbor (St.1
near the Estuarine Weir and St.2 off Kunsan Ferry Station) every other day for 4 months from mid-February 2004 to
understand detailed figure of the recurrent spring blooms of M. rubra following the onset of the water gates

operation of the Keum River Estuarine Weir on August 1994.

With its maximum abundance of 272 cells mL~! in St.1, fluctuation pattern of the M. rubra population at the 2
stations was strikingly similar. Notable growth of M. rubra population started on late April, to cause M. rubra red
tides during one month from mid-May in which “exceptionally low salinity days” without its red tide were
intermittently inserted. High abundance of M. rubra over 50 cells mL™! was recorded at samples with their water
temperature and salinity higher than 15°C and 4.0 psu, respectively. During pre-bloom period when salinity
fluctuation is moderate and the water temperature is cooler than 15°C, Skeletonema costatum, a chain-forming centric
diatom, was most dominant. Cyanobacterial species such as Aphanizomenon flos-aquae and Phormidium sp. replaced
other dominant phytoplankters on the days with “exceptionally low salinity” even during the main blooming
period of M. rubra. To summarize, M. rubra could form spring blooms in Keum River Estuary when the level of
salinity fluctuation was more severe than that for the dominant diatom Skeletonema costatum and milder than that for
the predominance by freshwater cyanobacteria. Therefore, optimal control of the scale and frequency of freshwater
discharges might lead us to partially modify the fluctuation pattern of M. rubra populations as well as the period of
spring blooms by M. rubra in Keum River Estuary. Sampling time interval of 2 days for the present study or daily
sampling was concluded to be minimally required for the detailed exploration into the spring blooms by M. rubra

populations in estuaries with weirs like Keum River Estuary.
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Fig. 1. Map showing Keum River Estuary, Weir, and the
sampling sites.
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Table 1. Water temperature and salinity measurements of surface and bottom samples collected at Keum River Estuary

sampling point number of samples range mean vertical difference
water temperature (°C) St.1-surface 16 6.2-24.4 17.01
St.1-bottom 16 5.2-239 16.38 0.63
St.2-surface 16 48-234 15.78
St.2-bottom 16 49-239 15.80 -0.02
salinity (psu) St.1-surface 16 1.3-21.3 10.56
St.1-bottom 16 2.8-224 13.27 -2.71
St.2-surface 16 8.3-25.1 18.91
St.2-bottom 16 9.2-253 19.18 -0.27
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Fig. 2. Time course of temperature and salinity at the surface of
St.1 and St.2 in Keum River Estuary.
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Fig. 3. Time course of nitrate-N and phosphate-P concentration
at the surface of St.1 and St.2 in Keum River Estuary.
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Table 2. Inorganic nutrient measurements of surface and bottom samples collected at Keum River Estuary

nutrients (uM) sampling point number of sample range mean station average
[NO3] St.1-surface 16 40.2 - 159.3 87.19

St.1-bottom 16 418-183.1 91.65 89.42

St.2-surface 16 15.0-116.5 54.29

St.2-bottom 16 24.3-100.2 48.34 51.32
[NO;] St.1-surface 16 0.94-11.89 5.02

St.1-bottom 16 2.00-11.16 4.95 4.99

St.2-surface 16 0.06 - 7.45 1.82

St.2-bottom 16 0.03-4.31 1.38 1.60
[NHZ] St.1-surface 16 3.3-2164 46.95

St.1-bottom 16 2.1-103.0 36.39 41.67

St.2-surface 16 3.1-628 31.84

St.2-bottom 16 2.9-589 22.31 27.08
[POF] St.1-surface 16 0.04 - 2.06 0.95

St.1-bottom 16 0.15-1.83 0.86 0.91

St.2-surface 16 0.31-1.95 0.89

St.2-bottom 16 0.04 - 1.62 0.67 0.78
[SiO,] St.1-surface 16 02-72 2.16

St.1-bottom 16 03-84 2.10 2.13

St.2-surface 16 0.2-10.2 2.36

St.2-bottom 16 0.2-6.3 1.39 1.88
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Fig. 4. Time course of M. rubra abundance and salinity at the
surface of St.1 and St.2 in Keum River Estuary.
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Table 3. Basic statistics of Myrionecta rubra abundance during
its spring bloom period (from Julian day 95 to 172) in
Keum River Estuary

sampling number of range mean
point sample
Myrionecta rubra St.1-surface 35 0-270 35.0
(cells mL™1) St.1-bottom 12 0-272 324
St.2-surface 35 0-74 7.9
St.2-bottom 12 0-132 184

N2 72359 cH(Table3).
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Table 4. Mean abundance (cells mL™1) of Myrionecta rubra and 4
most dominant phytoplankton species during the 3 sub-
periods of spring bloom by M. rubra at Keum River
Estuary

Pre-Bloom Bloom Inter-Bloom

Species\Sub-period 11y o 195) (1D 129-144) (ID 146-162)

Myrionecta rubra 3.7 98.3 4.8
Skeletonema costatum 1215.3 19.9 74.1
Phormidium sp. 278.6 1913.8 319.9
Aphanizomenon flos-aquae 529.1 835.9 38.4
Guinardia delicatula 0.2 1.4 1072.7

Justic et al. 1995; Lohrenzetal. 1999) 0] 2]3a} =
HoluA] 23 d¥ TFES A AT WA F Fo
ot 3% M. rubrax mj g B S AR
(Lindholm 1985), 4= (Johnson and Stoecker 2005) 2 <J <
o = (Owenetal. 1992; Yihand Shim 1997 7] 2002) =71
A 2 Agste ToEA, PFAHQ FH o A-gs)
2 AFARI st afFEl Hls) et AA -9
£ A5 2 Aotk (A F 2004b). Hoh STHAQI GA =,
= LAIA QD FA
= g 2o A= M.
rubrat g5k Rsta Aol AE =R 9S5Er(Fig.
4). o] B S, FAFF< Phormidium sp.<}
Aphanizomenon flos-aquae 53} 22 T4 -3t 7HA
ool SAY FHo diel Ag AR =2e}r]
A7A] dAH o2 &S 2 Aelrh(o] F 2005).
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146-162<1) Bt 4) Rk th ) AJ7] (Mg 164-1709) =

d

Table5. Mean and CV (% coefficient of variation in
parenthesis) of salinity (psu) and concentration of
inorganic nutrients (uM) during the 3 sub-periods of
spring bloom by Myrionecta rubra at Keum River Estuary

Envir. Factors\ Pre-Bloom Bloom Inter-Bloom

Sub-period mean (CV) mean (CV) mean (CV)

Salinity 14.4 (43) 8.5 (60) 13.4 (57)

[NH;] 37.6 (43) 6.6 (115) 11.9 (59)

[NO3] 56.8 (43) 65.0 (42) 62.8 (31)

[POFT] 0.9 (33) 0.4 (106) 0.6 (93)
e
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