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Abstract

The seasonal variations of picoplankton including Prochlorococcus, Synechococcus and Picoeukayotes
around Ulneung Island were investigated by flow cytometry in spring, summer and autumn in 2006. All groups
of picoplankton showed clear seasonal patterns in population abundance. Among the group, Synechococcus
showed the most prominent seasonal variation during the study period. The maximal abundance of
Synechococcus occurred in summer and the lowest in autumn. The seasonal distribution of Prochlorococcus
dlsplayed the reverse tendency with that of Synechococcus. The abundance of Prochlorococcus ranged from
2.9x10° cells/ml in summer to 311x10° cells/ml in autumn. However, the seasonal distribution of
Picoeukaryotes was shown to be relatively constant, and the maximal abundance was 81.5x10° cells/m! in
summer. The highest abundance of Picoeukaryotes occurred in summer and the lowest in autumn and the sea-
sonal distribution in abundance of Picoeukaryotes showed a similar trend with that of Syrechococcus. The
estimated total carbon biomass of picoplankton were ranged from 74.7 mg C/m” to 1,055.9 mg C/m” The high-
est-total carbon biomass occurred in summer, but lowest occurred in autumn. The pattern of the contribution
of three picoplankton to total autotrophic picoplankton carbon is different. The contribution of Synechococcus
to total autotrophic picoplankton carbon is increased to 75%, but the contribution of Prochlorococcus dropped
to 12% in summer. The contribution of Picoeukaryotes is ranged from 24% in summer to 72.5% in spring.
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Fig. 1. Map showing the sampling stations in study area.
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Table 1. Seasonal variations of nutrient concentrations around Ulneung Island

Depth (m) Nutrient (pg-at/ /) Spring Summer Autumn
0m Nitrite+Nitrate 0.083 - 1.537 (0.313) 1.164 - 1.360 (1.291) 0.284 - 6.567 (2.461)
Phosphate 0.004 - 0.215 (0.053) 0.053 - 0.803 (0.273) 0.001 - 0.108 (0.052)
20 m Nitrite+Nitrate 0.076 - 4.672 (0.743) 1.121 - 1.391 (1.281) 0.100 - 6.080 (2.154)
Phosphate 0.016 - 0.584 (0.109) 0.014 - 0.980 (0.371) 0.002 - 0.118 (0.052)
50 m Nitrite+Nitrate 0.503 -.9.556 (5.980) 1.243 - 8.293 (4.940) 9.497 - 20.979 (10.766)
Phosphate 0.070 -.0.562 (0.295) 0.281 - 1.168 (0.720) 0.064 - 1.010 (0.489)
100 m Nitrite+Nitrate 7.361 - 15.006 (10.865) 1.375 - 11.381 (7.103)  9.285 - 19.976 (15.553)
Phosphate 0.326 - 0.981 (0.517) 0.052 - 1.489 (0.676) 0.361 - 0.961 (0.765)
Chlorophyll = a (ug/L) Chiorophyll — @ (ug/L) Chlorophyll —a (zg/L)
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Fig. 4. Vertical profiles of chlorophyll-a - concentrations for each sampling stations.



Spring

Pico-sized chl-

Net-sized chi-a
18%

Pico-sized chl-a
56%

Summer

Nano-sized chl-

a
16%

£4 1247

Autumn

Net-sized chka
42%

Nano-sized
chl-a
13%

Fig. 5. The relative frequency of size-fractionated chlorophyll-a at different season.

&0] 60%E 7+ ¥kl picosized 2R 209 %
U Mg 2 v 8L Btk B A7 AE &7
9} 3}A ol nano+pico-sized FRZ 2 H-go] B]-g0] 7}
ZF 82%, 40%0] 2.7 o] Park™o] 2000 %)
R At EA19) FA 2ALE 53%, 60% BT} A
gEez & Acg vyt

35. SOAEHIES AH 2%
FUAEFIE BEFTE A4
o vl uhe} o] AdMF L 9B
WRATE. Prochlorococcus= =7 9} Z=7 o v 3
2 AMAF BE2E 29 vbd o= e AS
EXE JeEpAoh EA4 FAMA) 0.9x10° cells/md ~
124.0<10° cells/ne®) /A5 BEE B} 844 =
Ab Al FA 2AF A9 vle] - U-19] 20 mE
(175.1x10° cells/mf) & A 9ot vhe AAs B
E 2o Pt 159x10° cellyml &2 JEIGTh 24 =
ARAlE 0.2¢10° cells/me ~311.5%10° cells/m = H] 3
A 2L A BXE B 24 B 24, 1A o)
vl 4] AL e A BEIE By
Synechococcus= AlAE B Walr} Feisig
Bt Aol = 71 SR AAFE RQT A
o %2 BEE RYTh FA4 A AA 244
0.3x10° cells/ml ~486.2x10° cells/m{ X2 ZTF
372x10° cells/me®] AA 45 BTy Fduzs= U-
RIn k= D-ERIA Hit A7} B4 ey

=
T
2~ 3T
T T X
3]

£
T

o 53] A4 D-5oA AAg HAE RATh 3}
ZA} A= 2.6x10° cells/me ~1.2x10° cells/me 2 o
Bol AR A HF 10 cellyml o]3Fe] =& 7))
REE Qe A9 v QA4 H¥e ug
&35 5% FH A D-5AA HojHEEHE
1.19x10° cells/m-& HATE FA e wf-$ e 7y
Ag BEE ngor A-E FF 15x10° cells/md

olste] AAFE BHATH
Picoeukaryotesi= Synechococcus$} Bi<3F A& &
EE RYAoYU AT B2 wlS 2A YEldch &
Aol U-gtelel &= 10" cells/mg ©] 3] 5.06x10° cells/
n & uj-¢ e AAeE Jeh A} Picoeukaryotes
g Bfatol vs) vuE e AEFE Ve
Wlom AHURE & AEF 2Jol& KolA ¢t
ZAF A Y] S AERIE BRHTE AR
Exe vaa F8eA bl Synechococcus
9} Prochlorococcus= A|AE AEF ¥ X7 ddl2
Vel Synechococcusw SHAN) A =& H
Wb ol Prochlorococcus= A0 A T2 &
Wtk dEZF Ad Wsel 7t &
Picoeukaryotes©] $1. 0.1} AdwHEo] 7}
Synechococcus 2 JEFsECh B ZAL A A Pro-
chiorococcus®) EXE 2.9x10° cells/m~175.1x10°
o]t Al Prochior-

L
-

5

ty rlo

cellymt 24 w9 stk
FEE Noh T M vehd a4l &858
A& 8 £ Z3] T2 A Prochlorococcus?) L

ococcus 2]

Table 2. The cell abundance of Prochlorococcus, Synechococcus and Picoeukaryotes

Season Spring

Summer Autumn

Prochlorococcus (x10° cells/mf)
Synechococcus (<10° cells/mt)

Picoeukaryotes (x10° cells/mf) 8.7(0.27 ~46.

39.8(0.9~ 124.0)
37.2(0.3~486.2)

87)

15.9(2.9~175.1)
250.9(2.6~1,187.5)
9.9(0.4~81.5)

67.8(0.2~311.5)
9.2(0.03~54.3)
3.0(0.20~8.8)
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Fig. 6. Vertical profiles of Prochlorococcus cell abundance at each station.
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Fig. 8. Vertical profiles of Picoeukaryotes cell abundance at each station.
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Table 3. Comparison of estimated carbon biomass of Prochlorococcus, Synechococcus and Picoeukaryotes
Carbon biomass(mgC/mz)
Season St. Prochlorococcus Synechococcus Picoeukaryotes Total
U-1 15.9 (10.0) 43.9(27.8) 98.3 (62.2) 158.0
U-3 14.9 21.7) 15.5(22.5) 38.4(55.8) 68.7
Spring U-6 19.1 (11.6) 28.7 (16.5) 126.0 (72.5) 173.7
D-10 14.8 (2.2) 373.7 (55.6) 283.4 (42.2) 671.8
104-14 201 (3.7 228.1(42.2) 292.7 (54.1) 540.9
U-1 29.0(2.8) 742.5 (70.3) 284.4 (26.9) 1,055.9
U-3 9.5(1.6) 389.3 (66.7) 185.2 (31.7) 581.4
Summer U-6 4.4 (1.2) 287.1 (74.7) 92.7(24.1) 3843
D-10 6.5 (1.6) 316.1 (77.0) 88.1(21.5) 410.6
104-14 5.3(0.8) 374.5(55.3) 297.2 (43.9) 677.0
U-1 19.7 (23.2) 15.5(18.2) 49.8 (58.6) 84.9
U-3 17.0 (20.6) 24.4(29.5) 41.3 (49.9) 82.7
Autumn U-6 24.9 (33.3) 5.0 (6.6) 44.9 (60.1) 74.7
D-10 443 (47.7) 19.8 (21.8) 26.9(29.5) 91.0
104-14 49.8 (46.0) 19.5 (18.0) 38.9 (36.0) 108.2

* numbers in the parenthesis indicate percentage
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