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Abundance of Autotrophic Picoplankton and Their Contribution to Phytoplankton Biomass
in Korean Lakes. Choi, Yonkyu*, Bomchul Kim, Man -Sig Jun, Woo -Myung Heo! and Ho -
Sub Kim? (Department of Environmental Science, Kangwon National University, Chunchon,
200-701, Korea, 'Department of Environmental Engineering, Samchok National University,
Samchok, 245-080, Korea, and ?Department of Biological Systems Engineering, Konkuk
University, Seoul, 143-701, Korea)

Abundance of autotrophic picoplankton (APP) and their contribution to phytoplankton
biomass were assessed in seven brackish lagoons and five freshwater reservoirs in
the summer season. Phycocyanin-rich picocyanobacteria dominated APP in
lagoons, while phycoerythrin-rich picocyanobacteria dominated APP in freshwater
reservoirs. The cell density of APP ranged from 3.6 x 103 to 5.0 x 106 cells/ml (median
2.5x10%) in brackish lagoons and from 3.8 x 10% to 3.6 x 10° cells/ml (mdian 1.3 x10°) in
reservoirs. Carbon biomass ranged from 1.0 to 1,385.0 ygC/L in lagoons and from 15.3
to 128.2 ugC/L in reservoirs. APP cell density in Lake Kyungpo was over 10° cells/ml
in all three surveys, which is one of the highest values recorded in all over the
world. During the thermal stratification in Lake Soyang, the maximum abundance
of APP and their maximum contribution to phytoplankton biomass were observed
near the thermocline. This study showed that APP sometimes can contribute signifi-
cantly to phytoplankton biomass both in lagoons and reservoirs with the range from
0.1 to 85.0%. APP which have been overlooked in the past studies appears to be
important primary producers in Korean lake ecosystem.

Key words : Autotrophic picoplankton, Brackish lagoon, Freshwater lakes, Korean
lake ecosystem
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Table 1. Hydrological characteristics of study lakes.

Maximum Maximum water Mean hydraulic

Lake depth capacity residence time
(m) (108 m3) (years)
Chungju 70 2,750 0.24
Daechong 60 1,490 0.25
Imha 40 595 -
Andong 50 1,248 0.44
Soyang 118 2,900 0.75
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Fig. 1. The map showing the sampling stations.

Table 2. The cell density and biomass of autotrophic Table 3. The cell density and biomass of autotrophic
picoplankton (APP) in surface water of seven picoplankton (APP) in surface water of five
lagoons during the summer period, 1999. freshwater reservoirs during the summer peri-

Lake Date Cell density Biomass od, 1999.
(10%cells/ml)  (ugCiL) Lake Date Cell density ~ Biomass
5 Jun. 71 13.3 (104 cells/ml) (ngC/L)
Hwajinpo 14 Jul. 0.4 1.0 Chunai 17 Jul. 35.8 128.2
25 Aug. 46.4 134.6 ungiu 16 Sep. 8.1 25.8
5 Jun. 69.9 111.3 17 Jul. 21.7 59.1
Songji 14 Jul. 22.4 53.7 Daechong 16 Sep. 16.6 52.6
25 Aug. 15.7 .

5 Aug 5 308 i 17 Jul. 13.2 50.7
5 Jun. 26.9 47.7 16 Sep. 27.7 106.5

Youngrang 14 Jul. 7.6 14.2
25 Aug. 80.7 151.3 15 May 13.4 48.6
Andon 17 Jul. 237 83.8
Chungcho 13 Jul. 8.0 15.2 g 28 Aug. 6.5 297
26 Aug. 17 4.6 19 Sep. 8.6 24.8
Mae 13 Jul. 90.0 258.4 25 Jun. 38 15.3
26 Aug. 72.1 170.0 Sovan 30 Jul. 48 17.1
Hvan 13 Jul. 195 62.4 yang 27 Aug. 14.3 23.4
yang 26 Aug. 11.7 37.4 28 Sep. 9.8 40.9
5 Jun. 320.3 1,385.0 Median 13.0 44.8

Kyungpo 13 Jul. 497.5 944.4

26 Aug. 278.7 531.9

Median 25.0 58.1

N

bs5o e B3 2oFel, U5l E RodEel
e Alrd=s UrE‘rk‘i‘:‘r(Table 3). Mz =e| 27
zE 64 2590 Al 15 mel|A]
—% ep ol o553 2

Zake 77 3.8x 10%~3.6 X 105 cells/ml2} 15.3~128.2
pugC/Le] S Herh 2 AzdUeE vlws)] Z du 2.1x105cells/mlZ
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Fig. 2. The vertical profiles of cell density of autotrophic picoplankton in Lake Soyang during the summer period, 1999.
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Fig. 3. The vertical profiles of cell density of autotrophic picoplankton in Lake Andong during the summer period, 1999.

o Qe FAAM E5FREE 18~8.74)
& AEYES} ekt (Fig. 2). W, B A%l
ehe QFEESIME SAM 0z APPY 3

£ eI et (Fig. 9).

B2 A ABEGIE wha Aue] o
APPY] Tl =E ARSI W4 AFIAAE oIF

o
29t 15.2~70.6%2] 7o =E Yehlia Zaiet A sl
A& 0.1~85.0%2] W= FHHT 7= el

A=}
(Table 4). 3+H, Aok 3 o)A 30 m7tA| AEE5

4=

2~
= &4

e APPS) RS o] ) A usiel
=2 AT 69 259, 7Y 30Y, 8Y 274
& AEge wag Jldmr A% 256 233,
34502 EZo|| A9 7|odxel 15.2, 48.4, 36.5%2} H]
waev 6,799 A9 AL AelE o) 649 7
% APPS] A 15melA Heje wel wil ABE
gomEe] AEde B0 Fash YA F43) gas)
A7) Wzel APPE] FledEx Aol met Zrtete] 4
obE B2oA Hejghe ehid (Fig. 4)
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Table 4. The contribution of autotrophic picoplankton
(APP) to total phytoplankton biomass in surface
water of seven lagoons and five reservoirs dur-

x

a

af

Al .
ol

ing the summer period, 1999 ZF 340 o kHlE Tt flste] <l A4,
— L2771, AL $EE SHNAT olzyH
) Pomas WOl coni TN vl (7A)E Fabaleh (Table 5). 217w A5 A
Lake Date ution o
TOmPWO APP apR(R)  AMIAE FEE 10-18mgNLe) W9z AEEY
5Jun. 141531 133 0.1 = ARE A% S8 WA g2 w20~
.. un. , . . .
Hwajinpo Aug 1705 1346 789 7.0pugP/LE Yorom TN/TPH] (F7)E 77.2~204.52]
WS veRle] AEEHIE Aol <lddl o3 At
5Jun. 16299 13850 85.0
Kyungpo g Aug. 11114 5319 479 = Aoz el ub, 770 Az £27)
o] = T, AAAA LS =5
Lagoons  Mae 26 Aug. 758.7 170.0 224 w7k 4.8~5110gP/Le] W8]
L 0~0.7mgN/L WS Z T Qg zol nls] Ao
Sl e loae sy ye | R W we AzUes vdehln Axs s+
3, 2=z A9 02mgN/L o3tz mj-§- st
Youngrang oJun. 3035 Ar7 o 15T TN/TP B] (FA)= 5.6~28.39] WYz w4 QT30
25 Aug. 2219 1513  68.2 Cr : : i ERRU
Bl sl mjo e 71
Andong 17 Jul. 1382 838 60.6 ]{Lf\h I b s ji}bﬂu} ]
17 Jul. 1816 1282 70.6 6 e APP RSt A 2]
. ul. . . . -
Chungiu T cor 710 258 362 $15ked log (M=)t TNITP u], %2, A4, 57
17 . 108 591 575 719l aelx AL sEeke] ARRAE A
ul. . . .
. ) + — —
Daechong 16 qon 1429 526 368 o} (Fig. 5). APP A]Z == TN/TP 8] (r = 0.53, n =30,
1 sl o] Zzo0] o /\]-31‘,1-_9_ =
Reservoirs imh 17 Jul. 168.1 50.7 30.2 p<001)st 2] FE e ARE el 3
a 16 Sep. 3047 1065 35.0 ¢l (r=0.50, =30, p<0.01)3} &=717]¢l * % (r=0.74,
= - ofo] A}lF}¥ tlo:]
25 Jun. 1009 153 152 n=30, p<0.0001)¢h= Fe] A S vehd o
Soyang 30 Jul. 353 171 484 F3tel 7 APPO FHREw ZUlele AkS el
27 Aug. 641 234 365 o} 244 %% (r=0.04, R2=0.002, n=30, p=0.82)¢}=
2B 5ep %2 W09 WO gopmq 4R BAE dehiA skeker} WAAA
Temperature {"C j—— —— ﬂ:*n“n
il [ M 300 1a 0 30 0 hu 30
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Fig. 4. The vertical profiles of relative contribution of APP to total phytoplankton biomass from the surface to 30 m of

Lake Soyang during the summer period, 1999.
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Table 5. Salinity, nutrients concentration, TN/TP ratio, and TSI in surface water of study lakes during the summer
period, 1999. TN/TP ratio is based on element weight and TSI (Carlson, 1977) was calculated from summer

average of TP concentration.

Salinity DIP

Nitrate TP TN

Lake pate (%) (gPL)  (mgNL)  (ugPA)  (mgNay TNTP TSI

5 Jun. 12.6 5.9 0.1 203.7 1.8 11.6 74
Hwajinpo 14 Jul. 10.6 51.1 0.1 193.0 2.2
25 Aug. 2.4 21.1 0.0 75.9 0.9

5 Jun. 6.5 48 0.2 43.1 0.9 26.7 54
Songji 14 Jul. 55 6.9 0.2 26.2 0.8
25 Aug. 25 5.7 0.2 30.9 1.0

5 Jun. 55 6.5 05 54.0 16 28.3 59
Youngrang 14 Jul. 4.2 6.7 0.1 43.4 0.8
25 Aug. 1.4 6.7 0.7 47.0 15

chunacho 13 Jul. 25.9 9.1 0.0 176.9 23 13.1 73
9 26 Aug. 27.2 8.4 0.1 91.8 1.0

Mae 13 Jul. 35 9.7 0.0 111.8 0.9 5.6 81
26 Aug. 27 105 0.1 101.6 11

Hvan 13 Jul. 43 19.2 0.1 69.7 1.0 103 70
yang 26 Aug. 0.9 192 0.0 159.3 12

5 Jun. 9.8 40.3 0.0 287.0 2.6 10.8 78
Kyungpo 13 Jul. 115 37.2 0.0 168.2 2.0
26 Aug. 3.4 30.9 0.1 126.5 0.9

15 May - 2.0 1.4 18.7 1.7 99.8 43
Andon 17 Jul. - 3.2 1.2 218 17
g 28 Aug. - 5.2 14 15.0 15
16 Sep. - 42 1.0 8.3 13

chungiu 17 Jul. - 23 1.8 237 2.2 98.6 48
9 16 Sep. - 36 17 18.9 2.0

Sacchon 17 Jul. - 38 15 19.8 1.9 85.9 47
g 16 Sep. - 2.9 1.2 19.8 15

e 17 Jul. - - - 255 2.3 77.2 51
16 Sep. - 7.0 1.2 26.3 17

25 Jun. - 2.9 15 9.0 2.2 204.5 34
Sovan 30 Jul. - 3.1 14 7.0 1.4
yang 27 Aug. - 25 14 5.0 14
28 Sep. - 2.0 13 9.8 13

% (r=047,n=30, p<0.01)e}= 29 AFIAAZ Zo|AE F= phycoerythrin-rich APP7} $-43}it}

) &8 M sol QT s =23 xpo]Hel IR
Z(r=0.16, R?=0.03, n=30, p=0.55)¢} APP A ™ ==

folel ARAA 2 EpiA sk,

o &

Mz e Feigst A8 el 2 vhehbe
72 ®IE phycocyanin-rich APP (Voros et al.,
1998; Takamura and Nojiri, 1994)7} A3t wkd, Q¥

FhedoFAte o] sl A phycocyanin-rich APP7} —‘%Xé,
e A 23] R o) shi Hdste] A

F 2 15} (Sommaruga and Robarts, 1997). 4] E%Eg’fi
Eo]] 7]¢13} chlorophyll % ohz} detritus, £&-87] %,
59| FHEA) B AYGEANE FAFS T4
o] o8] o @Wo] Fpmlua £Alo] =75t ] o=} w2
A Rrasbs wb, AAge wggd) o)
el Aoz o Zlo] F3d 4 ‘}l%f%l (Malthus,
1990), phycocyanin-rich APPE= A1 HlS Fg&xo=a

o]-g3te] ¥ ARES vehids ARl UdEA 3l
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Fig. 5. The relationship between APP cell density and TN/TP ratio, TP, DIP and Nitrate concentration in several Korean
lakes during the summer period, 1999. In regression of all figures, the data shown as triangle are excluded.

o v (Callieri et al., 1996) E&t3l X ojoks o=
phycocyanin-rich APP7} At oz §2]& 7oz A
754,

X592 TSI 32 54~812] W] = (Table 5), 53~60
W Feod 70 oY wWE FeIFAHE s
Kratzer and Brezonik (1981)2] 7|l 2]3}lH 4% 59}
Jsg AsHTE BT Fejgze] AP o5
Mz o] wl$ ol uigte] 2F W HAZe] 4
A wakEe] Y] Fatel o3 Rf-E2e] %‘—57} =
o]-x]7] o Hol] $FB w7} Uy A2 W] F47) 3

& Aoz Atz It vl X e FHe) o= AH3E

o wal Aol AR e FHEE fAsd7) o
Foll ASA W& & o]43]= phycoerythrin-rich APP
AT 4 e Aes Audd.

Salol weh £9EE Yol W WEe APPe 94
B oljel APPE] 44 xol® g mAch o
o acpzel ] APP Al EREL EFolurt ok
o FA=lo] sl 44 5~15melA Hngks ekl
dl, o]213 APP2] F3Zd #4422 Lake Constance,
Lakes Huron and Michigan, Lake Bikalo| A= 23
v} glo} (Weiss, 1988; Fahnenstiel and Carrick, 1992;
Nagata et al., 1994). £ =7} A EZgTE] o3 F

e ol o olf)l
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SHE W@ B 4ol ARERIES] RA%
3} Aashe whA Fashe i wAFS WAl
wgo] wAge] e $474A F3hd 4 Sleh(Horne
and Goldman, 1994). APPE w2 o] Hg-x o] glo
oo o] We mgden ogsiel 4RY 4
91=d (Platt et al., 1983; Schweizer and Heusel, 1992;
Frenette et al., 1996; Rhew and Ochs, 2000) £3] A9F

39} EsA AW phycoerythrin-rich APP:

e Fro] 2AZE v E8H0R o83l o=
dajz] gloh (Gover et al., 1986). AA| 2 ASFF oA o
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Picocyanobacteria:= t}oF3t §7]2 A4S o] 43 4 ¢
o (Neilson and Larsson, 1980) B xM 42 o] L3}
A4S A 4~ 9)32 (Antia and Cheng, 1977) 9 & o+
49} 714=3%2] picocyanobacterialx A ATAS5FH o] 9]
= Reo=z od#A ¢lu}(Wyatt and Silvey, 1969; Rippka
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