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Variations in Nutrients & CO, Uptake Rates and Photosynthetic Characteris-
tics of Saccharina japonica from the South Coast of Korea
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T 27 FAFRA hAeKSaccharing japonica (Laminaria japonica Areschoug))®] 3ok W T7|ekh E443
B 54E AFET] 8l B2 713 GBS oA 2011d 195 592 AlEE ARIske] Ay u)
it Hik A5 G433 AZ HAE 47 46-288 cm, 4.8~22.0 em$F o1, 0] 52 LA HE YAHEE
6.9£5.8 pmol g fresh weight(FW) h', FAIA 4k S48 7H2h 175.6+161.1 nmol g' FW h', 12.7+10.1 nmol
g' FW h' 781 827718k E582 8.9+7.9 umol g' FW h'o|Qith. ThAn}t 4] wlE o] & AE9) BAES
& ZO%F WAIE HY, 97 100~150 cm o[FERE TR 334 R AEgo) thh E3lEE Ao E el
o §E kA ARSI A, QA TCO, B8 27} 220 AYTAIE H9lom, 53] 844 AT TCO,
FrE & AUWAE=09HF vello] Ao ot 2-8 87t E 4 S duigt cArke] HujdRieg
(F/Fn 834 W 7164 BAETEAL0 ) AFBAV} Jebd o, GRG-8o] 2345 8% Feahgo
B 3T o] e FHEI Y ¥9EAY 5 AuOEAREEL vy GAV AFEeE )
siglom, A9 Fao) ulg] AR duo g ASE ZosIgit) o) T ARESE B 24 6@
9 BT 33V Tkl Uekd ARz Almdh. 713890 thalmle]l <@ Azt 7)@kA FE 1.0~1.7x10°
C on®E FHEH, ol FAkA| olalslebs wiET9] 0.02-0.03%01 B3t Wb aiZFol 23k agte] g4 o
EACEI} ATFALANN Y HEE slelsr] Hgl 71 A7 BoF RoE AzE

To investigate the contribution of macroalgae to biogeochemical nutrients and carbon cycles, we measured
the uptake rates of nutrients and CO, and characteristics of fluorescence of Saccharina japonica (Laminaria
Jjaponica Areschoug) using an incubation method in an acrylic chamber. From January to May 2011, S. japonica
was sampled at Ilkwang, one of well-known macroalgae culture sites around Korea and ranged 46~288 cm long
and 4.8~22.0 cm wide of whole thallus. The production rate of dissolved oxygen by S. japonica (n=25) was about
6.9+5.8 pmol g fresh weight(FW) h'. The uptake rate of total dissolved inorganic carbon (TCO,), calculated by
total alkalinity and pH, was 8.9+7.9 pmol g’ FWh'. Mean nutrients uptake were 175.6+£161.1 nmol N g’ FWh
"and 12.7+10.1 nmol P g’ FW h''. There were logarithmic relationships between thallus length and uptake rates
of nutrients and CO,, which suggested that younger specimens (<100-150 ¢cm) were much more efficient at nutri-
ents and CO, uptake than old specimens >150 cm. There was a positive linear correlation (*=9.4) existed between
the dissolved oxygen production rate and the TCO, uptake rate, suggesting that these two factors may serve as
good indicators of S. japonica photosynthesis. There was also positive linear relationship between maximal quan-
tum yield (F,/F,) and production/uptake rates of dissolved oxygen, TCO, and phosphate, suggested that F/F,,
could be used as a good indicator of photosynthetic ability and TCO, consumption of macroalgae. Maximum rel-
ative electron transport rate (tETR ,,,,) of S. japonica increased as thallus grew and was high in distal part of thallus
which may be resulted from the increase of photosynthetic cell density per area. The annual TCO, uptake by S.
Japonica in Gijang area was estimated about 1.0-1.7x10° C ton, which was about 0.02-0.03% of carbon dioxide
emission in Busan City. Thus, more research should be focused on macroalgae-based biogeochemical cycles to
evaluate the roles and contributions of macroalgae to the global carbon cycle.

Keywords: Saccharina japonica(Laminaria japonica), nutrients, carbon dioxide (CO,), uptake rates, dissolved
oxygen, pulse-amplitude modulated(PAM) fluorometer, Gijang(Busan)
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Table 1. Information for environmental conditions of incubation experiments and morphological characteristics of incubated species, Saccharina

Japonica.
Parameter Range
Media filtered seawater
Duration ~6h
Environmental conditions and Irradiance (umol photons m? s™) 90~120 (average) / 160~180 (top)
chemical properties Salinity (psu) 33.8~34.1
of experiments Temperature (°C) 14.0~21.5
Nitrate (umol L) 20~25
Phosphate (umol L) 1.5~23

Sampling site

Ilkwang area, Gijang, Pusan, Korea

] ) Sampling date 19th Jan., 18th Feb., 12th Apr., 24th May
Sampling a.nd mor;?holog1cal Days after transplanted (days) 36~99
characteristics of incubated
S. japonica Total Length (cm) 46~288
Total Width (cm) 48~22.0
Weight/surface area (g FW ¢cm™) 0.03~0.27
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280 AR Ak vl o GAZ e Al A FAS
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b FER S0, FAT| A 7P 7k 714 H-(basal part)E
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20~50 cmH STt

B =2

chAmke] B3 T AR 7 S dokrr] Ash A
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Swo-laye) 02 A H, ZR{FE Wik UF 33EEo]
30 cm x A7 15 em, 53 L)Y 25 2E L #3471 2= 9
3 F700] T 5, 2010). WS ol slxRe] 22
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o, Fhdde 2+ AXE 2R+ e AN dEF 4
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M erlZE F1aIA om, g Wl 2] wikg71E ARESle] nt
Ba34E FUt Widiid e A4 FEEHE i4-E GFF=
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Phosphate 2.0+0.5 pM, Silicate 11.742.4 uM).
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PAM, Walz, Germany)2 ¢85t # oAl & (maximal quantum
yield(F,/F,,))3 73t A A} 2E (relative electron transport rate,
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Fig. 1. Variations of thatlus length (A) and width (B) against sampling
months of Saccharina japonica at Gijang, Busan, Korea.
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Fig. 2. Results of real-time monitoring on salinity (A), temperature (B), relative saturation of dissolved oxygen (C) and pH (D) during incu-
bation experiment of Saccharina japonica. Solid line is an average of total experiments and dotted lines are results of each experiment.
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Table 2. Uptake/production rates of nitrate + nitrite, phosphate, total
dissolved inorganic carbon and dissolved oxygen by Saccharina
Japonica from Ilkwang area, Busan, Korea

Average  Min. value Max. value
DO (umol g' FW h') 6.9+5.8 1.1 22.4
Nitrate+Nitrite (nmol g' FW h') 235.6+210.3  23.5 849.4
Phosphate (nmol g FW h'') 18.4£1.9 6.9 58.8
TDIC (umol g' FW h') 8.9+7.9 2.0 31.6
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Fig. 3. Correlations between production rates of dissolved oxygen
and uptake rates of nitrate+nitrite (A), phosphate (B) and total dis-
solved inorganic carbon (C) by Saccharina japonica.
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Table 3. Nitrate, phosphate and carbon uptake rates of Saccharina japonica compared with data from other macroalgae.

Species Nitrate-trite

Phosphate

Carbon Reference

(umole g' FW k')

Ulva pertusa 0.64
Laminaria digitata
Undaria pinnatifida 0.14

Saccharina japonica 0.23

0.02
0.02

Jun and Chung (1996)
Tyler & McGlathery (2006)
Shim et al. (2010)
This study

9-20
7.90
8.90

(nmol em? h™")

Saccharina japonica 40-90
14-110
~8.3

19.4

Kjellmaniella crassifolia
Undaria pinnatifida
Saccharina japonica

2.5-9.0
0.8-9.0
~0.9

Ozaki et al. (2001)

Ozaki et al. (2001)

Shim et al. (2010)
This study

~363

1.5 600

) 58S 5259 Ulva pertusa©l

b= U (Undaria pinnatifida) 5%
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Table 4. Maximal quantum yield (F,/F) and maximum relative electron transport rate (rETR,,,,) of Saccharina japonica compared with data

from other macroalgae.

Species F/Fn tETR ¢ (umol electrons m= s™) Reference
Rhodophyta
Gracilaria cornea 0.65 Figueroa et al. (2006)
Porphyra yezoensis 0.54-0.65 10.4£0.4-15.1%1.1 Kang et al. (2009)
Chlorophyta
Ulva lactuca 0.6+0.07 Cahill et al. (2010)
Ulva pertusa 27.241.5 Choi and Kim (2005)
Codium fragile 0.78 Kang et al. (2008)
Phaeophyta
Macrocystis pyrifera 72.348.1 Gomez et al. (2004)
Undaria pinnatifida 0.72+0.02 Cahill ef al. (2010)
Saccharina japonica 0.72+0.02 78.3£58.2 This study
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