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Variations in Nutrients and CO, Uptake with Growth
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To investigate the contribution of macroalgae to biogeochemical nutrients and carbon cycles, we measured
the uptake rates of nutrients and CO, by Undaria pinnatifida using an incubation method in an acrylic
chamber. From January to March 2010, U. pinnatifida was sampled at Ilkwang, a well-known area of
macroalgae culture in Korea. The initial and final concentrations of nutrients, dissolved oxygen, total alkalinity,
and pH of the chamber water were measured, and production/uptake rates were calculated using concentration
changes, chamber volume, and 1ncubat10n tlrne The production rate of dissolved oxygen by U. pinnatifida
(n = 32) was about 5.4 = 4.0 umol ng h'. The uptake rate of total dissolved inorganic carbon (TDIC),
calculated by total alkahmty and pH, was 7.9 £ 6. 5 umol gfw h'. Nutrients uptake averaged 141.7 £
119.2 nmol N gfw h' and 15.0 + 9.1 nmol P gfw h'. A positive linear correlation (r =9, 6) existed
between the production rate of dissolved oxygen and the uptake rate of total dissolved inorganic carbon,
suggesting that these two factors serve as good indicators of U. pinnatifida photosynthesis. The relationships
between fresh weight and uptake rates of nutrients and CO, suggested that younger specimens (<~50 g
fresh weight) are much more efficient at nutrients and CO; uptake than are specimens >50 g. The amount
of carbon uptake by the total biomass of U. pinnatifida in Korea during the year of 2008 was about
0.001-0.002% of global ocean carbon uptake. Thus, more research should be focused on macroalgae-based
biogeochemical cycles to evaluate the roles and contributions of macroalgae to the global carbon cycle.
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Fig. 1. Schematic diagram for chamber incubation experiment.
Two-layered chamber was consisted with inner incubated
water and outer circulated water. The incubated water was
monitored continuously using DO and pH electrodes, as well
as a mini CTD system.
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Table 1. Information for incubation experiments and Undaria
pinnatifida samples

Days after Wet Surface
/ Length Width
sea-frans weight  Area =" o)

Date Cha;rgber Sample
plantation (g) (cm?)

2010-1-12  Ct 1 76 458 1087 84 24
c2 1 76 266 644 62 39
2010-1-13  Ct 1 76 305 712 88 33
Cc2 1 76 214 450 61 26
2010-1-14 C1 2 76 56 202 2037 35
Cc2 2 76 53 162 26-32 46
2010-1-20 C1 1 76 520 924 70 48
c2 1 76 39.3 690 7 33
2010-2-3 C1 1 98 757 1826 85 55
c2 1 98 532 965 77 42
2010-24 C1 1 98 280 660 635 33
c2 1 98 226 416 645 26
2010-29 C1 1 98 281 592 66 30
c2 1 98 19.7 430 66 30
2010-3-12 Ct 1 135 64.4 1147 104 48
Cc2 1 135 60.3 938 86 42
2010-3-15 C1 1 135 415 731 106 31
Cc2 1 135 41.0 570 92 37
2010-3-16  C1 1 135 743 1007 94 49
Cc2 1 135 631 723 84 39
2010-3-23 C1 1 146 517 822 19 35
Cc2 1 146 525 1292 117 31
2010-3-24 C1 1 146 570 956 136 28
c2 1 146 55.1 1132 87 53
2010-3-26  Ct 1 146 753 1363 123 55
c2 1 146 822 1202 152 49
2010-3-30 Ct 1 153 89.6 943 103 43
Cc2 1 153 1074 1130 118 47
2010-3-31  C1 1 153 50.8 669 89 46
c2 1 153 58.7 721 81 45
2010-4-1 C1 1 153 58.0 670 85 44
Cc2 1 153 103.1 1152 97 54

802 54 2 A

wj ol o] &7 42 CTD (Ocean Seven 304 CTD
Probe, IDRONAUT Srl)& AAIZE 4 S4530h &2
e Y vo]|ARMAE FAste] FUEsEE AATE
AE A3 2™ (Unisense, 0X25), pHE 2 %= (Orion
Ross Ultra Electrode 8102BNUWP) 2.2 A A7t A< S 3141
o g, WA A 13} o) wlegelold gkt o
@ (A, ob WA, o}, AW elm Ak
A e o F8ERT7]E A (Total Dissolved Inorganic
Carbon)= FU¢Z 2 =9 pHEHE ALY (Lewis and
Wallace, 1998). &EA4tAE= A4 77| (Metrohm, Dosimat
876 system)E AF-8-3}o] Winkler A o2 4513 om
(Parsons et al., 1984), ©] gt A oA SA s Fofrste
#tak Hlalske] ARSI e EE AE AR
(Metrohm, Dosimat 876 system)& A}-&3lo] 7387

12415191 0 (KORDL 2010), oJw E=EA =2 v|ak 29
H2AT49] A Dickson®HA} A& Aol A A5k CRM Batch

o o

Ho

I

#9002 ALg3tsih dFde A
(Alliance, Integal futura system), 3t
At

Hol 42 4% A o), wik
A (FEEE, %), pHE A A

1 3 ol & Fig 39 YJERNRICE vldge] 5

AW wgZe SRR A% 257 SXH A e,
Al71o] wreEl oF 18.0~20.0CH 29 725 HA3st nlgA
5t 20.5C o= A &= A st (Fig. 3(a). U3-3152
12 33.0~35.0 psu HY = A &3te] w A sl o} 5
A3k (£0.005 psu ©|H) A= ATt (Fig. 3(a)). A T2
AE2 v A F shhe] AW AT S5 o,

Hjek sl ARESlar ulgA Ulol A 10 em 7HE o2
Hjxal e 2 MY Alo]o] 23 G Aol

2> 02 rlo v to

-

Mool &0 g
O
of pol
)

fo o

e Aoz Azdng
SENL AU EE S5 AAE T Ao Zhzt
AR5t 1 WstE AFE o R AAZ BUE P 4
I, vj kA ZRo] A 3o whet &4 st EE HAb
Z7bslgom F Ano A ZrlelE FAE wlS- SASH
YERRTH (Fig. 30b). AW 19 45, vl 27 <F 180%1A]
[e]

ERE = 150% S7ksho] of
330%¢°l ol ZElrh AW 20 M &= vl TEA S At
AulEslEs 27)80 oF 140%% 7 Ao R YERgtth 1
ek A 13} 2] 7] B EstETE oF 70% Aol v,
ol F AlA e A whgghe] YEbA yehd Aow FdA
Ql kel & mhotsh= dli= 2 Aol flTh ol A, ng S
Ao ) gstel] whet wjFare] BEatA A=) oA
= AL v9e] FLEor YE e Qs Eshert
Fol 1 Aotk MYgro] pHE H3F W] o] P L E S
AA s AARA G20} AL FHE S7kehs e
= 7 AT (Fig. 3(0)). M2l pHi= 271 oF 75914 5
Al oF 89 744 FFer e, T A aFo] Anl 13} Fin 2014
o frAFSHAl WERstTE. o] 9} o], 84k A A 8tE=9} pHYF
FA S7kek A v oo AR BEel o A
ZEstA A

g, vl olg Anel dal wig 243k o)
AFd sl dFR I §E2LE A o WstE
gtetaiglon, FEET AT FELEE
ZHE ARt 2 stE Ay
of 6A13Fe] Ml A E Rt B 7.
nl el o] A 7)o FFell whek 0.9~24.1 pmol L] W91
HAvk mFae] 1AL Het 0.87 umol L 7HAskSL 0w
71 W3 W9 0.16~1.86 umol L o]t} o] w9 g
A Aol FrE o] o8-S ofm vtk Fh, At
AABA R AR Pt o] A= g el s W)



682 A7 & - A k- o] A

7F A9 gllem, o= o] S 79| o] &akA
FEEF 78 A(TDIC) s =1 A

2 oujan Wk
7HEh HAt 279.3 umol kg' Ao o WE M=
ol 2] O, &= W3}

AR WY A F FE

O
38.3~467.0 umol kg o] o,
+ 522~1933 patm B E HSth

¢

PR MEE L0, FEO| ght o] FFYBE
o olstEIAT HE ALEHASS JHFe, oleldt AT

o

HF o 2 tf7] olkslehA Aol s o] Eo] aey]
ghgrjojof 3 o & A7t ¢, v S5 T &5
= 57H= 14~118 mg O, L] W= UrE}LH;’*EU%
o= 68 mg 0, L S8l o] oA Ard g
FoEstEe] F7F 3 F AR

> ooe B 2
Bl lo

—
&

Temp. & Salinity
>

2 | oeptsestssessosenensenteseseesssee

151 | @ Temp. O Salinity |
10 T T T T T T
10:00 11:00 12:00 13:00 14:00 15:00 16:00

350
(b)
300
250

200 A

DO saturation (%)

150
@®Ch1 OCh2

100 T T T T T T
10:00 11:00 12:00 13:00 14:00 15:00 16:00

9.0

8.5 4

pH

8.0 4

7.5-@'

®ch1 Och2

70 T T T T T T

10:00 11:00 12:00 13:00 14:00 15:00 16:00
Incubation Time

Fig. 3. An example for changes of environmental factors
in chamber water measured by real-time monitoring sensors.
Changes of temperature (closed circle) and salinity (open
circle) with incubation time (a), relative saturation % of
dissolved oxygen (b) and pH (c) in chamber 1 (closed circle)
and chamber 2 (open circle).

Table 2. Uptake/production rates of nutrients, total dissolved
inorganic carbon and dissolved oxygen by Undaria
pinnatifida cultured at the Ilkwang in Busan, Korea

(unit) Average Min. value Max. value
. . (nmol g' h")  141.7£119.2 14.6 435.5
Nitrate+rite ol em? ') 8.346.9 0.8 29.1
(nmol g h™) 15.09.1 35 429
Phosphate ol cm? h)  0.9+0.4 0.2 23
DIC (zmol g b 7.946.5 0.4 30.1
(nmol cm? h™") 363.1+210.4 32.9 911.0
Do (zmol g h™) 5.4+4.0 0.5 19.4
(nmol cm? h™")  263.1+160.6 28.6 738.2
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Table 3. Nutrients and carbon uptake rates of Undaria
pinnatifida compared with data from other macroalgae

Species N P C
(nmol ecm? h')

Reference

Taylor et al. (1998);
Rees (2007)

Ozaki et al. (2001)

Ulva intestinalis 2.2

Kjellmaniella crassifolia 40-90 2.5-9.0

Laminaria japonica 14-110 0.8-9.0 Ozaki et al. (2001)
Laminaria solidungula 3 Korb é%%oﬁerard

. . Hai Wheel
Maxrocystis pyrifera 9.7 amnes (?g%) eeler
Macroalgae 10 Rees (2007)
Undaria pinnatifida ~83 ~09 363 This Study

(umol gr' W' (in dry weight))
Ulva pertusa 1.5 Choi et al. (1994)
Ulva lactuca (2.1-9.2) Ale et al. (2010)
Martinez-Arago

Ulva rotundata (2.8) Zt 'gfz(z({gg)o n
Gracilaria 4.1 Tyler and McGlathery
vermiculophylla : (2006)
Laminaria digitata 9-20 Klenell et al. (2004)
Undaria pinnatifida (01-.124) ?0%135) 7.9 This Study
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Fig. 4. Relationship between production rate of dissolved
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and total dissolved inorganic carbon (c) of Undaria
pinnatifida.
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carbon (d) against fresh weight of Undaria pinnatifida.
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