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ABSTRACT

S| chofg SR A0 Aeld S B 4 Gl FR% AE F shtolch. 98] ol Aote] LEake A
o] 22 K5 - 30°C)° THE B BT TEES A ste], AR A2 BagA| o] ABA BE-S F stk -2 Helo] of
o A E WA EL I Aol S BAXE, HPH TRS I3t 2ol S Ho|x] Qgkh A9 T] ArhEFAYEL 4-2o]
A1) wet Z7Fs1e] 20°Col A ZITHGH01.65 srmol Oy g ' DWh )& Bl 5 30°ColA F43] aatedrt. 5-2 wisfo] wf
2 A5 are] Loy, BAYES SEEL BT §OI8 ol 8 BTk A9 Te] B 20-25°C7H(121.59 - 12450 4
mol photonsm s ) Z715He}7} 30°CoI A F 28] Aot edet. BAYE o BEES -20] SHB4E A F71sck. Ak
YRYEI TEE] W12 5°CoIA 7P £ 9ET, 30°CoNH ] aastaek. FIA AR, £EE L AT S
AR AR A7) B BasA L AL S5, 0§35} 7FEo] FASHE TG AYH AT B om, 2ol Aol
7P Birshan, o] A e A7le] 325 sk Algwe] A sl AxshArt AL Lol SHE AL 59
LA E, BN 2ol 8712 0| Thap A S BATE 715 Wsto] O3 54 S 52 92 Tl A9t by Aol £
Eoe B Y470 TR0} 7150 G uld 2o 2 wehE,

The carbon balance serves as a valuable indicator of a plant’s physiological status under diverse environmental conditions. We
investigated the photosynthetic and respiratory responses of the Asian surfgrass Phyllospadix iwatensis along the northeast coast of the
Korean peninsula in response to changing water temperature (ranging from 5°C to 30°C) to estimate the seasonal whole-plant carbon
balance through a series of incubation experiments. The maximum gross photosynthetic rate (Pma) showed a significant difference
among the temperature treatments, while there was no significant difference in photosynthetic efficiency ( ). The maximum gross
photosynthetic rate of P. iwatensis reached its peaks at 20°C treatment (101.65 zmol O, g~ ' DW h™') but decreased rapidly at 30°C.
The saturation irradiance (), compensation irradiance (/), and respiration rate (R) of P. iwatensis exhibited significant differences
among the temperature treatments. The saturation irradiance increased up to 20 —25°C (121.59 — 124.50 xmol photonsm s~ ') and
sharply decreased at 30°C. The compensation irradiance and respiration rate increased steadily with rising water temperature. The ratio
Of Prax t0 R (Prmax:R ratio) was the highest at 5°C but dramatically decreased at 30°C. The whole-plant carbon balance, calculated based
on photosynthetic parameters, respiration rates, and biomass, exhibited distinct seasonal variation, increasing during winter and spring
and decreasing during summer and fall, which is consistent with the highest in situ growth in spring and severely limited growth at the
highest water temperature conditions. Phyllospadix iwatensis displayed a negative carbon balance during late summer, fall, and winter,
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but demonstrated a positive carbon balance during spring and early summer. Our findings suggest that the rising seawater temperatures
associated with climate change may lead to significant alterations in the seagrass ecosystem functioning along the rocky shores of the
Korean east coast.
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Fig. 1. Sampling site of Phyllospadix iwatensis plants for the measurements of the photosynthetic and respiration rates in
Goseong-gun, Gangwon-do on the east coast of Korea.
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Table 1. The range of /n situ water temperature applied to each target temperature treatment and the mean values of
adjusted maximum gross photosynthetic rate (Pnax; Umol O, gf1 DWh™), photosynthetic efficiency (o; pmol O, gf1 DW h”/u
mol photons m ?s '), and respiration rate (R umol O, g ' DW h ') of Phyllospadix iwatensis at each target temperature
treatment for estimation of the daily photosynthetic production

in situ water temperature Target temperature
Pmax a R

range (°C) treatment (°C)

<75 5 51.23+3.60 0.78+0.12 10.08 +0.70
7.5-12.5 10 72.91+3.58 1.08 +0.06 17.33+1.05
12.5-17.5 15 89.74 +4.87 0.96 £ 0.06 17.50+1.32
17.5-225 20 101.65 +4.89 0.85+0.08 20.83 £2.35

=225 25 96.02 +3.87 0.80 +0.04 24.85+1.23

Table 2. Underwater irradiance, water temperature, above-ground and total biomass, and proportion of below-ground to
total biomass of Phyllospadix iwatensis at the study site on the east coast of Korea from August 2017 to July 2018 for
estimation of the whole-plant carbon balance. These data adapted from Kim et a/(2018)

Undewater Above-ground . Proportion of
Year Month irradiance H Water teomp crature biomass Toual blOIniSS below-ground to total
(mol p}(‘i"ff’)“s m O (@DWm?) (gDWm 7 biomass (%)
2017 Aug. 459+4.6 23.9+0.2 781.7+£45.7 1349.1 = 80.1 42.1
Sep. 56.7+6.9 23.1+0.1 616.1+17.9 1131.0+39.5 45.5
Oct. 10.9+2.9 19.6£0.2 686.0 £ 40.6 1284.2 £ 88.0 46.6
Nov. 14.8+ 0.6 19.8+0.1 638.8+£32.5 1254.2 + 66.1 49.1
Dec. 16.0+0.6 11.8+£0.2 696.3 +30.6 1370.9+49.4 49.2
2018 Jan. 13.4+0.7 8.0+03 634.0+73.1 1263.5+116.9 49.8
Feb. 21.9£3.6 55+0.2 704.6 =23.5 1438.9 £ 53.2 51.0
Mar. 38.0+34 5.1+0.1 730.3+54.2 1339.8 + 86.5 455
Apr. 53.7+44 8.0+0.2 762.0+32.9 1396.0 + 66.6 454
May 59.5+4.7 12.7+0.4 847.1 +46.6 1691.3 +64.0 49.9
Jun. 783 x6.1 16.6 £0.5 1001.1+ 82.1 1634.5+106.7 38.7
Jul. 62.5+8.0 20.9+0.3 729.4 +34.0 12552 +65.7 41.9
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2483 2
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1
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ARESIATE 24 H RE Zhg = A4 (normality) 75541 (homogeneity of variance)S F5I.0H, 7o) TEE]
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ck
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2 A g]of| ket HESF T E(Pran) 1213 210 (one-way ANOVA: Fs 4, =36.336, p < 0.001)S H AA]9 335H
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Fig. 2. Phyllospadix iwatensis. Gross photosynthesis-irradiance curve (P-I curve) at the various water temperature treatments
(5-30°C). Values are means + SE (n = 8).

o] 2]AgH41.57 umol O, g7' DW h™ )& HthFig. 3A). T 82 0.78—-1.08 xmol O, g~ DW h™/ ymol
photons m % s ' 2] H$] 7+ H ItKFig. 3B).

T2 sl g ALY ZIPFE(L) B BAFEE(L)= BT IRt ZFol(Welch’s ANOVA: F jo.054 = 36.079, p <
0.01; Fs 10085 = 15917, p < 0.001, respectively)E HHAthFig. 3C, 3D). A-HQ] ZIPFTE= 67.69-124.50 zmol
photons m s '] g& Ho]H 20 —25°C7HA] S ottt} 30°C oA G2 5] AL, B 4-20] S71RE5 4
2} Z7k= 73S R Ath(Fig. 3C, 3D).

Aol 55820 4-2of wht-§-0]3t ZJo](one-way ANOVA: Fsqp = 33.519, p < 0.001)2 BT} -0 7142
5550 A7k A Ko, 5802 Qlof| AR El= AbA0] @2 5eCol|A] F|AZH(~10.08 £mol O, g~ ' DW
h™)&, 30°CellA] gk —36.89 #mol O, g~ ' DW h™')& B FTKFig. 3E). Prax:R HIE GA] 42 H3lof| w2} f-o)3h 2¢
o](Welch’s ANOVA: Fs 19501 =40.729, p < 0.001) 2 B O™, 5-20] Z71H-E P, R H-E&-2 22} 7H4510] 30°ColA]
] A4K(1.18)2 H X tFig. 3F).
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4-2018 2971 2] AR5 Y O0H, o] S FHE 2572 2t S57Fslthz2018'A 7€l §45] 445kl

oh Aol Bhag A= 1199 —13.28 g Cm 2 day 'ollA] 64011 20.25 ¢ C m ™ day ' 2] HYIE H A th(Fig. 4).
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Fig. 3. Phyllospadix iwatensis. Maximum gross photosynthetic rate (Pnac A), photosynthetic efficiency (g; B), saturation
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respiration rate (Py.x: Aratio; F) at the various water temperature treatments. Different letters on the bars indicate significant
(p< 0.05) differences. Values are means + SE (n = 8).
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Fig. 4. Phyllospadix iwatensis. The estimates of daily and monthly average whole-plant carbon balance at the study site on
the east coast of Korea from August 2017 to July 2018. Whole-plant carbon balance was assessed by utilizing seagrass
biomass, dark respiration, and daily integrated photosynthetic production. The necessary data for this estimation, including
underwater irradiance, water temperature, and biomass under /n situ condition, were adapted from Kim et a/(2018).
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Fig. 5. Monthly sea surface temperature (SST; A), annual mean (SSTean; B), annual minimum (SSTyin; €), and annual maximum
(SSTmax D) SST on the east coast of Korea from April 1967 to December 2018. Data of SST were obtained from the Sokcho buoy
station, Korea Oceanographic Data Center, National Institute of Fisheries Sciences, located ~30 km from the sampling site.
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2] “solf AM AR Al ARperda Afge] A2 ~13 —14°CollA] FTil A0 & B 1% Qltk(Park and
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