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ABSTRACT
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ool e, & AT A= o] Sofl A4 she Aol AelA S dotEr] 918, 2017 897H 2018'd 7971A] Al
TR O] ST, o] wstel e v g Aete] Fei 54, U, AR o A o] WskE Aty gt
22 JI 5ol F7ISAL keI Azl gadhs FEe A FdE R Aol G, A, AR o IS A
&3t 5ol S7FoRAL, o F 3t 7kl At olrt. Aol AT o AT e A ol A F 3wt frolet el S
TYHAE BAch AL At Bt FHAT A A2 6313 gm?® d' &, 2018 59 HTNgh(16.4+4.4 gm? d) 7} 29
224203 gm? d')2 HERGITE A9 7o) 24 22 12-13C2 ZATH Ao

The surfgrass Phyllospadix iwatensis is native in the exposed rocky shores of the Northwestern Pacific Ocean. In Korea, P. iwatensis is
mainly found on the rocky subtidal zone in the central eastern coast. In this study, to examine the ecological characteristics of P.
iwatensis, we investigated changes in morphological characteristics, density, biomass, and leaf productivity as well as changes in the
underwater irradiance and water temperature of its habitat monthly from August 2017 to July 2018. Underwater irradiance and water
temperature showed clear seasonal changes; increases in spring and summer and decreases in fall and winter. Morphological
characteristics, shoot density, biomass, and leaf productivities of P. iwatensis exhibited significant seasonal variations, increasing in
winter and spring and decreasing in summer and fall months. P. iwatensis leaf productivities both per shoot and per unit area showed
significant positive correlations with underwater irradiance. The average leaf productivity of P. iwatensis per area was 6.3+1.3 g m™
d”, while minimum and maximum values were 2.4+0.3 g m” d"' in February 2018 and 16.4+4.4 g m™ d"'in May 2018, respectively.
The optimum water temperature for the growth of P. iwatensis in this study was between 12-13C.

Keywords: Surfgrass, Phyllospadix iwatensis, Growth dynamics, Underwater irradiance, Water temperature
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and Duarte, 2001). F1] 9] 2/ JH= 5-Zo|A $HS gFopH 2] 0 2 AJAgsith. Adx]dol AAloh= AreldS Zast
o2 F ) O] Aot 22 YU T AP O] HER B4 E oA g o= Wour b, 2|51 uir oA A28 S2]7}

FdHTt. =, mher AR s o) etsfitel Malshe Tl o] X[ah =, A5l el EAlEol 719] Yl

)

[e] —

G Qhatel] 5:2ks}o] A AJGHH Tumer, 1983; Park and Lee, 2009). ZATH= @A) o] s 2o} 81ei5] The 414]
g0 A 2ato] el AR,

jual

A2 o) S ARSHE T8 PR SR} 522 5 5 K Lee er al, 2005a). Zls B
ol B 52 o] Yo Bastol, uehd 457 Fulo] BIel o] 9219l e v]ckDennison, 1987;
Lec ef al, 2007b). QHELH MRt 2] Do w G2 Hght A2 50 qlslel g FetAlo] BRehe 25
Hge| a2 fKesle ol WIHS] WA Lee o al, 2007a). T, o140 R 24 Aujzla 2N 27 591 2
48715 oJ0) 45 o] FF A Fotat ol 4 W] W ool ) 2ot Ao] B IH G Zimmerman er
al., 1995). %29 Wk 2w o] o] A8 5L HolA| st .8 2910 el glek. of shefol AAIshe 2l

S20] Z7FSRE 2 o] Bol TG AL Hol1, S20] e oS3 71 Fot WA EO| Taet mEEO| SR

d

ng

lste] Aol Eatel= 7S HItkLee et al., 2007b). -2t Fofigtol] -4k = A o]2fgh 4=2of w2 Ay
Uehtal 9l o, BRE| oiE71x] 71 et A4S HRItH(Lee et al., 2005a). = ALoA= 5

ol Ao F3i3]
H

S| SH-ALT dRtell A -shE ATl Aol alieh /AN sk AR o] AT o e 3t Ajo) S Hol=

<

A) Qopgit

SelUfe} Agtols Aueles; sE(AM e, X7 Au D, 4AR L, SAu e} o7 AR, 4984 25
St} Ftelah vt slEre] AAshe, 7|4selolis Zo] SRTTHKim er al, 2009). 2 A= AEE Aol
)42 Ak AL 2ol Thile] Z7tst A @uo] AejA S o] et b7t s o) Ref A glout, T
77} AAmefaol] Z o] IKLee e al, 20058, 20072). T, £570] 550] gital et sele] B2 BolH Aok
o] el SALE ulIA WIs] BET ol v, Al o & A7 Sho] dotsl st Alg g sfede] o
ol A Al W o] Al SAde] thet 2tz g B3k A olekPark and Lee, 2009). 2 Aol 2lute 5
5 0] Qlutaito] S she A Ero] S AT A A EPAS Srobi Ak, AhSare] fel, W, A A
stalol g7 AN ek o] S 4 20) Mot ZAtste] GRHE gl AAlsHe Al o] A B 2 B
A4 gk,

2, 2= 3 'S

2.1 ZAR| 742 & RAL AP

2 G Seuete] ARl 24t s T 2= FlE] 1 (38°297 117 N; 128° 267 35" E)O] Al
ZRof|A] o] Fo|Hct. o] A FL WHAFZ R FA M= Bt 30 cmO|H, 5241 2-6 m 2] Fte] HAZF-0] Wk, A9 o]
Gl F/d=lo] ltt(Fig. 1). A 2R 0] 275 Q13 ] A= 20179 8GR E 20188 7974 K1Y= 3l

N



194 = "The Sea) Journal of the Korean Society of Oceanography Vol. 23, No. 4, 2018

—39%00

Goseong

Gangwon-do
Sokcho

3800~
Yangyang

1 1
127°30E 126° 00 E

Fig. 1. Study site of Phyllospadlix iwatensisgrowth dynamics. The site was located in Goseong-gun, Gangwon-do, on the open
shores of the eastern coast of the Korean peninsula.
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Fig. 2. Monthly changes in underwater irradiance (A), and water temperature (B) at the study site from August 2017 to July 2018.
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7 ok TRt Al o] UERTHFig. 2A). BT =] 9] XA G Bt 22 14.6£2.0CE 7| 5530t 4
B 5222018 3Y0f| F|A7H(5.1£0.10)S 0™, 2017d 8ol Z|th7h(23.9+0.2°C)S YER Ak (Fig. 2B).

3.2 ML HEelH £
A FHI(Z, 4O 4, A F T, & dolot F, AiA| dol)y= ZA 7] ofl wet et 2t (p <0.001) 7 HER
th(Fig. 3). 92| = B5.1+0. 1712 2017 8Ll 7P Z19%17(4.6:+0. 27H) 2018 4€o]l 71 Etth(5.9+0.1 71, Fig. 3A).
?—l Z.0 Wt 3.0+0.1 mm=z, 20179 1290 A ZH2.840.1 mm)S LFERH & Z715101 2018 3Ll Z|th3k(3.3£0.0 mm)
Uehdth(Fig. 3B). & A= A7 5 B 0.30£0.01 mmE 2018 390l 73 2F%17(0.25+0.0 mm), 2018 64
#751011 7V S74990H0.35+0.01 mm, Fig. 3C).
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Fig. 3. Monthly changes in number of leaves per shoot (A), leaf width (B), leaf thickness (C), sheath length (D), sheath width (E),
and shoot height (F) of Phyllospadix iwatensisfrom August 2017 to July 2018.
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Table 1. Pearson’s correlation analysis results (two-tailed) for number of leaves (NL), leaf width (LW), sheath width (SW), sheath
length (SL), leaf thickness (LT), shoot height (SH), leaf productivity per shoot (SP), areal leaf productivity (AP), vegetative shoot
density (VD), spadix density (SD), total shoot density (TD), above ground biomass (AB), rhizome+root biomass (RB), total
biomass (TB), underwater irradiance (Ul), and water temperature (WT)

NL LW SW SL LT SH SP AP VD SD D AB RB B Ul WT
NL 1.758(**) .683(*) 0.125 -.605(*) -0.414 -0.256 -0.247 0.133 0.388 0.368 -0.149 0.185 -0.005 -0.171 -.709(**)

LW 1.783(**) 0.233-753(**) -0.290 -0.177 -0.125 0.525 0.114 0.509 -0.064 0.305 -0.245 -0.105 -.762(**)
SwW 1 0126 -0.575 -0.417 -0364 -0.327 0.145 -0.003 0.117 -0.176 0.399 -0.251 -0.391 -.660(*)
SL 1 0.095.741(**%) .674(*) .716(**)  0.086 .741(**)  0.565 .818(**) 0.560 -0.494 .599(*) -0.178
LT 1 0572 0463 0398 -0488 0.147 -0.304 0421 -0.278 -0.059 0358 .703(*)

SH 1 .820(%%) 828(**) 0.026 0.556  0.392.832(**) 0.066 -0.355.852(**)  0.422
SP 1 .994(*%) -0269 .582(*) 0.166.737(**) 0278 -0.291.741(**) 0320
AP 1 -0.198 .577(*) 0221 742(**) 0335 -0.285.737(**) 0277
VD 1 -0.111.749(**) -0.001 -0.137 -0.013 0.177 -0.365
SD 10575 .611(*) 0297 -0.196 .669(*) -0.150
TD 1 0407 0086 -0.141 .591(*) -0.400
AB 1 0328 -0374 .695(*) -0.015
RB 1 -0.119 -0.082 -0.550
TB 1 -0.348  0.049
Ul 1 0247
WT 1

A% Zdol= FHat 9246.7 mm=, 2017 9ol 7 &k31(65.9+3.3 mm), 2018 5ol 74 A1th(134.8+4.4 mm,
Fig. 3D). 9% 222017 120 F]47k(3.3+0.1 mm)2}2018'd 287} 3 Q0] Z|thZk(4.3+0.1 mm)S H o™, FAL 7|7t
Z H+3.8+0.] mm= urﬁ}wﬂmg 3E). 714 dol=2018 19 7 Ati7H34.1+1.9 cm) A1A415] Z71610] 2018'd 7

gz 41‘417‘(69 3+3.8 cm)= LER LS. 1*P7]7P % 1t 50.242.9 cmO| TH(Fig. 3F). 7HA| Aotz 5-d=at-fofet &
O] A (1=0.852, p <0.01) 2 HG1.01, 219] 4x(r=0.709, p <0.01), ¥ Z(1=0.762, p <0.01)T} BZ Z(r=0.660, p <0.01)

2 203 9 o] AlAI S FERYQ) E](Table 1).

3.3 MY U, A2} ik

A GoFA] A= ZAA]7]of] what -2t 21o](p =0.077)= LAYSIA] pkorout, AT S1A] Wi (p <0.01)9F & ¥
T (p <0.01)= ZAF A|7]o what -f-olet M7t Lebdth(Fig. 4). AE A1) Wt W= 2310.4+60.0 shoot m> 2
20174 119ofl 7 29¥17(1900.0+212.1 shoot m™), 2018'F 39l 7F =2kTH2600+£108.0 shoot m?, Fig. 4A). SHA]=
2018 4o ZHY &=(475.0£205.6 shoot m?) S UEPH & 78712 w0, SR Wi L5503k G015t oFo
A (1=0.669, p <0.05)= LFEFTHFig. 4B, Table 1). A1-Le] A% H 5 U= 2416.7+72.9 shoot m™>= 20174
1190]] ] 42H(1900+212.2 shoot m?)2} 2018 4 Qo] Z|thZ}(2900+158.1 shoot m?)0|Q11, F-Zg=f} -G-0)5t oFo] At
PHA(r=0.591, p <0.05)7} FEFTHFig. 4C, Table 1).
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AN 2V, AP} Hie] 9 AR AAS AL A7 -2t Afo)(p <0.001)7F HETHFig. 5). AV A8
A2 2017 9Lell 2AZH(616.1+17.9 g DW m™) 7 2018 68o] ZItHZf(1001.4+82.1 g DW m™)©] YeptoH, Bt
735.6£30.8 g DW m” 2.2 UEPITHFig. 5A). APgH] AR 537} 5019 o] ATHA|(=0.695, p <0.05)7}
LFERSE O™ (Table 1), ZAF717E Hat 2/gH-0] A2 DA AT BAFC] oF 53.8%F 2|6kt Aop ) ] 9]
Bt WA 631.7+25.9 ¢ DW m22 THHAT AAEko] oF 46.29%0]9.0.0, 20171 9] FAZH514.9+41.0 ¢
DW m?)7 2018 5€o] X|thi}(844.2+33.6 g DW m?)°] UEPITHFig. 5B). Al¢Eo] Tz Bt g2
1367.4+46.2 g DW m?0]21.2H, 20173 9ol 2|4gk(1131.3+39.5 ¢ DW m?)} 2018 5€of| Z]hgh(1691.3+64.0 g
DW m™)°] YePRFthFig. 5C).

Ao FiAG 9 At e A 9 A ZARALZ|ofl mhet -frefRt Afol(p <0.001)7F RO M, Foll 2

2800

2600

2400

2200

Vegetative

2000 A

1800

1600

Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.
800

[=2]
=
=

400

Density ( spadices m'z)
Spadix number
S
=

) R Y N —
T T T T T T T % T T

Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.
c

3200
3000 -
2800
2600 A
2400 A
2200 A
2000 -
1800 A
1600

Total shoot

Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.
2017 2018

Fig. 4. Monthly changes in shoot density of Phyllospadix iwatensis from August 2017 to July 2018. Vegetative shoot (A),
spadix (B), and total shoot (C).
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AArA o] LFERGTHFig. 6). Bt N & AAHE-22.7+0.5 mg DW shoot! d' 2 7F2H B ZE7FA] L2 AARA]S- H O]
1742018 5 Z|tHk(6.6+1.8 mg DW shoot ' d')o] UEPG oM, =53t 3-0]gt oFo] A (1=0.741, p <0.0 HE

RO, 2(r=0.32, p =0.31)= 23 A LFERA] EQTH(Fig. 6A, Table 1). T o AL 7]
o A AT AR o] LR .o, 2018 2E0]l #]42H(2.4+0.3 g DW m™ d) 72018 5Eo] Z|thgk(16.4+4.4 ¢
DW m? d")& UEth S9HAd o AHiE 5t foleh Al (=0.737, p <0.01)7} VRO, 42
(r=0.277, p =0.384) = -] A7 e EA] ¢ESkth(Fig. 6B, Table 1).

Aere] SRS S A S 53Tt -2 2ol iRt A& dolE ] flste] HIAE Bl 7HEAlS AAISHY,
M) A2 SEdwa e 5018 ol A (°=0.557, p =0.026)0] HEFE O U(Fig. 7A), ~27H= F-2fgh 4
o] UeA] 929kth(?=0.200, p =0.366; Fig. 7B).
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Fig. 5. Monthly changes in biomass of Phyllospadix iwatensisfrom August 2017 to July 2018. Above ground (A), rhizome+root (B),
and total biomass (C).
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