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ABSTRACT

2] AEpepd-2 -2utet Fofiehe] autxstiol] sk a2, o] 3 AP A S8 715-S sFTTE Tt A
ghoteo] S A S FH o7 Qs 2AF7HA] Auberdo] e A n]H|RH A olth & 2l A= ol R ol A
Aol AMiehg o] YA E49-& dobi 7] 918l 2017 8UFH 2018\ 7872 Almpehd 22 o] 2wt Aupehd o] Fe)A
574, A, AAGT A A o] WakE ARSI 538 22 57 ol Boll S7FeRAL 7R Aol ashs 3R Al
d 77 Bk sli5-0] FU A BE= A AIZ|ErTE 018 ol & B gl o, FR1g A W2 U] ohtek AMbrhE o]
e, Wi, A o A= 7Rl FAstal Foll S7IsHITh AtthE o] §52hA = 29 o] % HEhdaL, 5ol X W&
(15.8%) 291 % 8 o] | ik, Aupeigo] ZlAe 2 T A A Bt o a2 242 2.1 mgsht' d'77.5 gm? d0]
oc}. Autehero] gato] 714k Shakgt 4222 13-14°CE FALE|QITh AFeEhe] 9] AL fZatek 49 ook ko) § o]
T AAEAIZE ERA] @Rt of= o] Ao Arbeh el B o gt SRt U, A A o2 W0t YD s ATEE

ofmlgict.

The surfgrass Phyllospadix japonicus is a dominant seagrass species playing critical ecological roles on the eastern coast of Korea.
However, few studies have been conducted on the ecological characteristics of this species, generally due to the turbulent water
conditions in its habitat. In this study, to examine the growth dynamics of P. japonicus, we investigated monthly changes in
morphological characteristics, density, biomass, and leaf productivity as well as changes in the underwater irradiance, water
temperature, and water column nutrient concentrations of its habitat from August 2017 to July 2018. Underwater irradiance and water
temperature showed clear seasonal changes increasing in spring and summer and decreasing in fall and winter. Nutrient availability
fluctuated substantially, but did not display any distinct seasonal trend. Morphological characteristics, shoot density, biomass, and leaf
productivities of P. japonicus exhibited significant seasonal variations, increasing in spring and decreasing in fall months. Spadix of P.
Japonicus occurred from March to August, with the maximum spadix percentage(15.8%) occurred in May 2018. The average leaf
productivity of P. japonicus per shoot and area were 2.1 mg sht”' d”" and 7.5 gm™ d”', respectively. The optimum water temperature for
the growth of P. japonicus in this study was between 13-14°C. The productivity of P. japonicus was not correlated with underwater
irradiance, water temperature and nutrient concentrations. These results suggest that the study site provide sufficient amount of
underwater irradiance, suitable water temperature range and nutrients for the growth of P. japonicus.
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9.9 Aotk Ruckelshaus and Hays, 1998). 21 = A3 A 210} G434 4]
& ‘5ofo] A% HAleHH ZiAlT-S f-A15te] A sfRollA] Hol= Eig /8-S LA gron, thafe e 8 ]lof
Ofsf] o] A FEl7F H=A HeRdTthLee ef al., 2005; 2007b).

Zuj o] o] = FkS vl Q0 2 E 53T, 2 YA & Ak Al AE A flol o
gt et dol B st SRt r5dwo] Yasto] p5ge] #islo 2] o] 3z ot 437 E|7 eIt Dennison,
1987; Lee et al., 2007b). QA EL 2 G2 =]o] @ & 2] 2|7t FarAs Axgd/do|u), A% HJUdRlas E 30|
HAdsHAL B2tz F7E ] Qs go] el Bagt 53] 3uE A et o] 94 713 ol A&k o] A5
I Qtti(Lee e al., 2007a). TRt 5872 2] o] A37de] WA S| Aatt]o] pFgtdo] ZH53h Al7]of Axl o] AL o] 5
7¥ohl, 54 wF0] Zhagt A7)0l AAAlo] ZhAvet At H =] & gtth(Park and Lee, 2009; Park ef al., 2016).
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Mo @0 2 Fujair} Azl KaEl Qs Selutel Salelld 2 o] Aed e 4ol Az HA
21 Zafeharo] e S4o] Philo] RolA| T gl 2 Al Faldalolo] et Zsthe] H8sH
Altepa 4% ST EAS ot 1A 2017 sURE] 19 St Aok ZeiA o] 48§t ek e] el

=4, Dt Ao HISHS ' 2ASHITE TR, Softoll A AR A ] o] AeljA] 5432 vl arste] o] A1

2.1 AR 7H2 L =AFAP
= -¢2luete] Sold ol Hofl £ohs 45 EIA T8 AM36° 007 257 N, 129° 34" 43" E) ] ARtcH o=t
Z]o|A] o] ol FLt. o] 2| ¥ RHUAFZZ Z 2= 4 30 cmO|H, 424 2-5 m <] ol GdF-o] Wan], Apjrpd Feto]
7 B4 =01 AAtk(Fig. 1). AR w=A] o) A B4 =, 587, 20 YYD sk, ZLE|aL ARt e] ABEiA £
=, Ui, A, AT e 5/ 0] A= 20179 8LTFE 2018'F 7H7HA] 138 Tt

2.2 &3 29
7ebere FEfr] o] eFdR e AR Sl AMterEe] Qo] 1#]gt ~Hol HOBO data logger (Onset Computer

Corp., Bourne, MA, UAS) AlAE A x|otoq off 1580ttt 45130t AF-H -5 AllA= LI-1400 Data logger®} LI-193
SA 73 3FFAIA(Li-Cor, Inc, Lincoln, NE, USA)E ©]-85to] FA] S48+ F=dght S1ARAS Fol X5 (lumen ft?) &
A2 S 0wro 7 Welstolth(Lee ef al., 2005; Park and Lee, 2009). ZAF A0l AJAE AA= 23] WA=l om,
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Fig. 1. Study site of Phyllospadix japonicus growth dynamics. The site was located in Guryongpo-eup, Pohang-si, on the open
shores of the southeastern coast of the Korean peninsula.
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membrane filters, Milipore) 2 17t F IR FA(NH, "), FAFE+OFIATENO; +NO,) T R4 (PO )& S 385 HS ©]
8ot Z7otth(Parsons ef al., 1984).
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AFfete] B2 Zoll AlAsPRA] ol d-S At AVFFH A 2 oF A (A[sHEr e]) &= 2Rt F 60°CollA] 48
ARF ol A% S AT 15 g DW m?) 0 & He| itk 91 A1 0] §sh= 9] A H(leaf marking method) <
ol-g5l] ZA5IATHLee et al., 2005; Park and Lee, 2009). =, 12 2|2 A% AMfhd AJA| o] @z Flio| G722
TAHREE & 52 $(n=6-10) F 17119 F 3)pote] 71&E F&( &7 A) A2 At F (Y 2 o= A7
T 60°COllA] gl 2 wi7kr] AzsHh A o A4Hd(mg DW sht' d')-2 A2 ZFhdt o S3& AP L2 Lo
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L= S = B gh(mean) B 2KSE) 2 YERH QI FAREA-2 SPSS10.1 HIZ(SPSS, Inc., Chicago, IL, USA)
83 , & ZF= = normality 2} homogeneity of varianceS 72t 5 one-way ANOVAE ©]-§510] A} A]7]
of w2 2o o] Fol g AASHTE 278 @l En] S| o] AL mlof AHA| 42 of-8ste] B kst ai:

ARberd FR] oA SAH 58S A A7l Tt R-2lRt 2tol(p <0.001)7F LRt O™, 53t} of 5ol S7Fskal
7R Aol FHashs T3t Al A RS eI THFig. 2A). AL 717t 5 Bt 425872 46.1+7.3 mol photons m™
d'2 Uepdth 997 55952 2018'd 190]] 7P W9Lom(16.4+1.1 mol photons m? d™), 2018 7€) 713 =9k}
(80.110.0 mol photons m™ d”, Fig. 2A). 4~ 7 &3t A-gof| fHAetal Fak o Boll 7 b= FE1gh Al Z3ako] vrebdth.
ARpepd F2)9] AL 7175 B 22 16.8+1.6°CE 715 =] QIh E Bt 722 2018'd 2 €of] X[4:3](9.6+0.2°C)=
Hom, 20174 8ol Z|thgh(26.0+0.3°C)S HEFHATHFig. 2B).
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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.

Table 1. Results of a one-way ANOVA among sampling times on water column nutrients, shoot density, productivity, biomass,
and shoot morphology

Parameter df M.S. F p-value

Water column nutrients

NH, 11 8.698 55.146 p <0.001

NO;+NOy 11 1.012 47.284 p <0.001

PO* 11 0.068 18.054 p <0.001
Shoot density

Vegetative shoot 11 401287.879 2.864 p<0.05

Spadix 11 2339924.242 32.273 p <0.001
Productivity

Leaf productivity 11 4.502 8.251 p <0.001

Areal productivity 11 70.310 9.689 p <0.001
Biomass

Leaf 11 319084.748 10.398 p<0.001

Rhizome + root 11 30543.288 6.223 p<0.001

Total biomass 11 511090.475 9.910 p <0.001
Shoot morphology

Number of leaves 11 1.713 8.883 p <0.001

Leaf width 11 0.386 10.680 p <0.001

Leaf thickness 11 0.010 8.456 p <0.001

Sheath length 11 20.107 6.683 p<0.001

Sheath width 11 0.696 17.154 p <0.001

Shoot height 11 488.331 7.941 p <0.001
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Fig. 3. Monthly changes in water column nutrient concentrations at the study site from August 2017 to July 2018. Ammonium
(A), nitrate+nitrite (B), and phosphate (C).

At EtR] oA S35 sig-e] GLE Fes ZAFA7100 what g2t 2o (p <0.001)7F HERATH Table 1, Fig. 3).
EALIS 0] Bt AR E Y s 24404 pME UERITH(Fig. 3A). Bt At ropdAtel ) Qb o] ‘s fea= 2t
7}1.3+0.2 uM7}0.4+0.0 xM= ERTHFigs. 3B, 3C).

3.2 ABICHE HEelH £

AMrerde] Fel(S, o 7, A F 5|, B FolebF, A Aol AR Aol et f-2ft 2le)(p <0.001)7 F HERG T
(Table 1, Fig. 4). 91 4= 81F 4.8+0.1712 20179 102 7P 219k71(3.9+0.27H), 2018'd 3€, 59} 6-Eof ERkTh(5.120.17H,
Fig. 4A). 9 =2 512 .3+0.1 mm=, 2017 9Do]l 2| 4gH(1.9+0.1 mm)S UERH F Z715107 20181 2-Do]] Z|thigh(2.60.1
mm)©] YRS TH(Fig. 4B). ¥ FAR= AL 7174 5 B4 0.33£0.01 mmE 2018 3-Yofl 714 3RE11(0.27+0.01 mm), 2017
1040l 71 F7A%0H(0.39+£0.01 mm, Fig. 4C).
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Fig. 4. 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 japonicusfrom August 2017 to July 2018.
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3.3 AL Y, A2kt ik

AMiehd GIR) o 85304 U= AL Al7]o] et 7003 2pol(FUAL: p <0.05, S3HAL: p <0.001)7H LAY
(Table 1, Fig. 5). ARt &JoFx] o] Bt Ur=3479.2+91.4 shoot m> & 2017 10 €] 71 ©2E11(3075.0£149.3 shoot
m?), 20173 12:90]] 718 =91tH(4175.0+268.9 shoot m™, Fig. 5A). S<5-3H4=2018'd 3L E] THa=]7] A|&tslo] 590]
Z| D (1875.0+47.9 shoot m™”)E HEPH & 89 o]¢ AHE| QO W, 8314 W= p5d7dat f-oRt o] A
(r=0.661, p <0.05)7} JEFITH(Fig. 5B).

Apteh 2 e} Z|olo] S A A= A AI71E 7203t Zol(p <0.001)7F LERE O™, 7REol Wil F
E2 TS HAK(Table 1, Fig. 6). AV A2 20173 11€0]] F|A71(654.5+54.8 g DW m™) 2018 5€o]] X[cf
}(1583.7+127.5 g DW m™)°] UYERE O™, FA}L 717F B 1158.1481.5 g DW m™ & T AT AA=Ee] oF 68.2%2 2t
2|5}tk (Fig. 6A). AISHE0] ABAH-E 529.6+25.2 g DW m™2E T A2 F AA|2F] ©F31.8% = 2FA|51 .01, 2017 11
of| 2| 27k(407.5+34.7 g DW m>)1} 2018 6 Lol Hhzk(647.9+34.0 g DW m2)°] UElLtti(Fig. 6B). AR o] T2
2t Pt AYAS- 1687.8+103.2 g DW m20]L2™, 20179 110l 4-241062.0£87.0 g DW m?)2}2018F 59°]
Z|t1gh(2195.8+133.2 g DW m™)°] YERHTH(Fig. 6C).

Aurerge] i 9 A SRR AT A A FAE A7 ol et R-oJ7t Zfo](p <0.001)7F LFERATH Table 1,
Fig. 7). Albtcree] Bt A o A4FAd22.140.2 mg DWsht ! d' 2 2484120174 129 015 12 5F F435] Wobd
T XA5] F7I5te] 2018'd 5 Z|Tigh(3.2+0.3 mg DW sht™ d)o] HERATH(Fig. 7A). ARFFE o] A o A2 4
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Fig. 5. Monthly changes in shoot density of Phyllospadix japonicusfrom August 2017 to July 2018. Vegetative shoot (A) and spadix (B).
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Fig. 6. Monthly changes in biomass of Phyllospadix japonicus from August 2017 to July 2018. Above ground (A), rhizome+
root (B), and total biomass (C).

Z307H1r=0.566, p= 0.055), 5-(1=0.349, p= 0.267), SN52] A¥H (G EY: 1=-0.490, p= 0.880, ZAH+opEA
1=-0.268, p=0.399, QIAF: 1=-0.346, p= 0.271)2} -G-Olet AT A7} LehA] ikt ThAZ et o] AR R ZfAI 9
AR -G ATSE Z39Fo] LR oW, AL 717 Bt 7.540.8 g DW m?> d' 2, 2018 1€0]] | 472k2.8+0.3 g DW m™> d™)
2017 12 €0l Fgh(12.5+2.0 g DW m™ d )& LR th(Fig. 7B). ZAF A AMtchzo] 7|4 o Ao ek
(r=0.468, p=0.125), T~(1=0.256, p=0.422), 315=2] GU¥H (LR ED: r=-0.179, p=0.577, DAHOFAAIAE: 1=-0.200,
p=0.534, QAT 1=-0.451, p= 0.141)2} G2t AiAI7F e R] 959k

ARrerdo] SR AT ol i & 2442 58 B 2 HIA Y 2l RS AAISHY, o] 2| ARberde] Aibde
TZB9H1=0.007, p =0.969; Fig. 8A)°|L 4=2(1’=0.205, p =0.362; Fig. 8B)I= o]t AfaAdo] e tA] eIk

Fod.
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Ielol=d] fElste] 42 Ao A & AEo] 7Fs5H(Kuo and den Hartog, 2006). T=3F, 1% QFO] 918 717 2] o
Aege ol Zo 7px] o] FHL2 9l Z 2 714 _Hi\:]' T= H"—J ;‘t—‘?—]oﬂ —n—lj/] 51 E](Smith etal., 1997; Park et al., 2016).

Table 2)E o} AA]5] 5ot Etskar, Hofieh Anfege] A2 4"?@%*011 JOH AlRFEA] okt ot(Lee er al., 2005),
St AT o] A FE O] ofet FFe WSITH(Kim er al., 2018). =, A2 EET A TE2 FARE o3 =
o] P2 A1 glom, Ao HIoh Am e &2 YWl o F-& Hof 5 Yol as]of fefoA 28 4= S A
ofct. Tk, ol Ame|d PR H v A 2 pFd T Bl % AL At 2h(24.7 mol photons m™
d”, Table 2)olA I AT A-87] O] =532 ol o] FTHHAIE HATh(Park and Lee, 2009). whA] A9

Table 2. Mean values (ranges) of physical and chemical parameters, biological measurements for surfgrass, Phyllospadix
Japonicus and P. iwatensison the eastern coast of Korea

Parameters

This study

P. japonicus

P. iwatensis

Underwater irradiance

(mol photons m? d™)

46.1 (16.4-80.1)

24.7 (7.8-48.1)

38.7 (10.9-78.3)

Water temperature (°C) 16.8 (9.6-26.0) 18.3 (11.5-26.4) 14.4 (5.1-23.9)
Water column nutrients( 2 M)
NH," 2.4 (0.9-5.3) 4.1 (0.9-16.3) -
NO;+NOy 1.3(0.3-2.1) 3.4 (0.3-10.8) -
PO, 0.4 (0.2-0.6) 0.8 (0.3-2.8) -
Shoot density (shoots m™?) 4108.3 (3075.0-5275.0) 937.8 (676.3-1290.0) 2416.7 (1900.0-2900.0)
Spadix ratio (%) 15.3 (0.0-35.5) 6.3 (0.0-25.0) 4.4 (0.0-16.4)
Productivity
Leaf productivity 2.1(0.7-3.2) 4.5 (1.7-1.7) 2.7 (0.9-6.6)
(mg DW shoot™ d™)
Areal productivity 7.5 (2.8-12.5) 4.0 (1.3-9.3) 6.3 (2.4-16.4)
(gDWm?d™)
Biomass (g DW m™?)
Leaf 1158.1 (654.5-1583.7) 487.8 (177.6-1163.0) 735.6 (616.1-1001.4)

Rhizome + root

Total biomass

529.6 (407.5-647.9)
1687.8 (1062.0-2195.8)

211.5 (98.7-387.2)
699.6 (305.6-1551.0)

631.7 (514.9-844.2)
1367.4 (1131.0-1691.3)

Shoot morphology
Number of leaves 4.8(3.9-5.1) 4.6 (3.9-5.2) 5.1 (4.6-5.9)
Leaf width 2.3 (1.9-2.6) 2.4(1.9-2.9) 3.0(2.8-3.3)
Leaf thickness 0.33 (0.27-0.39) - 0.30 (0.25-0.35)
Shoot height 52.6 (37.1-63.6) 70.0 (34.5-98.3) 50.2 (34.1-69.3)
Reference Park and Lee, 2009 Kim et al., 2016
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