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Morphometric Analysis of Zostera marina L. Found
in Various Habitats Along the Eastern Coast of Korea
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Abstract - The intraspecific variability, habitats, and morphological characteristics of
eelgrass (Zostera marina L.) along the eastern coast of Korea were examined during
June to August 1998. Morphological characteristics including shoot height, leaf length,
leaf width, number of leaf veins, and shape of leaf apex were measured, and eelgrass
habitats were analyzed using character correlation, principal components and cluster
analyses. The morphological characteristics varied with the habitat types and water
depth. Eelgrass beds distributed mostly 1n lagoons, ports and bays along the east coast
of the Korean peninsula. The quantitative morphological features that enabled
recognition of the two phenetic groups were short-narrow and long-broad leaf types.
Leaf apex in particular varied with the habitat characteristics.
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A= 2% (Zostera marina L)L At el 43
A& 3, st 2¢ 99 A A "3
E (seagrass)°|v}. 3| 257 (algae)9}= FE] B, 2517,
I3 o] FRe] e, 2] (meadow)E A3
2o datell A& Y AL} (Zosteraceae) 2
Am g @< (Zostera L) AAH L= 11F0] Rz
(Den Hartog, 1970), 3hit =] A= AWILE A
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& AdEd, $AAE T (2. asiatica Miki), $77 ]
W (Z. caulescens Miki), E7] A2 @ (Z. caespitosa
Miki)3} o} 7] A2l (Z. japonica Ascherson and
Graberner) 5%°] AJ8-3tc} (Miki 1932, 1933; Shin and
Choi 1998; Choi et al. 2001; Lee 2001). &3] Am&]d-2
Tt AAMMAAMRE RAA, AlFEE 3
et $ANEE I M =MAL 5
vt A el &3k ez ¥y FHYo (Miki
1933; Lee 2001).
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339l d=e] <= (Number of leaf vein), §5F2 3H|
(shape of leaf apex), Y& (leaf width)?} Af71< 4
(Number of fibrous strands), anthocyanin spot2] x|
79} 23) 780 §% 5oz £& skl Mik
1932; Den Hartog 1970; Komarov and II'in 1986; Philips
and Menez 1988; Kitamura et al. 1992; Satake et al.
1993; Cho and Boo 1998; Shin and Choi 1998). &3],
Shin and Choi (1998)%= &+=Al Awjg|d<4e] 17 o
2z B AT o AR Ful, G o} 4
47}=te] 4= (number of fibrous strands)ell =73}e] #
w2 &e] H53le] o, Cho and Boo (1998)% &3l ¢l
A&k o7 AR T, Aneld, £ EE o F35
d Ao Pz LRt 2=y iz 2
sh= AnE RS WY FE2 1 e Qo] ¥
Wolg Jehiz gleiA 259 F Helel AT =3
A7} glom, k] Fadt A (FF, Y 7, A %
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9 e} HHIEEW BFTE TE AVE A%
,AvE e e 2 et wHolr) w47
| A21A<l Welo] w2 Fe) ¥ Aefsty A7}
tet o A zb= o} (Setchell 1929). Lee et al. (1999)2
3 detel A As rineElTe] Pl P4
9] Holrt A-gAjo) we} ek vebds e Bo
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Fig. 1. Representative characteristics measured for the factor analysis and cluster analysis of Z. marina along the eastern

coast of Korea.
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97X Baks Skl SCUBAE ol &3l A7)
ot AAE AEAE= HAA] FAA (Formalin:
Acetic Acid : 50% Alcohol =1:1:18) £lo] 143 F
9y Hefatd BA-2 EAsgc A4 2AF A AHAA A
RY AEA 10~20732 Aoz AHLFHd A
A} =23 A A 7 o] (shoot height, SH), & 7Z ] (leaf length,
LL), ¢§& 7 o] (sheath length, SL), ¥ & (leaf width), %
ul 2~ (number of leaf vien, NV)2} A=l 3FAlql dF
#Je}] (shape of leaf apex)& T+ (sinus)2} E7] (tooth)
o % % 2 MRS Ax B B 2N A
4% 43 (habitat type)2 43 (lagoon), &7 (port)$}
ot (bay)o 2 F23te el gie} (Fig. 1, Table 1). 19
Auel A8A SUS FeE S olgagen,
AgAe) det 2% YepHos BMsA Aolg v
Y= 25 OTU’s (operational taxonomic units)& Ao
2 ZA% 32X (principal component analysis, PCA;
Gorsuch 1974)& %3} T%ig_ 3 Ay 71dE ¥
Ag B3 LRI el 2HE da ¥, 2
ARAANE 7T §Ao) 2HAE EEHY F OTUZD
2] average taxonomic distance2 A A}y om, v|7}F
AR F 92 (UPGMA, unweighted method analysis)
o2 $Asle phenogram? 2HA 314 o (Blackith and
Reyment 1971). o] RAHE2 SPSS/PC (ver. 10.0)F
o] g-shedeh

44

Table 1. Seven eelgrass morphological and habitat char-
acteristics used in the morphometric analysis

No. g?ti 1; Character derivation Description
1 SA  Shape of leaf apex
Angle of leaf tip 180=0,45~90=1,
90~125=2, >125=3
Angle of leaf tip with tooth ~ 90~125=4, >125=5
Internal angle of leaftip ~ 45~90=-1,90~125=-2,
>125=-3
2 SH Shoot height cm
3 LL Lengthofleaf cm
4 SL Length of sheath cm
5 LW  Width of leaf mm
6 NV  Numbers of leaf vein #
HT  Habitat type Lag"‘”};g’: Port=1,

2 =

Wike Fo ekl AR AnHBe T 3
5121 = (Hwajinpo; E128°26'13", N38° 28’ 37")01]/\1—1~E1
B o)uia} (Daebyun; E129°30'12", N35°47'52")7}]
A BEx3ch (Fig. 2). A=Ee] 482 Hz9)
T = 37 FHY ki Yo, AEA
£ 08~7.0me Wz A5 IHANEsANN
2 £41& e 2l (Table 2).
%3 adokell A= Avjeme] Al JHPA
Az e AA Zol7} 82.3~110.0cmE &
o3} e A AN 7P Aghen, 223} 71L& A He
A 7} =A ekt o Zol: 23.0~83.0cm, & 1
B 5.0~10.9mm M= Y§A ot FefatA o}
i) o= o) Ryl 3Rz} REF A 5,
o5} HAA3) A w8 =W Tx 7hxdr g2 X, o
Rzt ARG T 22T RER) 2 P 9
Nz 7P gttt g2 Zolst vuje 747 9.3~29.1
em$t 5.1~12.1mm Welgjon, Ast7e] Zolal
H]x= 0.8~1.7cm, 3.8~5.0mm= FA}5|¢lt} (Table 3).
9% Felx YUF (rounded), ¥
tuse), A 8% (emarginate), &5 (mucronulate), o] %
(acute), 7] F (mucronate) 2 22 T4 ¥R o
g} chekstA E8 3l (Table 4).
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Fig. 2. Geographic distribution of Z. marina along the

eastern coast of Korea.
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Table 2. Locations of Z. marina bed distributed on the eastern coast of Korea
Sites Code Longitude & Latitude H;;Ii;:t dlggt?}itat;)
Hwajinpo HJP E 128°26'13", N 38°28'37" Lagoon 0.8
Namae shallow NA-S I o Eproqr 0.8
Namae deep NA-D E 128°47'20", N 37°56'29 Port 15
Duksan DS E 129°15'24", N 37°22'31" Port 35
Jangho JH E 129°30'12", N 37°17'05" Port 7.0
Jukbyun JB E 129°25'16", N 37°03'10" Port 3.0
Hoopo HP E 129°27'40", N 36°40'39" Bay 43
Mopo MP E 129°31'47", N 35°55'48' Bay 3.0
Kampo shallow KP-S o a0 R 2.5
Kampo deep KP-D E 129°30'12", N 35°47'52 Port 10
Ilsan 1S E 129°26'09", N 35°29'39" Bay 6.0
Daebyun DB E 129°13'59', N 35°13'03" Port 1.2
Table 3. Quantitative characteristics of Z. marina along the eastern coast of Korea (-: No data)
Shoot Leaf Sheath Rhizome
Sites height Length Width Vein Length Width Length Width
(cm) (cm) (mm) # (cm) (mm) (cm) (mm)
HJP 98.0+26.8 78.5+21.3 55+1.1 5 19.5+6.0 6.1+1.0 1.2+0.3 3.7£0.7
NA-S 32.3+16.3 23.0+13.0 6.5+1.1 7 9.3+£3.3 51+1.1 1.0+0.3 3.8+0.5
NA-D 83.3+27.9 65.0+22.1 8.1+1.2 7 19.6£6.1 6.8+1.3 1.240.2 43+0.8
DS 72.1+33.8 54.7+25.5 7.7+1.2 7 18.4+5.2 8.1+1.2 1.5+0.7 5.0+0.7
JH 63.4+20.6 49.9+185 6.8+1.6 7 16.6 +5.5 6.9+15 0.8+0.3 42+15
JB 83.1+14.7 65.2+13.8 8.0+0.8 7 18.0+1.2 9.0+19 0.9+0.1 4.7+0.7
HP 51.6+8.5 39.8+6.6 5.0+0.7 7 114+1.8 5.1+0.7 1.1+0.5 3.7+14
MP 104.1+33.1 83.0+29.2 7.6+1.2 5 17.56+£6.9 9.5+0.5 1.7£0.4 45+0.9
KP-S 57.1+14.9 43.2+12.8 57412 7 13.6+2.4 12.1+09 0.8+0.3 3.7+0.9
KP-D 110.0+22.5 80.2+184 10.9+04 9 29.1+4.3 - 1.9+04 4.0£1.2
IS 66.8+15.5 53.4+13.7 7.3+1.1 7 13.413.3 7.6+£0.9 1.1+0.5 4.1+£0.7
DB 101.6+20.8 77.6+17.1 8.1+11 7 24.1+4.1 - 0.8+0.3 5.0+£0.7
Table 4. Variations in the leaf apex shape of Z. marina collected along the eastern coast of Korea
Sites Characteristics Sites Characteristics
HJP With sinus, internal angle of sinus = 159° HP Without sinus, angle of leaf tip = 137°, 158°
NA Without sinus, angle of leaf tip = 149° MP Without sinus, angle of leaf tip=96°, 113°, 140°
DS Without sinus, angle of leaf tip = 157°, 150.5°, KP With tooth, angle of leaf tip = 144°, 125°
130°, 123° KP Without sinus, angle of leaf tip = 123°, 132.5°,
JH With tooth, angle of leaf tip = 103.5° 141°, 153°
JH With sinus, internal angle of sinus = 145° IS Without sinus, angle of leaf tip = 135°, 141°
JH Without sinus, angle of leaf tip = 149°, 157° 1S With tooth, angle of leaf tip = 129°
JB Without sinus, angle of leaf tip = 149° DB With tooth, angle of leaf tip = 105.5°
JB With tooth, angle of leaf tip = 133.5° DB Without sinus, angle of leaf tip =115°, 132°
o] Az Az HAPAA YA 54E ez o} ko] AARAE el Sict (Table 5).
BAA P<0.05)8 BHT At 24 AEAY U Lol FRE AL 5T ABe Fehmel Holo)
AgA AA Aol A ke ARAAT, Y22 el B RFIE ARE TR 7 250TUse| 0|45
= AEA RA Ao], @ Zolg o ARTAE, o o] 770e] 3A-e] A3 (loading value)> Table 64l
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Table 5. Pearson correlation coefficients for 7 characters. DISTANCE
See the Table 1 for characters explanation CASE 0 5 10 15 20 25
SA SH LL SL LW NV Label - Num == —
SH 0.043 ~DB2 24
LL  0.009 0.994% DB3 25
SL  0.089 0.792% 0.731%* DBL 23
LW 0290 0.757% 0.700%* 0.893** ﬁ‘l’f L
NV  0.317 0.003 -0.063 0.289  0.456* S 1 13
HT 0314 0141 0179 -0.279 -0.027 —0.053 D51 4
JB2 10
*, Different significantly at P <0.05; **, P<0.01 Group A | JB1 9
NA(D) 3
KPD)1 16 :,—
Table 6. Loading values of two principal components for KPMD)2 17
7 quantitative, qualitative and habitat charac- MP3 15
teristics from the analysis of 25 OTU’s of Z. Is1 21
marina. along the eastern coast of Korea MP2 14
—1S2 22
Character PC1 PC2 —JH2 6
SA 0.197 -0.702 HP2 12
SH 0.943* -0.091 JH3 7
LL 0.960* -0.026 KP(S)2 19
SL 0.872* -0.304 Group B | JH1 5
LW 0.666* 0.588 JH4 8
NV 0.172 0.699* KP(S)1 18
HT -0.244 0.829* KP(S)3 20
Eigenvalue 3.144 2.116 gi(ls) 11
Cumulative % - 2
of variance 44.9% 75.1%

* Characters significantly loaded to principal components
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Fig. 3. Two-dimensional scatter plot of the Z. marina 25
OTU’s along the eastern coast of Korea by PC 1 to
2 (Open circles: Group A, Open quadrangles: Group
B).

Fig. 4. Phenogram of 25 OTU’s of the Z. marina along the
eastern coast of Korea derived from the UPGMA
cluster analysis.
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B G AR AT Sl 54 S0
SARE el A A, T ol wmt
W g2 mix]gde] 24 0.8~7.0melA] thoFslA -?‘31-_
3}9ich (Lee et al. 2000b). Lee et al. (2000a)e] &35l =
At Amd Q&A1 FAH3He it A9d o
§-2] Q&R A (sand)®] Freko] 90% o} Abolw,
T Y=EE 1.6~3.90 W92 »73ledc) Short (1983)
AR R BN A% Avield Aras

P& 7 el YA (mud)e] EH el
ol Y3 BA ARehn wusds) w3 Av
Jwe) JBAL WA 209 AdAAE G9e)
24¢ AE, zapdle] 2 SlelNE B
A& vehfje 7oz B3t} (Setchell 1929; Den
Hartog 1970). 2 472] Agel e 7+ 24 B9 ¥
AR7e Az fASH e, et FUwe A
of wpet Ajalel efstd Yo Wolst ket 2
g 59 Aakel 24 AW 2 AL 4L A
g% el zapel G A, A5, FEAL
AMe 949 5L Jeidds, o, mx, wal &
H, dAL, gl kst Zhxke] 72 Ao Malsle AlE
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%1v} (Omori 1989; Aioi et al. 1998). A e]de 9l =
& 14~ 16mm HHoln], Y& Fols) Hojo] o) A
G FgFHEE EAL Yl glor)t (Omori 1989),
Shin and Choi (1988)2] Z oA o] Zo] 5~9mm,
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A 54514 e e dehiet

A7) Wbwel sk AvielRae] BT A7
oy ARE Ay FEss ABA e
el Ao HEZ ¢lv} (Kong 1981, 1984; Huh et al.
1998; Cho and Boo 1998; Lee et al. 2001). £3], Cho and
Boo (1998)x= AMafigtell At s A, of 7] 7 nie
%, 47D Feld B4 oy YehHel 277
2ol Slotod Tolstslont, Sl el AHae A
s P BN B Wols vehidch
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1983).
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