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Seasonal species composition and biomass of microphytobenthos were examined at the intertidal flats of Jinsanri,
Taean, Korea, from April to December 2011. In total, 121 species were identified, including 109 diatoms, 5 blue-
green algae, and 5 dinoflagellates. Seasonal variation in species number ranged from 49 to 56 species (minimum in
October and maximal in April), while vertical variation across three different shore levels ranged from 64 to 77 spe-
cies with maximum at high and minimum at low shore. Species diversity ranged from 3.22 to 3.42 seasonally and
from 3.50 to 3.17 across vertical shore levels. Seasonal average values of the normalized difference vegetation index
and the vegetation index were 0.06 and 1.14, respectively. Chlorophyll a concentrations were 66.00-120.73 mg/m?,
with a seasonal minimum and maximum in July and October, respectively, and a vertical shore maximum of 137.35
mg/m? at mid shore. Phacopigment concentrations peaked in October (50.78 mg/m?) and at high shore (61.58 mg/
m?) and were lowest in December (22.53 mg/m?) and at low shore (15.28 mg/m?). The number of microphytobenthos
ranged from 78,556 to 287,898 cells/cm?, reaching a maximum in April and a minimum in July. The diatoms Paralia
sulcata, Navicula sp., and Delphines surirella were dominant at all tidal levels over the study period. Dinoflagellates
were dominant in July at low shore, and blue-green algae were abundant between July and October at mid shore. In
conclusion, species composition and primary production of microphytobenthos exhibited clear seasonal and vertical

patterns.
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Elu]E] o]y ol =12 (diatoms), H = F(cyanobac-
, 2} 1 25 (dinoflagellates)¢} -f-=3 U (euglenids) &
o] A Alu|A| #F(microphytobenthos)= AHA] E2-S H}=
th(biofilm)2 &Ad3hn A]4]3FcHUnderwood and

Ao

kl = Kromkamp, 1999; Kelly et al., 2001; Consalvey et al., 2004;
Méléder et al., 2005). A AU A5 €1k A 443l Al] A2
AAARRA B 23, GoFE 48 28 9 B2 2 O So
7]o1gk 8 qt ofu]2(Rizzo, 1990; De Jonge and Colijn, 1994;
Maclntyre et al., 1996; Underwood and Kromkamp, 1999), A
N RAZFE, BB ARt | o7e) 4ol ok
Aol o]0 24 Atk Aeshd ©]3-S FcH(Montagna
etal., 1995; Kang et al., 2003; Krumme et al., 2008).
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X go] oJorel §-84, ThE, 24, 1%, B W HAE AR 5)
It =4 273 (macrofauna®] B 2= weh, A 4jAke] wi7] )
of ofal L won A|-g7HH 0. v chpsh ek
TH(Montani et al., 2003). A A A ZF= A-Al o] F215kaL,
FUe AHoA = EHE e, FH H, 2910l mebA
T2 Ex 2 AEE T SR HEA YE= A
o7 A& QtHOh et al., 2004; Lee et al., 2009; Lucas et
al., 2003). AT A F) F2AT E3 AL Bekdn)
7d< o]&ste] glstar el WA 52 EHE FAT 95
A a9 5 B34S A|(spectrophotometer)Lt &334
(fluorometer)2 A= =4St Holm-Hansen et al., 1965;
Lorenzen, 1967; Kendrick et al., 1998). £3], otA|Eof 2]3F ¢
24 2EE 84 a9 9240 Bole(degraded) B2
phaeopigment®] =F-S 543 4= 91:=1l, phacopigment ] %
2 AR AL e A AE Aof| o5l HIlEl= Ao R
&4 2 th(Helling and Baars, 1985). ol &= A A u| A 257
9] A== HPLC (High Performance Liquid Chromatogra-
phy)2 AzFslelA Y 335417 (spectroradiometer) 2 NDVI
(normalized difference vegetation index)2} VI (vegetation in-
dex)& S7sFo] Uehfth(Jesus et al., 2006).

Seuel 2 AN BIHIZSO] 2Tl et A B
39 271 (Kim and Cho, 1985)2}F h4 2 2178 &
£(Oh and Koh, 1995), ‘45 03 (Lee, 2002, 2003)] 4] 3
st n| A& o]-8-5to] 42 %] 3l om, HPLCO| a4 o]-&-
o] Ak 7 (Oh et al., 2004), 733 21 (Yoo and Choi,
2005)1} 33 (Lee et al., 2009)0l| 4 AAH 2430 AEF
& 3k ol Q771 Sl ShARE Alshehe chakt 97
3} E22 Qe g 71 Ao] HEsA weEo] glolq A
ulilzg el Frier W AEee] A W] 9g Aow
FAE AN SRR AF7F ey EA] GhobA v T E A
Tk EAR) wheba] 2 Ao B2 AF A ¢l Fskan
= o]85to] AAuA| 27 2T SR, G54 a%t pha-
eopigment®rs, 12|11 AR +=E ZA 3= spectroradiom-
eters o|-gsto] HQHIE Mo AAlsl= mAzFo AH
H e)ar 270 291 AETe BsS wolshe Aol )it

Mz H U

Aire] A 291E vA 2R F24 9 AT ALE
HShE gelsty| flste] 20114 4,7, 1
S B skl A A4 B RS AAIsHthFig. 1). 443
A2 2vkEel(spatula)E o]-8-sto] 298 A= 252 A
3t 5 o] A| RS 289 (Lugol's solution) ©. & XEEw7}
0.2-0.4%7} =5 AAJRE & g5 Apoto] ofo] LA K
W 2= APAR Rbekgln. AMu|A| 2R AEdelA
A ek whetshy] 93t A2 217 3 em®] sediment
corerE o|-§-3f) ZPIHRE FZ0lA] 5 cmZl o] 2 87] O] FHAI R
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Fig. 1. A map showing the study area at Jinsanri, Taean, Korea.a:
High, b: Mid, c: Low.

A3t 5 Ertolofo] Lof Hytsto] A &2 SRFsH] o
7HA] AP F oA 10 C R Hakskgitt.

AAEN 2RO SEETS TR IHH ARE Ut
a4 3413k} #3ken] 4(Olympus BX 53, Japan)alol A
ookt F-3l(Dodge 1982; Jin et al., 1985; Underwood, 1994;
Falasco et al., 2009; Pitcher and Joyce, 2009)-2 2-8-5}o] 32+
W Aol ek 4 om 54 ¥, ANHERY R
EF0l 7272 T2 Park (2005)3 Woelfel et al.(2007)
of W stol FEAE AlRste] Bekav|An FAH
A& 1) 7 (Hitachi S-4800, Japan)© 2 £2 2}ols}git}. %9]
et A 28T 4 7ol wEh F HF=Ae A
L& PRIMER version 6 (Clarke and Gorley, 2006)-2 A5}
of BB .0.0] SAFE 240] thE 7 1] 9121 SIM-
PROF (similarity profile) tests A A|5}0] AT

AAEE = Spectroradiometer (USB2000, Ocean Optics
USA)Z 27kt 2912 A8 AR 710 UhAHes
500, ATHAYASNDVISE AAR(VIRE ot
Ao 2 AXsIFHTtHRouse et al., 1973; Jordan, 1969).

NDVI = (Infrared - Red)/(Infrared + Red)

VI = Infrared/Red

(InfraRed = 748-752 nm2| RHARE H+F, Red = 673-677 nm

O HhARE Hat)

AA wM 27 e HAE W nA2RY 954
Z235}0] ZA51=d|(Montani et al., 2003), & &1Lof| A=
2= RF 87 A= WS 573 & %5 1 em
Aksto] F70] Q= frelRoll Eal obAlE(90%)= A7tk
400 PP aoA Y= a5 FE6ITE 20475, 2=
Al(Libra S22, Biochrom England)E AR50 6652} 750 nm

Mr
1%
)

.
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o SFH=E Ao, 1 MO HCIE 3 e "doj=d] &

532 w0 hA] 25191}, B =] WA Image | E2 13
ZA5}0] ol 9] 4](Lorenzen, 1967)0.2 &&=

O] o] WA =4 a®} phaeopigments =& AA4FSISITE.

11.0 X K X (665, -665) X v
VI x 1

110 X K X (R X 665 -665) X v

VI x 1

(110 = 954 29) 2 A4 K = 27] G484 SEolq &
B A 84,665 =4bA 2] A O] FF e, 665 = Ak 2] 39
B, v=golo] 2% ful, Vi= AR WA, | = s
Al cell®] 217, R = phacopigment”} §l= “El | 4] 665 : 665,
o] | v]&)

Ao 25 0] BT RS Tletels] oA 2k 2918
2 A7 3 cm9] sediment corer= A 3t 3711 9] FAFA] = Ol A
FSHE 1 emE Adste] 1508 22 20081 2] Hetall =& 3
A3}o] Sedgwick-Rafter ChamberE ©]-8-51¢] X 400412
spsten] 7 sold Alssto] THlE AT AlEa(cellom)
areklc

A A A gE=o] AAnA 27 el vA= F3= &
Qlab7] 9lstel, 2R 37e] 25 X 25 cm)Z 9]
2 gl Sl EAE(ZHo] 3 em)E BEHORE A
Fto] A (2 %2 mm, No. 10)0f] FaL si=2 Al 43t &
W FSA ohe ANAEE Ssto] ZekaE AmEol
et o Y xEge o g 1Sttt AES APAR

Phaeopigment 5% (mg/m?) =

=

2

N

H 517

2 AT A Gl S e ZAkE] A2 7.3 me] 244 7}
A= Aotk A7 A17]9] 4222 15.0 (129)-32.4T (79),
52 10.0(109)-33.1 psu (49), pH=8.01 (12Y)-8.18 (10
), EE2AA(D0)=4.20 (7¥)-8.90 mg/L (12¢), F-H-E25
T (SPM)= 33.00 (79)-89.40 mg/L (109), Silicate= 0.06 (4

M
o
o

AR olA T -

f5S

=1

1 0

2)-0.30 mg/L (7)), @24 a5=2= 1.01 (7€)-1.75 pg/L (10
2)o] Ho|2 Bglon Z9l(TP)S 0.001 (7€)-0.021 mg/L
(109), NH,N+= 0.072 (109)-0.199 mg/L (79), NO,-N-&
0.002 (44, 109)-0.003 mg/L (79), NO,-N 0.014 (79)-
0.029 mg/L (4¥)2] H=5 EFTHNFRDI, 2011). A AR
o M AxwF o] HpTt F- A AL FRA| ol = vix| e 552 &
Aol QA8 Stk ElAE2 & vlAleh mefjof HER F
dEo] AL A Y= YA Tm AP EA Bef7} A
Fof 4] 99.08%, F-3HE-ol A1 99.98% = A 7} @ol $h-5
o] Fo] FFstA Ut xlike] A YA A TE
F 1) BAolA & 31F0] 6L L/ (15%), 12
(8F), AAEE(6F)°] -k 718 vk sl 2F°]3
CTHINFRDI, 2011). 27| A5-ef SHhol| A= A7 A Ao
o|FH(Aricidea pacifica)?} 74| L oplZ 70| o|(Nephtys
californiensis)7} A1, A2 $-7E0]% 0.0, 5=5(Mactra ven-
eriformis)°] ThS ¢4 & UERITHNFRDI, 2011). 24 74
0] 1o 2 A 71 Ao A 390-4504, Z-5-of| 4] 380-4304, 5]
ol Af 290-34022.2 F=7kof| Hlsf| ot lmEAf7ko] 50-60-F
o] o Attt A= FHET e EAIZRS 10-202 Eotor,
ShH= A-Etol vlsl oF 1417F 308 W& zto]7t Alqltt
(NFRDI, 2011).

=
524

ake] AdolA] 4A1- 9] HA AZolA] ST AAuA =
e 3 121F0)%on, 72771 109522 HA) @52
90.08%% 24| 3h= 7H 98k ERatolon, $R2F(5
Z,4.13%)9F AR Z7(5F, 4.13%)7F LA Bh= ko]
I HEEF(1F, 0.83%)2} F2EUR(1F, 0.83%)= =
SATH(Table 1). Al S8 F4=49-565 2.2 109 23
I 4o] 2t 2 Lehith(Table 1). 29 28 F4+= 45l
A TTE(FER 55, 27 705, f2UUR 15, dunx
7 19%), SHOIN 8F(HEF 15, FEF 655, F2eUF
15, SRRLEF 1), SHLolA 64T(HER 60%, unz
F3E, HERF 15) 22 Ao A 2o 3L ahof Al 2|49
o ARl A R R G R R SRl A R Bkl
A FRFAHRRRE 8% BRwo|dth 2 Fe 2
Zhfe] mE 2ol A L2A EESIG o FRFE ASE

Table 1. The number of microphytobenthos species observed at three intertidal shore levels and four seasons in Jinsanri, Taean, Korea

Taxon Apr. Oct. Dec.
H M L Total H M L Total H M L Total H M L  Total

Cyanophyceae 1 1 1 1 4 1 5

Dinophyceae 1 1 3 3 1 1

Bacillariophyceae 29 31 29 54 26 28 25 46 29 23 21 42 38 21 17 53
Rhaphidophyceae 1 1
Euglenophyceae 1 1 1 1 1 1 1 1 1 1
Total 3 32 29 56 28 31 28 51 34 24 22 49 39 21 18 55

H, high; M, mid; L, low.
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Table 2. Seasonal variations in biodiversity index at three tidal lev-
els of Jinsanri, Taean, Korea during the study period

Slg\?; Apr. Jul. Oct. Dec. Mean
High 3.43 3.33 3.53 3.71 3.50
Mid 3.47 343 3.18 3.05 3.28

Low 3.37 3.33 3.09 2.89 3.17
Mean 3.42 3.36 3.27 3.22 3.32
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HA717t Eetol FTHSFEA| = 3.22-3.42 2 4 3.32%] 0}
AP 1290 21931 4900 e erk(Table 2). 291
o g ST 2|4z Zbe ARl A HTi(3.50) 71 H
oA 31724 Hagon, AP Aol 3333712
o151 70l HAghS 1220 Helghe Bk 27k F
of| A= 3.05-3.47, 3}5-0| A= 2.89-3 372 A4 B 1290 F|4
o] 3L 4%l ZTghS Bt

FALE 24

AAul A 5] 8 5ol meh fAES B4 AT, of
S0 F24e AP Holk Ao SRIEIYThFig. 2). &
2ol e} 7 8e) B, T8 1S 129(F-51) 2 10905
S, 155 = 49 (453, 1 12 129 (), 181
TE IVE 790 SR ARA LS BTk 18 1w 18
VO] SAIELE 36.26%0] 11 15 119} 15 1II'IVe $AE=
35.77%% e, 15 13 15 IFIIIVE 34.16%9%] GAEE
10} §2]7]7} 22l E] TH(P<0.05).

AR

B bt 2l 4te] 28 O At AR A (NDVI)+= 0.05-0.08 24
1090]] 2 2x0]aL 1290]| = AH A HS}E Hglon, Ht
& 0,062 2 LFERGTHFig. 3A). 918 NDVIC] Hgh
27 AehR= 0.078 FUsHlaL FHolAE 0.06 0.8 oF
ZF GEokTt 49e] NDVIZES AollA] 0.030]aL F-a1of A
7171 0.08= A Uehdo2n 2918 Zjol& Helou, 74
ofli= A3l 4] 0.06 0.2 F AT 1080l 2 9E =
0.03-0.06 0.2 FH-ol| A F4ghS Te|al altoA gk
Bt} 1290l ARl A 0.112 A7 7t HhghS 29l
o, ZHo} IR A= 0.072 5U3 S B

AR50l VIS 7S 1.149.0H, AFEREL 110-
11924 1090l Haar 12¢90] 2tz BIckFig. 3B).
2919 VIZES 1.13-1.152 4 270 SHol A A sh
oAl HGe). 4ol 2 VIZES ARolA 10724 -

EEESERE 179

S| 1.170]] H]3)| Wokow, 79l A-altoll A 11302
1125 Bl F5of vlalA] =7 Uebgtch 10€e]l= 29H=
1.05-1.130.24] ZRoA] 24T sRo) A Zdjglont, 12
Yol = AFRLO)| 4] VIGHo] 1272 AL7|7F Fol| A X fgl.om,
ZB0|A] 1.16, 18] I 50 A] 1142 4] =& ZHS B ).

HEA =L

H=-1

2 AFFHANA HE4 as = Bt 92.52 mg/m’E 66.00-
120.73 mg/m?e] AA = WshE Kl on, 7o XA 10
Hof| 2| Arh(Fig. 4A). A+717bel] 2700) 298 =4 aF

L AFHO| A 59.66 mg/m?, Z50) A 137.35 mg/m?, 3}5Lo]
A 80.57 mg/m? O 2 FRo A HfghS Bl 20 AR
oA G224 a5 31.47-90.88 mg/meEA] 7Qo] X 4oL
10€e] e sict. FHollA= 7ol 22(97.11 mg/m?)o]aL
100l ZTh7H(183.44 mg/m?)S B .¢] 0w, al5ol A= 69.42-
89.47 mg/m’= A 7o AG1aL 4o Z[cf it

Phaeopigment's == 17| 7Fo] Hat 33.11 mg/m? (22.53-
50.78 mg/m?)=A] 1280 4G 1090f Zth&E Yebttt
(Fig. 4B). %] phaeopigment+= A0 4] 61.58 mg/m’%E
A FH22.48 mg/m?)e} 31(15.28 mg/m?)o] v|sf &3
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Fig. 2. Results of cluster analysis performed based on Bray-Curtis
similarity from standardised species presence/absence transformed
data. The dotted lines indicate no significant difference between
the sampling times and shore height within each group (SIMPROF
test).

Table 3. Seasonal variations in phacopigment/chlorophyll a (P/C)
at three tidal levels of Jinsanri, Tacan, Korea over the study period

Shore level Apr. Jul. Oct. Dec. Mean

High 0.67 1.28 1.10 1.38 1.1
Mid 0.18 0.33 0.13 0.06 0.18
Low 0.12 0.27 0.31 0.06 0.19

Mean 0.32 0.63 0.51 0.50 0.49
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Table 4. Seasonal average abundance and percentage of dominant microphytobenthos species (>2%) growing at three intertidal shore levels
of Jinsanri, Taean, Korea

. Abundance (cells/cm?) Percentage (%)
Species
Apr. Jul. Oct. Dec. Apr. Jul. Oct. Dec.
Amphora holsatica 1,699 2.16
Amphora sp. 2,548 10,333 3.24 4.36
Asteronella kariana 3,397 2.63
Biddulphia obtusa 6,369 5,520 2,972 2.21 7.03 2.30
Ceratium fusus 8,917 11.35
Cylindrotheca closterium 4,246 3.29
Cylindrotheca gracilis 7,219 5.59
Delphineis surirella 13,588 4,671 7,643 13,588  4.72 5.95 3.23 10.51
Dinophysis fortii 6,794 8.65
Gyrosigma sp. 6,794 2.87
Merismopedia sp. 6,794 101,062 8.65 42.68
Navicula cancellata 25,902 9,200 5,945 9.00 3.89 4.60
Navicula sp. 18,259 5,520 7,360 12,739 6.34 7.03 3.1 9.86
Oscillatoria sp. 50,955 21.52
Paralia sulcata 149,894 12,739 14,862 50,955 52.06 16.22 6.28 39.43
Pedlatrum sp. 4,246 5.41
Plagiogramma appendiculatum 2,548 3.24
Protoperidinium sp. 1,699 2.16
Dominant species 214,012 63,695 208,209 101,062 74.33 81.09 87.94 78.21
Total 287,898 78,556 236,801 129,229 100.00 100.00 100.00 100.00
No of species 56 35 39 40
=70 YebgT) 270 A of| A phaeopigment 5=+ 40.19- o6
100.10 mg/m? 2 2 4] 7€of| F40] 11 104 o] Z| o Tt F5-oll . .
A= 12990] 24:(8.16 mg/m?)o] 31 78] Z gkl 32.25 mg/ TN me e et @
Mg HGLom, SEo] A 4.48-27.49 mg/mEA] 1299] 2 - 012
2 223 1096l Heich 2
Phaeopigment/Chlorophyll a (P/C)2] H|-&& B+ 049310 0081
o], A2 B, 490] 2491 0.320] 3 799 0.63.20.2 H
% TH(Table 3). ZYHZ =27 Ao A 1112 g 5 0.04
ol SHRL o - GARRE 2 Boleh 2919 P/CZEe) Wake
H, ARof A= 4ol 22kl 0.672 1L 12Hof| 2|ty 0.00
el 138 Bt 27| S50 A += 0.06-0.33 2.2 129
2] 2ghs 7ol HiRES Helon, sHEol A= 0.06-0.31 24 10 .
1290] 2 40] 31 109e] Hchghe Lhehie. v
140 F
Lk
AT/ B A Z A AL FHTF ANRER 1)
O] M| 324 B4t 183,121 cell/em?E 21 91 4Yof| Htfjo] 1 of
S 7 a8t ST E 490 565 0= SO 100
22291 79(35%)°ll Blsl 1.619] 2to]7} 2AAth Table 4). |
A S ke FREF(2.0%) 48] SF(IA A 080 s 1 ,
E3F9] 74.34%), 790l 12%(81.08%), 109l 8%(87.93%), Apr Jul Oct Dec

Qo] 8%, 0/) O B
123l 1280f= 8% (7)?'20 70) 2.2 LEPTH(Table 4). 7] Fig. 3. Seasonal variations of NDVI (A) and VI (B) at three inter-
= Ay o % O . .
boll W= APdol| M| 3E=7} @2 F-2 Paralia sulcata, Navicula tidal shore levels (High, Mid, and Low) of Jinsanri mudflat, Taean,
sp.2} Delphineis surirellaZ X% F2F70|H, AR 2T 35 Korea during the study period.



R EC R

4 AL =T 181

Table 5. Average abundance and percentage of dominant species (> 2%) at three intertidal shore levels over the study period

Abundance (cells/cm?)

Percentage (%)

Species

High Mid Low High Mid Low
Amphora sp. 7,643 3,291 3.54 3.38
Bidduiphia obtusa 7,856 8.08
Ceratium fusus 6,688 6.88
Cylindrotheca gracilis 9,236 4.28
Delphineis surirella 8,599 13,694 7,325 3.98 5.80 7.53
Dinophysis fortii 3,503 3.60
Gyrosigma sp. 5,732 2.65
Merismopedia sp. 80,892 34.25
Navicula cancellata 25,478 3,397 10.79 3.49
Navicula sp. 19,427 9,554 3,928 9.00 4.04 4.04
Odontella aurita 2,335 2.40
Oscillatoria sp. 38,217 16.18
Paralia sulcata 111,783 24,522 35,032 51.77 10.38 36.03
Dominant species 162,420 192,357 73,355 75.22 81.44 75.43
Total 215,924 236,200 97,240 100.00 100.00 100.00
No of species 57 48 50
(Ceratium fusus, Dinophysis fortii, Protoperidinium sp.)2 | 240
SR 79 S-HA HEFY 22.16%)8H3ct FRF OHgh BMd  mLow @
Merismopedia sp+= T8} 1049, Oscillatoria sp.~= 1040l 5 ‘E 200
Hahe Adgolglon, g4 5272 Pediatrum sp.= o1& £ oo}
Hoj|qt = ¢l tH(Table 4). =

2918 AA A 2R A ZLE 97,240-215,924 cells/om’ £
Aon], FUEL 48-STECRA AL FRo|N Hjg 5 ®f
T EAFSE AR Hofick(Table 5). 2918 Fo% S sl
(2.0%)& AR A] 6F(AA AlE0] 75.22%), FHol A 6 O ‘ | ‘
T(NI2572] 81.44%), 5170l A 95(87.93%) 0 = SRI=|lTk Apr. Jul. Oct. Dec.
(Table 5). 72 290 A SHoH= £ AX 47257 Para-
lia sulcata, Navicula sp.2} Delphineis surirella®ith. @FH 22 -
591 Ceratium fusus®} Dinophysis fortifz 350l el € *f
23591 Merismopedia sp.2} Oscillatoria sp.+= &5-o| 4] -4 g 160 |
stof Z9PEZSHFAA oI/t AU Table 5). B & £ |
S W= 220 Ocellatoria sp.2F Merisomopedia sp. 525 5
AR, Ceratium fusus®} Asterionella kariana= 534 = § i
YA =0T AR FTH £ ol ”PL
o i e L

MM s=

AF7I7rol ERE AAMFES ARl S (Umbonium
thomasi), 585 L 11°5(Reticunassa festiva), -5=(Mactra
veneriformis), W &H Meretrix lusoria), 113 ©|(Bullacta exarata),
WA o|(Neanthes japonica), 3t=7(Sinonova culaconstricta),
FALY 5 (Hinia festiva)}: WA (Philyra pisum)2 4] 9%
o] TaE|low, AMER = 3-7F0], 2HEE= 6750 &
HAotsirkFig. 5). ASHSHTES 270 AReA] SHlA]
D2 BESHE Fol9om, ZSIAHASE 89-1.574 indi-
viduals/m?24] 27k ol A HH oL Aol A 249

Apr. Jul. Oct. Dec.

Fig. 4. Seasonal variations of chlorophyll a (A) and phacopigment
concentration (B) at three tidal levels (High, Mid, and Low) of
Jinsanri mudflat, Taean, Korea during the study period.

thFig. 5). Alsfultarge] AEE H+t A= 536-1,201
individuals/m*2 Aol A1 7Fo) Zf et A317) 7
of Zake] Aol A of-FRl T2 291 Bt MMAlG=
20-139 individuals/m*>2 A 27t} Ao A sHE 2 o] Zd>
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Fig. 5. Seasonal variations of macrobenthos abundance at high
(A), mid (B), and low (C) tidal levels of Jinsanri, Taean, Korea.
Please note different scales.

5 w2 AL Edstelon, AREE = 490 21 AR
oAl 3ol o] 27]71A] gt A TRE|A] eForoLt 7o
= 68 individuals/m?, 10€9]l+= 165 individuals/m> 24| &7}
AT} 129 0f = 62 individuals/m?2 THA| ZHA8H= AlEA
= HYATk(Fig. 5).
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LI,

AATE] A AT 25 9] EEFE AL 49-56
O Z 121F0]%loH, {2737} 109%5(90.08%) 0 2 &3
E7h 7V 8 BREOE Stk A4 tAERY &
Fot YT slobulo] 4 68%(Lee, 2003), FH2TE) U
Aol 2150l ik, Aol R FEFE AH HE=
ol 95%, AL SN 68F, S5 Zhchol A 19850

(el ¢ ofy

ol

o
M
o
o

AR olA T -

f5S

=1

1 0

2 Xike] Ao A Hwd EdE7HES Ao E et
(Choi, 1988). =1t 29 AAuA272] ST
T7E, S5 68%, St 645)eF FTHF/I AT 3.50, TH-
3.28, 51 3.17)=A4] v WA 8HA] A E o] 9l o, bl 4
Hof|A sHit e 25 ashs FeFe Elth AAnA 2R
O] AT ol o3t FrAke Ao A 5 H@E A F-5H),
JFAH(TE 4 o), 7 AE(109 4 S-o17eF 12¢ &
sHY= FelRt AR S BYlon, if2F 385 2 vF
1508 A7t FollA 2t 855717155 1299 27
o AR7EEA ) E o = e T

2 AtollA AAmA| 272 A= 49of 287,898 cells/
cm?’Z2A] 74 9] 3ul(78,556 cells/cm?) 2 2o 0| ZF7F H
ol on o 8o Gt AMA] S Bk 539
Y FAF(EATT THETY 2.0%01 ) 5FTOE HE
AA(8-12%)0 vlsl] Ao, F2531 Paralia sulcata?} =
B3t & AES9] 52.06%= X} ASFQIT}. Paralia sulcata, Na-
vicula sp.2} Delphineis surirellaw= 55 2 9|9} A& of HES}
L Zo|glon, AR RF 3%(Ceratium fisus, Dinophysis
fortii, Protoperidinium sp.)2 74°ll, ‘@252l Merismopedia
sp= 793} 109, Oscillatoria sp.= 104 0] H 531 A2 Zo]
U, Paralia sulcatai= Q17 19+e] A 2| <, 7= A3te] A
O] 27| Aol Al SHRIA], iR -5 X7 st e] A 1k
d F8e 7hata] seE Soll A A A o] YAk 9F
A glo] @ 5H= F(Lee, 2003; Yoo and Choi, 2005) 2.2 4]
A aiete] i sFo] ATt

EjQF Xate] Ao AEA a 5= AE(66.00-120.73 mg/
m2, B 92.52 mg/m?) T 291 (59.66-137.35 mg/m?) HIE-S
Helom 10dof 12jar 27 SRolA iglar, 793 =
2] Aol A A2 A A5 §SHE H.3lch Noh (2008)
= okt AN AW AE 4 a 52 E 34.10-124.60 mg/
m’E BT, o= & AAYQl akeel fARsH
t}. o] 2ol = gt thE Ao 2] PEL a5 WA
A] 7-244 mg/m? (Cho and Kim, 1988), %-=0f| 4] 4.8-90.1 mg/
m? (Yoo and Choi, 2005), W37 ZHH o A 0.69-32.11 mg/m?
(Oh et al., 2004), 714 ZAH o A 0.24-10.33 mg/m?, 12|21 7
st As}e]of A 1.18-34.25 mg/m? (Yoo and Choi, 2005), 3%
kol 4] 3.44-168.00 mg/m? (Lee et al., 2009)2 thoFs1A| Lt
Epyieh Y57 Aol A P=4 a2l 574 (HPLC, spectropho-
tometer = fluorometer)d} SA5l= &&= 210](0.1, 0.5,
10 cm)2 Fejsiol B4R hS e Mok AL the T
27} QAR o] 23k HE Aekste ehe, 2 A ¢l 24k
A o) AEFE ThE Ao B8l & 0l A o= YEpyd
t}. Lee et al. (2009) HPLC A 454 0 2 sgokul 74 o] ¢
B4 BEE U §200] B 6820 57 Uehton], 2
S = AE(6.88-169.00 mg/m?), Z(3.44-49.00 mg/m?),
S12(5.51-48.20 mg/i) 2 A] 40 A] 2o Uiz, 2
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Aol Al 7 ARl A HAR UEPg S 2H T4o] f¢
o R} 9]0 w2 RISt SOl oJeliA AE4 a9 ol
A Zpo)7E 1 E

Ho| M f524 a oFefo] phacopigment®] Hghiet 42|
© 7 fethe A (2L P/C; Phaeopigment/Chl. a B]8)E 1A
250 At ot Seo] Esirial ke 4 Qlrt £
At A9 Q1 Rake] Ao A P/C Hl&-2 AAEE 0.32-0.63(
Bt 0.49) 24 4] Z|4x0]aL 7] X[t $ITh(Table 3). o] A
2 | zFo o] BA Yol Hdo]al a2 & EE=

FA(TYD)l A524 a9 E34k= <] phaeopigment”} 5713t

+ A& A 7o) S Ee 270 Aol A PICTE
o] F-ahtol| Hlgl HE A A Yehs A2 Adid e
2 dolgt (AL, 2L, nNEHEE Qg A7
Ef)) Stoll A A= a9 wafj 7 k] WAYSE A 0= AlmETh o
=40 3=l phacopigment®| Fim= 2o B gt
A =1o] glom(Dandonneau, 1982), 1A 2579f Ay
(bloom)°] ot ik 7heof] vjsf 2o o] &2 o5
L=t}= Magni and Montani (1997)2] 7]2-& 1 ¢Lo] Aul=
SEzlskar gk Ajnka Ao A 9] PICEEE 0.528 o7 =
Al Yo, Marennes-OleronZi¥ o] 4] B4 0.51 (Cariou-
Le Gall and Blanchard, 1995), Z12] 1 North Euboikos Gulf 71
HO| it 0.52A4] 2 AEA| 7 FAHA Urtet. A Afm]Al
T AETFo] B Haughe Bl & o5 -] 345 7+
Akt 8 U0 ¥ B AR e A 9
AAsE=o A AEs 52 & Ul A ItHColijn and Dijkema,
1981; Cariou-Le Gall and Blanchard, 1995; Oh et al., 2004).
2 Aol A A Al 2R A AIAFE Ll AelH| Tl e

= 2HlA, 53] 24 7L} sholl A W2 AT =
Asto] JE4A a0 FE7F 270 Aol vls) W A SR 9
At o 288 F-ohtol| A & AETe H 31 Helling
and Baars (1985):= A A 275 A415 AAs=9] vidE
ol 4] phacopigmentgto] =7 Uehd o2 2A|gEo] st
-0l 4] phaeopigmentto] = TFAL SFGITE. SEA|TE, 2 ¢15tof A
phaeopigmentZ -2 A A& Alafjn|thalso] W7t 27t
Z-oHol Blsf W& Aol A 28] =7 UEbstT o] gt A
= 24k Ao A A 272 Feg SEol s AdE
PEL o= AMFTEY A5 22 A=Al 8109
&l phaeopigment® 3lj == FEth= 27 SH-Qf o4
Hlaf] A o &2 tf7] kEAlzto] 71 27 Aol FAYEA
N FAAEYA(E, eE3 AT B F)oll gk gaFole 2
Ao & getEt,

Z1Ake] A o] A 2|42 NDVIE= Al HE =2 0.05-0.08(
et 0.06)ZA 10€0] Z2o0]1 1290 Hiom, 29H
2+ 0.06-0.072A4 2ol 7k ATk A A 491 VIS] 4414 7
e 114900, A-E2E 1.10-1.192 4 1090] 429
I 120 X224 NDVISL AR Al A HIks B Gt &2

EEESERE 183

AL NDVIGES 2572 Tagus 18 2] 0.1-0.4 (Jesus et al.
2009)2} Vista Aveiro 715 2] 0.1-0.5 (Serddio et al. 2006) .t}
o=, ol ZEFZoA A-g o] Fddol FHet 5t
Fajel oz Atbo] aly] TR AR, ol2jg A4
A W9} o] 1 elo] A7) SRA P84 o} WA
S AFTHAIE 7HAI AL Qlol A s QoA o] AR AL gle s
=(Jesus et al., 2006; Murphy et al., 2008; Coelho et al., 2009;
Perkins etal, 2010), 3% -2/ U2} elge] A AgArelo] et
Aol wWol 282 4= 7S 7| gtk
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