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Composition of Benthic Diatom Species and Biomass in
the Tidal Flat of Southwestern Coast in Korea

Se Hoon Kong and Yoon Keun Shin*

Department of Environmental Engineering, SangJi University, Wonju 26339, Republic of Korea

Abstract - This study was carried out in August and September 2016 to investigate the species
composition and biomass of benthic diatoms in Yubu Island, Gomso Bay, Imja Island, and Yeoja
Bay tidal flat of Southwestern coast. There were 181 species of 48 genera in Yubu Island tidal
flats, 194 species of 51 genera in Gomso Bay tidal flats, 224 species of 64 genera in Imja Island
tidal flats and 188 species of 56 genera in Yeoja Bay tidal flats. A total of 274 species of 70 genera
appeared. Pennales appeared more widely than Centrales and were dominated by Paralia sulcata
and Navicula spp. Biomass of Yubu Island tidal flat ranged from 18.8-136.1 mg m?, 31.9-215.7
mg m in Gomso Bay, 2.9-120.2mg m " in Imja Island and 10.1-147.7 mg m "’ in Yeoja Bay. The
range of total biomass from 4 areas was 2.9-215.7 mg m >, The concentration of phaeopigment
and degradation product of chlorophyll-a was 1.7-470.8 mg m”’ in Yubu Island tidal flat, 52.3-
277.2mg m” in Gomso Bay, 0.6-78.9 mg m "’ in Imja Island and 39.1-346.3 mg m "~ in Yeoja
Bay. Compared with the results reported in this study area and the domestic tidal flats, it cannot
be directly compared and evaluated due to various factors such as the timing of the survey, the
frequency of the survey, the analysis method and geography. The southwestern coast of Korea has
a variety of benthic diatoms and the high concentration of chlorophyll-a is the main determinant

of primary productivity.

Keywords : tidal flat, benthic diatom, chlorophyll-a, phaeopigment, southwestern coast
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z °*E4?¢l Ach AH A A o A UWL— = GAHIAAEA
& 8 4ta FAY EE ¢, H4E Y8 (Sullivan
and Moncreiff 1988; Lee 1989; Rizzo 1990; De Jonge and
Colijn 1994; De Jonge and van Beusekom 1995; Maclntyre
et al. 1996; Underwood and Kromkamp 1999)9] 7]&{3}1L,
AREE 5 AAAY Holdog FAAS 528 A
H& $x]of Ltk (Montagna et al. 1995; Kang et al. 2003;
Krumme et al. 2008). A8 o= 547, 527, 927, 7|
25 5 OgE AA mAzREC] Ay, ANEERIE
L-H3te &&3dttt(Leach 1970; Riznyk et al. 1978; Admi-
raal et al. 1982, 1984). A8 0N 2HF FoA SLF7} O F
£ 548% 75S 9t & 4 o, A YA
1/32 ARtk &3 A Atk (Noh and Choi 1998). w2hA]
28 AL 24 A ANETRY F2AT A
B 59 A7} Basieh St Ao A4 A4
A5 gF ATE 270, 23, G4A 5
oA o]Fo|A gom F PN TS =2 BF
Uetlle Zles HusHD QAR I 9 =AM Ao
@ol FEsto] AU A <29 S AR AMSLRF
gt &A1 dF= ot & A7 FAS Add
ool &3 Aol & IEH Y AFoA A ELHRE A
Hstol Fetdu| & ol &st] AMELRFY F& T3
HE4 a 2 phaeopigmentS RASF] FAE|¢H AHo| A
Aste AAEERY 24T AE2FS Fofste Aolth

O o ot

JERETE

1. 2AHA 9
1) QT

FAGE AT FHE A (36°04.9"N 126°36'20.18"E)
< Agdel fAsk, = UWSY Fod, Boeg2Es B

zogz
AL o2 E 274 FAR AgEE HE ﬂi“ﬁh
MEoR = oot Haf ek A Aol X /4

WAL F 30km” WAL 7HA o, FAsEol X8t ME}.
L2 MY =A}= ) F227) 570 cm, 2F A7) 280 cm©)
™ B 2= 430emE WAFER7F QAR RS EHH =2
FHAL AI-AL, SAEA 2 YA ER LA Ho] Qich g f
majol AEZUr AR gJon SXE HHoZ 74
£ MEo HEY Fupe] F7HAT 80% o] BT T4
B AP A AdR wirpggo s 442 2yt
(Kwon et al. 2001). 2016 9go] A ARoJA ARAL
F) FE21 HZo 2 oF 100m HE o2 387 FHL A3t

r-h:

of skt (Fig. 1).

2) SADH

AEe Fobadt 1A Atolof Sl Fauh A (35°
32'46.76"N 126°35'6.61"E)}-& T ¢ 17} A2 g A vl ¥
HTro 24 o] Fej= WRtolA HitE ZF Yol
= ZY7] FefE Holi, v - dfiete] b Aol F
Aol §¢lsta gtk A HAL oF 75km’0] AEZ FA
Ho] k. Hat QY2 HAFZo|H, 227} 589.8cm,
2227} 277 8cm, BHRAT} 433 8cmB R} 3A o) &
3t} (Yang and Kim 2002). EZEFEL F2 e AE
2 FAEo] glon, o oA vt WRZ A58 A-Yst
B Helrh. mejop HEQ| ghgu|of wat 4709 E A4
(_I;_EH AEZ md, nd2 AEQ} A]E)_E FEEY, Z+
HASE AHolH oz Wttt vt QoA e =2 HEZ
L E|FAFo] LAISHAl TEE L, gF YRoA = B fd A
EE " o] 2A81A YreRdTH(MOF 2010). 20161 8L
4R At AW met 267 BHE Aokl AR
(Fig. 1).

3) QUXt=

Aapdm Akl $Agh Al¢t ch=3) A9 (35°7'17.76'N
126°7'18.36"E) s=Al0] H|LA] &3l F3o] Agh ZlopAs
grez FHo We Ado] WEES o™ (Hwang ef al.
2010), A&, A E, S &, o=, A=, Y=, BF 1, ¢t
e, AT HEE, 2T SAE £ oF [000)7] 21
e HEo] - BARR EARE 1 F Aok etk
o AN A= A WA o 393km’ 7HAeh A= A

Fig. 1. A map showing the study area and sampling sites on study
area tidal flat (a: Yubu Island, b: Gomso Bay, c: Imja Is-
land, d: Yeoja Bay).
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Yol &A= 318cem, 2F A= 180 cm, B #FF A= 249cm
2 gz, 22 g7 £3TH(NGI 1983; Ryu ef al.

el AER A= 3L, g
A2 4l A4 (R, AER nef, mfd HES A
E)o 2 FREY, Ao AEZ meljot mefjd HE HF
Aro] |- wrgteta 3t th(Ryu et al. 2004; MOF 2013).
20164 9ol At A what 28712 HHE st A
Skt (Fig. 1).

4) Ofxfot

Aebd® 1ZEIE9} ojule g Eeito] 9 Fole
kol o 2 (34°50'10.65"N 127°27'0.68"E)y2 @Agtel] ¢
A3 AAAZE DFF, HALE, £AA], A5A7F Qi o]
T AT} ARpgro|gta -85t ARgSheH 7|49
WA BdE AEE SHTo| 5h oA =T} Qe T
ojzigtolgt HEth ofAgke wb #Hygnte s vrdFz7}
QA3 2AFHE 227} 360 cm, 2F 27 230 cmo]th
(Choi et al. 2005). £ E|ZHE9] Q=24 tﬂi}t =5}
o} HEV} ok 40~70% 2 HEQ] FFL ut B2 4 7}
Z EA Jebg 1, JE ] gt uet g3 {7E
TFE E2 AFS Holn, BHA=st AEs =l B
3+ TH(Choi et al. 2005). 20169 8ol oJA oA 1E
o, dHu, AT, qedy AdY] AYE wet 3070 -
< A3t AYstAt(Fig. D).

rﬂlﬂn

2.ANEERY FXA

HAsE A AMETF T2 2 AEFS AP
sh 2016 HA (8YE: HAT, AR 9H: [FRE, ¢
of Z+ A9 At =2 RE 247 Fof AR HF
2 98 B3 HAES WA 27cme) 95F S
718 olg3te] £3 2em7kA] Aol 10% E22A §
o= syt EUR Wzte BHA] U5 1YE

£ 23924 (sonicationdt F SFTE 7‘5‘7}3PU1 35
ot whehfio] E g Rejstgct. A5
= Rkst] 97122 AANAG xR
2 BYste] 9T LeutetES Sl B3}
Olympus, Japan) 2.2 400~10008} 3} A
glow, mjzto] Holx] 3= mA|27]Y &Y
oAA AdstAct E2F{ 22, AT % °§ Z 9 E
AlZe] A 3L Park (20119 HHS wtch FLF) 3
24e A7) 93 TR 1004 Aol 2 Fol F AA
ol RAGE HlaE AEEE DU BURY 28
+ Hendey (1964), Simonsen (1979), Schmidt et al. (1874~
1959), Krammer and Lange-Bertalot (1986, 1988, 1991),

Round et al.(1990)& Z113}5ch.

3AEFESL 0

Ao A FEF(FEL o) WAZF Fol 48 &35}
£ &% (Leach 1970; Riznyk et al. 1978; Admiraal et al.
1982,1984)9) AWEFF X H 2 718 4 Jth A|ZE WA 27
cm?l ¥EF ZT2E YFH7E o5t BF 2cmE 33
HHE SR, F AR T oA E (90%)= A7k 4°C
O] Wekaol A 24Xt B AEA oF FESIT. FE0|
AR E AEE 3,000 rpmoA] F 3027 YAEIE 3 T
A5 10 mLE Scintillation vial2 &4 A YA YA 235}
Aot AEF 58 £7357] Yall Spectrophotometer (Cary
50conc, Varian, Australia)E ©]-83}4] 665 nm, 750 nmoJ A &
FeE SR HAE AW GF4 a B phacopigment
9] =L th2-9] Lorenzen (1967) A& H@slo] AT
A% (mgmHO2 st

phaeopigment

A X< K X (6650 — 665a) X V'
VI XL

Chlorophyll —a (mgm ™ ?) =

phaeopigment (mg m %)

A X KX (R [665a] —6650) < V
B Vf X< L

A: absorption coefficient of Chlorophyll-a (=11.0)

K: Factor to equate the reduction in the absorbance (=2.43)
V: Volume of acetone used for extraction (mL)

Vf: Surface area of sediment sampler (m2)

L: Path length of cuvette (1 cm)

R: Phaeopigment7} $1= W] 665,:665.2 o] H]&(=1.7)
665,: Absorbance before acidification

665,: Absorbance after acidification

1 A
Rz AdoA ELF 484 18150 &H3IGT). Park
et al. (2013)01 gjotoll A B33t 109F Rt} W Fo] &8
o}‘ﬁt} Rz AdoA £33 ELR 5 1% o)A Al
REE AAets FES BY F 2150] £F3192oH, 5

J%‘Q’%(Centrales) EYF 2 Paralia sulcata (45.8%), Au-
lacoseira granulata (6.9%), Cyclotella sp.(5.0%), Thalassio-

sira eccentrica (5.1%), Actinoptychus senarius (3.2%), Cos-
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Table 1. List of diatom species accounting for over 1% of relative abundance to the total counted cell number in the study area tidal flat (unit: %)

Abundance percentage

Species name

Yubu Island Gomso Bay Imja Island Yeoja Bay

Paralia sulcata 458 38.2 51.1 15

Navicula spp. 64 19.1 6.0 246
Thalassiosira eccentrica 5.1 3.1 99 20
Cyclotella sp. 50 50 8.6 8.0
Actinoptychus senarius 32 49 24 23
Cocconeis sp. 20 4.0 3.1 4.1
Fragilaria sp.1 32 2.5 1.1 2.2
Pleurosigma sp.2 24 - 1.6 6.2
Coscinodiscus radiatus 3.1 1.7 - 2.2
Pinnularia sp. 2.6 - 2.7 1.3
Surirella sp. 13 1.1 - 55
Pleurosigma sp.1 4.6 - - 1.3
Hantzschia marina 5.8 - 4.6 -

Aulacoseira granulata 6.9 - - 1.5
Amphora sp.3 35 - - 1.3
Thalassiosira sp.1 19 - - 1.5
Amphora sp .4 20 - - 10
Cocconeis scutellum - 2.8 - 49
Giffenia cocconeiformis - 2.1 - 3.1
Coscinodiscus sp.1 - 12 - 12
Melosira varians 1.3 1.6 - -

Diploneis sp.1 50 - - -

Diploneis sp.2 - - - 1.5
Navicula humerosa 14 - - -

Caloneis sp. 12 - - -

Amphora sp.2 - 1.5 - -

Hantzschia amphyoxis - - 1.3 -

Achnanthes brevipes - - - 10
Cyclotella stylorum - - - 1.0
Gyrosigma fasciola - - - 1.0

cinodiscus radiatus (3.1%), Thalassiosira sp.1 (1.9%), Melo-
sira varians (1.3%)7} YER o, LAETE (Pennales) &
W& = Hantzschia marina (5.8%), Navicula spp. (6.4%),
Amphora sp.3 (3.5%), Pleurosigma sp.1 (4.6%), Diploneis
sp.1 (5.0%), Pleurosigma sp.2 (2.4%), Cocconeis sp.(2.0%),
Pinnularia sp. (2.6%), Fragilaria sp.1 (3.2%), Amphora sp.4
(2.0%), Navicula humerosa (1.4%), Surirella sp. (1.3%),
Caloneis sp.(1.2%)7]— et (Table 1).

Tatt A A L7 514 194F0] 28kt Chung
etal.(2015)0] F2T AFoA 163, MRta AollA MOF
(2001)7}F 104, Park (2011)°] 2175 BTt 1% ©)AHY]
Al FREE Aot FES 14F019 01, U E (Cen-
trales) =25 % Paralia sulcata (38.2%), Cyclotella sp.
(5.0%), Actinoptychus senarius (4.9%), Thalassiosira eccen-
trica (3.1%), Coscinodiscus radiatus (1.7%), Melosira vari-
ans (1.6%), Coscinodiscus sp.1 (1.2%), Cyclotella stylorum
(0.9%), Odontella aurita (0.5%), Thalassiosira sp.1 (0.5%)7}
Uelgton, S AMETRE (Pennales) S5 5 Navicula spp.

(19.1%), Cocconeis sp.(4.0%), Cocconeis scutellum (2.8%),

Fragilaria sp.1 (2.5%), Giffenia cocconeiformis (2.1%), Am-
phora sp.2 (1.5%), Surirella sp. (1 .1%)7]- 1»]'E}ﬁ:TlI-(Table 1).

PR A A ELF 644 224%F0] SHEUTH MOF
(2003)7} RE=TF AolA 71FE HuFPom & RAA
T Fol ST 1% o] 4 FFE=E AAsk=
FTELZ 1101 eH, FHELE (Centrales) EEF 5
Paralia sulcata (51.1%), Thalassiosira eccentrica (9.9%),
Cyclotella sp. (8.6%), Actinoptychus senarius (2.4%), Cosci-
nodiscus radiatus (0.9%), Thalassiosira sp.1 (0.8%), Odon-
tella aurita (0.6%)7} YEFg o H, SAFETE (Pennales) S
F % Navicula spp.(6.0%), Hantzschia marina (4.6%), Coc-
coneis sp. (3.1%), Pinnularia sp.(2.7%), Pleurosigma sp.2
(1.6%), Hantzschia amphyoxis (1.3%), Fragilaria sp.1 (1.1%)
7} YElth(Table 1).

ozt AN EEF 564 188F EEsH%ith MOF
(2001)7} AR A Bgt 1045 Ht @2 Fo] £dH
th 1% o142 Al FF =5 AAske F52 23F01%0eH,
ZAEYE (Centrales) EYHF £ Paralia sulcata (15.0%),

Cyclotella sp. (8.0%), Actinoptychus senarius (2.3%), Cosci-
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nodiscus radiatus (2.2%), Thalassiosira eccentrica (2.0%),
Aulacoseira granulata (1.5%), Thalassiosira sp.1 (1.5%),
Coscinodiscus sp.1 (1.2%), Cyclotella stylorum (1.0%), Cos-
cinodiscus sp.2 (0.7%), Melosira varians (0.5%)7} UEFG S

, SAEYE (Pennales) 25 % Navicula spp. (24.6%),
Pleurosigma sp.2 (6.2%), Surirella sp. (5.5%), Cocconeis
scutellum (4.9%), Cocconeis sp. (4.1%), Giffenia cocconei-
Sformis (3.1%), Fragilaria sp.1 (2.2%), Diploneis sp.2 (1.5%),
Amphora sp.3 (1.3%), Pinnularia sp.(1.3%), Pleurosigma sp.1
(1.3%), Achnanthes brevipes (1.0%), Amphora sp.4 (1.0%),
Gyrosigma fasciola (1.0%)7} YEFGTH (Table 1). 2 ZAF A
Holl A 2L F-B3A (Aulacoseira granulata), B4/
NFE 54 (Cyclotella sp.), NFE-+4 (Actinoptychus sen-
arius), 5/ FA XA (Cocconeis sp.), A/ LA 34
(Paralia sulcata) 5 THFsHA EEst= EAS 2o
Chung et al. 2015)2] 24 S47 SASIATH AH S
R% B4 BUR, QAH Bg BUR ANY BUR
AR AL AAAT ARHok A0 22 o] (De Jonge
and van Beusekom 1995; Kang et al. 2003; Chung et al.
2015)%1 AoZ Kt}

2. AE%F3} phaeopigment

GHE AH B3 BEFH(FEL a)2 188~136.Imgm
I B 442~762mg m = UEReH, A4 1,25,26,30,
31, 320] 4 AETFo] 42z} 107.1,107.1, 136.1,112.9, 123.1,
1129mgm 2 &7 24 ch(Fig. 2). +2 = Ad B3

phacopigment %% 1.7~470.8 mg m 2 HF 136.4 mg
m 22 YeEpdth AW 12 A9ety dEo R Ydes
phacopigment ¥ =7} EolA| = S Holnl, AH 25~35
7}A] phaeopigment 5=7} ¢ EUTH E4L a2} phae-
opigment =5 H| W3} phacopigment =7} hRES
AAPow, fREY AN FEL ax= RS phae-
opigment ¥t 2 ZS HQITH(Table 2).

AT Ado 2 AEF (Y24 a)2 31.9~215.7 mg
m’, B 670mgm 222 YeRtdT, AA 1,2, 4004 Zzt
215.7,1752,101. 3 mg m & A| oA AEFo] A 24
Hoh e EEZE 1T A TET oA vl S
B Z4E 52 A%E EA(Fig. 3). 347 A 23
phacopigment %= 523~2772mgm ~, B 1413 mgm
o2 yetgth ME-EE $ARE phacopigment FEE HE
BAANM BEF(FFE o) Brh 2 #2 E AT (Table 2).

AR E Ao BE HEF(FEL a)2 29~1202mgm
7 B 38 7mgm o2 et RAXA 2 A 491 23
oA Z+z} 1202mg m™>, 94.1 mg m 2 YEFo| A gk

Table 2. The content of chlorophyll-a and phaeopigment in the
study area (mg m ™)

Chlorophyll-a Phaeopigment
Study area
Range Average Range Average
Yubu Island 18.8-136.1 571 1.7-470.8 1364
Gomso Bay 31.0-215.7 67.0 52.2-2772 1413
Imja Island 29-120.2 38.7 0.6-78.9 315
Yeoja Bay 10.1-147.7 66.8 39.1-346.3 1255

Fig. 2. Biomass (mg m™?) distribution in Yubu Island tidal flat.
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Fig. 3. Biomass (mg m™?) distribution in Gomso Bay tidal flat.
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Fig. 4. Biomass (mg m_z) distribution in Imja Island tidal flat.

o SHELE AAE 7HHE TSR 258 9S o
vhoheke] A BT S ko] Ao YEF] +HE
7} E2d SxEeke] AMME 27| G| Hol A
AELF7E BFE o=k QAN AlR " (Fig. 4).
AT A O] ®Z phacopigment $E= 0.6~78.9mg m
I HF 315mgm 02 YeRgth AT 9] 379 2AHK]
G HTT YA L2 phaeopigment == FUT}H(Table 2).
ozt Ao F WEF (P4 o)L 10.1~147.7mg
m”, B 66.8mg m o2 vehdeh 2AKE & A4 1,9,
14, 189114 Z+2Z+ 107.1, 1404, 1260, 147.7mg m "2 A&

o] A Usith +EEZE BT Ha ¥y £ Ad
AN =2 A At (Fig. 5). AR AH 9| EF phae-
opigment ¥ E= 39.1~3463mg m >, B 1255mg m L.
2 Yeiyith HEE 2 et Adis =g BH oATe &
2 vt 2 g5 & 7oA phaeopigment F =7t
=%tk (Table 2). 2 XA} A phaeopigment =& LrIS}
5}7] o291} Noh et al. (2006)2] QT+ w2 A 9] 2
B4 54 @9 RHEg) R S RRE fYEE
F718 FFL HFFA o] o|FoIX = G oA
W77 gt Ho|&sol o wWidE Fte 7|1 AL
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2 AzEch 9AE A8e e e Ha fAsE &
71 g PR BE Afolel Aoz AN Dan-
donneau 1982; Helling and Baars 1985; Noh et al. 2006).

3. &q.ol:/gl_,_]. ngE]]z-I £7

St A LY AT 1930 2NHEE 35
o] 854 o]Ate] HALE Zkil ¢l o™, Choi (1990)= 19204

I
127° 24'E

“ L Suncheon
"
{

t‘\j’“‘._st.l3

Goheung

1130 - 2157
65.2 -112.9
233-651
00-232

Fig. 5. Biomass (mg m™?) distribution in Yeoja Bay tidal flat.

: &L!_'\!
CE N

i S

HRE 1988 7HA] gh=9] 7]4=9F ARt s H oA A A (ben-
thic) ¥ YA -4 (tychopelagic) ELoll 3t 74709 =
oA 375%2] A2 AES R8T Oh and Koh (1991)
o] AFdut = Al A ERE 371F0H, 15
88% 7} SAELEO|ATt. Navicula, Nitzschia, Amphora,
Cocconeis 5 Th¥FSH QA9 EEF7F 28319 Paralia
sulcata7} 2| ste] &2 AFATe} FAMSHTH A B
Ao M AMEFEF= 7= AdolA 48% 181F, &2
T A-A 514 194%F, YA= 7)3”‘01]/\1 6445 224%, o2}
T Ao A 564 188F0] EATIULH, F 704 274%0]
Zd3. AdtA e 2 4= E'—_._E(Centrales)it} CPARRS)
5 (Pennales)©] TtFstAl SH3HE L = A Aol A o
X AF0 2 BIH Paralia sulcata?} $-7333}Fth(Chung
etal.2015). F2 §H = ARz ZAT AHo| M= Paralia
sulcata7b S8R0, WA Ael Fankn ozt A
Holl A Navicula spp.7} S-H8H T 47 A™- I} oz gk
AR Navialaspp 7t W23 e 570 Lo o

£ d¢t AR EeEoles HAEY YT AR
E°]"/} ol AN ANFEF A4 FFE wA=
oiel B399 & B4R YEzio] 714 2 aslojetn
A& Eth (Amspoker and Mclntire 1978; Kosugi 1987; Yoo
and Choi 2005). AN ET2 0] B T2 AL EL g2
A aBEE 188~136.1mgm *, 24T A 31.9~2157mg
m, AYAE A 2.9~1202mg m, S A A9 10.1~147.7
mgm 2,47 X Ho E PEF WY 29~2157mg m g
o EGE2 0 TEY FHa - HYghe] & AolE Hol: olf
= AN 484 oY sEe £EHYLE I3 Z2 Yo
gE 7 BHE E2E Ho F2 A9 YoM = =9
Z}o| 7} uj & A&} (Cadée and Hegeman 1977; Shaffer and
Onuf 1983), AA Al o=F9] W3t YA F7]4d0] Yt

Table 3. Status of diatoms and chlorophyll-a in Korea and overseas tidal flats

Chlorophyll-a (mg m ™)

Location Nu.m ber of Reference
diatoms Range Mean
Yubu island 181 18.8-136.1 577 This study
Gomso bay 194 31.9-2157 67.0 This study
Imja island 224 2.9-120.2 387 This study
Yeoja bay 188 10.1-147.7 66.8 This study
Taean 109 66.0-120.7 92.52 Park er al. 2013
Saemangeum 104 17.5-121.6 425 MOF 2001
Saemangeum 217 - Park 2011
Gomso bay 163 42-849 313 Chung et al. 2015
Tando bay 71 0.009x107°-0.211x 10 0.038x10° MOF 2003
Yeoja bay 104 12.2-543 227 MOF 2001
Park ef al. 2012

Nanaura mudflat (Japan) 90 47-151 Koh et al. 2006
Wadden Sea (North Europe) 149 21.6-198.9 - Scholz and Liebezeit 2012a, b
Colne estuary (United Kingdom) 75 6-241 - Thornton et al. 2002
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A ¢7] wjZo]th(Leach 1970; Cadée and Hegeman 1974).
I3 Shaffer and Onuf (1983)2 AAAPALFS ZAASI= 7}
F 5% 2%0] gF4 ¢ FEL IS 4549
E3E42 phacopigment $E= 2%, Bk g, A2zt A
o|&5 1} o] )2 (Dandonneau 1982; Helling and Baars
1985), EA3)¢t A 2] phaeopigment 5=+ Chung et al.
(2015)9] A+A et FAFSH T

U - & A A5 (Table 3y AHEH gt 24t A
8 Park er al.(2013)9] AF2Y ELF E2FF 1095 66~
1207 mgm” G4 a FES RuFPov], Autgd AHo)A
FofAtiyl B 104% 17.5~121.6mg m 2, Park (2011)
o] 217%, Z4T AN A 16327} 42~849mgm, BHE
Trof| A 7183 0.009°~0.211 " mg m ™, J=FgHell A 10423+
122~543mg m & EU5YT 1 AU G 28E
Aol AR L $47 SUR &3
Paralia sulcata, #44 89457} $435t= &S
HE2 a FEY Zpolgto T
- FE FEL 0 FEE A3
H}. Park e al. (2012)2 Y& ¢ AR Qe
A 2ol Yyt A (Nanaura mudflat)ol| Al A A E5LH
Navicula sp.1(12.6%), Paralia sulcata (10.3%), Tryblionella
granulata (8.8%), Navicula flantanica (6.8%), Gyrosigma
wansbeckii (5.8%)2} Cyclotella striata (5.6%)2] $H&S
HUSHAN Y R 7lg-sgFel FaToln Ve H &
5 HEEHJAG St} Koh ef al. (2006)2 47~151 mg
m>g Bastgon 249 gFoz H450 nHzRt
A3-g Flof A% 27k B FRAOR F|ofaitn 5}
Aok E5E Sdfol vidss, 549, dvt= 375 24 QL
+ Wadden Sea 12t Solthérn tidal flato| 4] Scholz and Li-
ebezeit (2012a, by= AN ELE 14927} 21.6~198 mg m
Holo] HEA ¢ T2 BUSIYTH A B Navicu-
la phyllepta, Navicula gregaria 5°| $-33}1 BEHFS A&
Ho) ol$ BT ALAR 24 gadvn sedr 47
o A2 Brightlingsea $19+2] Colne Estuary®|A] Thornton et
al.(2002) AMELE 7527 6~241 mg m L H 115+
on s7o] AASHE WAZRE SUR B o9 5
¥ ELF Navicula spp 7t FLTOE YEIGIL §54 a
e AdA gL BEEHA| ko FoAEE st
o2 Z4E AETFo] worslh & A A9 =1 -
o oA g Aol w|wSHH, ZAA| 7], A, &
A 9 28 - 7154 S Ao] F okt acle = Qls
Aoz v, Frte T 4 QAR 2A A GY F
AT AEFS =2 AFS UL HHE A=, ¢
d, 2909 S Yok wohE

Lo
i
gl
I
).
N
)
S
-]

=
T

b.S|
a3

fo

2 AF= = G A F /AR
AT A ANELRF T2 L AETF
3l 20169 8¥3t 9ol AFXALE AAISH
oA AAELF+= 48% 181F, 4T A4 514 194
T, AAE AN 644 224%, AR Ao A 564 188
Fo] &8 sten, F 704 274%0] EEsHT. £F2 7t
24 FHSTEEG A4ETE] toFatA 2dstd ¢
F2 FAEYE Paralia sulcata®} Navicula spp.iT}.
B Aol JESFS MU 188~136.1mgm , T
A 319~2157mgm >, Y= A 2.9~1202mgm
o zbgk A 10.1~147.7mgm >, 474 A9 <] & YEF M9
£29~2157mgm Gt GEA ¢9] E3 AH=2 phaeopig-
ment $E2E GHEE AH A 1.7~470.8 mg m 7, ZATH
Aol A 523~2772mg m >, YAE AN A 0.6~78.9
mg m™, ek AHo| A 39.1~3463 mg m 02 e},
ZAF QA G0 & kT AEFS w2 FFS UE
k. g=to] Al ThFdt ANELRIL AAlete 4

22 a8 ¥ BEE SAPUUL AL FaUAt

F

2 odo o

Al Al

£ AT 20159, 20169 (AN 28 AALA 5
22t o7 YO AU M Uo] Jote] 47
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