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Spatio-temporal microalgal and environmental variations of the

Hajeonri tidal flat, Gochang, Korea™
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ABSTRACT

We studied the spatio-temporal microalgal (phytoplankton and benthic diatoms) and environmental changes
of the Hajeonri intertidal zone from February to November 2014. Seawater and phytoplankton analysis were
conducted all through the months. The species, composition and abundance of phytoplankton and
environmental factors were measured. As a result, diatom was dominant among a total of 113 species identified.
On a seasonal basis (Feb. May, Aug., Nov.), we carried out studies on benthic diatoms on the surface of the
sediments and their habitats at nine stations on the transect line at Hajeonri at low tide. The grain of the surface
sediments was mainly composed of sandy silt and sandy mud. Organic pollution level was low. Benthic
microalgal biomass (chlorophyll @) was high in the spring and summer. A total of 163 benthic diatom species
were identified. Navicula sp.1 and Paralia sulcata were dominant over the study period. Five diatom species
were observed both in water column and on surface sediment at the same time.
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and van Beusekom, 1995; Underwood and Kromkamp,
1999)¢f 7] ogttt. E3E o] 59 Alg7tAel 7 224 9
A% Ex QAT 249 gL Holsdu|=o] 49
bt ogoko:l ow 9 20 g4 golo oFFS uro}

%< Z =t} (Montani et al, 2003). £3] ﬂ/\i H]/\ﬂ

L3R U= ol Ut okt wE B
tt(Du et al, 2010; Jesus et al, 2010).
Ao BHERE A% Fo2 fYUEH] A
wo HBO 223} A (de Jonge and van
Beusekom, 1995; Lucas, 2003) X3}t 2A]#}o] Hol¢o
2 7]9j(Kang et al., 2003)3tc}. 3}A|QF ot 7] of EE o
HafA= o Aget A57F dastth(Lee et al, 2012). A
A s=ol HalAY &4 sl Eafj=l= nARF A
EF & (Helling and Baars, 1985; Montagna et al., 1995,
Park ef al, 2013) 159] SZ] HE L ¢9] AR e
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Seliel A M2 B ATE HARe R 5
2+7 9 21(Chang and Choi, 1998; Oh et al., 2006; Jung
et al., 2010), A 8]¥ 9] 34 EA(Choi ef al, 2013; Choi
et al., 2014), A A0 A|Z5HF HE5(Yoo and Choi, 2005; Park
et al., 2013), MAEA S B3 n| =& & F271 435
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Figure 1. A map showing survey site and sampling stations
at Hajeonri, Gochang, Korea. Star indicates seawater
sampling station and circles indicate sediment sampling
stations in 2014

a %Et @4 (Figure 1)) A4 *lﬂ—% iﬂﬁ“%}"%
Al /}g‘i %{] & B33 A (Cary 100 Cone, Varian)E
AT HAE 7zl wheh 245l
Ao Mtz 9 ZFEASE EAHS 95
20149 24, 59, 8¢ 1P| 1140 shde ofFZd=
SAE 7Eo R 20 ARA SRR A4 F 970
44 (Figure 1ol Al 2o HA7|(A 5 28mm)= #Z 0.5cm
olste] A4S Astel, W3 2 4w A2 43
NZ SuH ¥ 24 WA WERR st 9429 9
% (grain size), g&(WO), ZFGA4=(L), 2staibaa 4
F(COD) 2 AFS|/d 3= (AVS)Y £42 Jung et
a1(2010)94 ol SAsH 255 A= 732 Folk(1968)
of BR7lzol wet st on Hazel BURMs),
HE(sortlng), 9 = (skewness) 59 EAH4E Folk and
Ward(1957)9] 7]=of w2} atdith 4o A= 223t ™
2 EW 52 MicromeriticsA}2] A}g¢) =24 7] (Sedigragh-5120)
2aelt AN ZRY ABT 2L 2T B3
7‘*”4 HE4 a Y phaeopigment £4 % T AALS
Park e al.(2013)3} Lorenzen(1967)0| whe} A3 Ao &
B34 A (Cary 100 Conc, Varian)E ©]43}%itt.
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ojgstitt. A=ZFaE9 §4 9 AleE Sedgewick-
Rafter chamberE ©]-&3to @944 & A 4(H25)E
AT A A HF 2= Park(2005)S wat 28, A& 9
Naphrax2 143+ & %5‘1-64 | AL o] {35t BE FARA|
719) B Alm & Bt 100~250704] WS Astal
7 BE2uh9(taxon E% species)®]  Artl| = (relative
abundance)E A4toto] 2dEY SHEE A4tstgict. v
Hzeel HEo Agd 2@S Cupp(1943), Dodge
(1982), Jin et al.(1985), Underwood(1994), Chihara and
Murano(1997), Tomas(1997), Park(2005), Woelfel et
al.(2007), Falasco et al(2009), Pitcher and Joyce(2009) &
o] 9t

1 +8 274
2014 29HE 1097HA] A AW 4 £

6.8~26.5C, GEL 28.2-323, pHE 7.41~8.01, $EAHA
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Figure 2. Monthly variations of water temperature,

(NO,-N)= 0.001~0.01mgL", 2 A} AgzM(Nog-N)— 0.013~
0.07mgL", 914He1 21(PO,-N)E 0.003~0.035mgL' 9] S =2
5 gl ch(Figure 2). 359 o|38hx B4 89l W JYAR
227} ejob AAE|(Park ef al, 2013)L} B A7 ZA}
B W Hobd Zof o 7k Eauk Yol 1999-2000
| Aik(Lee et al, 2012)%F ZA ©E Folx glalth

(2) AEEdaE

2°JHE1 109747 st Ade A=
3.03ugL”, 0.55~8.77ugL”
k7t BE Wl Aadhe o
Agol o 2dFe HF 29x10° cellsL 3.2x10*~
120x10* cellsL'2 ZYWo HalE Hyon 24
wistel FUstA 29 L 2dF
th(Table 1).

29U5H 109717] atd AdelA] &8s AEESFIE 1
£ F%(Bacillariophyceae, Ba), ¢+# X Z(Dinophyceae,

Di), 72 9L(Euglenophyceae, Eu), 1124 H 1 Z(Silicoflagellates,
Si), = Z(Chlorophyceae, Ch) 5 57} tt. 3}4 A of A
233 A EEY T EY A&+ (relative abundance)Z =
A EAL HA 94.3%, 70.7~99.9%= A= %z o 7
LA o)t 9¥ At Ceratium fusus(27.2%)2 =& &9
Foll mhet ot HE27F PR o2 9] of - L(28%) 0 &
= Ao th(Figure 3). A 7]7to] ¥ F ?“ & 113
Follor, 22~50%¢] wjd EdsAct. TS FE 9
SFEF OS2 Asterionellopsis karina, Gumardza delicatula,
-e-PO4-P —-B-NH4-N —0—NO3-N
Lo . ToNoxN —&—Silicate

Nutrient(mg/L)

Feb Mar Apr May Jun Jul

Aug Sep Oct

salinity, pH(left) and nutrients(NH4N, NO,.N, NO;N, PO4P,

Silicate)(right) of seawater at Hajeonri, Gochang, Korea during the study period

Table 1. Monthly variations of chlorophyll  concentration( gL ') and phytoplankton abundance(x 104 cellsL~") in water column

at Hajeonri, Gochang, Korea during the study period

Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
Chlorophyll a 8.77 4.64 0.87 0.55 2.12 3.24 2.49 2.14 2.46
Abundance 119.6 93.5 3.9 10.5 4.1 6.0 12.0 3.2 5.4
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Cylindrotheca closterium, Skeletonema costatum 52 %%
oW, Gylindrotheca closterium, Nitschia sp. & Skeletonema
costatum 3ZL WjQ &34t $AF EAO wg €
H AT AT HAHES 69-91%2 &5 T
°ﬂ oJ3 #4310 FEHHTKTable 2). 2 E¥3d= A4

73 B wet FEHEE, GTEF(FE Scenedesmus
sp.) FE HE 30 st YEYE F(F=E Pleurosigma
angulatum)©| U} AR} E & Eof FHIH(FZ Paralia sulcata)
T 5 OYE AHEA S M FE0l A TH(www.
algaebase.org,

rﬁ oN

] 3} algaebase).
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=49
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Figure 3. Monthly variations of the proportion of all
phytoplankton taxonomic groups at Hajeonri,
Gochang, Korea during the study period

(Lec of al, 2012) ARSI 31 oA F2ze] ¢4

S % AR ¢ & A

2. MMTtze BSEMEO ASUH 22X

EFEAE AR F 36719 d=2A 2O
AA /\}7:]] ), 317 A 57} F2 AFAA E(sZ, sandy silt,
4%)9} AFY 2 (sM, sandy mud, 22%) ©]¢low 1 9|9
AFA(S, Sand), YAM, Mud) ¥ AEZARZ(ZS, silty sand)
2 BAET HFYELE 4.00~6.43 ¢ (o 4.9240.5)2
AEet 43S Baon sistAol 7H7ke st FA 9ol A
7B A"sHA dEEY. E5Es 0.67~2.75¢ (Bt
1.5240.5)2 “ZF Fo~u]$ BeFel” Bge Hof Y
o7 EFS BHEE HYAt. == -031~0.58(FH o
0.29+0.2)2 tfHE oFo] 712 H ¢ th(Table 3). 4 ©]4+9
AEet AL ke gete] 27H(Oh er al., 2006)°] A
% Uk, gavhel asel b Aol 24} el el
& o] LA|3F Aot E_T’_(Chang and Choi, 1998)7}
9tk 27 A4iel A 104 T AT e
A ATl 44 S Uehtost B8 Aslsn 34
Pe meTh A AW EFHATL UA(mud
£ 5 U 62.5m oI5 silt (E)Sk clay (4 E)FHF
374-92.9%% ZY7] HEslo] B2 S0 &
U Aol ohgleh AAFEE YA ¥

fr flo de - ¢

o5

YA 523 (epipelic)
of o] W Ao Huwil QIti(Colijin and Dijkema,
1981; Park et al., 2012).

v
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Table 2. Monthly variations of dominant phytoplankton species of Hajeonri, Gochang, Korea
Dates Feb. Mar. Apr.
Species(%) Asterionellopsis kariana 43.0 Asterionellopsis kariana 71.0 Guinardia delicatula 48.0
Skeletonema costatum 38.5 Guinardia delicatula 20.0 Guinardia striata 18.0
Rhizosolenia pungens 18.0
May Jul. Aug.
Skeletonema costatum 82.0 Cylindrotheca closterium 444 Skeletonema costatum 82.0
Prorocentrum mininum 7.2 Nitzschia reversa 19.0 Chaetoceros sp. 2.8
Skeletonema costatum 19.0
Sep. Oct.
Skeletonema costatum 41.8 Skeletonema costatum 26.8
Ceratium fusus 27.2 Leptocylindrus minimus 223




4 0

R EDIP ES

9 379 AFH4 Wt 747

Table 3. Spatio-temporal variations of mean grain size of surface sediment of Hajeonri, Korea

Dat Sta- Textures(%) Statistical ~parameters Sediment type
A tion  Gravel  Sand Silt Clay  Mean($) Sort.(d) Skew.  Kurt. (Folk, 1968)
St.1 239 2507  67.19 536 4.03 2.09 031 3.17 sM
St.2 0.12 696 8453 838 5.00 1.28 050  2.64 M
St.3 0.00 1124 8211  6.66 4.77 1.25 050 227 sZ
St.4 0.00 1351 8451  1.98 4.63 0.68 0.27 1.71 sZ
Feb. St.5 0.00 1857 7650  4.92 4.47 1.25 0.03 3.10 sZ
St.6 0.00 2958 6584  4.58 4.17 1.38 0.02 1.98 sZ
St.7 0.00 29.13  71.88  0.00 427 0.67 0.02 118 sZ
St.8 0.00 6263 3000 737 4.00 1.51 054 332 zS
St.9 000 2387 6302 13.11 5.30 1.94 0.32 1.19 sZ
St.1 021 1072 892  6.15 4.97 1.21 039 250 sM
St.2 0.00 735  86.64 6.0l 4.87 1.04 050  2.14 S
St.3 0.00 1169 81.62  6.69 4.90 1.17 045 261 sZ
St.4 0.06 1843 6935  12.17 5.03 1.66 0.58 1.99 sM
May St.5 0.00 973 827  8.00 4.90 1.24 037  2.60 sZ
St.6 0.07 3595 5624  7.73 4.43 1.81 0.08 1.33 sM
St.7 0.00 2730 6335 935 4.73 1.54 0.46 1.64 sZ
St.8 0.00 4845  46.62  4.94 430 131 0.36 1.46 sZ
St.9 000 1927 5235 2838 6.43 2.75 056  0.54 sM
St.1 130 13.09 89.18  0.00 4.83 1.20 0.09  1.97 sM
St.2 0.00  7.05 9594  0.00 4.93 0.73 0.13 1.38 S
St.3 0.00 1197 86.01  2.02 5.10 1.15 0.42 1.40 sZ
St.4 0.00 1896  67.65  13.39 5.47 1.81 0.54 1.06 sZ
Aug. St.5 0.00 891  83.00  8.09 5.40 1.43 0.54 1.46 S
St.6 0.00  41.06 50.13  8.81 4.83 2.13 016  0.76 sZ
St.7 0.00  29.04 57.60 13.36 5.40 1.89 034  0.90 sZ
St.8 0.00 3930 4427 1643 5.47 2.12 044  0.94 sZ
St.9 000 2695 5684 1621 5.70 2.03 0.21 0.78 sZ
St.1 026 3249 6185 541 4.70 2.06 001 171 sM
St.2 0.10 1875 8829  0.00 4.70 0.84 0.05  1.19 sM
St.3 0.00 1433 7891  6.76 5.10 1.50 032 215 sZ
St.4 0.00 2314 7313  3.74 4.80 1.23 0.37 1.42 sZ
Nov. St.5 0.00 1927 8356  0.00 4.70 0.88 0.03 1.31 sZ
St.6 0.00 3035 5845 1120 | 4.90 2.29 0.21 1.21 sZ
St.7 0.00 3343 5628  10.30 5.00 1.94 0.43 1.72 sZ
St.8 0.00 1457 7370  11.73 543 1.69 0.43 1.37 sZ
St.9 000 2173 6442  13.85 5.50 1.84 0.35 0.97 sZ
SEAS 47] Y5te] BAF WC, COD, AVS 2 IL A3} 7He 9 SRR 8~9)0ll A ok = AR Bt o¥
£ Figure 4] Yet glch. WC= 5.4~16.4%(B < 10.0+2.85) Aits RZEAE A HoldAx st AY shof Al
AAged BE AN &oll 7 2ok o 5ol 7+ BE g0l AT A COD =7t @i Aghe] 4
=& A H3E 2ot ILE 0.1~0.4%(B < 0.2+0.096) SRR Hrt 712 EAE oo A4ste upAE 5 A A
HAE ALH A5 =2 S Bou v SRS =Y AARE2 dded 5 e EO%%E}- a9y
Ao HEed 7124 5% Hoh o 3ot COD+= ESEAE AAEY AAAR Zol= AVSE EXH
0.0~19.3mgg d.w.(B T 5.75+4.55) d= 3Lo] glojA & 2~0.006mgg” d.w.o] JJ(F 0.0000. 001)§ o] K o] 07
2ol f718 2 97|F(20mgg dw) YA @kont Hi} E 2% 71239 02mgSg’dw. B} Bl WA ep
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Figure 4. Spatio-temporal variations of COD, Ignition loss, AVS, and Water content in surface sediment of Hajeonri,

Gochang, Korea

2) MMOIMZER MED MMRFZ 22 Hal

(1) AAMu 2T YEF

st AEO RFEHE AIRA EAH 2AF A7
AMU A 2FY] BEFHFEL ¢ BE)2 4.2~84.9mgm”
(B 7 31.3+14.8megm™) 2] A]E7+ W3H(Table 42 24
th. 29 W 24.7mgm (13.1~-36.6mgm’), 52 H 36.2+10.4
mgm*(13.4~55mgm?), 89 %3+ 34.9+15.4mgm™(14.2~84.9mg
m?) 9 11Y 4 27.0£18 Tmgm (4.2~ 79.7mgm’) 5= EXE
g 5o B oFo] Bob AT A S5 et
E3 AN RFY A BEATE M w4 e 32

[e]

- =

9 2o o FHEAE
22~29mgm™ Aol EAH Q. AN A 270 el
BA%-454 ngm S 29l ZAuKLee ef al., 2012), A%
A 9 0.69~32.1mgm" (Oh et al., 2004), - 1Fo] 21.4~35.2
mgm’(ME, 2009) Rt} =ofig], th2 Aol Mas
HPLC 2 E43AY 24 A5 #FEHHE 7207} 0.5
an 2ok FAY AA GEd Zolzh A 4 9k

Table 4. Spatio-temporal variation of microphytobenthic chlorophyll a content on surface sediment(mgM'z), at

Hajeonri, Korea

St.1 St.2 St.3 St.4 St.5 St.6 St.7 St.8 St.9
Feb, Range 26.2~34.8 24.5~25.6 13.1~204 32.4~36.6 22.5~27.5 36.6~36.6 14.6~17.9 18.2~23.9 19~24.2
Av.+SD 31.5+4.7 25.1+0.8 16.8+5.2 34.5+3 24.3+2.8 36.6 16.3+2.4 21.1+4.1 21.6+2.2
May Range 35.9~55 29.1~45.8  23.2~45.5 36.3~532 22.7~37.7 44.1~534 134~19.9 239~373 36.5~474
Sedi- Av.£SD 41.549.2 36.5+7.3 36.1+9.7 43.3+7.2 31.8+6.7 48.5+4.0 1843.1 29.9+5.6 40+5.0
ment Range 41.1~479  14.2~28.7 22.5~299 26.7~448 19.3~30.9 47.1~84.9 14.9~38 35.9~549 24.8~43.1
Aug. Av.£SD 45.4+3.7 20.7+£7.4 26.5+4 35.54+8.3 232453  67.4+19.1  28.1%11.2 43.849 31.1+8.3
Nov. Range 28.7~54.2 9~18.3 16.9~22.5 4.2~72 6.7~12 46.8~79.7 17~31.7 20.4~37 29.8~51.5
Av.+SD 39+11.7 13.6+3.9 19.94+2.3 5.5¢1.5 9.6+£2.6 61.6+15.4 23.7+7.2 28+8.6 42.5+10.1
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e A HolgA AFfjate]l gt AifulH xR A 2
< ¥4 A2EfA SO o3 EifFgoer £ 4 9
phacopigment= 9137 30.2+24mgm”, 0.6~128.9mgm™ 2]
Lo #W3E Bt 29 F 19.1£30.8mgm(0.6~95.5mg
m?), 59 4 40.8£22mgm(18.4~128.9mgm™), 8 H#
34.9+15.4mgm*(14.2~84.9mgm™), I 11¢ B 21.9422.9
mgm(1.0~86.8mgm™) S H o] 3+ 1L9] 25345 2mgm (ME,
2009) 2o} ¥z} Fof wfQ Zich ®3 o2 A Aupe}
Hl 3 753 &4 a t)H] phaeopigment 5= H|(Phaeo/Chl
o= A% 09607 AEL a =7 T =2 AFE
Helon], 249 HHH(AL) 077, 5€ B(w) 112, 8Y B+
A8 1, 2 11€ ¥+ 0812 543} 8¥o= A5 a 5%
.t} phacopigment 5 E=7F o =AU HIE IS Y
ot Azt o] v7k 0.5 Well 33 A(Park er al, 2013),
0.63~0.842 H ol ZAuk(Lee er al, 2012), 3-HVH(ME,
2009)2] 74S- Bk "Rl e 24 9 3 AEHAE W=

e ol

A& & Atk B 54 A8 AEHAE olF= HEEY
gFol wi A5l i FET Ae & e ole
o2 ZAank o A}l 9ASttH(Lee ef al., 2012). &7
o FRolA st FA 9 kAl 29E FE4L a%t

dutststr] og ey o
£ a 5% tjH] phacopigments MEEZ ML At s
L& 4ri R 7 UY(Figure 5) Phaeo/Chl a2 ¢olR ™, 3}

phacopigment 59| %7 Fo|t=

el

oAz BE AL Al7]9] phaeopigment 5=
a BdE%E Bt} =3 A% Phaeo/Chl o= 1.99

B
ol
ol
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Figure 5. Spatio-temporal variations of averaged percentage of microphytobenthic chlorophyll @ and phaeopigment

at Hajeonri, Gochang, Korea
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Table 5. Spatio-temporal variations of dominant-subdominant benthic diatom assemblages at Hajeonri, Korea

Dates  Site Domirllant % Subdorrllinant %  Dates Site Domir}ant % Subdom.inant %
Species Species Species Species
St.1 Navicula sp.1 30.2 Navicula sp.2 20.5 St.1 Navicula sp.1 29.5 Amphora sp.1 239
St.2 Navicula sp.1 26.2 Navicula sp.2 10.8 St.2 Navicula sp.1 18.2 Amphora sp.3 9.2
St.3 Navicula sp.1 272 Paralia sulcata 11.7 St.3 Navicula sp.1 22.3 Navicula sp.3 16.4
St.4 Navicula sp.1 20.6 Paralia sulcata 9.1 St.4 Navicula sp.1 17.5 Navicula sp.3 13.4
Feb. St.5 Navicula sp.1 28.5 Paralia sulcata 10.5 Aug, St.5 Navicula sp.1 21.6 Navicula sp.3 11.8
St.6 Paralia sulcata 13.2 Navicula sp.1 6.2 St.6 Navicula sp.1 15.1 Amphora sp.1 7.1
St.7 Thalassiosira sp.  12.6 Paralia sulcata 10.9 St.7 Navicula sp.1 26.1 Gyrosigma sp. 8.8
St.8 Paralia sulcata 17.3 Thalassiosira sp. 10.5 St.8 Navicula sp.1 24.6 Gyrosigma sp. 9.0
St.9 Paralia sulcata 26.7 Chaetoceros sp. 7.6 St.9 Navicula sp.1 17.9 Paralia sulcata 5.0
St.1 Navicula sp.1 30.3  Petrodictyon gemma 6.7 St.1 Amphora sp.1 20.0 Navicula sp.1 11.9
St.2 Navicula sp.1 22.7 Paralia sulcata 10.1 St.2 Navicula sp.1 12.0  Pleurosigma angulatum 11.6
St.3 Navicula sp.1 30.9 Paralia sulcata 8.0 St.3 Navicula sp.1 23.0 Amphora sp.1 10.0
St.4 Navicula sp.1 19.4 Paralia sulcata 13.4 St.4 Navicula sp.1 17.8 Paralia sulcata 9.6
May St.5 Navicula sp.1 22.3 Paralia sulcata 6.9 Nov. St.5 Navicula sp.1 13.3 Paralia sulcata 10.7
St.6 Paralia sulcata 12.6 Amphora sp.1 9.1 St.6 Paralia sulcata 12.1 Navicula sp.1 10.1
St.7 Paralia sulcata 323 Cyclotella sp. 7.8 St.7 Navicula sp.1 15.5 Paralia sulcata 12.6
St.8 Paralia sulcata 21.5 Navicula sp.1 13.6 St.8 Paralia sulcata 27.4 Navicula sp.1 9.7
St.9 Paralia sulcata 23.0 Navicula sp.1 10.7 St.9 Paralia sulcata 19.5 Navicula sp.1 10.5
AHANA EdTt £& Actinoptychus senarius, Amphora 3. qAMAZXL MEEUFE SSS H|
sp.1, Delphineis sp.l 2 Navicula sp.1 ©|Jtt o] & &8
Z grue Aot got Ad(Park er al., 2013)37 73} st A 2ol AE o AT AR F AEET
wﬂg(Yoo and Choi, 2005)0| A& ZQZE0 =2 Zd3sctn A2 AMGFREA FY AH Chaezoceros sp.,

B EQA 2AF A7) AEEA O 2 3~22%9] $HES H
ol 5~7F9 A4F 2F o] Avtel| 77k 46~54%2)
LHEE EtH(Table 6).
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A, G/ AFERA, A FERA, G HIANY 5 o
4
o

Tr e

st AAE Ao Bxst= EAS BT Paralia sulcata
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q.]_L;(«]O Fjopro
FZF A7 22T

Thalassiosira sp-2} Chaetoceros sp.-=
Keld) wiskgo] 9xis] WA A
H Ao R Btk Amphorad:S A 2Z o2 Z WA EE3}
o Wo 25 ALy 9low Cyclotella sp= F=2 G0
UG} P4 S WL AotlE FATT

Cylindrotheca closterium, Paralia sulcata, Pleurosigma
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Table 6. Seasonal variations of dominant benthic diatom species and percentage at Hajeonri, Korea

Dates Feb. May Aug. Nov.
Species(%) Navicula sp.1 21.7 Navicula sp.1 18.8 Navicula sp.1 21.7 Paralia sulcata 13.3
Paralia sulcata 10.3 Paralia sulcata 13.9 Amphora sp.1 8.4 Navicula sp.1 133
Navicula sp.2 7.9 Amphora sp.1 5.7 Navicula sp.3 7.2 Amphora sp.1 8.1
Amphora sp.1 54 Pleurosigma sp. 4.7 Amphora sp.3 6.1 Thalassiosira sp. 4.1
Thalassiosira sp. 52 Amphora sp.2 39 Paralia sulcata 5.4 Navicula sp.3 3.8
Cyclotella sp. 3.5 Cyclotella sp. 32
Diploneis sp. 3.0




@3 037 o AYo) UHzR 9 #79) A

o

74 W} 751

=4 e Aoy @
e AH(R2015060) A o] dgto = P& glon At
H) 21 Qo] ZAAEY U £33 £ =Ho] HEE 303
OHS FA AASEEA ol A E-Yh

REFERENCES

Chang, J.H. and J.Y. Choi(1998) Seasonal accumulation pattern
and preservation potential of tidal-flat sediments: Gomso bay,
west coast of Korea. "The Sea; J. Kor. Soc. Oceanogr. 3(3):
149-157. (in Korean with English abstract)

Chihara, M. and M. Murano(1997) Marine plankton in Japan. Tokai
Univ. Press, Tokyo. 1574pp.

Choi, Y.S. Park, K.J. Yoon, S.P. Chung, S.O. An, K.H. and J.H.
Song(2013) The geochemical characteristics and environ-
mental factors on the marine shellfish farm in Namhae-po tidal
flat of Taean. Koran J. Malacol.. 29(1): 51-63.

Choi, Y.S. Song, J.H. Yoon, S.P. Chung, S.O. An, K.H. and K.J.
Park(2014) The environmental characteristics and factors on
the cultured manila clam(Ruditapes philippinarium) at
Hwangdo and Jeongsanpo of Taean in West coast of Korea.
Koran J. Malacol.. 30(2): 117-126.

Colijin, F. and K.S. Dijkema(1981) Species composition of benthic
diatoms and distribution of chlorophyll a on an intertidal flat in
the Dutch Wadden Sea. Mar. Ecol. Prog. Ser. 4: 9-21.

Cupp, E.E.(1943) Marine plankton diatoms of the west coast of
North America. Univ. California Press, Berleley and Los
Angeles, 237pp.

De Jonge, V.N. and J.E.E. van Beusekom(1995) Wind-and tide-in-
duced respensions of sediment and microphytobenthos from ti-
dal flats in the Ems estuary. Limnol. Oceanogr. 40(4): 766-778.

Dodge, J.D.(1982) Marine dinoflagellates of the British Isles.
Hobbs the printers of Southhampton, London, U.K., 303pp.

Du, G.Y. Son, M. An, S. and [.LK. Chung(2010) Temporal variation
in the vertical distribution of microphytobenthos in intertidal
flats of the Nakdong River estuary, Korea. Estuarine, Coastal
and Shelf Science 86: 62-70.

Falasco, E. Bona, F. Ginepro, M. Hlubikova, D. Hoffmann, L. and
L. Ector(2009) Morphological abnormalities of diatom silica
walls in relation to heavy metal contamination and artificial
growth conditions. Water SA. 35: 595-606.

Folk, R.L.(1968) Petrology of sedimentary rock. Hemphill
Publishing Co., Austin, TX, U.S.A., 170pp.

Folk, R.L. and W.C. Ward(1957) Brazo river bar: A study in the sig-

nificancen of grain size parameters. J.Sed.Petol. 27: 3-26.

Helling, G.R. and M. A. Baars(1985) Changes of the concentrations
of chlorophyll and phaeopigment in grazing experiments.
Hydrobio. Bull. 19: 41-48.

Jeong, Y.H. Kim, Y.T. Kim, K.H. Kim, S.Y. Kim, B.H. and J.S.
Yang(2006) Mass balance of salts, DIP, DIN and DON in the
Gomso tidal flat. "The Sea; J. Kor. Soc. Oceanogr. 11(2):
69-81. (in Korean with English abstract)

Jesus, B. Brotas, V. Ribeiro, L. Mendes, C.R. Cartaxana, P. and
D.M. Paterson(2009) Adaptations of microphytobenthos to
sediment type and tidal position. Continental Shelf Research
29: 1624-1634.

Jin, D.X. Chen, Z.D. Li, J.M. Junmin, L. and S.C. Li(1985) The
Marine Benthic Diatoms in China. Vol 1. China Ocean Press,
Beijing, China, 314pp.

Jung, R.H., Hwang, J.D. Kim, Y.G. Koh, B.S Song, J.H. and H.G.
Choi(2010) Temporal variations in the sedimentation rate and
benthic environment of intertidal surface sediments around
Bteonsan peninsula. Korea. Kor. J. Fish Aquat. Sci. 43(6):
723-734. (in Korean with English abstract)

Kang, C.K. Kim, J.B. Lee, K.S. Kim, J.B. Lee, P.Y. and J.S.
Hong(2003) Trophic importance of benthic microalgae to mac-
rozoobenthos in coastal bay systems in Korea: dual stable C and
N isotope analyses. Mar. Ecol. Prog. Ser. 259: 79-92.

Lee, R.E.(1989) Phycology(2nd ed.). Cambridge Univ. Press,
Cambridge, 645pp.

Lee, Y.W. Park, M.O. Yoon, J.K. and S.B. Huh(2012) Temporal
and spatial variation of microalgal biomass and community
structure in seawater and surface sediment of the Gomso bay as
determined by chemotaxonomic analysis. The Sea; J. Kor.
Soc. Oceanogr. 17(2): 87-94. (in Korean with English abstract)

Lorenzen, C.J.(1967) Determination of chlorophyll and phaeopig-
ments: spectrophotometric equations. Limnol. Oceanog. 12:
343-346.

Lucas, C.(2003) Observations of resuspended diatoms in the turbid
tidal edge. J. of Sea Research 50: 301-308.

Ministry of Environment(2009) National Long-Term Ecological
Research Project(II), Korea, 1855pp. (in Korean)

Montagna, P.A. Blanchard, G.F. and A. Dinet(1995) Effect of pro-
duction and biomass of intertidal microphytobenthos on meio-
faunal grazing rates. J. Exp. Mar. Biol. 185: 149-165.

Montani, S. Magni, P. and N. Abe(2003) Seasonal and interannual
patterns of intertidal microphytobenthos in combination with
laboratory and areal production estimates. Mar. Ecol. Prog. Ser.
249: 79-91.

Oh, J.K., Do, J.D. and Y.G. Jo(2006) Sedimentary characteristics in
the tidal flat of Janghwa-ri, Kanghwa island, eastern yellow

sea. J. Kor. Eart. Sci. Soc. 27(3): 328-340. (in Korean with
English abstract)



752 AL - 294 - 294

A - 54 - B

ot

2587 29(5) 2015

Oh, S.J. Moon, C.H. and M.O. Park(2004) HPLC analysis of bio-
mass and community composition of microphytobenthos in
The Seamankeum tidal flat, west coast of Korea. J. Kor. Fish.
Soc. 37(3): 215-225. (in Korean with English abstract)

Park, J.S., Khim, J.S., Ohtsuka, T. Araki, H. Witkowski, A. C.H.
Koh(2012) Diatom assemblage on Nanaura mudflat, Ariake
Sea, Japan: with reference to the biogeography of marine benth-
ic diatoms in Northeast Asia Botanical Studies 53: 105-124.

Park, J.S.(2005) Taxonomic study of benthic diatoms in Nanaura
mudflat, Ariake Sea, Japan. M.S. Dissertation, Seoul Nat.
Univ., Seoul, Korea, 195pp.

Park, S.K., Kim, B.Y. Choi, H.G. Oh, J.S. Chung, S.O. An, K.H. and
K.J. Park(2013) Seasonal Variation in species composition and
biomass of microphytobenthos at Jinsanri, Teaan. Korea. J.
Kor. Fish. Soc. 46(2): 176-185. (in Korean with English ab-
stract)

Pitcher, G.C. and L.B. Joyce(2009) Dinoflagellate cyst production
on the southern Namaqua shelf of the Benguela upwelling
system. J. Plankton Res. 31: 865-875.

Tomas, C.R.(1997) Identifying marine plankton. Academic Press,
San Diego, 858pp.

Underwood, G.J.C.(1994) Seasonal and spatial variation in epipelic
diatom assemblages in the severn estuary. Diatom Res. 9:
451-472.

Underwood, G.J.C. and J. Kromkamp(1999) Primary production by
phytoplankton and microphytobenthos in estuaries. Adv. Ecol.
Res. 29: 93-153.

Woelfel, J. Schumann, R. Adler, S. Hiibener, T. and U.
Karsten(2007) Diatoms inhabiting a wind flat of the Baltic Sea:
species diversity and seasonal succession. Estuar. Coast. Shelf
Sci. 75: 296-307.

Yoo, M.H. and J.K. Choi(2005) Seasonal distribution and primary
production of microphytobenthos on an intertidal mud flat of
the Jandhwa in Ganghwa island, Korea. "The Sea; J. Kor.
Soc. Oceanogr. 10(1): 8-18. (in Korean with English abstract)

www.algaebase.org





