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Phytoplankton variability in digestive tract of the Manila clam
Ruditapes philippinarum in Gomso Bay, west coast of Korea

Hyung Seop Kim

School of Marine Applied Bioscience, Kunsan National University, Gunsan, 54150, Korea

ABSTRACT

Feeding behaviour of the manila clam Ruditapes philippinarum was qualitatively and quantitatively characterized
by comparing the contents composition in digestive tract of the clam and the phytoplankton community in surface
sea water in Gomso Bay, west coast of Korea. The contents of digestive tract comprised diatoms (71.5%),
dinoflagellates (13.1%), nannoplankton (6.6%), and detritus including mesozooplankton. The abundance of food
organisms in digestive tract of the clam was high in winter and spring, while low in summer and autumn. But The
biomass of phytoplankton in surface sea water revealed the highest value in autumn. Also, the larger the clam size
increases the abundance of food organisms in digestive tract. The dominant species in digestive tract were Paralia
sulcata and Navicula arenaria such as benthic diatoms and dinoflagellate cysts, whereas the dominant species in
surface sea water were Chaetoceros, Skeletonema, Asterionellopsis such as pelagic diatoms in genus,
cryptomonads, and P. sulcata. Analyses of digestive tract revealed that benthic diatoms especially represent an
important constituent of food organisms in the malina clam and different of phytoplankton size and morphology

explain preference for food selectivity.
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A ol Tt AEERAEY AtA WEel et 3
k. 53] 27bdelA AlA el oA o] sl
£ 53 Zolel we) 3 slel] EAlElE AE 47184
AFshed, daA A AR AeEEaEd 5l
2k H54 ABEFRES A sk o F ol
e AFE AEERIES oA 2]l wel A-d
F Aoz galgls Z1eE 4#A 9lvh (Shumway et
al., 1985; Arakawa et al., 1997; Brillant and Macdonald,
2000).

F L T AE TS o) &8 2 B 28k AXE
2o) wojonA ANY ABZFaE) R4S Feloky
L4 (Kang et al., 2001; 2003; 2006), £3] 27FcjelA] A
el AR AEEHIES 20 AXTE B ozt
3tz FEE o] 2ol AAlehs T2 Holdlex 2
7 o] &%t} (Kang et al., 2003; Koh et al., 2006). F3+ %
A Ax EAE S8l AT A AEERaEe] AA
$9) volgoz B841 9es sk (Lee ef al,
2009; 2012). 22} AAE 43k W52 AV S
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3l ol zA AMA AEEdIEY &84 2 Vd=
£ FA4E 2av} 9ok

ol F-o] Akt of Hol gl At A+ e A,
++ (1960, 1962) 2| 5= (Mactra veneriformis) 2} |z
(Dosinia japonica) (Ryu and Kim, 1995 #J¢l$), Ryu
and Kim (1995) 2] % (M. veneriformis), Lee (1997) 2]
F7)18] %7 (Panopea japonica), Jo et al. (2004) 2] A=
(Protothaca jedoensis), Back et al. (2008) <& =+
(Crassostrea gigas) Z} v}A2 (R. philippinarum), Park
et al. (2015) 2] v}A|E (R. philippinarum) 52 977} 9
3, 959 A$-ol= Shumway et al. (1987) 2| 7}&]8]&F
(Placopecten magellanicus), Villalejo-Fuerte et al.
(2005) ¢] Z5 (Hyotissa hyotis), Davenport et al. (2011)
9] 715 (Pinna nobilis), Rouillon et al. (2005) 2] #
FEA (Mytilus edulis) ©f &3 A & ZolE 4 9l
O, A3 el 25 AEEY2E S el B
el QA7 w234 o A B AFA AT
uj-p- HEgk AA o))

Wb & AT BATIA AR A e
2 A7 27EE ARl Akt of e sl5 5
AEEFE T2 AF A2 T3l v A2

AX 8 P54 AEERaE He4E selsiad sl

Lo

ERCTTY

I

m, |} Z 2F 900 m °|
2 m SAACNA FEe SiA7EA] FAnke] di-Es A4
gt} (Chang et al., 2007).
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Fig. 1. Locations of seawater (o) and manila clam (m)
sampling stations.
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Fig. 2. Bimonthly variations of temperature and salinity in the
surface seawater of Gomso Bay during 2000.

Z1 ExS By o8 A% AEZgaE] YesA
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E42 Shim (1994) 7 Tomas (1997) ¢ #&8<& Zusle
54 ®= AMA, TA (colony) ¥ A1 (chain) ¥4 o
Rz Rl

2 1
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I
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9
uk z3ffell Hx1%k T AAS) EF SigellA B 5

4T (29)-28.4T (89) < H$= Yehta, 20T ©]
’2} =2 F25 U AVE 6€5E 10€71A] 09l (
Fig. 2). 7] AR €4 F7 P+ 28.8 psu (109)-32.0
psu (8%) & A 30.7 psu °]Yx, 7PF GFo] ki 10
A& AlefslH 2E A7]e) 30 psu o] FEE 715G
(Fig. 2).

rlo i

A&
3.

T Lo

2. 9N £33 11§ E9) W5}

npx|te] Lsitol A A= HolPEL B 137 Fiel3)
3, 4257t 7P @ 98EFE T1.5%E AA|sI o, of
HWEF 18F5F (13.1%), TAREF 2F, 527 457, 7=
iy 28, olE2eoly 152® 7453t (Fig. 3a). 7|et
nEd HARXFE ¥3I3l] F-EF (Tintinnidae), 555
(Foraminifera), %% (Rotifera), o|"|=&F A (Veliger),
275 (Copepoda) 9] th], AZ# (Cladocera) 9 W73t
Y TEEHAER FAHP oY o5 vl vif Wt
o} 2€0l] 84 FHE 7P w2 HeolAdEo] EHsST, 104
7 1292 ZH7 828 F-9} 81F RIS, 6¥e 7P AL

57257} Z8319ch (Fig. 3b). ¥ A7) F259] gtﬂﬂlg‘ﬂ
68.0-84.0%% 71 Egkon o HRFLE 49.18.0%%F 4
o] =& 8¢l 71 =2 vEE Yz, 297 12¢5 *]]94
st wf A7) 10% o= AR3ksich
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Fig. 3. Species composition (A) and bimonthly variations (B)
of species number for food organisms observed in
digestive tract of the manila clam.

upA o] ssltolq o] AR
27.8 x 10% cells ind.? & 7]23& o]= Az} 7r4ste] 10€0]
71 AL 3.9 x 10° cells ind.? & AFSFS T} (Fig. 4a).
0] 20T o= 644E 10¥]E <F 4.0 x 107 cells
ind? AFe) e A4S ehiich v AAE F 7
257} AAsh= Hl-%°1 89.2%% 7P =%k, dHEFRE
9.2%, 7Bt MEFE 1.6%E 2x|ste] vl AL k& vehl
ot (Fig. 4b). i71°ﬂ e AR 27 2 em lellA T
5.2 + 5.5 x 10° cells ind. "2 7P A3, 27 2-3 cm 9.9
+ 8.8 x 10° cells ind.", 2% 3-4 cm 12.3 + 9.8 x 10°
cells ind.}, 24 4 em ©]AF 18.7 + 17.4 x 10° cells ind.”
=, Ao =718 42 A Algko] =7)s1oith (Fig. 5a). a9
O ol AR £50 28wl w270 Ale] ¥
3Pl Uede} (Fig. 5b).

ulAleke] Aol AT =l AE F 3% olvel &1
S Jeld AL £ 35259 Paralia sulcata’}
36.6-79.2%F AHA|ste] 7P $-Ask= Folleh (Table 1).
FEo] =34 6-10¥0l= 50% ©|3ke] &S veRlon,
o]F2] A7lell= oF 70% o= ATk R R4 cyst

AR 24l TP W

- 167 -



Mol SALHUA HIXIE A5t2 8282 Bs 4

o
[=]

(A)

8 8 8

=
[=]
1
—

Abundance (X103 cellsind %)

[=]
!

Feb Apr

100 +

Relative composition (%)

Feb Jun Aug Oct Dec

Month

M@ Bacillariophyceae E Dinophyceae [ Others |

Fig. 4. Bimonthly variations on mean abundance (A) and
relative composition (B) of food organisms in digestive
tract of the manila clam. Bars are standard deviation.

= 647} 8ol 47 26.2%9 27.4%%5 AA3l w2 EF
HES ®oloy 1 99 Alele 10% olskE 7|53k
UAHLF 10% o] ATES X3d T& Bd, #2579
Navicula arenarias 29°l 13.1%, 71%572 Chaetoceros
FHEA (resting spore) + 10€°] 12.2%, $}FHEF-o

Prorocentrum minimum-2 699 10.9%% 7]&3}9¢.
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Fig. 5. Mean abundance (A) and relative composition (B) of
food organisms in digestive tract on shell length of the
manila clam. Bars are standard deviation.

3.35 59 A ESYAE A3}

FautA F33 A EEFIEY dEFL 108 HA
3,760 cells ml' (1,582-5,936 cells ml") & 7} woly,
1299 HF 107 cells ml?' (65-168 cells mLY) 2 7} 4
Sk (Fig. 6). 493} 1298 #A<Jspd vl A]7] 500 cells ml*
ool dEE vehrh $AEE A7l wel HolFts
L2354 Jepded], 290+ Asterionellopsis glacialis,

Tabel 1. Relative ratios of dominant species for food organisms observed in digestive tract of the manila clam

Dominant species Feb

Apr Jun Aug Oct Dec

Actinocyclus octonarius 1.69

Chaetoceros resting spore

Cyclotella sp.1 7.96
Navicula arenaria 13.06
Paralia sulcata 71.70
Thalassiosira anguste-lineata 0.15
Tryblioptychus cocconerformis 0.07
Pennales (Bacillariophyceae) 0.28
Dictyocha fibula 0.11
Prorocentrum minimum 0.08
Dinoflagellates cysts 1.90

2.27 1.28 1.59 2.30 3.99
0.03 0.17 0.46 12.24
0.56 0.18 0.10 1.70 2.47
0.12 0.17 1.87 4.25 0.49
75.57 48.85 36.56 38.34 79.19
0.47 0.45 0.05 5.43 1.43
- 0.72 6.22 0.04
0.35 0.76 5.53 3.73 0.46
0.11 0.19 0.27 3.05 0.81
0.90 10.87 5.02 1.05 0.08
9.44 26.17 27.44 7.87 5.37
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Fig. 6. Mean abundance of phytoplankton in surface sea
water of Gomso Bay. Bars are minimum values and
maximum values.
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Fig. 7. Relative composition of phytoplankton dominant
species in surface sea water of Gomso Bay.

Chaetoceros socialis, Paralia sulcata, Skeletonema
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Leptocylindrus danicus’} 20% ©]49] =& A& Y
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Fig. 8. Selectivity indices of phytoplankton dominant species
in digestive tract of the manila clam and surface sea
water.

=2 AFEE 29 (Fig. 7). 12€9= P. culcata®t S.

%
costatum©] A3}t
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v, a0 EHEE 2o wg B HolAdEdE Hglo
(Fig. 8). wH, npx|ke] AspieA E33 T8 +4F
Chaetoceros FHEALS} SFART cystT g oA &4
A A WS- AL cko] EHle] =2 ofe] HolxwA
Bk AX Fx279 N. arenarias= A)7]9l we} sl Sl
EAzE ool ol &9 HelAUAdE Boy AAAcR
= ok AYAES 29w, &HwF  Prorocentrum
minimum QA Fe] oS Btk AxAolwA] o
Al Hr8h= P sulcatas v A7) oFe] HolAdEAE Kol Hf
5 Azsks HolAEE YEytth
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Table 2. List of phytoplankton genus observed in digestive tract of the manila clam and in
surface sea water

Phytoplankton (genus) - - Frequency” EC**
Digestive gut Sea water

BACILLARIOPHYCEAE
Achnanthes ++ + B, N
Actinocyclus ++++ ++++ B, N
Actinoptychus ++++ +++ B, N
Amphiprora +++ B, N
Amphora ++ ++ B, N
Asterionellopsis ++++ P, C
Bacteriastrum + P, C
Bellerochea + +++ P, C
Caloneis ++ B, N
Cerataulina ++ P C
Chaetoceros + +++ P C
Chaetoceros resting spore ++++ + B, N
Cocconeis +++ +++ B, N
Coscinodiscus +++ +++ P/B, N
Cyclotella ++++ ++ B, N
Cylindrotheca +++ ++++ P/B, N
Cymbella ++ B, N
Dactyliosolen +++ P, C
Dectonula + P, C
Dimeregramma ++ B, N
Diploneis ++++ +++ B, N
Ditylum ++++ P N
Fucampia bt P, C
Fragilaria ++ + B, N
Grammatophora ++ B, C
Guinardia +++ P, C
Gyrosigma + +++ B, N
Hanzschia ++ P, N
Helicotheca ++ P C
Hemiaulus + P, C
Hyalodiscus ++++ P N
Lauderia ++ P, C
Leptocylindrus ++ P, C
Licmophora ++ ++ B, C
Mastogloia +++ + B, N
Melosira + + P, C
Meuniera ++ P, C
Navicula ++++ ++++ B, N
Nitzschia ++ ++ B, N
Odontella ++ ++ P/B, C
Paralia ++++ ++++ B, C
Pinnularia + B, N
Plagiogrammopsis +++ ++++ B, C
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Continue
Phytoplankton (genus) — Frequency® EC**
Digestive gut Sea water
Pleurosigma ++ 4+ B, N
Pseudonitzschia ot P C
Rhaphoneis ++++ B, N
Rhizosolenia + 4+ P N
Skeletonema + o+ P, C
Stephanopyxis + P, C
Stephanopyxis resting spore ++ + B, C/N
Surirella -+ ++ B, N
Synedra ++ B, N
Thalassionema ++++ +++ P C
Thalassiosira ++++ b P/B, C/N
Trachyneis 4+ B, N
Triceratium +++ B, N
Tryblioptychus ++++ B, N
DICTYOCHOPHYCEAE
Dictyocha ++++ +++ PN
CRYPTOPHYCEAE
Cryptomonads - P, N
RAPHIDOPHYCEAE
Heterosigma + P N
DINOPHYCEAE
Alexandrium +++ + P, C/N
Ceratium ++ P, N
Dinophysis i + P N
Gonyaulax + 4+ P, N
Gymnodinium + 4+ P, C/N
Gyrodinium + ++ P, C/N
Heterocapsa . P N
Oxyphysis + P, N
Polyckrikos + PN
Prorocentrum +++ ++ P, N
Protoperidinium ++ ++ P N
Scrippsiella ++ ++++ P N
Dinoflagellate cysts ++++ B, N
CHLOROPHYCEAE
Scenedesmus +++ P, C
Staurastrum ++ P, C
Trachelomonas ++ P, N
PRASINOPHYCEAE
Pyramimoids A P, N
EUGLENOPHYCEAE
FEuglena o+ P N
Eutreptiella +++ . P, N
CYANOPHYCEAE
Oscillatoria T+ P, C

*+:>25%, ++ 1 25-50%, +++ : 50-75%, ++++ : >75%
**EC: Ecoclogical characteristics, P: Planktonic species, B: Benthic species, C: chain (or
colony) forming species, N: chain (or colony) non-forming species
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el e 524< Table 2] Yepdiict. T 8350 &3}
i, T+x257} 60507 714 nJ—oLou:] Jum e 131_11\_ =z
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a59] moter), FANEE o Eoich
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:1ru

[}

Za sl £ Ak Sehtel shels) o

2 ¥ s 109260 9% 7%
590 14 A vebdo.2n 414
FUAE 71F0E o)Al Bl A A5G Ao F
sgaEe] AE] % oS

O

P e olesis el 2
Fol EASE A2 YL we}
& o7 (Shumway et al., 1987;
Villalejo-Fuerte et al., 2005; Rouillon et al., 2005;
Davenport et al., 2011) A F257-9} HRF-2] AEFHo|
oo, ¥ Aol E FaFsh AT} 2RFFIAE
80% o=, AEFlAE 95% o= 28l Edt o]
Wil % FEEYRES ARG o4l ww
(Lehane and Davenport, 2002; Davenport et al., 2011)
oF A8t glo, o5 vjE v A%

olvisi ol L3kt YdE AR T AF AT A
B i A2, 2Ee o] st Aajshs Axse] Al
Algke 114-159 cells ind.? (Jo et al., 2004), ejekside] =
7 AA] & FHF 40 x 10° cells ind.” ©]s}, ulA|= 4
T 10 x 10° cells ind.* ©]3}2 2.3 (Baek et al., 2008) 3}
ek £ AFellA= e 27.8 x 10° cells ind.” o]3}e] A
Agre wge, Aole] e Aol 9 A P4 AEEGa
£ e #elo] gl Aow guksin) wit nplgte] A
AR 7FA]l 10900 7P gk, o] 21719 23

EEHAEY HAEH2 AF M E& UEE s A
= A 33t} Yoon (2012) & F4ut ulx|ghe] nluts
2000‘4 10%"1] 04-5 7}7‘* 93, Ao <k 62% = 71
171
‘%l a4 20004 IO%JTJr 12€el] =7 EAEA
chlorophyll a®] ¥%=7} 4% v Jelyttty ¥ n3)gic) o

IO
ol o
lo,
oft
o
N m&f
u
I3
T

¢

>
2
oft

<
iy

OrE o g

H

A 2 QoA 1099 14 Re A wixe He
5 g9 il el s, whad) £3 sleol 24t
9 4 ABEGAES B4R sl wHge] Hol
= Fgalet vk Qe Ao wa,

¢

oJF Al ofulslFe] Fo HolEal AEEHIE AX
- 37 ]3} Zofo] v vpeFgtdl, olvisiFel <
FlE AEEGAEL o9} et AAE A4
(Pre-ingestive) A2 A S B8l 92 F4=2, SloA= F
A14] (post-ingestive) A€ F3l £3447]+= 2
9lt} (Brillant and Macdonald, 2000). ¢J2}A 414 o]ujs]
F7F Holo] 27)el wet Hol& HE%']‘* AL 2 L&A 3
o3 YAAZ FAEEA = 3] /\lo]. a4 H
olg} F& A HolE THE £ glow (Ward et al
(1997) Zulie A2 Yol FReEE EedAow kst
A zajo)E T8 4 9Jo} (Brillant and MacDonald, 2000;
2003). T3+ Tang et al. (2014) & A5 (Dreissena
rostriformis bugensis) 7} ©o]] Z7|RtlE= AEZYIE
9] TRl v Aol o 23, AEEFaEe] 27, FH,
AxHe] 574 4l 313k x40 slolof ofsf AFAA] (pre-
and post-ingestive)°l 4 A g5 Hlvky 35}
Ao A wkxA] B @l A3l Asterionellopsis
Chaetoceros & Skeletonema % 52 WA|E A3}
1 o)A 2-3/0 AE7t AZ29 AR A BEEHINE
3l Foll EAE Fele o] B AE7F A= A
F EE A Ak webA v Algoly TAIE 34
SAY Chaetoceros 43} 7o) A& (setae) & 2+ AEZ
FIELX Ho|2A AFsA] 2 Alx AEY, o] Jo et
al. (2004) o] AxANE o= AdelA i 2 Azl Y
A=5H3E A2 AslS 3 Chaetoceros %, Skeletonema
% Eucampia 45, Rhizosolenia 4 59 Al e2d3aES 43}
I elA] A g ARE AEE 4 gk
Loret et al. (2000) = #4442 HPLCE
A& B8] AFxN5F (Pinctada margaritifera) & 52
olflez AT Fol e w|AHEF (nannoflagellate) <
Buspgled], & delA SHERE 5 Foll AT
Sl oy, npAE asltol e WA A gl o]
SHEF7L kAo s £ Ho|AESldE E73kL
(Brown et al., 1998), AlZ5}o] 1ekslr| wjfol HA 43}
7] wEew P7=ET} (Newell ef al., 1989).
"%H el Al Zsig ofulisl o] Akt &= FollA +-
Zo BEE ¥4, Jo et al. (2004) = AxAeM P.
Coscinodiscus

¢

;o

O

jed

o183 Az

Ri8

Hu tlo 12 M

sulcata, marginatus, Thalassiosira
leptopus 5°|% 3L, Paek et al. (2008) = =3} nlx|2of A

P. sulcata, Coscinodiscus spp., Melosira nummuloides
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sol3lew, Park et al. (2015) & P. sulcata, Navicula
spp., Cylindrotheca spp. s°lith £ AFoy= P
sulcata, Navicula arenaria, Prorocentrum minimum &
o FeRst LI SAYEA, oI5 oIR Fo
wol e AXY 2R P. suleata® EEH] Aol

4503 EZX3= Navicula %ol Coscinodiscus %
0% ORI £ 4340 JEEA EAE AEEY2E
5 FEF Uit AxAIR, Al Afels 3

ot g BARA ok Bed Fele) s} AHEE

¢

0.

F
4

£ 4143}5Ie} (Table 2). web 5|2l Fajsto] Aajsh
Wl Qe FHlo) EARR: AR AN AEEY
283} 4 Fol EASIE B4 AREIRES Fslel
ol 4% AlEe] Yot wopd] wek 44 o8 ARwD
ke,

£ AP e oyl Ffe) FEA) o

I WEE FollA A7l wet AsdE, SRR cyst
e A Aol gHrEe] 7] Wil 23p7) 758
Z£ HolAEo] & 5 17| wlFo (Persson, 2000), cyst2]
23745 of e} vlEe] o|mjullFe] # (fecal pellet) A
U cysto] 3} A= Ax A4z A9 cystse] S| A
Tol £ A57} 2 Aolrt

ko
2

upA|ghe] Al EAS B3] $E Al FautelA vl
A& Lzt W87 35 W5 A3 E FA o
) AF L A é%* —% AxEteln)., vlA=ke] LgtelE A=
F (71.5%), JHARFE (13.1%), "|AZH3E (6.6%) & 537
FETHIEs T s Sl BE=SC L3

el A A2 A3t Foll Wkl o353} 7ol W vet

O, B3 5o AEEYRE AESe el A
sheh A bS] 277k 242 AT o 4R e

Z7Feksick asfgtellA #EAE SATE AAA FEFA

Paralia sulcata ¥ Navicula arenaria$} FHEF2] cyst
g mEAGld TAES ¥4 FeRa
Chaetoceros %, Skeletonema <, Asterionellopsis < 53}
cryptomonads % P. sulcata®|3th. 43 U$E A4S
Fol obARte] 24 ool AN Femold, AEERa
9] 2719 woel et Aoz A4S Hic

A AL

=52 201280 A SR dfEAlA| e R ZA|
9} sFAt AREA AT NEAA] (GF FAFAA A&
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