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Abstract

Compound specific isotope analysis of amino acids (CSIA-AAs) is being highlighted as an

alternative approach for overcoming some restrictions in application of stable isotope analysis of bulk tissue
(SIA) for trophic position (TP) estimation. However, this approach has rarely been applied in Korea. The
present study determines TP of two Polychaeta (Nephtyidae and Glyceridae) and two fish species (Platycephalus
indicus and Lophius litulon) collected from the Geum River estuary using nitrogen isotope ratio of amino acid
and compared with the TP values estimated by SIA. The Polychaeta species, sampled in two sites, showed
similar TP between SIA (2.7 and 3.1) and CSIA-AAs (2.6 and 3.1). However, for both fish species, TP values
displayed a large difference between SIA (3.1 and 2.3) and CSIA-AAs (3.8 and 3.7). In this study TP values
estimated by CSIA-AAs showed more similar to the previously reported gut content analysis of both fishes
compared with the results of SIA. Current study suggests the applicability of nitrogen isotope ratio of amino
acid to understand coastal ecosystem structure and trophic ecology.
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ool LAk &4

f 2RE dE =of, @348} R A UYEuEs §
AYa BEzgL o] FAg ] N B &S F7HA7 1,
oleia BRI HAFlE 72 Ao AHES
Y] E3F A At (Kellman and Marcel, 2003). ¥HH
of, 19 HolA e F7te 712442 4
2 Y F AL LHE 0% 7HEA ®3AI Tt} (Sherwood
et al., 2014). wretA AR A Woll A ARt 7| 284
o Fa FREAUL Y Hote AEC] FokeA AF
= A% FEEG ofyzl, A A S AU FH o
= 285 4 QIth(Schell et al., 1998; Hong et al., 2001;
Watanabe et al., 2009).

gHH, 22 AFEolA HF 7] Alzko] SAE A
=9 da g EHdanof vl 7| 2APARLY] wWE A
Ul o5 ¥4 3] A& (isotopic turnover rate)> % ¥k
A Az 75 FEE & e A2E IHA T (RoIff,
2000; Hannides et al., 2009). £3] 3-d ¥ 4=, ¢¢tat 7
o] ot Aao] 2tz FH A= 7| 2PAA 4
2 MY FH AR 9 A, 4 WSt 27] w2l
FEEA S Yt E&of AdE @A HEoh(Kim et
al.,2014). o]o|| wet L= o]zt EAMS EsH]
Tt oheFRt A o] Aol e Qih

19999 GC-IRMSE ©]-&% BE AWelA ofn|it
o] A T Y B4 7ol HiE o]F (Macko et
al., 1997), ket Aol A ofm|ieite] A4 Y F 9
2H]E 7]E9] bulk tissue®] 4 Y FH AL B4 71H
(Stable Isotope Analysis, SIA)2] thA] A7|Ho] & 4= 4l
< AR AWt opu|ieibe AL AT AN 9
/40l whet, ol dat AR} 7 Aol 7t A9 gl source
amino acids (source AAs)2} Ho|do] vlF] FAL THA
4H]E YEHY = trophic amino acids (trophic AAs)Z &
He AR dEA glom, g HANE AolA £44
trophic AAs®} source AAsS] A4 HFFHULHE S8
3t gJFtA Aol 753k Ao g Xy E It (McCarthy
et al., 2007; Popp et al., 2007; Hannides et al., 2009). o}
H|ieAbe] Aa M EHHAaH £4 7HE Tl AR
9] AW Trophic AAs2} Source AAsS] A4 HAFHUA
HE &83ro 2N, 7|29 SIA &8 7|Hof vl Yol
I A7 7 A FAEY Afolo ot eAE
=Y ¢ Jom, B3 oY Fa MY F o daH]of of
e AEES QTSR] GFo2N AR Yo A E
2 AHo] U= Aoz HuH v} 9}k (Chikaraishi et al.,
2009). £3] Bowes and Thorp (2015)2 ofu]i=Ate] A4
T HEaEE B8 FEDA (TPaas) AFE71R 0] 7]
E9] SIA &g Hlgl eA}go] e 22 Ao Hust
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gom, oo mat o A= TPaas AHE0] EE] &85
3 Qlth agoll® E5taL, Sy At AbglE Choi et al.
(2017)° <& JyH AL A=A eA Q] FFHA A&
o] A9 43ttt & 4= it
2 AFolAE ofuieite] A4 M FHULHE S8
ato] Uf Aslidtoll $IxIgt 27 a7 AYefAQ] A4 A
~ poy

Al
st ol 7129 AP

e I

o] i AT AHLRR Y AF7HA HepE 2 AR
dEA At o] & Fk s H AAsh= e ¥
oA Z}o]E u|:3le] CSIA-AAs 7|9l 84S 89l
A}
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24 P FAYLE BAE Qe AEe 34 s W
270 AA (St.1, St.2)0l 4 2016 5o HHS AA5HATH
(Fig. 1). YA 7] (Particulate Organic Matter, POM)
< EF 45 AF F 200 um mesh2 27|15 2510
HRerH e, n|2] el-e GF/F o 4] (Whatman, 37 0.7
um)E o} F ARGSHTH A AFE-S Van veen grabs
o|-g3to] AT EFHES ¥4 1mme AZ Azl £
Zetlen, A 23 GF/F A2 o3t 340 24
AZE S AR E AR & BA ) ARSI o F
AEE St. 204 T o8l APstaen, Ay & &
| FES Aty B4 AHgstdth AXEE 2 oF
NEe 52 1A% § & AP o]&ste] 33} 5t5e
o, Ba A FHEE BAS A5 AT A5} A AF
= AEE 47 12M9 g4t} I MY Haks o835t F
AR oF AEL} AAFTE AREs 22

I e LN (21, vivyE o83t AEE Al
AXEFATH ZE AR A bulk tissue2]
a2 BA N Ee o 22 dA4E

AAEHA] k2 AR 2 BAS AAsH4T

2. Bulk tissue?| ZA QHHEQY{AH| EM

POMT} A L9 bulk tissued] B4 2 AL HAS
1A AaH] (ZHE §"Chuik, 8 Npui)= EA (Euro vector, GV
instrument, Italy)2} A1 E IRMS (Isoprime 100, Isoprime,
UK)Z 4% dAstelen, 2= ogte = Uehlisith
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Fig. 1. Sampling sites of this study.

ZF AR A A-E BE A Ee 1~57A0f gt B3k
< AHEstg e, POM2 37040 it B 3h& ARt
Ath 24 F 10719 A=ttt F9an7F EA Sl
EZE3 (24 CH-6, IAEA, —10.4£0.03%0 24 N-1,
IAEA, 0.4£0.2%0)y& w45t 71719 A 9lE &1lst
Hom, 0.2%0 o|H e LA QoA £ AAISHAT.

o= 2

3. ofojiete] ElA

AARE A& ot
(8" Naas) B4 Chikaraishi et al. (2007)
of oJsf FHE W o|-gsto] 7t 9 FEASE
AA ST HA #A3E HAAA A& 5megs 12M HCI
< o83t 110°Col|A 12~24A7F 7hpEafigt &, 3:2
n-hexane/dichloromethane (v/v)& ©]-&3}o] A|R2FE 2
A4 SdEdS AASHA o]F ofm|iil EAo] I
AL E017] Y30l 1:4 thionyl chloride/2-propanol (v/v)<}
1 : 4 pivaloyl chloride/dichloromethane (v/v)ol] 2|3t =4
3} §F3= 110°Coll A 2A17F ¢t A2 X 8YstaL, Wk
o] Ty ofu|=AF EA}= 3:2 n-hexane/dichloromethane
() olgstel 2Etect

FEASE Sa2T ofvAt AR 7hA I 2utETY
1] (Agilent 6890N)Z}+ GV instrument AFY] Q5 H U4 A
F EX7] (Isoprime)S QAT 7} I Z2utE =) w]/9Hy

i)
o

=994 g B4]7] (Gas Chromatography/Combustion/
Isotope Ratio Mass Spectrometry, GC/C/IRMS)E ©]-&3}
o] A& 9 §"Naas E43I5T}.

GC oven?| 52 27L& 40°CoA 258 &< FA8H
I, 15°C/R9 £E2 [10°C7HA] £, 3°C min"'9] £ &
2 150°C7HA] $-&, °]%F 6°C min '] £E2 220°C7}
A & AR F 17387 FASAT ©o]54 (He) 2| flow
rate= 12 mLmin ' 22 AAsg}. AEk-2 Cu0, NiO,
Pt wire7h ZA1E H AL 950°CoA FHaste] AHEHE
o FAYTL Cu, Rh wire7} 2HE At e A9
A AFEBHAT AR 6 Nax 242 FBAS Tela]
Al Ao AFALH T dHA 8F Y ofw|iAt &

=z
& 83

(alanine, glycine, leucine, norleucine, aspartic acid,
methionine, glutamic acid, phenylalanine)& A& &4
4~53Juet BATIYeT olF olgstel AR ofu]iAb
Qo PE AL 2 BRI

7 opulwgt B2 B A4 PEAALEE AR
o 0" Nans®] B TN 0.7% vlThe] EE 2AE 1}
CREES

)

2 AFoA APE HAA ARY § NpuES B85
FFIA (TPou)= POMS Ho|¥ SR 71435} Vander
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zanden and Ramussen (1999)°] ]3] A& 4]& AME3}
o 4rEsieirt.

TPpuik = (8" Neon — 8 Niase)/ TDF + 1 (eq. 1)

714, 8" Neon2t 8 N 242 AR ET} 7|4 E
9] 8" NoukE 53, o= 7| AMES] FFAAE st
o 229 A AaSoA 7|24 Aa HEE S
Han o HARE T HF A HEY Aol 9
3 FEHA A= eAE A g WReR 7|4
AES 12 AAAR &85t Wetol diste] =o€ v}
7] Wzoll, & Aol E YA 71ES Z71EE A
B3to] 8" Nuwe® 242t B33 2po] & Belstuzl 3t
&t} (Vander zanden and Ramussen, 1999). w2tA], POM
(<200 pm)E 8" Npwe 2 B43+ GYHA AE4|L aghs
12 AM-3F2 1, POM (>200 pm) &S 8 Ny 2 83
FEFIA AEAL aftS 22 7HYSHAT. B3 F 46
A IL% TDF (Trophic Discrimination Factor):= Minagawa
and Wada (1984)7} Aetst g2l 3.4%02 AH&-3HE T

TPaas AF&-2 trophic AAs$} source AAsS E2 A glutamic
acid®} phenylalanine®] A2 A= A48 E 7242 AL
shgom, thedt 2o AS Agstel 9o BAS Ak
et

TPaas= (8" Ngta — 8" "Nppe — )/ TDF + 1 (eq.2)

8" New®t 8" Nppe= 22} glutamic acid®} phenylalanine
o WA HEIAALNE ot pi 2R )
A 8 Nt 8" Nppe 2] 2H5 53}, TDFE F ofw] e Ate]
FEFEAE Ao A FA LAY ol E Yu|gitt. 2
AL A L} TDFFES Chikaraishi et al. (2009)°] &J3l &
ol ks 77 AHEsHITH(B: 3.4, TDF: 7.6)

1. Bulk Tissue2| EtA 2 ZIA OFHEQIRIAH|

TP AHEOlE 7IHAE) A HAES AL o]
YsHoz aqHch Qo HPAEAe] AN
° NEEFAEY 2L 7 ZAANE AT Tt &
3 BHL O3 4% AREYAE AL
w9 o1%7] W], & Aol A POMS] Ak PP
ArHE ABEFIEY A4 AYEFYALHZ T3
Tk EF 27)7h 2 POM & A EFaENT FEEY

JoFaAe A=o] £ 7hs4el 2

S

0

AH|
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x=3 435

710 whep LRt st i s dan £4
<= AAET

g P Ean s AR Holdah AR 7H
o 2ozt A9 gAY i &d# A Qth(Deniro and
Epstain, 1978) wehA & Aol A= POMo| A 41=}te] |
ol o 2Nl AFYE FRlstr] Y3l wha M AL
2A4& FAlol 2YsaTt.

T A4 HYE POM (<200 pm)9] &4 R F
QY Z7F —228+0.2% T —21.6%£02%%2 &
At oy, A4 A FHULHE 2 5.3+0.1%03
78+£02% = v|w# Z zto|7} FRI= it ¥ POM
(>200 pm)9] BA 9 A4 PFFdan= & Y 1
AR Ao R gRlEglon, B3] T A9 A ¢t
AE A7 242 116404, 11.0£0.1%02 200 pm ©]
5ke] pPOMof| Hal £AL 3 7MKL Sl Ao = UE
Wtk POM (<200 um) 9] A4 g5 dan]o] JHd
apol= 7t BN 7|28 AL AMSSHe Al ¢t
AL an 9 Zolof 7|1t 2 A= A
7€ Z¥E TEEFIE L AEEFIES AF
A8A] koLt POM (>200 pm)ol Al vrehd 2A L
2 Y anE T 27 YA /71E el 4

FIDA BE (eg., TEZTHIAE)Y HEFC] =71 o
o Aoz A5G
=

Mo do X oft do

St20] 4 7] POMO] BA 9 Ah P 5 U4H]
ok
o}

of zkol= A2 oF 1.7%0, 3.2%c2 71E9] AF-S0lM 1L
© ol AAAE T gha 9 A AT Ao

o|&} u]-¢ fASH AL 2 YEG S (Deniro and Epstain,
1978; DeNiro and Epstein, 1981; Minagawa and Wada,
1984), ]2 3] POM (>200 um)S 13} AA1R1e] &
Hoz B8 7S Fstnth. vl St1oA =27]
H POMO| &4 9 A4 HYFHH4an] 9 2pol= St.29
Hjg 2 A2 1=l on, o]= POM (>200 um)<] &
2 A S ALEH T} v fARRS s, 5
7ok W 7124 Y] A 371 WErE ve
w21 Py Fdar o AU e glof AEET
AEN 2L 1A FEETAEY] 22 13 A4
A Atolof] th27] WY 4 ok dutHoz AFe A4
Az 2445 PP dan] AU vkg Azte] B 11 AL
2 ¢A 7 "Zel, 7 EY da L]
] zpolof w2k POM (>200 pm)®] FFAI= FH o w
2 o @S yEhd & o & 4 ok St St.29
A ZrzF AR E A9 AA8E 5 tHEFQ Nephtyidaeo}
Glyceridae®] ¥4 9 A HFFHAaE= & Zol|7t
UetR] o= Aoz ERIE o, st2o]A HPE F

B
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o33 (FHl, Platycephalus indicus, 30, Lophius litulon)
AQE Aol FATE BT B % D2
o 912:01€] 2ho|7} BH15|SAek (Table 1), AE )5 7+
PHEAULY Holk 2t 0|5 Bo]le] Fol
SJojgitt ¥ ATl BAY ANFEY G @
XJ%H Aan)7k POMC] B8] S FAL S et
2}, ol (L. litulon) 2T} ¥l (P. indicus)2] F7
AHFAALY B 7t AHY BolF 2
7| 2ol Uehd Anie SHE % Arh QurEe
P RzolA AR Aole] A EA ALY

opeAe] Aol 2 S e, theta] B o]
A % ol 7 A HPEN AL Ho] Edk JHAY
o2 4T 4 ek, T B4 AHEAALE B
@ ol 7 Holee] Aol Wi BFAALY2) 4
o]F op7|d 4= itk & AFolA A E TPaaE F3l &

:L
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>
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)
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lo f mx fo oe P o f@ ooft rfr
I oH =

_);1_:
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o|

skt s4o] e Ao Az,
2. ofnicAte] HA S SIRIAH

2 AFolA HAREY FFDAE A=t Sls
B3 §""NaacE Table 20 Webgict. ofu|ieit
Alanine (Ala), Leucine (Leu), Aspartic acid (Asp), Glutamic
acid (Glu)= Glycine (Gly), Methionine (Met), Phenyl-

Table 1. Isotope signature of carbon and nitrogen within bulk
tissue of biota samples and size-fractionated particulate
organic matter.

Sample type &

Site ; 8"C (%o) 8"N (%0)
species

POM (<200 pum) 3 -22.8+0.2 53+0.1

St.1 POM (>200 pum) 3 -199+0.1 11.6+04
Nephtyidae 1 -14.8 14.0
POM (<200 pum) 3 -21.6+0.2 7.8+0.2
POM (>200 um) 3 -199+0.2 11.0£0.1

St.2 Glyceridae 1 -153 14.7
Platycephalus indicus 5 -154+02 148+0.5
Lophius litulon 3 -174+0.5 122+15

b

09.'.

gNEL

Hob

analnine (Phe)o]l H]3to] BE FoA AL A ¢4F
$9194HE Hephgon, ol 729 47 Angol
A R 8" Nans A8} wS £ AFSFEF (McClelland and
Montoya, 2003; Chikaraishi et al., 2009). ©-2tA] Ala, Leu,
Asp, Glu+ trophic AAs=, Gly, Met, Phe= Source AAs=
Ao £ Q= Ao FolE Q. E3] tfFE A Q] Source
AAsE LE A Phed A& MHEY AL ThREQ
Nephtyidae®} Glyceridaeo| A o] Fof vl FAL Ffol
ek, £ ol ol FeolA OIS 6 Nune

wt ulEA RAL WA HYESIAL} SelHgnt
(Fig. 2). Source AAst= Ho| L3} HA1x} 7+9] A4 H 5
sQzlzh e 2] o] Holge] Aoy 4o ¢

£ 7t Aoz &#A Qth(Vokhshoori and McCarthy,
2014; Lorrain et al., 2015). & dA3Lo| A Yepd A2} 7¢
8" Nene EZF 22 oA APH HAWEYDA = EF
skal Bo] o] Zpol7h EAtS HojEth A tfEA
Trophic AASEH 8" Ny, = A2 E| wet tdax 2 4
AREO] § Ny 8 Nyt A2 Aoz Yeyte
W (Fig. 2), o= 7129] ATATS} §AG AFOR ol
=iy,

TPt 5 TR ZHIAE Fol7h Liehd u, o]
% AolE A e R0 Ggson, oF S JE
A7} R Fo] Hd] £ A2 2 Ve TH(Table 2). £3]
ot 3.7)2 FHl (3.8)9] TPaass ZAIA oJFUS 9n|
st o] 7]&9 A4 9 WEE £4S 3 Fot
oF ez}t oAl ol RS Bt At} fAgE Ao R
EQ1=E QIth(Cha et al., 1997; Kwak and Huh, 2002).

3. JYTHAI2| Hlw

E Ao A TPbule]' TPaass H W 3LIR}; St o,
TPou® -5, 71 A &S 242 13} A4ERF(200 pm ©]51H¢]
POM)T 12} A4 412} (200 pm ©]42] POM)Z 7| AE=
g4 4 % A BlaLske] Fig. 30 vreb it

TPou® 735, St. 1914+ 7] A A& wal Nephtyidae

Table. 2. "N of individual amino acids and trophic position calculated from 8'"°N of glutamic acid and phenylalanine (TPgiu-phe) Within

biota samples.

8N (%0)
Species TP
Ala Gly Leu Asp Met Glu Phe
Nephtyidae 21.6 11.1 174 18.8 6.2 23.1 74 2.6
Glyceridae 255 15.6 204 17.5 99 264 7.0 3.1
Platycephalus indicus 28.8 70 249 20.6 10.9 309 64 3.8
Lophius litulon 292 8.3 222 250 10.8 29.8 5.8 37
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Fig. 2. Nitrogen isotope ratio (§'"°N) of bulk tissue, glutamic acid,
and phenylalanine in each consumer.

4
N ® o
& ri
= 37 : Q; T
& :
2 o
o H
S :
L
=
[« %
S 21
-
A TP
{ O TPoaeen
i i ) P @ TPy
1 ; ; ; ;
(] & 3 A\
.\¢'3 e{\ga ,‘\5\06 \(&“\o
\;GQ‘\ e\‘\o ?'\ %

Fig. 3. Trophic position of each organisms estimated by different
equations. TPyaser and TPpase2 were calculated by eq 1, and
TPaas was calculated by 8'°N of glutamic acid and phenyl-
alanine (eq. 2). 8"°N of POM (<200 um) and POM (> 200
pum) was used for TPpaser and TPrase2 as basal food sources,
respectively.

9] TPou”}F 2.7 (TPhase2) A 3.5 (TPpase1) = 2 Z}o]7} L}ER
o HhE, St29] HARES ZIAES] #ste] 93 TPou
o) Hol7h v B A= Uyeutth(Fig. 3) ol 278
POM2] Aa A F Y4 H| 8] Zo]7} St.29] 4= TDF
S ARE ML SLIS TDFO] ) 2 Aolz Mt
E3 o414 ol B2 el 9 FHhe] TPt TP
TPrase2| A 25 3124 22 AR 77k A= U
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Fig. 4. TPaas and carbon isotope ratio (§'°C) of each organism. TP
of POM (<200 um) and POM (>200 um) was regarded
and displayed as 1 and 2, respectively.

Ehd Wb, BolAe) A% 27 23,242 B BB
TPouk®} FAFE A2 SN 24 oA AR
T 72l Nephtyidae (St.1)2} Glyceridae (St.2)2] TPaase
217} 26,312 A2 o2 Hoz FlFen, o= St.l
NS TPhaserer AILIBFAL TPhun®t FARRE Ao 2 2Ql
Hol, £ 24 W mE Hauge] JoruA 430 %
&0l 7hsdt Ae® HoFoh I8Y TP 7 ool
A 27k 3.7,3.82 TPouse1 @ TPrase2ll H13l A Ll
7129 9] BAY ATZNH F o Rt oM O et
3 A& 135 (Cha et al., 1997; Kwak and Huh, 2002)
TPoase1 @ TPoase20ll BI3l TPaasZt B A3 3t YeEt
= AR AgEH, F 79 TPohuk (TPouset, TPhase2) = ©]
E9 AR Hls] W gS Hole Aoz A
ool Ao WA A RES ALY} Halal

L 3t 22 A 8 Nous Hol Dt @NX} 7t
S FHEAR FHEL] Folo 71Q1% AR FHE

tt. 9§ £ O'Reilly and Hecky (2002)% 2} xggqu
MNE 2 AZYUL AL AE U2 A7 2ok =
AE Zo)ru|2 ulgsly| wlio] zF JothAE Y=
29 A& HTHLLHE &l Fo7F dedts
B3 v 9tk B Ao A E St.13} St.29] 37 POM
o B4 9 A AEYGaH 2po|E E3) HA 7H 7
ARE (71284 e A9 Holg FATFAL
o, g 2t AEZo] B2 AFTHEL FHEY Zold
O3 TPy 2] HM3FE 3H2l51 % th(Fig. 3). B3], & A7 3§
A} 2+ SR YL 24 7)Y AAaY 449 whE 71A
ANEO] A4 A=A HI nj & & o=
AdHA Qe (McClelland and Valiela, 1998), 5 5&% 32

X



438 |

v

B -

£3} 42 ZaaEd B olRe] FHE ALY HHE
o] =¥ Ao & 7|&9 A4 BiE ot Qlth(Coulter,
1991; O’Reilly and Hecky, 2002). W2tA 7 37|
A AHHE o7 ARoE AREER AHEE 27|E
POMe] H|3l iAoz wE ¢ A&
O TPout B2 A A Uehd Aoz gzid 4= Qi

E3, 2 dFolA= TPuuE AHE8H7] fd 43
¢l TDF 722 43 A 3.4%0 (DeNiro and Epstein, 1981;
Minagawa and Wada, 1984)2 AME-SFR AW, 2|29 A
S0 AE Zo] wZ TDFY thFAol thsf =27}
T3 ¢J o™ (Vander zanden and Rasmussen, 2001; Post,
2002; Dubois et al., 2007), W&tA] TPhuxs AFHE317] 913
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