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Abstract - We sampled vomit of black-faced spoonbills (Platalea minor) during the brood-rearing
season (from June 2011 to June 2014) at the Namdong reservoir in Incheon and analyzed the food
components in the vomit using microscopy and next-generation sequencing (NGS). Microscopic
observations primarily helped in identifying osteichthyes (bony fishes), crustaceans, and poly-
chaetes. In particular, species belonging to the families Mugilidae and Gobiidae among the fish,
and Macrophthalmus japonicas among the crustaceans, were observed at high frequency. Results
of NGS analysis revealed the predominant presence of bony fish (42.58% of total reads) and crus-
taceans (40.75% of total reads), whereas others, such as polychaetes (12.66 %), insects (0.24%),
and unidentified species (3.78%), occurred in lower proportions. At the species level, results of
NGS analysis revealed that Macrophthalmus abbreviates and Macrobrachium sp. among the crus-
taceans, and Acanthogobius hasta, Tridentiger obscurus, and Pterogobius zacalles among the bony
fish, made up a high proportion of the total reads. These food species are frequently found at tidal
flats in the Songdo and Sihwa lakes, emphasizing the importance of these areas as potential feeding
sites of the black-faced spoonbill. Feed composition of the black-faced spoonbill, as evaluated by
analyzing its vomit, differed when the evaluations were done by microscopic observation or by
NGS analysis. Evaluation by microscopic observation is difficult and not error free, owing to the
degradation of the samples to be analyzed; however, NGS analysis is more accurate, because it

* Corresponding author: Seung Won Jung, Tel. 055-639-8430,
Fax. 055-639-8429, E-mail. diatoms@kiost.ac kr

(©2018. Korean Society of Environmental Biology.



166 Hyun-Jung Kim, Taek-Kyun Lee, Seung Won Jung, In-Ki Kwon and Jae-Won Yoo

makes use of genetic information. Therefore, accurately analyzing food components from mor-
phologically indistinguishable samples is possible by using genetic analysis.

Keywords : black-faced spoonbill, food components, microscopic observation, next-generation

sequencing, vomit
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A o) A (Platalea minor)= 3| & (Ciconiformes) # o] A1}
(Threskiornithidae)®l &3}, -2 yzgtolA EEL7] op4
ZE [F, HA719E A20552 AR e xFo|).
Aol Af o] MATEE A AAAN A9 24 D 524
BE WE 87 qoAeR Ad BEsisldl sl slot
(Rose and Scott 1997; Collar et al. 2001; Yeung et al. 2005).
Aole Seete Ede £7 294, FA0l Fu o
7o 5 Folol asr|lo] 2Tl WAlslE Ao &
HA glod, 3 - oF TE Ao ALY oF 80~
90%7F Syt A MAE dt= Ao =2 YWa Floh(Collar
et al. 2001; Lee 2015). ZUjoll A A ojAj= 1884 Y57}
oA HzZ FFE o|F, 19509t 7HA] &3 A5 A
S 1} (Clark 1910; Hancock et al. 1992), 2014 o] = <F 2,700
of AAZeko] WIEo] SITh(Yu eral. 2014). FHAA Aol
Aef A A= 19919 Aatmold Hzx2 gelHion, d
AW7A G R = Aojf o] MAA = F 20Xz, &
o] A7} A7|vtat 1w dofjo] AES whet fjX|sta
AT (Lee 2015). 12k Asfeh AE o] diqf e mi Pt Z+3
A WEAY T2 Ao AA A7 HA; 4 2 23
3 Qlof Ao o] A vt S Yl Aol

2579 AolEd} Aozl #3 A= AA A digt
F&s8% MATS 954 (population dynamics)of gt
BEE AFst7] WZol 279 AT A AR BT
£ 98 Fa35lth(Ramirez et al. 1997). 72 Ho|AE
Wi AFELS 27Y Aol HAEH S sete =
st B, T ER7HE 7o R 3 BANE
2l BA AR G ol E B2 A FY RS 9]
&3t S (e.g., Kim 2006). 13yt 279 43} &
oA Hol FE9] Eaf7t HAE7] o, EARE E
S o] &3t AT ES F Y HolAES Totsty] of
Hobe &S 7HAAL Stk o] e A o] AL S
5571 flgte] HZole viH 2 9 HEES 7Ivte s
g opTEY AolE Ao EAETA 24 o] &
A= 3 Qlck(Deagle er al. 2005). o] 3t EAAYE3HE
o 22 2 ¥ 37 S4H BAS Telelt 6 443 A

oz &dA, nEZECg o} HHA U cytochrome ¢ oxidase

subunit I (COD®] §-A=} utAE A8l Qlth(e.g., Hebert
et al. 2003). 3], 20109t} ©o]F At A7IAE EAH
(NGS; Next-Generation Sequencing)& ©]-83F Ho|HE2] <
Tofl COI A7} utA 7} gro] o] &= a1 ¢tk (Harms-Tuohy
etal.2016). webA & A7l 4= NGS 71"E ©]83k A]
oJM o] EARES B4 3, AojA9 Yol FES Thotstil
ok B3 EAMEY] FEEHE EAE A AAst, EALE
2 o83 27 HolE AT NGS 71He] A 3
orehaa} gt

1.97 XY

A AFQ FE5AaA
AR s, A AEE wf
WSt 5ol YRE B
F440 el 9218 23]
A 9o, 2009dof AojAjel ¥ £l o]F A oA
Aoz 21 Yot EE A olA fAshs Ao Y A
A= F2 71H 7 §4A4 W vy 4o &2
X 383 $= AUE dHA Jdon, EE5HaAl ¥ 20
km W) 91R0% AJBkE Ed A AR sjken
o} (Lee et al. 2004; Jeong 2014).
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Moo EALE AH-S A7t FEGaA ol A A5}
£ 6~89S $A 22 ,2010~20144 F<t 630 AA F 12
Aol Ao o] EAlE AlRE AR SHATH(Table 1). A E
A|ZEE ZA] 100% ethanol (Merck, product number: 1009
831012 Aste] W By & APHZ uksto] FH|
3429 Baka} NGS 24 MAISHA olu) EAHE A=Y
A oA Ao MAA ] MEE AlZEE 2 4sts)
7] $18to], FE A AT Rl AtA (8x32,
Wholesee)T} 7 (20~60 X , Swarovski)S ©]-835F 2 Y E
P2 ANk RUE S B3 Ao HoleES 9
3 dERaAol Qi Azl T A4 W Aol A4 B
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Table 1. Summary of the food components in the vomit of Platalea minor, evaluated using microscopy and next-generation sequencing

Microscope Next generation sequencing
Sample Sampling
D date N;;Isl Ere\feszc?f Sequences Reads Operational Shannon Simpson
. q (97% cut-off) taxonomic units diversity evenness
organisms
2010-#01 Jun., 2010 4 13,286,767 20,861 (13,548) 10 091 0.56
2010-#02 Jun., 2010 3 6,493,576 10,231 (5,604) 8 1.19 0.37
Mean 3 9,890,172 10,232-20,861 9 091 047
2010-#03 Aug., 2010 4 1,810,309 2,840 (1,533) 5 0.66 0.59
2011-#01 Jul., 2011 3 6,036,947 9,450 (6,338) 9 0.75 0.55
2011-#02 Jul., 2011 5 11,734,698 18,344 (13,548) 10 0.23 0.92
Mean 4 8,885,823 9,450-18,344 10 0.49 0.74
2012-#01 Jun., 2012 5 8,309,682 13,087 (7,029) 13 1.38 0.30
2012-#02 Jul., 2012 7 4,573,595 7,228(4,319) 7 0.92 0.51
2014-#01 Jun., 2014 ND' 5,241,750 8,283 (4,369) 12 1.08 045
2014-#02 Jun., 2014 ND 13,709,417 21,498 (15,079) 6 0.35 0.82
2014-#03 Jun., 2014 ND 6,223,560 9,999 (5,052) 12 0.81 0.68
2014-#04 Jun., 2014 ND 6,507,378 10.225(5,797) 5 0.86 048
2014-#05 Jun., 2014 ND 5,243,450 8,534 (4,403) 7 0.17 0.93
Mean ND 7,385,111 8,283-21,498 8 0.65 0.67
'ND: no data

Aoz A GFol WX A YEE 8 s1gold EAb
2 ARE AT BAR APS 93 QA 2ap
A @57 H7HE S8 5 Adstert.

AAF

3. A0 BAE A=) B4

Y 5L AT ARE ARG UVE FRAE
A&t &, 35 3 u])7 (SteREO Discovery V12, Carl-Zeiss,
Germany)¥ F38+& 0] 7 (Axio Imager A2, Carl-Zeiss,
Germany)2 2 B35t} ojuff Eaj=o] Fej7t EL2Hs
Ho|WEE2 BEA 51 22 £/ EAHL o] &5}
FAstglen, & 5ol EFo] 24E FESS v 4
g 24902 TRaA,

NGS 842 93t A|F= 5 wet weight g9 BEAMES A
i &Y AEE F4% YF5AZ] T, Homogenizer (Daihan
Scientifics, WiseMix, HG-15D, Korea)= E45to] A|2&
Az}stglet. oA #ASHE AlEE 60°Col|lA] 244]7F 5t
AZAZ &, 28 AT 0.2 dry weight g F|3}9] QIAGEN
Stool Kit (Qiagen, Hilden, Germany)2 53] gDNAE &
Shaich. o) EARE W) Hol 4B chopy e SHusty] 9ls)
of Z} A|=o|lA gDNAE 33] &35, HFH o= 3}
o] AR Egste] Ao o] 8314ttt ¢DNAE forward
primer LCO-1490 (5-GGT CAA CAA ATC ATA AAG ATA
TTG G-3', Folmer et al. 1994)} reverse primer HCO-2198

(5'-TAA ACT TCA GGG TGA CCA AAA AAT CA-3', Folmer

et al. 1994)F A-§-5}o u]iita]o]-g] COI §32 £$41&

2519}, o uf GHAES ZE5}7] 9J5}] 10X PCR buffer
2.5 pL, dANTP mixture 2 |.1L, 1 unit Ex Taq (TaKaRa, EX Taq,
Kyoto, Japan), forward primer®} reverse primer Z+Z; 10 pM,
gDNA 1 puL ¥ £J74E E31519 total 25 L W& 5|, PCR
Thermal Cycler (BioRad, Hercules, CA, USA)Z FHAE 5
ZAZ T} 1X} PCRS 27| 94°C 58, 94°C 30%, 55°C 40%,
72°C 0% % 308 ¥HE ZESGT, 02 72°C) A 10
22 FPotgtt. o] 2A HAE PCR AHES 1% agarose
gelo| A 271958t TZ o RS TasiTh $F0] ¢4=
% 12} PCR AHE-& Nextera XT Index Kit (Ilumina Inc., San
Diego, CA, USA)Z 2Z PCRS +33}%2™, 1} PCR
product 2.5 uL, Nextera index Z} 2.5 pL, forward primer2}
reverse primer ZtZF 5 pM, 10X PCR buffer 2.5 pL, dNTP
mixture 2 UL, 1 unit Ex Taq¥ $-F+5 H71s 20 WL &
gt o 2 12} PCR HHE 7‘74-74- Zo] 10 cyclese 3314
ot Hhgo] g7 H FAHA AHEL Qiaquick PCR purification
Kit (No. 28104, Qiagen Inc.)Z AA|3t¢ o0, ZHzko] HAH
PCR AHZ2 Bioanalyzer 2100 (Agilent Technologies, Palo
Alto, CA, USA)S 0] 8319 QC testE AAFATE. QC test
£ F43% PCR AHECIA 5 DNAE F3 § 233t
Illumina Mi-Seq platform 2.2 £43}%.©2 ™, MiSeq platform
of A AAtEl ¥7] 4 HE-2 MiSeq Control Software (MCS, ver.
2.4.1)%] Fast QCZ poor-quality G714 2 AASAT E
3t fast length adjustment of short reads (FLASH) Software 2
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Fig. 1. Rarefaction curve on the constituents of Platalea minor vomit.

short sequence reads (< 150 bp), low-quality sequences (score
<33), singletons ¥ non-target sequencesS A7 3t ch
(Mago¢ and Salzberg 2011). o] A A2l 7| EL CD-
HIT-OTU program< ©]-83}9] 97% 43| A clustering=
AABFATE(Li et al. 2012). E3F Mothur program= 3
alpha-diversity (Shannon diversity, Simpson evenness)S 7|
AFSHEA T} (Schloss 2009).

EARE ARE @v|F oz wEst A}, 3~7F9] ol
ol FRIHUeH, Aol 2 o, UAF{ 191 o
FE A4S Aoz YER T (Table 1). 42729t o7&
HE BEARE ARoA #EE 9, b2 {E 13 SAE
o 283 FeEgHor EAo] E7h5d njEsd HE 24
2 BE A RA BEEUT o]Fo A= 5o F (Mugili-
dae)¥t -5 o1 (Gobiidae)7} 242} 13] I UL, v]FH
o] % (Unidentified bony fishes)= ZE EARE A|Zo|A 3
2=t g7l A AA (Macrophthalmus japonicus)<
A7 5 7P RivisHA BEE L, ZHA A (Exopalae-
mon modestus)} FHoE M- (Palaemon macrodactylus)
= 33, WA$ (Exopalaemon carinicauda), 37 9| | $-5F
(Palaemon sp.), %54 A5 (Unidentified Brachyura)+= &
T+ 13 @5kt Rl JAR P o)F (Nereididae sp.)

L2017 7€ A B A T TFE QT

NGS B4& 53 5% 971442 1,810,309~
13,709,417 (7,430,327 +3,661,479)0] 9, reads= 2,840~
21,498 (11,715+5,709)2 YElyth. 2FEZ o2 Ho|AWE9)
EA o] o] &H readst 1,533~15,079 (7,218 £4,357)0|1,
97% 9 cut-offE AAISt] &53}¢Ich(Table 1). ZF Al
£9] reads+= operational taxonomic units (OTUs)ol| Z&3]
s, o] 5 T3l dolH Y ARAEE FHsHGIT(Fig.
1). OTUs+= 5~13(9+3)2 2 UEEAL, Shannon diversity=
0.17~1.38(0.78 £0.37), Simpson evenness+ 0.30~0.93 (0.60
+0.20) 2.2 YEFGTH(Table 1).
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T 42.58%)2F o7 (40.75%)= RE A Bo|A TEES
T ERTE BARE Y HolAEY dREES A
Qolth 1 & GRFEL 12.66%, TE2FE 024% 18w
T HolBEL 3.78%F AATRLH, thRF= 57H, 2
FHE 1Y BEARE ARoA BRE S AR 4
Al (Macrophthalmus abbreviates)7} 744 =2 =2 &3
st Bt 64.71%5 AA 8L, AN -F (Macrobra-
chium sp.)y= 3435%% UEbGTh o] & Ho|YEL EALE
Y HolFE F 779 9906%S A5ttt 18n °

o ot Hz lo
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Fig. 2. Composition of species eaten by Platalea minor, as identified by analyzing bird vomit using next-generation sequencing. A: composi-
tion of total feed species; B: bony fish; C: Crustaceans; D: Insects; E: Polychaetes.

M- (Exopalaemon carinicauda), ZA| (Hemigrapsus penicil-
latus), BZN$- (Alpheus brevicristatus)~= 1% B|9He] LA
HE 2l

o Fol| A ELE (Acanthogobius hastayS BE EAME A
FollA BEE AL, 79 Bt 71.02%F T3 3H3th(Table
2, Fig. 2). AAYE (Tridentiger obscurus)T} TS Z4YTE
(Pterogobius zacalles)2 ZYZy 7.16%, 10.23% S AFA|5HH, 4
3] o) BEAEHY ol & Al FY FEol= BEAFE W oF
2] 99.01%5 AHx|5te], Ao ] Fa Hol P2 F1= g
t}. B3t Ao (Konosirus punctatus), =35 (Tridentiger
nudicervicus), 73X (Micropercops swinhonis), =345
5 (Acanthogobius sp.)2t 7 W& o723 5] (Carassius
gibelio) B W32 (Misgurnus bipartitus)7} 1% B[S 2 &
A At gt Fo| A= AR o] (Neanthes japonica)7} 5
3] FEEHG o, rRF Hd 96.29%F At &

ZR\Ne ALZAWEF (Chironomus cf. plumosus), Tr&
2wk (Chironomus salinarius), 7552wt (Polypedilum
nubifer)7t WEEYOH, o5 T HA HolFENA 1%
vluke) e v AASe.

[

il

£ AT oo EARS tHoR HolyRe &
43k A3, Ao 22 AR RS Holaht o=
ettt 7129 A7 ATe] st Aoy HolgEe
F2 olpot ASRE TAH, A% A, 2, 25 @ FA
79 SAABE Holshs A0 & Stk (Hsuch er al.
1993; Kim 2006). o|2]& BolgEe F2 e 449 9
A9 ggol A4, o)ot e At HolETt
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ZH(tactile method)el] S|Z5}e] B WES Aolsr] W]
o} (Hancock et al. 1992). A|o{A|¢] 2 Ho|WE2 [#4H
2. EAE YolA] £& ME2 Stk NGS B4
Hole] Hol 4B F £ FANES Bl AAL 270
et 2 BEa Fo2 $Ee] AAAY, RE, A
SAHA T2 AAstaL e AeR HiEo] $lok(Choi
et al. 1998; Suh and Hong 2004; Kim and Koo 2016). ¥
Al T A ERlE A= ZAAL} Zol 270 A
A &5 PEEE T2, 743 T oty AY, F
=9 HAAY, =, AN T2 THHL Qe
(Choi et al. 1998; Suh and Hong 2004; Kim and Koo 2016).
A5 F8 SAVELS duH T NGS B4 oA 2+t &
At ZAZ veht, & EA4Z771 2ol Ytk nEZ
Teobo] COI 37 FelollA ZAY AA Y FAEE= oF
W0%E, F T 44 JrE F33 ZJo|E Holi §lth.
w2bd FHE FAOl 9%t NGSEA 9 e Feta dist
71 o8& Aot o]= ot Ful oA &g FE
2 BRA Tola A HEAS BISIC BT Fe
A o549 7hsAlo] Utk

ARAE Y 22 H1EE Ral 2
ARG} $oIRE F2 Holshs o= ekt
ol Mgt 579 tfEAQl A%t % A

T5olFet sol7e AoE Asshs A2 dA ok
(Noh 2005). o]¢} Zro] zojAj<] HolPEL & AHHo
A 714g Folglen, ol Fal A= AAAZH 20
km o|Hj9] =AY @ AIFAH gt JE=T =& A
o8 FHHEY. 2 A1 EARE ARA A EE HolA
9 RS sipAold o, dF E4 ofFl it
oF Fol, £ALFQ ZuF7E IEE AT Ao A4
A= theFste] At ofyel =, £2, 344, 5kt ol
K Efo] gith(Kim 2006). Z3=olA HHE Ao E
AHE W ol BES FE u|feR|g o] T 22 UE
7], &7kl AAske AR f5, =4 AAske =484
E 183 g7 gy ol 72 FEEATHKIm 2006). A=
o 4] ofu| A o7} oA AA A A AU|E Ho|ES]
B2 UET =04 AAshs ofFet LFo|glon, Aste
N HAH Aol F2 T4 ol neE Aolst
L Aoz BuE v Qth(Kim 2006). TElA], B ALo) A
A= 2 s 9 7144 HolBES Aolstal A
O, g ol F T3 Aolste AR mpotdn o]F

3 Ao Ade] digt Hol&s YJE=Tt Wi 2

o2 FoEY 48 FeEAE AR R o] &S AT

= A

NGS &4 du|3 w2 23
7t RS AA s AL Bl
BEAA AtolE BYloh @A
AEE A% CAS-2 et
53 2AZ gl Al
S TRE S, AojAle EARET Zol th
Stz o BES BAT 4% FHAe=
oy, tpedt ERol ZH 7] wEel
o] ofgtt. U HEEE=g o} COI {44 £
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