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Assessment of Body Condition in Amphibians Using Radiography: Relationship between Bone Mineral
Density and Food Resource Availability. Jun Kyu Park (0000-0002-1922-1466) and Yuno Do* (0000-0001-8235-
1645) (Department of Biological Science, Kongju National University, 56, Gongjudaehak-ro, Gongju-si, Chung-
cheongnam-do 32588, Republic of Korea)

Abstract We measured the body composition, including bone mineral density (BMD) and food resource
availability using dual energy X-ray absorptiometry and the carbon and nitrogen stable isotope ratios of body
condition of 4 anuran species (Hyla japonica, Glandirana rugosa, Pelophylax nigromaculatus, Lithobates cates-
beianus) in South Korea. Additionally, the carbon and nitrogen stable isotope ratios were employed to determine
the food resource availability of anurans. We figured out the relationship between the body composition, includ-
ing BMDs and food resource availability. The body composition and BMDs did not differ between male and
female while there was difference among the species. Food resource availability and BMDs were the highest
in L. catesbeianus, the lowest in H. japonica. BMDs tended to increase with higher food resource availability.
Body composition and BMDs, which represent the body condition of an individual, can be used as an ecologi-
cal indicator to assess the stability of the habitat of anurans.
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29,2 719 9 B2 $F 52 U9 4 UokShaw er
al.,2012). YA &G 71¥e] i AA 2 I SH

2 spobsr] AT WULNE BFST g3} A
Ao Yol AHSIAL 4 Slek U AFAEE o
AfelA Agel QA FA% 9% a7 FEEIE
A oiRg weksly] 98] AL Bl whEA) Waslt
3 2P} (King et al., 2011).

2 Ao e BAM ZF71HE ol8sto] opf Fujek
ARE A A4 D 9o S shotsich Fuel A
M 8GN Agsto] LulpRY AAYEE RARH
A7 BA] ot 2 Aol A= A Sl g £2st
< FUISAFA A= (Hyla japonica), 2N 7-2] (Glan-
dirana rugosa), 7§72 (Pelophylax nigromaculatus), eI
27N (Lithobates catesbeianus)2] AL (ZF, A4, Al
A FEEE P ARES E'é]—J 7‘17‘“‘ e
S ohe} garae] T4 A, AAHA Q27
ko] =88 F7|% 3tk (Bentley, 1984; Venesky e al.,
2012; Martins ef al., 2013). 22 9A] thofst nju|d a4
o Aa AdS 5t A 282 UYL R o] §
Hrt. o] 59 AW A A= AT AA A%l IF
& o] WA, 4%, W S0 S v ATh(Girish and
Saidapur, 2000a).

Cers Eesebd maaclel RulgA e YR
B7o] §RE v1W & YA A1 7EH oz o)
Ao Hol|=28 Y F4E= HEI(A, B, D3), u|d[#
(Ca™, P, Zn""), ¥4 (YA, 29 B0l AA A E o) 2]
Moz Qe A FAFIA wolsl Eu Y

= FY AEY 2L tgstA e FAFY B+
At} (Green, 2002; Gar-
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ner et al., 2009). £ AT A= Hol] A& H7IE = QL
= B0l A A F Y UALE E A (Stable Isotope Analy-
sis)sho] ARl oFo] WAE uhofsf AlA e B7F W
oZAol WA B 71Wel BEAE BEIAALL.

R

1. 8% =AM

E Rl ARt 2ol 344 48 AEss T
FAF T =W B BEFo] obd 7N (H. japonica),
272 (G. rugosa), Z7NT2] (P. nigromaculatus), 327\
T2 (L. catesbeianus)g S3HFE FFA1¢ AFTEEAA

Al Ao A st AR 2 (A, A, 4, A
g3 92 ol 2 AA A FFSE A -r]°H
4ol BT AT g 4B ARote] FuFARE
A Y AR 3 24 4 Babh Qe ge w)
H4 AL ALshech P 2A10 EN UL B
Aole At et S, = 22 7R (=
Z+ a7 Aol FaTftEl= 670A (F 2 37RANE AHS
ST

S 2 719 F shuel o)
energy X-ray absorptiometry, InAlyzer, Medikors)S A&
stel AR oA A4 HehE el 4 Qe AYEI 2
9% (Bone mineral density; BMD: g cm )& &334t
(Fig. la). EH A E9E S3ll 53 Z oln|x| oA Z

A2 2 AR (Dual-

Fig. 1. X-ray image of Lithobates catesbeianus from Dual Energy X-ray Absorptiometry (DEXA). (a) Body image, (b) bone image (c) com-
position image (green areas: lean body mass, red areas: fat contents).



2 ol BERAlA BERE= AT Aol o =
(Bone mineral contents, BMC), X% (Fat), A A%} (Lean) £
& Yeth(Fig. lo). AR R9le AA 22 oA A4 £
AE A U R R g it 2859 ot F
W B RE 7HR= Fu|FARY S AW 23] Al
A8 Aol A 71E 5= Qo] 4 g F ol 95% e
2ol 170 ol BHaksto] T4 A Al HiTt

3. HOIRIE! 718N B

Fol AR qERA &3 TE52AS 0|85t
g2 (°C, "O)gk A2 (N, PN) N danE

ok 25 222 —80°Col|A] 48417 TAA = A|A At
Atz 24 9 #AsSHT g A Eeda

A AEE A AAE 8l 22 2EE (Chloroform)d}
99.5% EH&(99.5% Methanol) ZFE (2/1, v/v)& A2
WS Aael A7 5 AFRe Eeluch of 15
33] HHEStI A RE T2 A= (-80°C, 48 hn)sto IF{
go152 A7t 2As o H ARE ALt B Y
AL AT HYL B4 A 2= 6x4mm § P& (Tin cap-
sule)ol] 0.1~02 mg¥ HuiFct. w4, A4, 3 g4 B4
719t dZ2E HAZHa FFEA] 7] (Isotope ratio-mass
spectrometer, Micromass IsoPrime, UK)E AM&-3}o] B4
o A4 P FHYULE RS AFEA7 ) va
% A= PDB (Pee Dee Belemnite)7} AF&E ¢om 24
EZF ANEE Y7] F A4 A EF A= (Atmospheric Ny)
7 A8 3 A EE AR (Reference)®] S35 91914
u]o} 2 Sample)®) QPHEA LS Foto] T 1 A
& YL E v 22 A4S T3 AR

dC = ((Pc/"*C (Sample)/"*C/"*C (Reference)) — 1)
X 1000 (%0)

8" N = ((""N/"N (Sample)/"°N/"*N (Reference)) — 1)
X 1000 (%o)

R AZE o] HA 3.6.1 (R Core Team, 2013)2] SIAR
1)} 7] Z] (Stable isotope analysis in R, Parnell ez al., 2013)&
o|-gsto] Ho| 2+ 9] o] & MAE Hetd & ql= EEEH
99 (Standard ellipse area, SEA), RE I 7|24 FZFE}
A4 (Sample size corrected standard ellipse area, SEAc)
4 BE=72 £ M3 (Convex hull total areas, TA)S At&
o Al 7HA] F7Y 9T "EEo] 9n|st= Hol A+
S WOl A RDE TlWo R ot Ao o

A& UaH Y A4bs B35l ES5EHUT g4 AT HY

9] F= H &2 TE WolA I dA7 F7lste =
A ow A ¥asA] ¢b7] fie] Yoo 7ds F
st X2 ARgEh vk A4 P FLldan e F
=9 A4 =9 E HiE 7|& Y3 SH =Y FE9
a5 Wz 9% SAZE STkl wet oF 3~5%0 3
A A5t el T FF TAE vEhd o= 3l
t}(Zanden and Rasmussen, 2001; Kim et al., 2013). ©] &
FHEH 9 Gole AR 7hHseh Holdo Hejel Fk
A Yol A A4 7Hedt Holo HAE oumgitt Zd e
o oz 7R 7He] A EAde EEY HE5 S
291 H At F920 (Melody et al., 2016) SEAcE ©]-&
3.
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o]

B 12 Ho & o P oX

4. E7 BN

o ey |

Z3} o4 7+ ZF A A E (BMC, Fat, Lean) H]& (%)} &
L% (BMD: g cm™) ol o] Yuf 2| £AHEA (Two way
ANOVA test)& A-83}e] BHelstoirt. 4%:0] S| b A o
Al g B A PEE YR8 Aol E mhotsty] ff5)
A Y ul| 2 EAFELA (One way ANOVA test)S AHE3FITH &
O3t Z}ol7} vz EAtol tiaiA = Tukey AFE RS A
ST B FUEe} wo] 49 ol§ 7HE4 o Aw
AE wetalr] {3l 7 ol& A E4 (Pearson correlation
analysis)& AHE-SHRTH 74 &4 GraphPad Prism (Ver-
sion 7.00, GraphPad Software, San Diego, USA)¥} PAST
(Hammer et al., 2001) £2ZE o] & o]&3} ¢},

o

ofs

2 L,

1. =

Fo|FAF 459 B AR HE&E2 & HE 35+
1.4%, A% H1& 31+4.6%, AAL H& 65.5+3.8%°|%
th(Table 1). & 3 H]& (Two way ANOVA, F=13.401,
p<0.05)7 A9 gHF ¥]&(F=7.266, p<0.05), AIA % g+
% U8 (F=4.569, p<0.05)2 £ 7+ A2 {3t z}o]
7b At (Table 1). 3FAIFE 4= 7F & F B[ (Two
way ANOVA, F=2.880, p>0.05), X% 3=F 0§
(F=0.184,p>0.05), A X% 3= H]&(F=0.729, p>0.05)
< 25 ZF 7 o)zt Al

AtE e & g HlE2 °E 3%l HlE f5HA
232 9 (Tukey’s test, p<0.05), HE 3559 & & ¥l
{2 A& T2 %Skth(Tukey’s test, p>0.05). &7HF2
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Table 1. Body composition of anuran species: Bone mineral contents (BMC) ratio (%), fat ratio (%), lean body ratio (%). The lowercase let-
ter represents significant difference (p <0.05) of BMC, fat and lean ratio among four species retrieved from Tukey post-hoc test.

Species
Items Mean+SD
Hyla japonica Glandirana rugose Pelophylax nigromaculatus Lithobates catesbeianus

BMC (%) 1.9+02° 48+001° 38+02° 34403° 35+14
Fat (%) 34+13% 26.4+0.03" 30.7£0.9° 33.6+1.9" 31+46
Lean (%) 642+£12% 68.9+0.02° 655+0.9° 63+19° 655+38
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Fig. 2. Comparison of BMD (g cm™) in 4 anuran species (H. japon-
ica, G. rugosa, P. nigromaculatus, L. catesbeianus). Box
plots show the median (central band), minimum (bottom
line), maximum (upper line), 25th and 75th percentiles (bot-
tom and top of boxes). Lowercase letter indicated the dif-
ference (p <0.05) of BMDs from Tukey Post Hoc test.

o AN Y AL AA Y T HlES A= 2pol7t ¢l
Atk (Tukey’s test, p>0.05). S0 ¢] A% F=F v]l&2
AL} Farfteiohs W& v, AAH o b
&2 e G 3T (Tukey’s test, p<
0.05). F/HFE AYg U A 359 A = v&t
AR o BlE-2 &) 7h g1t (Table 1).

2,

1]

us

FH|FAF 45 3070A19] F oln|x] 24 Aut HAF 24,
e 24 =2 A 2 2L 7 e AAE 2EEA
Aotk FUEE A Atololl Aol AR (Two way
ANOVA, F=0.344, p>0.05) & Ztoll= A2 §ou|gt 2}
o8 EAHF=41.861,p<0.05). F7/fe]e FL=r} 7}
A W9k om (0.039 g em™) FAA T TUETL M &
oFth(Fig. 2) (0.235 g cm ™). A7 e FUZ(0.113 g
em ) 2789 Z2UE(0.090 g cm )= A2 ztol7t ¢l
o] (Tukey’s test, p>0.05) S F2]et A7 o] U=
S7toll YX3FA T (Tukey’s test, p>0.05, Fig. 2).

Fig. 3. Standard ellipse areas and convex hull total areas of 4 anu-
ran species (H. japonica, G. rugosa, P. nigromaculatus, L.
catesbeianus).

Table 2. Food resource availability of anuran species: Standard el-
lipse area (SEA), sample size corrected standard ellipse
area (SEAc), convex hull total areas (TA).

Species n SEA SEAc TA
Hyla japonica 8 2.83 3.30 447
Glandirana rugose 8 4.30 5.02 6.69
Pelophylax nigromaculatus 8 292 341 5.22
Lithobates catesbeianus 6 7.40 9.25 9.53

3. BOIRIE 718N B

g P dat = 4% 2F Foudt Zol7t glgld
Y (One way ANOVA, F=0.755, p>0.05) 24 HAE5 ¢
HadlE YRR Aol & ZHTH(F=11.24, p<0.05). &
2 HEREanE 3F 5 Favi T P wste
(8.86 +2.3%0) (Tukey’s test, p<0.05) FA7]FE & A LJgt

£ 339 A& A= F 2 FYRE Zolzt
U Hol A 7HA 2R S 58 9
Ao ZA st yol JA| 7HE =dth(Fig. 3). ¥bd, A7+
29| Ho|xY 7HA F2 4F T 7HE RStk (Fig. 3). &
AT et 2 Bo] A 7HEAL A= FHEHL &
272k A7Nte] Atololl $1X|815iTh(Table 2, Fig. 3).

Fuse] G 2 4 9k AYE THALET A
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Fig. 4. Relationship among body compositions and food resource availability. (a) Pearson correlation among the compositions of body con-
dition (b) relationship between SEAc and BMD of 4 anuran species (H. japonica, G. rugosa, P. nigromaculatus, L. catesbeianus).
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1. HE=

2 AFoA e Tl FHEEs= 459 FrSARE
Ao WA 28 AAse] 2t B0 ALET B

£ o] &5t AASHE B7IsHATH B3 HEEHE A
£ 7te g o 7H/dS Thofste] AlAA e € o]
A9l 7144 7be) AEBAS ek,

A AR, & dF 5 AR T E= HAE ¢
3 Aol7} 9 4 AT 4%e) ol olA AR
o] 7M¢ =& HlE&E ARt AW, & &F =olUth Al
Hu 7450 vEe 2t AEZ YolHL vny o
et H]&S 7FA 2 o} (Berg and Butterfield, 1966; Mit-
chell et al., 1997; Reed et al., 2007). /A 7+9] HA=
BRA|YE F 7 B AR YelAs HAVE Aok ¥

FE B AHEFTT wEdAe 4 Bedo) AL e
gFol At AR vlEs 7L e Ao Hln

o ohe otk AATAL ol 353 T 252 7]
o2} 28 Aolg WLAE SHL AT Uck A
Aoz 7ee A7} ol2fdt qF E= A A
AP 5 A AR FE8e F =9 HFo
Z|Hko]| H]3l =7] W& (Behnke ef al., 1942) A+
W2 = Aol e FAE fAS= =80l € =
Ut oA PFF E4o] & FFolu TU= FFS 7
A AL 47 AFFENAE Bzo] "ok (Novecosky
and Popkin, 2005; Dumont, 2010). <7152 ¢] X4 d=F
&2 & Fof v 1ot} ol= & E4of AH8d &
AT AAZ0) WA 84719 79 Fol AP A2
WA A7 AN Aol BaT Ao 22
o Ru R RAE WA 27] AXgge] FASH 7
£FATE WAL A Ol F AT} SR BE BRI
FAE Wk (McCoid and Fritts, 1989; Girish and Saidapur,
2000b). FH|FAFY APE HEL 7], 20 FFE
7 A= A Hsker Hal7|ef 97 5 YEA T FF
= g 5 glo] FFAJ] AGE A FES] A6 S
A A71& 2ok 3t} (Pancharatna and Saidapur, 1985;
Chen et al., 2015).

2 Aol ARE Fu] FAF A S5 94 ZEolv o
A E AT Y Y Ee dEEA gt 2dL §
n AT T ol dut FolstH A ARt FEIH =

_:‘d_‘
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2 AFolA FulFMF 439 AJETL IUEE A5
ZH AE Zol7t gidith. ol AL FUE| FFE |
A £ de el "ol 14, Ho| A Mol o
7+ AZ zpol7) g7 dlESoE AZHE T} (Hirai and Matsui,
2000). L=+ OhFS vl @40 23S Bk tjAL A
22 913 §-& %1 (Cashman, 2006) o]o]] Q3 Lo
oyl 840 ¥ AEL HolE B4 Fad=tt wt
A golo] T} 58448 FUEY FFE E 5+ Utk
T 3 7 fYustA ol A Hojakd 7t
A ABBAE der et Hol Y 7HeA ol
TUE 94 4% F 7 =2 Sl E 282
olF, FAF, X557, 27 o2& thkdt HolE
3t Aoz & A Qth(Hirai, 2004; Xuan er al.,
2015). Holo| Z+F A7]et Zo] I{HE AFFE Hol
£ AARNA SET FYL2E ATT 5+ A
(Donoghue, 1998). ¥tH S =9} Ho|x}-¢ 7184 o] 713
w2 AUhEet g EE dRER 252 F2 245
L 22449 7174tk (Han et al., 2015; Park et al., 2018). &
AFE e F Holddl LFFE 23t HA Y= 7194
FFol i TSRk vlg) w|u|Zat vetql o
woh mebA giAbg Z2EEE FEE AAAE MR
£ gAY g2 o vl3)] HolE T3l FeEHE vvETt
HlEtYl o] Adider g 4 gk (McWilliams,
2008). e = oA 7HEA 2 Z4=: A
TFelRohe =AW Favi e Rt Yok A tEe 2
5 ZFste] BHEFESQ HA EZR7HA okt
HolE A A%t} (Yoon et al., 1998). A 713 H 222}

oot Roox mM
Ko
12 o

o M H oo

ofj

Ju e o
AT Moy

J

s

a2

a}

Q1 RulFRY Ho| 49 184S olF B FHEE
o] FFS WA AL BE TUsE WS
Z 4 Itk EF 40| FUSE Hol4d gL
Z7bh AAAY G4 BT 7hs Ao Ert.

A BGES B BAT 4 Ub ANED TAEL

2 7o) olujat Aol wigroz A EE AAE T

oMol AZAHNE Tele & Qe AR E8T & UL
wolth. 3] wo| o] b 7|22 A4 o4

Brhshs B Bo] 7M5a Btk olF fsAE

=z ]
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X hed

2 ATl = WA &G 7RIS ANt Slofl A4
st FH|GAFQ BT (Hyla japonica), 7872
(Glandirana rugosa), Z7N 8] (Pelophylax nigromacula-
tus), a2 (Lithobates catesbeianus)2] AL ZY

= 2453 0|5 A2 &Y A (Dual-energy X-
ray absorptiometry)S AMESl] AAQETG} TL=E Z43)
Rom o= 7k Zpolof F 71 Aol & mhotstgich. T A
A & 71 ARSRE AA AdE B2 e adAdS o
Q18E7] 918 Fu| A F 459 HolAH 7SS Thetstar
AR ete] BAE SIS AAIE AT A=<l
=, A, AR vl 9% o 7 Aol7t gl AT
n]FA R 4% 7F Aol AU U= Holx 7HE-
< 27t 7P wtew ZATE T P Wikt
NTelet Folte o] HolAkd 7ML Aol YUSiTH
4= HolY TR FYu)et AEEAE THe
o Ho| AeHE Ueil= da R dans 2=
oJefjAut WM3lsl= A SIS 7133 ZAARQ] 7
FAFO Ho| A T2 A Mol AES EE =
dzof JFS ujd & ok A9 AA AEHE et
A& TUEe Fr|gARAA AAA Y LS 3

PFeHe AMAEZA AHgo] 5T Aoz Baltt,

oo ox 47 ik

MAPEE & (FFoista Argastal sy, =&
T (FFhete APt =

MAZ|IHE 7HEE%: =as; W E: gEt, =82 A
274 9 24 v AR iEq 9 24EA:
BhEah 93 g 2 HA uE, ERE. 2 Aol Fo
& AZE =2 2ol FY5tHa, 20E JFTES HE
stEsYh

O|SHEA & dAto] gt e AAEL SaET 3L
ol A ojEHt o]jFES] AA7} gleS L EHY
A 2 =& 201995 AR g2 o] AL
o2 FFATATY LS Tol Yy AAALAE Y
(No.2018R1C1B3008645).
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