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Abstract The doubly labeled water (DLW) method, the
isotope-based technique used to measure the metabolic
rates of animals, was used for Oriental White Stork kept
in captivity in individual cages. CO, productions of 3
storks were calculated based on the turnover of isotopes
(*H and **0) referring to one-pool and two-pool models.
Estimated metabolic rate was 1,512.67 to 1,661.29 kJ day'1
(average of 3 storks) and it was roughly equivalent to 52.0
to 75.8% of diets supplied before and during experimental
period.
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AR L E IR 3w 2 b oA THEE ST
TWb, MEHRNZZ EONY B v 78R, #E L
B ORED V23O F A 1E (J256), Wi d
12 * A 2k (3333, J337) DEF3MEfkE L7z &
NHOREKIEHAE S5 mX 8m, B 4mDr— TEN
FNHITHE SN Tz, ZEEBKOFKS 7 Hul
(20144F12H11H) 25 &HBICHRMLZZHO 2 Har (12
A24H) FTOMOMIERIE, FAIZOWTIE Y ay
100g K "~ 7 2450g D 7550g, A AXDWTIE FY 3
7100g K O~ 7 2 400gD7t500gTH > 72 (Table 1). 72
721, ZEERAKOES 4HEITHSHI2H 4B IZIENT
NOMEIZbFRE ThNY, £72, REIHRIMLAH
DHTHTHAHI2H2HD A, F AIZOWTIE R 3w
50g L N~ 7 Y500gDEB50g, A AZDOWTIE KT aw
50g % N7 7 Y 450gDEE00g A MG T S L7z, WE o
HIZS IR OO E~FR LT h o7z,

98 atom % SOk (KK HEE, F030027) &99
atom % “HEZREK CKByHEE, 151882) %2 @ 1 OEl4
TRA L7, BE0I%E 2 sd L) LT M) 7 4
IR L ZEAEMOK IR L. o/ T, §
BIHE R AL R L CENENOWE %0.1mg
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YF R Y AEETIGE L7222 2mLAREE O TR
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L, 2.06F:fI# (DLF 2 Mefife & #5t) K O'3.57REMH
(LLF 35014 & #a0) 122 N2 NP L Tk
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T 5-12 8 HE CTORM4 111, k% i L CREL
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NPT F 2—7125F L T6,200rpm T 5 435EL L
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72, IHERE S B L 72 2 o E SR K O IRIC v
72 RBAIK DR FR B DK 3R O %8 F AR I & S IRMS 2
WCEDWE L AR HEE (B (C&ELL 7.
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Table 1. Tested individuals and their diets before and during experimental period.

* Ammount of supplied diets per day

Ind Sex Birth Date Dec. 11-13, 2014 Dec. 14 Dec. 15-24 Dec. 25
1256 Male Mar. 27,1991  Loach 100g None Loach 100g Loach 50g

+ Horse mackerel 450g + Horse mackerel 450g + Horse mackerel 500g
J333  Female  Apr.1,2002  Loach 100g None Loach 100g Loach 50g

+ Horse mackerel 400g + Horse mackerel 400g + Horse mackerel 450g
J337  Female  Apr.6,2002  Loach 100g None Loach 100g Loach 50g

+ Horse mackerel 400g

+ Horse mackerel 400g

+ Horse mackerel 450g

* All supplied diets were consumed within each day.
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F7213%0, mol) %, H R UOLENy 7 75 2 F
(T EEHAOFGH) OFMAORE CHE 21X
B0, ppm) %, HK V03 ~EEHAOHE T HBEND
SO FMAEOREE CHE7213%0, ppm) %, H L8
OJ3¥ 5 L= wE# AR AEOMEE CHE 7213
B0, ppm) ZRY. BEEIZOVT, HOMRTERD
SN ARERE 2 PODFMTRD & N7 A AR T Hl
52 EI2E), mREMEE (Rugpe) % KO
(Speakman 1997). fhMNK5 D& OFEARERE (*H
72130, ppm) FUIHEICL DR B L & 1201,
e 2 HeEH 5 8 HiRE TOFE 4 RO MR O [F 7
PRI O IR BRI L 2 R Z ko 20U/ ofi %
fER L 7=

HROBODHE S (k% 7213k, day?) 13 2 3k %
AWTKRD & HIZEHR L7

In(H;— H,) = In(H;— H,)
t

4=

In(0;— Oy) — In(O;~ Oy)
t

0

22T, HRUOAITmABRIZTRALL 72308 o R AL iR

(*HZ 721320, ppm), iz ~HEHAK DG KR O
B S REOBE RIS 5 £ TOMH (days) TH 5

(Lifson and McClintock 1966 ; Speakman 1997) .

HEOPODHE & WAL FOPEHEE (rCO,)

ZEMET A B2, one-poolE 7V & two-poolE TV D
ZONR—RIZHV SN TS (Speakman 1997). Ol
LT, "HIES v BoT 3 ) HokFELE L)
W2 ZHE S % 7212 (Culebras and Moore 1977 ;
Matthews and Gilker 1995), *HOARIZ & ) HfEE Sz
FEAE, PO CHEEMED L 3-4 B KREL
% & &1 A (Schoeller et al. 1986 ; Speakman et al.
1993). one-poolE 71 Z DAV EWNF MR L TP
WNER 2 Aok G= & A% LT ZmIbRFEOH %
SE L, two-poolE FIVIFH K B0 DHEH R % i1k § %
FHERIC L) B LR R OB L HEE T 5. AWIET
EZ20ETIIC & 2 HEENME % W 7 TrCOo,% H il
L7z, one-poolE 7 IVIZ 72301,

N
2.078

FCOP = (k, = ky) = 0.0062 X ky X N

two-poolE 72 v 7231,

N
2.078

rCO, = (ko ~Raitspace *ka) —0.0062 X N X R jisspace *ka
T& % (Speakman 1997). rCO, (mL CO, day™) 75
IANF—HERNOHRMNOZHIE, ImLDOCO,=
25111 & R%E L THT - 72 (Gessaman and Nagy 1988).
Ko (rH0) &, WL, KR, K OHEIS: %
WL 2ROBERIZE L, AT HOPE R
HWTkoFHERIC X YV rH,0% Ko 72 (Bevan et al.
1995).
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}’HzO =
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L, NoDMlTH 2% EME L7z, NAZREOFR % $RE
LB OMMAERE % B L, “EIE#KOESGEEZOR
RERBIES VTR SN EKRGREF LETH S &
BEE LT, mEDFEZ IR L RO E,SFIH SN
7oAl & 7.

EREER
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5 ] 2 0 22 8 R AR BE AR 5BE I 2 & 0 b B o 72
WAL, 2ROV TIZHECTH-72. ZOZERE L
T, 3MEEDOEEDENDGEZ LNL. — K, 5
RN THEFI2ET 5 £ TORMIZET 4 XK EVIE
EEL M, S (Speakman 1997). T3331d 3 Rk Tl
LEENED - 720T, Mo 2L 0 b5 I E
LizkEzoNnb. LoT, 79 b=k BHEEMIC
DWTIE, J33312 W TS 2 FE 2 0 %2 72 AL At
JEARFEIC L2 %, Mo 2 RO Tidd5-3.58H
BRI LEE DL Z 2L T 3O T A
VEF—HBEEOTEZH L, one-poolE T IVIZ L 21E
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Fig. 1. Change of ¢ °H and ¢ '®0 enrichment for 3 captive Oriental White Storks. Regression formula was determined based on

the enrichments during 2—8 days after injection.

L BMEDSN38% o7z (Table2). %&b, KA
AP OZR E L CiE, ZEERKOERS 2 EEN~D
HHHZ X D AT o 727280, — PR D 5\ IZ/NGE
HALZRWICLIES CEF Y, BN TPELT 2 £ TICH
MDD Apo 72 HelE b o 5. EERRK T HL I
bs8, HEEOIEXLDEE2/NE T 5B TSI
LGOI BEVPE LRa,

a7y MN)PREE T LEEE SR RAATHEET
B729I2, 77 b=FEE M, 2 Done-poolE TV L
HIEMPOBRETLERDODE IR D, TANF—H
HROMEEMEE, 3 HEEOFTL,500.8 kI day™ (358.7
kcal day!) TH -7z, 3HAED ) LAREIRATH 2

1256 (X A) O ANV F—HBEROMEMIE, 1,733 k]
day! (414 kcal day!) T -7z, “HZHAOETH

BIHEHLAETHL FYave< 7 V0100g47:0
D) —EZFNENTI keal (330 kJ) 1% 18126 kcal
(527 kJ) TH 5D (CCEHFEEDOEMBET T — 5 N—
W& B)., L7eh > T, wEHATH % BRI A 212
122,759 kJ day” (660 kcal), # A (2132,489 kJ day”
(595 kcal) DSHREE SN2 & 12% b, TANVF—HE
wOHEEMIE, J256 (FR) TR D62.8%, J333
(AA) TIE51.9%, J337 (X A) TIE59.3% 124H4 L
7o, EEEOED DL CIHLELZEE S LTV R WO
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e
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Table 2. Body masses, background isotope level, dose details, isotope dilution spaces, turnover rates, and

metabolic rates for three storks used in the DLW analysis.

1256 J333 1337 Mean S.E.
Sex Male Female Female
Initial body mass (kg) 4.55 3.90 4.10 4.18 0.19
Final body mass (kg) 4.75 4.10 4.25 4.37 0.20
Measurement period (day) 7.87 7.87 7.87
Initial injectate (moles) 0.104 0.079 0.094
Background enrichment
“H (ppm) 148.04 150.44 150.09 149.52 0.75
B0 (ppm) 1,987.33 1,991.02 1,991.26 1,989.87 1.27
Injectate enrichment
’H (ppm) 311,652.91 311,652.91 311,652.91
80 (ppm) 534,638.89 534,638.89 534,638.89
Initial enrichment determined by plateau method (2 hrs after the injection)
’H (ppm) 319.67 345.07 333.03 332.59 7.34
B0 (ppm) 2,283.60 2,329.12 2,312.10 2,308.27 13.28
Initial enrichment determined by plateau method (3.5 hrs after the injection)
’H (ppm) 349.01 304.69 352.00 335.23 15.30
B0 (ppm) 2,331.36 2,259.68 2,345.03 2,312.02 26.47
Initial enrichment determined by intercept method
’H (ppm) 352.82 336.82 365.13 351.59 8.19
80 (ppm) 2,334.79 2,311.50 2,368.14 2,338.14 16.43
Final enrichment
’H (ppm) 197.80 185.78 196.75 193.44 3.85
80 (ppm) 2,048.79 2,035.52 2,050.87  2,045.06 4.81
Body water pool determined by plateau method (2 hrs after the injection)
N, (moles) 187.97 126.14 160.43 158.18 17.88
N, (moles) 186.19 124.16 156.41 155.59 17.91
% Total body water (**0) 73.72 57.35 68.73 66.60 4.84
Dulation ratio (Rygpace) 1.010 1.016 1.026 1.017 0.005
K, (day™) 0.1590 0.2191 0.1754 0.1845 0.0179
K, (day™) 0.2020 0.2604 0.2162 0.2262 0.0176
Water efflux rate (mL day™) 192.36 167.67 180.66 180.23 7.13
Metabolic rate estimated by one-pool model
(kJ day™) 2,063 1,293 1,628 1,661.3 2229
(kcal day™) 493 309 389 397.1 53.3
Metabolic rate estimated by two-pool model
(kJ day™) 1,986 1,174 1,434 1,531.5 239.2
(kcal day™) 475 281 343 366.0 57.2
Body water pool determined by plateau method (3.5 hrs after the injection)
N, (moles) 160.50 159.18 145.34 155.01 4.85
N, (moles) 160.33 156.27 141.84 152.81 5.61
% Total body water (**0) 63.48 72.19 62.32 66.00 3.11
Dulation ratio (R gpac.) 1.001 1.019 1.025 1.015 0.007
K, (day™) 0.1807 0.1908 0.1897 0.1871 0.0032
K, (day™) 0.2230 0.2328 0.2306 0.2288 0.0030
Water efflux rate (mL day™) 200.55 166.23 183.84 183.54 9.91
Metabolic rate estimated by one-pool model
(kJ day™) 1733 1672 1477 1627.1 77.1
(kcal day™) 414 400 353 388.9 18.4
Metabolic rate estimated by two-pool model
(kJ day™) 1724 1520 1295 1512.7 123.9
(keal day™) 412 363 309 361.5 29.6
Body water pool determined by intercept method
N, (moles) 157.52 131.72 136.46 141.90 7.93
N, (moles) 158.74 130.99 133.14 140.96 8.91
% Total body water (**0) 62.85 60.51 58.50 60.62 1.26
Dulation ratio (Rygpace) 0.992 1.006 1.025 1.008 0.009
K, (day™) 0.1797 0.2112 0.1941 0.1950 0.0091
K, (day™) 0.2200 0.2508 0.2342 0.2350 0.0089
Water efflux rate (mL day™) 198.84 167.52 180.66 182.34 9.08
Metabolic rate estimated by one-pool model
(kJ day™) 1,633 1,306 1,358 1,432.3 101.6
(keal day™) 390 312 324 342.3 24.3
Metabolic rate estimated by two-pool model
(kJ day™) 1,694 1,263 1,181 1,379.3 159.0
(kcal day™) 405 302 282 329.7 38.0
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