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Abstract — The Oriental white stork (Ciconia boyciana) is an endangered speciesin Korea as well
as in the world. In order to provide information on foraging habitats for releasing storks to the
wild, we studied the foraging behavior of the species according to different food densities and water
levels. We released two individuals, male and female, after enclosing a study site with a fence and
cutting out a part of two or three primary feathers. Resear ch was conducted from 20 June to 16
August 2008 at Whawon-ri, Mewon-myung, Chungcheongbuk-do, South Korea. We investigated
habitat patch usage, foraging efficiency, and foraging methods of the feeding individualsin the dif-
ferent food densities and water levels. The storks invested more for foraging time and trials, and
they captured more food in a habitat of high food density than others. The female invested more
time and captured food most in a habitat of lowest water depth whilethe malein a habitat of mid-
dle water depth. However, foraging efficiency did not differ significantly among habitats of food
density and water depth, and only differed between male and female by ways of foraging method.
From this study we suggest that the storks select foraging habitats and foraging methods under
different conditions of food density and water depth.
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Fig. 1. Schematic diagrams of four types of food density (A: Densi-
ty 1-no supply, Density 2-2.5kg supply of mudfish, Density
3-5kg, Density 4-7.5kg) and three types of water depth (B).

Table 1. Summary of information on the study animals
Birth  Bill length Tarsus Wing Weight

Gender year (cm) lenght(cm)  length(cm)  (0)
Mae 2002 275 31 68 4.8
Female 2006 23 30 62 4.1
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st Fig. 11 Aol el Wx 9 A4 FHE
27 z=Ase] Adel o] gslelnt WIAIE 93 ) )
T AR TAE Al A F

| 2353 S5t $58kar, WA 7 3

A7F $34<l &4 7 mpe] s AA s 3 2002

dAoz vl A Bwel B, 123 R Z (tarsus)
Zo)7} 200614 AZlRT o Zv}k(Table 1).

17l F38& HE7] 95t oz &

+ FYI 4REoE Yrgd A

20cm A=E FAsk5lom 4T—”r9.i ‘/}“r‘ = 5 A}Ol
< RHEo] Bo] A|HHoR 58 £ QEs
A W AR A 500g mEE]
7353 31 (Cheong 2005), 5ol 3
2 wFebA] 15kg (= 2,1000}2))2 1:2:39) H] &=
Fig. 1As} o] AF3] F4ieh Aol & A4A
2 7E7] fste SA2 &8HY A9E A9
gel7t 5 A= A=E VIR Tds 3%
o2 vheiet (Fig 1B): 1) Al o] -2 Aol o & (oF
30cm), 2) #-3 = ZHeole whe] 7] # 15cm, 12

3 3) BAF Aoo] U6e] 7= W= 5emE {43}
ATk 53] 30cm o] Hi AR Ag- Ze 7HA|



Foraging Behavior of Oriental White Storks 157

\_dez Zel{mz ¥ 5 Fuwel Ag¥El 30cm
ol abe] HAE ghaleh Mol Aol @ WA e
#) 5kg (N 600v-e))& 3o FAsA AT F
glom 44 A% BB Hol AT F Ak LT 3

o ool

< 20084 6Y 20¥FE 7Y 17¥71A] 55 AA

2097} % 644417} Bastela, 7 0 Age $d

2 22011 89 16974#] & 1387+ & 10. 6/\]7P 31
AES VRAGG, BRS o GAHE 0% 647
Fet A7 B 44 S OAom 47 Hag 1
AZE ol BAsGom o] AR 91, 44 B
3,44 Wee 7SSk A del X8 27)
o] mAA g8z e o]EA] CCTV (Closed-circuit
television; RS 485, A%l C& C)& &3l 2AHo=z 3
232, S0l Bden A AAL wasld FF
A A6 AHgedet A wlekA, e, A
Te), $4 9 A 2FOR e 7153k 443
32 Gonzdlez (1997)8] Aeloll ZAsIe] =ZA Al
Z+ A 4] (Visual foraging)} =74 4] (Tactile foraging) 2]
Az FEEE wos Holg £on E fd ¥

27k 9108 AejelA Hole ) Rele 2 el Ao
o A S4 239 A AR A
Wee) 529 H7kg o) gate] Hols sk S
Al B-& Abstz -2 o]= AA] (Tactileforaging 1: TF1)
I FHLz &2oln A4 (Tactileforaging 2: TF2)3l= 2
A= ARt =8 27k S-S BA) AR
%7443~ (pecking) ¥} ©}3]4d £74434] (group pecking) o
2 2ok A FEsssh 958 B gy
M AL 2R A A ie) 128 sletstel
TG 5 gl A SN AS weE %

ot 4

E

\.4

Abel (B2)e} B 4mo] Ao 90=E $x3F Abe))el A
Ag4H oz Ho|Z ghs: 9l Wi U3 74

Aol A wed) &0 B F ofele) A7) g
S17) (e)sh & Swle] A9l 45EE FA AT B

dele] wHe AR - AR §9 - HARE 5 8
42 A17k(sec), 2314 R 814 4341 A] =/ (pecking
and group pecki ng rate), A4 2 %= (A2 &84, foraging
efficiency), 2 24/%-5 &3t o|d o] & HE <]

80
TR
TR
60 N Il Visua
)
g 40
g
L
20+
0 i — 1 1 1
5 15 30

Water depth (cm)

Fig. 2. Frequency of three types of foraging method used by the
Oriental White Storks, where tactile foraging (TF) includes
TF1 (bowing the neck) and TF2 (Turning away the neck).
They used foraging methods not randomly over the three
types of water depth habitat (X?=106.81, df =4, p< 0.001).
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Table 2. Frequency of prey types captured by male and female over the time periods of observation according to different foraging methods
in two experiments. Parentheses show %

Male Female
Variable
Mudfish Tedpole Insect Mudfish Tedpole Insect
Density experiment
Visual foraging 17(3.2) 3(0.6) 0 5(0.9) 1(0.2) 0
Tactile foraging
TF1 236 (44) 23(4.3) 4(0.7) 207(38.6) 33(6.2) 7(1.3)
TF2 0 0 0 0 0 0
Subtotal 253(47.2) 26(4.9) 4(0.7) 212(39.5) 34(6.4) 7(1.3)
Water depth experiment
Visual foraging 17(8.5) 3(1.5) 0 5(2.5) 1(0.5) 0
Tactile foraging
TF1 71(35.7) 4(2.0) 0 43(21.6) 2(1.0) 3(15)
TF2 28(14) 4(2.0) 1(0.5) 15(7.5) 2(1.0) 0
Subtotal 116(58.2) 11(5.5) 1(0.5) 63(31.6) 5(2.5) 3(15)

Table 3. Comparisons of foraging-related variables between male and female in four types of prey density over the time periods of observation.
Parentheses show %. Density 1-control; no mudfish supply; Density 2-supply of mudfish 2.5kg, Density 3-supply of mudfish 5kg,
Density 4-supply of mudfish 7.5kg

Male Femae
Variable
1 2 3 4 1 2 3 4

Foraging time min) 126.7 1330 167.7 504.2 1885 1233 281.2 438.1

aging (6.5) (6.8) (8.5) (25.7) (9.6) (6.3) (14.3) (22.3)
No. beckin 959 792 1574 4873 2174 1377 4051 4960

- pecking (4.6) (38 (7.6) (235) (105) (6.6) (19.5) (23.9)
No. aroud peckin 4245 3915 5811 16489 3908 3419 7078 8408

- group pecking (8.0) (7.3) (10.9) (30.9) (75) (6.4) (13.3) (15.8)
No. Pr. 51 39 64 129 51 39 58 105

el (9.5) (7.3) (11.9) (24.1) (9.5) (7.3) (10.8) (19.6)

Table 4. Comparisons of foraging-related variables between male and female in three types of water depth over the time periods of
observation. Parentheses show %

Variabl Male Female
arl e
5cm 15cm 30cm 5cm 15cm 30cm
Foraging time(min) 90 131 58.9 87.7 80.5 86.1
ang (16.8) (24.5) (11.0) (16.4) (15.1) (16.1)
No. peckin 910 671 984 1890 1352 803
- Pecking (138) (10.2) (14.9) (28.56) (205) (12.1)
No. aroun beckin 3318 4614 2165 2333 2920 2081
- group pecking (18.8) (26.2) (12.3) (132) (16.6) (12.9)
No. Pr. 35 62 30 P 22 17
ey 17.7) (31.3) (15.2) (16.2) (11.1) (8.6)
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=2 AssT 19 Aol ¥ ekm 473 el me} ¥3lTh(Fig. 3, Tables). o] 5 ZHAL WE Aol
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Fig. 3. Comparisons of foraging related measurements between male and female among the four different food densities: Density 1-control;
no mudfish supply; Density 2-supply of mudfish 2.5kg, Density 3-supply of mudfish 5kg, Density 4-supply of mudfish 7.5kg.

Table 5. Results of two-way ANOVAs for effects of gender and food density on five measurements of foraging behavior. Data are shown

graphicaly inFig. 3

) Gender Density Gender x Density Error
Variables
df MS F df MS F df MS F df MS

Foraing time rate (sec) 1 72.366 6.458* 3 19.865 1.773 3 9.070 0.808 251 19.865
Step rate 1 46.558 14.146%** 3 1.622 0.493 3 1532 0.465 251 3.291
Pecking rate 1 0.754 22.563*** 3 0.051 1.520 3 0.018 0.553 251 0.033
Group pecking rate 1 0.952 19.489*** 3 0.017 .353 3 0.071 1.460 251 0.04
Foraging efficiency 1 0.001 5.277* 3 0.001 974 3 0.001 1.983 96 0.001
*P<0.05; **P<0.01; ***P<0.00
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Fig. 4. Comparisons of foraging related measurements between male and female among the three water depths: A, B, C-Tactile foraging 1
(TF1); D-Tactileforaging 2 (TF2). Asterisks indicate where water depths are significantly different according to Turkey’s post hoc tests.

Table 6. Results of two-way ANOVAs for effects of gender and water depth on five measurements of foraging behavior according to foraging
meathods. Data are shown graphically in Fig. 4

. Gender Water depth Gender x Water depth Error
Variables
df MS F df MS F df MS F df MS

Tactile foraging 1 (TF1)

Foraing time rate (sec) 1 1.595 9.380** 2 0.239 1.404 1 0.176 1.036 210 0.170

Step rate 1 2474 9.477** 2 0.814 3.119* 1 0.198 0.759 210 0.261

Pecking rate 1 0.072 9.832** 2 0.109 14.847*** 1 0.010 1431 210 0.007

Group pecking rate 1 0.021 1.167 2 0.033 1.867 1 0.027 1.522 210 0.018

Foraging efficiency 1 0.010 3.918* 2 0.003 1.043 1 0.001 0.267 109 0.002
Tactile foraging 2 (TF2)

Foraing time rate (sec) 1 0.591 2.909 2 0.200 0.987 1 0.157 0.775 104 0.203

Step rate 1 0.874 3.237 2 0.270 0.998 1 0.417 1.544 104 0.270

Pecking rate 1 0.001 0.022 2 0.040 6.013** 1 0.001 0.133 104 0.007

Group pecking rate 1 0.003 0.330 2 0.004 0.418 1 0.012 1.347 104 0.009

Foraging efficiency 1 0.004 1.464 2 0.001 0.298 1 0.006 2.295 38 0.003
*P<0.05; **P<0.01; ***P<0.001
¢ 4 gles Bz Aws} Wrdgel fob Holg vlEA HEel HAYF
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