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ABSTRACT

A Study of Behavioral Ecology of Eurasian
Spoonbill(Platalea leucorodia) Wintering in Goheung

Bay, Jeollanam-do, Korea

Song, Jae—-Gyeom
Advisor : Prof. Choi, Young-Bok, Ph.D.
Department of Biology

Graduate School of Chosun University

This study had been done to investigate the ecology of wintering Eurasian
Spoonbills(Platalea leucorodia) Korea. It would help to protect the wintering
spoonbills and to develop management plans for their habitats. I had studied
five major wintering behavior and ecology of birds; wintering status and
ecology, diurnal behaviors, feeding behaviors, maintenance behaviors and social
behaviors in the artificial wetland located in Goheung bay, which is reclaimed
land along Goheung-gun, Goheung-eub and Dowon-myeon from Dec. 2008 to
April. 2010 in this study area. I observed and recorded their behaviors with
scan sampling, continuous recording and focal sampling methods.

Spoonbills started migrating to Goheung bay from early October and stayed
until late April the following year before going back. The average population
was about 19.2 individuals from December to late February the following year.
The place had a good for spoonbills to live in, but nowadays it is under
pressure from developing new facilities or making rice fields.

Their diurnal behaviors were comprised of feeding(43.8%) and resting(41.6%5)

so they accounted for 85% of all activities. As time went by, feeding and

- XX -



comfort behaviors increased, while resting behaviors decreased. The most active
behaviors were often shown in early and the late winter period, while resting
behaviors were dominantly appeared in mid winter period that helped to reduce
the energy needed and the loss of heat.

Spoonbills chose the micro-habitat area depending on prey availability and its
surroundings conditions. They mainly used sweeping mode (86%), probing mode
(8%) and mixed mode according to the prey’s shape and the depth of water.
What type of feeding modes to use was varied with their ages and the winter
period. During winter period, they captured prey on average 556 prey/min,
feeding efficiency 0.10. The feeding behaviors peaked at 11 am. of the day,
usually in the early winter. They groups to increase their feeding efficiency.
The optimum size for grouping comprised 10~12 individuals. Most of them
caught prey below 5cm size, which saved. The time of prey processing and
reduced plunder under competition for catching prey.

Maintenance behaviors usually were watched during the day time (14.4%).
They were divided into the long and short maintenance behaviors. Long
maintenance behaviors were preening their feathers (91.4%), bathing behavior,
and preen waxes. Stretching was a short maintenance behavior. When preening
the bird’s feathers, spoonbills focused on their wings more than their head and
necks as compared with other species. Because they receipted intraspecific
allopreening. Low temperature of mid winter led to reduced preening actions
and bathing. Preen waxes were increased in the late winter. They spent much
more time preening their feathers which may reduce cost to make easier
courtship displays.

Social behaviors of spoonbills were seen as a type of allopreening called
reciprocal altruism of which 81% was started by adult birds. They spent similar
time donating and receipting their preening and did it immediately. I could make
two inferences from the allopreening activities. One was due to hygienic needs
to remove external parasites which could cause infection, and the other was due
to secondary viewpoint to reinforce fraternal bonds with each other. The

analysis results showed that there were priority groups divided by age, rates of

- XXi —



donating and receipting by sex, and the main of conclusion allopreening.

An aggressive activity by expressing threat was watched under competition
for prey. The order of priority of the aggressive activity was determined with
body size, age, and rates of winning by sex. The cause of aggressive activity
changed from prey problems to space problems and the aggressive level had
changed from physical attacks to threatening by the winter stage.

It seemed to reduce using their energies and avoid the chance to be injured
before leaving for their breeding grounds. The allopreening and intraspecies
attacking, called social communication, were probably the ways chosen to
strengthen the social bonds between individuals and to enlarge the opportunities
to survive.

Goheung bay showed an proper environments for spoonbills to stay in winter
compared with other places in Korea. However it has been increased human
disturbance and it i1s now under developing pressure. National support 1is
urgently needed for supporting the population of this species and building a
worldwide network to preserve them from Southeast Asia to Northeast Asia. A

scientific study of this species in these regions needs to be continued.
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zg7ke] FyA ol ReEgiy ol AU, o]FJE FeA o] F 01/}351 Foakzk
T A el MAG A (Triplet et al. 2004), oFZ g7t A9 = Fg A ojAje] &3
(Smart and Azafzaf 2007)7F 431 oA Aol L%%ﬂﬂ"“ﬁ«] WAk
0] % (De le Court and Aguilera 1997), 3ol Ao =FFZ A AN A+ &3 (Ov
erdijk and Zwart 2003) S| Sth W2 P AH gt AF2E g
oA o] A7-AdAel 5 hatold 9% FAEEH 7] (Aguilera 1990), =
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o] xf o] k& & (Aguilera 1993), ~#H¢lo A v el Ao ¢ WA (Garcia et al
1983) sol dew HdAdAsI A2 Ao tht A= FAF 2T A 9
g Aol e Holo Aad Ao e A (Aguilera et al. 1996), w2 A
oAt el olFol digh A S8+ (Kersten 1995), =2 AJojAf o] Ho]
Mg A 71E3 A", M 2A9ke] #7(Boileau and Plichon 2003), Al ZH]o} <
of ol o A =i e] Aol o] Ak A W F(Tucakov and Zuljevic 2005) %

o9} o] Ak 30d Fok fAN FEol U AFEL eAAAeNA Y W
4 g5 e ZUEPt 4 Aol e AFEo] frelgon BF

o1

PP gele] dds HUbsked S ek al(Triplet et al 2008) %3 o] d
| ®14 el F2 FAHJT. 1996 ol FFH FHE ZefioA e A
FEo gt A5 M olF ojdH olF Mz uE MAAdAM A=
Tehstel AR EIS] Akl AAHA EAEAT 53] =@l Aol A4 s
o %= F= HIFEe MEd AAA, AR olFe T4 Aed, 19
el Aojolm voprt Fol BEI o] ol AHF 9(10~30cm)E

stz Aol Tttt AFH At (Hérmery et al 2008). M@ =ol s Y& W
21¢] o] & (the siphon fish ladder)ell ©J3iA] TFH =] Zefste g A oA 2] |
olo] AL AN Z A (Kemper 1995)7F 912 Eurosite W Spoonbill network 2]
3IRE S 22 1 A7EY MAST 2Ag F o#gd dd AFuES st
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S U718 A . 2006~2007d D57 129 ~3¢9 E<F 113, 2007~20081 2 12
~44 712 303], 2008~2009 3} 2009~2010W1 2 Z+7t 563], 533 & At F
1503] & AAetAh. A Al Al A (8x42 Swift), W74 (20x-60x Carl
Zeiss)& AR&SEAATH 2007 = HE7] FH 20089 =74 = st AxE e
71Eek AL Azt e dAdd

el Feek el g A ARE o] §5to *35:9} T8t

—_
(@)]
AL
NOE o

e

2

-
il

e
o



] A
(Adult) & &3tk 20099 Al Zol A=
H A A Eof glojd /Al fZ(Juvenile), 2~3d A9 49+ o} Z(Subadult), #
43 ool MAE AX(Adulh)E FE3He] (Overdijk et al 2001) 7] =38R 1L
A Eo EAL Hellquist(2011)2] 7150l 9] 8o}

= Lo
1

Table 1. Summary of information on the Eurasian Spoonbills(Hellquist 2011)

Plume Breast band  Blll Leg colour Iris colour ~ Wing pattern
iuittum 1 No No Flesh colour igri}lzn kish) ?ego wnish Extensive black
2nd Sometimes Extensive yellow (Brownish) :
spring a white tuft No tip, grey base Grey red Extensive black
Usually Generally  more .
3rd short and No . yvellow than in Dark grey Intensively Usually little black
spring white (rarely faint) th vear red
4th Long Yes Varies, but Black Intensively No black (4th year
spring yellow limited yellow tip red may show some)

A3E A2

1. A9 HF

o
EY
=
r o
k
e
B

Az Ads AFyste] dxdz 4l o B2 NAFE
Table 291 YeEPRATH 439 €% 7IF & a5 vhe] =gk wahiaj o ¢
dodAgst 2 AAAGE 108 125, 119 280, 12€ 398 19 260, 29 190, 3€
9.8, 4¢ 6.0 MAZ gz Hol7} Eokow 12€99] 7 ¥ oz Yehy:
a8y AFFA FZAFTAEE FOlEFAL 20002 F7F A FAEL Il
o] &jiol EAH B JHAZE =dsdd 2006-07d 2 2007-08 o] F-ell= 11
Ao b we A et Ao® yEY 119 ~12€90] =7 Ao 4

7] AAze] HAVAS AARgH. =" HY JRAIG = 2006-07d 5070 A,
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2007-08d 7370 A, 2008-09 6470 A, 2009-10 3570A = 2007 12€ 319 7H3
Zokow o]F 7k FAE HAU A=W Hx =ULS 2008 10. 1148 A,
2009. 10. 0926 AADeol™ FHIF olF L 2007. 03. 30(7 7HA]), 2008. 04. 12(2 74
), 2009. 04. 26(2 7WAD), 2010. 04. 290 WANZ 10€ % =238te] ol 53 49 3

o« SEsklth

Table 2. Monthly mean numbers of Eurasian Spoonbills observed at artificial
wetland in Goheung bay. N; the number of census.

Month : Mean

) Qct. Nov. Dec. Jan, Feb Mar. Apr, , Max
Year (Dec-Feb)
2006-  M£SD(N) - - 4701) 42£195(4)  2526.5(4) 16(2) 0 30 50
07 Range 33-50 24-31 7-24 '
2007-  M£SD(N) - - 67£23.765)  28£59(100  156£23.3(7)  9£21.7(6) 42) %7 7
08 Range 59-T3 9-36 8-23 4-12 2-5 '
2008-  MESD(N)  20£5.8(6)  30t13.008)  25£10.98)  16£96(13)  17£94(8)  4£117(6)  5E121(7) 193 6
09 Range 8-43 18-41 11-23 4-29 4-64 2-1 (1-10) '
2009-  MESD(N)  5£74()  26£25(D  20£1250)  18£10.6(7)  19£99(10)  10£9.2(8)  9£9.28) 190 38
10 Range 3-6 11-34 12-35 9-30 3-28 3-17 1-16 '

Mean 125 20 39.8 2.0 190 9.8 6.0 283

2. YA 4

A A~ AF(1503)E EHEE Fig. 39 Webgith 4= 109 19+

A FZ o] o]F A& o JaE Flste] 20109 49 309 S 2129 % &
St 2006-07'd 2t 2007-08 9] IHd E e M2 dold AdE HIE ¥

g oohuel AR §ARE 4TS 1l 2008-00W 7 2009-10K9] AFHE W Aol

£ Bl 53], 2006-07d¥ 2007-08%1 2] JHAl4r = 2008-09'd ¥ 2009-10 K.t}
d5shAl Bttt ol 20060 12€5-H 2008 497MAE 1S HFE FENAAL

J(FHEoAETAF 2004)F deuA 24 A dfdow FANE A7) o) F
olfon, #eFAE HFH JIE -27m ot A frAste] we|dEo] tha
fFeletAl AEstr] wWikel Aew FAE o] 73k Foll= AR QA& &9

o

FAIFe] 1093} 1199 27} o] Fo{AA ekgtrh oo wet AFAGe] wej7
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A S at 19.2(19.0~193) 70 A1 2 FF A1

A 2008-099 19.370 4,

2009-10% 19.0 7HAl =

M

= A
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Fig. 4. Changes in the number of Eurasian Spoonbills at 3 different stages of
wintering periods in 2008-10. A solid line is regression line.
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oA B3 ¢t (Rubolini et al 2008; Hipppop and Hiippop 2008; Price and
Root 2000; Takeshita and Kurechi 2000).
2E koA 109 Hi 7]=o] ¥ & (Fig. 6)ol+= =& Lxrp w5 o 2008

~2009). 2 S do] wid =ojA= AL o] A Qe "ol o] dE TV

=) = [e) = = = =
of Hlste] AME I Q7] wie] obgzst fzel WHFAFe wvn FZHch
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~E]-2008-09
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4 fxo AMAF BstE AHEW 129 oF AHFHOR Tt S B
Hom fFxo] FAFo] T olf= 3, 49l FolEo] ATV E o} 4] 0]
¢ Ao &2tes= ol HUAL, Az vs] AR woldFol
ME FrEek oM xR ol Folx IE JNATS dxeke] A4 flol E4HA Sols
= EZsto] AATo=N g duAE HST F A7) W =AZA et
A= Aol AEe g Ao A4dn

2004'd o] 5 ool wFHeA AN A AT ek ol R = AA,
HHA el FhdE7e Akl =AM, 2da g5 FHE =48] 99
S8 desAs A7 AEAGer gutstal W s REee vige A
HE2 Q) = Aol A= ol A=A v Hgetts Ay =24, o
By 712 135 C, 19 Bt 712 1.2 TEA AEe] =dA Rt AgH Tt 7]20]
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AF YT £

]
s dEdEsee ]7P$HH°ﬂ A 94FS v h(Frederick and Klaas 1982;
Paulus 1984; Miller 1985). Paulas(1988)¢] 1ol oJ3st¥, =729 P&k Al ZHE )
(Time-activity budget)™= 7NAIE°] AIIHS ZH7te] Fo dwupy Eujst=A& A
F3}t st Ao, ol5 F3 AMEe] A

Fe 428 Zola, 447 &4
Hol #7e] Wahe] W BEL BUHFOEA A4A weld FEF Fn
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2 st mPre oo nE BB AW /1 xALE AFFLA B
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EE Aol o] dFdE AR 20067 2010 Abelo] €E7]g Fb wl
4 33] ol AAlstRon wgREA ol fx et B, VAol wep dE o] 2
i 1 d= F 30E7HA AAEAT A Wl s F
stst7] f1ske] 200m o] "Dolxl Stolu sk QoA AASA L AR = At
74 (8x42 Swift), ¥4 (20x-60x Carl Zeiss)= AF&3sAtt. A& F32 24 (Fe
eding), 2] (Resting), ¢+=(Comfort), 7 Al(Alert), ©]% (Locomotion), H] & (Flying)
So7 JE3e] Table 39 Yeb AT E4a 9k ¥4 31 2000, Xue and Wang 199
6, & 2004).
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Table 3. Category of Eurasian Spoonbill’s activities

Category Activities
Feeding behavior associated with food search(sweeping or probing), capture and handling,
swallow
Resti inactive birds with head position low on chest, bill setting on breast or sleeping
estng with bill tucked into scapular feathers and standing or sitting
Alert bird .Vigilant., head hgld off .Shoulders but not performing any other activity,
scanning their surroundings actively.
Comfort behavior associated with body maintenance(preening, fluffing, preen waxes,

stretching, yawning, bill-wiping , bill-dipping)

Locomotion | walking and running but not flying

Flying the time spent by birds in flight,

Mo
)

o
=)

%= 2 Instantaneous scan sampling(Altmann 1974)& ©]&3te] 10
O 2 1AZF FF ZAAY el A= ="dE-g A FEE oM FE F
HEEN FEd ANAFE VIS o, Fike vt AAs o s
of wa} AR (Nikon D300, 600mm) % & %94 (Sony HDR-12)S #3ste] H kst

Ak T A F 6TAANTE FF 40443] ¢ wFEo] o] FolHa, F 74 #F FEF
£ 4H1590 A= 130 Hit 11270212 3Fo] 7] == AtHTable 4).
= TS dd Aot %%78‘7%’\]7] HE v £483
45 27110859 11€97kA4), €5 T71(1295H 2¢87H4)), €% 57]C€EFH 4
AHANE FESFATEAHA & 2011). A= FAAZE FAHEA (ANOVA)
T-testE At o4& AAsAh

w3t =g Aol el A Time-budgetsS IFetslz] 9ske] 2008 1095
B 2010 4€7bA] dA=dE SRZRAE wiAIZE 102 &F FA st UEh e

° 2

4F

=

s A&z ow 7|Z3E Focal sampling(Altmann 1974)S o] &3kt o)==
At et AEd, A PdEo HiEel AHAL Fo HRE 45 F o AHA
o] 11 83t 2L (McDowell 1973; Paul and Batson 1993; Damerose and Hopkins

2002), Instantaneous scan sampling®l] H|3}e] A3 4 35S F715to] ZASHA T}
ARSI A B Ee] WHFEeE O NAIZE AR S e 5 @ E (Allopreening),
e T 52 119 fAdelv 34, 2l 52 E5Y FANES o] &3 H9]

[e) o =i, =

o] ol ° HE LIt Metcalfe et al 1986; HZE 2004). #2430
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AZA4 939 F 1,165870 A (Adult 449, Subadult 372, Juvenile 337), & =zA|7E
1157175 19 A+t 12570412 F5S 7|S58An. AddE B 548 =44
3 Baof AlAl® Hellquist(2011)2] 7]s=o ol&tdch A 225 9]ste] Fg] 9

Z10](180~235 mm)E vludle] 1 Zol7F 71 A TL E9 £
7 A, we AT e 2 AL A, & 2 9
uilera 1990) 3+ AW AL F AAQ =77 v]L=E HASo= A9Egnt 2
7 F L0037MAN(FA 45670 A, A 547 A), #FEAIZE 10021529 S 7H
sy

o 4

Table 4. The number of observation and cumulative number of birds observed by
time of day for winter periods in 2006-2010

w671 Early-wintering l\flid.-wintering Latg-wimering . Total .
observation birds observation birds observation birds observation birds
06:01-07:00 | - - - - 4 159 4 159
07:01-08:00 | 9 501 30 2856 13 514 52 3871
08:01-09:00 | 11 836 31 3061 13 510 55 4407
09:01-10:00 | 12 936 32 3231 13 534 57 4701
10:01-11:00 | 12 982 35 2960 13 521 60 4469
11.01-12:00 | 12 1021 37 2889 14 484 63 4394
12:01-13:00 | 11 931 44 2685 17 473 72 4089
13:01-14:00 | 14 822 46 3109 17 574 7 4505
14:01-1500 | 15 950 42 3302 16 574 73 4826
15:01-16:00 | 11 753 38 2909 16 518 05 4180
16:01-17:00 | 11 917 31 2743 15 475 57 4135
17:01-18:00 | 5 199 7 580 19 462 31 1241
18:01-19:00 | - - - - 8 218 6 218
Total 123 8,848 373 30,325 178 6,022 674 45,159

A3E A2

1. AA 4535 ¥ & (Activity-budgets)
R Ao el dFdqF A= 439 €573 Bk F 674417, 4,0443] 9
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Scan sampling©] o]Folxlal, 1 A3E FeFIUZ F&sto] Table 50, 12
ato] At 2 Fete] Fig. 70 et defdd= v, 43548,
8%)% F2 AW F(41.6%)°] AA S 854% = tlFE& AA A v oz chetaly
o] 120%E5 AAatom, 7Igt o FaqFol 1.0%, ZABEo] 09%, vl 0.
7%E BT 1% olats dEuth AEEE 2R A5 HAAYTI ety
sol Tkt v FAAE e Fhste AFS Bk 53, A4AF &2 1
AT 27.0%)0] ¥l 114 o] $(H 1 53.8%) AA Frrstden, F4
e 114 ol A (BT 61.19%) K 11A] o] F(Hd 28.0%)ll LA Akt

Table 5. The cumulative number of birds observed and rate of diurnal behaviors
during the wintering periods in 2006-2010

Feeding Resting Alert Comfort Locomotion Flying Total

=674
birds % birds % | birds | % | birds % birds | % | birds | % birds %

SUM | 19766 | 4373 | 18814 | 41.63 | 407 | 090 | 5427 | 1160 | 468 | 1.04 | 302 | 0.67 | 45195 | 100

100% =" e e
Behaviors
E others
Z [lll comfort

P resting
M feeding

5% —

Percentage

50% — i

%%é%é%

0% T T T T T T T T T T T T T
06:01-07:00 10:01-11:00 14:01-15:00 18:01-19:00

08:01-09:00 12:01-13:00 16:01-17:00
Time of day

Fig. 7. Percentage of diurnal behaviors by time of day
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Table 6. Comparison of average number of birds and % by diurnal behaviors
among wintering periods and result of one-way ANOVA test. > The
value with different letter in the same low is different(P<0.005).

Wintering stage
Behaviors | Early-winter(n=123) | Mid-winter(n=373) Late-winter(n=178) | F value | P value
Aver
e R o I B s
Feeding 39.5" 55.0 32.5" 40.0 15.6° 46.1 19.99 0.000
Resting 22.1° 30.7 36.7° 45.1 13.6° 40.1 28.18 0.000
Alert 0.5 0.7 0.8 1.0 0.2° 0.6 6.54 0.002
Comfort 8.9 12.3 9.7 11.9 41° 12.2 6.35 0.002
Locomotion | 0.4% 0.6 1.0° 1.2 0.3° 0.8 3.65 0.027
Flight 0.6° 0.8 0.6 0.7 0.1° 0.3 3.95 0.020
SUM 71.9° 100 81.3° 100 33.8° 100 51.55 0.000

dEx7)e] AtE dF3F9 Hl&S Fig. 8 A8ttt A4 852
Fate] AIZEOel A 50%  olde AHAIsIR o, 53 08301709300, 11:01-12:00,
17:01-18:00° = 60% & 3]st tH(Fig. 8). FA 852 i Atoiel A 30%
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Fig. 8. Percentage of diurnal behaviors by time of day in early—wintering
period
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Fig. 9. Percentage of diurnal behaviors by time of day in middle-wintering period
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Fig. 10. Percentage of diurnal behaviors by time of day in later—wintering period

4. AHEE, 42 dF3dF AHH] & (Time-budgets)
A% ¥ Focal samplingel o3 d-E577bsst dF359 AH&< Fig. 119
AASATE A BES A4 535%, T4 246%, oHet 14.4%, A7) 3.7%, O

5 1.6%, A8l A qE 1.4%, B8 0.8% o1 Scaning sampling®] =9} 2o 7}
A L' A5F ANPTH AP oA FA YT Yol F
< Scan sampling¥ FAFSE oW A& § ZlES At tetalEe] AA St
SFAIL FAAR FZole= H Y olF FFo] FFsATH

A"e] &d 115870419 dFqE E4 A (Fig. 12) A P5 b= 56,
0%, fr= 53.1%, X 526%= oldx7F 71 =3 o™ (Fy, 115-0.26, P>0.05),
A s F27F 281%, oFd R 256%, X 21.1%(F=3.80, P<0.05) =o]al <teh
o] Hl &2 o} E 20.1%, A= 17.1%, 3 128%= Fx27F 7HE A THEF=4.76,
<0.01). =3 AA 5 A7 47% = 7HE =9k o x 33%, 1¥al frEE
27%ATHF=738, P<0.001). 48 &4 A3 F4, =, A SR Fofx

)

1

(
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AR

dol glE 1,003 ZfAe A A (Fig. 13) FHA A FA = FF0] 498%, &
Z12 55.0% R M (Fy, 1002=3.24, P>0.05) F2a5A = 2 258%¥% 4H 24.8%
R IL(F=0.15, P>0.05), retal s =7 155%, A 134%(F=2.01 P>0.05), 74 73
TS TA 46%, dA 38%ATHF=8.03, P<0.01). °|Fq-5s FTH 1.8%, &A 1.6%
(F=0.50, P>0.05), AF3]% &-soA 73 1.8%, A 12%(F=0.80, P>0.05) .

A S AT e 2F7E AU

7t

100% 3
Behaviors

E8 others
M comfort
Hresting

75% — Z lul feeding

Percentage

50% —|
25% — Z —
0% —
5:33 8:20 11:06 13:53 16:40 19:26

Time of day

Fig. 11. Percentage of diurnal behaviors by time of day focal sampling in
all-wintering periods
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Fig. 12. Percentage of diurnal behaviors by age—focal sampling in all wintering
periods
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Fig. 13. Percentage of diurnal behaviors by sex—focal sampling in all wintering
periods

_25_



=
A

Ee

Al

2 A7an
ols} o] =

-

21 (43.73%)

11.60%, 1 <] ol&, 7dA, 13y

Aot

2004 A A ol A
e}

A & ol A

ZFA]

T

=
T

1997 A 2E7E2 =] o A F
+ 2 (William and David

aL, Z(2005)
[e)

=

tt.

[e)
=
KoN
=

R

A

3¢

al
&

=

oz ]
A
QL

3
41.59%, <=t 16.19% = X
73

al

18

RS

R

o

g5 A ZItH(Paulus 1988).

e #A AEA o

2]

%
844 29 o

skl Z<F B (2000)

o
5
S

otetsy
713
= 4

(e}

=

T

’

o9} #el
59.45%, <Stet 45%= H

=

2

al
Sy

]

o

5
=

B

]

oA
y T

3
Aol we dFAE ] Aol A} 712k A7,

A4 e

l

]

A
&

JEpske)
14.61%, &2

#4] 36.889

s

Eis

5
T

=

=

=
o~ ==
T,

B

G

=2
=

(41.63%)= F k3t

]
H o)
1990).

oA A

I

A4d =9
1% o©]
H}

5
T

1

-
‘_MH

—

I8

ol
K
~

fie)

m

ﬁo

h4

3 A

FAG L 23

gl

=

o
sl

—

¢

ruze]

sl

<

¢

—

) XU
B

¥ 9]

o AHA7t B

o 714, Aol

cee v

gl

i

9
pi

71l 7}

[e]

]

ket ol Ak
I

Aol afell

Al
1y
T

7ol Wz} 7

=

o

= =994

i
71l 7Hd =kew

71l AA,

@59

I

Al

A
=
3

_?‘_

=
5

2

=

-

T

SEEI
4%

Kl

— 26 —

q

-

T

]

Z_i
ol EE Tl W2 V]2l

=

L.

Heomw o
BT
°l&

sttt

=

=

452 Aol

Aol
7
3 Aol

[

=
T
=

s}
[e)
A

]

h4

o

-

al

S
7)ok WA 2]

e

=
& 2004) %}

ofg] FxFAA Hol A Ak (Palus 1988).
o | A

=
S
ki3
<

=

pra

]

a5

QEA 7)o wE °
Azefol whel o]
A0E FAYE

=

L.

o}
=1
T



1% 302 Fo ANBEF wad A 4z 35 4F
)
4

of H]dte] FHAgEo] el (Fig. 14) T3 dEA o E A& oz FHA
Z7tetR o dEAle dEA] F4 vgo] gE Ao vt wlg e A
(Fig. 15)2.2 wo} opzkgafe] o] FojA= Ao w F5dt
600 —
Age
—— Adult
L oy [ &

A00—

Feeding times
N
5]
|

T T T T
11:06 13:63 16:40 19:26

Time of day

Fig. 14. A comparison of feeding behaviors by age according to daily time zone
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Fig. 15. A comparison of resting behaviors by age according to daily time zone
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ojlg]gt Ait= el FEA4Q kgAY =RY TheAdol dss AlAL
gt Aguilera(1990) = 2= #Q1 Ei-oll A =gl A oj A 7} F1HERE opy g} ofhd
T HAAEEE st Bastdn. ¢, e TP Tl Agdx HA AT
= 75 EE Uduh ole e ALY =X B XA sl =
A L= wiEo] ™ (Engelmoer et al. 1984; McNeil and Rompre 1995) A&7}
A dHR oA S = thE FEFolE Night Heron Nycticorax spp.
(Watmough 1978), Great Blue Heron Ardea herodias (Willard 1975, Bayer 1978;
Pratt 1980; Black and Collopy 1982; Powell 1987), Black—necked Stork
Ephippiorhynohus asiaticus (Whitting and Guinea 1999), Wood Stork Mycteria
Americana (del Hoyo et al. 1992) S| 2l

=AY Al dFdE A A3 A FA FA BAAZe] o
AR o B2 AFE Bt oA dSdar 1 9o dFFEolMe 7o
27F gldth &%, =@FEAojAle] REE 98] o] 59 ofttdlEol #g F71A
A7 &HY, o] E B Foktt Zb s gA el e AIZe] < Hl& S
tetete] o] o] HAE7|t HoF vhFd S A WHIlES o9 3%3%‘:—7‘]
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45 B

(Perrins and Birkhead 1983). =

I A7), ERA Hol £8, vgelet 5o do] F A& s vt d
e B9 Zlo] T3 #IHFH A (Kushlan and Hancock 2005).
A A e A A B AHTAA ASHE SH e

w2 A H(ciconiforms)?] AA & Fo]l A dHA Ada F=E

N

HE H

=
€]
=
Qo
=}
2,
Z
oz d
=
)
=}

e Aol Aol ek A A=
gt 259 gAAE @R H PR ¢ E A9ewm U|FA Z2 HuE

95 X dHEutd, FH X A, wE 552 393 (Hancock
et al. 1992). WolZ= 22 Ea7], AT, A, A4, AR, dd, Ave
aea A2 AE o= o] F oWt (Cramp and Simons 1977). Spoonbills®] -
= ZhEH R ofEo] ¥ YWl o] FHEA o s3] Home S
Howm WHPGaty] wol i Mee Feds 5AHQ Aol7b Advt whEhbA
o o7 AN E SHolA Shoer 59 RS AE T AYse 444
A2 e A goh(Kushlan 1978; Hancock et al 1992). B3 H-2] & F3le] Hol&
AFstE AL 23 a8 3 "X E F 2 (catch-and-throw actions)S SallA 3
o] o (Swennen and Yu 2005). ©] FolA= A Fo &S =
22 Al (micro-habitat) o] A&, A2 7=, Holakda A, 444

2
3 5 B AEAVG g PR YAage ¥

By
tlo

U= 7
&, e a7]e]
A
S

lataA @,

&
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A2d AT7EH

B RERRE

FR-gl Aol o] AAA FAR= 2008 10€HE 2010 49 Alole] HE 7|z
ot wi e 43] o] =g A oAl A& Fx, 7|l wEt FEe] Aol Tt
TP dE A 30EFH dE F 3027 AAsdn A WeElE FHAske
flste]l 200m o] "ojxl rolup AF QEellA SFAaL AREH| = QEE (8x42
Swift), &¥7d(20x-60x Carl Zeiss)S AF-&3F3 Tt v AH 24 A (micro-habitat)e] &
H = 37HA 2 ¥ tH(Grigorios et al. 2005)

7}, M4 (Open waters): Spoonbille] o & o] ¢l WL} S8 AL-55

A&l Lo AAY Ads 7 e A9

U 25 58 4o 7F4AE] (Edges of dense vegetation): AjE0] X &0y

A=71E ol &atAY At A Fom mAsY] ofel A9 At

o} 2 7lg50olt AW (Canals or bank): @& Wiro] ZHo] 9= A|doln}
TERZ TEAL
Hazlole Hel7t 7 ol 7IF2 2 1) Tip of the bill, 2) Half length of
the bill, 3) Whole bill, 4) Bill and head® -#3}%](Boileau 2003) 7] %391 4
FA70 wel geixl= Yol dlE A 500x500me] Al ®AEe] W3tE= 2

1)

O

)

ZAHH S Sampling all occurrences of selected behavior(Altmann 1974)%
st AAdEs Uele =" Aole A4AE 7IFsd e, Fibolwt
AFgko] whel AL (Nikon D300, 600mm) 2 %oﬂ"}(Sony HDR-12)&
kATt 2 A F 70547 ok AHo] FlH F 284871 A ] A
& FEo] ol FolATt TAME AEE THE] LA A dEATER
A dE 2AEE Al BASA AFAGoR2RY 405kn HolW a7
BS540 Tde et Hlauste] A GG Y. s A AVe dE 27110958

711295 2¢€714), 95 F71(3EFH 44742 FE3tatt
EAA

AAE = wAE S AAste] FodS A

¢

DA TR 7]
of
ol
o,
s
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2. 44 7<s
7 A€ FH

(1) Sweeping: 2& ¢ FYZ g3t o] FollA doz Howa AAshe=
W (Kushlan 1977)

(2) Probing: =9 oy} A& By ofgim= F2& ot 9 A4Ye st
o] A2 et W (Kushlan 1977)

(3) Multiple(Sweeping + Probing): Sweeping®} Probing¢] &3% % (Kushlan
1977)

].

i

e

ol

. Holg 7

(1) Running chase: 543g #Holo] HE WA FH oA 52 o]3toA] A
Fow Wols TEATIY] 9] 2E w At d A 52 Wk gol
o] o] W th(Jenni 1969).

(2) Flapping wings chase: #3] F43= St w9 #3835 7] & GMs
HYAYAA FAHs= 4 $-(David 1977).

(3) Hopping chase: &%2% & HAIZ3A 7153 Hol7l gl Zow #e 7
= vYP3ty HHI FAlo] Sweeping FAY oS EF = W

(Meyerriecks 1960).

AA7Iee 2AE AAA 24 SAd A TS UYEhls =d 72 A oA
of MEE A 7|5alen FA7|eo A dFdexit Ao AP
3" Focal samplings &3 1023t 7WAE = F2sto] wo] F24of Wiy} A&
H= AlRbE 715 stk o 6A1FH oF TAIZMA S FRte Rt AAs Sl A
of w2} AFXI(Nikon D300, 600mm) % 5% (Sony HDR-12)<& &< 3sto] X ket
At 1 A F 126843 FQ T61AI e AA BE wEo] o] FojHa AME
Ams FEste]l A Aziel e AVIE, aeal dY 2A4EE £453



Time-budgete] Bitel e #o4% AFHAT A7t EA4OE £

=4
1% 7+ Tukey AFE7Z(Tukey's post hoc test)S A A8kl o,

o
oM.
o

3. HolAd I} B oA g

HolE AAste =g AdAe] AFARS FaA HolE EAste A9 &
Zapekel A7k 100m oY A, Heolo Fwet A7E A8 &5 0134
Aok wEbA v ez ke std ) ARKS FElA Holxpde] Aot NIk,

F oo AT Heol #A8oZ FAYH 942 20089 109 FH 20093 4€¥
MR = W@ = o) sk AR (Nikon D300, 600mm)2F 2009 10€5-H 20104 4€
THA = 29 407 AL, 29 1000289 o] 34 7 Fete &G 7 HH(Cas
io EX-FH20)=2 *=3}ato] A8t ApEgS Fall 1983] 9] o] Ado] 7he
st TP dE 130 o= 363], AZIE E9F F 2343]¢] HolE AWHE 4 9l
ATk w3 g ol 2/5 ol e Hols £HI F A= 7HA 2™ AlXHHan
dling time)S FA8tR L, =AM 7 283 Hol= Felo] Zo] 180~238
mmChFk 1979)¢F Blalste] FAst= WS AREslon Hol A Av]= 7
7y FeEldolel 1/5 o), Feldolel 2/5 Feldoele 1/2, Feldole 3/5 {4
ol9] 4/50]4 o2 TR VFErE €5 A7 Aod, A¥EE W wsga
AAE = W AALS wAEAS stom Z|gulerE 570 mirke] Aol 20% o
“Fo]™ Fisher's exact test® AAISATE Hol A AIZHe] FoA HALS EAHEA]
S A gEga Ayt EAFoR §od AL 18 7F Tukey AFEHZ(Tukey's

post hoc test)S A3+

offt

4. 4HEE

AR Eage B3 ¥ 34 (Captured numbers of prey/min, CN), £ 22 2 (Ste
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p numbers/min, SN)& =4 3lo] 44 & & (feeding efficiency= CN/SN)S A AFsl$]
tH(Erwin and Hafner 1985). 2% 6AIH-E Q3% 7A7bx 9] F3bont A A5
ol uhet A}?ﬂ(Nikon D300, 600mm) 2 &%’ (Sony HDR-12)& &gste] 1
ettt 1 A F 7054 7F b AFo] FlE 284874A19 A AFe] HF
o o]FolHom o]Ze T dd ATt} HFATE, dAE 2AEE 24
st 71 et BAE nEINABZL TFL A H]T’L“é}oq A A
A58 FAAYE BAEAS AN Fods HASARL A sAHeR
ot 49 1% b Tukey AFF7 %5 (Tukey's post hoc test)S A&t 412

o] #A= AT ARE I3 S (Pearson’s correlation analysis)

2E3 71dasly
o

o BAHY

5. 44 ®e 279 &%

20 Body-length(#]7d 12~14m) ool 2 Jd5& 31 Je T Ftn
Aostal Fear] a3E ASst] flstd £ de= HAE FeE %
UH(Phil et al. 2003). 542 Fe oA AAsa A= AAY &9 Holx g
(Captured numbers of prey/min), +% 24T, 4488 & FHsAH.
A7 77y @=50A, 2704, 370A, 4~670A), T~970A], 10~1270A], 13~1571 A,

oA

9, ,
16~2070 A1, 2170 A o] d o= &3} 6AF-E 25 TAZFA 9] Fbe vk A
Astgdar Aske] welk ALz (Nikon D300, 600mm) % %<4 (Sony HDR-12)S& &
Bt Bkttt 2AME AR= FEeo] A AR dEAd AT ) e
A A" 2AEE 3RS Vg8 vuste] B4 A8 A
flsto] FAREA S AAste] FoAdS HASAL

o
=
$ 1% b Tukey AF%# 3 (Tukey’s post hoc test)

fru
Ho
Lo
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wsel oo e HAA e Hee Fig 159 AT Fxsh of4zx
o Aol WETF B 0% NBLFAS BEI 2B% AES AU g
Aelg olgatel Mz H5e W& RYTh WHle] Y] e ABFA o
gol v duung ZEAT A g 2 A A 9% g
A gAsta weba ol Anzgel wek YA Ade] felg Avol 9

< YEFATHN=2,848, x*= 50.12, P<0.001).
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Fig. 16. A comparison of micro—habitats for foraging by age
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3 aehga A A E 50.7%E

Sokgonl Aol o Bl 444 ol gel 10865 oA
7] Bef sleo] AgetwA ANBFU ol gol 848%% A TS
o g A, F2 5o 0§ itk med ABAIel ue
FraAoldel A4 Aue fod wdol AATHN=288, x= 52536,
.001).
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oft M rlf
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J
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B2 cannals or bank
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™ Open waters

Fig. 17. The selection of micro—habitats for foraging among wintering periods

Aol geld 28487HA1e] A4 zloli= Fig. 189, ¥&713 &t Ad4zio]
© Fig. 199 AAlekslvh. 9k opdze] A5 7 2 F-elzlolst dAl-e 9
ol = Sk vElE &ds] =& Holwo] AAsks W&o dxEY w2
b gz e dnbel zloleh R zlojo M AHAsh= Hl&o] vhE AR EC
H ‘H/ﬂ =ow Ao el A ol d¥dol dttar EAHAT(n=2,848, X

= 38.00, P<0.001).
AE7N B QA wFRAACN] FA ol Felel Huk Holo| A 44
o 70%, ¥ ZeldlA 23% HAsAomM Tt BAY e oA e HAe
A

Hla A ke vl g2 o]Fo] Arh dF 27|k FUldE A Zold 2 W3 glo]
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ezolol A 96%9] Alo] o Foig ot WEFIIel FolA
Jojgiz ZoldlAel 4ol 21%2 10w o4 F7kskelch.
B WEA mE gagele Wt fed dAmel AATHn-2848 x-
330.56, P<0.001).
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100%
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M half length of the bill
7 whole bill
7594 ™ bill and head
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Fig. 18. The selection of feeding depth by age
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Fig. 19. The selection of feeding depth among wintering periods
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2. 4471%
7} A9d 4471&e Fol(Flg s F4)

Aol FddE wgHelAqojA 2848 /A Hol BEAL Fig. 200 #|A]
th 86% olo]l Sweeping WAellow FEHom G 78%I T
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Fig. 20. A comparison of feeding techniques by age
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Table 7. A result of ANOVA test for feeding techniques(searching and chasing prey)
by age. ® b is result of Turkey test

Chasing Age N Mean SD F P
Run-chasing Adult 293 3.373 11.93

i Sub-adult 248 2.61 8.74 5.988 0.003
(loping chases) Juvenile 212 050" 2.03
Adult 293 0.59 2.66

Wing-flap chasing Sub-adult 248 0.45 2.54 0.363 0.696
Juvenile 211 0.41 2.37
Leap-frog feeding Adult 297 0.14 1.04

) Sub-adult 248 0.15 1.12 0.348 0.707
(hopping) Juvenile o1l 008 057
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Fig. 21. A comparison of feeding techniques among wintering periods
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Fig. 22. A comparison of feeding techniques among three feeding micro—habitats
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Fig. 23. Percentage of food items according to age
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Fig. 24. Percentage of food items according to wintering periods
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Fig. 25. A comparison of the captured prey size by age
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Fig. 26. A comparison of the captured prey size among wintering periods
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Table 8. A result of correlation between feeding efficiency and measurements of
meteorological parameters

Feeding efficiency n=2,848 Temperature Wind speed ?L?#sfﬁir?ef Rainfall Water level
Pearson's . 0.101 -0.150 0.094 -0.094 -0.191
correlation coefficient
P value 0.000 0.000 0.000 0.000 0.000
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o 1 Sweeping< 78%(n=243), ©3 W2 4%, &3 7|Eo] 18%zal ZAE A

}(Boileau and Plichon 2002). O]HH«] T2 Ho]lx= White Shrimp(Palaemonetes
varians) G . HFA 2003d  Seine ol A= BRIWA o] 76%, Edd o] 15%,
Sweeping®] 9%y o oluweo] F£Q Hol= E17|H9 Y B 1EH ] 1 (Barachon
2003), 2& A oA 2007d = Sweeping 85%, £33 15%= A3t 7%= &%
t}(Boileau and Plichon 2002). ©l& w=#Rg]A ol e] A4 7|%o] 3@ Ho] g
de A& Fed F8F B oot oo HHjol| wel A 7]wo] A ETL
AljtstRdom A7k A s &3 A= Fagk FES AAS o 4
21 ¥k & Sweeping W2lo] $AlE A T 2AFEFA THHémercy et al. 2008).
Aol el Aalzlolo] mE A 7lwo ZAbolA Fele ERto] Z
T B2 ZHoldMe @A EdAo], o] Huto] U= zZolsk HeHd
17} 271= dolol A= Sweeping WA ol T2 o] &AL A Fel wpE A4

71z A Ay FeEdd s 90% A E7F Sweeping WA o]l o vt s}
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o ™ N

19 g A Egwae] F2 ol gHth ole] AFelA Sweeping 4
2 Mol wAste wmFrAolAE g BLo) gt WErE W "ol
AR FANPORA WE Yol TAA/L EFel A =g volE ¥



FE 8t e tH(Swennen and Yu 2008).
g Aol o] Holxpe] A An FPERE o FU 18%E W YEI7
§ Bol HAASARL A= 20%E HE Tl HAAREo] =kt wehA
0117\194 =AMl dE Fa Hols ofFet AeEA HA Hold
& AA ATt 28y AR vt e £48 Sa st Ao ] wie] 4
A =717F Fehd7EE ol FeAd = Ak T3 Kersten(1995)9] 19
gl Ao 9] sF Ho] HH S Hat 5hhge AFstota A A Th
Odiel at7olA s8d EA=I 9 WEE BAS 53 =d7dA
T1%7F o5, 19%7F A-¢-9ow 1 9 AAFF, 4 cl
Z ol 49.96mm(SD=10.9, range=15~8>mm, n=187) A -+-E ¢
23mm(SD=4.65, range=24~40mm, n=17)% 5cm ©|&}9] Z7]E zt=
AetE AoR FANE A TH(Aguilera et al. 1996).
Hol FA BIFE 7IEAd U= olFe Axe o Fel oM =&
AAE = B fF2E2 offF AYHIES & A"l Bl e whd
AAYE AFsts Aoz BAHEAY. dEA 7Y Aol w
L£3¥ Holo] Ay & 2250338 F 99.4%7) -2l ol 1/5 ol &t
2/5 o] A7|9 HolAY LS BF ofFEA F 145
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o]= ¥ 3-8 1-"A=(Catch and throw movement) W&o =2 A3 1
ol & FavlEe YAV AEE Hol HEgE H4Y FoE =74

718 4L ARk sk A Az Holo] ANt F5E AFFrAL
on] A AHEd okl 0@ AAE TFAUG. wF He)2r)e
4f5 o1 a@7|e] wolg Axm EISAY ofgm odF BAe ASE At
Kushlan(1977)> White Ibis®] Aol A Hole] AHEAIZbS T2 o2 | =
Agstgn Fold AzAzte] grubg 2 woluthi: &L wolg et Ao
= QAdee Aa9Tn Adsdrh depd wapeAciAe A5 A4 At
e AFxIs Folde ANt Fu HolgEits A
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&2 0.10(Hd 2.22), #+FFH A3+ 556 3 (HA 41.05 3)o|dtt. dsx7]9 o
o EFHASF(T11 8)e B AAEE013)0] 7MY e desrld =
o = 415 38 FFAeklal

AsAAT Wit AAEEE 0082 = Aol7h AT FUoIA AT

=
i)
o,
=t
S
oft
il
1>
oty
i

5
(Barachon 2003). E3] & vloA] €53 g5
4= A7IEE BEX(Fig. 48)3tH 9% %27] 2
M Hol| Yo Eie 92 7]2o] f{X]

2]
AstE A okl dE FTldA ols HXMA AHHoR HAHRE] HSIe

EAS kX2 9t}h Kushlan(1976)& oz o] AARA ] thdk A&z el W3l
Aetstaets A5 a8 HolxdY F8A4% #AAV Ao stk mek
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Fig. 48. Changes of feeding efficiency among wintering periods
The solid line is regression line.

T EE Ao wE A HAEge oA e sz dxEY
AR Eo] ot HF T F7] et opd e Frxe HAAEso] =d
ol dE F7] oF AxEol x| MAAR o|FFd we} ofdxe} FEE]
ZHFHEo] =S ZR(FAE T 2011) ozt fxEC A Az BEA
glol Aol a&0] w2 Bom FHHET Zgroa FAME Aol ostd A
o] i MEo A = ANERT B &8 %ol e (Boileau and Plichon
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H5ol wo] Hopgol I

o o
N N

5 S4= 3
T e O T FAL TR AAAAAE dde=d ThE A 9
T U tHSmith et al. 1995; Strong et al. 1997; Arengo and Baldassare 1999;
Ntiamoa-Baidu et al. 1998; Gawlik 2002; Master et al. 2005; Gawik and Crozier
2007). Fx2e] vy el dol= 250 AMAA S A & ¢ dua itk
AAEE T F= ¢ o] FHaAelA 4 91(Fig. 48)%= Pearson's

%3
r=-0.19, P<0.001=2 W% fFolgh ZdqAZ e sfeds V€22 -2.50m

NPT -

g
Water level -2.50m basis of sea level

cC D E G H I J

BN

Fig. 51. Emerged flat and reduced surface of the water by controlled management
of water depth
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AAHD 25704 = E5713F 5 71 e dE S
AEHA Ht 34070 A(FH A 167042 ZHAasti e ds 7] HAARZ ol Fdt
= WA Sl wek Fat 27870 A (H O 1070 A= Askd T AL Az
of ok T 7o W3l= o 8AIE Wit 6.347MA = 7HE A Ay =717
ow ol FISAZMA Hit 437WAE AT 154 o] Foll AT ol oA
T Holg9 4LVt HeETE FYE FAFOEN HHolE EdATIL
TEES S A A Jaez FHA7IE 29Ut e o= AT
(Gotmark et al. 1986). F-2l9 =77} 7A ol w2} FAAdE2] AAAE H e
=743 23 (Fig. 52) A AZFS #FostA #aete] HJd
Ao o555 45 F AUAJTHEF7 280=11.50, P<0.001).

1.00

Average of alert time(sec)

3 7-9 13-15
2 4-6 10-12 over 16
Size of feeding flocks

Fig. 52. A comparison of alert time(MeantSE) according to the flock size

Fe Aol Skl wEl A E&s B3FHASTE 10~ 1270744 = S 7Fet
Ko 2ol FHdAME 23y AAESY E3FHASFIE FAasdn o=
Fee] A7z Sk wel g4 ATES NAAA7I A RFKerbs 1974; Abramson
1979; Barnard 1979; Caraco 1979) 7472 Alztz} A ALl A7t ﬂ]i‘f} Hlgo7 A
2] o] 5o zad Aolgtal &9 tH(Krebs and Barnard 1980). &9 A €535}

= kAN A Fee 2 A7) AdeS AAC iHlEl—t— AlZke] 2
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o

VIL %] 35 2

MES B9t FFodA 159 173 7Iss 7] Sdal AT oA d A8
Fol a7dH. FARB TS Ao e AF deAAAY T AEet HHo]
Shd 8 Qle] AFA R REGITH(AZIA L] 2000). 1A AETEY], 71, F
A g7], 438, 2da Y dsees st FAdE a3 Al
7re] %S ¢31 YtH(Simmons 1964; 1985; Walther 1977; Moyer et al. 2003).
= AR v A= A, 78‘74] 52 e d5s el A% =
(Redpath 1988). W&tA & =759 FAASS FHAEe A3t
= Hit 92%= AHstal dtH(Cotgreave and Clayton 1994). x=4-2] #] o] A}
= AEuE7], 58387, =257 59 U AP EEIN 2EHA, o
Fe-AA7], Zd REY7] 9 2L FE aAdEER Y
% |

FollM FAFsEe] FEI AR dEA ek S edl, A

O

o

04

£
filo
o)
©
£ HP?

>

AP AA dFdqE T FAAFo] AAsE A ES 4] Al dF
5 11587041 8] ZEgE7], By w¥ar] 2EHH, #HS FAHY,
=vkA 7], Wi S AlSskel AA fFAIAZEe]l AAEk e HlES 2AMSSloH 7}
7ke] f A Eo] dojd wwmitl Sampling all occurrences of selected behavior
(Altmann 1974)5 o]-&3to] dE ¥ = = FaAo e FAPsS HHL= &Y
gto] REE = AlF--sE5(Table 8)¢ AlZHEHIS WIE=S 7] E35 . 24 64

QF TAZEA Y] F3b Fob AASAAL Aol whel AR (Nikon D300, 600mm)
S #FGste Bestdrt. 1 A3 Aol geld 62470419 AdTE7] F 1,609

i)
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°] Time-budgetsES ZFA}&} L, 624704 34.4% 9] Stretching3) &<, 48784 103.3
o] H2gFS 11I57/A(IE &2 8/MANe] =X 5 147559 #zho] o] Fof

Aok 248 AnE 9
4

e #AA= 7148 BAE Y AEE A3 S (Pearson’s correlation

Table 9. A type of Eurasian Spoonbill’s maintenance behaviors

Long time bouts .
£ Short time bouts

5)Back and shoulder

5)Yawning

Preening Bathing Preen waxes
-Area . . -Stretching
. -Process -Waxing from uropygial . .
1)Wing o 1)Wing up stretching
1)Head dipping gland ) )
2)Head and neck ) ) 2)Wing-leg stretching
) 2)Washing 1)By mandible .
3)Side and frank ) . . 3)Neck wring
a.by Mandible 2)By mandible and chin o
4)Breast and abdomen ) 4)Neck tilting
: b.by Head 3)By mandible and head
)

6)Rump and tail region
T)Feet and legs
-Methods

1)By mandible

2)By toe

3)By head

c.Wing-thrashing
(wing-beat)
3)Drying
a.Wing-flapping
b.Fluffing plumage
(ruffling plumage)
c.Head flicking
d.Tail flicking

-Waxing by mandible

1)Wing

2)Head and neck
3)Breast and abdomen
4)Back and shoulder
5Rump and tail region
)

6)Feet and legs

-Waxing by head

1)Head rubbing

-Short bouts of preening

1)Fluffing plumage
2)Tail flicking
3)Head flicking
4)Bill dipping
5)Bill wiping
(head shaking)

1 #7959 Feis T8

7}. A€ 95 7] (Preening)
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_YE

Aol A4 F AN % F4 F FA F

i
- =

2oz WEol dAY fotde Ass IAAAZE uf 33
i

38
o
g
e
o
i&

= s WHS FEE s, WgeRE H#7], HEE EA27] Fol dal F
= ZES tdu5e d99e HHA 52 ZA A7), FEAbeldd i 7], FEE
2us7], A a2y A2, FYE FEg7] Sol Addv AdEuETle Q
oo wrtete) o3 w9} R (Head and Neck), F&o 93 2715 (Wing),
7153 B8 (Breast and Abdomen), 97 2](Side and Frank), 53 °]7|(Back and

Shoulder), ¥ d°l¢t 28] (Rump and Tail), &3 t}2](Feet and Legs)® TE% A
I HEld Y ZJEs tdse FE2 53 o7(Back and Shoulder) o2 -
131 tH(Elen 1963).

1. & &3 7] (Bathing)

83171 Mo H9 4R E S e 34, FEg 1Y E o] &35
74 2A2YA AFstE A aga GE =olAM Ae des T F&
A aga ek ngzls @AY Zofetel I E Y AHAN dAERAT =
o7 &% & UtH(David 1966).

(1) Head-dipping(W & H27]): MAAY, Faea A (squatting), &
o Wole T AT =& T HYE Fae AoRA FeEs
ol E BS 9zrow L= ~E# Ao olo] ArtHVan Rhijn 1977).

(2) Wing-thrashing(wing-beat, @7l-E}24): 471 4AAsHA & EME F=
gu 35S dovv= ZE 9= Eo] H7IA "rh(McKinney 1965).

(3) Wing-flapping('d7l-2&]7]): G759 flotef 57|19k A ng &
7] (tail-shaking) 7} Z %5 1 (David 1966).

(4) Fluffing plumage(Z ¥ F-Ze]7]): AE5E7], &2 2343 & 55

g2 x8% 2o zlgo] 2Zy A (Morris 1956)

il

o
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t}. =¥ 37)(Preen waxes)

) HIA A FEet HER2 gaE FAVNE RS A E FEESAT
oz Hojx mp=7| ofiRe]el WS WA "olA wp27], 17
aL obgiRE g oA e WAE mezle] =M HtEr|2 stk
(2) woll =¥t 992 AEuE719 S99 Zol F&Esila Fefed 9%
=¥, WMo 9% =¥ (head rubbing)® 38t

2. &L A3 5 (short bouts)

(1) Stretching: Z~E# A2 Zldvt57]ek 7 A ALY, A 724 5
= FHAgE ol F HAsHA H(George and Putnam 1968).
(7}) Wing up stretching: FE/ME 5 flolA A 2EHASFHA 5 <&
02 A ~E# A (David 1966))
(1}) Wing and leg stretching: 8 d 2EHAHoR i I ofgiz2 o
gE FFor WwonrA & Fe v s 2EH A (David 1966)
(th) Neck wring: ¥S dZo% HEE 2EZA
(Zh) Neck tilting: 2|5 AWI} FHA st 55 F0RE 50 &=
~Ed A
(v}) Yawning: sF&3st7] == 8 &8 2E# A (David 1966; Sauer & Sauer
1967; George and Putnam 1968)
(2) Bill wiping(head shaking): ZEt}lE7] Fete Heet Ho& #F¢2 A
T =+ 5 (Walther 2003)
(3) Bill dipping: A8 H57] &< Fe& 2 A= s
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A3E A2

A&7 dF AT T FAPBFo] AA s A &S AHEYE Y TE7]
912%, H&3TF 39%, FHS FAAF 31%, =2EHA 1.3%, EvlAr]7] 0.25%, =
r3k7] 0.15%, #iW 0.06% o= ZEtE7|7F 7B wath dA FAAEY] 4
d o apolel AEA|7IE Apoli= Fig. 533 Fig. 5560 AAetlth. A E2s A
A A Zre] Az Hat 102.7sect158.77%2 714 A ow {32 77.2sect 136.60, o}
74.5sec+131.82 £ol Al Fo A7 AT (Fy, 115-4.80, P<0.01). FAFE 5 7
s/l A= ﬁéi‘ 92.9sec+143.45, % 704sect123.08, o} % 69.1sec+124.67
oA Folat7t ANTHE=4.26, P<0.05). 1 99 HFFEolAE FIA7T S

T b Pk

AA FAYET dEAIYE BN dE5x7] AT 99.8sect166.022 7HF 2
, 95 57] 833sect138.609 ¥EF 7] 81.2sect137.69 ol ot Foxt= ¢l
b FA sl A e FAYS = d5x7] B 4lsec+15.402 7 AR
F%7] 2.83sect7.89, EF7] 1.97sect6.602] <=l om Fox7F YATHF=
P<0.05). 1 99 sl = el Afol7t gidth

K
32 32

x nﬂg

Behaviors
TR EZ short bouts
[llll stretching
Defecation
- E prinking
i) -
@ .0 BPreen waxes
= N Bathing
< ™ Preening
(=]
T 50.0+
3
2
[
1=
—_
25.0+
0.0

1 2 3
1: Adult, 2: Subadult, 3: Juvenile

Fig. 53. A comparison of time-budgets of maintenance behavior by age
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3 75.04 E brinking
2 Preen waxes
= \YBathing
< EPreening
S 50.04
o
<
E b a a
= 25.0-
0.0 T T T
Earley Middle Late

Wintering periods

Fig. 54. A comparison of time-budgets of maintenance behavioral times among
wintering periods

2. 2995 7] (Preening)

AdtE7]= AA FA dF ToAA 7P B2 AFENE JHAL e dF
oty mgFg A AEET= FEd i tEre 99o] 7HE HAoH
WAE Rr)er BARY], Aol 2 uldetr] et FEEvdnh wrkekd o3
g} o] AL F7lel s FHEHAL Wl 3 T} AAFELS A=
715 S8 A

ZE 5719 g9l BE& Fig. 550 AAEAT 7Hd 2e #&S A5t

g

AFEOZ 550%E5 AASAen e R 17.7%, Feld o
o] 88%, AT 83%, FEFol 40%, Haldl oF 3 o]z 33%,
we el & 25% oA FElel ok thelet W X 7o] 0.3%E
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0.30% 252

Body sites

Feet & Legs
Head & Neck
B:12% Head rube
E(:rissume & Rump
Ml side & Frank
EBack & Tail

Breast & Abdomen
Wings

3.30%

1 B.84%

55.04%

R Ao A ZlETEY] Al AR e AR Ela HE A7)
A A3= Fig. 567 Fig. 579 A A&t} oA o]
Z HTt 121.4sect140.24, o} Z 118.3sec+132.02, % 92.8sec+100.95¢] =0 &
o4 27F AATH(Fy, 62=3.11, P<0.05). ¥ SgEE= G/l ZAEHE7] A1tko]
A Z7F 70.0sec+101.59% 7} @okom ol ZE 59.4sectl9.45, HF 49.4sec+65.04
2 A7 AATHE=3.14, P<0.05). 753 HF G AEuE7] AHE ofd=x
22.8sect27.61% 71 ko A ZE 216sect 27.80, % 154sect18.38% H2o=k
7F A THF=4.44, P<0.05).

dEA7IER ARy dF5x7]d AlEtE7] Alto]l 163.4sec+159.18% 7H
2ok DF5 % 7] 106.3sect123.39, €55 7] 96.1sect112.690l e Fo27F
ATHF,, 1=13.38. P<0.001). g9z dlust Ay IfdgdLS dsx7]
106.9sec+130.92 7} ZQom HUFF7] 523sect76.81, €EF7] 49.4sec+69.98
TOo2 FoA7F AJTHF=21.27, P<0.001). 7}=3 HHEFGLS A5 x7] 254sect

3034, 5% 7] 20.7sect2838, H&F%T 7] 17.7sect2153%2 93 ztolE H YT}

it
o, Mo

Jo
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(F=4.46, P<0.05). ttzle} we] o9 D5 x7] 0.64sect2.01, €557 0.32sect
1.78, 45%7] 0.13sect0.0.57¢ Toldem Fox7F A ATHEF=3.40, P<0.05). L
9ol e AE A7 wet Folgh zolrt gllon AN E {olxrt
ATt

1251 Body sites

EJFeet & Legs
Head & Neck
W Head rube
= Crissume & Rump
[l side & Frank
EBack & Tail
Breast & Abdomen
Wings

100+

-~
o
1

Time-budets(sec)
(4]
S

N
ol
L

1 ' 2 I 3 '
1:Adult, 2:Subadult, 3:Juvenile

Fig. 56. A comparison of time-budgets of preening area by age
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R Head rube
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2 a [ side & Frank
% 100 a EBack & Tail
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i) M wings
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T

[

=

—-— 50_

—

T T T
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Wintering periods

Fig. 57. A comparison of time-budgets of preening area among wintering period
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. ol AT BE AEYE7] 92 vl

AYUE7] olde] PFFel wmet ZES tEe Gl Aol & Aol
7bgel met FH A A E(Feeding), 2 %% (Resting), 43 % (Bathing) 2=
TEstal ZF i o]Fo ZEuEr] 99 Wt AA=AE Hlude Fig.
580 AABFA T HE&F ZlEUE7] A7kl 282.3sect18880%2 7H AUl HAF
108.5sec+134.56, F21F 98.6sect103.71 <=ol o FoA7F UATHEF, 621=37.97,
P<0.001).

~—

o

MDA

R

o

HAa% 1849sect156.142 7V A3, HAZ 56.6sec+96.76, &
53.6sec+65.07 =ol o™ ol x7k AATHF=41.73, P<0.001). &7+ F L &
169sec+113.94, 2 F 95sec+14.24, 2% 8.lsect20.48 ol om =7}
ATHF=3.17, P=0.043). 53 2892 H8F 16.6sec+18.20, F2F 9.7sec+15.08,
HAAF 9.3sect1359 ol o oAt AT (F=3.73, P<0.05). ol &3+ &
o] mpEe E835 124sectl4.54, H2AF 41sect8.01, FAF 2.6secth.84 9]
Fox7E AATHF=26.09, P<0.001). L7ite] <]s w9} Ho] oL
10.6sec+18.44, HAA$ 2.7sect6.65, FAF 22sec+6.03 =oAL o 27}k
(F=18.75, P<0.001). &l &3 vrejel Be] g2 585 1.0sect3.47,
0.4sect1.48, F213% 0.2sect1.44 ol =7 YA THE=4.03, P<0.05).
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ANA el A7k At

do 1>
X

oS

4
ke

¥0
o> 32 o 32
L ot

A

o

)

o2
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|~
: ‘U,” = Body sites
77 ’ E3Feet & Legs
250+ — B Head & Neck
HHHBHwH‘ Head rube
= - E Crissume & Rump
& 200+ N [l side & Frank
- EBack & Tail
o ﬂBreast & Abdomen
S 150 i
k= Bngs
2
a a
é} a
E 100 [T IR
[l —a  —
50+ H
a a b
T T T
Resting Feeding Bathing

Before behaviors

Fig. 58. A comparison of time-budgets of preening area among before behaviors

t}t. A9} E7)9 short boutsel] WE ¥

o] 2

1 O

tlo

AEnE7e] A Fo olFofA= &L FAE =2
Fig. 599 z8]a1 YA 7|¥ 2= Fig. 60 AAAct. A% Hit 10.00sec+16.70,
ol Z 756sec+10.28, FF 654sect10.42 =olar, FolA7F AATHEF, 61=3.86,
P<0.05). -5 57| (Bill-wiping) 7} 74 wektom Az #H4t 570sec+11.05, oFA
Z 4.62sect6.85, FF 4.62sect6.38 ol FolArt AJATHE=3.22, P<0.05).
So 7 B -A A 7| (Bill-dipping):= AZF Hit 2.70sec+5.70, o} F 1.42sec+2.75,
Z 1.37sect3.26%2 AHNE F23k 2o]7F AR THEF=6.29, p<0.01).
-?e-ﬂ%ﬂﬂbﬂ o A= €% %7] 11.05sec+1527, €5 F7] 9.15sect 13.18, €%
7] 7.33sec£13.79 ol AL T 27F AATHF,, 61=3.48, P<0.05). 7H o] o] F
A= Eze RY-5=7|Bill-wiping) = Hir  5.04sect9.150]1  HE %7

6.33sec+9.49, €55 7] 551sect8.85, HBE5%7] 4.33sect9.11 Lol FA7F A
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S THEF=2.88, P>0.05).

22 -A A 7] (Bill-dipping) 31 2.05sect4.64% Y% %7] 3.39secth.78, € %3 7]
2.39sec*5.02, €55 7] 1.4lsec+3.81 ol Feak7F A o™ (F=2.88, P<0.001),
AEE tE7] Ad e JEe uess 99 v s AlFdA 2AsT ZlE

=) 7] (Fluffing plumage)¥ 1 0.87sect2512 YE 2719 B F7]o] mo)
st o frolak= glolvh W e]-d 7] (Headflicking) = 3 0.27sect0.75% €
F7] 0.31sec+0.91, €5 F7] 0.31sec*0.79, €5 %7] 0.09sec£027 =olom
o 27F YA THE=4.18, P<0.05). Zg] 71— 7](Tail-flicking)= 3 0.32sec+0.83%
| 0.41sec+0.73, €& % 7] 0.34sec+0.979} €5 x7] 0.15sec+0.40=2 227}
W (F=3.74, P<0.05) 7]&°] @& d557]9 797t EolA= 95 7]

2.
MRe A Al s FAE0 AT,

offl ruﬂi

[0 ot
N

b
10 === Short bouts
S B Fluffing
Ml rail fiicking

8- Y Head flicking
o NBill dipping
o a MBill wiping
@ - SEEEES
; DTN
(=]
©
2
| 4+
[o&]
=
=

2_

T T T
1 2 3
1: Adult, 2: Subadult, 3: Juvenile

Fig. 59. A comparison of time-budgets of short bouts by age
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b
Trnns Short bouts
E& Fluffing
107 MM vait fiicking
Y Head flicking
o NBill dipping
§ o5 EBiII wiping
@
o 07
©
=2
T
s 47
-
2-.

T T T
Early Middle Late
Wintering periods

Fig. 60. A comparison of time-budgets short bouts among wintering periods

ZAEUE719] &S FAAETH ofd P S A3 A= Fig. 619
AA AT DA &S FABEe] AR s 585 Wit 2491sect1842, FH A5
12.22sec £1358, F21% 440sect11.85 ol FIAE HATHE, 62=53.85,
P<0.001).

MEYFo w2 Z1d-EE 7= 58&F 772sect599, 25 0.67sectl.82, 725
0.35sec+0.98 ol il FA7F AATHF=224.63, P<0.001). 7z g7 -E7]|+= &
2.05sec*2.36, ¥4 % 0.23sec+0.50, F 2% 0.21sec+0.71 £olaL FA7F 2
(F=100.54, P<0.001). H&-87]+ &H4F 0.59sec+1.41, ?r 15 0.27sec*0.69, # 2
0.22sec*0.719] +o & Fox7F AN M (F=3.55, P<0.05), HA 35 o]F =
ety = 5252 FE-HA 712 FHAF 3.63secth. 71, 5% 250sect3.66, 2
0.91sec*3.40 =oAL FoA7F JATHF=26.93, P<0.001). Fe-E&57]= H&
12.0sec*12.56, 2§ 7.48sec+8.84, F21 % 2.67sec+8.17R o™ FolA7F Aot
(F=33.18, P<0.001). ZAEt=7]9 & 452 odY g et {5 Aol
= e Th

o A

ot
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¥ 3
257 : Short bouts
E= Fluffing
[l Tail fiicking
20+ ¥ Head flicking
° NIBill dipping
i “HWHHH MBill wiping
E 15-
> a,b \
=] N
2
T 10+
(5]
s
=
a
5_.
b (&
T T T
Resting Feeding Bathing

Before behaviors

Fig. 61. A comparison of time-budgets short bouts among before behaviors

3. 2E ¥ # (Stretching)

A5 71 Bt T 2050s, 62470 A ] ~EH A H]&S Fig. 626 1¥]a 4
¥ 2= Fig. 63, A¥ 2+ Fig. 64, €5A 7|82+ Fig. 6590, ©o] 1353+ Fig. 66
of AAlstAtE AA 2EHH T stEsH7](Yawning) 744%™ & 7H-v2](Win
g-leg) Z2EdH 14.8%, " l-E°]&2]7](Neck-tilting) 5.4%, & E71-<27](Win
gs—up) 3.4%, H-H]E7](Neck-wring) 1.8% <=°] 1t}

A== Wit 364sec+6.39, oFdxE Wt 321s*4.16, Ax

O
ez
3.1lsect6.90 <wolda, AEEE F9o3t Zolx= Qo) e ~EHYH Hir
>~z
e

4.19sect8 727 F7 9] ‘E 391sec+553 Ht} © ok}

dEA7IERe 95 x7] HAb 3.35sectb.07, €5 T 7] 297sect656, B&F7]
394sect6.60= dEF7o 7HE =kout EAAEA Ay mF o3 ol gl
o gy olddlser  BAS Ay 2EHAH  AFE 583 A
7Alsect11.40%2 7Hg ol dEtuton HAS it 3.29sec+648, F4F H



2.89sect5.31 ol AL FA7F UAATHF, 62=7.93, P<0.001). E7-vhe] ~EA

S FAF 0.72sec+2.36, AT 0.22sec+1.29, HE&F 0.00sece] £o 2 Fo| A7 9l
Ao (F=584, P<0.01), 4 = E= F24 Fo #dd sFoldn. &=
83 731sect11.42, 4 F 2.94sect6.39, 741 1.64sect3.629 o2 Fo A7}
AN (F=17.73, P<0.001), 58 E+= HA 59 &4 d& olFol Heiu=
Ao 2 A H A

Stretchings
N wing-leg
I wings-up
Neck-tilting
E Neck-wring
3.41% | vawning

5.43%

1.81%

Fig. 62. Percentage of types of stretching

Stretchings

M wing-leg
Wing—up

[l Neck-tilting

§ | k eck-wring
&\ \ %ﬂawﬁing

o
o
T

13
o
i

Time-budgets(sec)

=
1

0.0 T T T
1 2 3

1: Adult, 2: Subadult, 3: Juvenile

Fig. 63. A comparison of time-budgets of stretching by age
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4.0 - \ 'ﬁﬂ;‘f’lzg
© 3.0 Yawning
% 2.0
E 1.04

1 2
1: Male, 2: Female

Fig. 64. A comparison of time-budgets of stretching between sex

4.0 Stretchings

S wing-leg
M wings-up
B Neck-tilting
E Neck-wring
™ vawning

7

&
(=}
1

Time-budgets({sec)
]
=

-
o
1

T T T
Early Middle Late
Wintering periods

Fig. 65. A comparison of time-budgets of stretching among wintering periods
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Stretchings
wings-up
6.0 Neck-tilting
— E Neck-wring
§ B Yawning
@
& 4.0+
o a
=]
7 2 L
: &
—204 [BEEEE
a a b
0.0 T T T
Resting Feeding Bathing

Before behaviors

Fig. 66. A comparison of time-budgets of stretching according to previous behaviors

4. ¥ £ 3}7](Bathing)

T 48314 H8 e E4AN F 6198% T Wt 1201%7F 48
A H- AxRgoR i HAY 5&P 5 &2 Fig. 679, A5 AR
o] vl &= Fig. 689 €-5A17]" vl Fig. 690 AlAlsA k. =2l &
7](Head dipping) 9.0%, A& 342 dA<] 784%= wel= 3 o7& w37
(Head rubbing) 18.2%, F-2l= @7/h¢ & F&, ngzl, 7t+3 4749 & AF
3F7]1(Bill washing) 34.8%, ¥/M2 &5 A 5&37](Wing-thrashing, Wing-bea
t) 255% 2 UE 4 Q3 YR 13%9] AxRF}HFLS I7-Z Ho] 7] (Wing flapping)
6.2%, v 2]-&7](Head-flicking) 2.7%, #L2]71-97](Tail-flicking) 1.7%, ZE-%%
2] 7] (Fluffing plumage) 0.8% Z &% At}
AFYHEZ = FF 146.0sect54.06, ©oFAdF  129.0sec*43.85, Ax  Hi
Ll

124.1sec+61.159] o= Fx7F 7P A3 4 58 AR 350 A%
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FoskA] ZUrh. EEAVIEEE 9% T 1375secth3.78, HE  x7]
123.6sect62.49, €5 % 7] 103.0sect4355 oo Foxt= gl AFP =
2AE-F-EZ27|7F 45 F7]9 463sec+4.09= 7HE AAa 557 3.06sec*2.68,

F%7] 1.53sec

=
3

4 £166 wolglovl FoA7k UAATHE, 5361, P<005). 1 99
BESNAE ATE FAATE itk EF AU, ol AABE, PR E
Frole gt

Bathing behaviors
M Headdipping

[l Drying

™ washing

Fig. 67. Percentage of process in bathing

150

Bathing behaviors
N others
[l wing flapping
% 'wing beat
W E Head washing
B Bill washing
1004 M Head dipping

Time-budgets(sec)
(4]
o
1

0 T T T
1 2 3

1: Adult, 2: Subadult, 3: Juvenile

Fig. 68. A comparison of time-budgets of process in bathing behaviors by age
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Time-budgets(sec)

ab
125 N I
[T
100+ NN
I
754 B
501 & - S
25 3
Eariy Midale Latela

Wintering periods

Nothers

% wing beat

Bathing behaviors
[l wing flapping
EHead washing

S Bill washing
M Head dipping

Fig. 69. A comparison of time-budgets of process in bathing behaviors among

Bgo ARAFH e dun

wintering periods

pul

AE &4

At 712 -4 Al 7| (head washing)®} Pearson’s r=0.34, P<0.059]

3 A3 Table 100 A4

e

AAE, S/ X 7] (wing beating)2}+= Pearson’s r=-0.39, P<0.01%Z <] A4
el o 7422 Pearson’s r=0.37, P<0.01, %]+ Pearson’s r=0.39, P<0.01
wnZl-"d7)e} Ao FABAE e

Table 10. A correlation between behaviors of bathing and measurements of

meteorological parameters

n=48 Temperature | Wind speed sHl?nusrﬁinoef Rainfall Water level
Head Pearson’s a 0.335* 0.097 -0.180 0.220 -0.028
. correlation coefficient
washing —
significance 0.020 0.510 0.220 0.133 0.849
Washing - 8
Wing Pearson’s a -0.394* 0.036 -0.018 0.072 0.213
. correlation coefficient
beating —
significance 0.006 0.806 0.901 0.628 0.147
Tail Pearson’s a -0.228 -0.190 -0.130 0.372* 0.393*
L. correlation coefficient
flicking —
significance 0.119 0.197 0.380 0.009 0.006
Drvi
M9 TEluffing | Pearson's a 0282 20.044 0.085 0256 0.338*
correlation coefficient
plumage —
significance 0.052 0.765 0.564 0.079 0.019

_86_

ry

il

=



5. =¥ 3} 7] (Preen waxes)

g Aol e Aol FelE 11570A19] AR E & =EAZHE Fig. 7001,
Al 71 Z+= Fig. 716 AAstAoh AFEE AA Pt 77.2sec+34.45% 2. o}
92.3sect41.67, A F 786sect33.23, - F 684sect 32.04 o] 1L FoA+= §l
CodAEd =X F99 ﬂo]% b BE 949 =XAdA ofdx
37.3sect29.92, Al % 26.4sect1958, F% 20.4sect14.37 <=0l 23k zol7t gl
ATHF,, 112=3.64, P<0.05).

A5 A7) mE Z=xzpol= 9% %7] 69.1sect35.45, 7] 739sect 31.89, &
7] 101.0sec+29.88 =0 = A|7]7F A3t whel mxEA ko] F7FE AL # o 27t
AATHF=7.00, P<0.001). =x JIgd== 7hHy BE o] dsx7]
185sec*13.02, 7] 24.3sec+16.55, 7] 43.6sec+2869 o= Foat7t AL
(F=12.96, P<0.001), =3 m & S ¢=% Eio}w‘:— Head rubbing= €
132sec+12.62, 57| 16.0sec*t15.17, ¥7] 29.7sec+25.70= Y%7 3o we} =718t
3 ek ZolE HATHEF=9.56, P<0.001).

R Ao e &AE =¥t WS AP A gxE B3 WA 3
7HA FE R A 1) ofgiRglel Hojq mp=7] 2) ofii-e]eh who] ol
uk27], 3) obA ¢ M AAE nelzld A vEr|Z2 E HATh

Zrzbe] WAlS §F 7bA] wte R =X A4S F 1153 F 383, 7 7HA o3
AL 773 AT v A dANA grE e WA EXxEE w59 999
TAREA Y] A= Table 113 2ok #4123 wjglel oafjA] ofgii-g el welxdA
5 wguA ZxdE T ol 90.2sect28.06= 7MY oWl A ZF =R o

LE¥ske &0l 336%= 7HE =k weldd oF T3 o9 =
3F 228%, S o/ DY 19.7% =olnt mAAdeA g2E &7 WAl o
g E¥ote w8 93 wAl= @ 9, A 91, vhel F9,) Feed 9

g 53 mele =xE Alestar B fold AolE uETh

e
oft b

v

U

3

_

A
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Behaviors

-Waxing from
gland

1 Breast &
abdomen

% Side & frank

= Wings :
Crissume

-rump

RFeef & legs

Back & tail

Head rubbing

~
a
L

4]
(=]
1

Time budgets(sec)

N
a
|

o

1 2 3
1: Adult, 2: Subadult, 3: Juvenile

Fig. 70. A comparison of preening area on several anointing body parts by age

Behaviors

-Waxing from
gland

m Breast &
abdomen

W Side & frank

B Wings
Crissume &

.rump

B Feef & legs

3 Back & tail

™ Head rubbing

100+

-~
ol
L

A
o
1

Time budgets(sec)

N
ol
1

T T T
Early Middle Late
Wintering periods

Fig. 71. A comparison of preening area on several anointing body parts among
wintering periods
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Table 11. A result of ANOVA test for the effects of preening area on several
anointing body parts preen waxes method and anointing. *"° is result of
Turkey test.

landi landible+ landible+ ulti

105 Miridzl;)le I\Iandlk;lf3 cheek I\IandIl]bzli2 head I\Iltllit;p;e Mean(sec) P p
Waxing times from uropygial gland 2.86% 1.93° 8.00°¢ 11.01° | 8.83(11.4%) | 2147 | 0.000
Breast & Abdomen 10.50 24.70 20.63 3142 | 25.94(33.6%) | 7.84 | 0.000
Side & Frank 1.67 1.30 2.99 541 | 431.6%) | 460 | 0.005
e | & Sl 16.00 1.87 6.44 16.88 | 15.22(19.7%) | 2.05 | 0.111
o Crissume & Rump 5.35 0.50 1.87 4.65 4.39(5.7%) 0.56 | 0.642
o Feet & Legs 0.10 0.00 0.00 014 | 0.1202%) | 027 | 0.849
Back & Tail 0.32 0.00 0.00 110 | 0.821.1%) | 1.82 | 0.148
Head | Back & Shoulder 6.96 20.6 .77 19.52 | 17.59(22.8%) | 5.56 | 0.001
Sum of anoinfing times 40.90" | 4897 56.95" | 79.13" | 68.38(88.5%) | 13.38 | 0.000
Total Anointing times 43.76° 50.90° 64.95" | 90.18" | 77.24(100%) | 16.99 | 0.000

v LAY, AR, Ao Ao AR 9] fo g Ato]= gl

Tx P53l AuBAE Table 120 A& AT 7HE3 B3

s 1=0.28, P<0.01, 9 <+ r=0.31, P<0.019] A< Aa#AA 7}

Ao dE gde AdxAIZM =025 P<0.019] A Ado] F9 ot
=-0.20, P<0.05¢] #-¢] A##A7F A Th

Gl 9 dxAZHr=0.28, P<0.0D)= Fe] gae]l F4(r=-0.20, P<0.05)%

BT r=-022, P<0.05)¥= Fof Aol Ao meld og o Exe= A

ZF(r=0.22, P<0.01), F%(r=0.19, P<0.05)7% A°] o] 13 A =XAS o

ZAZHr=027, P<0.0DT Ao F##AZE ATk wetA Gdd, A 99,

7hEd B mEe o)gh T Ex7F 7)1 adld FuaATE fFostA vERE T
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Table 12. A result of correlation between the frequency of preen waxes and
measurements of meteorological parameters

n=115 Temperature | Wind speed ?l?#srﬁinoef Rainfall Water level
Pearson’s a
Breast & | oeoeioton Soeffcient 0073 0.276 0.120 0.181 0.313
Abdomen I~ ignifcance 0.441 0.003 0.203 0.052 0.001
Pearson’s a
Side & | omonS A ot 0.145 0.018 0.248 0.184 0198
vangbe | o [ sioniicance 0.122 0.845 0.008 0.048 0.034
anointing Pearson’'s a
Wing & | ooons @ ot 0421 0,203 0.279 0422 0220
Seapula " gonficance 0.199 0.030 0.003 0.194 0.018
Pearson’s a
Feel & | poeition docficient 0.073 0.209 0010 0.042 0.060
Legs significance 0435 0.025 0918 0657 0.521
Pearson’s a
Head Back and | peoeiton Soefficient 0.107 0.191 0.036 0.221 0.147
apply Shoulder I~ nificance 0.254 0.040 0.703 0.018 0.117
Pearson’s a
Sum of nining times | cONBATON coefcent -0.058 0.154 0.261 0.127 0.090
significance 0.535 0.099 0.005 0.175 0.336
Pearson’s a
ot anoiing imes | Corolton coeficient -0.055 0.152 0.266 0.128 0.080
significance 0.559 0.105 0.004 0.174 0.395
A4d =9
ME9 FAdE ZEts7], w71, F8-&57], & (water bathing), 18]l
~EY A 2o oagsrE5S ¥ HSimmons 1964, Delius 1988). Cotgreave 2}
Clayton(1994)¢] Aol A 77 2 62F 79 F7F %<t 2njd Fx359 A7

O{NN

Tl H 9.2(x07)% ¥ e 1 R.6%7F AEHE7I R 6.4%7F HE3)F 0]
Rom 1%7F 1 99 dFolAria EALE ST B A5 Al Fee] 4
ol¢} A& e stz el #HA Clayton® Cotgreave(1994)& 71 2] 9] A= o]
o By Bl AfERT Agdos o Be AS ZErEy] st =%

Aok nEWNA BEHE mFrAAIAY FAPEE ALUE], B8, g
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TY 59 1 PAEFY 2EHA, 13]51 F2-AA 7| 9F Fel-E57], AE-FE
71, M -g7], mEzl-gd7] 59 #& PFYEZ L= 5 AT 457 5
o] F AT A7HEw= Hi 144.6sec(N=1,158, #ZA|7F v Al 7+ Ht 600sec

PE AdFA ] 144%°l sidaty AduEri= dA FAB T 914%° S
Shal 58 24%, o2 =X 0.09%, EvkA 7] 21%, 2EHAA S W= &2 749
E 19%, Hi¥ 0.03%= #HFHA. e =g A Y FA S 14.4%+=
FA & 21F9 Hir 109%EtTE o HwEZuAl 14.9%(Cotgreave and
Clayton 1994)¢}+= H]5=38F H| &S EFWTEH

AETE719] 94% = F=2 Felol oA s EAL wejol o3k mpE 3.3%, T
7herel oJgk 7] 25%7F EFE AT AE a7 HA S ol oA JHEA
52 ZHA A7), FE9 oo r EA27], & g 2057, dolddR
ol Fol W], Fee ofgidely dHew Fre7] sol FEHNY. dF

z7] 3t 165.0secZ 7F Bk F7] %B6secE 7HE AJoem F7] 105.8secE
Ul S7Fskth o= FH S (201Dl &F agwtelM el FihgE AA Y dE
Al7lel wE HAYFH &0l ¥Fx7] 55.0%, €E5F7] 40.0%, 4557 461%=
Watets A Aol o FA] HA F olF FAHF] Tkt A
o7 Ho] Ao Fgk 95 F7]9 W VIR A e d&Ady EFQS ofuA] A&

%}

EE HAstety] 98 2E4 des Qv Aol i #H(2004)2] Aol A
7]

= }_A]—E]Oﬁil- ZlEttE7])o dgddH ALY A3 IR o] 5% E A A FH o
e BR 18%, Relel 9@ Fo melniel 9%, AT, Aol Welel 9@

S oA, bl o)k weet & Folar FEldd 9% thef st e mpo] 7}
& A o)xde] ZAMA I (Table 13)¢F Hadte] BH  Rhea(Robert 1968)¢}
Goldfinch(Coutlee 1963)¢] 4-% EF E/lHE2 ZE9tE7] Bl&o] i Fo
HA =S zhs v g xolAl o] gol mEet Hof Hj&o] 25%® v
& FF7+9 Allopreening®l ol3] et Heo ZEGEIS ¥ 2S &= 9
wow F3Em gk tElef e oo oig HEo] v %7]1039";, 7)< 3}
g vgo] =& AL FERFEA B JFse Aol ¢ B wEo]
ke, mEbd ZEuE71e g9 BlEd did F8d Aole=
Robert(1968)ell o]ajA] &ejet4 Ziejar o]&ste Wy, AL &4 SolA ey
= YA P BAH AT 2ALE AT

¢
[‘0
N —n

Jiﬂém

kg
ey
ky

5



Table 13. The comparisons of the preening area between previous studies and this

research
Area Rhea(Robert 1968) Goldfinch(Elen 1963) This research
Wing 43.9 28.0 55.1
Head and Neck 14.8 28.0 2.5
Breast and Abdomen 10.5 17.0 17.7
Side and Franks 7.2 4.0 8.3
Back and Shoulder 6.9 13.0 12.0
Rump and Tail region 2.2 7.0 4.0
Feet and legs 14.5 3.0 0.4
Total(%) 100 100 100

At

AEGE7o #HE #HS FA3EE(short bouts)S DE 7| 71 2
719 #kom 71 Wol o]Fox= T2 Fg EE57](hill-wiping) 2 A
59%°l  Eetda AEnE7] T T Sl FEEHAT FEH A
<billfdipping>w‘:— 24%2A Zds FERE 57 Ao o]FolA= TR TMEd
A INAE 57 A A5 BRI A E-FEE 7] (fluffing) = 13.7%= 7]
2o vt 9% FUlo wWol HASATE EI AE-FE 75 olde AFoA

ool e ALER AT med AL FAE 9 Fhom zAHAY

(o3

(David 1966). ™ el-©71s} meA-8/1% 7] &o] W& AF F7]o] WA 2
s BAEolgon vel-gsE £3 Wit o@ vidsh B sz A
#elo] WS mYZ-G/E AgI FFo] Fue ™R o Fo W

al
WA 3 g ah s,

ZEYHLS &3

—_

AEE7] Fote] WA E ANt B2 gEe] F47
el W AEl 7] = 3ok (Robert 1968). =#i-g] Aol o] A= FAF EE
A5 HASo BT, ~EHA S IUlet g (Wing-leg stretching), 7

2
e

ug o
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M} E(Wings up stretching), 183 3}E3}7](Yawning)9t 2-50] 22 7] (Neck
tilting), == HH o= HS7](Neck wring)® HE oW LFA| 7|, AFE=Z
frefnet Aol §IAAT SHESHI VL 746%= 7P Boka dil-thE] ~Ed
14.9% <ol ol s e] Ao 2EHALS 58 & HAA 5, 7 F &
o7 WAt s 3 7](Yawning) 28 ¥ &% 2E#H AL herond oA
FAstE Bt ¥V H R dAS AR FHA ] Heo] FElekA] Frkal e A|
THGeorge and Putnam 1968) & AgelA stEsl7le= @54 dE ol (54,
AA) == 74 A HAe= BT Bokth

5ol e o]He] A5 B2 HolHEC &7HAE & st 584

uélo] BEA 2ol GA A FEHS zt=tla AotE 9 o (Burtt 1983) w9 =
A A E A Slessers(1970)= 58 WL 73 Fx9F 822 F4
sttt =g Ao xR 4 Cas

15717 &<t Ao i 2ol A&t
]

Aol g 719} Lo FARER

FHTA L] A T2E AT

o}
B4 F SR} b FEHolu 49

Q3 7S 3t k. Ainley(1974)¢] Adelie ¥
2 7bF wEA Yede fAYY9E Tt 55 o
g9 Zldnsrleln 7Hd vz dhdsteE FAS9= wEe 9% Shoulder
rubbing® Oiling©| It} o7 EXZ7]= #g &2 Oile] o]FHox & oy Z25H
ANZ iR H = AREEHAA = 5 dsolth. e Kruijt(1964)e <] 3l
Burmese Junglefowlol Al Head-rubbingt VA AdA W&EH 7|52 dj&EsE= &
2oz FRjAe Ve T FAC] yEhdrtar Skith =w e Aol Al o A

Zlel W2 =X Fo ol vhE &EAR] FTEol dEFUIY e 72 o

3 A gom AGRUE gasts uve TEPTL AF /A TR 25
% XY AR SohsEe 1 540 itk ol MAXE o] Fdv



of ¢k HxES EXPF vAHORE FEH Waxing AlZto] Aojxm w o
ok mx et o] EWH(Head rubbing)Algte] #2320 Wlstel B @kt 53] A4
o2 FostA = FIAN dARG= FANM H B2 Al (Fig. 72)7F YE
stk ol Aearel AAzlel tigk #FA Akl A5-(Bruno 2003)° 4 271

2)
S A=Z AAsta AHAQ w22 A %‘Zﬂ%ﬁ’ﬂﬂl ek

F7HH Q) fA
917

2
= %@%Oﬂfﬂ Ol%oﬂéEﬂf—iﬂ X3y £ E2 AIdPdYg= A (Piersma et al
1999; Damste et al. 2000)E X o531 At} Piersma et al(1999)= ©] o]z 2~ H)
>0
[e)

2 nAgago] we-at A 73 Sk dHoew AYd FHEMEAY v

A Fst A o
1 2
2004 :
o Head rubbing
Z 1504 ¥ waxing from gland times
a2 ™ Total ancinting times
g
S 1004
o
Q
= 5o
—
" Early Middle Late Early Middle Late

Wintering periods 1:Male, 2:Female Wintering periods 1:Male. 2:Female

Fig. 72. A comparison of time-budgets on anointing body parts among wintering
periods; 1-Male, 2-Female

Fow Pavdar §A9%F
Atelalnt. ol §AREL] 1 B9 50 o
23 9545 AAGAY & AL FAGE LA Fgo] HES A

71072 3 EE 3% ol (Simmons 1964; Walther 1977; Moyer et al. 2003) #

H
Ad
of Hdgk /\]7]—0 7L/\o}7<] kol 31
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e AfEe AA WNRAFH A A )EE N ABol] wEolt)
ATt MAAZ ol 5d T AEANAY FABE] Aot WS4 Aol J

2 2 5 9t AR 48975 7] Wielth o old U@ urk H37<
agATer d@ATEe] d 146 /1S gt

_95_



VI. AH8] A P59 &4

A1d A&

APE] A E Sl A A I vE FE59 Y olgFodd gk
slo]th(Hamilton 1964; Trivers 1971; Axelrod and Hamilton 1981; Fehr and
Fischbacher 2003). ¢t M2 FE7F E3], A B8E Alo]o] dHol Fasly &
ol AAAAEA Z&3}(Black 1996). Allopreening(Harrison 1965)2 & 71 A
7} & AAdA RAETGENNE Aedorn 15 WSy FrENA PEFH

Fetal Q7] wiiZel dH 3 oletFol o A9E A st=d 783 3}
Foltd. EfFolAM o]t B3 Allogrooming FES &8 %<l oefF2lo Alg
24 14 ¥ A vk(Seyfarth and Cheney 1984; Hart and Hart 1992). & A7} o] <
TolA =79 Allopreening F 7HA @AM 4 ¥ AtH(Radford and du
Plessis 2006). stvb= #1484 Bl A 77185 AAZE 440 2HE-o]
2= @ (Clayton 1913 A& ol o] 2EH A =53 349 #AE 9
7ol A=o2M A A 7] 5 (Terry 1970; Feh and Mazieres 1993)S 2t =thi=
ojth, - A 7L 7HA = Felo] FEstH SR o R Qlste] HZsty] ol
+ we F93 AL FgEel g AEuEr] HEs 54 22X FAAFA

4 s

3k o
o] A7 A=A o FE ko] wEAES E5le] Folel gEle] Akof m

o]1:

o

o
a7

)
Apye

>_\.L

ol dofA FAPES 2 MAESe] BeAola AFAA A2, Hol)
& Bed AdY wiEH AN

AEo] 25 AHAL WA 2t7] W&ol th(Brown 1975, Gauthreaux 1978). =
Aeol A"Eds st vlAE ddstr] 918 B Ast
= WHAAIZIS AdE durE el %’2}0]‘4 Lack(1954)¢} Fretwell(1972)= A <ol
wolebar Ajkstaitt. wekA A% 91

of Fek WelA FANA Fe] oAt AEe FAoRE AEEHJEA
= A ol A Aol gk AANA, SaEnte] A&l A ZEFHASA, A
59 T dHE A% Mg dFe] dIAJAAE oldlstazt ) Hehe] A7)}

FAA, g Az Awd, Aol e 34 AFe waE BAsnd @

3
4
ol
s
E
o
ob
r

~
2
o
g
of
)
09:"
oift
lo
o,
ro,
rl
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éﬁ
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2
=

M
1%
fd
ot



A2d AT7EH

1. Allopreeng® Q+%H

Allopreening< Zl9tE719] 202 3k JHA S =gl AoqA 7 &= & A
Aol AES FEE B8 A HEF5S AFshe Y= Fostda Aol A
HAE writh v R 7] 539 th Allopreening®] &% #2412 Radford and du
Plessis(2006)¢] W& st s 7S & MAE ZEts7] & o
= 9ADonon E AEGE7E s # 7 (Recipient) & 539t 43
Aol e 99 FolA Edsr] 4% HEHFE(Body region; under neck,
shoulder, back)¥} E=93}l7] ojg& ™g|HE(Head region; crown, chin, cheek,
neck) &2 FiEste] 7] Hak9 L “57}‘44 MA & & MAEe] B2 5& sA9
WA SAFALE o]Edst ALY 52 30sec ©]4 Allopreenings 34 &S W F
2% Aow 71F3tH(Radford and Plessis 2006). ## % Allopreening< th2-9]
dolHE 7 &3tk Ad o578 wo 99, Ty gelld 5o g4 o

rr

& A 7HEH] FoA o] FER(FTAA wE gEA), FolAe A A Huke
7], 283 FEAMTE 7IE8H T 2008 1095 2010 49744 g o] 2}
A A= 15632 o) AR Aol FRlE Abel= 1303]ojm A 220.9% 9
Allopreening®] H°oJEHE =3I th SAAE A HE HAHL WFEAS 9oy
7l =7} 570 winke]l Aol 20% o]Ato]™ Fisher's exact test® A A8t &<

Ask welAe] B TR T-dAE AAE

AlEE JRA F2HL 58 Tk a8 PEA
S 34 tH(Altmann 1974). 3243
g A, e A2 FESA L, FAYFLS FA Ao ut FF10A 471A :r’ﬂ

of we} MLatste] 7] =89 th(Alexander 1980b). &4 42 3 JfA7F & 7

o
o

it

N
.ll-ﬂl:-:z
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AE PR 2 Y4B

Selgld, B4, 9A9E el olshe] Woly
L ARAL o FAAS W FF 1
0]

=

= 1, & WA w2 HAE J=Hd H5 S

(F-2loll o3 A FHoy FEoz WAVl oA dojula &HT o
2, shel JHAIZE e HAE FAs a4t A AEd HE F% 3 F

MA7F Ae-o g w@e wj(Exchanges biting and striking) S % 48 A A3

4y

X

Kol
=
a7

S

<

o #aE 2AYES el dolgE Sk ) AN A%, 2) wsa
o W%, 3) FAY A, 4) FA FF, 5 AAAY FAE, 6) WA o FY
%Y

7) FAANZ 5L 71EE 20089 10€ 5 2010 49714 Aol FFod
A= 2775101134 olF <A Aol A Aldl= 20659 FAAF

Rom F 1,385 9] A7} o] 9] PFS HT R Hslste] EAET &
2le 1) 3 7Hi17P olxd W ot MAE Q] ol wajrt HAY, F
e AR e e AAY H2E dAY PR wolsAY, & )
ANE FF3] 330 AT s FUEAR, 2) & AA7E & 7HA Y5 (FA,
FABE)S= FAst= W7t Ho] gAY Allopreening Al el AEel 9

B e ETEA, Y AL 93 HolE B Aot volPF

rulo
4»
o
o
ol

OH
3
2L

A2 gl = WoEE 44e 98 galo] Wy
Qe wWeo] FAL HoldpHo g FEIIYT. A gl Ao)EL WA
A

Aol o At ZIdHRIE=ZE 57) mnke] Alo] 209% o]/ol¥  Fisher's

A3d d+Z4%
1. Allopreening

7b. d4%d, 4dE £4

v e Aol Allopreenings 77} WA #ddu 2 sts 712 Dol v
el A=, AdE FRSte] Fo] A (Donator)?t B & Al (Reciprocator) S 1l 2} o]
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A Tl Alet gl Alete] 29 AdEE ¥]&S Fig. 739 AL T
Aot FalAe dEd v &2 Fig. 749 Fig 750 A AIstA 1 dHZ = Fig. 763
Fig 779 AAlstA. F 156319 Al 5 Adx=-Adx27Fe] Allopreeing©] 65.4%=
7h ko Az-olgz7ke] Allopreenings 21.8% %3 A Z-fZ7ko] 58%%
om ZleHoPd X-oMd X, oM E-frE, frE-frX) 7.0%ATh FoAY 81.4%7)
xR om ofdx 14.1%, FrF 34% wolAth FHAL] 77.6%7F AR ow of
A 147%, YA 1.7% FE2QT. A¥ER= 2ok obdxdA F2 YEy
= dFolAh

AA S HlES 474%7F hFlel WA Fofetqlal 359%+= Aol Folst
W, Addd el He2 A
33.1%, oHdx=FA 7 6.9%, F+Z2FH 31% Toli FEREA
12%=2 714 92 Fou| &S Yeplth HEle 494% = Aol 34.6% = A0

°

&
Hasto]. gojeh e BEF hzle] ARY ¥ Wol gojstal welsit

2.56% Age components
1.28% ™ adult over Adutt
320% [l adutt over Subadutt
Adult over Juvenile
ESubadult over Subadult
ﬁSubadult over Juvenile
EJuvenile over Juvenile

Fig. 73. Percentage of age components between donator and reciprocator
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Donator's age 7.69%
™ Adult

M subadult
Juvenile

Reciprocator's age
MAdult

MSubadutt

14.74% BJuvenile

77.56%

Fig. 74. Percentage of donator’s age Fig. 75. Percentage of reciprocator’s age

16.67% - i
Reciprocator's sex

Donator's sex M Unidentified

M Unidentified M male
Male W Female
Y Female
o
A7.44% 49.36%
34.62%
35.90%
Fig. 76. Percentage of donator’s sex Fig. 77. Percentage of reciprocator’s sex

U 39 gaEl A B4

=]
789 AAIEATE. He] FE Allopreening®] 13] Hi & A|7FE 37.8sec+47.58,
@Gl AIZEE 499sec+60.122  HdEl  Algte] o AATHP<0.01). #& FiEo
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Allopreening 13] Hit Fo] A 7FE 422sec+58.49, Hdl Al 7HE 26.9sec+38.8%
of Alzke]l © ZAATHP<0.05). 2} FodH AAAIT 85.6sec+83.603 & H

AN 87.65ec90.172] A|ZF Rl wsalgla Bolrh o] FolA A w

j=]
o] %01 3

[ of

N

}_

50.0+

™

=

o
1

w

o

o
1

Time-budgets{sec)
2
=

10.0+

T T
DB RB DH RH

DB: Donated body allopreening, BB: Reciprocated body allopreening
DH: Donated head allopreening, RH: Reciprocated head allopreening

Fig. 78. A comparison of time-budgets(MeantSE) among 4 allopreening participants

) d=5¥E +4
Aol FE 2 Hshr] A P wE 993 g2skr] ofgE wE Y
d A sk Allopreening®] & 245 Fig. 799 A AR 998 Body all
opreening= A % 42.2sec+58.49(n=127), o} Z 24.4sect33.82(n=22), % b5.1sectb.
88(n=7) <=°]¥ 1 Fd % Body allopreening< % 32.6sect55.50, A4 Z 26.9sec +3
8.79, o} % 22.4sect40.87s=°] At} Fol¥l Head allopreening +% 79.6sec+74.0
4, o} % 39.1sect41.59, A% 35.2sect46.16 ol FdlE Head allopreemng~
% B84sect64.71, A Z 51.8sect63.65, o} Z 39.1sect30.71 St} Az 74

A 85.6sect88.602 & oldlal 87.6sect90.172 Hd Wwrgkomn oA FE 71.9sec+72.0
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55 F93}al 66.3sect59.205 wHd ko F%F+= 100.6sect91.105 &I 3Fal 95.
8sec+85.145 HF ooy FA A A Foxe At

Allopreening
@Donated
body allopreening
150+ [“]]Receipted
body allopreening

Donated

5 dhead allopreening
- EReceipted

7 head allopreening
o 100+

=

=1

=2

T

@

=

— b0+

0 T T T
1 2 3

Age
1: Adult, 2: Subadult, 3: Juvenile

Fig. 79. A comparison of time-budgets of donated allopreening and receipted
allopreening among donator’s age

2) 4d &4
Aol geold 13070A(8: 56, $: 749 Folol wdle H&S Fig. 803

Fig. 81°] AAstAE. 7S 269sect38.382] Body allopreeningS 3¢}l
28 3sec+37.40= | Hkokt). 42.4sect44.442] Head allopreeningS 3]sl
58.4sect70.88% H#l Wth HA 69.2sect57.665 F oI5t o™ 68.7sect56.105
ol vtk
o} A& 44.5sec+61.302] Body allopreenings & ¢13}al 25.1sec+40.565 & HHgk
o 40.4sect53.502] Head allopreeningS 3] 3}l 58.3sect70.885 Hd W&
A AA 84.9sect89.785 ¥ 5hal 83.4sect86.695 Wl Wkt FAHoR FolA
= RAARE e &3 Body allopreeninge] ARt ¥ Wkt
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Donated Receipted

allopreening allopreening
75 751
M Body allopreening M Body allopreening
Ml Head allopreening [l Head allopreening

50 50

Time—budgets(sec)
Time-budgets(sec)

1 2

1 2
1: Male, 2: Female

1: Male, 2: Female

Fig. 80. A comparison of time-budgets Fig. 81. A comparison of time-budgets
donated allopreening between sex receipted allopreening between sex

3) A7 24
A% A7l wet Fol¥a @d¥ Head allopreening® Body allopreening2
Fig. 82¢l A AlstAth F2] 9 o] 41+ Head allopreening ¥t 37.7sec+47.58
5 F3sta 49.9sec+60.12 Fal ol MA| 87.7sec+93.19%th F-lo] Hito] o
<+ Body allopreening< 38.0sect55.025 & ¢3Fal 26.5sec+39.405 Hdl wkol x|
Fe 64.5sect77.13A k. F-gle] Lol o+ Head allopreening®] AJZHEHl7}b
o Bol sy H A

AE A7 Fo]ge Y5 x7], 781sect68.17°]H 765sec+64.84 Hdl ki, €
7] T4.3sect79.32 FoJdtSial, 77.16sect83.82sec HEl Wgtomn HE357)
77.80sect84.42 &l oL, 72.79sec+67.55 Hdl Hktth HAA ol Zap o e

2EAZIE 2 A77F ks e woakE HolA fskt
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150 Allopreening
S Donated .
body allopreening
il Receipted
body allopreening
e Donated
head allopreening

i Receipted
100 Ehead allopreening

Time—budgets{sec)

o
==l
1

1 T T
Early Middle Late
Wintering periods

Fig. 82. A comparison of time-budgets of donated allopreening and receipted
allopreening among wintering periods.

t}. Allopreening®] £4

Allopreening®] EAAMTE ¢ dA8d FA443%+= Fig. 83 183 ¢
A B4 Adl= Fig. 840 AAekth oA

3ly], olF, ¥4 93 FHo] 753 50%=(n=150) 7HF Ekow
(29%)v= FHAY "HEaAER A% FHoR FTAHJND FHAY I, olF
Auto-preening© 2 <18 FZ0] 528 347%°|v oF 43)(7.7%)= oA Fof
2T o FHoE FTRY 2 JHAe 91, A2, M ew <l

T 2% =AE T B Ax-dx 3

32
o, —ﬁ
v

110%™, FAld FTHY=
Allopreening= & o] djo] <2
Rou Ax-ofdx, Ax-fFx, oMHE2-Fx, Fx-fFx e T2 T4 7
=7F gEAe F4 =R 2o, o

ARoR fFolatAl ek AWl oe FAdAM 2 479l Allopreening

<
ofN
iin)
j‘-;I
i
=
2
2
lo
<
ofN
iin)
-
A
(@)}
BN
1o
A
o
BN
fru
Jo
>
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oAA el FAo] 264%(N=130), FellA e &4 154%= Afol7F A ov; Bk,
Z1 79 Allopreeningd| A& oA 243 GellA FZ20] 7.0%, 6.2%=
ztol7b gllow A A FfoA FofA FAH HHA FAol 154%,
134% 2 #Fol7k gldvh. A3 SZAANTl Wik wxEA o] A3 {93 2pol=

LA

o

100+ A Causes of allopreening
termination
!Simultaneously
termination
ﬂmDonqtor
terminated
Reciprocator
term?nated
E_Other individual
interference
nE;(temaI
disturbance

754

Frequency
o
(=1
T

25+

1-1 1-2 1-3 2-2 2-3 3-3
1-1:Adult-Adult, 1-2:Adult-Subadult, 1-3: Adult-Jvenile,
2-2:Subadult-Subadult, 2- 3 :Subadult-Juvenile, 3-3:Juvenile-Juvenile

Fig. 83. A comparison of causes of allopreening termination among SiX age

combinations
A causes of allopreening
termination
60+ M Unidentified g} iecinrocator
BSimultaneously Eother individual
terminated interference
III]]Donaior BExtemal
terminated disturbance
>
2 40
@
=
=2
@
[
['8y
20+
0 T T
1-1 1-2 2-2

1-1:Male-Male, 1-2:Male-Female, 2-2:Female-Female

Fig. 84. A comparison of causes of allopreening termination among three sex
combinations
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2. Agression behavior

7b 23N 71E AAA G wEEA

LEA7IE AR mE NAIA L g A9 ¥ & Fig. 859 Fig. 86, Ad
2% Fig. 877 Fig. 83 AA3IAtt ddo] gow FuUl 374 2728 F A=l
ol gt A= 1983 (72.8%), ol ol 9l e /Al 323](11.8%), frxol e /A=
423)(154%) 20 3, DA 2249 61.0%= 4% F7]o LA TFn=272, x’= 268
3, P<0.001). wkE7HAe] AR, dFA7E B A= wEANA 9] 452%7F 1

om Az 316%, oldx 232%AtHn=272, x*= 19.81, P<0.001). 7AA] A<} ¥

)

o{o

XH A", 45 171% WAEA A Gola o] gl Aol Few Fu
T4 20638 F FH o MAE 1463 T1%9 3, el < s A= 603 29.
1969 2. (n=206, x°= 2.13, P>0.05), o3t J&Eﬂé Atk FAMA el dig uk
SAle A (fig. 83)lA4 1503 72.8%%= Aol AL 5638 27.2%H o (n=2

06, X'= 10.60, P<0.01) €571 ukgrjae] Ade Aol AUk

Initiator's age
Nadurt

[|||||s ba d It 1507
uuuuu

Reactor's age
N Aduit

[l subadurt
E.Iuvenile

Frequency
Frequency

50+

N

T T T T
Early Middle Late Early Middle
Wintering periods Wintering periods

Fig. 85. The comparison of initiator's Fig. 86. The comparison of reactor’s
age; adult, subadult, juvenile among age; adult, subadult, juvenile among
wintering periods wintering periods
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Fig. 87. The comparison of initiator’'s Fig. 83. The comparison of reactor’s
sex; male, female among sex; male, female among
wintering periods wintering periods

. 23A 7] & P39 4

(1) &4 €42l

AEA 7] mE A5 A0S Fig. 890 AAlstdtt. €5 z27]o= Bo

Aol o]l 52%E M Flow, 9% FUolv ™ 43%, STEV
157%2 71HRIERT F7FeEth €5 $7)d= Holsh S&3ide] 4L 7|y
Hlzo v)sle] A #Aastdal F3F B FFo] 8b%Z 57 At wAHEA

o AA A LEA7] A FA Yol AT Folst Ao 9= HAo=m B
A5 thn=272, x’= 3357, P<0.001).
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A causes of
aggression
150+
E Feeding
)
g 1004 \
: | |||||||||||
=
[:E]
.
(W
50+

T
Middle
Wintering periods

]
Early

Fig. 89. The comparison of causes of aggression among wintering periods

@ sA9 5%

Q1
X
8
o
i
e
of
ofy
N
K-

7t o, 5 F7]o= 483]9] 5 F f1Po] H0%E T wWoka A A
TAL 42%2 T2 A7)l Hste] 7 whokth mAbEA o] Aap dEA|7]el uh
TA S Aol gl Aoz FAHJAY(n=272, Fisher's exact test value

= 11.27, P>0.05).
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1504

100+

Frequency

[42)
o
1

Level of
aggression

& Fignting
I]II] Chasing
Attack

™ A Threat

T
Early

T
Middle

Wintering p

eriods

Late

Fig. 90. The comparison of aggression levels; fighting, chasing, attack, a threat
among wintering periods

o AR, AEd mE FAAAL EAAA L A

A=, o] glE FAdF 20639 T 34 2o S A", 2
ganelel x4t AAS, 17659 29 TN 08 Fo 1 BAS B4
o] Table 140 AAstAT A= x5 SE 94.8%, o dx +FH 76.7%,
2 7 41.0%, dx2IA 409% woldlem = Av|ete] #do] e Ao=
LS
Table 14. A comparison of winning rate in aggression encounters by age and sex

Loser
Adult | Subadul | Juvenile | Adult | Subadult | Juvenile | Win/lose | Win (%)
male t male male female female female
Winnor | Adult male 3 12 40 12 24 9 / 5 948
Subadult male 1 2 6 7 7 23 /1 76.7
Juvenile male 2 4 1 9 16 / 23 410
Adult female 2 2 4 15 13 %/ 52 409
Subadult female 2 1 1 4 /3 103
Juvenile female 4 2 6 / % 10.0
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A4d =9

F-e] A o)Al ¢ Allopreening 81%7F ol elaiA Fol & qdnh. whek 1)
= Adiste] 259 A 95 Agdst=d ol &HUH A
o dRNAlEe] o ®el o] s Zlolth 2) f-AlZHA
=9 SHAAQ T4e AssiAY NFS Hastr] fE olgdthd deviAlEel
g gol Fofsta FAMAES ¥ Bol ¥o] g Zlolth 3) JEFAHLE Aol
oMM Hstriizts FAAY JHde=H ol &dTH SANAL A9 MAE
o ool F=H vl &= ko]t gl& A olth(Radford and du Plessis 2006). ©]
e Aol Al 9] Allopreeningol that &ofef =3 o] A
Hjoll = Fol 27k ISlS # otyEl g7t o] FolX = FA HHl7l o] Folxl o,
S# A9 Auto-preening 32 7|Ef sEo 2 <lalo] Hyto] AF I wjol = S A7)
Aol A sAolv 39, sMAIY A 3H Ee ol s FIA FAHSCH
ol el Ao A 1) AllopreeningS 7] 4 ¢l & Ht} o] 3o F& %2 ~EY
2 ZAAARA AT A4EHJA2(Terry 1970; Fehr and Denmazieres 1993),
) Mo} Zeo] oA HWEer 7 BAH I 1 Fo| Allopreening®] FHE% 7] o
ol R gFe AAL e FA9 75 (Barton et al. 1996)< ?Iiﬁ‘r"’ Al ¢t
Atk weEbA e EE Ao o] Allopreening H & o] XEHFoizhe FAskaL
Hao Ho]l ojEE Wy FE Allopreening® B]&°] #¢ Allopreening®] H]
sEY o =37 wiEel oF VABF A H F& AdHY ™

AQgAQ BN B delEn BEHA FelFon 53 ¥t Am

Allopreening & 983](62.8%)7F Yetvh= A3 A¥E=Z=(Fig. 92) &4
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