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Abstract

Little Tern (Sterna albifrons) is listed as Category 2 species in Wildlife Conservation
Law, and its largest population in the Taiwan main island breeds in the Changhua Coastal
Industrial Park. Because a large portion of the Lun-Wei compartment of the Changhua
Coastal Industrial Park has yet been developed, thus making the locale suitable to observe
Little Tern’s breeding ecology. In this study, the influences of rainfall and habitat
selection between sand dune and gravel on the hatching success of Little Tern in the
Lun-Wei Industrial Park between 2007 and 2008 were investigated. Results showed that
the hatching success rates were 17% (46 total nests) in 2007 and 31% (103 total nests) in
2008. The correlation between the three-week accumulative rainfall and the weekly count
of the successful hatching nests was significant for 2007 (r=-0.665, p=0.036) but was not
significant for 2008, suggesting that the flooding cause by heavy rainfall may have played
a major role in the low rate of hatching success in 2007. The difference in the proportion
of habitat use between 2007 (76% in sand dune) and 2008 (73% in gravel) may also be a
reason that causes the variation in hatching success. By using the binary logistic
regression technique to analyze factors influencing the breeding success (e.g., macro
habitat, micro habitat, nest material, slope, height), we observed that, with moderate
intensity of rainfall (2008), the most important factor was the type of macro habitat
(R*=0.232, p=0.013), and that gravel habitat could provide higher breeding success than
sand dune. The reasons that sand dune provided lower breeding success could be
attributed to a combination of the following factors: (1) less possibility to camouflage, (2)
unstable structure, (3) human disturbance, and (4) high variation in temperature. In
summary, observation over the two-year period indicates that flooding caused by heavy
rainfall should be the main threat to the nests on gravel habitat; however, the nests on

sand dune were threatened by other factors.

Keyword: little tern, hatching success, habitat use, human disturbance
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R A LT

I - SRR Y A RS E R E RN A

PRl EWEEARK Y AT AR > TR I BN RS iR

HAam@a gz ol = 5 & i &0 8 L PRF] S 2 B ehff i o

Hst 41 47

2007 # 22 2008 & AteR F1% A5 F 4 LB o 52007 £ 4 E B
A % A (76%) > @ 2008 & BT K EE L 1 (T3%); @ E P LB At ST
|4 2008 # ¢ A fEHEM Rl M2 A 4 B en £ B (Chi-Square
tests, y2=11.591, p=0.021) » * G755 ¢ (S H | % # 7 ¥ BB ¥ i 3 (B>) -

2007 # 2008 454 4TI ¥ § Hemesr o A9 4G @ v EHoi moh
B IRE Y b b kA 2008 & St GlERGE (2007 & 4.35%,
n=2; 2008 & : 10.68%, n=11) » & * chHil® & 5 AT ) 5 » B @ dode 3

B ARV B AES F k bk
455 AR AL s

1T 308 bl B 2R AP it

A 2007 £ 22 2008 & et S % ¢ 3 T 2008 & E FoficE 2 2007 LB
(2.19£0.611, p=0.002, # = )» = & & 3802 2 47 F-ch1 Hchie 5 (2007 4 : 48% : 2008
#£:59%) 0 REP K AL EE RS 5 02007 £ ¢ 0K FdcE AR
i & B eh 1 (Kruskal Wallis test, y°=9.916, p=0.078) ; @ 2008 & i -8 E
BRSO PERF 30 BEF 0% 1 (Kruskal Wallis test,  3-#c £ : 5'=12.234,
p=0.015 ; & 384 x’=35.874, p<0.001) - % Spearman #p B |+ 4 45 e & ¢ 3 R
i -dcR & 2007 £ 2008 314 T B AT F 12 e f 4R BE(2007 E 1 r=-0.303,
p=0.041 ; 2008 # : 1=-0.309, p=0.001) » B & e &3 £ 7 S0 E RUEPFR T
AR % 0 2008 £ B FAE HE TRE Y DK A AFF g iAo &
LR EPDDRE ~2ET%EF G2 " 4=D)FEr 2 (B=) & F g i %
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78 % 15 9 (DA~DS)ei) B TR B P infk A b (5 &) ©

2T M A LE B ¢ hg i
2007 # 2008 & & fi E a3 B enT 305 dolic R 48k B F 1L en A B (2007

BRAE R A FH L B (p=0.001, £ =) F UEEEHEE Y DT IHE A

I+
e

BB (R + 5B

3.7 iZ & 58 (Generalized Linear Models) 4 47 & %

F] 2008 & ok 1% 25 PR LT 3G B F LR e

-

PR LAPHN AT A PR E B HE A ORE S REFRIFER
XA PR LT 6 B I FRORE p=0.003, 2= o HA § FAEA D
FERLKAAFET I EF TR R o (s F i A £ RREA DR
PEREFEY RATPEESERE A EFHEZRET L X2 AR ¢ FH
SRS S S AN T S R A 2 S R

xR 2T HEREY B OL FEF R E RBRE o

CCATIENE T

B EOEHEPERT A o 2007 £ £ FGE 48 H o H P QH A pbagi » g
it F L 17% 52008 & ZF jE 103 & » H ¢ 3] =0 2 il s it 2 F 5 30% o
& B & prenf Tﬂixﬁ;grs{“i% oo B 2007 & F)'E ki A B 4 pot B 2
84% (n=32, B~ ); 2008 & B 5 67 % (n=48, B =) H s & prh Forik 1t i

PR AT GHUE TAATRF A ER AT AT (B N)

o

FFA2R Y 3 F o f Spearman Ap B A 47 i %k ¢ B 2007 £z i R R

Bt £ 5 e BF g Ap B =0.665, p=0.036): @ f 2008 4 B & BF %

2_4p B 1 (r =0.265, p= s BT BOOEE S AT Ak ) G B
f§_’3 o
B

F1#% = AN BIE [F A 37 & 2007 £ 22 2008 & F1F (B 3 g - EH

19



FRECHERE S APEE)HIEL S FEERRENEEY 5 @ gt A 2007
£ 5 82.6%MrES o PN EE N BTG L AR B AE R F Ak

Hos% B 2008 & F TS5%ERES o GE M

3

PEFF LEREEAPER(LT )

RHP WE R ERF LR EP=0013, £7 Eiedy P U@ T8Ik
Bl 2 at TRy (37%, %5 ) e 8- A 472008 £ % EARE T L p
MR FR o AR PR PR L ACERLAEEELE S AV RE

POt AR R A K AR PR EEAT(R )

20



i~ 3t
2007 #2008 E A TR FHAIRBE G AR o 22008 £ A E 2w A R
2007 25 (Bl~) > @ FHEE N BB L A kark 50F] 2 & 2008 &tk K £ o
£ 2007 & %5 3F 5 (B2 ) o @ 2008 & 755 A F chiz 26 Ah4 2 2007 & F 47
o A2 A FY 3G R  FIREAIFNEREAFT DR X1 m ATy
P ER YIS REE AR R AR TP HALP BET G R TR NERR
2™ Vit o) 2 FH R ® N R 1% (habitat use) S 0 T - W3R 7 IR

BT S agd s il AR FEHERF I I R 0 ek B A #

U o ER A 2 0 2008 E R E P SRR SRR T B TR Bt bR 2007 &
B(R=)e N T iRAEH L AR ERN SRR T2 FEERE

SR ST LR 3 BEm X5 K i 7

N RN =

2007 # ] #EFNF g 0SB RB S A 0 G 2008 E R E R BB G A e
A EAER BB LDF GRS FRFLB 0207 &8 67 4P 360
12Bi"éﬁf‘$@&iﬁ5’ﬁﬁ £ 460 = & e & (B~ )’LLZOOS-&mII]p—HEZ:%%@«E‘;FK
S oAt HEIEFRAIEERNS P Aot BRAERZ BB

BARBEER B2 RV MG HREBH LRI P A I A R L

K e Bk R BRSO STEIGR B ] BRI B i

=1

= 1% 4 (habitat availability)iﬁ"% M3F S omE o FRaErg Ry TR
Bk b s FEEN SRR A S IHFRTRELE S GEFFFT L ERES
54123 E # (Weston and Elgar 2000) - & %iE4 chpr 3 7+ dp i a G o gt
Peid 4 E i £ AR AR RS Ea ok L SRS A S B B(H
2002 ; & 2005) c % 2008 &£ = G > F|pL EE A A F ARG AR A A4 B
BAEE A B ATE SOmm > LY L F G B4 iy ) (R ) 0 i ke

Bl DA a e e SRR T I ARl o Tt 0 i FE T AL
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% 2008 £ 5 7 K BRI 4 GIA R T -

hiRr i F PSS 6 o Catry ¥(2004)% R &% i B 0] BB & 1 F 0%

\-

H_

<

e LML PRI ERAEFERSAARL T ORRR RIS TRE SR AR
¥ > Shealer % (2006)» ™t 5 133pdah 4 B BFT 5 gy BT RAAER { i
51 Black Terne e & 2487 3 ¢ BFIRY A T4 o] . 343 fAiE *Kgf | # o apl A%
FEEAPABE R AR FWART R BT 24 o A EDEfRE {I* 2 A P
PEARR cnfb = Mo 47 P 0 2008 & 7 iE A F B B (p=0.021) > * 2008 & 7 F

BAIY St bl F SRR S B AR (F1T ) 0 LRI S IR R Fle T

A ;; —‘L%

Burger (1998)4p 4} # RS H R R 72 5 5 B E LY AR e
AT AESAEFFERG ENDIR(EFED R E FE B R
ErBARP P FERERAREY ANF L BETERES TR ER
BE(B - =)o 22008 # 7 5% 26 0 B3 G B ipr 528 MR A F > » )

AT R L AR o @ B A Gt ble AR EPEFR(D2)2 {8 T 'E ()

REEE Y
Em AT FREEEHE Y GREOTAEF LR A R TE AL

Rr(deid KA S)PF > €188 7 Ip o BEFF JH 38 {7 - =0 A & (Massey and

Atwood 1981 ; Jacobetal., 1999) c A&7 @ %z Fi- 8 & fhies | * b

PRS0 TRRARAES > L A2 BV FRFAS S DL E WA E SRR

PR E KA bl T (D) o # R Bl R R A bl B
o RIP A 2008 £ A BAR s P WA FER G A F S K 4 oo

4]

GREY FRMEARHERW SRR DL FREI LR A H 5
gk FREC AR A A HRER RS L& ST SR

ko 22008 K B ARG I DOFRGHFLT A HIMPEFI T EFE
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LR NS T LTS S TN BT T SR S TS 3

WF A E o F_HE FnA LR ha T % g, 0 dadh & 2008 £ R ow
FANEREFARAED] RHFEE LA E T AL B AF S IRAEET

e A ERTIY PR A GV E R A BT G o

SRR EHp R

WAL P g MBI R R Y A eI G TIok MR R
> 3% % (Dhondt et al., 2002) > A AF T ¥ » FRFHDOTER L P AR E L
FF T 7 B % - & (Massey and Atwood 1981 ; Medeiros et al., 2007) » 42p] e %57 3
PRGSGHADET LTk AR AL iR s AL N EREERSR
B A LGS TR S A R 0 2007 £ KRB 2 2008 £ ) IR f 2
WA g% ¥R Fl G @4 F R aiEs (Ramos 2001; Dhondt et al., 2002) » &
R EFE oL B 7 R (Medeiro et al., 2007)  fe & {871 & eh&_% 2007 & 733 § 47
BREH o Fag 3 375 K30 A2IMAR PRI Ap > a2 TIHE KR
R B H U P ] BT IOE REE A TR R4 E 9 & 2003
&% 2.71 35 ~ 2004 & 230 3F ~ 2005 £ 2.46 $f(Medeiro et al., 2007) » & F 1995 &
2.48 %f ~ 1996 # 2.35 3f(Hong et al., 1998) ; #7 % 4r: 57 £ 2.05(Holloway 1993) >
#i 1.68+0.57(3% 2006) » ~# 7 (2007 : 1.83+0.709 ; 2008 : 2.1940.611) - T 355 F-
B I RREOED > VR S RBETREF i L B A & an% % (Ramos
2001; Dhondt €t al., 2002) -

2008 # & FAEAE < ) AR PR ARG FY (RS ) 0 AR A D &
RRBAORGERPF AR RE AL RAFTAPPLFTT AR WE
Bt~ E E Al B R (Nisbet et al.,, 2002) » @ 5615+ A IR B R T - £ &
HEHOFETEFEN PREAVTARFIIREAPIHE AR AR BTEFFR

Ao REY ABPERS RACTERSBE A LRAAL (RN - XA PRE ¢
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o AT AR D ot o Ay RSk hy 4 (Arnold et al., 2006) - &t 3R

N+

B R AR APFR R M Y WA R WY e R e
ToORRA R BLRE AR AER A hs R T L A E
)2 B % ¥ trade-off e 4|((Moore et al., 2000 ; Ramos 2001) - @ ® » #%E 5
B, R RS T A Ak FREOREIP TR LOFRTERE T RE O
ERm a2 f A ARG N S s Sk Mehi iy o fj*{;ru v a8 IRA
L4 & ¥ ® - B £ £ 7% (Langham 1972 ; Suddaby and Ratcliffe 1997 ; Robinson
etal.,2001)c &0t 2B B A ITL Y AR AFY BHALDIE T 0 §E
BEPACPEIEPFZTFREMARS)DL o0 SRPRET L ERAT LY F
RSP R g 2 8 T R4 £ 0355 B (Ramos 2001 3 Arnold et al.,
2004) e FEHRD R RGBT LFE S DT REA 2 LR NET o A
Tod AR EEAPRE Y ORI AR AT DL B AR MR
FE

FoRER DB P AR AT BHBREY S AR

WRA el ¢ KRR K R en® M {8 F IR 2008 £ AL B RE ¢ Ok
FRUABEF B (8.99+0.97mm’ > p<0.001,% =) B F ¥ B FEiE A hp P
(Medeiros et al., 2007) » A AF 7 ¢ - HJ|* B LMHEH N AT A PR E 1
HE AR EERE > A5 FRATUF IR ELE R ERP E A PREfR
B FF T I (R ) TAEWREER Y X FEFRELEY R A PR D
Bl o AP T Y hEEA T 0 ARA T RS AE B Y S M AEF ) o
Bl AR AL 2 ARAZADALETT S > A M FAEFEHELE LAY B

TER . SRR AER R SRR BEETAY LS AR

e-]‘\

R AL G LR A IR %S Al AR A S A

‘T\

By 2 o m 2 (85 RBEY i A RE T RE Mhh FR S e ¥
OISR TR GG M AR AEY A LT ER L ROEET > B
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1.2007 #:e » B F2 depda i B89 A2 2 ¢Y H i FFFHHS AN
PREEDE LS BB F S LT A AL FR AR BN REIRBIA) &
£1(2002)5 %7 7 S E AR oL 2 BEFFHF AL L BEL 60 ARG MME
FPRAFAKAD DA D AGERELE A RS REE R SN AL R

I R 2 204 BT o 2 2007 & F 3 i R P A 0 (L)

22008 £ A FENFES L6 o YFEKL § AR BT AG I
FoBEEPR kR - 0 Y A BT AR EREE N Lok 2
SR ERFEIDL (B —)em 26" HEFEMEE &2 (SFFRT- B2
HHF R F 4 R R B AR (A TR g 2] X)) il A eh

$x RET 6T BB

FRE A 2 0 2007 & it 3 F g 2008 E 5 e FIR ECE A Tl i e
Fo AT 2 R A £ B 2 S eenh (WA 2007 £ R F 0 4D
BoF12002)4p ;1 F R P H pEaAQE 10 2@ p A R FAZE2 2T
FERESFPARFHE ) FET AL FEP A EA2E 300 2% 0 B
FAg s A REOR AL A fpd ARAFY 2 PR R a2
Brcnfl PR AR <3 mit v B E R R Ak S R o F ot 5 AR
B PFHERAE207 2 F AR PFIEERFHLE? L2000 " §%a L fa
S EARHE 300 2 & F L2008 Ehd BEA T AFIERET G BREEARE2 P
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ELEBRFEYE AP R 22007 £ R 5 AP A PREARF]IE 2 5 0 2007

222008 & ¢ Bt A HhL e R AR EY R AR B )

em Ak o A REER A F DD N R FEE P EEL S F g K BATY
AP AS £ ERPRTFHRFUBLLIEA DL B LE

Sk BEAR G 2008 E R A G L 66%hk RFIE A A RIEA pTo & A Ap B R4 477
REEFAE LSS hL I ER R RE > 2 A BEYFA1TY 2 BT ERE BB

EHE - ERFOREFS 0 dp & 2008 E ¥ EROE S B 2T 6T %A

CPPERY E R 2 b 0 E B A s { EE R T E o 42008 £ nfF b A B IR

-h_‘\

MG LW BB TR WA A AL KB P 2008 EERAERA F) 0 4 by
PR ALY A A TR R RS AR Y FIL2008 E ) R HMAREERE Y
T AR F R B R A BT L Bnd g B SR FR R A

e

Lo 3 o & it

S
\¥

JEFEE PR S e 4 1

<

d AR - 2R S AR
FROBLREY FHIAFH ORI EREAPUFZTRATIEETI T 2

Ched AL Y ARBRY FRN G AR EREY AL OB E
BF L AWAFTYT RS phs k¥ i‘éﬁ"v%l“m%aplr}i'fﬁfﬁﬂ’*#ﬂf
i 9 P83 8 F (Szentirmai and Szekely 2002 5 #%% 2006) - & &) & i ¢
g m2p o RET R L L CRWENRPEYF RS 2T AR
fe e i A P i B A A d BINEV B L R T (Bl e ) Kk A
22)1) “ﬁ@i?;&él?ﬁu%'ﬁﬁu Ao @ B R N AL G S R g (8]
2002) - B s E AT A B K E S FBA PeehE BTG AL 0 ho 1P
FEARFET I o SRS OFAAREN I FIMAAAFHERT T
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A 2—1%
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Ruhlen et al., 2003) c #4737 #2007 £ RV 6 5 A L ek s g g

BEIRIE S FehlFA) 0 2008 & R4 S B Re & el (R ) 0 BR A

B R
WEE Y THARSME KR E AT ERA S RS RS

B4 K A3 0.2~0.4(keal/kg®C) 2 F¥ diih & ¢ ehim iy 0.19 (keal/ kg®C) 5 ~
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