1 R ko e o VR B

R N WY o ot B WO DL o A b g s 1 88 ~Eg-Be T - 2 1)

#l
100



FRa L AR € Hharh A2 5 354 4 7 (100-+k% -07.1- %-37)

¢ EY BREFLGERZ BT TR RRE
Popul ation monitoring and acoustic system
planning for Chinese white dolphin

(Sousa chinensis)

Zoil D FRRBEEL R € itk
HEBH R 88 25 R 2558897



A g g

4R ER ga o ,
—'—&?%‘ﬁl"‘ F"’-‘” 0 ARV
%af L IEPEEAEIEE )
L7 ,
i IE 2
—v'l“/ /A
%qf'r\—"’ i?/{%f?n
=+ &k iz
ExE
S
AR
LINTE <
R 54 ¥ "
ii“{ BTRETERY B
X 38 &
] . 55!?‘;&
§IJ}:J];:-‘;- i‘:"/ﬁl/'_
§RAE N
™ ‘o
s
8
O
I 4 &
BRI

354






PEY AIRRELBERIZ B E R ARY

LY Eo ARk EE P w0 90 £ BAY - 2 2008 £ 8 ¢4k
£k p T EE (IUCN) i&- % 7] 5 A # & (Critically Endangered CR)
EoniRT RS APFRSBOEHEZ B L T et 2EF 9 35 chB 4 EE o

MoEIRAEB RSN L ERF Rt PR AR Fpt ¢ Fo R RE L
WEPIEFROAHL P o A FEHY B0 BFAERHT kB arER
EEERDACFHAFE SRR AR DA R RE R TERT BF
J& SLE Rk Ko ‘a,l{_\:,l;:i"?,:_o
EWTRG G AERE A 30485 A s AR TE L 154h F oy S
dfeid 1859.602002 5 £ p Y EG IR 35 0 S R FOEIF RS ,F,g,}g

AL E oV EY ARTIEpFREAARES S o A 0348 50 o
SEREFRBANB2EER L ORM, NE ITHA I H KL & #97 AE s
AAETHEFR  a A FEROIBLEEF IV HB A5 5 > > LB E RN T2

GRS QR ERLEHELF O ED L (T7.5%) 345 H BHE 7k ¢

BTN LA BAE LG R ﬁ?*%ﬁj ERA 3R ETEIEE FUE S IC
FI4 ) SAABE A QAN d F - ERN B LB o

KTHEEZPR e S ENHE L@r\ﬁmkwr\ﬂﬁﬁw%%igy
L7 161X R T HET P, = /PJ-/LE' TORITIP E RIRED o AR S 3
p %épmJ,F'“‘i FEFRZ PR Z%: Ef» RE T BB EF Y AR AR F

ERFTHE LR REPIVEAFRFEYNLIREY K LD
PR EER Y EY B BRARERORET A RE A REE 4
BARE cERA RIS KT BT RIFER UBEY 0 R EOTE
AR X BRI BEFFERRTESRFEFFEAAY -

B R TR T AR E 5 R § Rl (passive acoustic monitoring
PAM) s 5t » A3+ F G - FBE Bk sL F;Lﬂngﬁ@ﬁgjgmgﬁ, - “wp%@;gz;])
Bk e (8 F R A R RFGE-KT # 5k (bottom-mounted hydrophong)ae 3k
i+ 1%(data buoyﬁ‘fﬂ@ﬁiﬁ CERETAAZ FTEYERELSTHEE X 2 EF
ET I T OF?E?FE%TMEJ@% A Sk 5$%$(sonobuoy) A-tag
(Acoustic data logger) EAR (Ecological Acoustic Recordéf) » ¥ L {2z ¥ & v
AREE O PFFEFL BT R R OER RS TEEPAM SR AET BB
APV REDTAR > M2 2R L AR A A RES ko

MeEFGR)Y F0 A% B IAE - ZFAF AR EE KT EFER B
Hest s kT ARG SRR R S 2R B ULk A



AR IR RS AR AR B EL R g HIE A F EE 2 R
MALL PR PRI D R A BT RS B R g AL
A %*$?ﬁl— BLEESeA R S §50 - BL FRACE ~ 2 SARTIELHRE S A & Bt
IAB B WY ERAEIMES BB HEITFE T EFIARAE P TN

38 R -

&L

/



LSRR i
T - -SSP 1
T A B s 1
T BB B A ettt ettt b et a et 2
2 3 R B B e e e e e e e e e e e aaararaa 2
T~ 5}{@[]% .............................................................................................. 2
o R FAEFERERE S BAIERET 4
FRE P EY ARNARABDER—A L PR A 5
T 5
S T LU 6
B = 6
T B e 8
= PR 11
I~ 2}{@%& ............................................................................................ 15
Fem N A BELITE A B e 20
FoZ N REAGIT EG B D HE e 20
FZ s BEUMRY 0 BIRER T Mo 20
e s AL ERFEN LA BATAR TR Z P EF 20
Bl— ~ ¥ 50 9% R0 M B 2 B e 21.
Blo ~F Fw BIRGATENG RIISAB A BFE e 21
Bl= ~ % F0 B9R2 B E Bl e 22
Ble ~ ¢ &0 5% p FHRF > BLREI5% 304417 s 54 8 i B.... 22
Bl ~ % 9 B3P FEEHEE PAHEER ..., 23.
B2 ~ ¥ E0 BRI B e Bl 24
Bl = ~ Half-weight iNdex3 & Bl ..oooeeeiiiiiiee e 25
BN ~@rdadam? e ®B 5 (0)0.5-3K 3R FREF e 26
FEE I RT B TAHREEAAQ)E BIP Ed B FEER 27
B B e 27
S L TP UPPRRR 28
T B T 3 i e 28
T B B e ———————— e e e e e eateeeteea— it ——————— 31



1_

I~ 2@{@‘%& ............................................................................................ 36.
Fo— vV EO B RTEEDRY I B RS R 40
% = ~ Generalized linear modet 7 p & ~ £ &893 F = 18 7|+ 2. %% ....41

# = ~ Generalized linear modet 475 77 & % 3 78 F]+ 2.2 5% ... 41
# w ~ Generalized linear modet 47 77 ~ £ & 4= plzb= 78 715 2. 2 % 42
Blo ~ 35 A B K U R B A IR e 43
Blo ~ 2HRBAAT L B T RBHITEE e 44
Blz ~ ZHREAP AT AR B IR e 45
Ble ~ Flai kT 83 *%’i BB (ATAG) oo 45
BT ~Atag-k ™ FF FH SR 0 RIBFET TR 46
Bl= ~ @ &0 R R Y 2 TIBEIT T B 46
Bl= ¢ E6 AR AAF LIRS X P RTIORFTH 47
B~ P E BRAE AT LPIEEXERBPIRETHEPH....48
B R R TR R T R R AR, 49
P 49
N R T B T H e 49
T Bk LRI i 54
I B IR B A e 56
B B B i e e e 58
i~ 2@{@‘%& ............................................................................................ 59
Bl- KT EENT RG22 FTARAIZIMAZZ FEL 63
Bl= ~d B Edp R P EFo ARarclick P B 63
Bl= ~d BF gy p? Fo Arawhistler! B 64
Ble ~ 55 PAM$7? Fo 395577 (4 KHZ)5 8 RIBER ..o, 64
BT ~A-tagen?h BLE ZIETF 20~ B2 07 JF e 65
Bl ~EAR s e B fosh LR T o 65
Bl- ~F B A R R EESSRT R mfﬁt‘i MEAcR B EEP 66
B~ ~2011# 107 28p 2T W2 =5 <~ Figja k=P w z;)%) HER.....66
Blt ~Ta k2 ? o RFemfirel 15 TFRSE 0BT f 67
Bl ~iTa k=2 P IR TR 67
Bl - ~RTEF TR AR R ARA L2 E AR 68
Bt~ @ ZE0 AR EERZBRLERE LT EFER ARG ER.C8
Bl-= ~ 25 KT HBED P hgudd A A2 @ Bz 2R Y 69
.................................................................................................................... 70
M2 - s LE ALY EY BIREREL p;{gpizppmufriﬁ Pl ... 70
iR P EG RRRERER KT BE TR TP gpiq THE ETF LT3
MRS P E RIRBEFRER R TEETR L TP RARE L o 81

iv



- ELER

¥ #9 4% (Sousa chinensis) &~ # fEFlAzp 5 2 B I LR enEr & T X
w4 (Jefferson and Karczmarski 2004 & 4%/ gheniy AR % 38 > -KiFE R »H202 ®
(Karczmarskiet al. 1999) - F]H -KiFifp4r & L fic frid e Rl < gL dp - 2 7%
HBBEF LI FH o AFEFATFR LSS o T 357 711008 (Wang et al.
2007) - ]t A2008% #IUCN = £ F 7| » Critically Endangered (CR) % & » 5
Efwr 1ot g 4 (Extinct) "= B % % (Reeveset al. 2008) - H %3 4 i
NEBFFTEAE -

PEAFT R AR L 6 L3275 p2006F A FiE T E P Ea BIRA
i omd g h Py mRy E0 3FAGEFRAIYT I S iRl 7T
TR T NPT B ATENL A GREE A EEERAS G (FES 2006;
2007)c 2008F A= B L € ~ SR~ o HEREXPTLEFLHNGEFE DA ’ﬁ*‘u
PEG RIRZAIALTHATEER BE S TR FIRY FY AORESH
TR EIERBEL SaRBROL AR -BF I REDIRAG ALEL G
AokRIE M BA SKkmup g okiae > B X UT7-8mRIEL Y o AR A S
AT AL R L PR R ARG 6 3 0 TIOR ARG S LAkm B
MEIRa ~ARFE ¥R B PR g nE s HpFELk
B (LT -jpitia ) avk i BR EF 43029 pptd 33 pp. o Eor HH @A
F RS R (% IE42008 % 420090 % 4 & 3 5032009 ¥ 4 2 %
#2010) -

oA Eo AR ORBEI T ENRZALEES N ARINEE
FIP A 00 L BAE(E—)e T oo P B AR bR Sk
d BRI R R R APFRSFDEFEZ B LD
PEF S Bl AEEE e A G INAR R RE 2 H AL EE Aol B
A BT BRPE T L 1Ak FHEE AL ERES G
Fo20108 R RPEA L8RP E R RARE DR 5FEY 20 4
R T ABBFFM G ¢ B0 ROREE I 2 BREGY 0 MR RT PRV
(Tl o ERMP WAL Y Y AR BRI LY FO AREL L
BB X EYAELEEFEL GENE 0 2 R RS ERE (D) #5
Y B RRREEERE R (2) PR TRESY FERE (3 22
R AR F R A R TFE) 5 (4) FEIT2 3 4 B chr e BAY
IR T AR GET RO (¥ EHF 201D o Flpt ¢ Eu R REF G
EBERE R ReAAH FEP o

=

&
i
%
4
A
b
3

dqe

e
=



“ERFRAR AL

CBEABELE S EHITT R T EF S A2 AR b
ﬁwﬁaﬁpﬁmmﬁﬁn’%Pw/%? CEREFTROERR Y > P Ea b
A ERR AR ERE R 6 TR ® P 2 2008E 81 & R p AR 5
(IUCN) #- & 3 en? Eo B985 5 TiT B ) (NT) Fa o w5
BarEHE L THEE | (CR) %% (Reevestal.2008) - i { AR B ik 7 &2
B 2 EaR= 17 &0 AT €8BI %e BT BERET DX 2P
RGBT B BRREBET A EIFES BRI G S ERER o
RAEF R ORAATH - F o AP F PO FYB LY B AL R
BRPPZEFEL BT FrHFHETSEEFRARY TRIBERLER
TR T BE K ST Pk SLenig o ? iz o

=

F_*

= 3EPE

1. >42p 4%
(1) BArA&LY EF0 AGEcHT F2IFAT FHEREE EFEE -
(2) I* kT HE AtagREAAEY v 5o A2 LD EHEE o
(3) LAk oY F9 B FERLERDTR L Ao

2. A ER P
(1) BLEHFTINS BP0 BFEF > v F-57° 38> W2 2R
BTEs Aaidd Ea gk 9R2 W&#xé&&ﬁiﬂﬁ%ﬂo
(2) U kT HFAtaQ R Bt ? Fh2 ZHEARBEFTY E9 BIRER
iw’lﬁ%ﬂ?4%éﬁ”ﬂﬂm‘ﬁ>"i*%ﬂ°
(3) REREAPM @ 7 R T2 TpERT BT R AR Bﬁ’%*‘i’”‘
U TR S EA kh? Ed B9k FEEquFEE’: }\T BB op ki

m\éiéﬁ

Chang, W.-L., Yu, H.-Y., Lin, T.-H., and Chou, L.-8009. Preliminary research on
Chinese white dolphirSpusa chinensis) social structure in western Taiwan
coast.n 18th Biennial Conference on the Biology of Marinariinals,
Quebec, Canada.

Chang, W.-L., Chou, L.-S., and Karczmarski, L. 20Ra@pulation structure of
Indo-Pacific humpback dolphins in Taiwdn.19th Biennial Conference on
the Biology of Marine Mammals, Tampa, Florida.

Friday, N., Smith, T.D., and Stevick, P.T. 2000.aderement of photographic

2



quality and individual distinctiveness for the pbgrtaphic identification of
humpback whales. Marine Mammal Sciedée355-374.

Yu, H.-Y., Lin, T.-H., Chang, W.-L., Huang, S.-land Chou, L.-S. 2010. Using the
mark-recapture method to estimate the populatio® giSousa chinensisin
Taiwan.In Workshop on Population Connectivity and ConservatibSousa
chinensis off Chinese Coast, Nanjing, China.

¥ ‘*iz% 1 2006° ;s A BRORER AL e Ee ARd BB A o Al L §

¥R L 4ImE 727 o

B 35_25 02007 £ X F BB HmFEETEE A LRRBE LAY o AL L §
MEFLEHIESL 063 F e

¥4 20080 & AT AP HRFEETRE A ERBRIAY o (TRIALL §
MEFERIEE 3T T e

%s‘*ziz% 120090 ZHRipa P Y AR AT R MR EF L5 FH 05T o

a:z% 12009° 31 X4 F -~ C BB E T E-Y FY AR AR L 0 o R

N ﬂ_—;«;'—;ié »B5F o

A 02009 FEC HFTRR BN B E BT 2R ES FTIRILTE B 4 58 R
EHT AR B AR RERFEI AT o FRRELEREFLE
FRIEFEE 63T -

%A 0 2o 20090 ¢ EG A RS BETE 2 AT S R RG] ARk
BL éikirhiemy3td o717 o

¥iEA 020100 ¥ v SRl BEITEE FHET SRR o Al L g
HirhEdEmyE o 71LE -

FEARAOMF W 2010- 5 A WA F I EFEIEER ﬁ;{;‘i%%-v‘ v
AEDBLTEFEFL S YRIMBER R I DB B R
Wi a7 £22304 0 184 F o

BER OMF o RAE FRTe ki EAE 2011 ¢ #e A L&
EHERFLFHRERE T JF ARREL G FRRLRBE R
% R o mfv:l‘m%i EHirh L2y 4 0 8-15F

PERFIRFOERS B RE AR BAE > MU MRS AT
& ’fgizééﬁ’ii,%ﬁ”zono o A EEL R CEERALBRBZ RE

S ERY o AL eHkarh LY E 0 2027 o

%E:ﬁnb ﬂwa—’c ﬁmk/r' B A 02008 Lta ALY Ee BIREHEE L Bt

oA BaRsEd BB RT3 E 0100 27-29p > FuF 0 ¢ R o



o CRFAEREABGFE AR IR N A BMES L BHIRSP LS FRIDAEY S 2 D AR EFFRRE > 2009E A2
B PRER  BoeniniE R ¢ R0 (Fridayet al. 2000) i AL F 4500 R S TR At B E 0 DAY R ERMIEE NS
EY AR EHER > TPk 8 o

a1 £

Eh . pEEm waEr pnca Lf B4 A
¥ EA 2007 ¢ -4 & > Z4k-£&% 2007  Mark-recapturel? 99 - Lincoln-Petersen model 4 ¥z = unmark-ratio
, y 2007-2008 80 (95%Cl: 74-86) _ o
Yu, H.-Y. et al. 2010 v E-EA(D) Mark-recapture 258 - Bailey's modified Lincoln-Petersen model
2009 75(95%Cl: 69-81)
kG E 2008 vEke-EA 2006-2008 photo-ID 64 - 82-105:"~ BAEF 3 H pipe » 5 7 7 B = 2Lk
¥ iEA 2008 oh & TR 2008 photo-ID 20 - 56 # zH% ot
¥4 2009 oY oa 2007-2008 photo-ID 45 - 63 * F B2tk
w4 ¥ 2 5 2009 Z 2008-2009 photo-ID 32 - 54 7 5 B384k
R 2009w &-5 ¢ A o b AR 2009 photo-ID 36 - 37 72 zEP ot
Chang, W.-Let al. 2009 v E-E&(D) 2006-2009 photo-ID 305 - 88 # 7 B2tk
%A 2010 2 2009 photo-ID 40 - 59 7 z Rzt
A E MW 2010 B k- oKk 2009-2010 photo-ID 70 - 25 * z B2tk
YELE 2011w #F-EA&(2) 2005-2010 photo-ID 318 - 84-86 N ﬁﬁﬁg d’ ga f? wEnEn R
Bl (B %2 bd A A A B 10%)
Chang, W.-Let al. 2011 W a-EE(D) 2007-2010 photo-ID 333 - 98 AP RR SRR RS 3RS g

S R AR G ik 5)




A

»

FR P ES RN RT R DT P —

B PARAEG

B4 et
F= S RFaF A FEPY T

¥ =

LR RE TR LT Aand B RREHA KRR A E AP &y
ARER R AR (W ‘ﬂ‘4ﬁﬁﬂ) FAGPAT RN G P I HL
B REAG - BEHE 2 {1 RERH > THEFEAFR gL
NMESQE%%$3O%ﬁiﬁ@mﬁiﬂﬁ’é%%%§15ﬁ:¢ﬁ?4
A 1859.600 2 > £ p P Ev BIR35HE N A A K AHIFRF MU
Eﬁﬁég?*Wﬁﬁ”@’%%&mﬁ§4w47“t#"é%%%ﬁ&

ﬂtﬂ

ELEAp L o P G AP F i TIRFEIAREE SR o FHA )AL 34
’gi‘;_,_ o l‘_gﬁan, wev/ﬂ,"—h 52’&/,%%;7,@;@@1 4 17}*4.;.}*04_3.}* >

03
T

BT e s Bt b ES L IR, R AL B (64%:10%) BT 8 F A
THHR TR AER o Vs FLE E Rt H L2202 5 P A RTHRY
Mo 3 RFOTHOEME I B AL o 2R P FORORBEIEMER S
Fr R yEc 71 R LR 2 OB R~ BAE L 4R (photo-ID catalog > & # %%
Jfﬁu % L EH LA (T7.5%) > e & Hp b Gl ot W3R EEM LY S8R
MRG0 LY EG AR B Gk ¢ 8 RS Y A K ¥ R4 17 (hierarchical
cluster analysiy 28 EH N A ST F RSB EHN T LA LS BAE

A FEEEE A AR AN 51T E (497 ) S A MG
e AR R H i MR N T A

I

She
L

Mte 1 7 9 AR CEHECERIDECZFLG CBEEG eI %

R



.
N
bl

¥ #Fv j49% (Sousachinensis) = 8+ | % 250-270= 4 > #4gd £ f
100 = &~ (Jeffersoretal. 2011) ;5 #7523 1 AT > K & I -k B3
MW g gFEMR L gt A PEARI R I I Fobpndd o K E
W =4 48 ¢ (Jefferson and Leatherhood 1997 » # f#RlA= f 5 28 £ 3
Mener s IE s (Jefferson and Karczmarski 2004 & 45 51 f e R s 5
i3t 20 2 = (Karczmarskiet al. 1999) « FIH -k iF 47 2 £ #is ALE B0 40 B X
L 2 AR F LI B EEAF ST TR T % G iE 2500
& ¢t (Chenetal.2010) > # # %3 £357 2 10004 (4-s 2£ Algoa % 466 & >
Karczmarskiet al. 1999; ~ 4-& & Goa % 842 & - Sutaria and Jefferson 2004;
o#e pgaeEEd 172 711008 (Wanget al. 2007) > @ A 2008+ 44 IUCN =
# % 7] » Critically Endangered (CR) % » 5 & Finn 32" % 4 (Extinct) ”
% iF % % (Reevestal. 2008)

-

tEnREERZ B A H ) AP 2006 TER FAEOAEN G
ARER A Ep R - BT Z*Wm%;}%/}fﬁ(a R ) 7 e
KBB4 BA G AKELS A \%ﬁ#&*i” BRECMAE
ALT-B e R ANBORIFEL Y E BRLELOAT fEAE2ZRLEFCF R

§EECNME LA RN BARDERFEFNA HP “?fﬂhﬁ ml\z\ﬁ&*qﬁa@f
29 ppt(iEv ) 2 33 ppt(ipiTia ) 2R o p HFFEE L0158 54 o %%’r}
PRt ygas > ¢ oaE > 71 & LR % 00 9k B AR 4% (photo-ID catalog - ## %
W E B GRS (% L4 20080 20090 ¥ A & % regk 20090 ¥ A
£ 2011) o A LT R G H 4 SRS 4 2000E 2 A > FIIPFER D L
FEGFOIME (BEF 2009) o FTHFFEDT R EE > URERARFE
VIR S EEA A ED S zuﬁi ZREAG BB e
HEEEHE O TFEFAPERF L g AR o

g

(-) #rps



CTRIFE I AERZEFI0HHA_L AL oL Fa S BERFHE

W Ee M IS¢k 24°34'N-24°18N(Rl- ) » i35 3 4 154k -
2. kAR MG i 23°34'N-23°26'N(Bl= ) - &F/a A 4 154h -
ERS A

FEH RARYA P RFEAA 0 F DA SFRFH 310 M A G - X
AABRFE100# 4-107 PERE X F LEFF O HEF304 (X)) B A
B FXRAT 0w ARER A A AERY LEREFL 49 & (B
PF) 0 UHBRER P RIEF Y E0 AREE 0 T REREY A4 24 o 8 AAB%
P b A F AR B4R ’i"%ﬁxf%ﬂ}'t&'[&#%iirﬁ%#% BPRCRNE-F )
BARDOE L 2 R EARM RS T THEBEORP FRL gt R
SRS R N RFRRT R AT BB E R AR
FLeh NI Y R Z DT A4BedriE S dhe AR (T L BB o EATRTEE
ﬁﬁ%ﬁi%ﬁ%f@ﬁloﬁﬁiiﬁﬁﬁﬁ@iE?’Wﬁ??ﬁﬁﬁﬁé
T -FHZIEF AL RBATRRIOES SR fe bR Y i B

FERFT IO B3EA BT e BIREREKE o

(=) T2t

ALF r PEG RIRNTEA G SRS R T RHRRA
R

BPEPEFTHRY RN BEIEER LR (CIS) £ F 2 FA G L b
PR RpER AL 30 A4 b enEA > BB R BT SEAR Y b
TR Sead 2 A R PR AT o e PR ML SRR AR 2 BB TS (O
ZERCBR CPH B RIR) RIFRF AT o BB AL TR B S DR
BA G B AR R R F B T i ¥ 2 7 e B R 1;‘.2/.’,'7\;}%',

% (Photo-ID) #1s 4 ’}‘r HEP e e « ERFETE LAY E L Ry LH
RitEELfA ] o 2T e e+ (Jefferson and Leatherwood 1997

g8 % X 2000 Jefferson 2000 - 4 %] = Unspotted call fj i UC » B = & »
PR SRU3F 12 2EFEAS G B PG T RY G ) -
Unspotted juvenile & £ UJ» = # 8 » ¥ & 2 S48 2/35) 3/4> %3 [FIR 4 d

7



2% mgh) ~ Mottled ( & # MT > > & > g spotted juveniles iz » 48 J = % %

¢ bt 58 ¢ & A k) -~ Speckled f§ 4 SK- + & # > p spotted subadult
e s MMPB M Ra AT 50% BT EGE & A A pEE) o
Spotted adultij £ SA> = &£ F > 45 =4 ¢ & ff ~ ** 50% mr gk SK > ) Unspotted
adult (ALUA> 228 > fd ufsled &d F 54> Figd 3B d 24

s gk)

I
i
*‘ﬂ

(-)AtAz

p2011& 6" 17p 2 9" 18P % L7 3ldp=cehd F 44 > 4
EAETE (0 H T 50 E) BT 1640 = 1540 (H ¥ - iﬁﬂﬁ;g—g
M B ESUTE AR ) e B F (PATEMEIT) A5 154 (Bl-

Z ) o AR R 167.57/ pF o H ¢ ¥4 o] pF L 133.68/ pF 0 &3+ 1859.60=

2 (FE R h4446 )0 AEY 4 507402 0 £ - )

1.9 Eo BIRcnp FEFNUEZ ZFLF

AR PEY B0 BRA0F T 0 hG ooy 4 et P 35F T o 2L
Z =X {.\ aw Q‘/r’z“ﬁa =S AP gt RN ;ﬁ;_\ SR
RlARY FRAEDE BT - LSRR BEC AR LAY EN LR

TR ERIR I FAFELLNY S FREY 2] pFFaEE o

gy =t
la)

*;3;

1

-

ArS

—=\
|

™

ZLApn A § 2048 PTG A9% BEas P F L 66.6% - iEn
Front fiapthdcd = v &-5¢ /4Hﬁ”73.3(y0ﬁﬁ:'f PEIRE - HER
4

BEBER 18 0 A ] PO RS 2 AR 0 B A g IR R

P
¥
hATE G RlAPRE 0 A W5 2.883 /10 pFEE 2.87F /1002 2 -

=

f‘m

T L T.44 1 439(+ SD) 2% o &-5 ¢ AR P AFBLGA G RID Y
S A0 Bk R R S TR RIE A R TR p R R A

8



fﬁj (B= a); TEH A AE RRA S > B A Al 2 G og X3
(R=Db)-
Fd B FG A ORAEE 304 OB BT T RRF PR o & 40¥
¢ )

= p Y G 26% r‘sgl%ﬂiwﬁ,ﬁgrg]m oy A5
LE 7208 ARHH 153202 o d B2V IARERAT E-50 B8

B R F R RRT 7R %Fﬂ%i&ﬁ%ﬁ 22 RFPEDLTH
BRGo BG RE EENLEREL A b ATR ﬁma%ﬁ%ﬂ@&%é
1154 48> /4 356 cn 79208 > A B EF AT A A B AR ALA AT 3

= EH o AR _fi’ e A CE et ?( A A e e ey ﬁﬁr”’ﬁ&’}' ¥ 35 o oh 4 7F
AR A RE A REFEA ¥ LS RS BB (S ke

2.¢ ¥g AIR%EL i

EEMTACGG P DAY s T 35 Fa R r4 1348
F o TiaEFELi: 3.82+£3.00(£#SD) & (#H 1-10% ) m¥ <] 14
EREF R P FHINTLIN(Fe ) HHM [ AZET Tt g p) ik
28.1%-° % #dA B e ARFEH TR AcR = o Bd A -0 0 B R R RE
R~ T35% 3.05+£2.46 (4 H 198 ) @ *F A7F & 3R~ o] 7] £.5.00
+3.44(#F1-108) » & R~ ) 2 ¥ L2 (Wilcoxon rank-sum test
W=94.5> p-value = 0.075 -

%ﬁd B BRIFEAR, L AR LR D2 B LR L OB B AY )
-o PR RS pir’v’ﬂp 218 288 R A ATEMABRFR TG 38L&
Boted B % TFARPEIIRYT o RFERNHO2 EAR % D RHEEHES:

s & 32.7%: % EH 46.2%> & EH 17.3%: £ & # 3.8%-

EEFR ATHA I H(H? 3HIREd HH-57 BwE 1444
AR RIAE TR B A2 )0 f T R ATE AR S ) FA S
HIEPIH e r 2 H3 g Au SR ¥R REKS 4108 -5
had RABYFFRAFF IHERZ R AT NBERA T - P F
HA TPk e 2 H AT FA 3 Il 7 2E0 b AT

Byged HA-00 BARF O OHTe RS ERTHRL- (L2 )

\\\



() *BEHTELEFRTREAEK

AR A 2006&&*&-»&1%'—%%‘ SRS ERRSIP LB FiRFY F
v AR d By B3 2011# K> KB 420%;),%3,4__ NE LA ERRDEE

EI e B R A /%*{?il “EE (TR e-0d e ) 2 s % (2iks
S ATEH ) P B aurp R E s RERF P F S o P EEREE S e 0 B

MM~ 5 478+355(£SD>n=413); P EFRL L% A% (¥
gpr-Fiivar) pEFEITEERH S| 438£359(+SD>n=203): ¢ % (F;i*=2 )
314+£198(xSD>n=21)> 5 % (Ztk-£&%%) Bl 5 540+£3.52(£SD> n
=189 APt A T F R R G ¥ L2 (Kruskal-Wallis chi-squared =
20.9441> p-value < 0.05 > £ 12 Kolmogorov-Smirnov tesiz @_-° # B2 % 4 &
P FHEHEERM,FE (D=0.1919 p-value <0.05 7 32 ¥ % (D = 0.3545 p-value
<005 Z+ > afdwHE? FaFEl< | RMEagFLE (D=0.1626> p-value =
0.6959) -

Fhd L bash ek p 2006# % i 4 &4 (photo-ID catalog * F%

NTLE AR B & 22810 pAR AEREY L > CEP B

it 352% 7 I B 423% HEH BWTF 16.9% £ £ B BHWEE S
P4 5.6% (3 fi5 2011) -

AORDZ B A O ERT RGP AAT N o AT fRARER R
FEPPpEFEL b7 &R B 552 (Minimum Convex Polygon
MCP) iplig #3 {1 % R dp4e > FRBIFED % 27 Eo -9 BiL A
2 ATHE REv ek ATEE RIS AS BA S (r"’%ﬂ‘%’%@ B> ) xz:b;%z;&&\#‘r
FtEr AN BRTRAIE AR Y 3 F gpmﬁ‘;ﬂ o UE
HeR*s kit HLBERF - Liks B fFAH (F3E201D) -

AR AR g E M AL U € 3 % (social association) g EOARR R
ik Flix . (Archieetal. 2008) ~ i 3 & (fitness» Silk 2007) ~ 2 2 T frp
men@ ik (Altizeretal. 2003) » Flpt 73474 kit g B4 2 2 LA LR

1o 1395 4 K # R 4 +7 (hierarchical cluster analysis p # 10= 12 } 155 &
88 (FE20AC3E 75%= B M 74 ) 444 5 & BALE (community) (Bl - ) »
- B R AETE V- BAEOSAP IR 3w (R 2011) -

10



VIR S he - s £, hE
EF A Ry 0 fREFEH ]

- 3

-

Ben¥ - ERAHFTN c B B2 EDH D
9 TR e A S %T i g
PARE S 21§ h 2282 0% o
AEE K 68.2% TR ER A e

4

»

;""\‘

BRETFIE s R gk P oAg
R IR RN B B R B E

TR EEBHE BT ANES e ¥ b

“Er
N
Y

)
h:)_aﬁa

BETVHOFASHT LT EF9 ATRE é%* TR YRk o B DAY AT
advd che g 538 (e 24 7 )5 2 7% % (calving seasonality®] ~ (a)) -
RTA 2t d - R A ST sk (R (D) R 2010) -

(-) sERA+AE

1.9 EFo A gechp FFNE ZFL#

Feefs P A AP B SO BRARE E ot Tl
?{,ﬁ RR o ERE PRSP AR
LR (0 h-5F B ) A and=t B 73.3%:
Y48 et 2 2.033/100 2 2 > fad & E LM (20104 :93.3%- 3.47
2#/100 2 2 > % 2010; 2009 : 100%- 3.78%£/100 2 2 » % 2009)  4n %i7

BEF DS (AN R]) AR S lp pF S 60.0% % A fp g
(2010#:53.3% * 2010; 2009 # :60%> * 2009)> &% 4 2 fz L& L 2 2.87
3#/10022 > P4 #@ s E 2§ (2010#£:2.12%/1002 2 > % 2010; 2009
£:1.683/10022 5 % 2009) 0 s - £ &7 i B AP o SOOREER )% -
BERMGR ARG ¢ A p 2010 E ) B4 A T JET gk B2 P
LI N> SRS RES o5 v RlS SRR ST oSSR S k- PR R (i o
NRFBEAREE Y 75 B ST R EBEER - e p 2009E {5 ;
BHRDOPFFEFTEEEIL MY B9 BARTAF I I AR

I

il

4o

il

L

S

‘gk

AA BB AE PR RORER A S e T R A SR TR S
#e aIRaL a2 ¥ BT A 1345 3 24 Algoa Bay#EHE auT § 0 &
R AF I * SRR A2 25 o = ga i (Karczmarskiet al. 2000) 0 5 80 E
RPN E LS BT RELBREA RS F s (EXE 201D £ R

11



PIRE Y AT EE { S ARS B RN R e év’v};‘fm P e iy F S R B
REFEFREFEPD R2 35 &P PRZ (AR S AL FREDE
i Fh PR ENARNTEHRENL G I 7 EFRFFTADEL 2
(Hooker and Baird 2001 # §_i# * 4 & ;% 35 ¢ jp| %k 3t (Passive Acoustic
monitoring’ PAM ) + it 4% 73 % B & et T o § AR R BOREE

Bl J1* 8 H3W RN FE T ni B &8 5 ) & AR M g E B el
g UM B ehikdy

m

2.¢ &9 AIRFEL G

O

/
ﬂap’%?‘:ﬁ %‘&ﬁgfﬁ%i?p:ﬁ“%i?vﬁﬂéﬁ ER AP R

a3
HABAMERDAREE KRR F a8 PE g F a7 AR dp T

BT RERLRTEETRY AR PRES G AR AN AR
BN Bt L E TR HRAL0T R BT R B AR LB o
SERTFAMN I RANMGEE > A @@L BAL ERG P F R

(=) *?MRGELEF T B RE

1#8~ )

PEY ARG S AT FOFERER L ) 5 478+ 355(2SD) > g2
Cleveland Bay (3.5 + s.e. 0.19 § ¥ 1-12- Parra 2005~ % i (2.76 £ s.d. 2.29
Parson 1998; 3.8 + s.d. 3.68 [ 1-23- Jefferson 2000 12 2 % 2- Algoa Bay (6.0
+s.d. 2.72 4§ [f] 1-24- Karczmarskiet al. 1999) #7 iz o fe & e 2 (95T /% B
Bl Z T2 TIOFEM S ) PALE S St (FPRmBR1LT +

s.d. 14.6 §#F 1-20> @& f 5 421 100 & ¥ 48 & & > Baldwinet al. 2004; § %
s 740113 £ s.d. 7.61 4 [f] 5-25- Razafindrakotat al. 2004; % = +* 5.:14.9 + s.d.
7.32> qya %] 2-25 Guissamulo and Cockcroft 2004 & 1 # %42 4 > g # % %
M b R R X J&gzgﬁkﬂ °

FEEWIH ) oFEF SRR - T RNRET M2 HY T LR
fi o GRER ~ A RNRE T EARFEEN L ) i & F1F (Heithaus and Dill

12



2002 Dunply-Dalyet al. 2007 Pearson 2009 % @ A2 R g FF » ¥ Mk &
S B §F L SARE SR @ @M F B ¢ # 4 (Smithetal. 2008) -
% 22 Algoa Bay:h¥ #vo A% &% X U E Bt AR TR FH > Va8 d
g% &84 5 B (Karczmarskiet al. 1999) o ) = vb i & e 4 4% i X
15

SApEL U R p B4R 848 ¢ hF & (Lingle 200D) -

g

aﬁ‘

(T AR N AP A R koY - TR R
Cleveland Bay » #v 3984 ~ L 9 - BB PFHEMERC) > RRHE EILL 9
YLE AR PEE A, it ¥4 (Parraetal. 2011) - 4 B4 LR T4 10 &
v HEv R k- e RINE S 4 & (Jefferson 2000

Pab S B ARAGAS BT TIIOHMA L HEIR > T AT
R G FOE MV RFAY > SRERFEM S R TR G
IR IR HR - HA-B LT ATrEEE M A BiEkE (SR A
W) 309 o B BRI L c AEREIRE 5 o F FARES
AT AT RE B W T SRS JATA 2hd 54 1 §Tes(Mann
etal. 2000)> - e # % 4 E L 7 ¥ (R 2011)0 ¢
PO RBAAIHF DAL PHEM o AR BFENFHRE S A FER ]
7 F R F] o

=1

2R S

2RISR RS

f2006# 3 2011 & d o BAFER 71 A0 2 QR B B0
WEABREEPH IR AR EHEME XD BHEE M- L F &
LE B ]2 X 10%(Jefferson 20000 & o S EE A E - X E H B A BB
Mo TR RFF o0 (1) SAEELBE IR OERER > 3 FibF ot &
AEERAE S Wangetal. (2008) 3 A 5305 o S;%*%%zmg_'»‘ﬁ .
FEMIRLARFEET AR EEPHE IR o BE X EORI FLETS
FROBALETRELEMI HREAIT okt 2 Ptk (biopsy) - (2) 5
M EWLGIMT R TR S Fy ARBASRAEER (FEAEBH
24315 38% > Jeffersoretal. 2011) - & df®ie ¥ 5y L X F B AT 7~

7;—‘»

7 lé‘ﬁ%%“gﬁi"‘ * P

Tkl

el

3] 3% % R I SR~
e il;rv /‘?/r’l“ /4 i%\iﬁr%%&’r F oo W‘—,ﬂ%’./z F e °

F
TN 2T S TR

S

13



AL g BHES M I

d 57 LARERREY AT o i B R R (27 R -o
Bop A ATLEEC-PATEG ) AP EFe ARG E (core ared &
%ﬁ%%iﬁﬁ&ﬁ%%ﬁﬁ@%%%?&%ﬁ—%%°ﬁ@®?ﬁﬁ%i$
F RAo e F et £ €08 Jh (Raymentet al. 2009) 0 fe oA gt F 0 F R AL
A R ESE R %kE o k=% (isotope) fr# t B4 (biopsy) T A
ﬁéﬁﬁﬁ#ﬁﬂ%éﬁ%%%m%ii%?ﬁoéﬁﬁﬂ?Wﬁ%@ﬁﬁ%
BFH Ak PAM A ¥ U ST RIS S AT S 2B AT RN T 5

v

|- Al enipliE &k (echo-sounder 7= it 53¢ 6 2% 2 H S4Ecn{7 5 3 % o

HERF R FRF D) Fo BRs 825 BAFE %R PR
ARt 3 BAAFOESL SRS 3R s BV REE MR DE L RIR
BTERS > REAFAIRAFBTRRET Penra o A2 238w v ¢ ¢ Ea AR
ERE3RAFTY o e AFLELTH R (BR201D - B2 w v 3 HS
RS RA T2 ER A AFTFNLE > LR FH TR RS K 7 A
FOUARERA - ha AR —‘F#E 3 ot (Barcoet al. 1999 Weir et al. 2008) » 12
3 ¢h & TR et R (surf zone) ¥ v H_4. %8 eh4E 97 (Lenanton and Caputi 1989
MEEXTE KRR REEEY B SR ERa BTG T ¥ o AXRF
Y EY AR AR ARFTEL LR c BES FBBRREBREAF
SR B TR A AR B D B o R s R
(acoustic and behavioral tagk = BAFHA B2 R EFLRETDIR Loy
HE 0 - JCPAM friediz. B FORE ARRIAORT A 0T AR 0 Tk

FANABIRA FNA A RN AEFES (Aot X ) B AS B ERFR & RN o

ARRTIEA R A RS G BT B2 AR E 1Y 75 HEE
RIATRD G0 FIATRER B DRI R AR SRAH CRIBTHR
e %‘%F%?gﬁﬁ-%fg@ﬁﬁ&?‘ﬁ vitw PR A O BRI ARE
( Shaffer 1982 -

*“?3

4.4 54 R

FAY B AR EY A ARG R R R AERE 0 M- MR BHEE

F¥4rs 2L Algoa Bay*2# 11 2 4 B 4p F (Karczmarski 1999 Jefferson 2000)

BPD A APRFERY > PR @Bl ERRE G
14



(Karczmarski 1999 ¢ 2% > S i S4B g 4F 873 % fenw s> 5§ pF
FIAER KE At P 288 (MmF e RE R 2010) -

EHEaud o (recruitmen) Rikh- Sk p H s b BOEFE > ALK - e
£ %8 (Wells and Scott 1990 » &3 p 5 & AFREH s FE I B4
(Reevest al. 2008) » F]pt X - pehz & BREZLF 7 o0 §4F L S %0 AP &
AREFATE- Rk o il B0 s B AR o vl ’
FAN: FE RFE, FPRESE o BP R A ARGE WA I Fy K

G R ERALAFES DL HEY A

BT AR M BT EHEP - KB e o LR B ST
Z v £ (Huangetal. 2009) - &7 3 %% 7w 5 F 5 ¢ Fo 4954 s en
BUE M P RTA DA H - ERLE3E o 2 LY Ey ;‘fwwgf TG TEd AP B
FeBA s Ry BREPPRSASFER (FE R 201D Fac 22 E
FEFF SR p T ABEF AR ak Y L R ST (Moraetal.
2009) > # = 4184 ¢k jaL 5 F 4 (spillover) g w5 F (Stobartet al. 2009
Gofiiet al. 2010 Russ and Alcala 2011

R4S

Altizer, S., Nunn, C. L., Thrall, P. H., Gittlemah,L., Antonovics, J., Cunningham,
A. A., Dobson, A. P., Ezenwa, V., Jones, K. E.,d?s€en, A. B., Poss, M., and
Pulliam, J. R. C. 2003. Social organization anchpié risk in mammals:
integrating theory and empirical studies. Annuaviee of Ecology,

Evolution, and Systemati@& 517-547.

Archie, E. A., Maldonado, J. E., Hollister-Smith Al, Poole, J. H., Moss, C. J.,
Fleischer, R. C. and Alberts, S. C. 2008. Fineespalpulation genetic
structure in a fission-fusion society. Molecular bgy 17: 2666-2679.

Baldwin, R.M., Collins, M., Van Waerebeek, K., adthton, G. 2004. The
Indo-Pacific humpback dolphin of the Arabian regiarstatus review. Aquatic
Mammals30(1): 111-124.

Barco, S.G., Swingle, W.M., McLellan, W.A., Harr®,N., and Pabst, D.A. 1999.
Local abundance and distribution of bottlenose kol (Tursiops truncatus)
in the nearshore waters of Virginia Beach, Virgitvarine Mammal Science
15(2): 394-408.

Chen, T., Qiu, Y.-S., Jia, X.-P., Hung, S.K., and,W.-H. 2011. Distribution and

15



group dynamics of Indo-Pacific humpback dolphi&suga chinensis) in the
western Pearl River Estuary, China. Mammalian Rjpl66(1): 93-96.

Dunphy-Daly, M.M., Heithaus, M.R., and ClaridgeE>2008. Temporal variation
in dwarf sperm whaleKogia sima) habitat use and group size off Great Abaco
Island, Bahamas. Marine Mammal Scie@dgl): 171-182.

Gofii, R., Hilborn, R., Diaz, D., Mallol, S., and ladstein, S. 2010. Net contribution
of spillover from a marine reserve to fishery cashMarine Ecology Progress
SeriesA00: 233-243.

Guissamulo, A., and Cockcroft, V.G. 2004. Ecologd @opulation estimates of
Indo-Pacific humpback dolphin§qusa chinensis) in Maputo Bay,
Mozambique. Aquatic Mammag(1): 94-102.

Heithaus, M.R., and Dill, L.M. 2002. Food availatyiland tiger shark predation risk
influence bottlenose dolphin habitat use. Ecol8g{2): 480-491.

Hooker, S.K., and Baird, R.W. 2001. Diving and riagdoehaviour of odontocetes a
methodological review and critique. Mammal Revigifl1): 81-105.

Huang, S.-L., Chou, L.-S., and Ni, I.-H. 2009. Cargble length at weaning in
cetaceans. Marine Mammal Scier4): 875-887.

Jefferson, T.A. 2000. Population biology of thedr@acific hump-backed dolphin
in Hong Kong waters. The Journal of Wildlife Managemt64(4): 1-65.

Jefferson, T.A., and Leatherwood, S. 1997. Distrdyuand abundance of
Indo-Pacific hump-backed dolphinSo(isa chinensis Osbeck, 1765) in Hong
Kong waters. Asian Marine Biology4: 93-110.

Jefferson, T.A., and Karczmarski, L. 20@busa chinensis. Mammalian Species
655 1-9.

Jefferson, T.A., Hung, S.K., Robertson, K.M., amdl#er, F.I. 2011. Life history of
the Indo-Pacific humpback dolphin in the Pearl RiZstuary, southern China.
Marine Mammal Science, doi:10.1111/j.1748-7692.2004062.X.

Karczmarski, L. 1999. Group dynamics of humpbadplins Sousa chinensis) in
the Algoa Bay region, South Africa. Journal of Zumgp}, Londor249(3):
283-293.

Karczmarski, L., Cockcroft, V.G., and McLachlan, ¥99. Group size and
seasonal pattern of occurrence of humpback dolEunsa chinensis in
Algoa Bay, South Africa. South African Journal oaivhe Scienc@1(1):

89-97.

Karczmarski, L., Cockcroft, V.G., and McLachlan,2000. Habitat use and
preferences of Indo-Pacific humpback dolpHtogsa chinensisin Algoa Bay,
South Africa. Marine Mammal Sciend€(1): 65-79.

Karczmarski, L., Winter, P.E.D., Cockcroft, V.GndaMcLachlan, A. 1999.

16



Population analyses of Indo-Pacific humpback daipBousa chinensisin
Algoa Bay, Eastern Cape, South Africa. Marine Mam8wencel5(4):
1115-1123.

Lenanton, R.C.J., and Caputi, N. 1989. The roldsad supply and shelter in the
relationship between fishes, in particulamdoglanis macrocephal us
(Valenciennes), and detached macrophytes in tHegne of sandy beaches.
Journal of Experimental Marine Biology and Ecold@}82): 165-176.

Lingle, S. 2001. Anti-predator strategies and gmogpatterns in white-tailed deer
and mule deer. Ethology07. 295e314.

Mann, J., Connor, R.C., Barre, L.M., and HeithaddR. 2000. Female reproductive
success in bottlenose dolphifsi(siops sp.): Life history, habitat,
provisioning, and group-size effects. Behaviorablagy 11(2): 210-219.

Mora, C., Myers, R.A., Coll, M., Libralato, S., &ter, T.J., Sumaila, R.U., Zeller,
D., Watson, R., Gaston, K.J., and Worm, B. 2009agement Effectiveness
of the World's Marine Fisheries. PLoS Biologf$): e1000131.

Parra, G.J. 2005. Behavioural ecology of Irrawadatyaella brevirostris (Owen in
Gray, 1866), and Indo-Pacific humpback dolphBmisa chinensis (Osbeck,
1765), in northeast Queensland, Australia: a coatpa study. PhD thesii)
School of Tropical Environment Studies and Geogyapghames Cook
University, Townsville, Australia. p. 385.

Parra, G.J., Corkeron, P.J., and Arnold, P. 20X@u@ng and fission—fusion
dynamics in Australian snubfin and Indo-Pacific lplorack dolphins. Animal
Behaviour, doi:10.1016/j.anbehav.2011.09.027.

Parsons, E.C.M. 1998. The behaviour of Hong Korgg&lent cetaceans: the
Indo-Pacific hump-backed dolphin and the finlesgpppse. Aquatic Mammals
24(3): 91-110.

Pearson, H.C. 2009. Influences on dusky dolpbagénor hynchus obscurus)
fission-fusion dynamics in Admiralty Bay, New Zeadh Behavioral Ecology
and Sociobiology3(10): 1437-1446.

Rayment, W., S. Dawson, E. Slooten, S. Brager,.&résne, and T. Webster. 2009.
Kernel density estimates of alongshore home rahgctor’s dolphins at
Banks Peninsula, New Zealand. Marine Mammal Sci@brx87-556.

Razafindrakoto, Y., Andrianarivelo, N., and RosambhaH.C. 2004. Sightings,
catches, and other records of Indo-Pacific humpldagshins in the coastal
waters of Madagascar. Aquatic Mamma§l): 103-110.

Reeves, R.R., Dalebout, M.L., Jefferson, T.A., Ikararski, L., Laidre, K.,
O'Corry-Crowe, G., Rojas-Bracho, L., Secchi, ERooten, E., Smith, B.D.,
Wang, J.Y., and Zhou, K.-Y. 2008ousa chinensis (eastern Taiwan Strait

17



subpopulation). [IUCN 2010. IUCN Red List of Threstd Species. Version
2010.4.

Russ, G.R., and Alcala, A.C. 2011. Enhanced biagdityebeyond marine reserve
boundaries: The cup spillith over. Ecological Apptions21(1): 241-250.
Shaffer, M.L. 1981. Minimum population sizes foesjges conservation. BioScience

31(2): 131-134.

Silk, J. B. 2007. Social components of fitness impte groups. Scien@&lL7.
1347-1351.

Smith, J.E., Kolowski, J.M., Graham, K.E., Dawe&.Sand Holekamp, K.E. 2008.
Social and ecological determinants of fission-fasignamics in the spotted
hyaena. Animal Behaviout6: 619-636.

Stobart, B., Warwick, R., Gonzalez, C., Mallol, Biaz, D., Refiones, O., and Gofi,
R. 2009. Long-term and spillover effects of a maqnotected area on an
exploited fish community. Marine Ecology Progreesi&s384: 47-60.

Sutaria, D., and Jefferson, T.A. 2004. RecordsidbiPacific humpback dolphins
(Sousa chinensis, Osbeck, 1765) along the coasts of India and &mnkh: an
overview. Aquatic Mammal30(1): 125-136.

Wang, J.Y., Yang, S.-C., Hung, S.K., and JefferJoA, 2007. Distribution,
abundance and conservation status of the eastema &trait population of
Indo-Pacific humpback dolphinSpusa chinensis. Mammalia71(4): 157-165.

Wang, J.Y., Hung, S.K., Yang, S.-C., Jefferson,.Takd Secchi, E.R. 2008.
Population differences in the pigmentation of Ieeific humpback dolphins,
Sousa chinensis, in Chinese waters. Mammali2(4): 302-308.

Weir, J.S., Duprey, N.M.T., and Wirsig, B. 2008 skyidolphin Lagenorhynchus
obscurus) subgroup distribution: Are shallow waters a refdigr nursery
groups? Canadian Journal of Zool®ff11): 1225-1234.

Wells, R.S., and Scott, M.D. 1990. Estimating laritise dolphin population
parameters from individual identification and captrelease techniques.
Report of the International Whaling Commission, Salelssuel2: 407-415.

WE /2011 S a I0Y Fo BIRELEAENTRELRY cLHmz o
PEE o B 86T

¥4 > 20080 & AT A HRFEETERE A ERBRIAY o (TRIAL L §
MEFEERIEE 37T e

R 02009 FE: BTGB EF FT LA EAFFTIRRRE 14 S EEE
EHT AR B AR LERFEI AT FRRELEREFLE
FRIEFEE 63T -

BIEA 020100 ¢ Eo AORiEH ALIER A FHET S SRY - AL L ¢
thirh 432 4 0 TLT -

18



%2010 ZHhjnia? B A RB AT S AL YL 22224507 F o

Ao MFT o AR kT ek o kAL FAE 20110 ¢ E9 a5
%;iifjﬁ;{pmﬂ* :ﬁﬁr,««” PoEn RIR%HA R CFERIBBZ RE
%" RRL]T - FrmpE i gﬁizz»}%,:;é 27304 5 815F o

VIR R IR B RE AR HEAL M B rawé:? S
Lo BRI 20110 7 Ey AREREA L FERLBEE BT

L %%i“ﬁmm%i gﬁaz%i S e ,202;7

¥
¥

EN R SN Y e | 71; .

AL 20110 ST E Y RS 2 Ao MLh 0 s
oA LA 1247 -

MUE o 38R PR 20100 ¥ EG ARG E TR Y E6 A IRERA L F
ERARBZ BEE S THRL - f‘ffifmﬁi gﬂ‘ﬂ'}%i F[,,_F‘ 1
93-110F -

FRAE 2011e ¥ &0 BRh 22 AFIFREEFE cHLGY o S
goot o o> 1127 -

FaoET s UE > ¥ &4 50470 20000 sRiL T P E6 ARG H B E o P Rk
%414 20: 80-82

19



BhARE BAm-s0 B (MR AT E (A E)
0 AR 16 15
Y42p(az) 1034.38 487.72
YRR (] ) 85.05 48.63

F R AR(2 1) 1200.80 658.80

ST (] ) 100.50 67.07

T G- AR Ty € E A RS E B dp o

2~ RasenY Ea AR p F 5 o

BB I R h&TE N E R
F E = 21 14
Ap=t p 73.3% 60.0%
4 1.40 0.93

& /4p 4.27 4.67

# /10 /| p¥ 2.47 2.88
#/100 2> 2 2.03 2.87

FZ o~ BT B SREMETR

DAAR voh-n P B (n=21) b 47 F B (n=14)
S 3.05 + 2.46 § ] 1-9) 5.00 + 3.44 [ 1-10)
Il Sl % S 3 14

T ok A 3 Hikc 0.14 1.00

TR 10% 64%

A v AL fr#(2006-2011E )3 £ B B2 B K o

NEwER #/100 2> 2 #/10 /] P ¥ 4 sufe(km) ¥4 o] E(hr)
W & A 0.84 1.20 953.07 66.71678
WA a 2.18 2.79 1286.26 100.4829
R 2.71 3.48 2617.67 203.8743
s R 2.00 2.51 1546.85 123.5373
AL 1.47 1.89 2373.52 185.2193
S ALE- 0.71 0.87 2545.77 205.7617
Z R 0.07 0.08 1370.12 120.1193
2tk 2.86 3.18 3747.17 336.1812
b 4 vE 2.53 2.73 1973.97 183.1833
i35 0.49 0.57 1015.80 87.89

20



120°20'0"E 120°25'0"E 120°30'0"E 120°35'0"E 120°40'0"E 120°45'0"E 120°50'0"E
1 1 1 1 1 L l

24°40'0"N r—24°40'0"N
2473R0N {@#E% Houlong rivgr ¢ R ON
24736'0"N-] N -24"36'0"N
24°34'0" N #8058 Xihu river L 2ae3a0"N
24"32'0"N+ —~24"32'0"N
’
/
24"30'0"N-] ’ Miaoli =24"30'0"N
— ~Miaoli coun
i ® sE@Yuanli ty
24°28'0"N] ~24°28'0"N
24°26'0"N— ’ #E78% Tongshiao river ~24°26'0"N
rd '\__,-‘\
/ N
24°24'0"N~ 7 e o av240N
/ T ——
P X ZF Daan river bt
24"22'0"N- 7 .. J=24°22'0"N
7
eyt - |~ gemyin
247200°N K ER3E Dajia river 24°200°N
180" N 7 L 2a418'0"
24*18'0"N e 24°18'0"N
24°16'0"N~ ) aokk 5 0°160"N
: Taichung county
24°14'0"N- BER  abor L24°14'0"N
Wugi harbor b4 Kilometers
24°12'0"N+ m 0 5 10 20 ~24°12'0"N

T T T T J T T
120°20'0"E 120°25'0"E 120°30'0"E 120°35'0"E 120°40'0"E 120°45'0"E 120°50'0"E

Bl- ~ 7P &9 /3%g &0 24°34'N-5 ¢ B 24°18'Nja 4 § S -

119°57'0"E 120°0'30"E 120°4'0"E 120°7'30"€ 120°11'0"E 120°14'30"E
L L L L L 1 L
23°42'0"N -23°42'0"'N
R R & Jiu Huwei river
23°40'0"N N -23°40'0"N
® — {&% Santiaolun
23°38'0"N -23°38'0"N
® 5F % Bozihliao

23°36'0" N -23°36'0"N

EMiE

Yulin county
23°34°N

23°34'0"N -23°34'0"N
23°32'0"N~ -23°32'0"N

15782 Beigang\river

® EE
23°30'0"N R Aogu -23300"N
LR ra]
23°28'0'N Derighi -23°28'0'N
#F £ Buzi river
#
23°26'0"N iy -23°26'0"N
ShETEM ) ﬁ_ﬁﬁ
WaiSanding sandbar Chiayi county
23°24'0"N -23°24'0"N
s Kilometers
23°22'0"N B &2 4 i 23°22'0"N
T T 1 I"/?A 1 L]
119°57'0"E 120°0'30"E 120°4'0"E 120°7'30"E 120°11'0"E 120°14'30"E

Bl= ~ ¢ Fd BIge ATEM G RlILA 23°34'N-23°26'N7% F 34 & 4R o

21



(a) (b)

120“3.0‘0"E 120“%5‘0”E 120"10'0"E
24°35'0"N+ N [-24°35'0"N
0 12525 5 7.5 'OKM + N
——— 3 15 0 3KM
; = O —
+  Groups without mother-calf pairs (n=4)
®  Gruops with mother-calf pairs (n=20) *+  Groups with mother-calf pairs (n=10)
+  Gruops without mother-calf pairs (n=6
24°30'0"NH [-24°30'0"N
23°35'0"N+ [-23°35'0"'N
24°25'0"N X I-24°25'0"N
23°30'0"N+ [-23°30'0"'N
24°20'0"N+ [-24°20'0"N
24°15'0"N+ ; [-24°15'0"N
120“3’0‘0"E 120“2;5‘0”E 120“4‘0'0"E 120"0‘0”5 120"5'0"5 120"1‘0'0"E

P E AR PEEEIR () v R NA-L0 EAIAAFER (D)
ATEMG RIA A LR

(a) (b)

120°300°E 120°350°E 120°400° 00w 12050 120100

24°35'0"N+ N [F24°35'0"N N
A 012525 5 LI L 4 2 0 4KM
—— O
e e e _ ) -
— PELBERZERNIM(N=14) — PEAERIHERNT (n=12
24°30'0"N+ [F24°300°N
23°35'0"N+ [F23°350"N
==+t B2
24°25'0"N+ [F24°25'0°N
23°30'0°N+ } [-23°30'0"N
24°20'0"N+ [-24°20'0"N [
—— 1Z,
R
23°25'0"N+ [-23°250"N
24°15'0"N+ ¢ 24°150°N T T T
120»50-0@ 120”1;5‘0"E ‘20.74'0-0‘:5 120°00°E 120°50"E 120°100"E

22



8

mapE-b TR
7 O 4k 478 3 & 4]
6
5
ﬁrfl
B
3 -
2
| ﬂ i1 1
0
T2 3 4 5 66 7 8 9 10

B 24532 KL

BT -5 @A AR £ BR FEMA [ EF -

23



N HJ[

number of overlapped

Miaoli

FFiE Dajia R

core areas

[ 11=3 Age Daan B

[ 6-10

W 11-15

. 6-19 z é?:PTF
Mi-25 i

B 20 - 25 |k Ta]ChLﬂ]g

-5 " Badu Cit

- L

-7 o _;5‘_
Changhua

$EAE Kinhuwei B %ﬁ%
Yunlin
EEAGR Juihuwel R, COUIT':}T

Chiayi
- County

5 —— 1 Kilometers
a 1 20 A0

Bl= 5789 0 Ak w T lnsc Bl o logEd 274 3 RehieR (2
#2011 -

24



1
3
[

1
=
[

1
=
—

1 1 | | | | | 1 |
0 01 02 03 04 05 06 07 08
Half-weight association index

®l- - Half-weight index(HWI) frdfc & #E 21155 % - 7 7 4 =3 B
&gk HWI 5 01722 R g o gs (‘N R Afr 8 %30 'S As £k

FROT FMAs A R£FT T FR) M2 56 (FLg5y sawpit 'V 57
PEw]) 17 3R T o 4p B (28 (cophenitic correlation coefficient: 0.8991
(3kfais 2011 -

25



(@)

1 275

175

Estimated number of birth
N
(D) ainresadwa) soeuns vas

7.5

-2.5

Nov | Dec | Jan

Spring Summer Autumn Winter

(b)

0.8 -

Survival rate
o
(o))
1

o
N
1

0.2 1

O T T T T T 1
0 0.5 1 2 3

Calf age (year)

BN ~@wdad s A TE - FRLEDE > IEE TS HAET o Ak
ARERTHEKA P LF %k o (0)05-3k B FESF -+ THEREN L SDe (kR
ik 2011)

26



[EEN
=
|4
T
=
A=
N
BS
=
lv
%@
4.
_\\3_
-h[\:‘
o+
=

BROFRTHEETRV LA RBR G LREEF R0 T TR PR
BFE TR TE RS B R AT o ABfEY FO ARD P
PEFEEBEEORG A R T BE T s T (Atag)k Rl Y E
B oA IRy B n B o3t 2011F 6-117 P A W A H kR r g 51
X AT EJET 63 ~ M ATEMA R AT X R T B TR o 2 Rl
ERIIIY FdAREE 0 @ 2 bR EORGE T AR S bR ’ti?zk;*%
R E I AEREAE  ZRIHOBRERAF T EFDFERL
Eé&ﬁ—?ﬁé*‘*%k? iz %% :‘?‘J‘"é«?‘ Bp &gy B R 4T3 F o 3
PR F D REARPE LT R CREAIDEERE T HATLE
;;r ,MHQW Fw s xUﬁ%*“H o PR RIPEICPE:
B, e g Az ,'p" v Al AR A BIRE R P H s PR IR
K m{%i o b F 2. ¥ enw 74?5"‘/?"3"14{3‘—5\%-9: AR EATRE T 5 [ B o
doP MR BTSRRI PIEDRIR oK IREE R
FHETFHY Fo BORAAER T EFRLEVTARRRHY £
PR EERREREE  AREREH S KT FEERIFER > R
Eo ARREFOFTEPFHFE > T8 ERAPHEFEFSRT SR
KiB- 7 fRY Eo BIRERERBEFF LML -

.«).

27



22
-— A -1

)

R s %E’v’ﬂft?%ﬁt‘i BT E Ry Flt R AR i R R R E
B R R P ERE - SR g 1Y v RS MERIEY g (Au
HM$’+g%Hwbﬂﬁlﬁﬁunﬁﬁiﬁ\~d%% .(Janik 2009y ¥ fr { 2k
WEEHEHRMAE S ol e Bk ey 2 2k en i 48 2 #8754 (Tyack and
Whitehead 1983’)\97@_#" 428 g 7w E’ﬂﬁ‘—q LR - BEREFETE NROE E
oy ARens iT# kd KT HATHFEE R K BB AR KT BE S N K
£ H T plgrdr#g s d (Mooreet al. 2006 Mellinger et al. 2007 Akamatsuet al.
2008 2010 Toddet al. 2009 Soldevillaet al. 2011)> p* #F » KT B8 2 2344
T H PR B E E R BT UK E- B RFIE B AL TS BRT
P& % (Akamatsuet al. 2008): F 4% § & JLenfy if #7985 §5 oS s 1 o

Vi N o SRR PR ) s ;’Kip SN 22 0a 2 4 (Wanget al.
2004 % i4 2006 * i£4 2007 Wanget al. 2007 % 4 % 2011a)e /% +
AR LR ARTFRLXAZRERY Eo BIRaug® a0 ¥ b S e 5 A
F T AFEAFFRENERREKRLIEISIEEFE AL RZ 0 2T
Fo ARNE SRS o ANRAFR O FIP B 5 b AP B B R
ﬁgﬁi%ﬁ*%#ﬁﬁ?%ﬂywJﬁ’&a%iﬁéﬁﬁﬁgiﬁxﬁﬁw

P A A BRARERT kT S S 2 - B R RS
1 ;.' T R AL AT E KR T BE S 2L BEbr Y A0 FaY EFG A RE R

A2 35k 20100 % 4 % 2011a ¥ 4 % 2011b) > £ H A2 HRBhp
ﬁmrgﬁﬁ@ﬁﬁﬁ,%@é@%e@&%%R%ﬂ%ﬁﬁ%«f§3sz
EodER AL AL T L ALY R FE AR R A kP
FEFOEHN L I HERFPRREL S ﬂxwﬁ%i&ﬁ%

AFFPHRAF RTHEE S AT RE I R KT R TR Sk
Bifee 20 B3 AD P BRI AR RS LT L
g R F &2 BFE T LR -A3h 4 ¢ ﬁf*T%% BT S sk s T
FERARFEZELERIRF I R BET R ANKKEE- BT R T RS

ABRBEY Fo BRA EHERLETEY -

(-) EMi=E

28



AR AR I HRRERZ B A Bl By ,w;mm L ®

- BRI R Rl BRI T (’A«%{CH) (B- ) T A1 LR A
EEBERBEZE RENT EE - BGA RS SEF RN B ERR
HBE QB ERERETFIE TR RY G R BRE S T AL D e
ARE NP APz AL R EMHEGFT a T h o FIPEEKE A R F
E;E'in‘%? vl afd Fd T RD LA TR o 5T R AR B sk
BRI GO ERIRE > BHAKE T A RIS R Fom g 2 gk

g

¥ip w%u b4z 82Q§7’él§]7 Moo B Rk Y 2 HRBReNRT L B R (fx
%CH)(@ ) T PFELEFEFLY RELET > LI HBANE
FRELEhz $RBET > R 2 FR REEFP /L9081 122%%

[ﬁil’* ° ¥ Z BRI T HRENV AT R (RELWS) (B2 ) iTT &
B > o AR L RN NG PRI o B g B
B A E R o R BT ARG R - R (R

?i#—;'ﬁ\"'f‘"\*i skm?,;bﬁ'?‘ § O R LR A R 2RI

(Z)E R % 3%

\l«

b2 ERVEARKET RS S NT ug o E R FY BRERZE AER
L ERT R E I ToRT BF Tk (Acoustic data Ioggef
ML200AS2 > Marine Micro Technology Japan) i§ # "A-tag, (Rlz ) * %
o ARER o - BAtagE F A BoRT b 0 ¥R A 55-235 kHZ%ipu,
#° B -5 (Akamatsuet al. 2005) o 47 5 g RIR 4 5 ¢ B9 Bk w BT
(echolocation clickgni & %tﬁ B A %@(Goold and Jefferson 20043 B -k * & 3

2. I 60 2 & ’j? i ER L f/pcﬁfr— j“ L ’_1?’12::}7%5 ie3
’Ji"‘ Frh XD B AT L ﬁc:}&%; B3 ki &fi °

(2) kT REHZS 3

B0 B B BEH B AR T A DK E S AT o T A R
w fE A e enik B H 2> 50 SReS CRLE ¥ 2l WA lﬁ"'(CH)“’t’afﬁ ob TR AL
#H(WS) -+ = iR pe k- 2 Atag Bl T dody L > Mdpdi s Atagehf & T Lo
TR wIFR TG B 2 TRy ﬁ"qku_ﬁf;l‘ Food 30t 2 V% 5 X 1A
KNS T T I -7 "fimﬁj;i:gkliq‘?ﬁ, Fpb B A R B A F T A AL RT3 R
[ R < B A SR AR |



B2 HREAATL EET (YL) o d 30 % 2 5 GARIE e L BT sk T
BILZ A fELPITS O Tt “’u:iZkAtagrjir;,j_f{;,“ AR A RS U T =,
APELAF 2 FER AR LB 94D 2 s BREALEY
e ] 0 v 18 360 & % B NE Bl R -

1 %3 FREE
afcw A-tag 2 fé o ﬂ * |gor Pro 5. 01(Wave MetricsU.S.A.)ix 48 & 47 A-tag
TR T A R B R Bl 0 S KT B Y G T v iked G

ERE-BiFE iﬁ’iﬁﬁ: MERUELEE LA ke B o 52X Atag ot

R R g B % i 55-285 kHz - dend 2 A LR 2 R B RS

Bleng o (e BRI T ey B sl s R 5 2 IR0 4 o (4off B ) #73 d) eh ik

F T EHET NS R Pl AL KT £ /|- ** 133.3 dB peak-peak (re

1 pPayiiig oL o fas A hiiiE o £ 4 %4 & P2 EL 4 F FH(mS) P
T F & B ) G E R R D AL o

AT A ehw B i B A4 - i p H L (Single pulse BLd B e
hiEd TR E - By B g Y o5 - B2 BFen IR & & (interpulse
interval > IPI) & ¢ & .48 fr;é%é‘ it (Au 1993- Akamatsuet al. 2008) #p # 3t 4, & 51
FhjgaRELL DS B IPIERAFRITAIIRCL S - A7 2T E
LG ERK L K LW m@gﬁﬂlPl B 05-28 2 AGEEL, Lok
FOFTVRERFET L ERRADIPIEEFT AR L PR RESS T
B AL FEL - AR TR L

F AR Ny B AR Y TG 2 Rl ) A Y oA
PEE D Bt 6 B~ B § i 500 B H LB OB 0t b 50 T RGBS
B cFeEaR 5 (false alarm rate) 24  fE¢F W EF 2R (FEL/TH) <03
2 RER% (REL/ITH) <045w B85 5 ik E 3 i
gﬂ%g{giﬁ:@e@@kﬁu@igﬁﬁﬁﬂ%iﬁﬁﬁﬁﬁﬂmﬁﬁi
FREES c FIEN e E NS AR TV R AR B g e
rwé%¢+ﬂﬂxo

2. TR

F - BAREGE DB B BRI T R AR L A4 > A PR R
At PR (time frame ehd B i 28T P D BRI S 8 a0k (BT )
IREER & R U issR S - =A% an T B ff (encounter) 0 gt \qfa%zr}% &
B BRERRE S BEE ST VT S LARBEEER RS cBEE PR

30



FBo NPT ARG ARER IHE R o R ARG 0 T AT i BRI FehiA
GEE R N RY EERPRTETRE

OB fEY EY BIRAD R RBPUVFRZFOEFRL AP L
FhRAPTHREZD NP ERFLEARE I LD RS B R 1% P74
P 2 P ARAR 0 BB R oK B A MR e (8 L5 BRI S RP Sacr 0 £

BmW B R o e 58P EEP - 8 X 573 FFEEG > o5 PF
BRI Rl endg i s Bce 2t o S B RY B BRAFT 2L A aE R o R
APE LN HEDEAWA R RAPPTRE6T 90 A 5T
5103 127 A AR ERFEHEG 2 P d $B > Fede? Eo 555 X o
BAS -3 T RBEAARF REES 2 FRRI GO REP 7 EERN LT G AT
£ B > A4 * generalized linear modelt # 34 = 78 pF F %] 5 &2 T P B2 [ i
MEHLIT IR EEHE

)

k

==

ERNES 1

A3E202011% 65 119 WA Atagh B R koK rigiF i 51
= (1,101 pF)~ 374 EEr 271 63 % = (1,459 pF )~ ¢F & TE ¥ A R B i
71 47 % = (1,029/) pF) avk T B R0 LRI AE D ehg oty 4 BAae

() F&RFEe

PEY ARAZ BRIEEET PRI AeB A o L PR T Gk
KE T Z BB o AT EET S o PATEHA S B o BRI R Az BRI
P ERBFEF O PR RE D BT AR 0 B G B EoRGE T ORI
110 penfeff 342 9-10 7 (> % o

(=) P RiED

PoEY AR BRI RZFORIICR - > 5T A
G REAET ARAARIE 05 3§ AL ARIE £ T 51 j
W2Fehp M F 248 R A AT AP E o ZplEkE Y o AT
P RFFH RS FR REPRERGFE YA RIEEE R AR ARE
RGP B e A
31



égéﬁ%iifW%7F$W”$i@ﬁﬁﬂ$%@A,%%@ﬁgé
FEH Bz BRI G TR RER O BEKET HATLE
Zr mﬁi—ﬁ% PREREDHRPRE P EgERM B > A AT
R SRR S S L R

Jithpéb/l ﬁk‘%?%ﬂgﬁ VEE M 8 R o

B

() PR-FHEHP F2FLI i

i% i generalized linear modét:* 4 45 » ¥ M 4%t p R~ F B E F = 70 F)
FREEEAN O FIRBRAIRISET R HLEOP REH S HGY A
Foo o HEHTY EY AREr REFEL BRIkt FHEEFLE
AP RZFRAFHEFLAR AP RELFZFNE P RFTEEE FZ
FFF 2L FRHFNTI Y (R ) A Ed BRAER RE R T
REFWN AR HAHm P REFF R F TR £H AP B0 BIRERRIE
B EHUPE (B )2 FF 2 FEFOIIT T AT k554

o AGAERER FOP RERS 4}3'6'2'éTS #Z 2o BaRAERPT R AGOEE
KA T AT R E T e E R RN A 2R v At AR A o

(I) B ~F&aP F2FT (&7
d A eh & T A =R ,__,ﬂ?m 5;711'-,‘,2»)5 ,’;{;;p];qé s ;;;q;(;éﬁa » t

‘*£“4*4°*“4“Wi&dulmﬂ%ﬁﬁq BH R A IE T @?Aﬁ%,ﬁg

1 3R] = e R T (ﬁﬂ)MA%@Tﬂ*;ﬁﬁW%ﬁﬁp“Fi@’iﬂk
ﬁﬂh&iﬁmﬁﬁﬂﬁ4¢%*éﬂo Fﬁ%ﬁ%aiﬁﬁgmijﬁw
BT b R BWERI DD S p ST 1 977 F o

ek A WNH%%mFFéfﬂ;M;’ k%&ﬁéinﬂw; %&L@r
BRTLEET A B Rl BE P - F 8 f‘f/w\’}‘?f’ AT R b
iﬁﬁﬁ‘$¢%%&4@mkW3zéﬁfiﬂ ’&ﬁﬂ%f%&@u
3] W2 e FREFOIIEY (Fu ) Mgy P Ed BIRaNp s ER
REARE TR CAREEL AL R o KRAT u’j»IﬁL FE bl RokiET
BERLEET > RFOp VAR FaRRERA AL R -

32



)

b

A F A * kT REES X LAE YRR EHFFT R Fo A%
m%ﬁsuawrmqﬂﬂm%ﬁéﬁw!Bﬁﬁﬁ~m~mﬂ¥wfﬂﬁrﬁﬁﬁzﬁ3
gﬁmﬁﬁﬁfﬂﬁﬁoﬁdLT§§1*Wﬁ&ﬁﬂ§éﬁWi
PR FREFET LR PMAL Y RIDER T Ry -

-
S
~
=3
=
ra
b

BEMTPF R2ZFFHEFOLE > 0 P BEL PARBRRATE IR F
3972 0 L FTAHRT Y B AR AR PATEMNLA S B Y R
Bt Rir s P FF > B AAFEREP PREIG VR, ® R P
= ’kﬁ;ﬁ,u;—;&%*;ﬁﬂff,}ﬁ _gr—g o 1} ,,L%P “}t Ji&ﬂ;/ﬁ, r-]ﬁ,éérs (1)15Q3glw*Im
i "h’rﬁﬁﬁ—ﬁPé&ﬁip/?Lé\F”Ta A K2 EREV PR EFo BIRAR
SEP T AR EREFR A I 2 R ORIFE AR A > FY LT B
SRR AR AR 3 R (B4R 201D A - FE B
¢ lgifﬁa% fRGET RlE e RlF o A B BEGATTN B P EAK
RIS o ()& RlHben? Fo BREHRPRAEFENZLEA 372 F o ¥ A
B (011)% P A BB R AERY, P A BB FF L HE T02-36 vt

AEHEBEF QAR PdiTEERE G AR kT EEd 3t E
AR BN T LR LR ok AENEETET AT R RRP) LG

4%

[2ad

\...

AALR o g Wﬁfékﬁﬂ 1’%%ﬁwaW<“9?“mb%ﬂh
GHE ORI %I P aih PARBRE IR R DS DR o R 5 g il - B2 R
P %”Jgﬁa@ﬁ?%%ﬂﬁﬁﬁﬂmhﬁﬂiﬂ’“iﬁ "

A
ZE A RS S ZBEREELIL FArEET AT EFY BIRAESH
B ORITE Kby 1 BN T A G TR 0 ZRF Y

PR DLERTRMSI NG Mt P &P R OR )
P o 2B HEAER UAATFTHABELEFR LD REP T EHD
FHRBUERAR o PEoRT EF S NERILABRD REFOEEE AL L
R T ERlend Ed jRIRp RFH RGP0 L FRETT AL 5 R R T
RE B s ¢ (Carlstrom 2005Akamatsuet al. 2008 Toddet al. 2009- Akamatsu
etal. 2010)° - 4k F a3 > B 9% AR BLE T RAE R 07 L R FIE T LRI AT
AP E S AEA P A RRLE 0 RGBS AR FREEFD KL
8o AR w & s %1&@ PP AL HFME TR a4t P ¥
(Benoit-Blrd and Au 2009) jris iv3F 5 RIEA RS B E b2 A T e map g
MBS o de? EY AR ISDTE A ﬁ%&m; iefa Ry 4 (Mok and
Gllmore 1983 Lin et al. 2007)c @ /392 B * @5 P enfiph i & F 5P
m&ﬁ’4?ﬁﬁﬁ@ﬁ%%ﬁ%ﬁﬁ%m@ﬁﬁ#icWﬂﬁ%*ﬂ%éﬁ
FEC AT AR R FEFRAER SRS D RERE F - HIF -
33

l



\\\

B RZEBEB AL R {%f']%/?‘] TR B O R A
B bHEREr BATLEEC S /?J%ﬂ% WX D HRIT el B s R R J»
Ar . BB IR LDERY KV FETEFR R A G R T
oo BRI ATENIFGITS FABIE 0 ud A EE N AT LR X
PIeb AR AL e > BRI BT AR o RPN CHAp MR g L B
o BiP U MRITER S 0 d AN § AR B A R B R R e R
vk FS o FP AipE R ARIRS R 3 PR ORI EBED o bl4rik
¥ B Moray Firth 7% v 3 %o F LA AR AFRPPEF T RS B HIEE ¢ N
Moo @ D BEGRP IS i g PR PR B o P Bk Y BT A € R
AR R 8 gt ¥ % (Mendeset al. 2002)- ¢t & 5 e AgwT g o Lin et al.
(2011a) HE KT BF S BRI B AR AL EEC BT b
Rt A SRR S PR o P Rt ATE N A BT P R T ST
W@%’%$%«§@122z,?fdﬁwﬁﬁxaﬁﬁﬂﬁaﬁﬁﬁ%v
BlHE oL AR RIETFTT S FRAAAPFETFRPELLFE KA
fmwﬁu@@fW$£@m&mﬁ@6amaa1%mo%k@&ﬁﬂgéﬁw
SRR B U RELFRESTF ER RO R e

|

BEARP R AT HZI P RHEAHNGFIEMASIET R LA ESH 2 Fe SFR

MNEFOSHHERR > KR EIINT > ZPlrm Bkl EFTE (&
Bk kokigEr 110 & m#«-eﬁ%' el B B EFARE) BE SR
Floae F oo B FF  (DMAE R AR kS ;@.gwg bv oo 3B @ OBE TR PR IR P
Foo B T oA w R R R F o e £ NEAH PARDR AR
BAETRIIEF X FRAIRENR AR U AT RIP Y o B R
E’Ellgéﬁ%@ﬁﬁlﬁ%famT#$x910 HAchpn ¥ &Fo BORERAER D
%

EIE L A - AT E o (2)F Fy ERE S ER PR AR

-2 R ??B e R A E NG L e AF B (Wang and
Yang 2010) i &z A i FILE A &2 T R Ao
Raymentet al. (2010)8 # R < &3 % o £ 01 & & GRAF R LEE
At Ep e f#iﬁﬁﬁ{ﬁﬁﬁlﬁiﬁﬁﬂiﬂ?’k?ﬂé o ¥ eb s hiTT P Ee AR ARE
(sRiz R ERE) P v dice g > 5o (GR-KE4F") FRIEILT
17 (Jefferson 2000 Jefferson and Hung 2004Hung 2008> Chenet al. 2010)- &
B E LR RS T “;fmaim%wz@_;;%*w’pw
R RY Ea AR ?K? € A AR iR R BB H > Aok
AT Y Ee AR - Ko A AR REERE - T LT )%_;aié,u ‘b &
ﬁﬁé%’u%éﬁiﬁéﬁﬁ%mm%’%j*ﬂe@{@%%Séﬁﬁ’
LI AT PRERRET BRI P EFDBRETEF et BE RS E L
mELFeR - K fF o

34



LR T AR AR RE I ORI BRI EE T EF
E & LR o Linetal (2011b)f 4# i ¥ Fv A% AT L kIR T EEahE &
FrErpsEa Bl o ok AR OTRER G > 7 F 20— Bk
PEG AIRAMENS TR G Aol L - PR GUR AR o 2T A

i

FELARESLEFF P EDOREL  ApRSTTFE Y > 100-300F K H 2 { %
Goia R 0100 P A B E e 100F K T o pEERAE AL
SERGPE (YL F k) 2 iR Rl § RP PR kDR R
Yo G R B PR T R ORI SR R s BRI
;mk%ﬁﬁ%ﬁy:aNMﬁ’@aﬁwﬁ%ﬁd,;ﬂahﬂ: el g o
o R RERFPrFARE DI R VARRRETR T As G oo

Fu AR BAE G RE P U A8 5 o (Jefferson 200Barroset al. 2004 Parra and
Jedensjo 2009)5?]»L PTOAE A BRI EE R Fe BRERFRDRE

3 ERFRY O MF SR A(2010) RE T ARM T FRITE A
iﬁrﬁﬂﬁi@gpéﬁﬁmﬁﬂné’ﬁf#iﬂ”ﬁawmaméwg

GELFRAPTRBASR R PR
FEMER AR FE R o XA EY AP RTE L RER R
(2010} 1 » 7 # Eigafide & AiFish b ¥ G A ?u%é;&s,gér
2@ AR R B e R frd 8 2 Bl R BT A Y B A0k
A AT LG LR R R AR RS o - HRs] P Ed BR AR U TS
LS ﬁ#@PE'QiJW%ﬁﬁ“ Y o A KT e fRY E
AR AR 0 R E & R G 0 it 2 s

B
ﬂ**

"L

£ 8 R § 48 48 ch

2k
e

&i%TLT§§??<w MR At Y Ee AL PR
NooRE - BRI DT BT S oo TRLEEARY FER G AR AR L o blheiiiRd
4y & AR s auﬂi& AP REXDENFSE o LA FHS B
TRELEHREACRSF T UG RATREDTE 0 FF kG L FE
FE X T ULEEIIRFEE T ANREIRDN AR DRE o ART PR
BF RBLRIFE ) AR TR AR R ES LR R ORT Rk SR

et PamiriR  mAtagir R E S RE RV EE 30X 0 B0 kR
A4 T R REAPR R AHARR RPERSY B FF AT R
#EG AR g el B (- RE G ALRF ) kT AP o el e B
- AE et B F R G 5 4 Fl(Van Parijs and Corkeron 2001 ¥ ¢ 47
FEREEFERFPRS T OEEL SR AT RS T R O AR
ﬁﬁﬁﬂoﬂ&?ﬁ%%?uk%&ﬁﬁa%ﬁ‘ﬂ?%iﬁﬁﬁﬁﬁkﬁi
Bl R G RBRERARBE R M

"
M

=3

35



I~3TeR

Akamatsu, T., Matsuda, A., Suzuki, S., Wang, D.ng/&., Suzuki, M., Muramoto,
H., Sugiyama, N. and Oota, K. (2005) New stereausito data logger for
free-ranging dolphins and porpois&arine Technology Society Journal 39:
3-9.

Akamatsu, T., Nakamura, K., Kawabe, R., FurukawaMairata, H., Kawakubo, A.
and Komaba, M. (2010) Seasonal and diurnal preseiteless porpoises at
a corridor to the ocean from their habitdarine Biology 157: 1879-1887.

Akamatsu, T., Nakazawa, |., Tsuchiyama, T. and KaniN. (2008) Evidence of
nighttime movement of finless porpoises through dan Strait monitored
using a stationary acoustic recording deviaeheries Science 74: 970-975.

Au, W.W.L. (1993)The Sonar of Dolphins. Springer, New York. 277pp.

Barros, N.B., Jefferson, T.A. and Parsons, E.C.#004) Feeding habits of
Indo-Pacific humpback dolphin§dqusa chinensis) stranded in Hong Kong.
Agquatic Mammals 30: 179-188.

Benoit-Bird, K.J. and Au, W.W.L. (2009) Phonatiorhavior of cooperatively
foraging spinner dolphing’he Journal of the Acoustical Society of America
125:539-546.

Carlstrom, J. (2005) Diel variation in echolocatlwehavior of wild harbor porpoises.
Marine Mammal Science 21:1-12.

Chen, T., Hung, S.K., Qiu, Y., Jia, X. and Jeffexsd@.A. (2010) Distribution,
abundance, and individual movements of Indo-Padifimpback dolphins
(Sousa chinensis) in the Pearl River Estuary, Chindammalia 74: 117-125.

Goold, J.C. and Jefferson, T.A. (2004) A note aoksl recorded from free-ranging
Indo-Pacific humpback dolphinsSousa chinensis. Aquatic Mammals 30:
175-178.

Hung, S.K. (2008Habitat use of Indo-Pacific humpback dolphins (Sousa chinensis)
in Hong Kong. The University of Hong Kong, Hong Kong. 253 pp.

Janik, V.M. (2009) Acoustic communication in delpidis. Advances in the Study of
Behavior. pp. 123-157. Academic Press.

36



Jefferson, T.A. (2000) Population biology of theldrPacific hump-backed dolphin
in Hong Kong watersMldlife Monographs: 1-65.

Jefferson, T.A. and Hung, S.K. (2004) A review bé tstatus of the Indo-Pacific
humpback dolphinSousa chinensis) in Chinese watergquatic Mammals 30:
149-158.

Lin, T.-H., Akamatsu, T. and Chou, L.-S., (2011aylal activity of Indo-Pacific
humpback dolphins Sousa chinensis) monitored by fixed acoustic data
loggers. 19th Biennial Conference on the Biology Mé&rine Mammals,
Tampa, Florida, USA.

Lin, T.-H., Akamatsu, T. and Chou, L.-S., (2011bgaSonal behavior, and their
influence on tidal behavior of Chinese white dofEhiSousa chinensis) at
Xinhuway River Estuary. Symposium on Animal Behayi&cology and
Environmental Education, Tainan, Taiwan.

Lin, Y.C., Mok, H.K. and Huang, B.Q. (2007) Sounklacacteristics of big-snout
croaker,Johnius macrorhynus (Sciaenidae)The Journal of the Acoustical
Society of America 121: 586-593.

Mellinger, D.K., Stafford, K.M., Moore, S.E., DziaR.P. and Matsumoto, H. (2007)
An overview of fixed passive acoustic observatioatimds for cetaceans.
Oceanography 20: 36-45.

Mendes, S., Turrell, W., Lutkebohle, T. and ThompsB. (2002) Influence of the
tidal cycle and a tidal intrusion front on the spdemporal distribution of
coastal bottlenose dolphirdarine Ecology Progress Series 239: 221-229.

Mok, H.K. and Gilmore, R.G. (1983) Analysis of sduproduction in estuarine
aggregations ofPogonias cromis, Bairdiella chrysoura, and Oynoscion
nebulosus (Sciaenidae)Bulletin of the Institute of Zoology, Academia Snica
22:157-186.

Moore, S.E., Stafford, K.M., Mellinger, D.K. andIeiebrand, J.A. (2006) Listening
for large whales in the offshore waters of AladBi@Science 56: 49-55.

Van Parijs, S.M. and Corkeron, P.J. (2001) Vocébzres and behaviour of Pacific
humpback dolphinSousa chinensis. Ethology 107: 701-716.

Parra, G.J. and Jedensjo, M. (2009) Feeding habitaistralian Snubfin Qrcaella
heinsohni) and Indo-Pacific humpback dolphinSo(isa chinensis). Project
Report to the Great Barrier Reef Marine Park Autlgofownvsille and Reef

37



and Rainforest Research Centre Limitred. 22pp.

Rayment, W., Dawson, S. and Slooten, E. (2010)@ehshanges in distribution of
Hector's dolphin at Banks Peninsula, New Zealanahplications for
protected area designAquatic Conservation: Marine and Freshwater

Ecosystems 20: 106-116.

Scott, M.D., Wells, R.S. and Irvine, A.B. 1990. anf-term study of bottlenose
dolphins on the west coast of Florida. Pages 23b#245. Leatherwood and
R.R. ReevesThe bottlenose dolphin. Academic Press.

Soldevilla, M., Wiggins, S., Hildebrand, J., Olesdh and Ferguson, M. (2011)
Risso’s and Pacific white-sided dolphin habitat elody from passive
acoustic monitoringMarine Ecology Progress Series 423: 247-260.

Todd, V.L.G., Pearse, W.D., Tregenza, N.C., LeppeA. and Todd, I.B. (2009)
Diel echolocation activity of harbour porpois&hgcoena phocoena) around
North Sea offshore gas installation€CES Journal of Marine Science:
Journal du Conseil 66: 734 -745.

Tyack, P.L. and Whitehead, H. (1983) Male compatiin large groups of wintering
humpback whale®ehaviour 83, 132-154.

Wang, J.Y., Hung, S.K. and Yang, S.-C. (2004) Resaf Indo-Pacific humpback
dolphins,Sousa chinensis (Osbeck, 1765), from the waters of western Taiwan.

Agquatic Mammals 30: 189-196.

Wang, J.Y., Yang, S.C., Hung, S.K. and Jeffersom. T(2007) Distribution,
abundance and conservation status of the eastema &trait population of
Indo-Pacific humpback dolphinSpusa chinensis. Mammalia 71: 157-165.

Wang, J.Y. and Yang, S.C. (2010) Evidence for yeand occurrence of the eastern
Taiwan Strait Indo-Pacific humpback dolphinSoysa chinensis) in the
waters of western TaiwaiMarine Mammal Science 27: 652-658.

- mw ABRFZARERFE(L T Ee P 24 4 #20 )>20100
WHENAAILE RPN 1 EFLETRFERBIRFL SO REE -
¥ IE4 020060 S AEREH AL R o AR ER L FRREL €b
¥F LR L T2 o
¥R 02007 AT FABHREETRE A RRBLFAY c FRREL §ih
¥F L3404 63T o
¥HEA 02008 51 VA F - S BLRFE R R EY AGRLIENG - BT
o F A2 4]9F4 0655 F o
38



BAER 0 Z ik 020100 ki a P Eo BB AL c oM REE8TTE o
%Eé ﬁ’-J}’tP'ﬂ? q_i‘“j':’@ﬁx’ K}%B@.’%%xg’_,]‘ﬁi“h’]lﬁiﬁ* ’fg‘,}“‘% s
Wk FR™, 2011a ¢ o B3R %EAE L ERLREE FEF

S ERY e FrRRBE L A h LY 0 2027 o

o

BEA 0 ME W 2tk 2010be ZHRinA Y Fo AR AV R cEMGR
£.87F
A 02011 S FRRFBRRERR R 9 BREDILRER R - 0 F
T4 2P 347 -
g o TR R 20100 ¢ Ev ERE R EFT R NP Fe ERREA G F
BHLEEE REES AR FRREL EHBALEET VS
96-113F -

39



Foo~ P E RIRRTHEECRY S EEMREE

g ¥ % Py DRk TR OARERF(X%)
6 1 12 100%
7 8 180 100%
o kppge 8 8 174 100%
)< 7 L
* 9 13 287 62%
10 12 262 67%
11 9 186 67%
7 9 204 89%
) 8 24 562 83%
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10 17 390 53%
11 13 303 54%
6 3 63 100%
7 8 183 88%
_ 8 160 88%
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9 11 240 55%
10 15 320 33%
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# = ~ Generalized linear modet 47 p & ~ X &8 H = 3F F|F 2 B % o
¥+ DOF Wald Statistic P

e 1 1.59 0.21

P& 1 1.04 0.31

& 1 61.06 <0.001

» B 2 34.83 <0.001
pR*FE 1 0.05 0.82

A R* ¥ % 2 12.91 <0.01
FEEE 2 2.91 0.23
FR*F&HE 2 8.13 0.02

# = ~ Generalized linear modet 7 7 223+ % & 38 5]+ 2. % % o
7]+ DOF  Wald Statistic P

¥ i3 1 7.88 <0.01

7 3 47.74 <0.001

» E 2 154.82 <0.001
PP 6 31.93 <0.001
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4 = ~ Generalized linear modet #7577 ~ £ & . B kK v B ATF M A 245
Plh= 38 F]F 2 %% o

7+ DOF Wald Statistic P
A 1 0.55 0.46
Py 3 16.15 <0.01
& 1 147.84 <0.001
# % 1 41.74 <0.001
B EE 3 13.79 <0.001
HIIH R 3 8.81 0.03
FHr e F 1 0.01 0.91
BUTEEE 3 2.93 0.40
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Workshop on
Acoustic Monitoring for the Marine

Protected Area of Sousa chinensis in Taiwan

7-8 October 2011

National Taiwan University, Taipei, Taiwan

Organizers:

Dr. Lien-Siang Chou

Institute of Ecology and Evolutionary Biology, National Taiwan University

Dr. Chi-Fang Chen

Department of Engineering Science and Ocean Engineering, National Taiwan University
Sponsor:

The Forestry Bureau, Council of Agriculture, Taiwan
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Workshop on
Acoustic Monitoring for the Marine Protected Area of

Sousa chinensis in Taiwan

Abstract
Habitat use and population size of the Indo-Pacific humpback dolphin,
Sousa chinensis, off the western coast of Taiwan (Lien-Siang Chou)...4
Conservation ecology of humpback dolphins (genus Sousa): A
comparative perspective (Leszek Karczmarski).......ccoceeeeeeeeeeeeeieeincnnnns 5
Density estimation and direct counting of odontocetes using stereo
acoustic event recorders (Tomonari Akamatsu).........cceeeeeeeeeeiiiiiiinnnnns 8
Long-term passive acoustic monitoring of marine ecosystems in the
Hawaiian archipelago (Marc O. Lammers).......cccccovvureeeeeeeeeeecciineeeennn. 9
Passive acoustic monitoring of Indo-Pacific humpback dolphins
(Sousa chinensis) in western Taiwan waters (Tzu-Hao Lin)................ 10
Preliminary proposal on the PAM system off the western Taiwan

(Chi-Fang Chen & Hsiang-Chih Chan).......cccccceeiieiiiiiiieeeee e, 11
Appendix
1. a) The proposed major wildlife habitats; and b) Sighting locations
in four sections of proposed major wildlife habitats......................... 13
2. Sighting rate .oooeeeeeeeeeeeee s 16
3. The relationship strengths and latitudinal ranges of 57 dolphins..17
4. a) Environmental factors; and b) vocalization characteristics........ 18
5. Preliminary proposal on the PAM system...........cccoeeeeeeeeeeccccccnnnns 19
AtteNdiNg liSt.....euieieieeeeieeeeeeeeee e 20
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Workshop on

Acoustic Monitoring for the Marine Protected Area of

Sousa chinensis in Taiwan

Date: 7-8 October 2011

Location: National Taiwan University, Taipei, Taiwan
Organizers:

Dr. Lien-Siang Chou

Institute of Ecology and Evolutionary Biology, National Taiwan University

Dr. Chi-Fang Chen

Department of Engineering Science and Ocean Engineering, National Taiwan University

Sponsor: The Forestry Bureau, Council of Agriculture, Taiwan

Background and purpose:

The Chinese white dolphins, Sousa chinensis, which live off the western
coast of Taiwan, are very likely a closed population of about 80 individuals
based on the latest estimate. While over 90% of the sightings were recorded
within 5km off the coast, these dolphins are active mostly within an average
distance of 1.4km from the shore. Because of their special habitat
preference, various immediate anthropogenic threats from the coastal
developments and fishery activities are faced.

Passive acoustic monitoring is a well adopted tool on the cetacean
investigation in recent years. It provides the ability of long duration
monitoring in remote area, and the possibility of investigation during limited
visibility. The development of autonomous recording systems and the
techniques of instantaneous data transfer make PAM becomes a powerful tool
in cetacean conservation. The proposed MPA for Chinese white dolphins
occupies extensive areas and will rely on the PAM heavily for monitoring and
management in the future. The current workshop is convened to bring
together experts experienced in marine mammal monitoring to provide
experiences and recommendations on the (a) acoustic investigations on
Chinese white dolphins and (b) techniques used in the off-line and real-time
recording analysis (c) scheme of the passive acoustic monitoring system for
this proposed MPA.
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Workshop on Acoustic Monitoring for the Marine

Protected Area of Sousa chinensis in Taiwan

Agenda
10 / 7 (Fri) Life Science Building, R628 conference room
Time Speaker Topic
09:00-09:30 Registration
09:30-09:40 Opening

Population and habitat ecology of Sousa chinensis

Moderator: Dr. Hin-Kiu Mok

Habitat use and population size of the Indo-Pacific

09:40-10:10 | Dr. Lien-Siang Chou humpback dolphin, Sousa chinensis, off the
western coast of Taiwan

10:10-10:40 | Dr. Leszek Karczmarski Conservation ecology of hu_mpback dol!:)hms
(genus Sousa): A comparative perspective

10:40-11:00 Coffee Break

Case-study reports on marine mammal monitoring by PAM

Moderator: Dr. Hong-Young Yan

Density estimation and direct counting of

11:00-11:30 [Dr. Tomonari Akamatsu . .
odontocetes using stereo acoustic event recorders
11:30-12:00 | Dr. Marc O. Lammers Long-term p.asswe acous:clc monl.torlng of marine
ecosystems in the Hawaiian archipelago
12:00-13:10 Lunch
13:10-13:40 | Mr. Tzu-Hao Lin Passive acoustic monitoring of Indo-Pacific

humpback dolphins in western Taiwan waters

Scheme of passive acoustic monitoring system

Moderator: Dr. Chia-Chi Sung

13:40-14:10

Dr. Chi-Fang Chen
Dr. Hsiang-Chih Chan

Preliminary proposal on the PAM system off the
western Taiwan

14:10-16:00

Open Discussion

Moderator: Dr. Ruey-Chang Wei

10 / 8 (Sat) Department of Engineering Science and Ocean Engineering, R262

Time Topic
09:00-09:30 | Registration
09:30-12:00 | Roundtable meeting, drafting the conclusion
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Habitat use and population size of the Indo-Pacific humpback dolphin,
Sousa chinensis, off the western coast of Taiwan

Lien-Siang Chou', Chi-Huei Yeh', Tzu-Hao Lin', Weilung Chang', Hsin-Yi Yu' and
Pei-Fen Lee'

!Institute of Ecology and Evolutionary Biology, National Taiwan University

Chinese white dolphins, Sousa chinensis, a likely isolated population, inhabit
shallow coastal waters of western Taiwan and were categorized as “critically
endangered” on the IUCN Red List. Effective conservation measures are critically
needed. The purpose of our research is to obtain the most crucial baseline
information for conservation decision making, including the population parameters,
size, and distribution range. After intensive and extensive fishermen interview survey,
we selected the coastal waters of 5 counties of western Taiwan (from the Miaoli with
latitudes 24°44.5’ and longitudes 120°51’, to the southern end of Chiayi with
latitudes 23°20’ and longitudes 119°59’), and have executed 318 days of boat surveys
with 20,770 km distance parallel to the shore line from 2006-2010 April. In total, 268
groups were sighted. We confirmed that the distribution range was a narrow coastal
strip of the north-south direction along the middle-western coast, with mean
distance 1.41km from the shore, and mean water depth 7.61m (the majority of
groups seen in water less than 15 m deep). There appear to be two core areas with
higher sighting rates, one at north and the other further south, with low sighting rate
area in between.

The total number of dolphins identified through photographic techniques was
71 non-calf individuals. The population size was estimated 69-86 by mark-recapture
methods, which reinforces the notion on the highly vulnerable, likely critically
endangered status of this population. Based on 57 individuals with more than ten
sightings each, we estimate their average home range at 192.6 km? per dolphin by
method of Minimum Convex Polygon, and 756 km? for the whole population
estimated by kernel density method. However, the use of this home range water was
not even. By overlapping each individual core area of 57 dolphins, we identified two
heavily used "hot area", which were located in the shallow waters of Miaoli-Taichung
City, and Yunlin-the west side of the Waisanding sandbar. These results are consistent
with the spatial variation of sighting rates. Using spatial home range parameters (i.e.,
minimum, median and maximum latitude degree) for cluster analysis, we can
distinguish four clusters, i.e. southern/northern resident and southern/northern
transient dolphin groups. For the two resident groups, the ranges of all individuals
are limited to a single hot area, while the transients cover both core areas, albeit

with a defined preference for one of these "hot area".
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Conservation ecology of humpback dolphins (genus Sousa): A
comparative perspective

Leszek Karczmarski'

The Swire Institute of Marine Science, School of Biological Sciences, The University of Hong

Kong

Humpback dolphins (Sousa sp.) inhabit shallow coastal waters of Western Pacific
(Sousa chinensis), Indian Ocean (Sousa plumbea) and tropical West Africa (Sousa
teuszii); their taxonomy remains debatable. In many regions, the continued survival
of a number of local populations remains uncertain, often threatened and/or
endangered; habitat loss and incidental fishery-causer mortality represent the
greatest threats.

Whenever studied, humpback dolphins occur in small numbers and population
growth rates are low. They often depend on limited type of inshore habitats within
their restricted inshore distribution; although habitat type differs with region and
location. Water depth limits their offshore ranging, and the availability of suitable
foraging grounds (and potentially nursing grounds) determine individual habitat use
pattern and long-shore movements, and, consequently, the overall population
distribution and range. Consequently, they are highly susceptible to the adverse
effects of human activities in the coastal waters; habitat loss, alteration and/or
destruction of inshore coastal environments, and depletion of local resources, both
food and shelter, represent the greatest potential challenges to long-term survival of
local populations. The only greater potential threat is direct removals through

either incidental or deliberate kills (e.g. some regions in southeast Asia and Africa).

Very few studies have addressed the population ecology and socio-ecology,
although these are critical to a functional design and implementation of conservation
measures. The few known cases indicate that humpback dolphins frequently form
dynamic fission-fusion societies with limited long-term bonding. Their geographic
fidelity and residence rates reflect the structure of local habitats; it increases in
predictable habitats but remains generally weak in dynamic environments with
limited and/or seasonally variable resources. Individual movement and ranging
pattern is to some degree affected by age and, at least in the case of females,
reproductive status; although the overall pattern of a population is largely shaped by

the habitat size and structure and availability of local resources. For example, off
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the exposed southeast coast of South Africa, humpback dolphins live in small groups
with weak inter-individual associations, while less than 1500 km to the north, in the
relatively sheltered Maputo Bay, Mozambique, they form considerably larger and
more stable units of association. Along the South African coast, both males and
females range over long distances, while the Maputo Bay population shows
significantly stronger geographic fidelity. However, these differences do not follow
any specific geographic gradient but rather correspond with environmental
conditions at each of the investigated locations. The above example and a limited
number of comparable studies indicate that the abundance of resources and
intra-group scramble competition determine group size and stability, while the
distribution of foraging grounds and other critical resources determine individual
ranging patterns and effective availability of mates. All the above factors and the
apparently habitat-driven differences have serious implications in determining

population vulnerability and delineation of effective management units.

Throughout the genus range, very little is known about the genetic structure of
local populations, population connectivity and the rate of gene flow. However,
preliminary studies in the Pearl River Delta indicate surprisingly low genetic diversity,
a potential cause of further conservation concerns. Spatial ecology represents
another little know aspect, although earlier and recent research in South Africa
indicates highly specific use of certain types of habitat, especially as it concerns
foraging grounds, supporting the earlier notion of the dependability on limited local
resources. As such, humpback dolphins appear far more 'specialists' than
'generalists' in various aspects of their ecology, and as it is the case in all such
specialists, the spectrum of their adaptability and ecological resilience is limited.
This is yet another factor of major importance and major concern to all management
agencies charged with coastal conservation management in areas where humpback

dolphins occur.

Very few analyses of population trends have been performed, but a recent work
in the Pearl River Delta depicts a grim perspective, with the population that is
thought to be the largest in Asia, possibly among the largest across entire range of
the genus, decreasing with an alarming rate of 2.45%/year. |If this rate of decrease
continues (and there are reasons suggesting that it might become even larger as the
time progresses), the population numbers are likely to drop to less than 30% of the

current figure in less than three generations.
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In Taiwan, humpback dolphins occur as evidently small (less than 100) and
apparently isolated population inhabiting the west coast; the population is listed as
"endangered" by the World Conservation Union (IUCN). The crude birth rate for
this population was estimated at 6.4%; although births occur throughout the year,
there is a significant increase during spring and summer. The survivorship to age 1
is estimated at 6.6%, with the survival rate of 7.8% and the recruitment rate of 9%.
While these parameters are comparable to those reported for other humpback
dolphin populations, the calving interval estimated at 3.52 years for the Taiwan
dolphins is longer than anticipated. The population seems to be sub-divided into
two communities; however, even though most of the individuals appear more-or-less
resident in their respective community range, there is a considerable number of
"transient" dolphins that are seen in both communities. Consequently, the
individual communities do not represent individual management units, but it is the
entire population that needs to be treated as such. The causes of the population
sub-division remain unknown; it could be due to the differences on geographic
features of the area and individual habitat preferences, but it could also be due to
more recent environmental disturbance in the middle of the population range.
Further studies are highly recommended, including genetic component which, jointly
with the photo-ID work could provide insights into the causes of the current
population structure. All current and projected anthropogenic stressors affecting
individual animals as well as the entire population require careful attention. Further
analyses of population parameters and socio-behavioural dynamics, and their
incorporation into demographic models as part of population viability analysis would
be a very important next step which could lead to both better understanding of the

local population and better management practices.
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Density estimation and direct counting of odontocetes using stereo
acoustic event recorders

Tomonari Akamatsu’, Ding Wang’, Kexiong Wang’, Satoko Kimura®, Songhai Li**, Lijun Dong?,

Xiujiang Zhao®

! National Research Institute of Fisheries Engineering, Hasaki, Kamisu, lbaraki 314-0408,
Japan

?Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, P. R.China

* Graduate School of Informatics, Kyoto University, Kyoto 606-8501, Japan

*Marine Mammal Research Program, Hawaii Institute of Marine Biology, University of Hawaii,
46-007 Lilipuna Road, Kaneohe, HI 96744, USA

Small stereo passive acoustic event recorders (A-tag) have been used to
separate biosonar sound sources individually in the Yangtze River, China.
Independent sound source directions were used to count the number of phonating
porpoises by fixed and mobile observation platforms. Excluding ship noise and
irregularly changed inter-pulse interval sounds by custom-made software, small false
alarm rate (8.6%) and high correct detection (74.7%) were confirmed. For this
calculation, acoustic cue-production rate of the animal was measured by biologging
experiments, which also provided the source level and beam patterns. Long-term
monitoring at the conjunction area of the river and Poyang Lake during 466 days
from June 2007 to May 2009 showed variation in the density 0 to 4.79
animals/km?/day. Results suggested a potential gap and seasonal migration of the
population in the bottleneck of the lake. Range-wide survey covered 1700 km
historic habitat of Yangtze finless porpoises was conducted using two research
vessels, which towed A-tags concurrent with visual observation. Acoustically, 204
and 199 porpoises were detected by two vessels, respectively within 300 m from the
cruise track. The calculated detection probability using acoustic method was
approximately twice that for visual detection for each vessel. Abundance of finless
porpoises in the Yangtze River was compared between visual and acoustical

observations.
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Long-term passive acoustic monitoring of marine ecosystems in the
Hawaiian archipelago

Marc O. Lammers*?

! Hawaii Institute of Marine Biology, University of Hawaii, Kaneohe, Hawaii
2 NOAA Fisheries, Pacific Islands Fisheries Science Center, Coral Reef Ecosystem Division,

Honolulu, Hawaii

Monitoring the changing state of marine habitats in remote areas is, in most
cases, a challenging task due to limited and/or infrequent opportunities to make
direct observations. Passive acoustic monitoring is sometimes the best means of
establishing long-term biological trends in such areas. Since 2006, an effort has
been underway to monitor marine ecosystems of the Hawaiian archipelago using a
network of Ecological Acoustic Recorders. A wide range of acoustic signals are
being monitored to infer biological trends and to gauge the relative stability of the
ecosystem. Among the variables measured are the acoustic activity of snapping
shrimp and fish, and the incidence of cetaceans. Multiyear time series of the
different measures provide baseline levels of biological activity at each location and
also reveal periods of anomaly. The data obtained are providing valuable insights into

seasonal trends and geographic variations in the occurrence of various taxa.
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Passive acoustic monitoring of Indo-Pacific humpback dolphins (Sousa
chinensis) in western Taiwan waters

Lin, Tzu-Hao*', Akamatsu, Tomonari?, Chou, Lien—Siang1

!Institute of Ecology and Evolutionary Biology, National Taiwan University, Taipei, Taiwan
2 National Research Institute of Fisheries Engineering, Fisheries Research Agency, Hasaki,

Japan

A marine protected area was proposed for the critically endangered population
of Indo-Pacific humpback dolphins (Sousa chinensis). Due to its wide range, limited
monitoring range can only be covered by traditional visual observation. Visual
observation was also impeded by strong northeast monsoon during fall and winter.
Passive acoustic monitoring (PAM) provides the ability to monitor the occurrence of
dolphins in continuous period. In order to understand the temporal and spatial
behavioral pattern of humpback dolphins, stereo acoustic data loggers (A-tag) were
deployed on a fixed pile near the Xin Huway River Estuary. The echolocation clicks
produced from humpback dolphins was recorded since July 2009. Humpback
dolphins’ vocal activity showed a significant difference between tidal phases, but no
difference between diel phases was found in the monitoring area. However, the
significant tidal activity pattern was only observed during spring and summer when
the vocal activity was also high. The spatial distribution of acoustical encounters
showed a clear movement toward river estuary during dry months. It suggests the
behavioral pattern of humpback dolphins was significantly influenced by river
discharges. The results also show the habitat use pattern of dolphins can be revealed
by PAM after long-term monitoring.
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Preliminary proposal on the PAM system off the western Taiwan
Chi-Fang Chen', Hsiang-Chih Chan’, Ruey-Chang Wei®

! Department of Engineering Science and Ocean Engineering, National Taiwan University
?Institute of Applied Marine Physics and Undersea Technology, National Sun Yat-sen

University

Passive acoustics is a useful tool for underwater detection, which can apply to
protect the Sousa chinensis in coastal region off the western Taiwan. The water
depths in the marine pretention area are not over 15 m, and there are not enough
measurement data to support the environmental assessments in time- and
space-variance. We use ocean model results to represent the ocean environment,
such as ocean currents, temperatures, salinities, and sea surface heights. The
sound speed profiles for acoustic propagation models are calculated with
temperatures and salinities from ocean model. In this study, we will present the
scenario of underwater noise monitoring by numerical models. The simulated
results indicate that detection ranges of shipping noises below 500 Hz are
approximated as 5 km for receivers deployed at 15 m water depth along coast. We
also observe the noise impact on cetaceans might be severe near Penghu Channel,
which is an effective acoustic propagation channel. For design and deployment of
the passive acoustics monitoring, hydrophones should be moored on the seabed due
to detection performance (downward refraction of sound rays) and system security
(fishing activity). Moreover, we also calculate the effect of tidal currents on the
data buoy, which is an important instrument to transmit the monitoring signals in
real-time. We would like to acknowledge Dr. Sheng-Fong Lin (from Industrial
Technology Research Institute) who provides very useful ocean model results. This
work is supported by the Forestry Bureau of R.O.C. (No. 100-#£5§-07.1-{®-37).

93



Appendix



**Unpublished data, please do not cite without written permission.

Appendix 1. a) The proposed major wildlife habitats of Indo-Pacific
humpback dolphins.
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**Unpublished data, please do not cite without written permission.

Appendix1. b) Sighting locations of Indo-Pacific humpback dolphins (red
dots) in four sections of proposed major wildlife habitats.
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**Unpublished data, please do not cite without written permission.
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**Unpublished data, please do not cite without written permission.

Appendix 2. Sighting rate (group/100km) of Indo-Pacific humpback
dolphins based on on-board survey in inshore waters during 2006-2010

Apr. The width of color section is enlarged for easier view.
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**Unpublished data, please do not cite without written permission.

Appendix 3. The relationship strengths and latitudinal ranges of 57
dolphins. Al is the association index calculated by the half-weight index.
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**Unpublished data, please do not cite without written permission.

Appendix 4. a) Environmental factors; and b) vocalization characteristics
of Indo-Pacific humpback dolphins.

a)
* Environmental factors when dolphins were encountered during on-board
surveys
Env. factor Mean Range (min-max) 95% percentile
Depth (m) 7.61 2.1-322 15.0
Temperature (C) 28.83 22.0-33.9 30.6
Salinity (ppt) 32.54 27.7-34.9 34.6
Distance to shore (km) 1.41 0.04-5.9 3.40
® The 95%, 99% and the peak probability of Px in cumulative distribution function of
depth and distance to shore when dolphins were encountered between 4
different sections
Depth (m) Distance to shore (km)
section 1 11 111 v I 1 111 IV
95%Px 16-17 10-11 11-12 13-14 2-2.5 354 5-55 253
99%Px 20-21 12-13 14-15 17-18 2.5-3 555 665 354
peak 8-10 69 7-9 5-8 1-2 1-2.5 2.5-450.5-2
b)

Vocalization characteristics

®* Broadband sound
. Click ° Burst pulse

+ Frequency range from 10 - >44 kHz ~ * Inter pulse interval < 10 ms

. Goold & Jefferson (2004) described ~ * Frequency range from 3 - >44
the peak frequency range between kHz
100-180 kHz

15°kHz

* Narrowband sound

= Whistle
Frequency range from 2-22
kHz according to different
call types
Constant frequency type
- 4-5 kHz, occupied 55%
of tonal sounds

15 kHz
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**Unpublished data, please do not cite without written perm

Appendix 5. Preliminary proposal on the PAM system off the western

Taiwan.
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Workshop on

Acoustic Monitoring for the Marine Protected Area of

Sousa chinensis in Taiwan
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Name Affiliation / Department
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Chi-Fang Chen

Department of Engineering Science and Ocean Engineering
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Lien-Siang Chou

Rt 88 /4 88274 5% 7 % National Taiwan University
/ Institute of Ecology & Evolutionary Biology
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Chia-Chuen Kao

B 7RG %77 e/ o B E L7 1 ¢ National Applied Research

Laboratories / Taiwan Ocean Research Institute

*7E Rz 4%~ F/14&$5 2551445 & National Taiwan University /
Chia-Chi Sung Department of Engineering Science and Ocean Engineering
EE, A R = =5+ B/iT;a-k < ¢ < National Cheng Kung University / Coastal

Yang-Ming Fan

Ocean Monitoring Center

Hong-Young Yan

v L BT 7 /TR 7§ #k Academia Sinica / Marine Research Station

THER B P L+ B/aE4 7 7 National Sun Yat-sen University /
Hin-Kiu Mok Institute of Marine Biology
ENE: 1 B L a7 REFERY F 128 7 7 National Sun Yat-sen

Chau-Chang Wang

University / Institute of Applied Marine Physics and Undersea Technology
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G R 23 8/2 58827455887 %7 National Taiwan University
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