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ABSTRACT  The great cormorant (Phalacrocorax carbo) is an abundant wintering
species distributed in different roosting sites on Kinmen Island. We investigated the
diurnal activity pattern and home range of social and solitary fishing cormorants. There
were two distinct social foraging tactics: wheeling foraging and whirling foraging.
Social fishing cormorants roosted in the woods adjacent to Tzi Lake. They mostly
departed roosting sites in the morning (06:30 to 09:30) and flew toward the sea among
Kinmen, Owtou, and Daden Islet for foraging. After foraging, most cormorants rested on
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nearby shoals or routinely on the polystyrene buoys of oyster farms between Owtou and
Daden Islet Islands until late in the afternoon. They gradually flew back to their roosting
sites between 14:50 and 18:42. We found that the frequency of whirling foraging was
higher than that of wheeling foraging, but the starting time and duration between the two
foraging tactics were not significantly different. The two social foraging tactics were
adopted in different environments. Wheeling foraging was adopted in coastal water
while whirling foraging in open sea. We suggest that the adopted tactics were associated
with the movement of fish schools under different depth of water. The behavior of
several solitary fishing cormorants was closely observed from 06:00 to 18:00 in Tai
Lake. The home range of observed individuals mainly covered their roosting site and the
nearby water body. They flew away from Tai Lake only when disturbed by human
activities. Solitary fishing cormorants spent most of their time roosting on trees and on
average 52 min per day foraging from 08:00 to 14:00. We suggest that the cormorant
preferred to forage during this time because the time provides sufficient light for higher

foraging efficiency.

Keywords: Great Cormorant, movement, social fishing, solitary fishing, Kinmen

i

Hif

AR BONET 253t R 22 F iR 16
(Phalacrocorax carbo)iEEE & N EIEERIR S
(Kirby et al. 1995, Lindell et al. 1995) » FHiNES
BT E R NHEHERANEEHEES
ERCEEARR N Ry 32 PR R, - BFTEIEA
BRUE S T AR A B A I B GHE P i
2000, 73 2002, 2003, 2004) > B oy
AJZE 10,000 (T 5EEk 2005) - P EEEUEIE
Hefrhk b T8 ZE 5 IR S 5 & (social
fishing) ¥ 8 % & & (solitary fishing) i fd AY
I RIS B U B R A 2 YRS -
i SN EASEES BTG R B MREIN
A ~ VA R o A S b e s I 2 A P R /K
HEBE (T 558k 2005) -

TEre R e ZBEEE - B = & E
RIS B T (T 558k 2005) - EH =R
A8 5 & {T £y (wheeling foraging) » % F 2 M

Serventy (1939) #f B M /© B i
(Phalacrocorax  sulcirostris,  Little  Black

Cormorant){FAIHIEE - TP A EEEERFAGIHETE]
—&RMETTR > BB AN E T At A
IRE R {18 G R S B R TR T I R B KT 1T
SRR TS Z BB G A FITR 2 B AT AT
fir'E - SEBEKHA - BEiAHER BT

24

(whirling foraging) » fF-HI5EH Murphy(1924,
1936) ¥t 55 2£ M BY BE 35 B8 48 (Phalacrocorax
bougainvillii, Guanay Shag) > HEulEEIEREASIE
EE—J7 R ER—E - HERI TR - A LfE
WK - fE B MBI — IR B EA - fl AR
Vo I A ] At S (S R R VB /K
P

KRN EHN AHE SRS AR
S BRAE BB R EE  TE E R S BIRS Bh RS 4R - WER
ST RAITEEFAS H B T AR AR ~ SRR
G JRRHR ] R B A M BERE A 22 1 o

PRI DT

— BHlERR

RO PSS PEILTT > RO AR sk
VAR A=A ZNGE] B SR SRR | ey
ELL - {ERS RS T AR - FTY 2003 4
£ 2005 £ {EJLR(—HERE=A)E
{TERE - R EBEER R AR 2 AE T A
ZEEZ AR AL 80%M FIVEIZEE+
R ZFRSF AT - U AR IRE R RS
HERIEHN AR ST 47 WACSREBEEAFAG M
FATRERNES ] > EERIERHAE R EINT » LIEEH
Bt A% - HREAEE LB &
1k - BB 21T Ry > UG LY IEHE K L

e

HH NEFHE T NEE W



FZfET BIERBEB NG Z HREE - (R
SRS R TR AR » IO TN E  —
HFE N B 06:00 FifEE 28855 B s 2
g - HersE A ST 08:00 FisRAL P EIEE
SAING > lea SRR G ZHEAN
B £ HIEHERERE 2 HathE: - REHEs -
FORITREE » S5ONRRE RS > RS0 A
YRS ~ ETEEERR RS N MR R T
FE LHES - IBHMECER L RRHhR ~ (RS HR R
ATRETE © BT FL B IR ~ (R EBE R AR TS
REFZEMERD DHEEHAS(ARC/GIS 9.1)
T

— HERR

BEEEELE R B 21T BN &2 mKIgs
AEERE] > RNAH S BE S S 088 2 - T E B
HBHE > LT MR AR H S 1S
{ERS A TERER - AL PSR TT - K
TRAR/NG B ERE 2 MR RS E E
7 o

BRARERFR 6 RiAHEEA - B
R ERIESEET > SNR A AR R

A (RS R 2E HAR » DUEE TP {835 HUEE (focal
sampling) Z #2275 5( » FFEEHIBHE ~ S8 AE
BS 12 /NIRF(TE 6 B 22 18 BN ZAT Ry » MiEC sk
TAT Ry 35 FEATINES - 208k 2 1T REACEIE H RoiZ
#i(roost) ~ AT (fly) ~ 7FF(swim) ~ JE/K(dive) ~
WSl o 408 a1 L EAS - R DUERAS
(miss)4C % °

=~ BRI

B Rl Z HUEEHT R Ok EIHY
RSB L RIRAT ~ R B K E T Rl
R Ryl R ERHEAE MR MG ELATT Ry fE
EEN AT EER] - FAFOPRIE BRI R B B
e AR ELAAC SR AHE S =TTy S @ P A
{GHILLH -

PP E RIS - AUTRKISIE -
ALK A —REL EHTEKENE » (& K[E

=

5 NEEHEE I EE

B EBAEBEE HEBEHE  HB BbT 7T

EREE s —i T RRER ) SMERE
AP EEEERT  RRSOEKE=ETR
ERBBETABONZE S ERYE - Al
M E R R BRKT) ) T BRI
AR —(EfE—HAN R eSSV RET > Bamk
THEVEER - W8 R BRI ] Ry R VB /KIS R T
RS R

ER

— ~ B E RS S R E B E
RORR RIS IR E R etk (=R
WIRAIFAGR | HELTHY ~ (28 e T
5y & HTBBIEE RS TG - SRS
PR 22 B R A% FRAEAR R 7 T R AR 7
T - BEUERFRS BT 20 R 2 BRIZAIE FETG
FREE » 4347 06:20 2 14:01 7 fH(n =42) »
(B FHEEFH 06:30 £ 09:30 7 f5(n =29)([E
1) - EEUERHAS 56— EREE Rt Bl 2 — &R
B Y RIS S35 B 10 8 (R KM
=40 738, FIME=2 7788, SD =7 77$#) o G
FERGBERA 220 2 ISR BRI 2 A IR
REE - (2 0T DA A R RS e D B RS B
RO BRI AR S - RS TR
HBF22541(06:00 — 08:00)(f&] 1) -

A

e

/ 12 M\K“\

/ ¢ \
- 8 L] - \

A‘f - 8- = ® AT - "\
ﬁ& _II I I - N :f | | 1&
| R - |

\ . 5t /
\\ '.. 3 %e * f.-" /
N
~L_ 1z g ’
~— e —

LA

1. ERUREFAG R B RA 2 I M 2 BRAH
el R W Z W5 AR5 (n =42) » [ 25 [EL OB
B RZFE OB Z I 8 {3 08:00)

25



AR > St > BRePE - TR

A&

B AarAivE
@ nxALAE
V h4E

2. WrrElARIESERR G R T » SEAE MRS K R SRS

SRR RS R bR 2R 2 158 T mﬁ—
E(n=29) - (B R R E AL R
FIEE SN ERMAN Er5E &t dlich ! HE?FS
FE RS T (A SRR AE B A (n =
2) R AR FARTAE /KR (n= 1) AY4C 5 D> -

R R R R B8 R > SR TE R
BB g NS PN E SR

ZUVEE FRE T 5 /N PR ERRRIESN
& o MAHLES IR B ERAME > TIREHUEFIR
BB R R SGRNATEREEE 2) -
BB EI R e R R g HRH
BRI MRIEE— R A TRV IR ik
KB > FIRAHEE ATAERE 2 km > FRITEELY
ForSiH b 1 m > HERREEA TR BT 2 26

26

FEREEIRIRHTERIR - BRI R R R — 2
WK > Heggii ] &R AL R BB RAT I R
o BEEE - RIS o BAEINERY
PREIMEL > EE R RUG S, ~ PRTE 2 IR
AU - PHEAE T EEHLY 5 - 8 km - BEAMERS
FREY 1 -3 km o il Ay KR R AT E.
LLPREEFE (polystyrene); A5 HE i [ 73 L4 2 48
T REFEHEURERE L - SEzmd T8
TEEIRREREZAT - fRIZ HRieyiE_LIBHE - 15
B EFRRR R Z R REGEELEE Ok
REREFE b —EERIRS R (AR E -
RAKEEA ~ RERE B > FE T EETHRE Z AT B
e R B R SR - B E S e R
HEFE L - BRI B OHVESEE - B
IBERE AR EIRERR R T E D &A

Bz AEEHEHEFE M



JESHRITT Ryt > AR LA B - EfhE
ATFIXY 50 m HEEREER > FRGEE R AT
BRI - BREBTE G E R e R R AT - & A
RIS R AR B KIE ey T > =~
& —fEHERATIR RARSRIE B IR SR -

HAIHL 2005 = H EH A E A
EEUERY - SFEEFTT T EE - £EE - [
2l ~ R R - &I A IR RE
FERRCE IR By Rk 2 i > Hop DU
Ll AN e i Ry e > HLLUKIE ~ B
RS S BITUE S R i % - RIE RS
FA/KFAE 2 > HAEArEERE - PRI AR
Fo#i(T - T B E st RN SRS - 124t
BEEE—(EE 2 2 HREREMH -

BRAUGBBATEI YR R - B 2R IS
HEERHR R Rk & O R R HRAR T 2 4R
B2V DNEGHE R DR E, < (BAEIRE 1 3 4 /NEf
% BRUEZ EREAGTREIRLS « RGA MR FH R
B B ERREIZE -

BB HE IR Bl R 2 FReAT U7 1 FE By
—E RZEHILTTIRIE] - LEF L K2R
Z[EHY AR R R EE (n = 24 2R) - EREEIR(E]
RO FESNEEE ARTR RAREHIR ~ 5
PR R EE IR BOP S Ry N T HUER,
e A REREIR - — RO RIE R - TRIEEFT
AR > EHIRITE S - BT E 20 m
LLE - AIRZ & R ERE R R0 © 5 H
TRATE FERYE > B E 10 m BLARTT > Al
REGBRGEI - REOBEEH > S2ESD
AHZESRAZE - TRILZEE - B 0SS
RAE/KIE EIRE SR S R AR E RS
B BREEEER IR [ R R 2 IR R A
TE > BRI 14:50 2 18:42 7 ffj(n=42) -
FRIRFIRF AP35 By 34 Sy (B KB = 89 7788,
/IME= 12 4348, SD = 12 434%) » A 15:30 &
18:54 7 [Ej4E e -

= EwA R EREA R R R 2L
FEARHRF ] R KL PERHF ]
BT ARG 2] 30 RS Hanvast

=

5 NEEHEE I EE

B EBAEBEE HEBEHE  HB BbT 7T

AEmmaed e s - 4 23 X
(76.7%) : [EhE\ R aw/D » B 7 R(23.5%) °

@R BB SR AT R/ bl
&~ S0 S  REE B PTG A
JRZEHPI A T R ECFROKZE<1 m)([E 2) - 11
fie = E B RIZ A /K ATEe2E - AR~ ga b
INE S B R AR (1 2) -

WA B RS B B A RE AR ] 1 i B R 7 SR
(Mann-Whitney U test, p>0.05)([& 3) ’ [B7r=CEE
B R B PRI E1(25.6 05, n=10)8[E
JEUEFAG K B 0 PR I (22.3 778, n=3)
A7 78 75 BH B 7= F (Mann-Whitney U test,
p>0.05) °

5
—
g — ]
3
&
o 2
4
0

630 7:30 &30 930 10:30 11:30 1230 13:30

de o B

3. @R (n=13) K E e (n=3)Bfie R &5
. AR ]

= KB B RS HE 2 1T R R ED
L

e R T 5 EREHEEZ
HES > ffE 2 SRS ~ 2 S lenEp R 1 &
— RIS ¢ 58 5 S {ERS B AR R &
LIS/ NS B AR IR S A - B e T i
AR R T EMREE A E AR s - H
i {lEEE B #8E BE  BLIEEAG LRI TR
B HEAA 13 RN EESBATE B
> 24 Sy SN/ NOHEBZT(EE B
(E i Ml v Ve B2t W NN A (6] g
% 5% HBIERHEZ 5.1% - {i#g C JRMER
T e - EAEERG S EIEAOREE > 10 o
R F) NACH S LR - TR AN 2 68

27



AR - RG> FRePEL > ToRER

B FIB T &S EESHENS RARI
B BESERA LTI - 7%
7 BT E 5 H SPHILER » P — 7
RSV - (5 85% ¢ R - AR
TATET B3I 5.5% ~ 4.8% F 3.9% Il
b o 5 09% -

W G B HER AR 2 B 15
B > VA H R 6.2 BSE
=23, 0=5) » St HATINUE E B E S A
AR 2 B R B BB E
Bl > 1y 15 RIGR 1) - LB TRl — 8L
SHSRILL BT - IR BREERLS E (BTE
WA © (G 0.5% | B IIRR -
STER 17.0%MRHIR ALE LR 1) - "R
7 C 82— FI P Bt A EcRIERAS A D A
A 3 ELLLEL BRI » (IR A - D 6%
BESHCE 1) - BERIERU RSN B
FFI(100%) » A A 2 (40%) » RTINS,
RAG(13%)(F 1) -

EATTRIERARIE L 8 I3 T
14521 > 15 B2 (3 B ECHVALEH(E 4) -

£ 14

il

6:00 800 10:00 1200 1400 16:00 18:00

A

B 4. TEHEASBENE E AT B BT
Hdh
SR S T R R
o R U AU /NI ~ PR
AN S B RS R S 7K

28

(FETHE RAIEE - 2004 4T 5k A8
22) ~ ZIE B P 55 ] 2 RS (2004 4T Sk (IE
NEIZZ) ~ DU EM S B2 @R nys T8
(2005 F£H 26 HEFMhHR#HE) - #LEF T
e KHHEREHSER 2EH BT
HE T EER B R TR 2 B TSRS 55
2K DUER RO TEY 1 /N 2 BFAG
B 1B EE T o Y EFITATAEAR
RAGBEUEHE B Z 2 (WS (B A JEEH) - 18
HHERES R K7 0] - FE R AR 2 B R IR
B - NI 2EHBR IR IR~ SEaG E B E - B
BE T NS 20 km N 2B - PSR
B2 EERE » HANL AT TEE IR RS TR

BB REREES FAEBEOANES
Santoul e al. (2000)WF5E R EEERIEAT N 38 /K5
S E AR - LR B &
N Ry B Ry BRR G AT E 2N - R
Rt Eheta SRV EET HTRaRY) - DUR IS
HAECAERS 2§ &) SR BR R 2SR
ZEERIEN T B YIE(T SEEk 2005)
P 4T e A4 227 R R SRR S R Y 40 8 (PR
FESE 2002)  ZAT EL R0 FBE o AT 2 P RS
EEEh IR % - MR E -

BB R EEIHEEE - 2SR
FFS R > NS DUEA > I CATSE R
VRS R OKIE > AT LAA BER S K B BR R 1R -
111 36 R e BB ] (e B B T 2R Y H F R S
& > SEEE A B THE AR - S EEEEIR
B o A E AT BEAR AN BUEEPIHE - (HAZR
A8 SRR E T4 MR B R i Bl
N HEBME 2 A AR - A iEARR S
PETARE -

B T eI - FERAYE
HEOERERAECERASCRIVEER
Z (Johansen et al., 2001) - Cannel and
Cullen(1998) 22 /N 11> #8 (Eudyptula  minor) 1T
AEDEE TR BT R BB ECREERAYIR
RE - ARV /KA - T dLASREE A
HIBEHEFIME B BRI H (0 A S ERE

=

HH NEFHE T NEE W



B EBAEBEE HEBEHE  HB BbT 7T

F 1. ROHEEHE FE P bR R B e R
([ B AR MEBRE/HG)  Eelkr) EEEREH)  EEREIE"%)

A S 4.6 2 5 40
B —#TERE 17.0 2 15 13
C ZHBIEmE 14.6 1 20
D i s 45 1 25
E THTERE 0.5 2 100

Sy 8.2 1.6 6.2 40

T e S R B Y BB T Ry DAME I E B R
AVt Er(Johansen et al., 2001) - {E & FILZEN A
EREZR/DH 10 /N 85 K& HikE
FIBSEEAE — H R rlfT R BRI HE M T2
HY » PRIEE P IS E 7] DA R S B A 4 B
A R B A KRR - K& HE R
BESHEN H R R/ A s 08:00 & 14:00
] - LR B B H IR A S A S e
& RSB K P HY B ERERAR o MBS
REBIKFEE RIS ER AR BEZ
fe KOS » HairiEFEZR > o]
REEEE KT EBERERAR -

AT R BEAE BB 38 AR IR ] R 4K R
W B9 A RE R BURIIE B AR AT AE
RHEPEER - MER R BRESEELE
il - Bl e E BB S A T B U KIS Y
BT HEMI ] R B S BEAE A [ /K28 N AVASEE A
a7 VAR TSR RS A aly - DL
AETTHEERE -

s i)

K FASZANBHEE B E TR A E
EH IR AEE - L - T - B
RER - Tt - TiaP RS0 M -

RHE
IR - BURE - 50PHEE A P2 Er SRl

Bz AEEHRE T EE M

=

= o4
I==i

AEPSHE ~ BRI ESEE - S BEROK
é{ﬁ% * MREERE ~ BRI ~ RES ~ FOOME
AR SR E AR R, - S — PR -

5 [FSTRR

P e

Sk > 2005 o EEHEARER
2ESMER A AEEH

BT - NEGERE
iR R aL T 5T

T

B ook om

FAEPHHE ~ FFOKIE ~ RS 2000 o B THIEES

o+

B (Phalacrocorax carbo)#k %17 By 2 W
% » P -

FEPEHE » 2002 © BB A EEREERIHEN -
EFIER A EEHE -

HEPEHE - 2003 © PR Z A REIRR EIHEDH] -
PR AEEHE -

FEPEHE > 2004 - PR A EBRIE RN -
EFIBER A EEHE -

PRECHE ~ SAEGE ~ J7 0017 » 2002 « FT0K R

OGS TR AEEHE -

Cannel BL and Cullen JM. 1998. The foraging
behaviour of Little Penguin FEudyptula
minor at different light levels. Ibis
140:467-471.

Johansen R, Barrett RT, and Pedersen T. 2001.
Foraging strategies of Great Cormorants
Phalacrocorax carbo carbo wintering north
of Arctic Circle. Bird Study 48:59-67.

29



RS > G - TR ToRER

Kirby JS, Gilburn AS, and Sellers RM.
1995.Status, distribution and habitat use by
cormorants Phalacrocorax carbo wintering
in Britain. Ardea 83:93-102.

Lindell L, Mellin M, Musil P, Przybysz J, and
Zimmerman H. 1995. Status and population
development of breeding cormorants
Phalacrocorax carbo siensis of the central
European flyway. Ardea 83:81-92.

Murphy RC. 1924. Most valuable bird in the
world. National Geographic 46:270-302.

30

Murphy RC. 1936. Oceanic birds of South
America. MacMillan Co.
Santoul F, Segura G., and Mastrorillo S. 2004.

Environmental determinants of Great
Cormorant Phalacrocorax carbo
distribution in small man-made
waterbodies — a case study of gravel pits in
southwest France. Hydrobiologia
528:179-186.

Serventy DL. 1939. Notes on cormorants. Emu
38:357-371.

e

HH NEFHE T NEE W



