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Abstract:  As part of Southern Ocean GLOBEC (Global Ocean Ecosystem and
Dynamics) sponsored by the Scientific Committee on Ocean Research and co-
sponsored by the Scientific Committee on Antarctic Research, the research program of
Sea Ice and Penguin Study (SEPENS) had been conducted at Syowa Station area.
The program was promoted from 1995/6 to 1999/2000 season as one of the 5
years-core projects of Japanese Antarctic Research Expedition(JARE)aiming to un-
derstand how Adélie penguins (Pygoscelis adeliae) respond to change of ice condition
through their foraging and breeding behavior as indicator species of marine ecosystem
changes. During 5 years season we surveyed the sea ice condition, diving and trip
pattern and nest attendance pattern of penguins.
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Table 1. List of participants of the SIPENS project.
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Fig. 1. Adélie penguin colony at Hukuro Cove, Langhovde, Liitzow-Holm Bay.
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Fig. 2. Annual and seasonal change in sea ice distribution around the Hukuro Cove Adélie penguin
colony.
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3.6. BIKITENECERET
7 SIPENS #1[H] |3 B8 W5 E A= RE R B 1< R Rl R 75 KR D IFER & SR E T 2 ¥ 72 78
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%2 APFETHWIT— 5 o H — OHEE & BKEE ORIERE
Table 2. Information of data loggers used in this study and its programmed sampling interval.

—

Parameter Size(mm) Weight (g) Depth Depth Sampling interval
Dataloggers datatype* diameter length accuracy(m) resolution(m) for depth (s)
NIPR-DT  Depth 14 85 27 1 0.5 5(1995 Monit),
Temperature 3(1996,1997 Monit)
or1(1996Trip)
UME-DT  Depth 15 50 14 1 0.05 3
Temperature
KS-DT Depth 19 75 36 1 0.1 2
Temperature
KS-DC Depth 19 75 36 1 0.1 2
Conductivity
KS-DCL  Depth 19 75 36 1 0.1 2
Conductivity
Light
UWE-DCL Depth 20 107 66 1 0.05 1
Conductivity
Light
UWE-PDT Depth 20 102 50 1 0.05 1
Temperature
Speed
UWE-PD2G Depth 20 122 60 1 0.05 1
Speed
Acceleration
UWE-PD2GT Depth 21 17z 60 1 0.05 1
Speed
Acceleration
Temperature

*Only depth data was used in this study
ERRTRWKRET—sOH»EERLL
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DITENERE HRENCERE TH S HEO—>D & L TR EEY SR oMM EE T
EHONTVS, EKDEICEWTSEN BRI BR 2y, SEREOLEO
BAFEICAEI L TW B3, ABFFRETENIC 3 CHSEIR & FMIC S O I Eite oz ORI R %

THOTEGHFEE LTV, MY o 7EBRTREF BT AHVA LD, BFRIcX B
Aidgat Rt FEERA VTV S, DUTNCBEERTHW -0 ) 2 F %513 (£2).

4, F— 5 OE
SHEMOERIZLDZL DFHD T — 404 v 7 AEESZ Z LAk, BlcEbiE -1
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RI BFCOVTOT—70H—+ F I VR Iy ¥ —DEEK EEHY, EET—sH
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Table 3. Information of deployment and retrieval of data loggers, and number of reliable data
obtained for study birds in each year.

a) Monitoring birds

Date of No. birds No.birds with No. loggers No.
Year Data loggers No. nests Date of retrieval ) radio- " reliable
deployment deployed transmitters retrieved data

1995/96 NIPR-DT 20 Dec 23-26 Jan 16-22 40 0 39 24
1996/97 NIPR-OT 17 Dec 23-30 Jan 20-Feb 7 34 10 29 27
1997/98 NIPR-DT / UME-DT 16 Dec 21-27 Jan 27-Feb 3 N 0 29 ra
1998/99 UME-DT 16 Dec 28-Jan S Jan 25-Feb 10 32 10 19 V7
1999/2000 UME-OT 20 Dec 25-29 Jan 25-Feb 1 40 40 39 39

b) Trp birds
. No.birds with No.
Year Type :" da::‘eloggerrs Term de Dl:t:r:’:mts Date of retrieval ::' It:)":: radio- N:tk?neg\?:: reliable
used for yea ploy ploy transmitters data*

1995/96 KS-DT/KS-DCL 1 Dec 28 Dec 28-30 10 0 9 9
2 Jan 6 Jan 6-8 20 0 20 19

3 Jan 16 Jan17-19 10 o] 9 7

1996/97 UWE-DCL /7 UWE-PDT 1 Dec 30-Jan 1 Dec 31-Jan 10 (o] 10 9

/NIPR-DT 2 Jan9-10 Jan 9-10 10 0 10 9

3 Jan 19-20 Jan 20-24 9 0 6
1997/98 UWE-DCL / UWE-PDT 1 Dec 28-Jan § Dec 28-Jan S 21 0 21 10
/UWE-PD2G

1998/99 UWE-PDT 7 UWE-PD2G 1 Dec 31-Jan 3 Dec 31-Jan 4 24 9 24 18
/UME-DT 2 Jan 9-10 Jan 9-11 14 10 14 10

3 Jan 14-15 Jan 1417 17 o] 16 7

4 Jan17, 26 Jan 25-31 13 5 7 1
1999/2000 UWE-PDT / UWE-PD2GT 1 Dec 28-31 Dec 31-Jan 1 20 10 16 15
2 Jan 4-7 Jan S-8 25 15 20 20
3 Jan 14-18 Jan 15-19 21 12 15 15
4 Jan 25-27 Jan 27-29 13 10 1M 10

*No. birds with dive data covering full foraging trip and with stomach contents data.
RHMY Y TREBENN~TIMKTF-5&. RABMOBA MBS NAGN
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Table 3. continued.
c) Radio-tracking birds

Data logger deployed 0 . o period of radio-

Year together wnh a radio- with data tracking
transmitter
1995/96 KS-DC 8 Jan 2-4
8 Jan12-14
7 Jan 23-25
1996/97~ NIPR-DT 7 Dec 26-27
8 Jan 5-7
6 Jan 15-17
2 Jan 26-27
1997/98 No deployments No data
1998/99% UWE-POT/UME-DT 8 Dec 31- Jan 1
10 Jan10-11
8 Jan 26, 31
1999/2000* UME-DT 39 Dec 27- Jan 3
39 Jan4-10
40 Jan 11418
40 Jan19-27

*Same birds were radio-tracked throughout the periods. Monitoring birds were used.

#Trip birds were used for Dec 31- Jan 1 and Jan 10-11. Monitoring birds were used for Jan 26 and 31.
EPEBLTR—-AUNS T~ EMRE. TSV IR ERM.

¥1ZAB-TAIE. 1A0-NBIRDVTIR MY » 78t 1826, ITBIDVTIREZS UL YUHEER.

x4 EMEMICE T B A O & T EE (Japan Meteorological
Agency 1966-2001 & v &%)
Table 4. Mean air temperature and wind speed at Syowa Station (Modified from
Japan Meteorological Agency 1996-2001).

ll

1995/96 1996/97 1997/98 1998/99 199972000

Mean air temperature (C) Late Dec. -2.3 -0.5 -0.3 -2.4 -4.0
Early Jan. -0.9 -1.7 1.3 -0.2 -2.2
Middle Jan.  -3.1 -1 -0.6 -0.6 -0.3
Late Jan. -0.3 -0.6 -1.2 -2.6 -4.2
Early Feb. 0.4 -0.7 -1.2 -4.3 No Data
Mean wind speed (m/s) Late Dec. 3.97 4,52 4.88 4,77 4.14
Early Jan. 5.40 3.90 4.03 7.59 5.83
Middle Jan.  2.33 2.78 6.23 5.85 5.70
Late Jan. 3.92 3.55 4.83 9.56 2.60
Early Feb. 5.23 7.58 5.76 7.05 No Data

HIN, @wXELTOENATREEZIT->T05S EXRX 20 /). S oICHEEED, 7—
Y ARG B0 7— s DEREEZ{TODSDH 50, FEERICH T A EHRE ORI,
S, Honfc iy — v OMEELITO@ED TH S,

AHEICB VT, TERIZDHEDLERETT I OMWITHNCIT > TEATEOGHEZ £ & F -
TR RN 5 2 I KRELHEN S - 7o, AV icsEt o ER, EERO(E
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Table Al. Mean distance of foraging sites from breeding colony.

St——

No. sites Mean distance

H *
vear Period (No. birds)  from colony (km) sD ANOVA
1995/96 Jan 2-4 27 (8) 1.49 1.01 df=2,84
Jan 12-14 33(8) 1.03 0.55 F=14.8
Jan 23-25 27 (7) 2.36 1.23 P<0.01
1996/97 Dec 26-27 15(7) 0.52 0.52 df=3,75
Jan 5-7 32(8) 0.94 0.45 F=29.9
Jan 15-17 26 (6) 2.45 1.13 P<0.01
Jan 26-27 6(2) 2.78 1.12
1998/99 Dec 31-Jan 1 24 (8) 0.77 0.66 df=2,62
Jan 10-11 25(10) 0.69 0.48 F=16.1
Jan 26, 31 16 (8) 2.91 2.53 P<0.01
1999/2000 Dec27-Jan 3 139 (39) 0.82 0.62 df=3,578
Jan 4-10 96 (39) 0.87 0.74 F=9.3
Jan11-18 174 (40) 1.20 0.78 P<0.01
Jan 19-27 173 (40) 1.10 0.71

*One-way ANOVA for seasonal changes in foraging site distances in each year.

‘BECHIIRBIBRETOERMOEMEICOVNTO—TRESRSIH
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Table A2. Between-year and sex differences in dive parameters for monitoring birds. All dives
recorded during December 31-January 15 were used for each year.

Year Sex No. birds Mean dive s Mean dive s Mean surface sd
: depth (m) duration (s) time (s)*
1995/96 Female 1 22.8 3.8 96.9 10.2 50.3 11.2
Male 13 20.2 10.6 89.0 23.2 41.9 13.6
1996/97 Female 13 14.7 6.7 56.2 12.6 27.1 7.6
Male 14 12.4 6.2 53.5 9.7 25.0 9.2
1997/98 Female 12 14.3 9.3 45.6 14.7 22.4 6.2
Male 13 16.2 6.1 55.1 30.4 29.6 19.9
1998/99 Female 8 19.2 3.9 74.1 7.9 38.8 8.3
Male 9 18.3 5.6 72.9 131 35.3 8.0
1999/2000 Female 20 13.2 4.0 64.7 10.0 30.4 7.0
Male 19 12.6 3.9 63.9 11.3 32.5 7.0
Two-way ANOVA
Factors Year F-value 8.74 28.2 16.1
P <0.01 <0.01 <0.01
Sex F-value 0.61 0.05 0.24
P 0.44 0.83 0.62
Year*Sex F-value 0.52 0.98 1.97
P 0.72 0.42 0.1

*Surface time within dive bouts were used.
*REAAERMII KD FADBDITR> TRV
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Table A3. Between-year and sex differences in time spent diving per day
Jor monitoring birds. All days with dive data during December 31 -
January 15 were used for each year.

Year Time spent diving per day (h)
Mean SD No.birds/nests Min.  Max.

Female 1995/96 5.05 1.38 12 2.71  7.05
1996/97 5.09 1.81 13 2.88 8.77
1997/98 466 0.92 12 3.2 6.59
1998/99 3.84 0.96 8 2.51 5.33
1999/2000 474 1.5 20 3.06 7.8
Male 1995/96 475 1.37 13 2.81 7.38
1996/97 4.55 1.07 14 2.84 6.48
1997/98 3.88 0.8 13 2.25 5.18
1998/99 3.68 0.72 9 2.99 5.45
1999/2000 3.51 0.61 19 2.56 4.7
Pair 1995/96 10.17 2.82 8 6.4 1338
(Female+Male) 1996/97 9.96 2.58 10 5.55 14.43
1997/98 8.56 1.46 10 6.61 10.58
1998/99 7.47 0.84 5 6.37 8.56
1999/2000 8.01 1.53 18 5.58 10.86

Two-way ANOVA (Male , Female)

Factors Year F-value 4.19
P <0.01

Sex F-value 8.87
P <0.01

Year*Sex  F-value 1.03

P 0.4

One-way ANOVA (Pair)

Factor Year F-value 3.17
p <0.05

Min.: Minimum value for the year.
Max.: Maximum value for the year.
Min:EDEDFTHHR/IE
Max. . EDFEDRTHOBRKM
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Table A4. Between-year and sex differences in foraging trip and chick-guard
durations during late December-mid January.

. Mean foraging trip Mean guard
Y . . .
ear sex No. birds duration (h) s duration (h) sd
1995/96 Female 20 19 4.1 15.3 6.5
Male 20 17.5 4.5 15.5 4.5
1996/97 Female 17* 20.8 8.6 11.7 3.5
Male 17 16.9 7.7 13.5 5.9
1997/98 Female 15 14.5 4.0 14,2 4.4
Male 15 12.2 3.5 17.3 4.0
1998/99 Female 16 14.8 4.7 14.6 4.9
Male 16 13.9 4.1 16.6 4.6
1999/2000 Female 20 16.3 3.8 14.9 3.9
Male 20 13.6 3.6 17.3 2.7
Two-way ANOVA
Factors Year F-value 7.8 3.2
P <0.01 <0.05
Sex F-value 8.3 7.2
P <0.05 <0.01
Year*Sex F-value 0.16 0.5
P 0.96 0.73

*Sample size for foraging trip duration was 16.
BRE R Y TRIZDVTOY S TILEIRG.

B s BEHD 1 ORE, 2 ORORITOMMANE, $O R~ O (mean+SD)

Table A5. Meal delivery rate and chick growth rates in relation to brood size.

Year Variables Brood size Mann-Whitney U-test
1 2 z P
1995/96 Number of nests 4 16
Meal delivery rate by pair (n/day) 1.001£0.34 1.4310.24 -1.89 0.059
Meal delivery rate by female (n/day) 0.50+£0.00 0.74%0.19 -2.65 <0.01
Meal delivery rate by Male (n/day) 0.50+£0.34 0.6910.13 -1.56 0.12
Chick growth rate (g/day) 83.0123.4 86.0121.3 -0.38 0.71
1998/99 Number of nests 8 8
Meal delivery rate by pair (n/day) 1.31+£0.33 1.6710.22 -2.04 <0.05
Meal delivery rate by female (n/day) 0.63£0.17 0.90%0.22 -2.31 <0.05
Meal delivery rate by Male (n/day) 0.69x£0.21 0.7710.15 -0.68 0.49

Chick growth rate (g/day) 106.2+£11.5 101.6112.6 -0.67 0.5




