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IKHDE, MEANOMWERMEEEINS (2
& Z13 Band et al 2007, - B 2013).
Douglas et al. (2012) &, ErGHETHEIN
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DX KT EZLNS. 9, HEBEGHT
BEE N5 BHEORIREITIE O DB, A%
EDBEFLICHICT ZRHIHIC K > TRELE
t32ceThs. Fi, AUCHHITH- T,
LURSAE (W - #6H 2010) fHSEM:, HAE

TTEI DR 212 K O P TN 13 H 2 b0
IHIC X 2 Z{EW4 T2 (Busse 2013). &5
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x&EE L, Scottish Natural Heritage (2005)
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R OEEEIC OV TR N TV iEW
(Douglas et al. 2012).
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Fig. 1. Study site

*2 DOMIFZNZHERD B2 500 m & 800m DBIEHHIPH 2R .
*Two circles show observation areas within a radius of 500m and 800m from the vantage point,

respectively.

FA=RTHO, ZTHUTIHED EHZERHEE TR
BIERRRREDOBENRETH S T L 2\ T
W5, —J1, TF LR FE S e e i o T
A IS BT, 33 [ DOMIERH & DR 5
HEE X NTIBK MRS O T ALY & A I
L DEREARGETE N7z (Maclean et al. 2009).
COME T, PWEE ST L HEEREN
x5 H, 200ZBABZEIFEAEEDS
HL BB T EMNRENTVS.

¥ 72[E AN Tld, Kitano & Shiraki (2013) 7
JtitgE T O R FE R NICRE L2 5 7
FiDEM 5, 2-3 EH &I 2 RET DR
HTEIOBISR 115 7. T 16 7 AR
Bt 247 R EBEE N, TOMENSHEE S
NI SFHDO RIS & TR A OFRE RN 5
HEE X Nz JE HiEZEER & OMICHBINH 2 T &
WRENTz. TO—FT, TOEMBIE TN
RENT - RN R A O i HLIC EZE5E L 7z

LEZLSNZHHND -z &5, Kitano &
Shiraki (2013) & T DFHE DO EILLEFRI T
I UM LR WRIZ BT E RV alREEN B
D, XbEWHERETORMNGHABEPHETH
% LI TNS.

INSGDT ERSFEZ, RUIFETIIE MBIZE
FEICHD  JHORAFEEZ XD SOFET
HEE T B DR M A Z T 5 & &2H
e L, BiEDT—2%E Lic, MR
LRSS R L HEE & N RS D RS &
DORf%, # K CHHERFI & SO TRENHE &
DBHRIC DOV TNz,

HESE
I
At SIS TR IC & 5 B ) FE BT ORESF
JRAFDLCBNT, TERBISIC X 3 SO
frEid 2T -7 (KD, BSERE, Hid



L DBV 20m DY) D7 - Jzilf & R
HO, T IMW O 1 FE 0.6MW D
A 2 EAREEIN TS, BISUESEE O
MRE LN =2 =7 Elymus mollis, F ¥
WY Sasa kurilensis, /N< 7} A Rosa rugosa
& (Mot L 2B NEE, (2013) 1
&%) DELET BTN T, BEEHOT
FEBLE, i R, PO, BN TH .
%%, FAEH TRz U CTEFE ISR
WTED, TOMRERREMLIZEDSEICHT
Tl AAHE AR O R TR 2 A & 75
S>TW3 (RARTHR— L= <http://www.
data.jma.go.jp/obd/stats/etrn/view/nml_sfc_
ym.php?prec_no=13&block_no=47404&year=
&month=&day=&elm=normal&view=>2014 4
10 1 24 HERD).

ERERICK 2 BEORTHHRE

SSFROE BB N E L TV D &
ZbNie, BHEHICH=% 2012 £5 A 21 H
-6 H10 HD 12 HIM, # (5 W -8KF 1077+
B (10HF 3047 -12HK54074)) - 4 (16 K -18
IF 20 43) ORFEIHHC S 2 RER DRSNS FEOH
#HZ1To T, BRI DV TE, 3 HEE
BRI 5 F2 728 9 HIr DT — 2 Z2 fighric il
MUz ZNLSN ORI T, FRAEMRHO
B ORI IFFER T Nz,

BIZUIK 1 OE D BTV, ERM S DK
PP ZE & A U AR TR T Eh R
72921 U 7z Kitano & Shiraki (2012) Ic#UT
800m LN, i 500m LU 7% Z N2 nsg
HipAE L, CORPANTEHEEINEZIRNTOE
HRORHI L Z N5 DI TR & ik Lz,
%8, AWHRICET BENTTE, RSO
EAREL L 1B R < BISHHIPAN 7238 > 7o FRAEL
DIREPS T B, Vo fe AREFEIPED 57
U TR T CRIEGHIPHNIC R > T & 7o AlBE
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MDD BHETLTNTNHN L ORI T—2 &
UCrcek U, ZORBEEZ R L LTV,
/e, WEDORITEEONER, MEORS
ZHEAEL LCHITT o 12,

T — R R

BE LTBISHIIC BN T, NI RV AT R
Corvus corone & D &/NE WY1 X0 SHRE
A TERWGEGND D, TEEAOREE L
tEZLNZT NS, BIREINEEDOS S
INYIRY T ALL EORE E ORI 2 et
Gl £, WORIYHITAENTT A
Z A C. macrorhyncous DX RN T EHE WG
MHolzT s, MFTCIEmEZE EDTH
< A$ Corvus spp. & U T - 72.

SRIOMENTCIE, BT > 72 2 RO
Bgr 1 MOFABR L HEL, FEBEHEE
NI SFAD T RHBUE DFE 1 & DB R 72 Mia s
T 57D, LTFOFIAT/ V85 A MY w 7 -
T— b ATy TR KB 72T o 72,

¥, HHERE T/ Tz 33 115 O SO R
BT —4ah5, M eI 1-50 [ (2-100 KERT)
DNAGRAE M E Sy DT —% (1-50 F2AK) 7%,
BORLZH L THERYDXAELS T VA LI
VYTVl TNENODT A RT
TRITHICEEAD IR 2 Uz
TR LI 1 HEFEDIRL, Ad—E (2
KD 3572 D OV D HEE A fE (LA
T, HEERFHBE TP E K5 &2 D 95%
EHEXMEREB Uz, £z, AERBICKZE
D DR DY 3 22 2 WG B Tz I,
50 Bl H O ARG A TR U 7o HE e R B e
YA D 95% S M X B DRI 9 5 &K A A I %L
TOEHEXEOROILZRDTz. 5, K
WHIORSAFE DXL Z A B TeDIC, 12 HED
BiHFA & TSRS NI & OREIE i, &,
A7 DIFRH T C Kruskal-Wallis 1% F U C g
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Fig. 2. The estimated mean flight frequencies of birds and 95% confidence intervals in relation to the number

of investigations using the bootstrap method.

*White lines show the mean flight frequencies of birds and black lines show 95% confidence intervals.
*Arrows show the intersection points of the mean + errors(%) and 95% confidence interval lines, and figures
with arrows indicate the number of surveys for each intersection point.
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Fig. 3. Changes of the relative ratios of 95% confidence interval widths in relation to the number of

investigations.

*SEX B OROMALERIE, T — MR N Ty THEIC XS 50 mFAAZHE LTz & & OHEETASE T
PIED 95 % SHAK B DRI %, B ERBOEHXHOEDOLE L TR,

* The relative ratio of a confidence interval width is indicated as the ratio of 95% confidence interval width
of each number of surveys to the confidence interval width of the estimated mean flight frequency of
each species based on 50 investigations using the bootstrap method.
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Vw2l « T—h XMy B OHEHEINE
50 [El DA ARFR AT K 2 0 R I - 1 i &
95% EHX R Z X 2 1T R Lz, X 2 13 HEE
FEEEDTRIEE LT, #EERESEE Pl 5 0
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RRZRUTz.
FEATDFER, A7 ahEADHHE—EH

72 D OHEEFRFNSVL T E I 50.6 (50 [
Wi LURREIL) T, T +50 % /KAED K 72
fits 72 9 A A H U 14 18], -50% ZKHEL 10 [a],
+25% 7K#EIZ 50 [\], -25% 7KHEX 45 []72 5 fz.
X7z, 717 ABOHEERFHBUL THEIX 5.7 T,
I fE +50% 7K HE X 9 B, -50% 7K HE I 6 [,
+25% 7K HEIE 34 [8], -25% 7KHEL 24 [A] D
THERESND  EARENT.

—73, HEERGHSE FEIfED 0.09 DA P10
T TIE, 95% fERAXH D LTI 50 [
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# 2 12 HEOFRE CHRL S NG C & OFFA—m (2 KD 247z 0 PRk
Table 2 The mean number of flight birds per a survey (2-hours) observed in each time zone at 12-day

surveys.
i# 5:00-8:10(n=9) 10:30-12:40(n=12) 16:00-18:20(n=12)
Species 2 H =Y DRI = SD  Number of birds / 2hr + SD p*
A& OhEA
Slaty-backed gull 1267 * 1190 8025 = 5068 4933 + 3458  0.001
it S
Black-tailed gull 11 * 033 458 + 1012 050 = 100 0.184
Sy &
Cj”z*ﬁ 367 + 200 800 =+ 541 483 + 195 0.101
rOwW sSpp.

*Kruskal-Wallis test (df=2)

ZOTHITIE 27 M OFENRETZ 5 T2, 95%
EEXEO FHZ DOV T, WfEe &
-100% IKHED R E BOHEEREIE T, T OMET
HEE T DI A YT T T 400, T IR
OTiE 12 IORMENREE TN e, Wl
e slcans ORMEREE TORFFHXME R
fllZ 0 7otz

I, 50 [al 7R A Ry O HEE FRENAEE I i
95% 1S X T DRI X 2 SR AR T D54
KHEOEDEHI-E TS (K3), TXTD
FETRMOFERIRE NIz, EORTE 10 (1]
L OMELIE, FEHEXHEOMEO ORI
mehicEote. £z, FEXHEOIEAL 50 [
FHERED 1.5 f5LUF &R 2 EREUE, 44+t
JUAEAT23ME, HTRET22M, 73
FATI9M, AYa Ty TI13MEST T2
L, v3Ixakivnvy cldiEmkozs
BIctE S ERNGHEX I B FR#AE T TV
cehs (X2), Wi 15E%2 FREZ DY
RO T21 [HLRE, FVa Ty T 17 [HLIRE
Lol i, FEXHEORA 50 FIFHHE K
D 125 BLLF &5 AR B, I3 T
31[nl, AT RAET33[, AAELIOHERAT
34 8], AT T 35 ELETRE S 1.

FERETIC K DRABEEDE L
BERAIBDOEZ o leAA v Ta e Ay
I3, AT RABCTOWVT, 12 HEOMFHH
e (2 S 72 O DR ) 2, B, ¥
ORI RNCItiR Lz T B (K2), 4%
TJHaHNERADHTHEEN A SN (Kruskal-
Wallis test; df = 2, p = 0.001), JEDIRFEEE A
Fhot, UIRaL T AR TIIAEEG R
WEDD (p>0.05), BEOFRFMEE A &)
MALNTE. TOT &h 5 SO X3
ARETIC K > TR D, SR L7z 3T
& HHOHED SO ATREED R E Nz,

ER

SEOfFfrIic kv, BHigggcary Az
KB LeA A rahEX e S RO
HFUAET 1F, PIfE £ 25% KHEDKERE THEE
N ehrRENnz (K2). FEKEO L
& R CHE D T — X Z1% % Tz IS EL
BMHEERENEE B 120, BROZVHICH
by 3L, FEE 25% ORSETHET %
®IcidFA A ZaiE AT 50E (100 KD,
715 AFETIE 34 [ (68 KEf) LL LD E sl
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WIPIRELNWZ B, £z, R fE S
T LY £ 50% KUEIC RiF % &, A4+ 1
AEAT 14 1 (28 KiED, 517 AT 9 A
(18 fftD) LU LOFARE TR RER C L HRE
Niz. TOXSICHBHEDOREWEETIE 50 [
(100 KD LUN O FRE T LLELIRS D R IR
P EHEE N RETH D, BB ZEML TZ
DiERZH O THALT 5T & T, HIMKET
DHEE IS BT R 80— T & % nlEElE:
LH%.

—7, SEOBHEHERTT> RHHDY 2 %
apAvaIIOLHIC, LELE, £k
M U R U WS DWW Tid, 50 [H
(100 FERED LANOIE sUBESHHE Cld @V ag
T OIS HEE L EE LD ATREE D R E Nz
F7z, WRED 95% FEEX MO FREIE A Y Ra
7T 39 8] (78 KERD DIEET, VIXk
aTE 111 (2K OFEFTOR ST
WD, B EERBDDIEN, HEVIE
TSI DDV ERRIE, BRI D EN
ERER LTV E T E NS afREMEAE W T
EAVRE N T,

DX HEHERIBO VIR ET S
Baicld, HEE E N TRENBEIE O RS S 2 AR S
DN TR EEHOTIHMEL, A oeEX
HNZLEICITBERABZFEMT ST Lixick
RO e HIETmENH 5725 5.

F7z, 50 EHEZITo 2 & & OHEE R
JEIMED 95% fEHAX M DIRIC K 2 %R
EECOEHEXMOMEDOLLE, EOMMTHIEE
kDM ZRL7z (K3). Lieh-7T, <
Dt OFEHE 50 [ (100 Kifi) LUNTHEH
SR OEOCTABRRZ BT 57200, Uk
DOREE UTHIARREE E A BN D, ok x
1, 50 EIFHERD 1.25 LU OEHEKE DS
IR UCOHIRAE ZHEET 2 L L
zh, EofETd 35 B LA RIS

IEEKTEZAREEDN SN E WA S,

—J5, AR 33 [\ L 2B D 5
B 3MOFHETULIHE L >feA Ty
KDOWVWTIE (1D, 7—FAbTv Tikick
%7 —Z OIS B TIREIHOIE 5D & Wi
YNSRHMEE N CWARWATREEN S 5728, D
TR KRB EEEZONS. £, 5
[ NI W T2 BRI DO W CRE R S & 0
R CARBEPEIC DWW TN 2. BRI E
MBI & &, B BRI T — 2B TE L D
LB —E IR B CHEICE#Z £ D
& T, SO TIRSRERIBTHEI N
e REEDS, —EMR (ag) Z@EWzftho
BRI D & Z BT NI MRENE & AH BB %
EEDOCT L EEN®T B, il O—E Rk lag &
1-3 [ & LTt LIz& T A, 715 X T lag3
ICBT B HERMBENRENT (> 0.06, p<
0.05). Dz, 11T AT 3 [IFFEDOH
PO T O RPN AHBIBI R D & % nlREME
DEETES, Sl ORHTHE R NG & 7%
STWaAhE L. LizhoT, ik
ARG O RS T 72 PO C A AT REARS 15 72 i
e Ao AHOMER B ERE Lz Lb,
T O T S NI BIERSREE O B DHRITE

RS BB D 5.
AWFFECIE, FROLREAEP1TE A 2

EL, TEHEEOEHMN LRI NENWEEZ S
N3O ARSI EE DS W T 2175 72
7Y, Busse (2013) EHFIHEOHEE TIEED
X5y TY TRV TE, LD
RENCIE K D REBRNA T ANET S e xds
LTS, Lo, DDk
EIC K 0 SO TREIHE ORI LR & W
Wik, FETH > THANITE & TR RA
KELBEBHAREND D 5.
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&, —H OIS ORET RIS 2 H 2 775
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FEREICB O TE, WRERRIC LI &
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AW DRI B 72 O i 15 s O A1 RIS
EBIEREAND 1 /7%, JEEPHEA RIS IS T%
X % TER TN TNV, BILR L LTS,
X7z, AWV 25 R REAFIEI. (1
7% 25-635) 2RI,

51 FAsCER
Band, W., Madders, M. & Whitfield, D. P. 2007.
Developing field and analytical methods to assess
avian collision risk at wind farms. In De Lucas,
M., Janss, G. & Ferrer, M. (eds). Birds and Wind
Power, pp.259-275. Lynx Edicions. Barcelona.
Busse, P. 2013. Methodological procedure for pre-

85

investment wind farm ornithological monitoring
based on collision risk estimation. Ring 35:
3-30.

Douglas, D. J. T., Follestad, A., Langston, R. H. W.,
Pearce-Higgins, J. W. 2012. Modelled sensitivity
of avian collision rate at wind turbines varies
with number of hours of flight activity input
data. Ibis 154: 858-861.

Kitano, M. & Shiraki, S. 2013. Estimation of
Bird Fatalities at wind farms with complex
topography and vegetation in Hokkaido,
Japan. Wildl. Soc. Bull. 37: 41-48.

Maclean, I. M. D., Wright, L. J., Showler, D. A. and
Rehfisch, M. 2009. A Review of Assessment
Methodologies for Offshore Windfarms. BTO
report commissioned by COWRIE Ltd., Thetford,
UK. COWRIE METH-08-08.

A EPACHE « BARHESE « =K S - EEATE - ANEE
. 2013, ki ST O oY B B &
FEARIRAREL BARAAR 37(2): 121-138.

Scottish Natural Heritage. 2005, revised 2010. Survey
methods for use in assessing the impacts of
onshore windfarms on bird communities. SNH
Guidance. SNH, Battleby.

FEHEES - wHESL. 2010, A2 0T Y BRTA A
T DA THUE & 5GHRIL & DRBIFR. Bird
Research 6: S21-526.

FHHF IR - S48k, 2013, BRIKE T VIC K B
HAD SHIE TR OHEEE. #ABER 15(1):
1-17.



86

Examination of improvements to the estimation accuracy of bird flight frequencies

based on vantage point observations
Saiko Shiraki, Masafumi Ino” & Minoru Kanaiwa

Faculty of Bioindustry, Tokyo university of agriculture. 186 Yasaka, Abashiri, Hokkaido 099-2493, Japan

The relationships between the number of surveys and the estimation accuracy of bird flight
frequency based on vantage point observation were examined using the nonparametric bootstrap
method. In the case of 50 2-hour surveys, the mean flight frequencies of Slaty-backed Gulls and
crows which were consistently detected in the study site were estimated to a precision of £ 25%.
In White-tailed Eagles and Black-tailed Gulls which were infrequently observed, on the other hand,
their flight frequencies were estimated with a reduced precision. In addition, there was a possibility
that a small number of surveys would not show their occurrence in these infrequent species. On
the other hand, the changes of relative ratios of 95% confidence interval widths of mean flight
frequencies with survey number of times showed approximately similar results for all birds in this
study. Therefore, the result of this analysis would contribute to the examination of the number of

surveys required for the reliable estimation of bird flight frequency.
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