FEBHDERED A2

REE®E B R =R
WWW.sIeep-natura.Jp

(tt) BAREREHEHERE LREREREST

HAEEIRIRIR

S, FEBCHBEDERNGDSEL
HAADEERRE I ZD 50 E£ET 1 EBRU EEDE
IEOTWEY, 4REEEDIVEZGEDOHIRT
BRIV RENLETHFEELIMBATEXL
1o,

—A T TN T IEEAREGFEDBENMBA T
£9, BERHFOAE CIFERARDFEDIEVSWNS
ROFENEWVDERNHTVE T, EIRANE CHEN
Eniahorfc. EROSHN T2 ICENGWEWN S
Ic. BIE—2&ELTWBFEEN L FELDER
EBHZIIHBITTBEDOSVEIRA1E S EHDAYI T,

B2 TEEAFBIREED
SRAEADHIRICE NS, FEERESRAL 10 BRALL EDF
LHIE 6 BRIDFELITLNT, BOES (RIEICHE
%T3) P 1B EAENCELNHBELE LT, HEE
B EIS THUORRICLBELDTT.

BENFEIRDENTEIH?
BODCETDEHDFIvIUAR
& 10 BRI TIHEWERRL
CRFEDZEBEBNTCIVEIA
BABBRETTLERT—LA

- BOHIICHEPDOPRE
-UEVIFBADIEL
BE(CEXSH—T
-HATTRILKETTCIHL, [F—2&EUTVD
- HBEBRBNTUVEWN

- BEDIV PN PEEZEED

HL. FPRUEZHETLEL. HEVEFTETT
AOERITRBEERKY grioBRsmEossteait
BIRFHEESSLBERT =
DHE TR LT/ R 5
Ty IS5 IBATIH
—BAYEDIFRRAIEL
WAETED ) X LAEIEDT
& BEERETIT HRRR 75
BEAE CERERRT
BENDTELBDTY,

AR

\ o

] 1 1 I
1860 1970 1580 1990 2000 2005 (%)

B:00
7:30

7:00

s A ST =

F oAl EEERE%%:_;\{ ?\—9—

REER

fRODERZE DL DEEIR 6 U5

BEREEICPVNTUX T~ 3T REEREL, BREED
APEE, BHOANIXLERICEEGEEZL, £
DEFARFELTHEZ IFCHETHHRANGEREE
B ENCOEREHORYEEEET L EAERDS
WELET,

51T, KUKWEERRICAIT TOIRHEMZ T 6 75&
L, SKICEREFEEOBODULNSEIRODEEN &
BEITAHEZRSWVWELTVET,

ORIUBFAICEFRER
BHORERENREIGEL D, RAICECETE
PRITULMERLY,

Q@FDKTIEARET Z RNV FH Y
BESSHEAV TR FAY, ZD 15 B
IR DEE(E,

OKXVERICHRAIEVLVLWEBE S ESEBIE
FREDLHOEEDIES, BHBIEIR %=
R(T B

@IED([FRPEZARTE, SEIEZLLTD
R/ VLR CESEE, LABE TS

PRUEEEE,

G®IEDRIFBEDEDICUS VIR

BROREPEREBDIDODAR, BEWVAR YT
TTOERZE) SV IR,

®EERBEEEHPOEI TESEITN

[FZNT+o
DEISHRFREIEAIC SO TR S, BCTHR
BERDA L,

WEDO—EYY 7 EISEERE/ \> N vy (RBEERNAFERTS
FE - HEAFHBEFH) . BLUBBHR—BBBIRDAS 1 REUFIAL
Flr

Copyright (Q) BRY D703 3v~ Sawada & B K EHITRE] 13-27



Sp—
I-ii

]
f—
>

HIRD L < A -k Al % VAREIRE
zhed, BGiRzfls/ v

LA [HEEHR

o ABR 1h 2h 3h 4h 5h 6h 7h EB2 8h
HRIFEEAFICKEME
. [l A (FRE) HBEH<EOTC
TREMBE OB E RN L. R
YUl BHERRITHEED THDT
AT =1 TET, EEREOEZRFIZER
N HDIeOITIRRITHRIF £
AT—3I2 b\\\o_(:fi_g_o
/YU
AT—Y3 1 PAIVIN: il 138 .
UL, h - T J@ ':3!
AF—Y4 A A *-f'l et ~':"“-_ — '_ o
/\/ x\/\f\/\ A I "
/ /\)l/ L T ,-.III‘::.:._‘. T 1o
ﬁ‘z%j— \ i ']..:-_.'—:. i
ERpIlcEH>—E; “L\ﬁﬁﬁEb\%%@b‘?c‘:%@ﬁﬁﬁﬁ@%fﬁ(
BEE NERB DN ? -~
BNCHh SRS --- ¥
TQ(—ij—_— D\Bg&é . 161-8 1,4 13 12 1I1 10_%0 85 ?.I?S 7 6 5..?5
“ (- i I
14
B8 12N W E %;.%
BENhs I &:}‘g—’mm AR 10: 4,0 30 2'5 20 . E | ! '\i'“ﬁ
B3 [V ] (xdz592) o o JE o8 ;’éﬁ
=l B ’ ; L 20 | |
| 5 e Tk B9 LLEE 15 13, S.J | g
+ BT s | :
= [ p BEX LEE - i ' v 1 ' |
Rlaads, SH| et | =t 2/ e L vLER | (E
i nd s o I L g : ) &
= 1 3 6 2 3 51014 19 33 550 ?50 P
HE HRO){ EJ[&H %1$&)5 t 155 é 2‘3 é ; é 183 158 380 455 70 85
X&llo i « HAA® - %
I I R HEE

E &K 90 DA CULEIRE /U

LEREZEDIRULE T,
L s (REM) EIEBAEINTLATET, ERDIRYITH
L LBEBRE /> L LEEIRA B K T,

hZzRIDULEIE =DFORAET

AR5, FREPAELLERMNEEAETT, KA
ITIEBICONZTDEIGILB O TWNEX T, L ARERDES,
BRI CAS CE T F S F B BB LU (GEEZE
ELTWEEXY, TR A RIBEEERS UMV E
T, oo TORHIBERTWASEWNDNE T, LA
BRIFCofeVEERR S S ULV, (RDERIEAtRE L TLNE
T, fefa. FEBIEFZOITHREWT EHNZ Lo, BEIRT
DIEEINZ L, FERBIFTORRICZVET,

(Roffwarg et al,1966&De4E)

iz {Rsd, BAZED/ 2V ULER

SV ULBEEBRICIE 4 BREDREDN DY, RT7—T1&£2
BIREEIR. AT —Y 3 L4 EFEEIREVVET, S

LLABRIES > UBIRE OV, BlIERELIRA T

ES

BaEEEL. HESERDICRAIRERERIVEY

. BN DZEN/ >V U LABERRICRSZ <O

TNET,

FEELDORRICEDTE. LARERRS /L ABERES K

HICEELGEDEDTTY,

s Y LR L s BBER

@ 65



1 BICVWBAIEUX LSS

E M =AY TAT7 VIR LENS RREE CE R
TN 1 H 24 BEEHTHSONEUALNBYET,
RSUETAT 2~ 4B RERBEYE T BROF
%2~ 4BSICLERALREYET, AEHIHL
i 4 BRITRICE STV BT ENSLDT, BERHT
ATHEVEBHORRIHIET,
RPBSEHIRR R ERREVNS ETAITH Y, HITEDT
BEINET,

ErDFRE(EEREIDYZX L

i3
<

F2~4E0D
# EES

~ Y

CHEO SR

(Lavie P, et al,1 SBS£0OME. B

SOBEDRWVERZFDIZH(C

1. BERIG SRR DD EZ RiE(C ]

EEERAFODRIRE | SEUVVERERIF S X
BHZW\WEXT N DR H B G S -EROE
METT %,
BFPEIFFICZOERN R (FE 464nm)

LED BBBBIZ & 5ITZF DABRHFEL

TR
eI —LEBA LT EEN
BoacTLEEREEL
BAEIIER B YT —LEHEDEN
RBERIIHATBINRELEVD. B1EBEHHOETE
ABE. BEEOHNTHNZL, LED HEHRE
TfED
BRAVEZREICHTITHEWL

FCPREFODMREIRE - 8. SREDEREVES X
BHEENIELE, BESNHEWV-HNDBESEEDE
L TRESERET S
BEETH. CoOSAICERRTETLEWD

TR
BHATEEONSLDE. H—
)
B —T NHEDLIE N
BRZHIICL—RAD—TUEFICT S

TIEEELSDT

R BIREIE(EREfRT D

XY REUITEDEFZHETIC
BBT A HDBRLEDT — 1T &% & OB T
B (ABEUB) OEETIE, BRI 7 BRI 30 5
B, D10 BEECERELTVET, LAL,
RAEETEODELNE (C 5EUD) DERICHEDE, B
FRESZIANR Y, ZHUCEd s oCEmRRE A
EoTWET, B2 LTIdd 5—EOmIRE A
RETHY, ThEBRT SN ERREOATE
IR,

FEBEDWRICLDE, EEEESTNDHA
KAUDFNE B T BBENAETNENSEREHT
VEY, o,

23:30
- - TEOMERIRY
KOICHEER & : O
ga I|:%f Lj: LI’_jZ} ?% 75 -123:00 ..
il §
ICEARLTL &’ S
B B
%)@T“?Lo B o .. 230 X
‘m
5 22:00
ARFE BIFiE CIFi@ DIF@E
B

(Wolfson et al.1 998&0ME)

~rO-=IL9 D

I . “
; / : X b \7;6* o
!vlk_l'_-'._' / WS IR j id
f (ERE) | S
£l X,
. = 7 lT TSR

/\ [eok=>]
ST . T S— ¥ FUMEAT R (LT k. )
DB W | wmmEomes m-[ L BN (R 1 | )

|- AL | | bl WEr) oW il Tt 1]

{EWMNIC{HERT SIEE)
e

]

WEOBFORS 4———]_
R IS 20,0001
DEOBPOEY ———]
MOSeS 10,0001
5,000
| Egbrd=loal gulerdini i 4——-—-[
2,500l
1,500
WEREROT A +— .
= 1,000k
5001
I 300ix
1001
'E 100
0.2
(o) LIWE3E, 1 S99 L 05MEF)
%@’ ﬁjf*';'(}}ﬁ EX.D (700K} Rad
HHLT FE
TR
> 1007 (] ot —
= I )
-‘f—; =464 nm \
2 075 0.1
w
E T
£ 0.50-
3
G k
2 o0.2s54
“ 0.00 d =2 4
400 450 500 550
Wavelength (nm})

Brainard et al. (2001)




2. FRoE,
FTREE, INHREEICDEDL D
CMEEETHS 14 BRRICE DLV S HEND
VET, FEEDBASESICEGYET, 2RES
2L, EFREBEDTLEDIFBTENAYL,

BCERIFwe. RUTRT7DBWNS
VINOBHTHICEDTE

BT /BTHAHN) TN T7UIEA AN =
HREGEICZEENE T, M TN 7UIETRDR
IWEY - ZORZVICEDY, ESIKERYVDKRIVEY -
ATRZUNCEDYE T, IREEORT/VDFACERHNIEE
T,

3. REFEKRAIFERE 33CEE 50% :
BERREIERD. TEREIEZERITD

FEBRTFEDVWTKRELED
HROERAHES -

BOHMAD25~3
fEBUET, DEUT =
EIERICHDERTLY
DTY, -

EEER D —ER -
[ENRDER o'
IR —BRD./ > LAEEDRIC, FH% D
THBYET, CORICTORENBLE, KED
REHYBEDOFORRIEHA LN YET, ZNIC
FoT EENEEOTLESE, BERLEVDS
WD E T

| ERRAHED
CEmIC R B

BACER. BE FRAIELWLWEFRUILZ

EF e PARBER -2 L . o
EliE sidezdato  clx
HXE PLERBEIBA-RUER
ZEE%E BoxlL NV _HawBHE
w5 At CHEBLE LSBT E
%%+ EARI U HE T U¥ %5 E
MEe DIELETEDRETCER > e
HED oW L =&k DEEB
BES SHMBEPOZoBi4dw g
Hagk HAPHFTRO-HITOE
- ERE2Re0EEAE \
Qe REsLEHEIR-A
5hs 3>
AL Ao FEEE 12X L
DES > i = g
L= zio>
5 57
EEE  TEARELHZ éﬁ
PO ° J
BERAEH AR \EX=2-&FLOOEE%) ' )
S2REREER PETEC|TaIE
Y- SHUE BN =
HFE@dic fE1geson
xS 5 3 2 | 61.8 44.9 \
=123 =l %4 p A
THEGSH " S iresneR 12 27.9 —
— B A E R — | R LTETF

T an £ 100

25} 1] 205mg
L) 45mg
BE 20mg

BAR{ES 105mg
Pa—2A 2mg

W 245mg

aE 150mg

215mg

TH 530mg
a—t—% 30mg

G (RUTATIVE) S#FD
EIAROIDBEMNEE AL TH DI L, B
SOILRLHRES OBIRELIERY T ATV H
EEALTY, TOBAE BEENFEALEONE
Bl TOVIDEREELRNDS 5D, ERES
WEYTBTENSAYEY, FELOEREREDS
& RREMOSHET THTT.

RO DRV ERRNIVE DT
NE  h 2h @ 4n s en
PN

7h HE 8h

EéE
LAt o
S
=

LAL2

J U LBEIR

LA

LA L4

ARNIVE D DIINE

[O5L) BREGRE

LIEWAD TR F—ZEDOECTCTEEVAET,

FREREDAENDEA
@V MIVAGZENBOSDERAED S BB ETEH L HTH5 R &, B |
RERNBEABIET, ARFOLTRAHDE, BB TERS o e
VET, AR U
OCOHRIT LA oTC ST VRS, BAREYTTH, M ERE ﬁwﬁmém ﬁ;mmm‘
LTEEESTWVSE, OB TLEVET, ‘ AMBTILES ‘ 2H0TP—
O YR EA Y INI VI ANAICRREC THBBRETHE, BREE [ paosaoss | | mnss
REE LGITMRPORBYEDOENMER, TIUTHKESEDITRN VL } |
FROHONET, I1)VAGLELEIROITE, MPEDIRDE EHE —

@R ZOLco, EEBELEVCHOGENRE (BR) SREZLHTEHDRRLOEICOTHIET,




