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Keynote of Dissertation

Applicant: Norio Abe

This dissertation is composed of three major arguments; “Light Emission Pattern of
Firefly and Human Sensitivity”, “Creation of Cure Spaces by Utilizing Firefly” and “Science of
Firefly Rearing”. More specifically, it begins with physical and mathematical study of light
emission of fireflies and creation of cure spaces based on the evaluation of light emission of
fireflies-from the viewpoint of Kansei Engineering, and it rounds out with the science of firefly
rearing in the hydrosphere environment established by modeling precisely the environment in
nature. I first examined the effects of the fluctuating property of the firefly’s light emission
pattern on humans, and secondly suggested and evaluated the mini ecosystems from the
viewpoint of Kansei Information Measurement and welfare utility. Lastly I developed an
argument on science of firefly rearing which we newly developed in line with each thesis
accordingly.

In the first phase of this study, I focused on the healing effects of natural environments.
I took up the firefly (the light emission and its hydrosphere environment from the viewpoint of
an ecosystem) as one of the healing factors, as it keeps fascinating the heart of the Japanese
people with its fantastic light as a part of Japan’s bountiful naturc. Then I studied the
mysterious light and human sensitivity. I examined whether it causes human mind any effect or
not. I measured and analyzed luminescence phenomenon by using technological application
such as image data processing and statistical processing, in consideration of creation of healing
spaces with fireflies and mini ecosystems for hospices and welfare facilities. I also evaluated
fluctuating property and fractal dimension which are found in the light emission pattern of the
firefly. At the same time, I evaluated the effects of firefly’s light on human mind by using
sensory evaluation method through the viewpoint of Kansei Engincering. However, these
measurements covered only one side of bioinformatics given by the light emission pattern of the
firefly, and they do not consider the other important information, i.c., the hue of light and its
fluctuation. Therefore, I added more detailed consideration of the light of fireflies and human
sensitivity, by trying another approach to examine the fluctuation of the hue of light which was
seen in the emission pattern of fireflies from the viewpoint of hue psychology and Kansei
Information Measurement. In addition, I examined how the color of light and the variation of
the hue of light affects human mind psychologically. Next, I utilized the virtual firefly
illumination system which I developed based on our study of firefly’s light emission pattern and
its fluctuation to examine the nature of artificial mini ecosystem. At the same time, 1 aimed at

creating cure spaces for hospices and welfare facilities with consideration on the eflects of
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artificial light on human mind from the viewpoint of Kansei Engincering. The virtual firefly
illumination system which we have newly developed can provide the light imitating that of a
natural firefly, and it is expected to have the same cure effect with the natural one. Although
natural fireflics can be seen only in a certain period of summer, the artificial system can provide
the light of fireflies and cure effect, whenever and wherever, according to the requests from
hospices and welfare facilities.

On the other hand, I reconstructed hydrosphere environments mainly with fireflies in
ecological tank at the Itabashi Firefly Facility (at Eco-Polis Center, Resource and Environment
Division, Itabashi Ward Office, Tokyo). I also carried on various experimental examinations
seeking for succession to the next generations, aiming at regression to natural ecosystem and
environment protection. The information reported in the dissertation includes necessary
requirement, most suitable hydrosphere environment, soil environment and thermal
environment sufficient for fireflies to keep living, and symbiosis with fauna and flora. Also, it
includes a simulation of a closed mini ecosystem aiming at designing and developing ecosystem
for fireflies in order to make hydrosphere environment return to natural state, achieving
succession of sixteen generations. It is the evidence of our success in mass rearing that nobody
has ever achieved. Moreover, in this study, I additionally created a simulated ecosystem at the
Itabashi Firefly Facility based on our achievement, seeking for more natural ecosystem. To be
more precise, we made the ecological tanks bigger than those we ever had, and challenged for
more realistic ecological environments. This is our second trial to actualize the scene with
fireflies in a state of nature even in urban areas. Hlowever, artificial rearing is far {rom the
protection of fireflies. It can be achieved only by having fireflies settled in a state of nature and
keeping the elegant luminescence illusion succeeded forever. In the study, I carefully examined
perfect ecosystems for fireflies and created a simulated ecosystem with “Seseragi” (means
small stream) based on an appropriate model of an ecosystem. In addition, I asked people with
various backgrounds to experience the space, examining the effects of this simulated ecosystem
with fireflies on human mind. I am planning to advance our technology of firefly rearing
learned from the simulated ecosystem and put it into practical use, utilizing the “Seseragi” space
as a place for various kinds of education (ex ; wellare, emotion, environment). Recently, it is

found that some facilities buy fireflies massively for commercial purposes and bring them to

remote areas where they do not match hereditarily. These situations create problems ecologically.

Nonctheless, as the fireflies in certain arcas have died off] it is critical to prescrve fireflies which
are close to the heredity trait of the area as much as possible. I believe my study described in

this dissertation will be able to make a significant contribution to this end.
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2.1.1. HUTURZIV (Lampyridae Luciola cruciata)
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2.1.2. AT BRIV (Lampyridae Luciola lateralis)

A RS, MR BAEZE CHRE - PEAT - H ) Yioaam L,
AW (LK) WAERTA. KR, FYPRLMIEVNMIT, HETH 10mm
fE T 12mm Th 5. KREET, FREOHEEIC, ko) & LRV LA
Behd. iRy SRR TIEL, E)TIHA =y AT=FRlE
ERfELTWA, B0, FrIREvicd LENRT 7A~8 AT, ENITT
ﬂT@f@é.%zﬁﬂm&,&%L.Km%N&Ewmmwﬁwmi$m¥K,E
ﬁmummmﬂaﬁm%®W&m~mom&EEU.Wﬂ%ma&u%%b,Mm
kR TG A B, LG T COMBES Y ORI BTV H A, 2 MRS
1D ERIIAOMABNRET CICED Y K TE 5. BEDS-T A FCAKPAEFEED,
17mm Fif% O RBEDKMHBITETTD L, ¥y ORI N RRIDKEEORICED
EAY, kS, WEEE omm AT, & 30 BATZICIET 52, Natt I PR T
K pdETLELL EPIZVD.

PLERE DRI N E~A S RINVDEBRTH S, ZZ TREIEOEFRIZOWN

THENTVA S, BEEL:EEOREOKECHILEERICLTELEND.

2.2, HEROE B Rl

AR PEAIT G BIS T B L Do [EEES - %% ¢ 1999), BAAREINERI NV
OFDELSICUET SNERREEHE LTEHE b2 TS, LoL, TFEDAM
kAT - AT X OAMARBEOEIZL D, LEWIZE DRSO KT
REHEMLMR TV ol 0L ) i, BAPHREICH T EMOmEY L &b,
REAPERTE ZRELETR IV EOMHENG, FITHTETE R ANCR 2
T &t R AEIEC A B & & i fAHE PR, 1966 E 5 1999 43 TITHY 100
mawgénrwé.mawmmﬁgmyam@@,mw:a@mkammuﬁza

nTEREVZD.

2.2.1. WIEOFRZ IV FH

WIORZAAEL, BRLAEIT=F L DRI AL DMENSEED, 7T =T
DEE - KE - FDOBEER X 20 RE MR AT~ BE L. IREIZBI L
i T, BB L SHE SN TS, B F TR LA A 1283 < [H8) : 1988], 7
FNUBRRONDNOKRENE, pHT A O P THEYLEANF <, COD - ILRIFEZE - I
&%%;7V%:7ﬁ%ﬁ¢mw.1t.%#ﬁ+ﬁmmwrﬁb,wv:+®%m
KRDERANANS Y WBEL, &b, BHAOWRIC LI RN - ~ /%
VALEEND L VMETHD. WEMGME LTI, 9h B85k S

RN OBEFTRLHRNOE G2 L ARIUE VBRSNS ECHS. R Lm

SEmias fus

DBRITREBR RIS ER L, TIIWE DTS2 R~RE. REAOED T B

S

BRNIET R OMEIZ LB, AV =T LRI ADAT U ARBREBA LB 2 .

S

gmmm%&wnta:ef,ma»mwv:%m@@@mm—%&m&u,wv:

TERERESEL I EREFTHIEBAMTHS. £ICB L TORIEIE o 7
LS KB B L KEKER DY R Vb O B, Nt REL B e —
NERMNSTVERK) REZREL, BELTHLUEMT208L 0L ahTwn

ULV ERIN]. UEo &5 KT, BB, L Y OMWERT RTINS

:7¢%m#bﬁf,ﬁ&vtﬁmf%m&Mﬁb,mmwawmxmv@é.g<m
RENVOBRADMMEERIR L, K& R o7 — - AR I AT EIR S5 .
FHELSimic, BT L, b LRIEIRL TE £Gho ¥4 X iedbdih o
STRGXD. WHRWWRRE SRl b, FEADYH %)% & lihd 5.
B DA BT 5 5 AW L) DBBERA AL AT & IR b R b,
ATWRABZAONSIL OO MERITNITR BN, LsLAans, BT
Wy REAVBEROEERCEE ROV A I AR5 HETITN TR, =0k
ERBRUCE, HY=F ORERMARTIE L SN, Gl o bt bic 294 X0

WO =F OWRBIRICRIETHD 2 &, TATH D =F B AT o Bl ST LE 5



RS H D, —OMMERET S0, RABFKAITV=FOTF AT LY FLT
B L A D O BISE A AT v e a8 [/NIF ¢ 1993], FEALITIE » TV, HUR &
LCHE, HUERED & KRB OISV U =F 3B L, RELVORTEAHDITL
AMERBNRLRZBMIZHD LI THD.
2.2.2. ZEENPABRICETBHRSIVEATE

S TH, DORELWEEIE 1962 EALIY A TELSENMAROHETRY
EFRARD, FHAOREICONT LY BEAICHI L THE S [#KYF 1997, 1998].
1964 FICEFERBINICTH Y ORI VOB EIRIL, REMIZMEFEZITRo0
1966 I EN LR ZFHEM B~ &R Z IV, 1968 4FIZREEENT 06 J 2 PR F VD
RO 22, RAZMIERIRL, SHhEKELE. ThEThBFIC, BABR
BRDMIEEB TV S, 1969 FiC B MBAEAMR & h, 1973 FITITZEDHLE O
R NATTER PRSI &N, IWRRES VPRI V&b > TERBHZREE 2 L.
Z ORI, WAOEAEIC D <D L EE KR & DD 0 B RAETERISDVE]
EAHHELELDTHD. R 7HLMARONTIC 30m’ OIFKNAH Y, Ikl
OARIETE 3.5mE TH & LFbh, Jfs0ErMYEDL TRBICADLIIZR,
TWA, KB, 83maM4s 75, I OFMICHEAESN, K% 18mOER=—
2L HOMEAKIICRE D MR TWD. KBORMEE, RZ/ON{EETTIC
BAHTw, BEBANTSHS. EPRBAICHY = #EH - MEEE 2 EnbIED
Feds, av s ) — FOBHE LRI ORI ARKOTEDEF S DT ENTER
Mot TOH, KKEHAKNOPMEBTHRY, BERFL, TOR’DPL ORI
B Lo T S > 7 P OWRI RS Z & TREZER L. U =TT
IMAERM ALy PRI E LTHE X, TORE, KBROL T =F DY L
FoRLA, 200l FEIFFKITAOND L IRk, TORBATIE, » U =707k
Aommicgbt, FrURIAOHREEHTLTHELTEY, 1997 Fi2ik, B

WA LT W2 QAR S Uy (A RIE) O HTAARN (THERKIFNT

10

S

PE) ICEE L. KED EZOWNS & FITr — V240 K& i LT o,
%%@E%@ﬁk@%%ﬁﬁ@%@%&ﬁ%Tw.mmwtﬂmm%ﬁmuiktﬁ
WL DM, KFO%OKBITEE 22 YAz & DINERCE D0, AEh SO Dk
ARFBRIZB S ETE A2, FKILOMEAN LK HE IO LG O BIRAGIT & B Fr e
ﬁ%,ﬂ%ﬁ@ﬁ&ﬁﬁ%ht.W%ﬁﬁl%OE&Eit:&ﬁ%ot#,*%W@
Eﬁ%&‘ﬁmi?ﬂ'AVﬁ%&%é‘eL. 100 LTI E THA L. 1983 4, KRB0 %
7ot:tf,%mﬁﬁ3mﬂiﬁﬂﬁbt.Lﬂb,wmﬁmb#&,wo@ﬁ%
ICHHIAS, LT o L ZORBAFENTNS.
—ﬁ.A47ﬂ¢»®ﬁﬁw,ﬁmfzmnwﬁmfmmﬁﬁ%ﬁ:&ofwa
iT,4Hm68HKmHTm,mw%m,EéIme%mz%u—»mﬁﬁuﬁﬁ
iw%kn,E%K%ﬂﬁk@?%éﬁ&?%é.%@M@%%ﬂ,75@?%6ﬁ
%Kk%wwﬁmélh,&meETﬁﬁ¢6.HTmUtmxﬁwwﬁa%ﬁo
T<6%&@&0&@&5—b%x&ﬂébtﬁ%h@b%kéﬁ%%&owa
Hd,tf&:ymmﬁ&ﬁkrwé.m%ﬁmﬂmm&u,MMEtﬁiotﬁ
PBRIZOAVH EWNIAEL, 1995 4FI0iE 51 ML TR L. D%, 1996 4EIT i
3wﬂif@@btﬁ,ﬁE&oHtii%ﬁTéMWﬁ%%néﬁm?%b
ZEDMEOFIZ & 5Ty, 54 AOME EIERICEMER - EMDND. KEALKE
WT%%K&W&WT%&TEoTEBT.%m&m%#%%&torwé.it
&yvmawtmurm,wmﬁwmw,~47m5»mﬁurm,Ewwa@ww
ﬁ&énrmé,%@tw,ﬁmm&m%@m%wﬁﬂﬁ&%%mewfmmwaE
DRREAIET & & bi, RYRERIC AR LT 2 BB A R 2 B b
5.
223, RESR Y IVEE BT SR 2 VA S
—ﬁ,mﬁimummzvm,mmﬁmmm@mﬁi(mwﬁg&mumz)mr

EROMEI 2 R, 45 VORI LA - LA - 4 F TREMICE 2 -,



L MADRABFRACESVWEFRTREZBDILL IS, 12T o foiE E Ok
DAER M. Z OFTET R e L TR O AW (ERBAM), & BICZ DAETBK
WA Rr—LT7 o7 LRBRICEE b EER W CRE A BT L, sER e HEBOR
ORI E 7. ZOMEFEHTOMLIL, THEORERLICRTTHIILENTED L
BT, SETHLWEEZ BT ka RERITKE Pl A AR D AT Re i & o
rwa.ﬁszma»ﬁﬁﬁ&w%ﬂ@ﬁWv,ww:»,¢y9$§w,A47
BEN, ZOMOIEENBENTROEFLEMYEL, B|IE, 16 RBEL X

TW5D. ZOHMZONWTIE, #%BRT 5.

2.3, RGN DRENANZ A AEHICKDZAZ2 =T —23»
23.1. BHOANZZ L

SEAE A AT B B RIE VA, B TIEXT HRE RS, "E M, B
SRR T AL ARVEROVDESTHD. FIMBOMERLLITL, fli iz k> TE
n%nﬂaorwé.x%mfwmbrwémaww%%%m.@mowmum&%
I OEEIL 1 S>ToH Y, SMEHALIEHEY R Ay, RABIZRD L, Mk, #5 -
MO 2 OMIERL, ME, WHBOESHo—BEIRRRL, ToRNTHFVEE
LTWa.

JESEIRG T, 1885 4E 7 T 2 A D Dubois Wk »T, FORMEMEANTYT =) v LB
BALT 2T —CPOFEERALMICENE. TO%, MO TV T =T —EiHEES
U [Gree and McElroy :1956], &3t # 7 = X L ps R & hu7c [McElroy et al.: 1969, White
et al. : 1971, DeLuca : 1976). 38%HE, FPA v 7 =T —CeA v 7= VBHEL,
LT Yy CADINEFINLIE~D AMP OFEENELD. ARV VYT ==
LT F=l— | (E-LHyAMP) i, C-4 fOMF D3I E RIG &Iz LFHE,
RENTHFOREMT. Tabb, A7 =T BT =) Ol ik

L. R ED RS B ISR~ & BT 5 IS REET D, ZoRMBIEL, &

12

DIRBEET B )_‘:I < BOVHFEOBV ALY RTINS EELbh 5.
2
E+LH,+ ATP Mi E‘L H,-AMP+PP+ Mg
E-LH;* AMP+0; —  [SUGSHE® +CO,+AMP+hv (3¢)
E:Vs 75—+
LH, : =) v
AMP : 77 ) v r—Y g

ATP: 75 ) v =) L

E-LHy AMP : EHN L7 2 YA T F =L — |

I, VYT 27— P OMEMMEOR VT L > THERRAE S - Lo (Seliger and
McElroy : 1964, Bruce 1999], flZ & ICHEHARY FABE DD Z & AibAo TN E

[Seliger etal. : 1964, Biggley et al. : 1967, Cook : 2004]. [ A 075 2 A4z o H,
¥ 7 =7 =20 cDNA BN 2372 SR T3 [Masuda et al. : 1989, Tatsumi et al. : 1992,
Ohmiya : 1995].
232, FBMICKBZIIa=Hs—1 50

REMVIERIENT TR, Yi - Sheh - i b 36964 2 . BB oI E, B, filife,
Bl MBEY, Y — MO RIE DI Y OB DS, R ORI, s
BT WIS B MO - o L 7o IRFIT 589~ 25 MR « BLAITINICPE S S5k b b 5
FHZ, BRMATIIC & b 722 ) Je3iE, MEMERIO o S == s VTR E R R
LT# 9 [(Buck: 1937, Case : 1984], Fliiz & » TR/ 2 [(Mast : 1912, Lloyd : 1966, 1969,
1971,1973]). 20 aazb—va v as a, ML P I il =R ¥ o - e sk
Lo ZRIEERHES ShaFUAM R S 27 A0S LTWoMERREST 5 &, Miidk
IR I B TIRE L, HWEWST DL AT LARETNLOPMA L% L b h

D INBOVAT AL, KOWRCUE, BALSS—v, BREDOKE VR

WERenka<MboTtins.

13



Photinus pyralis DMEDS, SERW GATT TIRESET, AL v URBAILIKITR
S BT & HFER LA [Buck : 1937), FEBMICIE, MOBERE LN T
520nm UL O & CHEDSE MBS 2 LI L[Case:1937], & b 72 ST 480nm
PLEDE RIS BT 52 &35 h o7 [Worthy and Lall : 1996]. 480nm Ak, 4%
IZ 520nm~660nm HEMET X B S R 5478, 480nm LT (420-460nm) O @K
RS2 22 & el LT [(Lall : 2000]. ZH b DXOWRICH T2 —l D FEH
b, HEHEEOROERE LD, THRICHRIRIEL TN Ehbhrol.

RN E — T DNTOHEEIE, 7 A Y H O Photinus i DR F /b 20 FLZ-DVTHn
L TVWS [Lloyd : 1966]. RPiEAR Z L DRI T, A ADREK/SY —RRVTT A
WU RS I, $5E LT AHEA R Lo - i3k Lo dE b T h 2 h il
5 LD 7 — TE DR LEN QS AP 2 ST B . MEOTFIE £ MR L 1o A ELLIRIT &2 5
CHSTHE - HEEE W) SEOERTHE LD, LEnoT, ThETh ORI
OHEE - 2 TN TE 5O TERMBIERZLETHD. A Fhb=a—F=T KN
AT B Preroptyx R DIFE & A Y OFRIZHNT, HER S VIZRUCE L 20T, JIE
OARICIEE >TREL, MEZHETD. Lhb, =2 A—h— Lo TRLPWET &
n, RERVSWVICRAEMAEE S T2 5 [Buck and Buck : 1978, Buck and Case :
1986]. ¥ AW ATHEE, SO E CHITCEE Y, 05 MR CRMRIGL, €
DF =R 0.02 W ETFRAEEZIE bV RNEND. T X 1 AOKREHED
DUVTHE OBATSEN Y - TRZ, MET e o> TOEM (RIEMES) & LTHY
SIS, Fi, BADOEARZ AOREXAERE, 09 BaitkolIYerR & R
TRV M OIENRT B, M LTRSS RAZNYE 2~3TR) 3L TWHRER
OMEF BT 2 & FFICROMED 5. MHXHOFEEB TR LT, Hopdx#k 03 7
WEER T, 02~0.6 BHIOISENEET D, FHolIhimiirm3< &, HEEEN
iR ACHEC R L, D WIZIEFEDIE L A LRI A LTRRY 5 [Ohba:

1983]. ~A ZRE LR, | DA% OMOPNE Q~6 BHERT, 1~3 B0

14

ISl S 508, ISEPIRIEITD2R VY [Ohba : 1983]. % 7=, MEITEEE R 3¢ CHEC IS

ET2E6ELATYD [KRE:1978]. BABARMO S 82 0B LT, %0

R A AT TR s

IERRAEE S Z BT 2808 B AR, RASHARIICH T bh, WS 2 BRIE, %5
» 4 BERICHBET 2 &b T [Ohba: 1983, 1984, K35 : 1986, 1988]. = H b
OFIRE OSBRI, K93 BOPRMBOFESMBENT L OWELHS [k
P 019910, BEMIRERENE, FHUKILE O T o AREAT (Suzuki etal. : 1996] %3

k=2 KU T DNA QST [$5K 5 : 2000, BB S @ 2000] BB obhTHED, i

4 NBFEHAT — LD BRI L — BT 5L BEIR TS, S HILIEE o8
& ERBREL, WHAY LB AB DT IR & RIS — 2 & ORI 0

bhadofal, XN =L B5IEI ha FY 7 DNA DEATE—FS

DLDRMEDH BIZOHTHRLTYS [KH):2001, 2002]. I h=> KU 7 DNA & 13,
TRV RY THISEET S50 &% DNA O & T, KRN THIEH A D72 <
vﬁWEﬁk%<,ﬂ%ﬁﬁbmbmwkmiﬁwﬁmé.1=AM - B D
éi’L'Cio D, TFaFYUT DNA LJZHE - 1F0) 2 505 2 s T & P L B
*£3VFUTDM\@@wﬁ,%%A = OB BT B D > T
%Tba'—x SEATVIE EMBBEMAITL 25 = £ BB, WA
‘/13‘1"5 &/»hi!ﬁéhfu% CAESE 0 1999). Z oo RJSE, 79 A AT & 3T
H$£®*Eiﬁ%ﬁiﬁh%@)ﬁ,ﬁﬁ%@&kw%meTﬂva&g

_ 5%tu%¢5-ﬁ®£@@ EPIT L > TFREBY &9 b BB AR IMITH I
,@@L BIRRAOBRRWE, SIS F — 22 EIT L0 HRAT D b 0 AL LT s
BEELBRSD. Ll L, TEROIBR T, EOERMPIEIA Y — oo T i~
'u%asnrn D, BEMREBRBRENTORVOBRRCHS. AW Cr,
.ﬁ&m@mﬁmBQM%%ﬁmm@ﬂmmg W AT D7 ) BAMICRIT L, % Dm0

&)

' ’i’C’%ﬁ!ﬂHCb‘}hk%%%ﬁot.



3. REBRUEEHE

3.1 REINDIEADRE

S}

3.1.1. 1 QnE

B 3-1 1,00 1" b EDE— FEARKEMTETARMFEIRLEZLOTH
B0 T FOEHRGEE, A=y MAORESBRIICE LT —EN» 22T
K hTHDEEKCERBGREL2OLETH Y AE - RIE - FRRICE-> T2 AHEO LW
HBEHTHAVITARYLEL LTHALRTWARATHD. If? T— FOEBHRS
AR LEEANNL LTENT ST T 7 R TFOHEDLE L LTHREHFENIR
RBIEIC 2> TVNBEWHETHH.Z OBBILMEICE Z o 70RKIBIC LAY < &
GTH5MRH5. IUf° T— FOEMBRRBIL,HIMHEOBEEEZHT2RUMEL
ERERE L ETHD.—F, lf T— FOLEBRRIL, TN O ME O RN 2R M ER
THRRBTHY, HHBRERMZ TN TE B2,5ZEITIETI LIV 22 28
WTHD. Tbtd If Wb &EEENT =2y MR EEEOFHEAZ LD 5 2 W)
HAEDOI L ThDH. 2 OBGRIT,WIMATIC b HZEMIZ b EEMIT S T OREMAY S A
ENTVWARVORBRRTHS. T I DL ED XD ICHMTMmALSHMBE S
ERFZRIC2 Y PO B ED L DICHEM TSR E D LORBIZ R 2. Z o RN
BEOVREEZ AOBEIZL b TOTHRVWNEEZOND . EL,ZORT ML
WKBHEDH A28H ¢ LTHEZEBEN TR, TLRR2EDRRRLD L 6P idnk

RLHAREOEMBERRARIILGMBEENTWIBRATH D, 2L X ERBELL D
WoHECEERMTRELTCVWIBLREFTOWLELD If T—FOPLEBHRE
FNTEY,IhLE I PLEEIFATND.ZO IfQbLE & FHOEEIRSIL,FED
Bia RIFgEn B AMICE o TLMERLSIE LGNNI BATHD Z LR LT > TH
TWANR,FRMAEREMIA SN TRV T, 0N b EFITREEND L 5 RAK

[I.-l:ﬁa)?/ﬁé!ﬁwlf“ui l/f WHEEHESLDRENT ERRFERTHS [FHFL

Vi e

=

i Siietii

22T, [R], (G

1998,10 5 BRI E : 1991-2000) . F DM, I/f F— KA~y M EFRTERSE L

THESEREPOREEOND /A XA ERM bR THY SMEE ST h T L S
[HEAMEA £ 1991] .

—H, 7T ENKRIEN 2 ThBI L Tn=l THDLHZLLBMTHDID, 752 4
MR EFECRD B 2 L DHKNIE, 7T 7 F A WL Ef L& ORISR & D —Ig
%67&!&&6'@&65.

3.1.2. Mok
3.1.2.1. MM E RGB £ %

IEC/CIE1I987 EERBAMEELE (L1V) [IEC/CIE : 1987] 2 & 5 LI H B —
D (F3E) i\&'@,mﬁ%%ﬁf;ﬁérmﬂﬁﬁ,kU<~tm‘£L:‘.‘ﬁ»iﬂﬁ@?%iﬁﬁnﬁf@lmét@: &
THD. I, Lid LEECRER T 5 RO OBRE LTELS. L 5 —
DL TTRBUR T, B IS A > TEBICHUS I 24 U & 418 FOMMOZLTHBX Mrb
TROMERE THINES 5 BREDE O o T, WTO% 0 1 5 45 08 (RHR MR HE) 3 TR, 43
BRI IE 360~400 [nm] , R RWIE 760~830 [nm] T4 % [RmEE :1994] .

LEBXETY XACBTENNASRD 0 RIS L D e RIEDEIHIFT X
D.IDEI,TRULESNY Bz LR RAHEAR N A B (B0 & U 5 o v M 3 2 i
RIZERIZ b DRARY P A Th 5,

S B, BB U D — T RO R S S - 2 D BAGAL S 7= Z A 2% 1B o B
ELTHRLEGOThHB.UE L [am) (HIET 5% GBI 2 74 B4 5(1) g
B QWAL (MQ)] &35 & S ROWEHH oS A TR TRIhG.

[(MD]=F (D[R] +E(AG1+b (A)[B] 0

o[BI 1,268 5% o0 RN o0 BLAT ik 2
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/
M B & AR~ b DRI EFF BB B O SRR & 20 LTH bR ZRBALE MR O 5 Y070 & B> K & 3 5 0 (R, G,
At (a B EK & M D & B A~ ’ |
EE GRD DT ERTE D ETEEAY PAOLEOBE & [am] 2311 B) K C—HMICRDDZEHTED [AAGRHES : 1998] .
B FHI B Z =P, |
74y Fe H T FREE S A & Le WNETBE,TDEE %2 e WUINME dd O VBTN Le, M) 1 s XvrEER
D JT JLIXA )32 i , M |

pifl (EABE) Lo TUTO LI EREND 1931 FFiC CIE THRHERBR L L TIRN S Wi XYZ RAFIT,SEMIKICE S\ =
o A T L AABI%L) =

TP (X, Y,2) Z2REL,TREZAVTEERFTTIZORORAOIL ThAH,

L (AAM (D))= L, ,(DFAALR] 1 AR SER I 1 TR 0 & PR S B FEHE B 385 e D 2 B D IS EEARAY 10°0T o7
+L, ;(1)g(A)dA[G] i THMLTND DB 4% B DK E RBLF CRE 0 B & 850 T4 A5 —
+L, , ()b (A)dA[B] @)

F BRI D V0 T XYZ KGRV 4°% 18 2 5 GRS L2 - ¥,CIE 1% 1964
IRIZTER D XYZ R AR & UL DREEE FED X0V 10210 BT 2 MNP HER BT & L T

; 1 2t WL T b B R4 T : WLTW5D.,
70 A RO SR C [C) MBI L > T (2) ROTRIEIC DD EM T T

. & LB O C AT C [C] OEGEMEIITRATET I ENTES. . 3.1.2.3. sRGB (Standard RGB)

TR

SRGB L HE,A =7 — « WA L <o T TAFEIM - (28] A f— L J:

5 & EHl O T Hewlett-Packard #: & Microsoft 2% $ [F] GBI L 7= 12 6 ) RGB-XYZ

;;w;\“ L LSO,

780
- 7 R
qq'“whAMMqu[] ERBADZ L Th 55841 HDTV (High-Definition TV) > CRT 0) {4 FiHL{% % ~ —

+{ mLL,j(ﬂ)E(ﬂ)dﬂ][G]

30 AL LT TR B CH BB RET A AT VA, TV FUIAAAT A%y

i
i

+{ L:;’ L, ()b (/l)dl} [B) €)) 7,V 7 b =7 (0S,Application) ,7 7 A L7 s —= w k72 EICH & LTV 51999

4 10 A IZ1X,IEC (International Electrotechnical Commission) 7> & [H

LA oD B A

[ ] RO S U TGO OB A, [C WA Mo o WALk A & LTHITE NI (IEC61966-2-1) [The International Electrotechnical Commission :
ZZ T, (M) [ERESCLES RN AL,

s, EROEDICBY B FMMo R (R), (G), [(B] oL, ZoRER 1999] .

1S S ER L, SRS R G BTRT &, R, GBIKRTELbRS. Silida A
WIZ, 32 K amy — I D AN &, W 8 S RLREAR Y Y 7 1 (M) 5

R= [ L, (AF(A)dA A7 7 V= Gray-vai32) #MVT, K4 LOROREL WA E ) 7 0d5 LR, G, B

G= [ La(WEA2 ) SRAOMRINT — 5 LM LT £ LT R, G, BHS TR OREE & %31 5
380 ©
B=[0L, (WA (6) ~ (8) R TERBMBHTIM L XVZ T b D\ it Kol soZso Je BT 12 2
U i1 L O O

TROD L Lo TR A DO T E H T L.
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— IR L7 CIE 0 XYZ FF & 13,58 ¥ R A 72 =0 O FUIT O M ik 6. THE
FOOERRTE AN L THY AOERNRTOLDOERTHD [AXGTE
2o . 1998] UM & L BRAROMERAICBVTEMRLE 25 =020 AN EIEL,H
b DB LV LM B D b E e L < D & 5 I RN oL
W AT L e FkT S [(AAGEYES : 1998] - T CIE ® XYZ FOFRTH,=
WL PFIER D ZDOKILX, ¥, ZE MV TRETRS 5 2 E0TE 5 ZMIMALX, 1,
z m,msm@m‘mm (SRR 53 70) % 90) & T 5 & 5 GBI W) YA Z M) %

AT,

X = [ p(A)F(A)dA
Y= [ p(A)7(A)dA ©)

z= [ p(W)z(A)dA

380

DESIRDENB. 22T, X¥Z REFROBEEK Y YA FA) (@ 32 R 1,
RGB # & 7 0% @I (2, B4 50 [ 3.3 BI] 2 bRIBLRIC L > THPND.
T OEIRE ML, RGB HEROFEMEAADME LRI WRMAFET S L TEL
B ZEGEL, &0 U THM LT VREREMIT O LILH D,

—%, AV a Vi EDEFRICEA SN TS sRGB filid,€=% RGB LIFFL
FU,CIE © RGB AL & 1X M7 % & =% RGB ILHWT,ZRAD R, G, BIX,0~255DF Y
AL LTEDbATWA R LA L DI, =% RGB O L ZW{HY 7 Tk
SRGBIEEH LT WA Lo T, sRGBILDFNF % 255 TH - T,00H 1 DIHK
L, ok R, G B E T 5 KICEOREZANT R, G, BN < HiET 52 &

KL oTY =7 —RGB MY 5.
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i R=R"2.2

( G=G"2.2 ©)
8 B=B"22
§

fé&mxzm&ﬁ[kMW§—9—¢m%:wm]&mwr%<:&mf%a

X =100(0.3933R +0.3651G +0.1903 B)
Y'=100(0.2123R +0.7010G +0.0858 B) 7)
Z=100(0.0182R+0.1117G +0.9570B)

:namﬁﬁﬁﬁcm@XJﬁzma&a;mxiuﬁm¢5:&cxofxnﬂé
(MNTEEMA D Z ENTRICAS. LR : 2002] I, ZH LTHbRE=
FIBALX, Y, Z % 3-4 R[" 3-SR/ Lk RGNS Y T 5 b, A& FII L

TIZRIEDEFEICLEBRT 5.

X=—
X+Y+2Z

=X+Y+Z ®

X+Y+Z=1

SETRGTED L xy & QI E O 8 RS % TG -k L b0 &G
,WﬁﬁHWiHﬁmmM%mﬂtﬂbfﬁéﬁﬁlkwwmwtﬁmfb%ﬁm

FZRIER (B 3-4 BIR) 12 ,4°84 £ ORI XS+ 5 58 14 XioY10Zio B IR ([ 3-5

W) emEEr Y Cirng - e £ o TR &2 ADFGEC i, MR 2 5K
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TG EIS SN D XY 021 BER [BALIHEGRA S ¢ 1999] ZiRA L.

LIz o TR VDD EWEEFE (x, y)IiL, QRNLRM Lo x &y (TR2bH Ak,
INEREI-SICHRAL,TOREBRALINDEMRPEEXPM L ZHDD [P RD LN
5.

3.1.3. Wik

— AT AR AR ASTE W T A ¢ BALSTAL (AWM 1994] AR LDRLD 2
SOBALZER T L7z b O T D MBI, AT & o T8 #(0.4~4[Hz] - -
BEVIEIR) ,0 3% (4~8 [Hz) --IREJIEFARY) ,a il (8~14 [Hz] -~V F w27 %) B
# (14 [Hz] YE--FELITEE) AJMENTWVD. 2 ONT o i BEE, R A
IRIFIZE < hIREIEN RV T v 72 A LTZRIBIZWVD DN E I M EIEPDHFIEE L
TELHFMENTNWD. LB o T, RE NDNEMEE L T 5 BB oMk 2 503
WL @b EEFTLTWDRZADREN /NS — > [FRIEME 2000, FTHE S :2003)
WWABED L) RIBHEZ TV B0 FHMMIZMAZ EBHESTHS .

AETIH,NA=F Y VRIANA NI R —2a VAT AOFIERIRIET D 20D
MEREE DN TIRRE, XR=F Y AVRINA NI X—a AT LEE, RPN
DREFNRY —eaBa—8—ZIRYIAH, TOAEYERIZE SV T LED 23L&
Q) ‘b0)T*KoZ>.)]iéﬁ?lﬁid)iﬂ'Jﬁ?jﬂﬁl:Li,fﬁ%&};ﬁﬂﬁ?ﬁﬂﬂlﬂiéﬂﬂ’%ﬁilﬁﬁiiﬁﬁtﬁm%fﬂ

VW72 B 3-6 1ZR L7 K O I R o0 SE A5 IR A1 IR 3 A B A M BTEICTV L s L
1, BT 4 =7 — ATHUSIR Y A 0 72 SR 1L HE 2 20 (RO B Ac 22 ATHEA B D
BRITHEEZ T RN =V RV —AREZBO T, TR b Y I 74 =0 T F T —
ICESTRETENENAR Y AT 5% 3 B L,T O~ O & IE L.z 0k,
R AT LHBFEN LS L7e G ISR B E 95,1 401F &I 20 284 T & 158 % FR
WP AL I L. TR, ERBEICIN SR, TE ARV Y T v 7 A L IRIE TR

ERESEBLHTHS.
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AT 3 a0

AT, LED DX OMBICR LTAM ED L 5 22 Rtk 24 < DDV THREE L
L2 TRV AT ADIEN Y — (213, 3-7~ [ 3.9 EhENFRLEL )i,
FUTRENDIERSE — 1 [Hz) @IE‘};Q&,Z‘L%(@Sfmiﬁ%ﬂib‘f:.’f&'%%(:l:t,l
BIOWETI O 3 /85— 25l LTHEE LT LW ZORTS BB EE T T
it 3 B E LU, TN TR I RIS 38 % i L7 38752 — v D IFRR 1T, 3%
%@'THTLJ@}W#E‘U& EEB ST MNEBICS v & A WARE: 2 7o 7238 I W8 12 1,
EFELIRSARIEE () BABKZSM, A 4 by 7 6RI2—2) %4 Ui,

S BHITAHE TIE, LED O XD EMICH LTAMN LD & D RBHEE L Dhz o T
BRLLIC RV AT ADRKASZ — 13 | 3.7 105 LIc& 2y v o a Lo sgs4
7= &M, LED Q@I (RAME LR : 530 [am]) SRR GRRBEEE I« 565
(nm]) 2% GRAMEEWER : 585 [nm]) o 3 @ & L7220 b D3 8 IR L 7= Bl 13,
7o MER (TRE RS © 2000, FTHEE S @ 2003) DB YR DR 5 L Do a4
EEMECRMY 5 ETRILAMAE LTV Thol I & o b at i s L 7o 5
T MOWETI O 3 B0 LED %3k LTERE LTS 0, 0%+ 2 ks +
B TEE 3 EE L BTN I N R IE S 2 % bl U 7 3 B OB IAA 1Z,
BB DN RER 7 & 25 < 7= O WEMIZ T > & DT AN R 7 1 — >
FHANY =i oExF TV L— | 100 (Hz] ,7— % 312000 (/2] MRc LT
2 [min] WiE Liz.57—# ERYT T D IRI213,256 S 21m 4% LT FET (23 BT 7
MY LTSN 6 (BREREL TS & TE MBI D o M0 BB D> 58 5
BIE 1, 8,0 M ,p MU D% < U— O (&g o v —g (a,0,8 # D
NU—E) ERBZ L TRM L.

314, EEIEM

RUFGE T,k & VORI DI RIAE T B L OB A Ly HEIRH I

ST BI0,2000 CEAL 12 418) 4972 ARG K & VIR O b & 22 T ¥ NG
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L= IRE N en~A B 2 e DB S I3V TR & AR SRR BERT 7 OB HEFRD (&
T3 ¢ 1989) ISV E R v /v & B L - ST LTe. Z D, R TV
ML A0 BERIZIET LTWARRT TE ERTWA EREME &3, AR ORE
(#1385 EE TR 3, 0 5 i 3 BT R R 2 HMT 5 FMETHS.2 2 THERED
me 7 B, 2R, ERY T AR R FRARMMIE R O B Ao x LT,T
NENOEESICBNTH 450 AT Th o7,
7o ASFZE T A R RIS B SV TR 3E Lz _A—F xR T A NI —Va

AT AEFIALAZLONEELIZATLAD LED Flz LA LR DOIFTELMFEL

oo BAG R R A AE R O b F =R A Y AT A& L2000 P (F
W12 4R 12 A& R g VERS LR L THURER DT 4 CEEHLTHL b ol /S

Fy R AN NI F—a AT AL DEERIIAHE AR & D TR
RfiAOHIC LED &Kk ur,mm%—aammmnemwmmw:m\wzm L
Jo B KR A R S LR o 8 i e e Az ERmMT Az EMIzEAERL,Z

Or SRt LThAREICAKE RTRITRVLO LEILND.TORRI NV
OIWNTIREIETH D I & 2R TE Uiz e B, 8 Ry v 7V EILE, BB T
REALDORBATLKRTHDZ EEEATHD. RBERY VR B & R R
BT 00 B io#E L TH 150 ATH 278 big, AW THE,LED D YD IR LT
ARED LD MR 0PI 2WTIHRET 5 70 EREFMIC SV ERY v
SR EI LATE Ui E 7 AR TR, R IO LV AEED LS P EYEAGEAR &
nNAMNCONTT »rr— & FE L EIR - 5 Ut 38 Rt v VT M2 12 AR
M@ D B 459 230 ATHD.

R R &7 AR T RERE, 0 B O R R [FTRE S : 2000, 2001, 2002, 2003] 22k

S ATO (b E (2R 16 [m] IF 1.2 (m] JEKES 05 [m])) 2HREPIC
BT ERTRY, L LI E - THERM R KR TNV O FRFICRI LTV HHEE R

D3 AT ChS, D F] LREHETH Y, —MIET LR B & &I,
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BHATICHE BAABR IR EORITTH D . Z DML, P SN ATHTL, FHIUFIFE AR
DEBIZWE S TWBREEXOND . T2bbh, 2 23, K, B8 i, 20 & RRIER,ED,
T L THRA IR EWHEDIR Y R A — = — ICEBEMN D Z ENTEDHLEMTHY A
RoADEREEETOELEE TR & TRl oKL TETLLHZ LR T
DM THLH D RALZAREUMR 2L EICBWTIHREKL LML TA—F v LR ¥

NANIF—a VAT LERB U UM &2 ATIICAIE T 5 £ Clif X

-

FIOETNLVBRETHLDH D.
3.1.5. RENDIEABR KO

B4 3-10 i3, R"RFZ AN AT LOWUE AR LIZbDTH D, Z OB KRRIETE
RLTWAHRILERE LIt kEZ2WNHED Y 0SB NS AWM v— L (%
96 [mm] JEE 15 [mm]) PR X L2 MHgI L THGE 21T o /2. 2hid, 4 A - A 20
BHEFEMNL MHEMOSEEZRNREZOTHAH S ORI NVOIKIE 6 A Lanrs
TARUZT T A T B E AOWIEE 7 B A 6 TAUIE A UL L [ (-
T - JIGHERTSE) B ECHEERIGE S 2R ) A F — R ¥ AT RIS BT
Tolt E,WARICERT AR MO VT HRIRICIRE AT o . 2 hid, v v ¥
RENDIEN ARG — ARG (REAAR) CTEERHILEIRATVWELDTHS

(RBIERE : 1979, 1994, 1995] .

PN, R 2 L ORO @K %E & Y THMICH 5 20, NHK OBRED 2 5 (A
—R=N=TEHAT) BFHEL, BR) NHK 72 =AY —C20Tah AT
DR %G, Lo T HRZALOMBIE, TRTIALITF—TlIhTWs, &
NV OREINBIUENA BRI LDOHOERBERICILE O L 5 2k i
S L ABREOEBRLAEG L FITH LTEDL ) RBIEELTWS O R

LI Chb. S, MEICR,FOIALETAHI AT RN L,0 A T LB % 5

OTRABRIERE— ] (F A Fvray b)) ICBRE L RO REEL1/30 [sec) Th 5.



O EMARET —Z RBROBF LRV FDLETANATO H Mg AE I EW L 72
WL TR L. b bR L ORBRICHE D B IR ER A OBRIED A E
BNEIRTA MATYRAEEEL,ELERICBVTRA — M 74— AP IERIC
MR L2 D L0 b RERESNEICO VIR SV T A — R AME L LIt S EDOTR
CE D FUIACTFAD AT THRINDPENKOAREE EMIHEET 5 & 37
He & fp otz o3, — MO B TR, KR, SUE R UNR L 2l A L7z,
/7"/*/“-71?5'/1/&)2.’) UNEEAS A AR 2 0 00 BEAH PR B 248 L V) 5 R O 9 () I U7 QIR 1 K

BEE T B VIR E R T 2 Yl x 2 GV TG L 72— 38 00 B I 51, T I 44
AF MR — REF LTIV Ea—F —ITIY A AT OB o K i 5 ik
73 30 [frame/sec] T D Z &M b, 7Y v 7 E g% 30 (Hz]& L, #3K 1024 [frame]

(BRTIZ LT 34,1 [sec]dd) OWEZIMYVAATI.Z D FH SRt 13, 7R & /L O B PRI
B L A AEM AR ZEM L b O Th 5.2 OFLIRE S h oGm0, e Ad Y
Zrw=7 () 5475 Y —8 CosmosCapture) ZMWV,E/ 7 3BLUR, G, B
AT Tar Ca— —IZ AT E LT, AT L0 S — OER,T
THENETF AN AT OGN HREMRTY 7 & () 7477 Y —W,Gray-val32) %
AWTIFo e,

3.1.6. BYNVOIEHBLDfiAT

DY — T IR Y A AT DR T {5 B A AT AT A () T A7

F Y — i Gray-val32) {2 0 EH{QALTE U, JE /8 — v DRI INIC BT 2 R 7 —
R L E O%,ERIIF — & & FF TR (BEFRHE: 1997) 75 & &bIg,A
Ny MAEERBRLTY 52 2 A% [EAFKE : 1986, 19951 & HEEHICUTE L.
Fre,mx—7 Ly MEV UMEGE : 1999, Fv¥—AX K F = A :1993,1997, Hik
Jei : 1998, dUFER : 1999) TIH,AT T A VK EY =—7 Ly FEIRO LEHEK

& LT B DN T R L 7 I B B SO A BRI U e s TG SR
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DHEER B L VNI =AY bt o D — 220 CT o E - FH L iR
LML RE S DR A BRI IR TS T/ E N L 2FER LT
b5,

WROVE (b EREIRE (FfE : WEFDL) : 1991~2000] Tk, A DIRWE
BB S 0MERICY Qo ERFETH I L 2 EEMICEELTHAM, 22T
bR NVOFEXIBOP & & & FIFISFTFM Y 5 2 &40 Lz 5606, 09050 2 g 0 2
NI NIRRT RN O 0 0 IS DI B A VN T R 72 0% 45 S0 X R A5 R Y e
EMT D7D, ZheSRBOMRIIL LTHS Z L MESHETHAH .2 2T
13,75 5 N OFEXRRG ORFRIZEE) 4 B 3-11 1SR T & 5 I EH Lic. FF, /0 X S 4 051
sty 13, oy U/ SIVADWERIBIREZ iy, iy, 05, ooy iy & L2V AR IR S O EE 0 5
BEDOHBED SN AL > THRENEH D E S ORKILRBEO - TH 5 & Esed
2.7 bbby - MICEEND o, b LU e DA AL, VTR GEE i, O K IE S 11
BRYDERTHDEEXD. Lo T,Z0 % 5 RIS 1G-S\ 7= B WS 251 00 b 37 51
TSR3 120L ) ICKTZENTE S,

WIS, RSN DRERRRITI T DIREELHIC b b FBANEFET D O mh P~
D12 AT QR MRYT 24T 2 72 3-13 (L BREEZS B 00 27 T 7 70 & 48 00 DA e 35 25 1)
ERDIMERTH D EFREAB (L) b, & RIEIE (B) b, D a, KD B =
ETHEEZE a), az, .., @ D3R BAVR 3-14 0 L 5 12 K02 BRI 35 B0 4 00T & L7
BIAG BB .70 38, MEHE T B S IR REEE & R ELE D36 40518 1, & 1, D 1, % ORI 3E
E—ELRELTWS.

WIZ, B 3-15 (2R $ & 5 7R R EE L) O B R T SE Y MLEE S B W ok b B T A b b B
BV DRI by, ba, by, ..oy by BIDZED B JREIE ), ey ..oy ey 283K B4 3-16 O

&5 1T R 2 RISE 3 BB % W & U T BB B B 7 3, 0 2 S LI 00 36 26

DR 1 & 6 DML E ORE R — 7 L RE LTV 5.

STTHLLLED & DT LT b N R R 00 36 6 B RSB S5 5 — 4 % FFT
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MRAT LR YV OREBGB R ORI D S ECHEZEEW W & & % BT L1723,
JERIFRW & LML D & F DML, WP OBFE b A9 5L o> K3 239

e 7g WA A A, 77— & 4501024 [frame] & L7z,

3.2 N=Fw I RIIANZXR—3 P AT A

K AT BILRINDENNNT =& a € a—F —ICRYAR,ZDEMHEIC
LESWTLED XS I2LDTHLTROBA=F ¥ LRI AL LIF— g
VAT AT NS EHE LT O L DI L TE SR BIEEIZ IS - 588
DIGRIN 22 FEEETE W Cd 2 IRERRYT Y 7 N ORI L 8 Ew b T v FRECEIL 256
HEHOBES I RMETEHEOND R 3-17 13,2 XA F L2 EOMER R LELDOTH S,
22— F—ITi3,16 ch @ DA R— F ((#:) CONTEC M,DA12-16) # 4 Hisik L
& FF 256 1D LED 2% LT 64 M0 DI AY -2 2FRT I ENTETHS.X
B, —F Y LRI NANIFZ =2 3 VAT AOBTFEBOFMTH D HH L
72 LED 1,03 [mm] & ¢5 [mm] O¥FGETH D W TFIc L v EmeditmicmT L
THD. IR, BFI VOB EHELRY BEICHRT D720 TH 5 & RT3
DEMFHRICEBEIED 2D TH D AR DEZM) 5,03 D LED (i~ 7K &
VS D LED 5 PR Y MTRILT T B LA LA b7k # Lo % 555 72 il BE 2s
W7 =2 1 34 TE L LnZaudo s I SE 56 S W HET B 1015 — & % 4 » 3E LT
TEDLER/ARN.Z I THLM DR LIS L DML E DS <120, K 3-19 18R T & 5
ufmmﬁﬁﬁﬁ—ywmuwmzm%knfn&Jvf@amur%b::?A
REREIR D AATER I NV DIENR N H — 2 BI~BS KRNLIEEARIERETH 2.8 3-19
TR N () OEMIEMO—FlERLTVBER,TOMICL F L IRz L
() o~ R 2 (M) OV THF—F _—2A L Th 5

& 3-20 bR 03/?5’/‘/@’1.'1%1,;#&& & ‘bk/\—‘fﬂ NIRINA NI R = a vy

TADOWMANE L TORRINLMEEZIER L TCHELELOTHS T Y vy
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—F¥NBRL AN TYaYYRT AL OWMINTIESNTFETIRYF L7 oS0 —
zNaLw&%Lt%@f%&:@E#&ﬁyxiAﬁﬁﬁiéﬁﬁﬂﬁ—yab
3R IR LI RN VDI — b [ 45e, 1f 6 b & & — FARFEL TV D =
kﬁb@bbtﬁofﬁ%Ltﬂ—?wwm5w4wi*—yayvziAmf%
DEZNOIEFHERIBY BREICEERS 5 - & EBTFEIR S AT LTh 5 2,0

hOEG, SR () o LTokik - 28 ch s,

3.3 AREskIE
3.3.1. AREIVDANE s &AL gl

ma»wiﬁmu,m&ﬂuﬁfiﬁm.k%<40KEﬁénézwmwnﬂL
%mMCMﬂ)JMMMJHL%m-ﬁMM(M%.%n%nmx?~9mﬁwr
RENOERBIHILIR 2D, DRV 22 J2 1 42 KT O A7 490 3¢ 173 4 O < 4 bh, f930 AT
PADRIET B, iz, BEADO—FCTHII T =F 2 fe~THE L
I8 Bz % 0 3= KB Iz 22 5 L ghbid L L, d-cpyc b <o TS R 5. Eets,
K40 B THLT 2L, RE%EL, ARGEINT D, LidioT, o LoEpzepm s
EET5 .,Lﬁ@4o@£ﬁ&%@m-&%Mﬁ%%%mb&<1m&6&wﬁé
.

Qua4d.mzasmﬁdwrﬁﬂbtdaw@%M Ty, RIALDEFICHL
TR b B TOOMPERICEHE LI b D TH S, AEBW O, 1800
Mm]w%[WMX@OMMJTﬁé‘:@WT@,K$%,$%%M%&U%W
Mm%wz%%—m&&ormﬁw@i:mm%ﬁwﬁénfmv,A&fDTm&
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G, IR AR A TR A TR D BRI E LSRR Y, BRx 72 BT O YA 23 0
WCHhH, I, FEAME, @EACROEDUBNLIEERD.
3.3.2. RHIVEK

AT, E 3R Z D ETER ORI T RIE T ARBREEC W TREIT
A, LIRS ANDMERD D U= mARKROMERZELBT S LD
WITE, BTAN VR E ERTFRERSH ICHMKRRICHY, TUEZTR
AT O EE, COD fif/e &R THZAM Y ¥ o iV MEER BB L ARThER b s, &
FRRZENORETHT T REWIMMLERIL, EHDEREHENTTFETH
D, AEAKEINGESYRRY bARVIKIET2TERbRY. LEB-T, &
TR, KA A O—EICRIETABEIOHERS - FRICOWTRBM BB EMA T

E9, AEAONETH BN, EREOBKMIAGHKTH D0, ThEKUEA
AR S BT A R R T R EAE LTV BRIL, MBIV ER 720 T,
WORMIET D EERIC b 72 » T M B R He 4 & A DIRMIC R ET 2 TH Y, &,
KEART AN ) HICHES T2 ETORBESH D, Lo T, HWpe 1 [kel 2%
ARET AT A TR o0 18 83 B D B LT

B, REAROMEICOWTERS, MR ORENE, 72U RF KL B
BIETTEARL, AT YT S, W —EORETICHRORE & RALT
WA ARG TIE, LR, =7 — Ry PR AR VT 48 — BT,
7 4 A4 —WGRHR, KPEAHRAENERMRE L, LNGaK U, Wil
HEATER TV S b0 0, AMRICAEARE 90 [%] BLEARR Y & WK T
HEB LWL, A RL—F—BERORED e n T =) OHREZWRALTLEIH
REMSTEE Lo, Fio, AP Hho R A= 2SR EER VR AL
ot =T =R WG AR Y D7 4 A5 —WBF AL, WA KE W2
AT YT OYERITIGE LTV A, TGRS EE LY. BRI, Wl s T YT

KPR EED 2 EHRLBRIARY D7 4 M — 2BV D20, AR TZT7 40
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F—DBATVHEEKREDbOEEMT HLER LS. Fi-, HRbALL o7
ANVE L RB BT L, AR CREE THRBA Y Ater — R 5B H -
o, B, TOWBLETIIL, LR TR T D L BEIZFTIECdh - 223, W8 =
ROTRKMLETHFDLEBHLTLEY, Bl LEMSICESEDD ERENFELELT
LED. EBIZ A —WBHHIE, EROBR AL IR L TA Y 15 22 6
%?%7’:2)3, WM RBOBRIZEE X ED S TEZM Y M E 2T 59, YrE FusEr
ZRDHDRIRVY. 2O, KPUBHFR TR, AA0 Db ORIERY 4 & —i
HRIEED DD, £ 5 S0 TR, LT =R TN b T 2 —7 TLEL & IR
WED ST OWEMR b O T, KEMECELORERAE L, ZOWREENT L, = HH
T, SMUBERORE L WB/S27 TV 7 OYERR O BI%E % 75\, PRI A3 =1 Bl
WBERI N T AWHDOY— L~y hTHBH. LizdisT, IRH Sy & L 45 A3 — {4k
L2, KBTS LI R/ 7 U 7 ASACH 6 i o 53 1 L7048 % 5l - T -
@%c&&:&ﬁaﬁv&&uﬁmtﬁmﬁv@%ﬁurwaﬂﬁ%ﬂafu7H;
iﬁr’fﬂlfﬁ)b?kfililﬁi@%g’é‘:imoTmfﬁt:?}ffdr«)'{v:&biﬁﬁﬁ%'@;b6.7kaiIiti@)fl-\‘.‘C"i.

WHZR G A S T, W AN SR 570 TH I, D0 LIS BOE i
EZIRY 2 LR TED. LLOFESE, P RGEZC LD EHF SR LT TH A
SEBHB LT, Ards, MEACEORHIC G IGHO D & THS B, WA 2 A >
BREZ, W s o 7o IR AN AR N D M D R RE A BT B

BRI, —HOFYG D B B 21T 7 o AT K D 2 & AH O MIZ VT~ 5.

U LB S EEIR N A 5 E TOMRIL, HRBIC—E OB TeT DA RN P O 7 75

KEFI13~23 OUE TR . FiS, DAFEKE—AMIC 1|, EHiL3 B (5
D) - S o = e
RICE > THER) (o—JfF, £33 1 WM~10 B \Z— [ DS TRT AL ST 5. =

PRICER LA bRV DR, K, pHIRGIF T (WAsy5) RIED

U CE " e o N
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RUSHRIR - AERBEREER 3-1 IRT LR IS HARKRE>TEELTWS.
NO* - NO¥  NH™E, 7 k35 7 & I (Tetra Test)% AV THIE L, <0.1mg/l DR
B EIAETdh o7 GRIEIE NO* IR L Tik<03mg/l (Kb o). COD gk
v 7 7 A b(KYORITSU Pack Test) & IV TH Y, FEHRICHASIUE 1L <0.1mg/l Tdh >
fo. X VEEMAKEE, FI2WKARTIIRERIKSPVWTELITAIC—EOMRIE LK
mbfwﬁ.::fm,mm&mwum—b,m&%zm&mﬁﬁkufﬁbt.é
Hio, 3 33 4, ABMAICERILTWANZ T Y THEZRLELOTHD. # 3-1
L3732 DN S, AL TIE, KOZIRIZI X, Nitrosomona X Nitrobacter
DX D RIHEEE - WAHE A RRETHHFRENI T Y TR, A LT rE=2TR

EEEDE L OEEMORREICEIL>TWDZ ERHEN &5 TR : 1984].

3.33. RYIbELR

TEBENE, KEEBICARIADERIZE > TIEMICHBEAREHRTHD. KL I
B, R L7 L O IR EIC VWO SISO F Y TR E AR LE > TWE M
HTHhD. HEHHICAERT HWAEY b D VIEEN b DIERED b FE 4§ 5 A1
SEREI, HRFAKDA~PIET D L EFIC, T TIHE L ZRBILREEZE ALK
IR X R T NGy R VEMR LTI R R O eI A & HCHlifR T D, He,
ZOMBTETIAE U R ARIEA A i, KIS 2 R d a3 5. Licho
T, WHEOICE, ok )e—HoAYiligis bE M LU CLIEMLEIT O L8R Dh
B BRZNE, ok ZAMED DI ERE - AL E LT, LI o o
HhiE, THFETRPTIFEMCEF o7 shho LR ERBME T 5. LicdioaT, &
WTIE, R AO— LI RIET HEREEOREICOVWTERMAZRMEMA A LIC
L.

AT, Pl LT & RSB L MR L, KPP THoHn D L

LT hEEL, LY, MEfEDY, LT 200nICaEE - MBLE. 22T,
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Table 3-1 Daily-water-examination items in an ecologically-balanced aquarium measured at 08:00 from 1993 to 2002
and their mean values. In this table, the values were determined from the data of the fifth day every month for ten years.

Conditions in ecologically-balanced aquarium

Environmental conditions

Month Water pH Solute substances Ambient Relative
temperature (mg/l) temperature (°C)  humidity (%)

(WY

Firefly Snail 07 CO® NO** NO** NH"* GH KH COD**  Outdoor Room Outdoor Room
Jan. 116 201 80 106 72 <0.1 1.4 <0.1 62 6.8 <01 45 9.9 51.4 53.4
Feb. 10.7 197 80 107 83 <0.1 3.1 <0.1 64 71 <01 22 8.1 55.8 54.0
Mar. 10.7 203 80 106 83 <01 42 <0.1 59 74 <01 6.2 103 53.6 552
Apr. 133 213 80 103 80 <01 28 <0.1 56 74 <0.1 11.6 14.0 51.3 54.2
3 May 156 21.7 80 98 84 <01 238 <0.1 59 74 <01 17.7 17.4 60.3 76.4
Jun. 168 218 79 95 83 <01 26 <0.I 56 75 <01 22.0 18.1 57.1 72.8
Jul. 172 221 79 94 84 <01 5.1 <01 56 74 <01 25.7 19.9 714 81.1
Aug. 181 222 79 92 83 <01 3.8 <0.1 57 76 <01 27.5 20.0 63.2 78.4
Sep. 177 219 79 93 83 <01 3.8 <01 62 77 <01 26.2 19.0 61.9 70.2
Oct. 179 225 79 94 79 <01 5.6 <0.1 56 .78 <0. 20.0 184 66.7 63.6
Nov. 160 21.1 79 101 84 <01 4.0 <0.1 63 75 <01 13.6 16.1 57.5 54.5

Dec. 134 201 79 105 81 <0.1 5.8 <01 63 71 <01 7.8 12.3 61.2 59.1

* Measurement has been started from 1996.

** Measurement has been started from 1996. Measured by KYORITSU Pack Test




S . & an
Table 3-2 Monthly-water-examination items mcnsuere(cl{etclrmined
ccologically-balanced uquarium..Mean (n=5) vz;\l/;les ;\fnr e
from the results of five months, i.e., Jan., Feb., May, . :

2002.
T

Items Value Method (JIS-K-0101)
BOD (mg/l) <1.0 Diaphragm—clectrodc
COD (mg/l) <1.0 Glass-electrode ,
DO (mg/l) 10.6 Diaphragm-electrode
NO, (mg/l) 0.0* lon chromatography ,;
NO;' (mg/l) 0.0* Ton chron.mtograpl}y :
NH;™ (mg/1) 0.0* T%tri'mctr{c analys‘lis |
GH (mg/l) 4 8.8 Tl.trtmetr{c analys‘%s 1
CaGH (mg/l) 102.2 Tltru?ctnc‘ analysxs.
SS (mg/l) <1.0 Gravimetric analysis
PH 7.7 Ton chromatography

Turbidity <1.0 Visual range

i ze int one.
*round off numbers to the nearest zero poin
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Table 3-3 Flora

of bacteria and fungi seen in an ecologically-balanced

aquarium
Genus Activities of microbe Decomposed-substances
Achromobacter
Flavobacterium
Psuedomonas
Propionibacterium Saccharification
Streptomyces Saccharification
Arthrobacter Hydorcarbonization
Debarypmyces Decomposition
Actinomyces Decomposition Phenol
Nocardia Oxidation
Nitrosomonas Nitrification Ammonia
Nitrobacter Nitrification Ammonia
Mucor Decomposition Lignin
Pichia Oxidation
Microbispore Decomposition Unknown
Aspergillus Saccharification &  Unknown
decomposition
Thiobacillus Oxidation Thiosulfate & Cyanide
Bacillus Saccharification & Unknown
decomposition
Thermoactinomyces Oxidation
Cellulomononas Decomposition Cellulose
Clostridium Saccharification
71



Table 3-4 Soil composition in an ecologically-b

Thickness (mm)

Layer

1 Fujisuna-sand+Akndamatsuchi—mud+Kurot 100
suchi+mud (5:4:3) ] o
2 Akadamatsuchi-mud+Kurotsuchx+mud 5
8'2 ¥ »
3 g‘ujiluna-sand+Akadmnatsuch1-mud+](1ryu 50
-sand (5:3:.2) "
4 Kurotsuchi+mud . 0
5 Bincho-charcoal+Bone black (5:5) o
6 Bone black 0
7 Fujisuna-sand ) . 50
8 Silica sand+Corallite sand (5:5) o
9 Gorota-stone o
10 Nachi-stone+ Silica sand (5:5)

0

f soil

Soil composition (rate of mixture)

alanced aquarium

Table 3-5 Typical organisms seen around the habitat of fireflies

Animal Common name Species
Fish * Cyprinodont Oryzias latipes latipes
Goby Rhinogobius flumineus
Bullhead Cottus pollux
Crustacean * Shrimp Paratya compressa
Water bug Giant water bug Lethocerus sp.
* Stonefly Perla sp.
Dobsonfly Protohermes sp.
Diving beetle Cybister sp.
Plant
Grass * Mugwort Artemisia sp.
* Cogongrasses Torreya nucifera

Water plant

Moss

*

*

Sweet {lag
Bladderwort
Water cress

Hair moss

Acorus gramineus
Utricularia sp.
Nasturtium officinale

Polytrichum juniperinum
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2. Woods
Sea Rivers Purified & enriched by
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L’_‘ ? 2. Water plants
Macro

Hydrospere ecosystem Organic matter
decomposed

Water plant B i

Herbivorous animal \
Decomposed by

scavengers &
microorganisms

Predator 1
Predator 2

Higher predators

City water

Circulation Purified by

2. Filters (boneblack)

Purified & enriched by
«— 1. Microorganisms
2. Water plants

Seseragi - blooklet

Micro

hydrospere ecosystem
ydiospers ¥ Organic matter

decomposed
Water plant  =-F-|"="""77%

Marsh snall DECS\TWSG: by
& Planktons shripms ¢
microorganisms

Firefly & Kilifish

Fig.3-25 Model of firefly ecosystem

(left: natural condition, right: artificial condition in “Seseragi”)
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3-26-2
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(mixed 1:1)
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embedod on monar

Walerpiool sheel
1200 mm 1

Fig.3-26 Outline of artificial stream “Seseragi”. 3-26-1: Scheme of “Seseragi”
: 1
A: Debouchment (see, Fig.3-26-2); B: Regulator of water flow (Fig.3-26-3);
C: Circulation pit (Fig.3-26-4); D: Air conditioner; E: Filter tank of circulation water; P
Pump; ® and O mean sprinklers and water sprayers, respectively. Fig.3-26-2~Fig.3-26-4:

see caption in Fig.3-26-1; Fi id i
p n Fig.3-26-1; Fig.3-26-5: A rapid in “Seseragi”; Fig.3-26-6: A steep flowing
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Table 3-6 Monthly-water-examination items measured in “Seseragi”. Mean (n=5)
values were estimated from the result of five month,

i.e., Apr., Jul,, Aug, Nov. and Dec., in 2002.

Items Value Method (JIS-K-0101)
“I II "' BOD (mg/l) < 1.0 Diaphragm-electrode
| =85 8 o) ; COD (mg/l) <1.0 Glass-electrode
58 i 3 |
| $=40 o Z “ ! DO (mg/l) 11.1 Diaphragm-clectrode
——— :1 — 1260 ) ‘u : NO;™ (mg/l) 0 Ton chromatography
NO;™ (mg/l) 0 Ion chromatography
Fig.3-27 Outline of filtering tank for circulation water ; NH,4" (mg/l) 0 Titrimetric analysis
GH (mg/l) 9.8 Titrimetric analysis
CaGH (mg/1) 14.6 Titrimetric analysis
SS (mg/l) < 1.0 Gravimetric analysis
PH 7.8 Ion chromatography
Turbidity < 1.0 Visual range

*round off numbers to the nearest zero point one.
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Table 3-7 Typical organisms seen around the habitat of fireflies. Tabl )
able 3-8 Items of daily management
MO means micro organism.

-

Animal Common name Species ] Examination of walter e
Fish Cyprinodont Oryzias latipes latipes i) Examination of instruments
Goby Rhinogobius flumineus Powercoiitealler
Bullhead Cottus pollux
Crustacean  Shrimp Paratya compressa Regulator of water temperature
Plant Regulator of water speed
Tree Angelica dralia elata Water circulation pump
Grass Mugwort Artemisia sp. Care of firefly larvac
Cogongrasses Torreya nucifera
) Care of plants
Sweet flag Acorus gramineus
Cogongrasses Torreya nucifera Cleaning of filter in Seseragi
Water plant  Bladderwort Utricularia sp. T e
Water cress Nasturtium officinale
Moss Hair moss Polytrichum juniperinum
Riccia sp.
MO Bacteria Nitrate bacteria Nitrosomonas sp.
Nitrate bacteria Nitrobacter sp.
78
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Fig3-29 Model of Transient Light Emission Pattern

Fig3-28 Experimental Apparatus
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Fig.4-43 The Comfortable Ambient Temperature (Heike Firefly)

350 . : . .
[2]

5 300
2

g 250
5 200
8150
2100

2 s0
£

2R BE (X RE 12

3 2 4 0 1 2 3
Uncomfortable _ Comfortable

Fig.4-44 The Comfortable Ambient Moisture (Heike Firefly)
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Table 4-2 Number of firefly larvae landed on the bank and adult emerged in an
ecologically-balanced aquarium for seven years.

1993 1994 1995 1996 1997 1998 1999

382 594 148 383 161

Larvae landed (A) 425 756
Adult emerged (B) 258 569 97 227 75 219 107
Rate of emergence (%)

(B/Ax100) 61 75 25 38 51 57 66

and “Heike Hotaru” (Luciora)

Table 4-3 Number of “Genji Hotaru” gLucior‘g
02. In this table, pupa means the

individuals counted at each stage from 1989 to 2
number of landing larvae.

Year Luciora ss Luciora ss
Egg Larva Pupa Adult Egg Larva Pupa
1997 3163950 2845000 92417 14063 407000 380000 68089

1998 2257128 2113800 94417 15246 242972 218050 70964

1999 2788608 2641200 81093 12928 415272 407050 59899

2000 1986188 1686500 81628 13180 224206 205200 78282

2001 1749063 1577300 61561 14825 165058 152250 66949

2002 1899612 1801860 54586 16522 226536 212850 54761

T A o .
able 4-4 Values of chemical compounds in the water inhabited by firefljes

Location Pl NH,* NO;y  NoOy Co, GH KH  cop
T G e b e o)
Kaminojo'? 7.5 <0.1 <0.1 IO 6 . ; I
Omiyanoue"? 7.5 <0.1 <0.1 25 6) j : 1
Amagiyugashima? 6.8 <0.1 0.02 5 40 2 3 3
Sashita"? 7.5 <0.1 0.15 10 6 ) : I
Kawatsy®? 7.3 <0.1 <0.1 25 6 \ ) :
Katsuura™ 8.2 <0.1 0.08 10 4 3 ; 1
Tsukuba '’ 7.5 <0.1 0.02 100 6 6 ; :
Nasshiobara"® 8.0 <0.1 0.02 10 10 : ; ;
Urabandai'’ 6.8 <0.1 0.02 50 6 12 Ig 8
Mean 7.5 <0.1 0.04 27 9.3 ; 3.; 2 77

*1 Yamaguchu pref.; *2 South-I i
n 52 -Izu, Shizuoka : Z izuok .
Ibaraki pref.; *6 Tochigi pref.; ¥7 Fuklllxg;:?rhg f)lr-g{’ 3" Iz, Shizuolka pict; e Chiba PSSR



Table 4-5. Values of NO; and NOj™ in the water environment non-inhabited by
fireflies. It is possible that firefly has lived at the point of Group A and it is not

possible at Group B.

Group A Group B
Water Water Brook WellA WellB  PondA  PondB
path A path B
NOy 0.02 0.25 0.02 0.0 0.01 0.02 0.20
NO;” 15.0 10.0 0.0 250 70.0 0.0 300.0

Water paths were made for farming; Brook was made in a park and had no visible animals; Both of
Well and Pond were artificially constructed.

; Table 4-6 Changes of NO," in two ecologically-balanced aquarium (Aqu. A and
4 Aqu. B) measured from 5 May to 2 Aug, 2001
b 27 1 3 7 11 17 25 1 8 16 23 2

May May Jun. Jun. Jun. Jun.  Jun.  Jun. Jul. Jul.  Jul.  Jul.  Aug.

Aqk 0.00 0.15 0.12 0.12 0.10 0.08 006 0.06 0.04 0.03 0.10 0.13 0.12
Aqg 0.00 0.06 0.02 002 0.00 002 005 002 000 000 008 0.2 0.08

Table 4-7 Changes of the NH,* i
N 4 concentration (mg/l). At a start i
(Hour = 0), the value of NH,* was 5.0 mg/l in each)trial. 'Freﬁlartregralxlxlc(i3 r?gg—etl;lerx":teél(it

mans whether the i
filter was eq :jpged a fauna of bacterium or not. Si, Co and Bo

means SlllCa sand coral sand a one charcoal, res ective y. ltel was no [&¢
) n
n 1 I > n S

Hours from the experiment had started
3 6 12

224 48 72 96 120 144 168 192 216 240

Treated

Si+Co+Bo 50 50 45 15 00

Si 50 50 45 35 25 15 0.0
Co 50 45 40 05 00

Bo 50 5.0 45 35 00

Non-treated

Si+Co+Bo 50 50 5.0 50 4.5 3.5 3.0 35 30 390 20 2.0 20

Si 50 50 50 4.0 4.0 35 25 25 25 15 0.0

Co 55 55 55 50 5.0 50 35 45 40 35 40 3.5 35

) : ¢ .
o 55 55 55 50 590 50 35 45 45 40 4.5 45 45

Control 5.0 50 50 50 5.0 -
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Table4-8 Changes of the NO>" concentration (]m 1/1). At a start of the experiment (9
Feb.), the value of NO;” was 0.20 mg/l in each ftrial. Treated and non-treated mans
whether the filter was equipped a fauna of bacterium or not. Si, Co and Bo means
silica sand, coral sand and Eone charcoal, respectively. Filter was not used in a control
trial.

Date

Feb. Feb. Feb. Feb. Feb. Feb. Feb. Feb. Mar. Mar. Mar.

Treated

Si+Co+Bo  0.15 0.17 0.30 035 040 0.50 0.50 040 0.06 0.02 0.04
Si 0.20 0.13 0.12 0.20 0.60 0.40 0.08 0.10 0.08 0.02 0.02
Non-treated

Si+Co+Bo  0.70 0.60 0.80 1.00 0.90 1.00 1.00 0.90 0.90 1.00 0.90
Si 025 0.25 0.30 0.30 040 0.40 0.30 040 0.40 0.40 0.40
Bo 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Control 0.20 0.20 0.30 0.30 0.30 0.35 0.35 035 0.35 0.35 0.35

*1
*2
%3

S —— NO, ™

o008 NO.

=

o

8

IS

[

%’ 0.04 :

S /\

o—o \OMO

0 5581—5 : E‘H
25 Feb. 8 Apr. 21 May 3 Jul. 15Aug. 27 Sep.

Date

Fig 4-73 Changes of concentration of NH," and NO,".

50 of marsh snails a i

: 1 a nd 20 of cypr 2

: 11(5)00f1iﬂ'0ﬂ_)’ e o L;laé(lelzjodonts were introduced.
: of marsh snails and 20 of cyprinodonts were introduced.



K49 WELASRE TR ST LEOFREICBIL S URa L ()

OABEIINE (RAE)

—e— Under increasing temperature

o) o Under decreasing temperature
s Luciola cruciata (Male) RE BER | F—o% | Ty | maEe
'(_—;: at Itabashi 15 14 191 2.13 0.40
GE) 16 15 161 2.12 0.28
3]
£ 17 12 208 1.92 0.18
4 18 14 215 1.78 0.20
E 19 14 259 1.71 1.71
% 20 12 237 1.59 0.24,
O
2] 11 237 1.48 0.16
1 15 20 025 22 12 252 1.45 0.18
Ambient Temperature [C] 23 11 261 1.38 0.16
2
. o f Luciola cruciata (Male) 4 = : . _~ e
Figd-74 Luminous Interval for Light Emission Pattern o 25 7 165 1.33 0.16
A 15 3 34 2.76 0.62
16 3 35 2.63 0.43
17 5 55 2.53 0.31
18 5 59 2.42 0.23
19 3 41 232 0.22
20 5 73 2.14 0.37
21 5 82 1.93 0.16
22 9 159 1.70 0.17
23 8 163 1.57 0.13
24 8 176 1.47 0.23
25 9 202 1.41 0.20
161
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#4-10 WK EFSEETE S EBEORREICBIT A5 UR 20 ()

4 _ DU (A
—e— Under increasing temperature
O .o~ Under decreasing temperature
‘<_0i))_‘ Luciola cruciata (Female) SRR B | T38| FH RERE
© 3r at Itabashi 15 13 212, 1.92 0.44
% & - 16 13 212 1.88 0.40
“ o s
. I 17 14 201 1.88 0.34
[72] [) p
>3 i ? e 18 10 181 1.79 0.35
O 2Zr 4 ® o T
c ¢ e
= % 19, 10 199 1.61 0.31
e LY [ 0
5 LIRS 20 12 244 1.58 0.34
— I
L—_‘—L_"‘_I L 21 11 241 1.46 0.33
1
15 _ 20 A [oésl 22 7 153 1.46 0.26
i rature
Ambient Tempe 23 10 212 135 0.26
24/ 10) 208 1.37 0.32
H iy Fig4-75 Luminous Interval for Light Emission Pattern of Luciola cruciata v 95 P 16 1.40 0.23
H (Female) A 15 7 85 2.59 0.37
| 16 9 113 2.49 0.40,
17 10 147 2.16 0.37
, 18 9 135 2.09 0.37
: 19 9 148 1.90 0.40
20 8 136 1.87 0.30
- 21 8 151 1.70 0.42
22 8 155 1.59 0.39
¥ 23 8 173 1.47 0.39
24 i 148 1.50 0.35
25 8 183 1.40 0.29
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41l B ERSEETHMSEEEOSREICRT L4 UE 20 (1)

DWTEIRIE (T8

—e— Under increasing temperature

| g --o-- Under decreasing temperature
i L Luciola cruciata (Male) — e P — —
‘ -g at Tokushima - : . . £
3 £ > e
E 17 3 50 1.94 0.21
: 18 4 70 1.77 0.26
% 19 5 86 176 0.46
- 20 6 113 170 0.45
21 7 146 1.57 0.34
5 _ 20 025 ) : 5 e o
Ambient Temperature ['C] : = = v o
24 7 150 1.50 0.46
Fig4-76 Luminous Interval for Light Emission Pattern of Luciola cruciata (Male) ! » ! 120 - s
413 1 11 2.84 036
10 2 23 2.72 0.23
17 3 37 2.58 037
L 3 39 2.41 0.70
N 3 38 2.49 0.42
2 1 15 218 0.16
21 3 50 1.97 0.20
= 3 50 1.80 0.21
28 3 74 1.78 0.32
2L 4 85 1.53 0.29
22 5 113 1.48 0.45
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R 4-12 W LS —IBEE T S SO REICRT 55 URE A (i)

DY (5

_e— Under increasing temperature

i) o~ Under decreasing temperature

b Luciola cruciata (Female) B Bkt |F—sm| TH | FeEe
% at Tokushima 15 10| 153 2.11 0.37
- 16 6 101 1.90 0.35
:l :i 17 7 112 1.97 0.50
] 3 18 6 108 1.72 0.41
g 19 6 103 1.76 0.59
g 20 6 115 1.64 0.49

4
21 5 102 1.46 0.46
135 . 20 = 22 6 122 1.56 0.50
Ambient Temperature [C] 23 5 109 1.48 0.49
24 3 31 1.47 0.74
Fig4-77 Luminous Interval for Light Emission Pattern of Luciola crlfciata A 25 5 13 1,66 0.97
(Femalc) 4 15 6 64 2.79 0.38
16 6 61 2.87 0.44
17 6 69 2.42 0.36
18 7 91 2.34 0.35
19 6 83 2.22 0.35
20 6 76 2.09 0.39
21 6 82 2.03 0.55
22 6 101 1.87 0.41
23 7 105 1.77 0.53
24 8 172 1.47 0.40
25 8 182 137 0.32
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—e— Under increasing temperature

—o- Under decreasing temperature
Luciola cruciata (Male)
at Kitakyushu

Luminous Interval [sec]

15 20 25
Ambient Temperature [°C]

I 1 Light Emission Pattern Luciola cruciata (Male)
*ig4-78 Luminous Interval for ight Emission Patter of
i=]
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413 MK LR SR TR S OB EBECBIT A2 > SRy ()

DUIBEIG  CAEIu)

i BERE | T—2%| FH BERE
15 5 60 2.46 047
16 3 36 2.47 0.36
17 3 42 227 0.21
18 3 41 2.05 0.30
19 3 45 2.11 0.38
20 1 16 2.05 0.34
21 2 31 1.88 0.23
22 3 51 1.84 0.22
23 1 19 1.71 0.20
24 1 19 1.69 0.07

v 2s 1 15 1.89 0.26

) 17 1 1 2.64 0.75
18 2 12l 233 0.34
19 1 13 235 0.53
20 1 16 2.08 033
21 1 13 2.02 0.43
22 3 34 2.01 0.40
73 3 43 1.85 0.37
24 3 56 1.77 0.34
25 5 96 1.67 0.23
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R 4-14 BUE B BETHS W OB IREICEBT 550 DB (1)

, DWBLIERE  ALIuH)
—e— Under increasing temperature
: — & = Under decreasing temperature
‘ ® P b Luciola cruciata (Female) - _
| o, 6 , at Kitakyushu BE B |T—42%| Fi BERE
| g 3r SRR 15 6 72 2.66 0.48
! o
1 o bt -l 16 4 44 2.67 0.40
| -— ~.
; c 4 2.
| = 4 b 17 4 44 2.57 0.47
' 2] :
: = I + 3 bt 18 5 63 2.44 0.48
i = % 5 19 5 67 2.35 0.45
! =
; 3 20 5 71 2.15 0.31
] e 21 6 88 2.15 0.43
i 15 - 20 . [Oé? 22 5 75 2.06 0.26
i i emper
| Ambien P 23 6 92 2.01 0.34
'{ 24 6 97 1.95 0.47
g . - e T cruciata v
! Fig4-79 Luminous Interval for Light Emission Pattern of Luciola cruciata 25 5 45 200 031
t (Femalc) 415 4 18 3.26 0.52
= 16 3 17 3.53 0.29
i1 17 7 52 3.41 0.33
b 18 6 51 2.95 0.63
| ! 19 s 47 2.98 0.42
o
i ‘ 20 5 51 2.95 0.41
i 21 5 58 2.74 0.30
|
3 22 6 87 2.44 0.41
|
: 23 5 92 2.11 0.36
24 4 71 1.74 0.39
25 5 96 1.67 0.36
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F4-15 BB LW T 1S CRIFOSIREICE T 540 SR a L (1)

4 ————) 3 D T bk 1] i
—e— Under increasing temperature
e} ~o- Under decreasing temperature 5

@ Luciola cruciata (Male) P @BiEw | Fosuw | Ty | meEs
% 3 15 27 353 2.28 0.48
E 16 2] 241 2.17 0.32
= 17 20 340 1.92 0.27
‘é’ 3 18 20 312 1.81 0.23
= 19 19 341 1.77 0.28
| % 20 16 305 1.62 0.27
21 16 310 1.51 0.21
: 5 20 25 2 20 386 1.53 0.24
Ambient Temperature [*C] bE 15 335 1.42 0.22
24 11 261 1.36 0.20
Fig4-80 Luminous Interval for Light Emission Pattern of Luciola cruciata (Male) A 25 9 215 1.30 0.28
A 15 5 68 2.28 0.75
16 3 35 2.63 0.43
17 8 97 2.37 0.44
18 8 114 2.06 0.67
19 5 76 2.03 0.53
20, 10 156 2.03 0.32
21 9 151 1.86 0.28
22 16 256 1.76 0.26
23 18 342 1.59 0.25
24 16 336 1.52 0.29
25 24 534 1.44 0.27
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# 4-16 HLE LA —WREE TR S ook 54 PR g v (M)
DI BRI B (BAE)
4 —e— Under increasing temperature
£ -0~ Under decreasing temperature RE Bk | F—ot| T |BaEe]
2, Luciola cruciata (Female) 15 33 474 2.18 0.56
_‘g 3 16 24 372 2.00 0.47
) 17 26 372 2.00 0.46
%’ ~~~~~~~~~ 18 22 368 1.89 0.46
32t e T T 19 22 388 1.78 0.51
% 20 25 462 1.70 0.45
3 21 23 455 1.59 0.47
o —— 5 22 18 350 1.62 0.43
Ambient Temperature [°cl 23 22 436 1.52 0.43
24 20 403 1.50 0.47
v g5 11 208 1.48 0.41
Fig4-81 Luminous Interval for Light Emission Pattern of Luciola cruciata A 15 18 181 2.70 0.44
= 16 19 209 2.60 0.60
(Female) 17 24 283 2.45 0.59
18 23 305 2.22 0.61
19 21 302 2.11 0.58
20 20 283 2.12 0.54
21 21 332 1.93 0.64
22 22 375 1.89 0.54
23 22 416 1.68 0.55
24 21 439 1.50 0.44
25 26 573 1.41 0.36
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41T TR LR SEORREICBIT S5 Ry 0 (i)

OWBRAING (P55

4 e Under increasing temperature

o o Under decreasing temperature
2, Luciola cruciata (Male) B Bk |Fsw| T |EeEs
g % Bt Tokushima A 15 4 20 326 0.63
304 16 6 42 3.10 0.84
%:) 17 12 54 2.68 0.36

>3
o 18 10 82 2.71 0.33
g 19 8 66 2.37 0.25
- 20 8 55 2.15 0.16
15 20 25 21 12 92 2.03 0.22
Ambient Temperature [°C] 22 9 95 1.91 0.16
23 18 184 1.67 0.22
Fig4-82 Luminous Interval for Light Emission Pattern of Luciola cruciata (Male) - 16 904 1.56 08
at Tokushima 25 11 145 1.57 0.22
15 62 181 2.80 0.44
16 64 209 2.02 0.60
17 83 283 2.08 0.59
18 56 305 1.94 0.61
19 68 302 1.85 0.58
20 70 283 1.60 0.54
21 69 332 1.57 0.64
22 92 375 1.46 0.54
23 94 416 1.42 0.55
24 151 439 1.32 0.44
V35 151 573 1.38 0.36
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K 4-18 WE TR IE LA SO F RIS T 55 UR s 0 (1)

- OUIBERIN (FR8)

e Under increasing temperature

%) 0 Under decreasing temperature ;
G(/") Luciola cruciata (Female)
(:“‘ 4 iR BE BES | T—28 | F¥ |BERE
E A 15 10 63 3.59 0.75
< . 16 12 79 3.0l 0.48
3 » 17 10 70 325 0.54
Cé: 2 18 14 106 2.94 0.65
3 19 10] 59 3.10 0.66
5 5 20 12 118 2.81 0.56
1,5Ambient Temperature [°C] 21 13 123 261 0.63
22 14 110 2.64 0.41
Fig4-83 Luminous Interval for Light Emission Pattern of Luciola cruciata ij 12 lzz zzz ziz
(Female) at Tokushima 25 10 89 2.20 0.47
15 5 26 4.1 0.87
16 0 31 3.35 0.58
17 9 69 3.08 0.61
‘ 18 10 72 2.56 0.55
19 12 90 2.57 0.48
20 10 84 2.35 0.42
2] 9 86 2.07 0.29
22 12 103 1.73 0.19
23 8 99 2.08 0.43
24 L1 86 1.76 0.30
25 8 100l 176 0.36
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F 419 P TR — T LR S Wm0 %RmEIcBIT 34 v Dl 2 0 (=F)

OWBEIIE  (LIuii)

e Under increasing temperature

ey 0 Under decreasing temperature - . i
]  iofa cruciata (Pain BE B | F—a%| Fry | 1BEEE
= 4 . at Kitakyusyu 4 15 4 23 3.58 0.14
g ) 16 2 16 3.39 0.59
0 1, T 17 3 21 29 0.26
‘é 18 4 18 2.89 0.19
'EEE 2 19 3 13 3.44 0.46
= 20 4 30 2.37 0.17
= = 25 21 3 18 2.26 0.10
Ambient Temperature [C] 22 3 27 199 0.16
23 4 26 1.86 0.13
24 3 22 1.76 0.09
Fig4-84 Luminous Interval for Light Emission Pattern of Luciola cruciata (Pair) 25 3 1 101 0.26
o Kitakyusyu 15 1 7 4.07 0.66
16 I 4 3.23 0.28
17 2 19 2.77 0.36
18 1 24 2.63 0.24
19 3 34 2.34 0.28
20 2 26 2.20 0.32
21 2 20 2.07 0.24
22 4 61 1.77 0.21
23 2 34 1.75 0.14
24 2 27 2.24 0.32
s 4 48 1.72 0.15
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#0420 WEE T MR-l LA SRR T D5 s (7))
OWPRME  (Bkm)
e Under increasing temperature

ey o Under decreasing temperature —
g,))_' Luciola cruciata (Pair) BB BERS | T—9% | Tty |[FERE
© atAkilé A 15 7 57 3.55 0.66
E 16, 7 52 2.86 (.25
% 17, h) 22| 3.3§ 0.10
é 18 6 sl 265 0.65
E 19 6 66 2.54 0.46
3 20 7 74 2.43 0.50
T 20 25 i 21 5 61 2439 0.41
Ambient Temperature [°C] 22 4 54 2.30 0.41

23 5 54 2.35 0.63

) 24 2 19 3.00 0.74

Figd-85 Luminous [nterval for Light Emission Pattern of Luciola cruciata (Pair) 25 1 | 10 238 0.30
e A 15 2 21 2.82 0.43

16 2 18 2.65 0.10]

17 ) 40 2.10 0.21

18 4 37 241 0.47

19 4 43 2.22 0.46

20 5 01 1.91 0.45

21 4 49| 1.90 0.45

22 4 54 1.73 0.54

23 4 50 1.82 0.33

24 3 42 1.61 0.42]

§ 23 3 53 1.66) 0.311
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421 WL LA W F RS osm it s Tl wa

8 T e ‘ (7)) OUIBERIE (RE)

'g' r o0 Under decreasing temperature |
o ruciolacrucizta o0 BE | @uw |Fosw| T |mueps
e | . : " 15 3 19 3.91 1.83
€ I | 16 2 17 3.79 1.87
2 . 18 4 23 2.43 0.34
¥ 2 *? * | 21 4 22 2.11 0.12
::l‘ _%1 o b 99 3 31 2.03 0.27
n . 55_ 23 4 36 1.80) 0.44
Amibient Temperature [oC] 15 3 16 3.52 0.57
. 16 4 20 3.09 0.81
: 18 3 20 2.32 0.22
e _ 21 2 18 1:72 0.1
Fig4-86 Luminous Interval for Light Emission Pattern of Luciola cruciata (Pair) | 59 . 45 7 48 a5

at Ttabashi
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—e— Under increasing temperatu

Luciola lateralis (Male)
at Itabashi

Luminous Interval [sec]

o Under decreasing temperature

15 20 25

re

Ambient Temperature [°C]

Figd4-87 Luminous Interval for Light Emission Pattern of

186

Luciola lateralis (Male)

% 4-22 WL LR WL TR S MO B IIEIT 1 D ~1 R 2 (H)

DOUIBETING  (HRA)

R RE B | T—42% | Fiy [1EHEFEE
15 15 405 1.14 0.04

16 13 392 097 0.03

17 %) 333 113 0.04

18 9 275 0.95 0.04

19 6 26| 0.84 0.04

20 10 167 0.8 0.03

21 10 360 0.84 0.03

22 10 445 0.71 0.02

23 12 s66|  0.67 0.02

24 12 536 0.7 0.02
MRS 5 275 0.6 0.02
4 15 2 93 1.2 0.14
16 3 78 1.1 0.08

7 1 30 1.08 0.09

18 3 104 1.06 0.07

19 5 11 1.03 0.07

20 5 152 1.02 0.05

21 6 170 1.01 0.06

2 3 88 112 0.09

23 6 253 0.85 0.04

24 10 317 0.97 0.04

25 15 519 0.9 0.02
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R 4-23 L LA WL T S 72 D4 B Izt B ~A &R & v (i)

3 DOMBRREIRE ()
—e— Under increasing temperature
o —-o- Under decreasing temperature
ﬁ 1 Luciola lateralis (Female) i B B | F—2% | ¥ty |1EEs
T 2 _ g otiepashi 15 11 258 1.38 0.03
E ' 16 8 162 1.51 0.06
£ 17 5 116 1.38 0.07
‘é ’ 18 6 159 1.13 0.05
= 19 7 183 1.20] 0.05
_%l 20 4 114 1.15 0.06
21 5 135 1.14 0.06
‘ 05 ‘ 20 o 22 5 140 1.07 0.06
| Ambient Temperature [C] 23 4 155 0.54 0.26
24 6 166 1.02 0.04
Fig4-88 Luminous Interval for Light Emission Pattern of Luciola lateralis v 25 4 180 0.72 0.03
I (Female) 415 1 10 1.89 0.30
i 16 3 78 1.60 0.16
17 2 50 1.26 0.12
b 18 3 47 1.52 0.18
19 4 96 1.33 0.11
X 20 1 22 1.11 0.27
21 3 58 1.27 0.12
22 4 124 1.03 0.07
23 5 118 1.31 0.08
24 6 141 1.25 0.07
25 9 239 1.20 0.03
| 189

188




R 424 WL LR — IR TR S W/ OS RIS S o B 2 L (27T)

DU (A

e Under increasing temperature

— i mperature
sz | mun [zsa] vy [nesz)
%‘ at ltabashi 15 6 79 0.81 0.15
% 16 4 46 1.63 1.12
N Tl 17 10 79 093 0.23
“:(; """""""" : 18 6 sl 077 0.10
fé 19 7 128 1.33 0.80
3 20 12 112 0.62 0.12
o ot o 21 12 115 0.64 0.12
Ambient Temperature I’cl 22 14 131 0.57 0.07
23 13 99 0.53 0.07
24 16 178 0.48 0.07
Fig4-89 Luminous Interval for Light Emission Pattern of Luciola lateralis (Pair) v ’s » . - 0.07
at [tabashi 15 2 29 2.26 1.32
16 6 114 1.68 0.93
17 6 83 0.60 0.09
18 9 116 0.54 0.08
19 5 73 0.48 0.06
20 13 261 0.48 0.08
21 9 211 0.46 0.07
22 1 138 0.47 0.09
23 12 261 0.49 0.11
24 22 660 0.48 0.10
25 23 808 0.51 0.13
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2 4-25 WEE T M —IRE L5 S Wy OB WS I T D f oz 0 (=7)
T8 8 (A
3 T eaing tepperalure DB CHG)

i) o Under decreasing temperature

>, Lucila aterale e B B | Fosw| Ty |@sEx

_‘g 2 i autenes A 15 6 79 0.81 0.15

2 16 4 46| ___1.63 112

@ 17 10 79 0.93 0.23

g 18 6 55 0.77 0.10

% 19 7 128 1.33 0.80

- 20 12 112 0.62 0.12

s 20 - 21 12 115 0.64 0.12

Ambient Temperature [C] 22 14 131 0.57 0.07

23 13 99 0.53 0.07

24 16 178 0.48 0.07

25 1] 98 0.46 0.07

15 2 29 2.26 1.32

Fig 4-90 Luminous Interval for Light Emission Pattern of Luciola lateralis (Pair) 1: Z l;; (1)22 ZZ;

at Ttabashi 18 9 116 0.54 0.08

19 5 73 0.48 0.06

20 13 261 0.48 0.08

21 9 211 0.46 0.07

22 11 138 0.47 0.09

23 12 261 0.49 0.11

24 22 660 0.48 0.10

Yoos 23 808 0.51 0.13
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