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FRPE) . Bk RE. B, BEEE (UCC
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4g, TED@IZIFL2g. TEBICIE L 4g ZEE. +5
ITRET-, TO#K2BMBIXDELEMELT=# pH %
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ENBRTILHIEDIEETHALYIE pH ZREILSE
PO DHERELE, ER1EVTIESEDENEML
=158 TH, pH DEIL TN ENDLMNOf=1=. L
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ZD%. BBLBRDOLERYKR ., BiBLIZA
R 8mL ZiEHER . A%/ —IL 08mL THEMEL., TL—hk
[Z2ulL OEEELT,
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BEOR DN LERICHEIN pH AMETLIZEE
AbNB,

EER4
RIFETNTNOHODELDFHEEFLHI-LDT
BB, T37hoEhhblBY . EMDELIZKER
=X Ronih otz LML, BIEZRBLTH, L. 3
Bhn. LIFRELTO:=EDIE., 3kEERELT
W=DIZL, DLV REEDEHD L3P 28k N
TLFE-=,

— JIERE il =y
> /-_/
2.85 mm—
1.9
0.95
(o]
9/9 9/10 9/11 9/13 9/14 9/19 9/20

R1 ThELDOHOELOFHE

_40_

aLoHY

*%5HEB

aJ)LY%L

% 11 HE

*F1HHE *F5HH

ER

JLIEREORNENTLE>LRREELT., KRS
[ZKEBHIToNLGEMN2I=2EICKD. KAF R THI-
AlEEENEZ BN D,
AERBAFICTIROKEBEHRLIZEIA, QLI ERS
DEDENERL TV E=DIZHL, TV ZEERELED
DIEDVLE->TW e DT EDFRKEAR ELT
ATEEE M RSN,

5. - SHRORE

RKFEICEY ., LIICIELEEENTINELNHD
CEMNBALMCH STz, SERIESEBRFETRREHE
RYBRLITOLWLTEHBRFIELTOBRMEEERL.
MRKMEDO R L IOTHEMOERILIGELIA T
BICEZ52ELMGELTREET S, T-EMKESE
MBIFTLVHI2050 FETICHA KRB LIEREREER
FELEZRHDOEREZE 30%ERTHI1ELNITH
EYDEBRRATLERRIIZTEEEBLTOEZL, D
HAREED. LI —RNGLIEHBFIELTER
TEAHELILGHEICLLY,

6. BEXHER

1:Bozok University, Architectural Investigation of
Effect of Chemical Fertilizers on Environment

2: Pereira (2013). “Cork chemical variability,” Bio
Resources 8(2), 2246-2256.

3:Lee R. Lynd Microbial Cellulose Utilization:
Fundamentals and Biotechnology September



EY)- P RE

YOURRSEAT L

~BXEMOERICEETLHON~

B2YA(IVRIFR —& BF.ER KK
1. FROEH

BIEHETHDIINIALFT(Avena sativa)lZo5y
VEEEEINETHIETIE. FERDERIEET S
CEMNREINIZR/X DB D, T ERICITOVIE
EEEME TETIEWIMRAFEIITY~F1P50ED
RFINTULD, LHL, WFEAICHETHELREL
KOLGEENHLIDM . RFE KIRE,. FOHROEER
USMNZBEELH LD IR MO TLVEN, T, B
DEDERNEEEZEZTNDSDOMNES DD TLVEN
=8, SEICHANHAET DBHENH D,

2. ARDEM

WFEFBTH DL (Nasturtium officinale) |IZ—TE
DRERBEENETHIEL. RFROF@HMELLEEA
ETAHET. RNFEED1.BFEXEZ LTS TIFBRE
K. 2R RO A RZ(RE - IR SESB KRS, 3.%
FEOFRHMREUNANDER #HNLILEBHEL
Too ABEEAEVE RN Z =0, HEMITEST
DM EORIBIZGY, RFEE EFSE, RE#RERES
BADTIEGENDMNELSRREIL Tz, £RICEEE S
ZBERBERDITHIENTENIL, EYIHEET
ERTAIENTESLEEZTNS,

3. BRAE
[#{i]

M1DEBEE/ELIz, BAR—ILEICETY—E
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EELLDOMIZEH 900Hz DIEER D ANRNENSEN
REioht-, 18000Hz & 900Hz DREIZIX. BEEIE LA -
1=, 3 EEHOERX12)TIE, BLELARLREG>T-.
tifﬁmw’f*% E“%(iﬁbh&b\of:o

- HE

F4HL  900Hz  18000Hz

I‘I 0 HTEEEGJZFFJO EI=D)

L

11 HTEEEG)ZFYJ(Z E8) l1 2 HTEEEGDZFi‘](S EH)
[#i%R]

1.900Hz(E14)FT=1% 18000Hz(E15)DZH H HIBE
TETELDEBELHLEI3)TIK. EHYNELHLEIYE
ENEMNBVNESIZRAZT-.

F=. BHYIIELNBIZARLTWA LSRR
7‘.&) EREYBETEHEELEER. RoTWSIELHE

N¥CSINIRERSA

BE LT oORE (IRE

SN (%
2
2 | g
| -
A&
£ 2
.Ir:l!mmnm

@R (mm
cnprowBRERE
g
Il
s
EM"«

Aits —Cgf:o (.1 6)
U -
.: » f:,g,_ r . *.! :',
A 'Lt - e
RN L2 {"', % X "\
~ - -l\ By o
-"'; - ' T R W 2 z
R i A« :
13 F7%L 14 900Hz 15 18000Hz
16 EAXBEHIRNEE

2.900Hz X1y 63 FE. 18000Hz 1, Ey 63 B, Hhil
IEEH 101 EeloTz, BHYLBHLTIEIELERD

- 42 -

AEICELHDIEN DM oI,
[EE]

FE2 EMITHEEDEWVIKZEFRIZEILIRS
nighotz, CNITKY . BORBBHMITRFEICEES
BEZBWEEZLND,

EE2LERISOMICKRFRODENR NGNS,
CIhL. BENDEVWLRFRICEEEZRIFIGNES
AZbNd,

RER1TIIREFRICENHDLIICRZ A, EEg2L
BTIEHRFRICENRONGA o, EER2L3TIT t1&
EEIT oA, EER1TIXtBREZIToTLELV=H . E
RICIERER1EENEN =T HEE L BH D, 1=, EE&
1LE8R2, STIXERBINELG > TV BER
BEICEEINIAEELHDEEZTINS,

EERITHEBMEDEHICEARLGNTz, LML, S
[X3EILMNEEZFITOTCLVELNED ., BEATE#HEICK
FTHEITODVTIEIHETELRL, TD=HS5H%. EER
El#FEPLTLLKDELH D,

BROBER. EMEEDAEIZENH 1z, ThIE,
EDQZEQOHBENEIZLDRNBZEZ T TIIGY ., ED
REETEINE D=2 EIZ&- T, EAFMEIIZHR
=IO TIER LA EER =,

B BEOBICFEDRBIEVAHLLIICRR
Tz EAMNMAIICR DL, HICLH=2EmBENDELDZE
BABND, TD=H. RERETIOIZERKEDS
W RESN ., RENECRALZOTIEIELWMNEER
Too SHIE AR FEER > TUOVEWNEFRIZH T
B, AN L-5EBEEREL. TRLENDEIZEEND
ERADELZFRLETHERTESLEEZTNVS,
LAL. BOEWVCEALTIE, ERICEDLVDOEN
HEDMBALSHNTHEWN =D, RIAZERIVELNH D,
EEBFTEITL. TAEND RGB EFXHT ZETHER
TEHLEERD,

5. ﬁﬁnm '7:ﬁ§a)E;§E
EER2&Y ., RERIFIELLIZW I EMGERENT=,
Sk EBREZERTERZIGISESAREHS R OH
NIFRERGZLTORE, ERERESEIERBM
RomniE EYIHELGETOEEZEBMICRFLS
ENTFREICEDEE RTINS,
NLDIENERITNIE, BIEMOEEEEEN
[CIBOL, RIMER TR ESE O ENH KD,

6. Hifg
SEOMEIZZLDIMEESHAE N EWVE=ER
BERFORBE—FKEIZ. COBEEBYTHILEZHR
LEIFET, HYMNESTEVELTE=,

7. SEXH

(OEREIL. 82H BB T5F0RE LFeE
#) 2013 Vol.51 No.3 p.196-198

@A CHABYATT—L K—LR=D

https://www_ junchanfarm.com/komatsu—na/#komatsu—

na



EYMEE
HMS5BNSBIZTSAFYIERBRTINSY
B2HAIVARYSR X #-¥E@ BEDP

1. RO
BEEIAYDTSRF v I (LT W) FHFH -2 REM
BELTIEZEOTEY. BHERE DG [CEFEN
SPREND—DOTHHDH, HICHERSNTLLD
T, BEMNSHIWRLETIAF VI ZHDO—EH
BICRHE LU BRAGERICEETSLETHD, L
MLITSRAFYIRBAIMICELAILEYDT-
H.BRDNTHLRET DDICEREREEET S
ESELETSRFIIEBRISEAEESL
%, FLEMERFTIRAFVIICRELPTL .
BEEYNI Y EEEZATRARAT L, BOEER
[CELFEL. SHICEREOERRICLIEEYEN
ADFIREMENH D, BHE. ARRICETS W FE
FEomEYLNSVVRFAZERETIDET D,

2. HEDEW
AMETHAEADOANEBLCEDRIEBEIZMP AEALT
WEDOIZEBELMCT S EEBMELTERL
1=

3. EEBRAE

RE& 1 KEEEH VU D LIZK BTARE

iR AONBCEORIREZ0.25%0.25 (mm) LL
DO W AHB

1) AEOmYEL
BfEEIRmERFLE-RICAEBEHZ. ABITAEZ
mYHLE. (B1)

2) AR

10%IZEAEE L=KBRIE A ) D LBRKRZRY B L1
HHRBHETMZ (B2) . 35° CITRELI=VA
—A—NRBhTHEESE, (B3)

3) Ed

TS5 by bk (Avia0.25%0.25m), F
A OVE) #2MERICLEEZERIRLZ, *v b
LIz LE=EEEKICMAFEIRLE=, (F4)

4) AlE
BonZEEZ ) TEB|FNSALET (UUTF
FT-IR) IZAMT. 751?‘y7®fﬁ’éﬁﬁf<f:o

(1) (®2)

(®a)

(E3)
EER 2 BEEKIC& D

K5 AROWEEIZ0.25%0. 25 (mm) LLED WP IZEDA
NIZH 5

- 43 -

1 AHORYHL
BONEZERY H L%, FEK500m 2= 2 B
FABEROC) ITRET %,

2) RBMLERIALAOZEYE. RS LFETEH
RAERyY FERVWTYY—LIZBYHT,

3) BE
MYHLEZEMERABERBEEAVTEREL, 3
WMo NP EHRY HY, BYH L= WP 2BV
RTEET S,

EER3 JKERIEN )L - FEEK - BEEIEKEICZEK
>R

REE AXOREEIC 5Ll LD WP IXRDERIZH S
) BEONESTZFRIIHFEHRZEZRANTRYHL,
WM< - THEZELT,

2) BREKTEEEBY 5.

3) B L DXEEKEEIED Y DL (10%) Fi= (LB
1E7KFRK (15%) THEMBEL. MERABETRE, &
BETRICBEBTETVERWNMESE, BERRE

100g /0T B,

4) BRER FBUKTRSEL FT-IRICTEMRMIZS

o

4. BERLEER

EE& 1

<HEE>

FT-IR IExdg & 2RI KNLZRBE LT, 70D
B RELEZAEXZFEHMAYICHEOENEN - E
SRLLINEARETH S,

SEIE, BHEPITKRRALZEWP FO—DTHBKRY
TAELUNEENIHLEEMIZHHT S1286. &
BETOHMERAT=,
FARZBEHT I E, BEDBREKZFZI—EDR
INFICRHEIND =0, LEYDOEILEEEH#
ETITDIENTED, B 1 LERIZITBERBEKDH,
S/oNT- WP DR, TERIZIZENREE 25 FRER
HFLERYTOELVDERETRT, mBEO—FE
EARD LT, AHPIANETNEINMEHTE
B EETRLTWS,
SEOEREZEDEEEMTMLUIHERER 2~4 TR
T, BEALRY TOE LY ER=RIRD K 2700
~3000 (cm-1) HOFEIZ. E—UDRRLNBZ LM
SEOHECEDAESRIZIA IO TSAFvIN
HAHAREENTE I NI,

R1:FT-IRICKBRYTAELVDFHNARY
LB (XS EREERTRTER L YIA)

L35 S —

1

L IR s b o o



X2 :74H%U ®3:7Y

A

\(/

K4 : RILALH

<EBER>

FT-IR 2T DEEE, /R TJOEL Y EUERIRDK
EAREZRINz, LML, RTICRIEMEDR
JarELURETIL, 1600~2400 (cm-1) FIZFEB
ENTSy MEENHLNEEOD, BETEED
LOE—IRRONEZED, -HERTRENDA
NELHE-2TWS, Thblk, RyFoELVIZA
PLEGEDEMNFELTEY . AH#MIZ-0H ARIE
LAfiMmeE LCREDHITEHZE>TWNDI=HEER
5hd, UEDZ ML, RYFTOELUAEEA
HEMETBIZIEIEL M=,

EER2

<$EE>
EREMBZANTHELES. WL LELDEH
RTEhhot=

<EE>
WoORRIZCELGM>-ERE LT, BRKITAEAD
NEORABYEANT ENTEH VA, R
RNEPICWP NMEFE YRS EAVYIZ Mo EEX
)

RER 3
HEER>
HROBREH

5. #&im - SBROEE
SRIFUTOZEFZHBALTVELZVEEZR D,
OEIDD BRI & DREEAEDEN T

KEBRIED U D LFERLIIBRKIZCEDBEHE- 7z b
VEDS bRERERAEIERBDHDL-H. TR
FYIERBRIZREL. ZTORELDDHRICTTS
AFVIERMYHEEINE I NREET 5.

QWP ZETRANEOEHOIER LB KE

W ANEDORFECEDAIRIBITEA L TGS, £
SWot=BEICER L TWDEBFEEMICE GEAL
TWAOMNEHIELL TERZE,
QUENMEERBHICE D TSRAF VI DOBIKROEIL
BICHRELETSRAFYINEIGNANIZHEDLET
RVRELERE LTKREBELZETF NS, £C

- 44 -

T.ARERERBICHEELOTVENMETIEIENIZ
EDENHDDNMRIT B, HH.RKIMRIES A+
FEBRTSAF v IC—EHIMEL L, REBREIET
B TISAFYIDHMRIZCED LS BETIENH DM
BRI 5,

@BEBEITIEDIZE S WP ADEE
BRIZHDTIRFyIEHBMEL, BOMNELHE
DBEBEFTIEDICEETNDILEMEL WP IZRET S
CET. EQESBEELNHLIMNFAET S,
OANEIZEEND WP ORIRAIELE

KOH/A® - BEKDEELE W EZRET S EMT
Ehhotfzh. RELRBEAEEZODLSICIELEH
LODNIERZHIZIEEEZETT 5,

6. HiE

AREFT-IR I L. ARROESKEHEBERTE
HAHTHIERY ITEHBBANEEEIZTH
H THREWFEEFELE, HYBESTITNEL
1=

7. BEXR

JIEME Y4V 0TS RAF v BEHFINEEE
MAP-100 7—1) TZE#FIN D HIEE
IRSpirit/IRXross ¥4~ OS5 XF vy BEIRIL
IHLEE MAP-100 & FTIR #RA WV IREBKFDT A2
AO7SAF v 0 ASHEZEERBRNE
#2023 4F 6 A

- BTz - AEEER - EERC - AFEFE R
DU RFDEREZKRBIZETAIAIVRATSIAFY
Y DEEER MRESA] Vol. 49 Nob
p19723(2020) https://www. jstage. jst. go. jp/artic
le/jriet/49/6/49 311/ pdf/-char/ja

(2024.1. 24 EAE)

- BARREEGE TSMaEE H-GEHED AS i
BEAERABEREREE] p35741 (2020)
https://www. maff. go. jp/j/jas/jas_system/attach
/pdf/index-26. pdf. (2024.3.1 &)

- hIBREK - ILTRE. HRG-B8EIA4 VD0 TSRF
v DR - BT - EEAE BABER.
https://kaiyo—
gakkai. jp/jos/uminokenkyu/vol29/29-5/29-
5 Nakajima_and_Yamashita. pdf, (2024.7.15)

- FEFEFM K MRALI Times. FEMNFLR I BD
EMEANBRBRLEWVN ' RA VO TSRF Y FLME
&1%(2023.3.22)
https://www. cuc. ac. jp/om_miraitimes/column/ulh
4tu00000013vf. htm| (2023.9.27)
CBERAZELUCEEZERICBS IT2EEAEMNIZHT=
AEEHIELEDRDTA I OTSRAF VI DELEERE
SEXED) HFRAFEDHABHEDERMEDE &
EOHBAEF EBEFER 2 SEHFE
3) (2018) https://www. jstage. jst. go. jp/article/]
swe/41/4/41 107/ article/-char/ja/
(2024.12.14)




MHERRE
REBRE
B2HAIURYSA BN BF

1. RE D EhiE

EABATHLEREZ/ONDIIREZESI-OIT. 53K
MICERREEZERIETNELWEEZ TS, FD
BT—HEL T BAGHRETREL-ANREHHMICO
ARDBDMSIENEE R Tz, TNz HDEYTKE
AFEELTWSIREIZFIAL. RELTLERLERS
1=

2. FRDOEK

REICFEADEIRNT—ESEREALTREICA
FENTLRVRBEORREEEDTIKIETHD. RE
ENDBVIENELGRETRBEENFIASA TY
BOERRZE BRI NCIERBREOREEZIE LTS
FEERDITAET  RIRENSLYLERSETW
ENEEZ TS, ELT, HRNGHELLO>TLND
HERBEE R RICEMLTVEWWEE AT,

3. RBRAE

BORBIINDSV=D, LEDREBDKRESTIIREE
ISEAEWN, ECT.NASRITOTHOMLEEAZER
E.BFERDONTEEAKRELGDHEEZ =,
UTRENEENOD-HDRERTHS,

RE 1 ISRSBHEIEICEH>TEFLPTRZD
H

5 NSHRIBYDANEE TELFELKEL,
FIE: Tinkercad Z{F->T 3D ETILEEY . T)o4—T
INTIRSZEEIRILT=. (B 1)/85R5, RE—H— E~
A4, RRAKE . Tone Generator, = 8IE Web & FH
EL.EBETofz. RE—H—EN\SHRS DR IL
10cm, NSRS EIA VD EEREIL 1em (B 2 M HLTZ
NIRSDERDLE) CRELIZ, \SHRIELDIE
EIER 3 DESITYA Y ERE—H—Z TR 10cm
T.N\TRFAYDIHZEIFE 4 DEIITRE—H—. 74
. INSHRSDIETHELTzc RE—H—HB/\YaVT
DEE 15.1000Hz DEZHL. ZEDEFEYA(UTEE
L. BEHI%E Web TEEZFBRIELT=,

140mm

H2 /$S5HKS0ME AR

B4 NRSRFLELORBERBKEME

K2 RE—H—¢,RSKRSOEHANTEETTEDE
DRESITEVAHZD M

e : RE—h—¢,NSHRSDEMEEATLEEE=E
IZZEEALN,

FIE: SRS EIAVDIERIFERD 1em TETEL.
AE—H—ENTGRSDERMEE LS E =, thDEH(E
EEB 1 LRBDOEHTEREIT oI,

RE3 FYINSRSDERDECHTORENRK
FEELTOM

S ERDUET 1 BEEETED,

FlE: RE—H—&ENSRS D EEEE L 20cm TEEL .
RAVENTRSDEHERILSE =, thDFMHEEER
1 ERBRDEHTRRET O

RER4 BORSFIYENSKRSORGFOANEEED
SN TWSDH

et \SHRSDORFDANEEEDHLND,

FIE: BRI TH-ARER 14cm, BEE 3mm) ZAE
L. RE—h—,ENRSRSDERZE 10cm TEELTz, #t
DEHIFER 1 LRBRDOEH TERE T,

EES5 EEDONSKRSTIEEDLWEETTESDH
& BEEAKRE RFATHENZLDHDT, EFED
INTRSOANEETTED,

FIE: KBFEDNSGRSE BERES 7D1D/INTRSZEH
EL.N\SHRSERE—H—D FEEE% 30cm [CERELTE
NETNDEEBEELXRHE L. thOFHTERR 1 &£
RIFRD &4 TRERE1ToT=,

86 RFRD/ASRIEHEL. 3D TVE—D/RFR
SERCLBVDEEMNTEHHERMIEL<SLEDH

{REH: RER 5 Mo, EEASEVNANEZT TEERESN
KEL

FF: NSRSERE—H—DIEEEE 30, 60, 90cm &

ElbSETz, thDFHIERER 1 LRBROEH TEREEZE
1T-o71=,



4. FERLER

SEER 1

R

®1 R5KSHY £2 NKRIKRSEL
258t (cm) 10 PERE (cm) 10
BAdB 54.7 B|AdB 45.4
F5dB 48.94 Fi5dB 41.86

ER NSRRIV HDHLETENRFLT—RIZEF
FOTRAINEEEELOIL NSRS AEYDOAN
BTEEEAONZD,

=2

#R] K3
EERE (cm) 5 10 15 20
BXdB 58.6 54.7 54.0 a7.7
Fi9dB

ER AE—H—ENFHRSDIEEEA 5,10, 15cm TO
ITHEEETEFLHRTIEREHEFLBNETATN
B, FDf=8, RE—H—,NSHRSDEMTESZTTED
BEORESICERIIHNEEZONDS, £T-. IEEE 20cm
THOEHEEZTZTENEZHDIEHD T —RELERTINE
{IE2TWADIE, 20cm DT —EFEHAITRESEITE
BEQOI7IVEELTEY. BYDREEIA/NSKHS
= EEEZBND,

46.02 48.94 50.26 43.95

EE&3

R =4
fERE (cm) 0 1 (85) 5 10 15
Bxd8 446 ar7 34.9 34.9 363
FdB 36.68 4395 31.01 3135 31.17

ER EHETETEFHRTILRFEAEYDKBRIZH
F=EWSTENHMB, 5, 10, 15cm DFEHESZT ST 2 (54
31dB H DL T 0cm D F E(FH 37dB THAZ
EDS . INTRSERAV DI TIZAL NSRS DE
BEVAUDEMTEETBTEICENHZEEZLOND,

x4

R &5

PERE (cm) 10
RS WMAdB 547
NSRS FidB 48.94
Ml mkds 394

Pt 08
ER . EBRI1ONSHRIBELOBERELE T 5L, Eik4a
DHENEEFTETWNVENEWNSIZEA LMD, ZDT=0,
BORFTIEBEEDONTLVENEWNSIEAERDL
nad,

26.58

EER5
R . %6
EED/SHS | 5HDI10/FKS
mAdB 58 573
Fi9dB 0.9 40.41

ER N\SRIOERICEI>TRIFTELETROUMNE
BY. EOONDEDKRESICEILHDEEZ =, LD
LTSRS DEENREVANFTERHLNTIVEAD
DT NFGHRSOMATNSESTDKRESITE->TE
EEENEDLDARMENHLHEEZOND, T2 /N
RIDERICE > TEEFICHEYGE/NIRIEAE—H—

- 46 -

DIEREA HDHEHRTES,
EER6
mE:
30cm 60cm 90cm
#xdB 58 41.1 473
Fi9dB 0.9 34.0 39.0

FERN\TRSOERDKESICEOT, KECEEED
BNBRAE—H—DUENERY ., TROEREAELVS
BIINFRSOEEFPEVALENTEY, EWMGE
[FNASRSOEENKEVALENTNEEEZ LN,

5. Blm-SROERE

SEOMETIE. BORFIMSHEENTELLSIZT
SOOI EBELTEDIRIZRELIIEEZ . EE
FTEHEELTNASRSOBEEEF ALz, ASKRIH
HBLETEBELOTLEBIENSTENBRIEIZE 1=,
Fl-. FER 4 HOBETENRSILI-ELTEBTZEDD
NTWBEIFRBRLSHEVWCENDIY ., BEEDBICIEFE
SR IYVEBIIRDBKRDAD RTINS ENS
hot=,

SHOBELLTIE,. 3D FTYUE—THE2=ETILE
ENRSRSOIVWAENT 2LEBAESNTNADT. T
ADERE—H—DEUBEZEEL. HFIZE>TEDE
HT—BRETEIONEENDHI-LNEEZ TS, ZL
TEFDRERICE O T—BEFTTEL/NTRIDHEES
SEEZ TS, INSIRSD T, EQKRESOEEKDFE
SNEBTHNIE—BEETEL0OH. BORERR
E—h—)NSRIZEDEROCAETERETL0ON
—BEETELIDON. ZINDLDEETITOTLES:
WEEZTWS,

6. BEHK
1) “MEHEDER-ERE—IRIL”, SREFEDEL
LR

https://manabitimes jp/math/868 (& 2024-9-27)
2) “RE—h—hoDiEHEERAE" cE/HHXs
#t
https://www.hibino.co.jp/bgm—speaker—adviser/mame-
4html (BE 2024-10-9)




Y- hPHEE
TR ILEY LD DR
BE2HAIVRISR

AJRRHA. BAEM

1. AEDENE

AR TIE RUTAYIREURIVED LB EVR ILED L
(sempervivum) DEURILE D LYLTFUEEL, ToTLY
B0 BURIVED LDKREGHEFHEDI R INTOEE (K1) D &S
24K, BWTRIDSFARKIZED LIZH S,

BARE EURIVED LDARDREIEHIATHIEITK
Y, RAEDHEDIEHO, TOMODREF =S OHEY
DHELDEEDHIBRIZOENDDTIFRELIINEE R,

B1 EoRILED L

2. HEDEH

TURIVE D LIZDEWIZFENED EiFHND . DED
FIRITMTTERAREZ TLDRDESHEDEED, ThE
LIETRIERESR, £ RILE D LDOTRIDOHREE I UWVEFBRS
ML TUVELY, ZFIT WBIEFOBENSEESTS
=HQERPDIKNEEZS5-OQMAERDI-HDEE. &
BEERIL T, KOERBERFTEST=-DEWLNIADDEREZIITT
BREET . TDIB1DODEEINSBEFEH=OERIT S,
DODRERE LT D ETHEYDE L DBRIZE DFEHEN—F
BHRSNTLSONDHIBEICDEMNBEEZ NS,

3. EEAE
EER1
B RELDBERMEDRAE

BEOEARERET X THRELEAREZ 28T ORET
%, 4D RIVE D LEFEAL THBERET o=,
2853 DI T TR —IL T RS R EHR D 41-58
BREICThTH REFLTERETS. (H2)
ELLNBRETHE—ADEKTRERY, LN DEME (F
FTARTR—ELTKIG—ERMIZ2E], 4mITDE5ZXSB, K
5573843051342 T RTREILET B,

EM

&7 &1/ /41
i "

| B Il N

X2 RERHEE (RIRSRER)

.»T:;J‘i—

EER2
B o RILE Y LICHET AIREDRE

RELEABRETHEONCTAIETURDERD
T—REKYIEFEIZT B=0H12175, BEF16.5~17°
IZERELIzA Far—4—(F3)EALTEURILED
LOELTWAIRELIE BGRREEDBHTRRRET
S5, BHDEURILED LOMONEBLTLNSHE=D
RET 5,

X3 RER2TEALI-MvFan—4—

_47_



4. HEREBE

EER1:
R

BEEDOMNFREL T RILE S LITEEREIAD
6 A6EMNS14 AL E->=7TB19B 4N iaH T, 158
#OD8A3RIZELIZHNTz, —ATEREDEURILED
LlFHnihH=-HEERRE N 55524 A#BLT-8 A5 H
Mhiod7B#O9A228(IZELE (TR T=,

B

BEEDOH LN THNIBOH DD ICHEYREGEROZE
NHEIEE TNFNDOESE T TRNIBH THD5E
[SHINAETHOBRHDOENI2BLHASAENLH AT
URIVEDLITHRYRELEEEZEZTNSEEZLN
%o
Fiz, BURIVED LIXELITIRREANH D LMD —
BRIZ2E]., 4mIFTDIEANTETH D, FRHNIZKHB
Fo TLEW BICEFEADLE-RETOEURIL
Ery LARGREhERILTLEEEZEZLND,

EER2
R
TUORIEDLIZFHNTIZIA1BNS5821BETH
81HMEAEREFEL =,
LWL—ADHTIEARMNTELRIZHAEY, £5—ATIE AR
HECE 1=, (R4)

E.

AVFAR—Z—NTFIHXEH AN B TIEIHLALID
HTHD. TDIENDEURILVED LD A (TH<ETH
FIZRIELTLSHDTHY ., RIS B SIZE 540>
= EDNSREITHRYELE & A =, £=. KNTE
(25t o =t RILED AD IS TR E IS AKRTH
BEDHMENTHUTL ., (R5)ZHZEMLERIL
EVLDRIIHEROEODEENLFE - TNSEEZD
o, FH-RERLY. SETIDOORENLTEEDOEER
TW =D DET TR DR EIZFdEEZLNS,

e e VS

4. 3RER2U 57 (fit#h: TDRSE1ELI-FOHHEDORED

HER 1Eh: B )

B5 B RNzt NILED L

5. fam-SHEORE

Ik DX RERZITo-ERR1TIE EDEELE RED
EEEMELTHELT . SHIEEEZRECZITTL Fo=IEMR
RTREITHNTLESEEZALND, §RIF. 2TDEIR
)_bl:‘"?l.x’é’f‘z#lf\‘—’;“l—lﬂ’éiﬁ BEEBEMEL T, EBRET
Do

Fl-. BB THEAT S EURILED LOHELEOLT HE
DT—2EFYERICLTEVLOMEF-TVE hHDHEEZ
T=o
SEOEBROBRELLTIER2OBERIYAETLTT VTE
BATHFNIEROEEROFRENZELEIAT EE0EER
5N5DT2E B DXDIBRERTIIEYDIERICERLTR
£ T#3400~500nm&E600~700nm (E6) D EE DS 1 F TEER
%17 9

EBREARFEBLERELTRXIEERILED LD I2H
HYRECEEBERIILTWDEE R D, . TR ILEI LD
ROWEEEELTTEIRDN L BEFAH=OIZ KEZZDHIELD
RERZEILTTL =D T, TNHRIEL TLIET=LY,

Feie =k

5% 5 5 LR - &
380 400 450 500 550 600 650 700 780
5 E 5 # ] i
3?0 4:?[] 455[] 590 53[] 5?0 EJU
430 460 500 570 590 610 780
HE (m)
6 AItRILHR

6. &3k

(Z2AED] O RIVEDLDBETHEE ? EBOLAOHE
ZBZAI22O1T
https://www.hyponex.co.jp/plantia/plantia-9194/

- 48 -



LR E
BFhOENRFIETHR
B2HAIVRISRA Ryl ZE EE BA
1. EDEIH

ZLDBEBEFIEDIZIFA TR YL LN LN R
RURFIAEENTEBYHUIZB LS —RAE
HoTW5, BibEldHodnanERAEITTR
ZBBMEDIEFIEL., BIELIREN B EEESE
ZTMACENTET RIS, SUINERT S
CHEEZRDBRREOCBAERDFDIZDEND, FZ
T AFIARVYUEEFHVWAEITIEHEEY Y
TDABIEZEE<,

2. IROEH
AXIARYUEEFHEWLEEITIEDIZATHE

W%, 3FH(Limonia acidissima)&lEI v <—IZ
HSBLTWAKRTHD, ¥ Y—TIFIFTHDOHBK
PREFERD LTTYDSALKEZREE. M
LCEBIZE LA 14 HEEMSHELITLNS, £-%
NENSINETFDESN TS 2, LAL., ZF DL
NEBFIESNRICEAT HAETHRITR DM BEM>
Tz T T AMETIE 2T AN BEITIEHELTEH
P THOIMNERT H=OIZFF D LENEFFIETIR
HFRRB(EERD), EBRODBERLVENMEEED
DNBRIIAEREIRESE D EMEREIL T, 2THK
’éi*ﬁLf‘ﬁ&i*ﬁbfb\ﬁb\ﬁffc’“ﬁkﬁ?’éﬁ
BI5, NERTRETIHENEON-IBGE.F
%%’()Eﬁ*% E&L'Cﬂlﬁﬁ?'éu&b\ﬁﬁﬁfgé(%

3. REBRFE
=B 97“73@%%#&[95&3’81%

P A+AhH, BEETIESD ., fILER
LTULWEWED D 3 £ THER
7ot AIEIZIE. BHTHE
ELNERITHREBIZRZSEN
E—X(RAM180 £,079) (& 1) %
EALT-, : ;';t(;tﬂﬁﬁfag;;_:'c
- 2. BEBEZ-NAEHRE
;é‘ébﬁbggji; CEBLThHD, EXE—RIE

BRIRDT=-H2FHOBEETIED
(EFL UV 7HT7V)IFI4+—R)—I vt R q 1t
FFRNEH—ITEBHRTHIENELLY, £ T,
200°CIZHNEAL =T OUIILRUA— (K 2)=ATE
B2 om OARIZESAESIZELLI=, L. Z
NELENMRE—XET D, F1=. #FTH(FTO1B 4%
(A))EKEBEHL 14 ITRE-LDESTHKET
5, 3T hKEZRLUE-LENMEE—X]-TEHEITIE
HEZFEMUE-ENMEE—X |- TEHEHRLTLEL
EHRE—X 1 FHERL- (K 3),

TR
g

RS e B

BEEFIESD  BEHRUL

M2 77 UNNH—  srnk

- 49 -

LNRE—XIZERMES A LERBETL ., SFaTE D
BRDBEIELEE L=, RERTIX., B INDI LN R
UNDIDRINEFHC =012, £ RE—X DR
B REBREBETIT o= AERIZAV/IARILERY
[FTH=FDHFIZ 1 MOLINMRE—XZHREL. LR
E—X®D_EER 40 cm MRS A~ (UVA395 nm)
%5 MBS LIz, BHREATZROEMEE—XER
I—b7+2TiEL: (B 4), COBREEREHIC
DF 20 [@F D, & 60 E{Tot=, mEL-BEE%E
MATLAB (#{EfEHTY b0 17 ) CEGZEBITEIT
LVRGB fEZR&OT-(X5), RGB {E& L BZE TR (Red).
FH(Blue). ##(Green)|Z4TT 07255 TRMDAIEH
EL3 2EHHTHD, £1- RGB EAKETLEE
BARNENZ D, BALE-ENMEE—X (XSRS
LIFBIZRZ 510 # 0 RGB {EIZEHLT-, &4
BE—XDH D RGB EZFIRDI=-OIZEIEZ 23 &
L= CORMEXENMRE —XZEBITCEBRE
T3 MDEEML. #%D RGB ENHZKEEFLEY
RELT=,

AR+
AN—hTx> \adaipred2m % | kadai07m | tkm 3| +
1 cle;
i 2 clear;
{ g 3 close all;
Sl Y A 4
5 path "C:\Use 5h1a:e Downloads\';
- 6 me@l="ING_7439.3p8";
4 7 f lename@1=1 [p ath,named1]);
E 3 :Lmshov(hlenameel)
! 40cm 9 %impixelinfo,|
H 18
j_ ____________________ 1 imgred=filename@l(:,:,1);
4 12 imggreen=filename®l1(:,:,2);
13 imgblue=filenamed1(:,:,3);
G\ 50cm 14 %figure,
15 %imshow(imgred) ;
50cm BARE-X| Xfigure,

4 EREE S5MATRAB MDA H') T+

EER2 ATHOAEREE~DEE

KStFH 2 TUT7—F (Dracaena sanderiana) 6
HEFERALE. [EORIZAFTHKEER L=
MEHRLTOELERIZ LB LT, :Eﬂtﬁi?f}%E@
7£1B’Euﬂ’\TJ'EAEJZJ$F§EEMT%) 07 ] bk
‘ZEHL WI::E§1BJ_$IE,§/E“IEH+0)‘EJ_H— "C-
RELT=, 50 N REIDEHAIZ T o= D 1 72FE
[Tt — 75‘T EDT=-OT—3%FENIZLI= (K

[o00y,
SRCL

U —memmmes
(D FoerHTUr—+

{ Fo ST HARERELIED
W ALBTHLTLELED

6 —HItRFEENEDRT -BEE

4 FRLEE

1T B U5, fitEhX RGB B, ZDIEX
FT—2DOEHREDHFE 2HERTE—I VTR
ERLT=(B 7), T3 hKEZERLIENMEE—X ]
NOEVMVREOEENZLILL, D RGB {EDE
AN ST AN
CDZEMND, TRILEEHRLTLVEVNED 1 KYTEFH
KEZHRLE-ED IOANRIGLTWSEDLD S,
KO TLESNMRBHIE SR AYF5< 395nm DESMREE
HTWBENLND,



F“-;‘:' el Edb i

£ +hkER

FEqlL
30
10

50

a4 a6
7 E—kvyT
HtEMERA D Z B i RIRE . A EhZ B E R
ELIAMER T S57%77 (X 8),

1000

E s
i
3K s
a4
]
5 &0
=
i@ s
|
aan ) 1
o] 0 20 30 40 50
I [&] [455]
=R EFHY
L e e —E (L 1)
— T L2 —E (A (301 BT

8 TRILRRRENEL
8 D_ERILRFREDMIEE (CRIERFRRED
AL E/FEE) ZHEXMEZ ALV TRO . AHEF 3
Hi&ddER 1 DEIITHEoT=,
®1 —BRIERFREOEZLEDFY

fBE= DF1H [ x 10 2ppm]

o)) 4.93
AHBEHLTLAEL [21.8

Malt B AL TULVELRIKY TR hKEERLE-
HIOADNZBRILRFRREEMENI LMD, 2FDIE
HERERELLGVIED DD D, B 9 (LHftsaE
AR E, #EE#E KRR TRLIOATAILORIRARY
MLZERLTULS,
/0074l aldtkT
' RILF—FILFEIR
; , WX —ITE#]T D’
Al BZfFS. y00J4)L
7\ I b (XIRIRLF=ZEo0
ANV B74)L almEY S
w w m om w REAEREOBRTH
pala %, 9mMnYyO074
9 #O0OJ4)LL JL a & 400nm LLFD
TR ey s
Bhbd, &K>T. 2Fh
FEORICEHRLUEREZERLCLOELMERKREKY
395nm LY SRR A ERERELTNSIET T
0Hd, LWL, 2T HIEELLEESFADZIEND, 7
RABRELTRHFTHMEEZF D W EHE
RETELL,

5. fEf-SEROBRE
CDTEMNLRDEBIZAFTHDOBESIFESEIMNASZ
ETHBDEERT= TR THDENFEED IR
DAN=ZZALIZDNTHELTLIET LY,

EI SHGCOLIRSTEN 2 Kam-HOLE I XBHSE
e l]‘ A7« a

o

FRIR
o

o

§°r~

- 50 -

6. B
AAEEEDDICHI-Y. RRER KFEZHE
—EISAEER BEBBEICE. T—2DFEED
?(:our:‘?‘ﬁﬁélﬁ%ibto IDMVLREBEIL=LE
TRAM180 E IBEXTIGEICIE. K1 DEEDFEH
FIR<HFAZL=EEELT,
COHEIZHALTTFESEITRTOARIZ.ZD
BEEYTRERBBLETFES,

7. E W

1) “YUdEOEELRR KET

https://www jfa.maff.go.jp/j/kikaku/tamenteki/kaise

tu/moba/sango_genjou/

(& 2024-7-20)

2) A+ hZ EEHEME S RAT—HEN—X,2016,
https://jifpro.or jp/bfpro/sanpin/sanpin—03/1609/

(BE 2024-7-22)

) “E2EEMNIKLLIZHEET S 2 Sbigd—

WY IE" XM Es

https://www.mext.gojp/b_menu/shingi/gijyutu/gijyu

tu3/toushin/attach/1333537.htm (& 2024-9-27)



&Y - hePRRRE
BKTEDITEITBIZHBRIND
EBR2EHA(IVAISR ALUER BIERE

1. BMELUAK

FITHMETRKEDXIIE FIFEEDGRICK(EFTSE
WSTEMD DO TN =, ESLTEDLILITEIZT HDH
RBLIzWEEB otz ZITHIBIEX. XNIED., DA%
BIZELTHRENT AEFEROIDONERTTHEIZL
fzo AFHEE. XNIEQTEOHIEICRET SRIEEMED
HY . BREORHFCTERAZHEFTES,

2, Rk

XIIEFEPKEICEN, HEENSEETLEELD
B, LIz T.BOZEHEDOF T, HENBESINT, &
DEVEB~ABEHITIHEETEZD,

BE: BICITEHE. BE. EELLVSZDDEZRLAHDS.
HEFBOBELIEDEALNOILE, BEAS ITAIEAIC
FEDIEARMFNIERITIEDL KK, EBRAR BOR
B, TENEENSBDEHONIETT .. EEZRNLE
LA DEFEND, FEERTHARDE, HEFIRV-F
IZHREYLEDANENERD=H, EDQFSHBEEITEN
EEARDBILELIIC, [REELZTLERSE, BEFRL:
BEICIREYEERDAMNENEDT=86H ., HOAMNBHEEXIE
WEEADS

- = ™ E "
wxsy [ E N e
wan [ DN S B
ET EEEY (IE cEEEF (TR D=

3. BEOBE1

XIIE: XXIERICETIRKEDHATIXIIER
Neocaridina DR HFEF AL V=, ILZFE DB 5 EERIZD
MIZVBDEDZEIFERL. ERENDOKETHET H10%
FERHE-ST= (X 2) , &Kl 30 mm. SBLVRBEFEAT, O
TXKE, BEIEZBRIMBME, BARAROFGL 125,
#]/E: /\wH200 x 250 mm), 7RV JL(ERE 300 mm), B {+E
T—T NASEEE 58, TOFILHAS
WG40(RICOH), LED &EBk(E26 AECH). LED EEBA
(Wodondog)

BEFZNA\YNEEEFRIILORNTEIZ. 2 BOT—TEE
Do TIAIKE 35 mm ETHRAKEZANT, XNIEZE 15
BEEBRT . W ASFEDEET. 10 DEROA22—/\Lix
L CTHAMEREERT S (K3) . EENSBERDO S MEHEE
L. SO B LERSES 571,

h~‘ —

45:70°®
RERI XY TEFBAEDIENIIICEF D IZREELT=.,
HiTOKR-F RITOQmR- #&

IO OO

RITOTIHXHAEDENEZSIZ. RITOTIXHEDNEWLIES

[C&EFot=, =1L, BMRTICIE. NULDRBICEFDELS
H@EEALND Oz, BRYLBRB[OMRIZITEEFIRT HE L
ENDLETREINT-, Z2T. ROFITTIXBDOENARD

I ERBELTEALE,
HITO®%-&

RE W
. N B

ELLDETTHLIVIEA IR, BDERIZEFE TV,
COERAE, WASDEIZEDEDEEEZONT-DT, RO
TTRELMGKEHT, &L &Il
BITORKR-#& BT #-R

HT6.®%C. HEDIEWESIZEE -, BH. £ITH
TOTIE, FRERIZEELRZEIZEWNESN TR, §0
WOHT. LYBAEDEWNENITIEEZFIETHFELHIENS
hot=,

5 {EDME-2
XITEMNECEFTNESVHAEDEZRIANTEEDME., &
UEEMIZHARS- H . AEZD/NSVWEDHEAEHE
TRITL =, BEOEFZAEICIX, FUEST EDVILY
I 7 T#5 MATLAB(R2022b, MathWorks. 7 A1) 71, 1984)
#FEALT=, MATLAB (IR ELDBDERES 256 FRFET
=L, BEH 256 [SEDKIFEREITEEY., 0123EIKIF
EREMECGERESBTEL-, ERICERAL-aME T
—JI2. BIEBLEERTREL T, TOHILAAT WGL0
T 5 #HiREL. MATLA B TRIELT=. 5 RO D EHEEZS
EOREELLTHERALT-,

6. R1TD-O©
[RYIEFREELCETHATERDNIERIELL .
HT@ K-#&1 HTO® F-#H%2 HTO B-K

(DO IENR)
| = -

RTOR-&

17D K-#& 1 TIL, 9 REEIELEA 15 BIAPFEHLT 14
BAENEET-, RITO® F-# 2 TIL. 4 BES L FATH
LT 12 EARDODXIIENEF -, RIT @ #&-IKTIE. 16
BRESVVEATEHRLT 13 EikEE 1=,
NEY . RTDH S, BHEMN 9 BREEENhTIVSE, XY IE
[TEHEDEZEFHIFTESN, RITOMNDS. 4 RETIHHEED
EFHBITERNEEZDOND, LHL. RITOTIL. 16 E&BE
BELEBIZIXTIENEE -, COHEEMND XVIEHNBHE
g%fflff%@ﬁd’éﬁ%i&/\:ﬁ\m\&b\5:&7&*‘%:&%3&
HITOTIXFRICEFT>TULVELY, - MATLAB (2L,
BERICZIE 72 BRBEOBEZENH 1=, —ARITOIXHAE
EMN 16 BEENEN, ZOIENID, —FELUEDBRAEEMN
B FRRBBEFEFRZMBETH TONTNDIBE ., XY
EXFRRHBEZIFODOTIELRLD, CNETORITTHE
EZQINSVFBERARITEERLEN -0, SH
HI-IZHRRHENITIEDTEIZEARAL TS ERES
NEERENEEEEZLNDS,

CZETH 2024 BARKEFESTESR

-51 -



7. D=3
CZETORITC. PEER T THFRRFRERE XY IE DT
B ZEHEL TLB D TIFARLA ELSEERA BN -, FRRHE
IARZIZEHEL TLNDDMEE MO DT=8IZ, F5-Fr. Fr-FEFR. JE
FIEFRT. TNTNEENEL S BETE adbhtl-,
Ff-. CNETHEALTL V= LED BEKIE D MBENRELLLVE
EDEREEM BoT=1=8 . LIEDIRETILLEFHARST LED &
BEEALT-, BEEEX TIRIEL TEEFELBISEVLDEL LA
of=1=8. SADERIZKBF2EITHNEEZ TS, MATLAB
[ZXBHERELTAMEEZ TOYEL TS =0, BIEIETEL
ﬁEt IELDH. HExVEBAEERIC TH S,

8. #1700, @
F3EFR- JEFRITIOEE . XX IE (ZBEDELVE~IEET 50E
BEREILT-,

BT K-#& 1 FTAD K- 2

SA1TA0K- #% 1 TIE. 26 ERBEIEL V& 1 ~ 15 E{APTHL T 14 &
{KEF ot RITADIK- 7 2 TIL. 18 BREEELVF 2 ~FHLT 14
BiASEE STz, LIz o T BT, O, D&Y, FEEEFLLE
A, 9 RS EDBAEEAHDHE . XY IE (FBEDELIFSICFE
I HEERD,

9. HTD.®

[ F5 TR T IBSBEEDELFSAEET SO ERREILT -,
ST B3 HT® FK1-Fk2

AAD®

SATAD #2773 TIX. 48 ERBEIEL IR 3 ~ 15 E{AFFEHL T 13

{EREE 1=, HTOFR 177 2 TlE. 13 BREEEL R 2 DIFSIC
LT 14 BIAREE 1=, LI=h> T FRFBEDAHEEALT-
154, BEEEEN 13 BRELLEHDE XX IE (FBEDELES

(ZREES B LN DD -T=,

10. 1709, ®. ®

[95-SEFRITITOIEE. HﬂFO)ﬁL\P\%ﬁ'@“éh\Hﬁ”ﬁu_o
B0 R 183 B0 F1-81 RO KM B0 R
’.‘

'@OUD"GI

i

_| _ :
e T e $ 2o = S— L w1
AR | » (53 ) A Verih AT YNN
" BLS “e RoNR Y

SHTWTIL. 1 BESL VR 15 EAhTEHL T 10 EixgEE->
1=, STTIL. 5 BRESL IR 1| ATELT 12 EfREE-T-,
HATOTIE, 47 BEBESUVR 1 (TFL T 12 BlAEF 1=, OF
V) 47 BRELIRDETHNIE, X IE LFRRBIZEFHEE
AbNd,

1. #5556

[FR-FR1. TR FEFRIDAITTELLLBAEMNMENAIZEE DS
EMS, XY IE (FRAIELT, BAEEELL TREHIEL . BAE
DIBENEAFEETGT D EN DD T2, LOLHFISEL T FR-FE

FIDHMAEHETIE, BT BEDRWAIZEET 5111 TlE

BN ED DI o=, [F7-FEFRI DEERTIE, BIEEN 47 EBfg=E

DATHNISREN B TE. FRfAaEEA THEIL-, LH

L. 72 BfEEHDFT © 7~ B TIX BAEDENE~EFES

foo COTEMD, RTIE [ETFr JEFR DA BHHIZBLNT,

47 Hhi> 72 ERRED EEEHNI RRENTRAEL . BEEEE BARD B STIERL

=P EBRDHEEZ NS,

1255

RIS RISERLUI=DIE. RYITEWFREFT 54T

HEHRLTLVSE BR  EREHDOIETHAHXIIE L vaL

JIRIEDERESFRELTINS ATV ERE LIz, AT Y

CITEIDMBIRI TRET B I\ VBRI TH D, AT M

I K> TRANTEHRENELD,

2+ (Neogono dactylus oerstedii )

B BTSN TLB I D vald 33 FEDA T V%R

BL TSI ENDMDTUNEQB), BT EENSEBEOHVTIERT

TEYEIET DOITEBFILEES 2. INFEZLDF T %

Boantinvsg,

7\ F A TE (Litopenaeus vannamei )

INFALIE (1 FEBEDF T EH->TINB(A), T, /XA

IEZAVW-EROAETIE., BIZKDITEINZELITRSNTLY

FULVG), FZLEDEICERLTEYREISHEEL TULS = BRI

WEHLDTIEROMNEEZ SN TV,

X IE(Neocaridina D3HEFE )

SENEERT, FREDHEAHEHEIZENTIILT LLBAEDE

WAIZIEETS H0(F TIERUL E v ofz, X TE [FEIZKER
“DFUBNTLHEL TS, B EECAEYID IR THY

TEIBA IS S &IdR,

3TEHLELT

XYIE [ vasEl, BEOHIREIZERL TSI TIE

BN ZD1280. AN SR REDA T NIV DTIE

HONEEZ B DA T Z DN\ F A IE LBl

BT BS N, RYTEA, U CRAG RIS

TRTTEND, 2 FFEL EDA T E - TULBETRESND,

F1 XTIE, 2T WNFAIEDEREEA TV

XVIE v 3 NFAALAITE@IL=
" — - IER) |
a [©FD] b o
oy Neocaridina 0| Neogono dactylus |Litopenaeus
- oerstedii vanname /
5’@’(‘3‘}%’ ] EULBOR
o -
ERBIELEH) e o
) o wwesn o AL EeCKEEE (5)EYHILRIE
F7I TEA 33TESB mrmmeao-ssn) | | FEEB (RATRIREES000)
e SBECEYORE |(Jh - BE FARRYE - BER - 88
TE - I\&
C (BEEAMEVGAT, R B BICLBTENEL
, E. 8E. =5 #)T3 ERRERATF S K
R OTERATEE
14. SHROFE

SEIFZXTIE, ova, INFALIED 3 FBOHEEL-H., &
YRR IEEL-AERRDIE DA TN EHESh TN, %
NEFRLTERELITS, £=, BALAIINTTOTL—R
T—ILTEEEL., BICEHSTEREDIRLAIZEEZ0ONE
FREELTULN,

e N

()WRERE FBREE SFIXVIEDBEDOERE KEFE
(2021) (2Marsupenaeus japonicus (Field guide of Marine Invasive Species of
Mediterrane an) - BioDiversity4All
(3) Exceptional diversity of opsin expression pattems inNeogonodactylus
oerstedii  (Stomatopoda) retinas (2020) ) )
(AMEBES, BRNE—, I—2—J4)LF— /\F A TE DRYEHE
e RIRICERR UGS BEIADRMEEIZ DLV, BAUK
EEFREE (2011) GRMLEFITIAT XY IE Neocaridina SHREIZ BT D
BV AEERIE —/\F A IE Litopenaeus vannamei |Z3E9 DIRtE%
156—, IKEFR (2024) (B)EIAEE SEMIFEERIE AT 2
#ktm (2019)
16. s N .
AHIRDHEE, EEICHT-Y) . BEEDRFREHRBER- AT 47
A e e e e el
LR E ERRESEARI TSRV 2E KBS LFET S

- 52 -



MERRE
BREARODROAFITONT

~BHORIDO I DHNEEBEIE~
B2HAIVRISR B &=
1. IR OENH

RybLayT TCOERBRFEORBERASTULEE, A
KDHBIIVFAURRATAv2T+—ILRBEDSE
BRENEORITECHEEREDBHREEMREIC
Y F L EFREAAMEL, BIFIMHNOT U, I E
BRI B RS ENHH LTS, 2T BDE
WARIOFEEDOHELLE L TEDLSWAERIZH> T
B2ONRIZIESE=DT, COMEEIBDT -,

2. IROEM

ERORIFECEEALNYDT L, EEHICERTN
POYRIZROTLES. BEZLDEFNHDH . EE
IZEARBICENSSWERAINDOMN, REIZER
TRV E DT IFSNTULEL, KA EE
CT.HRORIALEBEDOAITHOBEE D AR OHIE
MNESOMRAEL. EEDRINDZEEMET B,

3. ERAE
ERIZRIEFEH>TEERLIVBIET 5D (%. BEIYEER
DFIEERICIEDAIREMENHY . EELLY, ZDT=6. /X
YAVRNTEREEEY, 2L —2 a0 TRRAEN TS
CETREFRSIEICLIz, V2alb—iavITESED
Y I fusion360 Z{FEALT=, RIZ, fusion360 ATH
LAl —Sav D AEEERL-.

BIERE
LEDOFRIERTHEVWARDEEEDORIDEKE 1K
R AE-ATHORSZAET S,

EHEICRIS-. BEEEREZITAEET. ERERD
DIFLITEEY T M https://drawingruler.the ¥ E FE R 7
71) (the—ninjajp)ninja.p/) ClEZH T, FEEDFRIILIE
ATITfT>TT—RZEWMLETHHEoT,

B4 100mm DE#ELR

iR HEGASHLU-AIEE

HKE: AODEWIOERETHES

K thEIALBEETOES

BIHORS : RODOBENSHEIZEHIELI-EED
RIS

ELTRIES %,

Yo7V EERT 10 BK, EHIRa 8 @K

- 53 -

=4 Felis catus
BA%Z:xO
AFEWHELME BB (raB)xraf

4. FHREEE
ERORILERBDOAINDKE., KR, K. FIHOE
SDOEHEFXTORDELSIZHT=,

1
= = o= A
EEOR D 4.98kg  [40.3cm  |22.9cm  |14.1cm
BREDOFD 3.47kg  |31.8cm  |19.8cm  |5.9cm

LEDRIADKREFHDRESHE 2

TBED D KR ERTHIO K= DHEE%%4:0.859
BREOFAIDAEREFEORENE 3
BROFIDKRERTHIO RS DHEE%24:0.0853

LEDORIADERELAIHIO RSO AR KK 4

4 DEAROFELEE RO R :y=1.5535x+
6.5772

EROFRIDEELFMO RSO AR XK 5

5 DERMAROELUEERR D :y=0.9648x+2.726

(2
o
<]
S
»
u
S
=
S
b
S
il
hiag
3
il R 2 DR (cm)
3
&
il
S
*
U
S
=
S
2
S
n
£F
3
- EROF IDER(cm)
Eda
®
[
S
N
u
S
b
S
bl
O
L]
HEOZ IO E(kg)
5
i1
Al
(]
H
u
S
B
S
m
i .
T -
El

BROZIOEEkg)



EE
FEOTHDOENSERORIFEREDRILY YA
ADINSNZENHLME, CHIFERDORIFIHENE
MoUERETHDIE, BICEELIIMNDHIZEER
DY (R
BORIDEHZEARSOFYTE > fzLEEREDRD
NDFF0.3498 TEWEDIFSE 01972 =o7=,

LEOFRADERLFHORESOHBRKITIERD
IDARRELFIHDOESOMBEBERBELERLL 10 5L
WIERHhM D,
NIFERDORIFEDKRESIIHIDOLT REALE
RLRDREITHAZEEZRLTND, RLIEFYENTEITK
ECTERZADRDRSFIFEAEEDLLTE V=0,
ROBHEIIRENEEZILONS,

4,85 DEREHSEREEHORXDIEEHE 4
FYE 5 DHEBNEDDA M S, ZOTEMDEFEL
EORIFERDAESEN)ERDESIHEH D
L EDEIF 15 BIEERENSENE RS,

REMER

DB DI IaL—TavIFEALEDIL, fusion360
EWVSY TR T T THB, Fusion 360 &lF. AutoCAD [Z
KRERSINSEEERY T 7R EZEI Autodesk

1t 1A\ HE T B 3DCAD VI TEELMEENEH TN
TWC ERTHAUNLEEET—DONDYIFTRER
TELRNKELEFEHTHD,

DEal—iar b, — &M CAE EMFIEN S HEEE
C. Fusion @ CAE fi##7&1&. 3DCAD THERLI=ETIL
DHFREFANEB D EHIEIST DN ENERERIZE
ERCELHEET. MEPETEGREDEHEHREL. 18
ETIIZEDSSLGEENE LN ERIITES,

D TRHHEOBERCALGLEDEHEEFSZ T, OV
Ea1—42—ANTEREITIVINIZT T, ZhIZLDT,
HEMEER T BRIISGEERLRE DBRMRENITZ S,
COHRTHDRDORIMNESIEREBETNTNEYER
EWNTBHIELTHREEERIT S,

-

.J:

2]

i8ig
:‘i]lcm

5. fER-SROEE
BEZEDZDICHI=>TWNANALEY IR TYaZL—Y
AN TEDEDZEEEL. fusion360 R DIF1=, LHL.
fusion360 #{E A D KIITHDDITETHRERANHNHT
LEoT-, (BEOZEEPIIHG) BEFEEETRI
LEDI2aL—2 3 ETonIc8RmzEitllTdnns

- 54 -

BOREERE, &, V3aL—YavATHREER.
HRAGREMTERYT A ETHOSADME(IC—FE
WEDZERDIT. FYRMITE ST TOERLY,

X6
i

I¥ oSN T W= BT

|

6. 3
BREORADEARNT—2ZRIEICH AL TLEL
F=IEHTTE AP AIRRICTH AW =EEELE, HY
MESTENVELT=,

7. BEH

DDA XDAYFZERER ! AR-KAE-2K-T
EZ?"HI25
https://www.neko25ban.com/neko_size_hakarikata/

(BEIE 2023-12—20)
2)"EREIUOFACDOERIE? RREBRIEHD
D2, TRy EYIREEE

- https://anihoc.com/column/cat—knowledge/5093/

(BIE 2024-1-21)

) EEMMEE)Y U FHU->TEALIE ? - 1%
-V A EfREER” PetNewsStorage
https://www.petfamilyins.co.jp/pns/article/pfs20190927
b/

(BHE 2024-4-25)



YIIBIEE
KBEAFICEZDHSHORE
B2UAIVRISA)IBE

1. ROEHHE

ZLDADINEWNVEISERFEESBIETY SWERE
3, KD FHRYETHEET S, LHLEHLS FEFED
WHEEEEZTLSHIDERIEA+5 T BERGSR
MEZU KRE(E, SRR EDKSLEZEIZLTLSH
HAHTEEBRIELT=,

2. FROEH

YREBFOREFHRGTIL. 2EPEETO LY
MNEVDO—IRELT—RIIZITTHhN TS, FIZERF
YL, ZLDFELE=BIZELFENTEY. ZATIE
[FDEAFINATREED TS, TOHET /YA
ERNTEIADHIREN-Y . EROHEF YO ERFES
NV T B&32H> T oz, LHL, COIM B IBRRIC
DVTEMBIZHELIBIE DL SNETOHED
ZUERBRERAICEDEDTH o1z, 1zER . Blpb7E
HOLZFESIFEDEYDPTE TEHEDES. K7D
BHE. RROBELGEL. THMITHLRLIZLOMF
EAETHS FITTHDIEVSIRRIZIT. EEBANE
NOEEZ L EIFARRCESINEE I L ENDBUEEHE
TEHERRHHD, LHL. COEETBADREDRER
[CEDN LD THY. BE - TEMGHRMSFELL
BIHASNMRIXIFEALELZLDIZ, ZET. AHART
X LA EOLZFE->TREAFEMEY . &EMICIE
ZIOECGEEAVTHLEAIEITER LI BT £
(FOIRETHELONA S INERAFONRICEDK
SHEEBEFZ DO E . MBS EELEIEELGA
RNBHIEEEMELT,

3. EBRAE
101 - BT -EBWBEOYIMERANTHLR
EKEET D

RE FRATHINICE > TREADH FHEEZEDLHERE
L7=,

SEOERTIE. IR -ELW-BROBHEOY I
ZRAVWVTHEERZT . TR TNOROMEPRE

DEZEEEL.EVWERALGNTTHEERAMEL,
AARIKDFBEICENTNDREED ., REERAT—0
BECTEW-, LALLWTIhOEHTOERIZENTEER
EARSRRIHER NG (H2) DR EGST=, I
B AL F AL BB — TKIF T A RL RERFPHREIC
FRMNBENB LTG0tz ELRTKILBED =8
HFASFET, KERFLITKL REMNLDHZ LD
WREZH L BRIENZEC-HEKEFUL
FTLLOD, T EELTRVWRICIERAICHKRAERN
T MO ERBRICHSBRRITRoN G oT=, Thi
DFERMS B L EELTERASNDIGEE . REAK
SMEIN I DEEIIKEFLEN LA DM DT, &
®. REOKRICET HRBZETIMRICIE. P ORE.
BENIRGENDEUELEATERRERET HENEH
MEEBZLND,

(1)

|5
“.”*~
¥ B 1. &

E; ik SRS UL 4]

a s
(B2)

=ER2
RE :HSWICE>THIREELMNEILLTS

(1) DFIEIZHEL. FEABLTZRAVTEDEEZ/E>
fzo U ELTHIEZOAMMUT DN EXFVFDIE
FERAL: XDILBEZTAET 570, (R4) DLIIZ—
EDAEMNSEDEIZL—H—RAU2—THEHT,
ZORIFEEZRANEHFOTERFELERT, ZEHRHDHH
ZRBEL-, COEBROBER. IR EFVIDHMDORIEE
EELE LI, EL03—FEDHIELHFFL. BAMLE
LEHERTHILIETELG, oz, COFERMS. READ

o



KRB ORFDORESIZERITEWNED o=, ZL
TEZOIBARADHREEGNEEZTLSEER
T=

(R[3) s

n

(4)

REX3

K1DFIBIZHEWNT. H IO DYIZKEEEDILE S
LEAVWT, BRFEEYER2EERICHRERANLD
ELT=, LA, REDKEIEALS Y LNEE LTS, R
ANELTLE =, KERE ALY LEFTARB LA
SEMDRENHo=DTIFHRNMNEEZD,

4. EREER

SEOHERMNS. EFAFORRICITEZDEENFEE
ELTWAIENBHLMN ST, EGRIETH ORIFRE
THABhAELD., REOMOAREITHDTHIET. X
N —ICRELOT Y BONERRNEFENDEE
Zbhd, —AT.RLEEAZETOBE. NI EFYE
DO THROESVICBAELGEIXRONT . FH
DEVKYELEZDIENARICKEGEEEEZ T
HTEMNG M ot=,

X

[HDEFFOREBDDNLRIL. BEDITIEICL>TKEL
EEINDIZEN D, RERMICHIZY TEITE(ILT.
FKETBOMNIIEY, A —TRELTELLERA
B/BondLEZONS, — AT, ABEM TRV TEL 15
B, REICHHZENEY . O RFHNEN TRIRIE
BHONDAEEENH D, SOLI-HIRDIELIC(E., BERE
DEBAPFERTIHZMNREERLTVDEEEZS
nd,

5. 5 DESE
SHIEBEHAOERNOEIETELIEILLE, IFE

FREH T TORRETL., TENTNAREFOMRIR
[CEADHEZESVFH ADTTORELDHD. CNITK
Y, BEDIRICEVTHROVIRMGHEOEREZHE
S BHIENTEDEEALND, EOIT, RELEEAMN
FESANEE EFFOREIC—BELVVREEH
HY CEMTREERY . KYUBNBIRE EAUAEIRFTE
R

6. & X#

SLITHZE

https://www,jstage jst.go.jp/article/sanyot/39/0/39_KJO
0005922039/ _pdf/—char/ja

https://www.kyoiku—
tosho.co,jp/kyozai/life/mv/c3_11.pdf
https://web.tuat.acjp/" soil/tanaka/fieldresearch/SoilDu
mpling2/MudBallsPoster.pdfhttps://www.city.chiba jp/ky
oiku/gakkokyoiku/kyoikushido/documents/29_57.pdf

5| FASHK:
https://machiken—pro.jp/shop/pages/column027.aspx

- 56 -



MERRE

AT7T7AAVTRIIELOM
B2HAMIVRISA TR HHE

1. REDEHE

ZNETCHERITEBCER EFER., BNRLEIZA

55, INIEEREICATTFAOAVEERT B0, TN EA

FIERBRLACEMBN AT TAAVIZKBIANTIA—=D%E

AR TERL, ZBOEHEHITADOTIELRLAEEZ. C

DREEIRDT=,

[(EEDIRX—DICLZEAL)

Fa—F42) ANTY 22

EUVLWE IX—T%
RE RIE s5=2-86&:%F
2. FRDEH

ZLNBRARANFAENIATTAAVEFERLTNS=H,
ERICKREGAA—DEFZ TS, REIZEDLWMED
DOEFR, EEZREICDEIT-WEEZ -, KFEIEA
FTPAQAUDEA—DE A A—VIZKDHEZ20MBOEL
EHEIELTEA=DLARLEFARIELIZL, ShIZKY . A
FT7AAYDE A—TIEEERELNL AT 7EROH
ROBEEEIFERTHIENTED,

3. EERAE
HEDEEZTZa1— o A—5—42AVTANTEEZNT L
DN (BIRREE) . TOAI/XREANTEZORIEE
HZliz1oEAIEL., FHEREHL .

<%%§O)UIL*L>

1— b AX—=R

///l;b/\
FIRN) ¥R é*#lotm
NEEIERE f%?:,&i %&trkﬂmﬂ \ ’WE_};/
%, = ERYET /
EEMINDEED=2— b Y A— 2 —DfRkf : 5| IRME

ORE1: BHNFREEICERALIEE
ATFTAACDRIZEZEZDEREBEDRKESDENE
FARD=DIZ. RUNEDOEE, $9160°CTI15FEWIEL T
E2 #9190 CTISHHANEBLI-EEZ2FHAELT. LS
HAENZEIRBEFREL =, (—HFTDHEMIELT-)

ORER2 . B EERMNSIRAEICEZADIEE
ATFTARUDEELEERICEZEZDSIRBEDKESD
EWEFHEARTHELE,

< BN >

RMWEBOEEZ, #9160 CTSONHMIELE-EE, $919
O°CT50MEMIBLI-EZZHAEL T, AN A HDHRIIZEI
RIBEZBIE LIz, (2RIZHWIELT)

< EEIRALTE >

ERTH0EERFMAT-ERE. £1160°CT50EEEZEM
Z-EE, $9190°CTE0REREMA-EEEZHELT.
B AHDRNCEIREBEEREL -,

(I papr)
(XB1) (£%2)
OsaE ORIE OBERE (A
AR IR L
- 7
—t | arreov g
N0 gsrus- o *
morcn £ - - APPAOY
i ENMLBENZS E-BRLCE
5LTERK
BEENI3

4. FEE

OB 1 : B EEEECERLIEE
RULEBOEEZDSIRBEN—F /NS o7z, 160°CTE
WMIBLIE-EEL190°CTHNELI-EE2DSIRBEILHE
UEDHLEMN 2, . TS—/NN—DNER>TWS=HiaE
MELTWNS,

RUEBDEE, 160°CTHRUELI-EZ2ODARNEDFEHILO.
07mm, 190°CTHMIEBLI-EE D KEDEHIL0. 06mm,

e %I%E%*s‘r

08
078

076
074
ik 072
07
068
= 066
= 054
o082
06

160°C 190°C

R

ORER2 . ML EEMNSIRAEICEZAILE
RUWBEEZDSIRBEN—FB/NESHh o1z, 160°CTHIEL
F~EE2L190°CTUELI-EENDSIRBEIZEVARN
1o 160°CTUIEL-ZEE2D5|FBEN—BRKEM T,
Fi-. BELERIO AN ERLEEZIVESERABENKSE
Lo LML, 160°CHEZIEITS—/IN\—NEL>TLNS=8H
RETHS,

B LR
Al 2 1.06
z 0.91 0 o
B e
N s 0. 69 7 0 73
o7
06 .
1_ E 8 UCI_‘ gn 8
= L ‘li [E E

<EB2ODASLSIREE>

EEZOAXIEO0. 06mm~0. 09mm, KL EB|IRIZEM
KELGDIERDHY . HLNESIEREREMNNSEDIER D
H5,

ARMEE « BRI D EEE
24
18
5l 18
i+
i 12
“ 03 s
z @

3
=0
[ ]

-
.
0.3

[1]
] @01 002 003 004 005 008 0QO7 008 0089 o1

K& (mm}

- 57 -



1 6 0°C FHALEE « EIRILE

21

18

.

15
12

PR

09 *+ Y L]
06 - -

03

] 001 002 003 004 005 0068 007 008 009 01

19 0°c EMAE - ERWE

0 001 002 003 004 005 006 007 008 009 01
KZ (mm)

4. EE

(EB&1)

OB N 157 EE =80, EERDENIBEDE
BLEZENFERLCTEEZOBUPLTIAEHLLEMN O
holZEER T,

(EB&2)

OBMIEEBNSOMNERINV =D, EEZ2DEBLI=2V /D
BOEIZEENHI=-MEEEERT-,
QEERMBREIOAMNZITI=F A—UNINSWNDSEEER
T=o

(&K

DEEZDAVINIENERIZE->TEEL. BEDANIHIEL
F==OEEZNBVOTHoBEEEZT=,

—IREB1-RH2NL AL ERICKDEIREBENDEELE
FEIZH| BT TEALY
QEZNDASHERBEIZHEERIZLIZOTIEELD,
QEEOMR ., M) — AV PDFEASEE. EEBEWLTY
—FREBRIZEOTEZDAVIIVEEMEDEAFLEEZDK
HEMNELDLIENRRLS=TIEELD, -, REREIH
NEEHE10EEDTEN O EHEENMENCELRALE 1=
D TIEEWD,

5. B¥
BUNIEERDEENRIFSNTOVRWNEEDSIRRE
DEWVWERARD=DIZ, BN D T-IREETEIEREZERTE
T2, SENERTIIEHLDEICKRELGENARONG
Mot=DT. MABBEA—TESLHIZKELTIENDEES
B, SBIZ, BERAEZEN—RUEBEATTAAVDFENEEER
BoTW ==, BEEEFETOERAEISEVGETREY
5, ALEHOEBRERICENRONEY, FHEIEDEN
REDHBEIZHSI-DOT. SEFEZ2OARIEZLTRHLIC
LTARSHHERICEEEEZTNELSIZT D,

Tl . EEZOEEDRENSDEA—JLARILERHRST -
OIZ, BEDF1—TAIILPINTYVIR AT 1S5EHEDR
5,

6. BE XM

EE Z2oOME Z20Ee
https://www.kao.com/jp/haircare/hair/1-3/

X EZ2OME SEMNR0OEE
https://www.kao.com/jp/haircare/hair/3-7/

TEE ZOBELILLGHER
https://www.kao.com/jp/haircare/hair/3-1/
FEEQFA—CDRERRIZDONT]

KEZEEE PNEHER HIURE BHATE
TEZ2NEHMEICEATIMED —5IRYEBEEYLY
E(ZTDWT—IREET /MR BHES ik 2 XA
¥i¥E BH—F FNHD

- 58 -



{LDOIKYHRE
KeynRyk
B2YAMIVRISR

FOSH BEHBAEF
1. AROB#EVUEKN

ERRIEFMERIZHY . B+ EA/TIE 2000 FAL
W=BR A, 2020 FIZ1E 840 AAFTRADLI=ELS
T—ANEMKEELEIVETWS, ERELTERDA
DARNEAPCERKEICHT B BE~NDODEHNRE
ENFEIFon3, %o)qﬂo)mtt,r;%%:iﬂ,ﬂﬁaﬁ
NhhB 1 TEARADNENIREDHNREFRZI TS A
MNEL FNDA—BDORREEEEZ -, TOEEIZEKD
TEARMICEEZICHLTEKREZF DO ALNDENKSIT,
EEEDOYLNEEZDANFOTNDIDIEEHEAIL
Tzo £z BRIWUMN Z<EEITEL-FBGE T A D
BV, BEORBIINSELITDEE/EL, &5
2. BEBEBARLEL AV NAUORSHE—HED
BEMBOMREEZRAEISERTETLVAL, #2T,
F—LBEETKOYNATEEDES THEYEETOHN
HINEORYDEEIZHRT & T, BEICHEBRE#HT-
HTCEMRZIHTELEONFIZHEDTIE AN E
Zz21=.

2. iR@EE

ZOARYS AT LIE, KBASFRATL—%FEET
Hi TEAIARERE)E, KMAZ =R TEIN T I O—
F—(H2)D2DTHEHEIN TS, KAZ=FETEIH
FTHIC, BIFEERADERTHSD XBee *NLTT—
ABIET S, ZLT. TOTSLICK>THIET B1=8I2
Arduino ZRWVWTORYERADEHBEHMNITTOTS
L&, KERTL—RRLOSBHRESEE TSI SLD2
DEERRLT=(K3 K45 HR),

(X3)

- 59 -

ARYEREKIZ, RTL—Z2EHETEY. £632F D&t
6DNHEETIXA TS, FIERD2DNDAE—F—LE
EENTHIET 5, BYADDEGIL. BN EIKEE
NICESNTESHEHATHS, Ao bA—F—IZ1K R
BOERTAVIERD2A—)IVEHREL-, AV FO—5—D
RAVERTE KEDRTL—h DA HBEHAT
BB, ATAVIED 2a—ILIF, BILF=ARERLCARIC
REDNEIKESHRELIZ IR IERTAVIED 12—V EF
BICBIL=oRIKILRIICEA ., BAICEILE=5&AIZHE
T, EALREOEEATHD.

ATL—IZIFEMKXDRTL—EERAL-, ARy
BCTELBWCEZ B TH1=0I2, —EH 5 2L TR
Bl T RIL—HADE—E—DERBREREL X
BEREBROEREVYBEZSIL—EDa—/ILEFERAL
TavkaA—5—DREV1 D TCERIBETEDESIZL
f=o XBee MMEREIL, RIKELOL FO—5—H304
—MLBENTIGF CHIRMETES LD TH o1z, ThiE
REXECEMLETHRITTERTESHEHTHS,
HTES —LBRETRELALGLNSOEEKRREZAIGEEET S
ORy+THS,

3. ERLER

AMEDBIEHIEIE—F—IZ k> THERT S, ORyrEL
FELRIE, F—oH—REVNSIE—L2—EF AL THIEH
2DOFRBICENEDEIITTOT S LDIERER A
fzo BERANTFE oI CICHED | THRITED | TEITED )
DINF—VFEFE LIz, F—O Y —ROEEAELE
Ex& EFATAGD ST,

Ft-. B h TS EOARYMIFF =9 —HRAZ
LFEFRMEGT R L ED Mol F—0 Y —KILHIEH
X ZBHRENEFRB TN DT, RMEODH ST (CEME
EHED=. F—IH—RDRTT7 T e EHT
SISO R ADAHEBN L TCHREREETTHA
MTIXFERTIToI

AkLar bO—>5—% XBee ZRAVTERIBETED
BRIENTE, LHL. UTOISILHEBANREL
fzo RKIZRTL—HRP L PRI EFEL S HERAR—R
VA AW

- BHADRTL—RILPEEEZ 2 5 AL
-EAICHAYE)SA

RIS+ HLESHAELZODIEL, EBAFELHM
EDRRAIZEE R =, TN WEIYEXLHRHIC
EZBDLENHD,
ERICHAVTNEZNDIEZS Y DE AT NST
LEZD, SRITE NERTIRETHD,

MAT, REDDBEDZNEBRENLEZY ., SBREFR
BLTAKBRDEELZERTLETEREN—ED
EETEDCENTEDREERS,

Ft=. ZOORYMIRTL—RMLADKEIFH DK
KIZEZDILTEAATDFENPFETES HIX



X, KETILA—IVIZERIZIGE . AV TILIU TR0
BOOF A0V RGEICRELTRBESNIZEBEIIHL
T.EEREENTILO—ILESEEEZREISERE
ETBHIENTES, BRABRKRERIICEAGE(E.
PRABFEBROBELNREY . FEAZOORYEEEBLT
HEMICIRKRTIEENEZLENTRITES,
ZO&SITHERBEETITOIKRPYARY K. FEE
HREELE-EBEICBEDERE5ODY—ILEEITTR
L AFEVWARETIRIGWDERAOKRISEE T HIEMNT
E5LDTHS,
4. FH-SROEE

AAORYINBHN CTENBIKREIZE=BRIZ I, EF
IZREZXRD &SGR TI-50ARYNEFERALT
L5VWNEEZTWNS, ZDH%. ARV EFERLI-CE
IC&- T BEITHTHIEREILICETET U 7—b
BREZEHT. WREERTLERLY,

5. &k

BMKEL SEEEEZEENEIL WERXRAODHRE
D1
https://www.maff.gojp/j/council/seisaku/nousin/kikaku
/h17-1/pdf/data2—1-2.pdf

TBARI=tIHE]
https://www.unicef.or jp/kodomo/sdgs/about/

- 60 -



)
%3
0
il

K%

JSEC2024 BAHEANBERIY KEE ZH
How did Japanese Cynops acquire their breeding ecology?

RARR #EX  61-72

ERENA Y 2w b ARSI R EE ZH
Analysis of Neocaridina species behavior patterns and individual
recognition using a PC.

B

73-87




SENOEES UF(Cynops)wﬂﬁLEM
EDEHICEFSINED?

WHFESEFFRIE KARESE

01 1% UE(CY"OPS)“—OL‘T 02 MRER FThns4EYOBAER
& £ & ]

7o FE] L eiied
N BIERBTSE L B T
5 20K

1@ ERTY REGTH
y|[RemimATRHELs T e

Thns4EY OEFERIE, E$h$%?%%<@ﬁiﬁtﬂb?@@&ok%#bMEtt%xb
NTELD, RICHERBITEHLPERINLILEZE>DITIC. QDL F SO BIEE > TEEREZHEA,
BEDNEICHT=2RWEIRTH 3 2 L AEIASI 17z (F1L2011),

ZDERTHEEZIF. THNFTAEVHFREEDZEIChT-> TEBITEN 21T SR KIEEES
LOZLICEERZER >, BABRTIE, AR ~6RICEMNZHERL. RICIZEREEIRTERL,
ZZ T, BXIEDMEDHZRBICHEICT 27-DICHICH T - LEEEETHD L VWS IRFi%E
N MTh, A EVEOERIEPELELE WS ZEHFDD>TVEIDT, BELELRBELHEVERERESIC
27k 'Ic 200 400 800 800 1000 (km) ﬁ?ﬁL’CL\ VU’]‘V’{%U@%EE%%%&a:t‘:;O—C\ 773/\5'{'—EU®¥§§$§§®§%%§E
eV FDELNZOTEEVWIEEZT,

BHEAEICOWT
= #~E P 1 A EYEDOZRAEIZ. WHAEIEE L-BEE2ZT
7 - : ' - Tt s o bmw it e ||BY. BPEEAENC—EMEE X, BORHELER
5 ITREENDOE T DOZIEREDHER i O |[ICHEHE MBS A 2 /T MF B LBHEE S,
ARRET h----‘ A * 9 )
N | 4BV ERSTIEERBERICETIEOCSLOMMELS B8 | | L e 3
S5 h&#%ﬁ%?étbummt&6&%%%%ﬁotnﬁﬁwwwm
4 | =BBL. 75154 ) 0LROBBIEL Ta | — ©
BREERIC)DHALARKHTTEZNZLAT L, He Eﬁﬁ%’ﬁ@e’ii’ﬂ"=
T | #EsT3L T, MM ANEBTELBED S5 1 F HOGHBLSSEWBRIA B : BEEOfE vy
I | cBUHAT 2 RN B ONRE LT, o :
EIEREDRAEEIL 4ERR E OHEBIEARLLER
B BOBBEOERE(L I OIFEENOETFOFE 9A 108 118 128 18 28 38
- EREAKARAERER ~ 5 - e
o by B & B & el 14
- 1 EIENEIFNEREN ~ 4 5 Eog H-— B
o | I | | e A A A &5 Al nL A
IR iir.
:/ " tEDSIRDEEEL - DM ENEREL iﬂb'j
y| - 1 = 1
4 m e il o e =)
v | | ]
Y - I - Hi
1 el sabeeanrbHH 7
:UE Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar ﬁrzEAQ Mor kg S Gt Mo D b *E
< > 13
cRADLEFREICEFHFAVBRD TV ESEREBITHTHS
- 2B ~3B ICHIPEADIERTSENPTH S %ﬁ
$ ® =1 B =
S V4T Y OETEMIEE ~E (128 ~38 ) B~ f+¢ B E

YA EYIR . _BoR
o< [%h ISV THEGEL N
» = - . - 1
S8 L OB% " e
. : :
1BV ROIIELEROER [7ANSAEY ORFEHE—BLEL | (TANG A EY ORORETHE RORRTH

DD FRAEL
X £ & L} VYTV AEY ORBITMOBEORKESEY * T o n s e e e s e
- J _ RR{RTH) < 7Arrrel muRRRRAT =
TANTAEY | <= Sk e [RRS RN E R i o COBAMIE| | Kisnn Asamea | amedson
SR msnm [on f
AT HROSIBTE TTA~9A ICESR & IR (Bk - (L, 2011)
YYTYAEY ATy b i {;‘3  EA128 B 59A £ CHMERICWEE b b, —)
X~ LLLRS 385 5108 & THIPEORIIE S DT & ARBEEE, 2017)

1) Akiyama.S , lwao. , Miura.l, Evidence for True
Fall-mating in Japanese Newts Cynops Pyrrhogaster,

Rl A € Y RISEL 1 EYRLHED
CL——;>lfi&ﬂ@ﬂ£> 5%

Zoological Science 28:758-763(2011)

THANTAETYDFD 1T D 11=10)) NEFRBESICHETEARAEY L2 UF VA EYEBICOWTO FROFE PEEMEERARELEH 26:13-21 (1994)
;~ . ‘7 1 wns ) DRORREITHIIEFNH S BFFIEOE ) ERB SBINICHIT B U 7> 4 E ) OEIEL £ AGOF A PBEYF 28 55:p1-10 (2017)
A D Tl DEERE ) B - SR BB B U oA T Y DEE SR O BEA) Akimata 22:p9-11




How did Japanese Cynops acquire
their breeding ecology?

Ami Okubo

- 61 - 1/12



Abstract

Cynops is a genus of newt, with 11 species living in China and 2 species in Japan. In Japan,
Cynops Pyrrhogaster (the red-bellied newts), and Cynops Ensicauda (the Sword-tail newts), live
as members of the Cynops. Until now, the breeding season of Cynops Pyrrhogaster was thought
to be the same as that of many amphibians, beginning in spring and ending in early summer.
However, previous research has shown that the mating behavior of Cynops Pyrrhogaster occurs
not only during spring and summer, but also in fall. Therefore, we decided to examine the
reproductive ecology of the Cynops Ensicauda and compare it to that of the Cynops Pyrrhogaster
in order to understand the significance of the newts special two-fold reproductive ecology in fall
and spring. Since Cynops Ensicauda shares a reproductive ecology and is genetically similar to a
species from southern China, which is believed to be the origin of the newts genus, we attempted
to determine the breeding season by examining changes in weight of the reproductive organs and
tissues of the newt over a one-year period. The results showed that while there is a gap between
the breeding and spawning seasons in Cynops Pyrrhogaster, the breeding and spawning seasons
in Cynops Ensicauda almost coincide with each other, from December to March. Considering
that the breeding season of the Cynops Ensicauda is the basis of the entire newts genus, it is likely
that many other southern Chinese species also have the same reproductive ecology, in which they
take part in gametogenic behavior and then lay eggs consecutively. We thus conclude that the
reproductive ecology of the red-bellied newts, which initiates autumn gametogenesis but stops it
once and then resumes gametogenesis and spawning in spring, was acquired because it is aspecies

living at the low-temperature northern limit of the newts genus.
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Introduction

Reproduction is an essential part of our organism and one of the most mysterious phenomena
that begins with the encounter of a single egg and sperm. Living organisms, including us humans,
invariably engage in reproductive behavior and thrive in various ways by leaving offspring to the
next generation. Also, many animals have a continuous breeding season and mate only at specific
times of the year. However, Cynops pyrrhogaster, one species of newt that lives in Japan, which
we focused on in this research, is known to separate its breeding behavior in two times during the
year. Why do they take the trouble to separate the breeding season two times? What has happened
to Cynops, including Cynops pyrrhogaster, throughout the evolutionary process? So, to clarify
the mystery of the mating behavior of Cynops pyrrhogaster, we researched and compared the

breeding seasons of the Cynops ensicauda, which belong to the same Cynops.

1)About Cynops
Cynops is a genus of newt, with 11 species living in

China and 2 species in Japan. They are found in

wetlands near water, surrounded by nature.

. . . Fig. 1. Cynops pyrrhogaster
Recently, their habitats are being lost due to land (The red-bellied newt)

reclamation and concreting of rice paddies and

mountain ditches. Thus, their population has been
decreasing year by year, and they are now listed as “a
near threatened species” (Red Data Book 2020).

In Japan, the red-bellied newt, Cynops

pyrrhogaster (Fig. 1), and the Sword-tail newt, Cynops Flg.(ié:g;psswe::éf:;ﬁ:ﬁ;cauda

ensicauda, (subspecies Amami sword-tail newt, Cynops
ensicauda ensicauda (Fig. 2), and Okinawan sword-tail
newt, Cynops ensicauda popei (Fig. 3) live as members |

of the Cynops.

Fig. 3. Cynops ensicauda popei
(Okinawan sword-tail newt)

2) Fertilization method of Cynops

Newts have a unique fertilization method. Frogs, which are members of the same amphibian
family, use external fertilization (when the female lays eggs, the male fertilizes them with sperm).
On the other hand, newts use internal fertilization (fertilized by the female body just before she
lays eggs using sperm that she has saved in her body in the past). The male releases a pouch of

sperm in front of the female in response to a series of mating behaviors during the breeding
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season. The sperm are attached to the female near the anus while she passes over it, and are taken
into the body (Hayashi, 2022:143) (Fig. 4). Then keeps the sperm for a certain period in the cloaca
(Fig. 5), and when she lays eggs, the sperm are released into the anus before the eggs are released.

Fig. 4. Method of sperm transfer Fig. 5. Location of cloaca

3) Purpose of this research
Cynops is a species that inhabit Southern China, the Nansei Islands and the Japanese

chain of islands except Hokkaido. Also, the northern limit of their habitat is the Shimokita
Peninsula of Aomori. The breeding season for Cynops pyrrhogaster has been considered the same
as that of most other amphibians. It has been thought that they hibernate during the low-
temperature winter, become active as temperatures rise, and engage in breeding behavior and
spawning during the spring and early summer. However, we observed their mating behavior in
the fall, which had not previously been considered a breeding season. Taking advantage of this,
previous studies have shown that the mating behavior of Cynops pyrrhogaster occurs not only
during spring and summer, but also in fall (Akiyama et al., 2011). Based on this, we considered

the breeding season of the Cynops pyrrhogaster as follows (Fig. 6).

.. Spawning season
April ¢—————eeep June

0 Fall Winter Spring | Summer
g @ Mating behavior in | Mating behaviof Mating bohavior]

§~ fall and spring Spawning season

0% @Mating behavior in | yiating behavior . ~||Spawning seasop

% fall -—————- » | Hibernation

@ |@Mating behavior in [Mating behavior| |

X spring Spawning season

Fig. 6. Breeding season patterns of Cynops pyrrhogaster

(D Mating behavior in spring and fall (sperm taken in both fall and spring are used for spawning).
@ Mating behavior occurred only in the fall (males and females did not meet in the spring).
@ Mating behavior occurred only in the spring (males and females did not meet in the fall).
Of these, we focused especially on @.
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The spawning season for Cynops pyrrhogaster is from April to June, and there are no
records of spawning in the field in other months. Therefore, even if the unit in (3 began mating
behavior in spring, it is known that it spawned during the period from April to June.
So, we decided to hypothesize that Cynops (Cynops ensicauda), before the species
differentiate as Cynops pyrrhogaster, was originally “a species with a reproductive
ecology that spawns continuously after having a mating behavior”.

On the other hand, Cynops pyrrhogaster which have been taking mating behavior since
the fall would normally like to move to the spawning season immediately after taking mating
behavior. However, the low temperatures of winter prevented them from spawning, and
I suppose that this may be a unique reproductive strategy of a northern species, which lays eggs
in spring after hibernation. To find evidence to support, we focused on Cynops ensicauda,
which is a species that inhabits the subtropical region of the Nansei Islands and does not exhibit
hibernation. The phylogenetic diagram (Tominaga, 2020) (Fig. 7) suggests that the
Cynops originates from southern China. It is thought that Cynops ensicauda which inhabit
the same subtropical region as southern China where most Cynops are distributed and are found
at similar latitudes, have a more basic reproductive ecology of the Cynops than Cynops
pyrrhogaster (Hayashi, 2022:143) (Fig. 8). Therefore, we challenged to clarify the reproductive
strategy of the whole Cynops by researching the changes in the reproductive organs of Cynops

ensicauda over a year and comparing them with Cynops pyrrhogaster.

HLEFRR

MPDERR

2 Japanese chain

R RN of Islands

FANSAEY

Fig. 7. Molecular phylogenetic tree of Fig. 8. Global distribution of the Cynops
Cynops pyrrhogaster and related species
based on mitochondrial DNA
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Method

1) Comparison of temperatures in the habitats of Cynops

pyrrhogaster and Cynops ensicauda
Cynops pyrrhogaster is a hibernating species and Cynops ensicauda is a non-hibernating one.

We compared the temperature change over the year in the area where each inhabits.

2) Confirmation of the fertilizable period of sperm in the cloaca
of Cynops pyrrhogaster

We confirmed whether Cynops pyrrhogaster may use the sperm taken in the fall for spawning
in the spring after hibernation. We also checked to see how many months of sperm fertilization
potential was maintained in the cloaca.

As a method to examine newts without killing them, we attempted to prove this by injecting
them with HCG (a hormone that induces egg laying). First, after confirming mating behavior, we
isolated females from the males. The females were reared under natural conditions and at a low
temperature of 4°C to simulate winter. Then, at different times, HCG was injected under the chin
to see if fertilized eggs could be obtained. If fertilized eggs were obtained, it meant that sperm
fertilization ability was retained until that time. We aimed to elucidate the mechanism by this

method.

3) Changes in the state of the reproductive organs of Cynops

ensicauda over the course of a year £ —

The following (i) and (ii) data were collected for each testis duct ovary

reproductive organ (testis, deferent duct, oviduct, E

gwduct

ovary, cloaca) of specimens collected from nature (in this

case, newts from Amami Oshima in Japan) (Fig. 9).

(i) Comparison of weight changes in

reproductive organs
A graph was created using the weight data of reproductive
organs (testis, oviduct, ovary) for each month measured at autopsy. To account for individual

differences, the weight of each organ was calculated as weight / body weight.

(ii) Permanent tissue preparation, comparation and observation
First, we aimed to establish a procedure for preparing permanent tissue samples. Once we were

able to do so consistently, we observed the condition of the reproductive organs under a
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microscope. By comparing the permanent tissue specimens in each month, we aimed to identify

the breeding season.

Results

1) Comparison of temperatures in the habitats of Cynops
pyrrhogaster and Cynops ensicauda
The figure on the right shows changes in temperature in the habitats of Okayama, where

Cynops pyrrhogaster were collected during this time, Change in temperature

and Okinawa, where the Cynops ensicauda were also

collected (Fig. 10). In this graph, the breeding season

of Cynops pyrrhogaster is shown by a bold line and | =

the not-breeding season is shown by a dotted line.

-

Cynops pyrrhogaster are likely to hibernate due to

o

é s 4 Apr, May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan Fe‘bA Mar.
their suppressed behavior from 10°C, so the breeding | -

5
w{= Cynops pyrrh, 3 data for O Otsuri

1 0 ey Cynops ensicouda * her data for Oki
season for Cynops pyrrhogaster is between 10°C and e

Solid line->breeding season dotted line-»Not in breeding season

25°C. Also, since Cynops ensicauda live in

subtropical regions, they do not have a winter season Fig.10. temperature changes in the
habitats of Okayama and Okinawa

and do not have temperatures lower than 10°C.

Therefore, as can be seen from the graph, the habitat of the Cynops ensicauda has little

temperature difference throughout the year.

2) Confirmation of the fertilizable period of sperm in the cloaca
of Cynops pyrrhogaster

The figure shows a model of the correlation between the length of time the male and female
were kept in isolation and whether or not fertilized eggs (eggs in which the sperm retain their
fertilizing ability and develop normally after fertilization) were present (Fig. 11). Females that
received sperm through mating behavior and laid fertilized eggs in May were isolated from males
and kept under low temperature (4°C) conditions. Fertilized eggs could be found even during the
month of December. On the other hand, under natural conditions (outdoors), fertilized eggs could
not be observed in December. So, it was confirmed that sperm retained their fertilizing ability in

the cloaca for more than 7 months when kept under low temperature conditions.
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Spring~ earlysummer  Fall Winter

qQ 3
nder natura 1$ 3
Eo:ditionts l HSR 2

HQ 4
Low temperature —

Note:

Period of isolation from the male under the natural article : FET
Period of isolation from males at low temperatures (4 °C) : N
Induction of spawning by HCG injection : A

Eggs laid are fertilized eggs : O  Eggs laid do not develop : X

O O0O0OXO

Fig.11. isolation period with males and timing of HCG injections

3) Changes in the state of the reproductive organs of Cynops
ensicauda over the course of a year
(i) Comparison of weight changes in reproductive organs

A graph of the weight of each organ is shown below. The graphs for the deferent duct were
not drawn because of the difficulty of weighing them exactly due to their light weight. The
following can be said about the graphs of each organ. Testes in males developed in the fall and
shrank in the spring (Fig. 12). The smaller weight of testes means that the sperm have matured
and moved from the testes to the deferent duct. In addition, both ovaries and oviducts of females
developed rapidly from fall to spring (Fig. 13). The period when the oviducts contained eggs was

from December to March.

Testis weight change Ovary weight change Oviduct weight change

. Jun.

ML Aug. Sep. Oct Mow, Dec Jan. Feb Mar Apt. May. Jun Jul Aug. Sep. Oct. Nov. Dec Mn feb Mar

EqR
Holding — — — — @ — o — v & &

Fig.12. testis weight change Fig. 13. ovary and oviduct weight change
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(i) Permanent tissue preparation, comparison and observation

No data

| e, M

Fig.14. histology of reproductive organs by month

The above figure shows a timeline of reproductive organ tissue samples (Fig. 14).

* A bundle of mature sperm in the testis (Fig. 15) was observed from October to March.

* Checking the inside of the deferent duct, we found that sperm were contained in the deferent
duct from November to March. This result corresponded to the | 7R ?; i R Q
period of sperm maturation in the testes. : ‘
» The wall of oviducts became thicker and enlarged from "

September to March. Actually, egg laying was observed from

December to March, corresponding to matured oviducts. '

« The presence of sperm in the cloaca was confirmed from SN :

December to May. Fig.15. a bundle of sperm
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Discussion

The eggs were found in the oviducts of Cynops ensicauda from December to March,
confirming that this was the egg-laying season. In addition, sperm could be observed in the
deferent ducts from November to March, and sperm in the testis from December to May. It is
suggesting that the spawning and breeding seasons coincide. This proved that Cynops ensicauda
is a species with an ecology in which spawning occurs immediately after mating behavior.

Therefore, it is assumed that the Chinese species, which is close in latitude to this Cynops
ensicauda, also has a similar reproductive season. From these facts, it can be inferred that Cynops
pyrrhogaster’s special breeding season from fall to spring is due to the fact that it is a species that

inhabits a northern region with four seasons. In addition, we discussed the meaning of autumn

mating behavior in Cynops pyrrhogaster. 0 Change in temperature
The figure shows that the beginning of the | ~ .
2 e
breeding season for both Cynops pyrrhogaster . S S
o . x “ V4 : \ ~——
and Cynops ensicauda is about 20°C. (Fig. 16) | //‘ N
This suggests that temperature may trigger the | © - ~
fall mating behavior of red-bellied newts. If this ’ -
(i} —
idea is true, it could also explain another thesis Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.

5

i 1 1 = Cynops pyrrhogaster: weather data for Okayama Otsuri

o WhICh the breedlng SEAsOR Of the Cynops - Cynops ensicauda . weather data for Okinawa Zamami
(climate-data.org)

ensicauda was conﬁrmed at a different time Solid line—breeding season dotted line—Not in breeding season

from the results of our study, based on the Fig.16. relationship between temperature
difference from habitat. changes and breeding season

Conclusion

Both methods (i) and (ii) in (3) have clarified the breeding season of Cynops ensicauda, and
from there we were able to approach the clarity of the original breeding season of the Cynops. In
(2), we were able to confirm that sperm in the cloaca of Cynops pyrrhogaster, are retained in a
fertilized state for a long period of time under low temperatures, and we were able to re-prove our
previous study from a different angle. In (1), the reasons why Cynops pyrrhogaster deliberately
take part in mating behavior in the fall were discussed.

This research focused on changes in reproductive organs over the year, and clarified the
breeding season of Cynops ensicauda and the original reproductive season of the Cynops.
However, there are still more questions to be answered, such as what happens to the reproductive
biology of Cynops pyrrhogaster in Okinawa and Cynops ensicauda in Honshu in the field of

breeding experiments.
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In spite of the difficult challenges of continuing scientific research using animal materials
under the COVID-19 pandemic, we consider ourselves fortunate to have been able to take on this

research challenge, starting from the angle of utilizing the fixed samples collected since 2013.

References
ITUCN (International Union for Conservation of Nature and Natural Resources) (2020), Red Data

book (Reptiles and Amphibians, Vol. 3)

Hayashi.T (2022), Hakken! newt :140-144

Akiyama.S, Iwao.Y, Miura.l (2011), Evidence for True Fall-mating in Japanese Newts Cynops
Pyrrhogaster, Zoological Science Vol. 28:758-763

Tominaga.A (2020), Variety and process differentiation of Cynops Pyrrhogaster, Caudata (the
Journal of Amphibians and Reptiles) Vol. 4

-72 -

12/12



13 JYXRIIERDOITBERADCHEALITINI S VI %R L\T—@ﬁd)nﬁﬁ

- W FESFFRIFE EEEE
B EZRHE HOURRIEREE |
AESHEMUTIE, BEARRBTABTLTVAHDURIIEXHELIT T |[o=BD @SR - BT r Moo
IL)EEALEBEORRERAITOTEE, ToTRAD=EREE - ¥ N7 XTI TEXHBOBEAOMETE e TonmpmimaL TR, @
B -BE)GERLAGRICERLTRRNEDH SNz, TORR. FERORSE || 6RBRO eocaridng

[T LT, WA H B LRSIz, (M- TR, 2021FEB R KERE HEREOHIEEICHTITH~NEE ||z FS XTI EEIT
2) CORBERZXBESDEFICHAIZHBOTWIES THD. £THRLY. FEE i

~DEFUENHEZEMND, SHAXTIEDRAERLERITK>TEOFTEZEZH |[eTRIT TS VI ZRAVEERDER
EMLES ERATz. FLT. YR RXIIEDTHREZRHAT 518 MATLABZfERAL. S+IXTIEDT
IS, ST IXTIE#PCTHEREI A0S LE/MEL-. B BUEAIAREA

ERORE (TR

* 717 ) RITEZTHELT ERORETE

RTIEH - EXRTITIEE
B-ATURTIER
il

AA20mm - X230 mmH

e
HARTA T R

57 0OME,  EES EE R

=3 L CRIFER 5B i o n FROEE) ]} Aok
.ﬁgu;g::;ﬁmigﬁgjfﬂ;mﬁ WA S T - Rlal
-0 3B - TEROERTHOE N W M A ‘ -
LY W \\V\f‘{/\/\ww \'\fw\‘/‘v’\rw v
éﬁ@ﬁiﬁ (A=R) _ 1 : *|

* DY XTI ERMTE 30E K
=73y b (190mmx250mmx=30mm)

- @ {tEF—7 (50mmx100mm)

- A AS (102ERA > 2 —LRR)

S EERT o4 n| . T A

KT, ABY DEVBE - - . .
KR 10mm -

- kiR 258 W\W‘

EBATT 'ﬂ'l' H

- L :
P

|§§®m§. R | EROEE (BER) | ® D
. B . FE<HF=ROBTHEFLTLND

R L | FLRONARLY TERERRNRY O—~05 EREEAT 52 LAHLLY man Eeaes
gwgﬁgﬁég;é - RER, BEROHAEDETIRES bh\-ﬁl-%ié-uxg(,\ﬂgm,lj\gL\ﬁwm,gﬁg—éﬁnﬁ(ﬁbhf_
FRERERFTELEVO, ThTh

PSRRI EADEER bRD | ERORE | U5 oomm: EEn e B
| EEQAH & ES Pt L) L FRGEE) - 2 7 R(30MH)
CEB1ERLAY hOARESEEEE ' " N ‘ w ||' M T == 'WWWMTL
=—LT—TTE> 1 | M| " " V - -
- BERERRIE1-2-3:5:7+-10" | :

15 - 30{Ak

- TOMmFEFRRO & R

Jogss v iRV -EEDRE l |W—M‘|_U A .
— - — -, ’_.‘.L . - - M\A‘A‘I\ AAV_AAI\“I\...\ ACAA M‘)L

- RTIEQRRTHOEREBR m
20RO BEE SRR, 55 2k m SE M (1 @) ! L0 Mo (3 K) 27 M7 (308HF)

—~OMATLABZ{# 5 = & TE#MDRE S s VWV,
ISRBRF—52FLHDH AT - - -
|

/3y bk (190mmx250mmx30mm)
» K& 10mm - KB 256
- HELTT - SHEOBERK v s
- RTIERMEGFOHED — _ : o B clhunsl s\ o Manc) AN WY
- KFEEH., AEY ORVERE S e

F0Y5 LERFIR [=BOER()
OMATLABL COBBIOHH#AH - B | - LEHFPROBE, /{v FOHORIEES O ks
@QETA I L—LDER =O0FERDRFIFIEONEL, BHDEEFITEBIZEL 7 7
@—fHl cAEMNSUTO2RSHERSAD
@yn—vrrnE QF=FFHIE, HVUXRIIEXHBLVSRETH>THHEIZLD
G®FTTxH O TRREbLLGWN
®1 A —THEBOELEA QRE. MELBEDRERBIZ>TVWTHLEROBFIIZEL LA L
@78y FOER
®rsy¥Y 28 - B¥ ER-RE
- EREHTOBRERS N N
—DBREATEY Z BB I fZEA : 5o Bbgs o b )
CHADYXRIIERADOEEZHMNT S TO5 S5 LOER AR k:nx/:?-xuzqm yRvIEmOTMEDNT
1 RORR 2 = igoRE B3 RREAZXE ~ORRD Y+ XIIEREDHRBOSHAEAL . BRIZHA %’é 3‘&%‘5"?&“&’3&? £XvIEORRRLRRON IR
p ' ELfzC LT, EXRBOSF I XTI EA—EPhIE THEMBRAIRTE | Lo,
Iz (RIS, 2022, Conservation G ; -~  ammmssuEES
- (S EBOZEENKE., BADEDSNEBHELFELL) :‘imz/m o SRR AR : SARARMATRAA )
R S ranoms Birsoronome | (BHER. BRBRTIIEMRBMAIRENeocaridina denticulata pmathuoris.com

HE R Tl ERENeocaridina denticulata denticulata)



Analysis of Neocaridina species behavior patterns
and individual recognition using a PC.

By

H3H(10)
Yuka Hirohata

-3~ 1/15



Table of Contents

Introduction

Experiment (D

Methods
Results

Discussion

Experiment @

Objective/Hypothesis
Methods

Results

Discussion

Experiment(®

Objective

Methods

Programming Procedure
Discussion and prospects

References

Acknowledgments

- 74 -

2/15



1.Introduction

OBackground of Research
Have you ever heard of the Neocaridina denticulata ?

The Neocaridina denticulata is a species of shrimp belonging to the
decapod family freshwater shrimp and is a freshwater inhabitant with a
body length of between 20 and 30 mm. My school keeps freshwater
shrimp in its outdoor laboratory, and research on freshwater shrimp has
been conducted for generations. I have also researched the color vision of
shrimps from the third year of junior high school to the first year of high
school.

OHow I started my current research

I started my research on the Neocaridina species because I have
been interested in crustaceans since I was a child and wanted to
take over the Neocaridina denticulata research that has been

carried out at our school.

And I began my behavioral analysis of Neocaridina denticulata for two
main reasons.

The first reason is that in my previous research, I had conducted
experiments that were extremely time- and labor-intensive.

In the shrimp color vision experiment that I had conducted until my first
year of high school, it was necessary to visually examine approximately
120 still images each time to determine the shrimp's preferred color. This
required a great deal of time and effort each time the experiment was
conducted, and produced potentially erroneous experimental data.To
improve this method, we decided to create a program to tabulate
experimental data accurately and quickly.

The second reason was that the shrimp may not have preferred a
particular color, but rather a following behavior in which the smaller
individuals followed the larger ones.

While tabulating the data from the color vision experiment, it was
observed that many small shrimp were not attracted to a particular color,
but rather followed the larger shrimp around. Therefore, we initiated the
present study to clarify the principles of shrimp behavior.
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OResearch Objectives

I would like to elucidate the behavioral principles of shrimp by creating a
shrimp behavior analysis program. We also hope to use this program as a
shortcut to elucidate shrimp farming methods and behavioral principles
of other animals.

OlIntroduction to Methodology

In the course of conducting the study, three major experiments were
conducted.
In experiment (), the preference of Neocaridina denticulata for color.

In experiment (@, the effect on behavior in response to the color

preference.
In experiment (3), image analysis was conducted using MATLAB in order

to understand the behavior patterns of Neocaridina denticulata. The
image analysis was based on a 15-minute movie in which a single
Neocaridina denticulata was released into a dissecting dish. The center of
gravity of the Neocaridina denticulata was measured, and other
measurements were made to create a movie with the trajectory of the
shrimp's behavior.

2.Experiment(D) Methods E—
O what I used I

* 30 individuals (Neocaridina denticulata)

» Vat (190mm X 250mm) = Fig. 1 .

» Color tape (50mm X 100mm) = Fig. 1 S

* Camera (interval shooting)
» Stand to hold the camera = Fig. 2 Sy
* Depth of water is 10mm

* In an empty room

Fig. 2
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O Detailed method

In the container shown in Fig. 1 with two pieces of vinyl tape,
Water was filled to a depth of 10mm and 30shrimp were released. The
camera taking pictures was then used to take interval shots, taking a

picture every 10minutes for 24hours, and the experiment was conducted
in a room with no pedestrian traffic.

3. Experiment(l) Results

O when the red and yellow tape is applied.

individual

OM\ AA B

18:00 21.00 0:00 3:00 600

time

O when the black and yellow tape is applied.

w black

ra write

A m

o A AA WA A AN A.AL..‘..“.

20:00 0:00 4:.00 8:00 12:00

individual

time
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O when the red and black tape is applied.

30 - red
w=  Dblack
©
<
=
E 10
, N
20:00 0:00 4.00 8.00
time
L] .black
" red
©
£
=
i
18:00 21:00 0:00 3:00
time
OWhen red and red tape is applied.
8 ™ red (left)
== Fed(right)

individual

0:00 4.00 8:00 12.00
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OWhen black and black tape is applied.

25

mm |black (left)

20 ¥

15

| | ,M,,N““M»l N

18:00 21:00 0:00 3:00 6:00
time

individual

(3}

30

20

individual

20:00 0:00 4:00 8:00 12:00

4. Experiment(D) Discussion

- The red and black tapes are easy to gather.

= have an innate preference for certain colors.

* Results are different every time when red and black tapes are applied.

=]t is difficult to distinguish between red and black.

* When red and red or black and black are taped, they cluster on one side

or in a corner.

= Smaller individuals seemed to follow the larger ones.
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5.Experiment(2) Objective/Hypothesis

To confirm the behavior of the shrimp when the visible world is limited
to its preferred colors, red and black.
From experiment (D, red and black are indistinguishable.

=The red and black are not distinguishable from each other.

6.Experiment(@ Method

White part of the same vat as experiment (D.

Cover the whole with tape.=Fig.3/Fig.4
Other items used are the same as in Experiment (D.

Change the number of shrimp (1,2,3,5,7,10,15,30)

Fig. 3

7. Experiment(® Results
O Full-scale black X red / Full-scale red X black

30 individuals [ < - X 30 - red (lefe)
- Black

individual
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8. Experiment(2) Discussion
- When all surfaces are red or black, they congregate at the edge of the

bat or in the shadows in all populations experiments. (Fig. 5/Fig. 6)

= cannot distinguish between red and black, they act to protect
themselves.

= color lightness is related to the color.

3 individuals

30 individuals

Fig. 5 Fig. 6

* The paper on Macrobrachium rosenbergii suggested two things.
(1) Macrobrachium rosenbergii, Neocaridina denticulata , a separate

species, does not change their respective behavior due to colouration.
(2) Color preferences remain the same at different ages, e.g. adults and

juveniles.
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TABLE 1. FEEDING RATES OF ZOEAE OF Macrobrachium rosenbergii (Artemia nauplii *
ind. '+h™, Mean®SD, N=4) UNDER DIFFERENT BACKGROUNDS OF COLORA-
TION.

Color of beaker Lightness 4th zoea 6th zoea 8th zoea
Control
Black (only bottom) = 4.7x0.7 9.8=1.9 17.7£1.8
Experiment
Black 10.0 6.2+0.3 11.3%0.5 18.9+2.7
Red 14.0 45+1.0 9.6+0.9 12.9+0.8
Yellow 18.5 1.9%0.9 | 41%1.1 59+1.2
Sky blue 18.0 0.9+0.4 2.510.2 4.7+0.7
White 20.0 0.7x0.2 1.0£0.5 4.7%+1.0
Shiny tin* - 0.5+0.3 1.0+0.3 2.9+1.2
*  Wrapped with aluminium foil

9. Experiment(3 Objective

* Recognition of Neocaridina denticulata by PC

=Uncovering the Factors of Shrimp Following Behavior.

- In Experimentd) and Experiment2), about 120 still images were

visually observed and graphed in one experiment, which was both
inaccurate and difficult.

=The software MATLAB makes it possible to summarize experimental
results accurately and quickly.

10. Experiment(3 Method

* Vat (190x250%30mm)

* Depth of water 10mm

+ Camera

- Stand to hold the camera

* Under fluorescent light

* Filming a movie for about 3 minutes

A single Neocaridina denticulata released into a vat

* Only one Neocaridina denticulata was released
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11. Experimen Programming Procedure

(i) Loading and playing back videos on MATLAB
Reading files containing video data and displaying video on MATLB.

el

clear,

close all
path="'C:\Users\19%hirohata\Downloads\"';
name01="IMG 2097 (1) .MOV';
failnameOl=([path,namell]) ;
videoReader = VideoReader (failname01l) ;
vision.VideoPlayer;

videoPlayer
Fig. 7 Script of (i)

(ii) Creating video frames
Determines if the video frame is readable and saves it as a still image.

hasFrame (videoReader)
frame = readFrame (videoReader) ;
videoPlayer (frame) ;

Fig. 8 Script of (ii)

Fig. 9 Original image Fig. 9 Enlarged view

(iii) Thresholding
Replace all values above the threshold in the grayscale image with 1 to
create a black-and-white image.

img03=rgb2gray (frame) ;
imgO4=imbinarize (img03) ;

Fig. 10 Script of (iii)
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Fig. 12 A black-and-white image 1g. 12 Enlarged view

(iv)Closing processing
Image contraction and expansion.

Se=strel ('disk',1);
ImglO=imerode (img04, Se) ;
Imgll=imdilate (Imgl0, Se) ;

Fig. 13 Script of (iv)

Fig. 14 Image after contraction Fig. 14 Enlarged view
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Fig. 15 Image after contraction and expansion Fig. 15 Enlarged view

(v)Object extraction
Extract objects from a binary image of a specified size.

Imgl2= bwareafilt (Imgll,1);
Imgl3=imcomplement (Imgl2) ;
ImgWB= bwareafilt (Imgl3, [10 300]);

Fig. 16 Script of (v)

(vi)Measuring the center of gravity of the image area
Measuring image area properties.

s = regionprops (ImgWB, 'centroid');
BIw = cat(l,s.Centroid) ;

Fig. 17 Script of (vi)

(vii)Creating the plot
Plotting at the center of gravity of the image area.

Cent=[1i, ..

BIW (L) sreess

BT (2% Tz

if ii==1

CentOl=cat (l,Cent);

else
CentOl=cat(l,Cent01,Cent);
end

imshow (frame) ;

Fig. 18 Script of (vii)
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Fig.19 Image with plots struck Fig. 19 Enlarged view

(viii)Object tracking
Retain the plot and return video frames to video.

hold on

plot (Cent01(:,2),Cent01(:,3),'b.")

hold off

filename02 = [sprintf('%03d',ii) '.jpg']l:
fullname00=fullfile('C:\Users\1%hirohata\Downloads\"', 'numaebi', filena
mel2) ;

imwrite (frame, fullname00)

i = ATFE

end

Fig. 20 Script of (viii)

Fig.21 Image after tracking Fig. 21 Enlarged view
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12.Experiments@ Discussion and prospects

* Recognition in multiple individuals.

= Clarification of the presence or absence of follow-up behavior.

* Creation of a programme to identify species within the genus

Neocaridina.
=Recognise the native species Neocaridina denticulata and link it to the

survival of the species.
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