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Fig. 3. Calculation results of extinction coefficient
ratio (26/September 2019).
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Ilustration of transmission conceptual scheme of solar.
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Fig. 4. Calculation results of extinction coefficient
ratio (25/December 2019).
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Fig. 2. Calculation results of extinction coefficient
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Table 1. Elements of Sentinel-2 and MSI

Orbit Sun-synchronous orbit
Satellite  Recurrent Days 5days
Altitude 786km

Band2 : blue-green (490nm)
Band Band3 : green (560nm)
(center wavelength)  Band4 : orange (665nm)
Band8 : near infrared (842nm)

Sensor
Resolution of
L 10m
Multispectrum
Observation Width 290km

Table 2. Extinction coefficient and correlation coefficient

’ Y . : : " ] : 2
Observational day ~ 3xtinction coefficient ratio (k.3) Correlation coefficient (R?)

6/September 2019 0.8658 0.9849
26/September 2019 1.7272 0.8444
25/December 2019 0.7457 0.6706
18/February 2020 06515 0.8376

8/April 2020 0.5114 0.6426
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Fig. 7. Salinity estimation result (18/February 2020). Fig. 8. Transparency estimation result (18/February 2020).
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Fig. 13. Calculation of seawater temperature
estimation formula (1).
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Fig. 12. Calculation of transparency estimation
formula.
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KA AT 0%, $REREEERERSE R/ £ [Big Catch LQ5050DR| ZfEH LT\ 5, ZD/KH
HAZIIENB 2B L CBY, BHIEEE I E8mE 2 RE 25 & RIRHIKE S KEEZRIETE 5,
AEFHRIT GPS v 47— [GT-730FL-S) ZfiH L T4tk L, @Y 7 F 7 =7 [CanWay| Z{#5



T L TRLEk L7128 & Google Map (ZR T Z &N TE %, ZOKFAIATT—ZBLTPGPS n T —7 —
S O TIRITRE R ORE A R A o b LI LG O A 2 BRI L CRITREE 2155, 7eds, MRATHS
FEITBIHHE T O R EL R LI 2RA o o b MERBLNETR T — 212 X 2 se5mi il tirs &
M= LIZEE (%) THRELTWD,

5.2. FEITFEERER

Table 3 (245 R A D FEMTRE EERE IR 237, TR FEE N I b EWV DL 2020 22 A 18 HTH D Z & ¥
Bo Z AU IE T EIEKT — 2 ZHE T 2BRICFE H OB HER T — % 2 HO T\ D720, B FTE
KT =2 ORFEMUOBIIA E LR TEWZ ENREELTWDEE XD, — ., BITKE K IRV O
IX201949 A 26 HTHD Z LR D, TIUIRETERT IV EROEELZITTWD,

FTo. HESREL OB LRI EE 2OV T, BRI L 2R 588, WA EEk cHEE L TH D
37 —% (201949 H 6 H, 202042 A 18 H, 202044 A 8 H) Il THOMHK CHEH L TH D 2
T—% (201949 A 26 H, 20194 12 H 25 H) OENTRENEL 7> T\ 5 LR TX 5 (Table3),
BB CZORRIIAHTH O | WHEGREL 27 B Ot DR T E e WiGE . BT
DOREE % T 77 O O BRI LB & RO SV THEICRFDBLETH 5,

BUR D EE R FRATR FE 1T 71.2% TERERE OFGIRE 71% L A% TH Y | & HITHEO 2 TR
FEATEN 2019 4F 9 A 26 H OfFHTHRE R 2 BRI THUE, MNP 75% F TR L TV D, 1> TR
TR LIZHEIC L 0, A%, REDFEOREHD 2 MERBET R T — 2 0D+ I B UK E T ©
D LR TH D,

Table 3. Analysis accuracy results

Observational day Analysis accuracy
6/September 2019 72%
26/September 2019 56%
25/December 2019 67%
18/February 2020 83%
8/April 2020 78%

Average 71.2%
Average(withuout 26/September) 75%
6. EE

6.1. EBOFHEL

| M ORESH AR RIC L 0 KA O, 7~ ¥7E8, T OMBEROMES %8
LTCW5 (Fig.20), F7=, [HES %, REBNE7HIZBT 5% A OMmEfEEcE 75 & FEIXFHIT
RHEEN S — R L, 2L O5E 4 HEHPLETOHRICHEEDRERERD 10 HIZR/NE R D34 —
VINBNEEL TN D, AL TIE9 ANSRE 4 O ZH5iH L TR Y (Fig.15-19) , [R50 4
RO OEESGD 9 AvD 12 AT TR L2 AD 4 B2 THEINL TV Z &7 — 2 i
MrfE RN BB cE 5, ZHUTEBGOFEHZLOBLHOME N & —E L TW\5,

K OREMICRD & ARPREF v o SAMTEE (BPofR A) ik, 2019 429 A 26 B & kRiHIE
AL ZPREICBII T E TV D, 727210 2020 52 4 A 8 FIEAST:F v /S 200 AR IRIZ 85 08 o0 A
THIET TH L. BEHOWREIDWVITR > TV D, ZAUZMEPHIEDRFKT — % OHEE DB T
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Fig. 15. Result of seagrass beds distinction analysis Fig. 16. Result of seagrass beds distinction analysis
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Fig. 17. Result of seagrass beds distinction analysis Fig. 18. Result of seagrass beds distinction analysis
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Fig. 19. Result of seagrass beds distinction analysis (8/April 2020).
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Fig. 21. Calculation results of extinction coefficient ratio (9/July 2018 and 26/September 2019).



ITRBER S TIERNWZ ENFER EHEE L TWD, Stk WEEKT —% (FRCEAERHEE & oMK
BHEE) OHEEHEE 2N ESHD 2L T, ZORENSEZRET D,

RS ACVE SR k. (Fig. 15-19 (R ook B)) CTld, BB CRE 27 ~EL 2B L T\ 5,
T~ OEEOFHEIIL, F G~TH) ITEERNPELS, K 9~11 H) ZHbEL LI En@ES
NTWD Y, fEEROWE BICIERT 5 L. 201949 H THOTMITFEEL TWDEEN 12 HICR X
TR0 EBICFE 2 HITHFEEL, 4 AL TS I ERHERTE S, ZHIET ~TDEREDRK
BEM & FATAE RS —E L TRV | 12 H OENTHERICEEG 235 L TR W O EER N E W72 LE A
TP TWD Z ENRKEHEE L T D,

K SR BER R A (Fig. 15-19 (Kol ©)) Tik, BHELRNC X 0 4T 512 < FET DK
ThHhHZEEHERL TS, R CITIEET A&, 20199 AICHKROBBALTEY, 12 A L E4F2 A
IR THIMN L, 4 H CRERBIENFEMEL TWVD Z ENHERTE 5, HMFAEOR B TIX, K&A
HT7EBFIREFTEL L, BRI D, AFBITRTZEAEHRTERW I ERDbhs TS, =
DiE7EE, Bottom Index T, WPHUIZ R U TEBHIISS RN K E W ENRK EHEE LTV DA, BHRE
7R JRRIGEI & 414 bilkfe T 2 BN B 5,

PLEX Y MER AR T — % 2 W CRalg O AL A R 3 2 HAZ DWW TR A fe Sz U 72 &)
WrC& %, Sentinel-2 DffIL. RS EZETERBEZE 1 » HiIZ1E, ZOEBNEBWT—X 2 AFTTEXDHD
T, 5% 1 » AR TL VR FZHA L EEBLETE, TBEOM ELAETH 5,

6.2. BARAREZEARIZTEE

201949 A 22 HIZHE 17 BN ABREZEEL TS, ZOEENEES 5[ (201949 H 6 A (Fig.
16)) LHEEL% (201949 A 26 H (Fig. 17)) Zth#gd 5 &, BEERRZ SRS LT\, 2
ERFERRCTE D, KRR A, BIZIEE T2 L Z0MEANHALINTH S,

F 2B EE BT OITRTE L 72%0 5 56%~KE <K FLTW5D (Table 3), ZAUEHEOEEC
K0, RO T LES TERENDHBD LTINS &, BGICERAHS> TR Ao TWnH I XK
OREOTNN N BHMA LT EARD EEICFE L CTEED RIS RoTWD Z LR ENRIA & HEE
LTW5s,

I HIZHEARELIC DWW T, @ 23 0.500~1.000 OEIPHN TEH 5 DIZxF LT 2019 4 9 H 26 H
1L 17272 LEVME L 72> TS (Table2), ZAUE, 2018 4E 7 H 6 H OVE A ASWIE# OfEHT (2018 4F
7H9H) THERELSEW (12557) 2 & EHEMAFELCTHD (Fig. 21), 2D & biHHRELL
N B RK E LT, B ORASCK B 2RO OBIRIZ L > TR EREL 2D, £ R
DRFRICEEBNREL TWDHIED EHEETE D, O X ) R AREEALICL Y KRS KRE 72
ZALHFEA U C OIS E 2 Ok D72 DIZiX, MHAE (RRZHE D HEE & B EEHEE) OHEERE & 1M b
SHDLZEDNHEHEEZTEY, Betzikid 5,

PLEX Y HERBIET R T — Z & O TG g 2> & B RBRIE A L N i ~ X B e BT
HZENAlRE L HI TR D,

1. F&H

A CiE, BB/ X 2 MERBIIRE T — 2 0 LBl 4 2R 0RECTERL L, FeEnRiET
=X =RV EBGOFHEAB LI OREZ L EZBE T2 a2 Em LT b ThH D, TOEEILDT-
DT, BLIZ K 2 B s AT Bk 2 R FERRGIE 2 > CHENL L TR D, IFSERRIZILA T D 3 A Th 5,
@ BI 2 X 2 MR BIAT THBE L 72 5 REMHIEIC DUV TR E S5 & A R G EVE O N A2 T
BD, MWEARMEIZRGOREER CTH DN FEKRT —% oy, B, KR 2o soms
VO LWHEIEZEZERL, ZNOOMIEIZE YD, SEEAIMITRE B IXBREA & F%ED 71.2%% 2K
LTW5,

@  HUROMRNREE 22 H1F, MIBREUIIE T — ¥ 2 AUV CRGOFE B L 2 102 LB R4 5 Hifff o ik
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R RKIETRBEE L D2 DT ENARETH D,

RIT, AR OMZECRIT iR 4 S &2 L PR,
L WFHIEICOWT, BHISERT — % OBINEIC X Vi FEKT — 2 OfEERE 2 m LS ¥ 5,
I 1 OREERIEL T, BB ORI 2 & 52 ESH 80%% FEKRT 5,
L #E5OZFEFEIZOWT, 1 4 H MO B8 IR RS R 2 I 2B b2 BT 5,
V. BEEgOIGE) & BIGEO R & OFBEEZ ST L, EENET VOSEZBET 5,

e
PG RIRAT BAE I OWT 2RI o H | R 2 B TR 22 B A A T & o 7oA B RS KRB Lo
FER OB FIHE BRI IR JEHN T2 L3, SISO BB T — & 2 LIS B B BRI RIS SV T
(2 THREW T I2W T B IR A Ay TR R 2R O RS2 IEMEER IS BB O 2 L3, £ 7SR
AT HRIBAL 2 AN T 72T A8 LR 2N AR G IR TERT O BRIE FE e R . KT — 2 BUHIC 2 i< 128
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Quantitative Analysis for Seaweed and Seagrass Beds Analysis using the Satellite Remote Sensing Data

in Coastal Waters of InnoShima
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*Department of Electronic and Electrical Engineering, Graduate School of Engineering,
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Fukuyama University, Fukuyama, Hiroshima 729-0292, Japan

Fukuyama University has been currently executing “Seto Inland Sea Sato-yama Sato-umi research project” as
the branding research since FY2017. As part of it, we have been executing data analysis research for the
distribution of seaweed and seagrass beds in coastal waters of Seto Inland Sea. This paper analyzes the seaweed
and seagrass beds distribution around InnoShima using Sentinel-2 satellite image data and discusses seasonal
changes of the seaweed and seagrass beds and discusses the influence of changes in the natural environment.
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KSR L ORI BIT Dok I 77X Fe

Vaucheria longicaulis D/EH

HWFE==IE™ WD, Wi

WA NP RSO GREETRES XOEILTENG, WERKRMY I 7> I ke
Vaucheria longicaulis % THREBIZZ K VMR L7z, ARFOEAIILLT ORA FF > T - HERERRE
OFEAR ; 1-3 HOMAED/INEERS L OV L EO 22O FFila 2 Fr o PR O ks es ; TARA I, R
ARE 2 FF 7 I WRETE D D EERUE O RES BB O TE#R E, ARITAE R OHHETH D,

X—U— K : SR, Vaucheria longicaulis, 7 X 7 v 2 Ka, #i7 NiE

73 F X R & Vaucheria 1335 EAEY) MY %30 Xanthophyceae |ZJ& T 2 # T, KD+ E
LMt EoE A+ FICAF L. RITHIER ORREEN 2 WS OE IR (ZEFER) ORIRIKTH Y . IR &
WrICLdAMAEME, EET-PAREa 772 Sl L DM AIT S D, 57T 100 FEr < A S
D, L OFEITRKFETH DD, —EOFITVKCUKIZET T 2, WiE GUKELZET) 07 F v
ReEonosb, BARTIILLTO 6 A HE SN TWD  ($EINIER) © (1) V erythrospora Christensen (111
MRSEAE D) 0 (2) 773X R Vongicaulis Hoppaugh (FPf#RUR 4 FEIR B D, @i lR 0, &g IR
A D, FeRRIE I O, BRI R, EHIR 19) 0 (3) V. mayyanadensis Erady (Ji 5 Rl H i
IR, R D AR EHR D) (4) B T~ A 72X Ra Vpiloboloides Thuret (11111 R
12)) . (5) V. schleicheri de Wildeman ([l EEAD) (6) H~27 B I 723 Ra V vipera Blum (i
FREL 1D LD @R ), WAL GIEING 6 T TG STV 5,
INODOWMEMD > LY I 7y I Fuid, AARTEECHAAOHEASLTRNLHRESATH
D0, ABHTHLRREOTENRKONTND Z &b, BEAICLVE =KL Yy KU X (2010 4F)
DIBEH IR EE T (VU) IZREISILTWD W, KREIIAFEM CHOBEMREIIHRES N THD D
D, AR 72 EOAERBRIE WA Z L2 Lo, T (2013 405 2017 4F) OFRAEIC LV WA ARDR
G IZ B AEBTPHERINT 0N LR D | (RED T DITHE /2 AR EFHIIEE 7 EORARTE
WITNEER T EEZBND,
D OWIIEE T, W PIE JER 0D L W R T IR B4 L TRET 72 & O 2380 T 2005 47
PABEARRE R SR A 21T > C & 72 1510, 2o, Ml T o LIZAET T 2 ka0 Rk EEE %
WLTHEY, BUIIZEER TRIROER 2 FF ok = ) A MNEgo—fE L CTHEMIZESKL T
oo SRIZNO OREERDOEZHBIE LT L2 A, Y=/ A4 MNEOKRREIZIZEC 20T T O
HYEATEEE N B0 | EREEMO T I 7SV FuThsr I LR LEOT, 2 2IC@sE+ 5,

ik
TEREBLET O T AR, W NI P I o s I VR RSB T IR & K T\ EE 7~ B 8 X OV LT &
HEBIZBWT I E T TON IR A S O LV RES., NN REHOY 2 ) A NEgd—
ff Derbesia sp.& L CREERI AL TV H DT, 50% 7 UVt U LK TEHAINIZ T L XT— NET2IE-
20C CIRIF SN EREARZ VY, & HIZEE LA 2018 FEICRNBNEFBICB W CERE L= AEDB:



ﬂi%ﬁﬁb\f_o INOOERZMEEZ A WTHEZEL, 737 v 2 FugoREICEERAIIZ. &6
IR EOENEGE AR L, EREMEEBOREEIT T2, AFRIC L VRSN I 7P e
OIERO R % Table 1 (2~ L7,

Table 1. Sample list of Vaucheria longicaulis using in this study.

Localities Collection date Preservation Reproductive organs
Yaekojima, Innoshima, Onomichi, 17 December 2008 -20°C frozen, microscope slides sporophytes
Hiroshima Prefecture. Japan 12 January 2009 -20°C frozen, microscope slides sporophytes

28 February 2014 -20°C frozen, microscope slides female

23 February 2015 -20°C frozen. microscope slides male, female

27 February 2016 -20°C frozen, microscope slides female

27 February 2017 -20°C frozen, microscope slides male, female

27 November 2018 -20°C frozen. microscope slides sporophytes

22 February 2019 fresh female
Tomo, Fukuyama, Hiroshima 22 December 2017 -20°C frozen. microscope slides sporophytes
Prefecture, Japan 22 January 2018 -20°C frozen, microscope slides female. sporophytes

BRELUBE

EE - BIUEDI I2VF LS KA Vaucheria longicaul is ¥

BRI TSRO B IR HERE L T2 BFTOTE R 5 <$ff L CTAB L (Fig. la, b) . #Hfd
AR D D72 WEROSRIRIE T (Fig. 1c) . ie:ﬁ‘%c:/\ﬁb L 35-65 um & 5, BRI HERE AR
Th b, L*i%% antheridia VESRIRAR O Rl & 72 1 AR O K ﬁ/ﬁkéﬂ T ENST-MERT, o7
ST, B 40-65 um, X 300-500 um & Y . AI5IZ 1-3 ﬂﬁ]@d\ﬁt%ﬁv‘o iz ﬂﬁ]@ HhzE
@iﬁfﬁiﬂﬁ%ﬁ’) (Fig. 1d), ZEJPZS oogonia 13K HRAKR D AR F 72 1 ZMIEL D A ﬂ@ﬁkéh TEEAHE <
FE RN T AR DR T, A 120-175 pm, £ X 315-535 um H V| TEIZZEER T2 <, AT
WZRRIR E DB BB, XFFlilaZ Ff7=7avy (Fig. le, ), JPIET- oospores IZERFE DO T
B 7R BEIC P 0, 4L 128-145 um, R 140-160 pm H 0 . AIIZRN O EFIAET D (Fig. 1),
1-%& sporangia [T-RRIRDORIFIERL S 41, o3RRI C, B 75-140 um, & & 220-400 pm H
v (Fig. 1g), & ZITHTENORITF N LHEARRIGEMPND Z L1355 (Fig. 1h), AFHEHIZHIT S
AFFRENT 11 A0S 2 AOBKIBHICHY . AHAHIGEIZ L HD 2 AlIcAbi, lar3% 11 Ax
52 HlizHbni,

fhiE & OREHEFHO LR

K& ¥ L OE U PEDOARTEBAR DL RBRR S A . AARE T T2 I FuJROirEfE 6 f& & st L
7= (Table2), Vaucheria erythrospora, V. mayyanadensis, V.schleicheri, V.vipera @ 4 F& iifﬂ?“” AR A
BN R 2 R 7= 3, ARINERICHEIRZSE 2 R0 2 LTk L T AT ER R AT D /e
XL E RS, AINRICERER 2N b ETRBlENG, BT ATV I Re ¥
piloboloides [JHEHEFRIFR TH U . fHL o RDOIPfAFZ2F5> Z &1k LT, AFRIIMERKTH Y | fj?ﬂ‘?
DI T Z2F>Z L E TSN D, AR, RRIKDOY A X0, MEERKRTH D Z & g
ST HRMAFE T, BHOMET D/ B X O EOFRfifaEFF>Z & AUNgn Mﬁ‘iﬂiﬁ %ﬁ?*”
ECHMmICEEA RN & RTERRBEE COLI LR EDEEITI TV I Rr ¥
longicaulis DJFFEHL VI L O A THEMN O OHE 1O, AARBLHOME 68910 I+ 252 &
B, U7 F I Ra Viongicaulis Toh 5 &fim L7,
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Fig. 1. Vaucheria longicaulis. Living (a, c¢) and preserved (b, d-h) specimens from Innoshima, Onomichi (a, b, d-g) and
Tomo, Fukuyama (c, h), Hiroshima Prefecture, Japan.

a: Lower tidal mud covered with filamentous thalli (January 2009). b: Filamentous thalli (December 2008). c: An apical
part of a living filamentous thallus (December 2017). d: An antheridium with lateral projections (arrows) and an empty
supporting cell (arrowhead) (February 2015). e: Two oogonia formed terminally at an axis and a lateral branch (February
2017). f: An oogonium forming an oospore (February 2014). g: A sporangium (January 2009). h: A sporangium with a
germinated spore (January 2018).

BRERNEBIZBITA2EFRR

U7 VTV RRT AN O T, ZAvE TEERA L DI X OGRS A O B Y0
2N WEND D, AWFFIHEFANET 3 FIE OWRE L 20 IREENSITOWE L 725, AN
MR T D AFOEFTRIUC OV T, AfEZE#RAE (DD) & L TR L TWAERRL Y KT —X
77 2014 XD L FBBENTITRILAE TO SR EOFEENH 2 NEAIRBSHIE TE R0 E Sh
TEY., FRRBEE IO THRYOE BB D OFEELIEOREITRBE S < el BIEOAFRIIZ
DONTITIEFE A EBERL 2, 7773 FaNgGENn D ik 3eEE L F RS2 THh
L, 7axh o FUE RS TEOERGRBETH YD . ARIIA R TIZY 2/ A MNER EORBEEOSRRIK
ICHPLL TV D Z &0, FIEDT- OICEFEEE Z R OBEA N LETH D Z L h, FHIZEFTLT
WTHRES AU Do TE REMEDZE X DILD, Y =/ A NEOSRRIKITR A THY  (EBAEIX
S CRAI) . AEIRERCIER SR DU T RIRIB A MERR T 5 2 7T U I RrETH S Z L Okl



RERD, HETIRIEEE 12 H~2 A2 LEnsiE C SigEOHERE L2 eimic, PR CT& 2 fk
BORREBOERE LTEFLTEY , WFNEOIZDOWEIZE N T HREBROSHZHET T
TUFT U FuOEFENHRRTE L HRMENH Y . EFRUEH SN D 7DIITAS B OFEI L
ThH D,

Table 2. Morphological comparison of an alga collected in this study and six marine species of Faucheria in Japan.

Thalli of Inmoshima V. longicaulis V. piloboloides V. mayyvanadensis V. erythrespora V. schleicheri V. vipera
and Tomo

Filaments Diameter 35-65 um 30-72 pm 40-90 um 35-85 um 28-37 um 100-180 pm 40-80 um
Antheridia Diameter= 40-65 umx 45-90 um* 60-120 pmx 45-90 pmx 10-12 pm in 29-48 pmx 35-60 umx*

length 300-500 um 330-730 um 240-350 pm 110-200 pm diameter 116-126 pm 90-135 ym

Shapes Cylindrical Cylindrical Cylindrical Elongate ovoid Cylindrical Cylindrical to Conical

clavate

Curvature Straight Straight Straight Straight Curved Curved Curved

Positions of Apical and lateral ~ Apical and lateral ~ Apical and lateral ~ Apical Apical Apical Apical

papillae

A basal supporting Present Present Present Absent Absent Absent Absent

cell
Oogonia Diameterx 120-175 pmx 110-200 pmx 140-210 pmx 95-200 umx 42-48 umx 200-310 pmx 115-190 pmx

length 315-535 um 242-440 um 320-500 um 150-230 pm 52-58 um 250-340 um 170-260 pm

Shapes Clavate to pyriform Clavate to pyriform Clavate Ovoid to ellipsoidal ~ Spherical Spherical to ovoid ~ Ovoid to pyriform

Apical beaks Absent Absent Absent Present Present Present Present
Oospores Shapes Spherical to ovoid ~ Spherical to ovoid ~ Convex-shaped Spherical Spherical Spherical Spherical
Sexuality Diocecious Dioecious Monoecious Dioecious Monoecious Meonoecions Monoecious
References Present study Hoppaugh 1930'7; Yamamoto ef al. Yamagishi 1965%; Yamagishi 1965  Wildman 1895°%; Yamagishi 1964'%,

Tavlor 1952'% 2013 Womersley  Kikuchi ef af. 2018 Yamagishi 19657, 1965% Kikuchi et af.
1987'% 1999 2018"
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Occurrence of Vaucheria longicaulis (Xanthophyceae) from Innoshima and Fukuyama, Hiroshima

Prefecture, Japan

Yukimasa Yamagishi, Mitsuhisa Kaihara and Yasuhiko Miwa

Department of Marine Bio-Science, Faculty of Life Science and Biotechnology,
Fukuyama University, Fukuyama, Hiroshima 729-0292, Japan

The marine Xanthophycean species Vaucheria longicaulis is identified by the morphological observations of specimens
collected from Innoshima, Onomichi and Tomo, Fukuyama, Hiroshima Prefecture on the central region of Seto Inland
Sea of Japan. Our specimens of this species have following features: dioecious thalli; cylindrical antheridia with 1-3 short
lateral projections and an empty supporting cell; clavate to pyriform oogonia with a rounded apeices and without a
supporting cell; clavate sporangia, etc. This species is a new record for Hiroshima Prefecture, Japan.

Keywords: Xanthophyceae, Vaucheria longicaulis, Seto Inland Sea
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Fig. 1 Types of artificial yellowtail Seriola quinqueradiata juvenile
A! normal, B: mouth distortion, C: misalignment of jaws, D: head depression
Left: front, right: left side , scale! Imm

Fig. 2 Jaws skeleton and measurement points
a! maxillary, b: premaxillary, ¢ dentary, d: angular
<+—» ! measurement points, scale: Imm



Fig. 3 Head skeleton of artificial yellowtail Seriola quinqueradiata
juveniles
A: normal, B! mouth distortion, C: misalignment of jaws, D: head

Fig. 4 Jaws skeleton of artificial yellowtail Seriola quinqueradiata juvenile
A:inormal, B:mouth distortion, C: misalignment of jaws, D: head depression, scale: lmm
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Fig. 5 Occurrence of abnormal bones in artificial juvenile
A: 31 days after hatching, B: 44 days after hatching
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Fig. 6 Occurrence of abnormal types in artificial juvenile
A: 31 days after hatching, B: 44 days after hatching
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Fig. 7 Relative length ratio( /head length %) in each type (31 days after hatching)
A: premaxillary, B: maxillary, C: dentary, D: angular

N: normal, MdJ: misalignment of jaws, MD: mouth distortion, HD: head depression,
L: left side, Rt right side
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Fig. 8 Relative length ratio( /head length %) in each type (44 days after hatching)
At premaxillary, B: maxillary, C: dentary, D: angular

N: normal, MJ: misalignment of jaws, MD: mouth distortion, HD: head depression,
L: left side, R: right side
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Fig. 9 Relative length ratio( /head length %) of wild fish (@) and normal type (O)
PM: premaxillary, M: maxillary, D: dentary, A: angular
L: left side, R: right side
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Fig.10 Comparison of external shape between wild fish and artificial juvenile
A: wild fish, B: artificial juvenile (normal type)
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Morphological abnormalities of the head in artificial juvenile of
yellowtail Seriola quinqueradiata

Yoko Toyoda, Tadahiro Yanagida, Yusei Harada and Masato Aritaki

Department of Marine Bio-Science, Faculty of Life Science and Biotechnology,
Fukuyama University, Fukuyama, Hiroshima 729-0292, Japan

In this study, artificial juveniles of yellowtail Seriola quinqueradiata were categorized into 4
types: normal and 3 abnormal types (mouth distortion, misalignment of jaws, head depression).
In addition, the target skeleton was observed in order to understand what kind of abnormality
appeared in each abnormal type. For the observations, 20 individuals of 31 days after hatching
juvenile and 27 individuals of 44 days after hatching juvenile were used. The 10 wild fish
collected in the coastal area of Tanegashima, Kagoshima Prefecture, were used as a comparison
target group for artificial juveniles. Each specimen was observed for the left and right
premaxillary, maxillary, dentary, angular and neural cranial bone. For the skeletons of jaws, the
relative length ratio (/ head length %) was calculated. As a result, 1) Morphological
abnormalities appearing on the head frequently have distortion of the mouth and misalignment
of both jaws. 2) These abnormalities cause deformation of the skeleton on either the left or right
side of the head, 3). It was clarified that the body shape of normal fish was significantly distorted
downward compared to wild fish.

Keywords: yellowtail Seriola quinqueradiata, artificial juvenile, morphological abnormalities,
mouth and/or head
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Fig. 1. Mudskipper Periophthalmus modestus

(A) Adult fish on the stone, (B) Male adult fish protecting burrow,
(C) Fish sticking to the wall.
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Fig. 2. Survival rates of the mudskipper Periophthalmus modestus reared at various salinities exposed to
high-temperature stress at 36:0.5°C

Table 1. Mean times to death of the mudskipper Periophthalmus modestus reared at various salinities exposed to
high-temperature stress at 36+0.5°C.

Experimental groups Seawater 1/2 Seawater Freshwater SW —FW FW — SW
Salinity (psu) 30 15 0 30—0 0—30
123.6£84.1 all survived 92+74.9 51.8+6.7 94+87.6

Mean = SD (min) Gt (1=6) (n=6) (n=6) (n=6)
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Fig. 3. Survival rates of the mudskipper Periophthalmus modestus reared at various salinities exposed to
high-temperature stress at 36+0.5°C

Table 2. Mean times to death of the mudskipper Periophthalmus modestus reared at various salinities exposed to
high-temperature stress at 36:0.5°C.

Experimental groups Seawater 2/3 Seawater 1/2 Seawater 1/3 Seawater Freshwater
Salinity (psu) 30 20 15 10 0
. 238.6+107.9 309.3+153.7 271.4+134.2 228.6+108.9 205+94.5
Mean + SD (min)
(n=6) (n=6) (n=6) (n=6) (n=6)
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The high-temperature tolerance of Mudskipper Periophthalmus modestus at different salinities
Kenji Sakamoto and Ryo Sato

Research Institute of Marine Bioresouces, Fukuyama University,
Innoshima, Onomichi, Hiroshima 722-2101, Japan

The tolerance of mudskipper Periophthalmus modestus to high water temperatures was investigated in relation to
salinity. Fish were subjected to a water temperature of 36£0.5°C and the time points of mortalities were recorded.
The overall survival rates of the brackish-water groups (2/3 and 1/2 seawater) were higher than that of the seawater
(30 psu) and the freshwater groups. This outcome may indicate a suppression of energy consumption to activate
regulation of osmotic pressure.

Keywords: mudskipper, Periophthalmus modestus, high water temperature tolerance, salinity
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