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Fig. 1-1. Yearly average of flying fish catches from 1988 to 2002 in each prefecture.
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Fig. 2-1. Sampling localities of flying fish in the northern waters of Ikitsuki by scooping-up net(@®).
Sampling stations with set net(4)and boat seine(J)are also shown.
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Fig. 2-2. Yearly change of flying fish catches from 1988 to 200
in the north western waters of Kyushu.
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Fig. 2-3. Yearly average of flying fish catches from 1988 to 2002 by different fishing gears in the north western waters of Kyusyu,
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Flg. 2-4. Yearly average of flying fish catches from 1995 to 2001 with set net in Tushima area.
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Fig. 2-5. Yearly average of flying fish catches from 1995 to 2001 with set net in Hokusho area.
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Fig. 2-6. Yearly average of flying fish catches from 1995 to 2001 with set net in Goto area.
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Fig. 2-7. Yearly average of flying fish catches from 1995 to 2001 with boat seine in Hokusho area.
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Fig. 2-8. Yearly average of flying fish catches from 1995 to 2001 with boat seine in Goto area.
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Fig. 2-9. Monthiy change of flying fish catches from 1995 to 2001 with set net at respective
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Fig. 2-10. Monthly change of flying fish catches from 1995 to
2001 with boat seine at respective fishing areas.
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Fig. 2-11. Yearly change of flying fish catches from 1988 to
2002 in the north western waters of Kyusyu, Fishing
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Fig. 2-12. Yearly change of young flying fish catches from 1988
to 2005 at Ikitsuki.
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Fig. 2-13. Species composition of young flying fish catches
from 1991 to 2004 at Ikitsuki.
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Fig. 2-14. Yearly change of Hirundichthys oxcephalus ratio in
the total young flying fish caught from 1988 to 2004
at Ikitsuki.

Table 2-1. Number of flying fish collected in northern waters of Ikitsuki by scooping-up net in two different swimming styles

= Time from Floating type Moving lype
o St catch C. heternrus C. Hiraii H. oxycephalus Total C. heternrus C. hiraii H. oxycephalus  Total
2004 Sul A ~3 min 10 10 1 i
~ 10 min 8 8 0
10 min~ [ 6 0
Total 0 0 24 24 0 | 0 L
St2 ~35 min 5 14 19 I2 25 8 45
~~ 10 min 2 10 12 1 |
10 min—~ 13 13 i}
Total 0 il 37 44 12 25 9 46
St.3 ~5 min 2 18 20 5 5
~ 10 min 5 5
10 min~ 20 20
Tolal 2 [} 43 45 0 5 0 5
Towul Number 2 7 104 113 12 31 ) 52
Ratio(%) 1.8 6.2 92,0 100.0 23.1 59.6 17.3 100.0
2005 St.1 B ~5 min 2 9 11 7 1 3
~ 10 min 15 15
10 min~ i8 18 0
Total [ 2 42 44 0 7 1 8
St.2 ~-5 min 2 24 26 23 4 27
~10 min | 7 9 17 8 9 5 22
10 min—~ 22 22 0
Total I 9 55 65 8 32 9 49
$t3  ~5min ! g 9 5 6 2 13
~10 min 15 15 ] 1
10 min~ 10 10 0
Total 1 0 33 34 6 6 3 15
Total Number 2 1! 130 143 4 45 13 72
Ratio(%) 14 17 90.9 100.0 194 62.5 18.1 1000
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Fig. 3-1-1. Map of sampling area.
Triangle: set net. Dotted area: fishing ground of seine

net.

Fig. 8-1-2. Location of sampling sites near Shikanoshima Island.
@ (Station 1~ 8): Boat seine.
O (Station A~C) : Scooping-up net.
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Fig. 3-1-4. Sex ratio of Cypselurus heterurus doederleini catches by boat seine and scooping-up net at various sites near
Shikanoshima Island.

Table 3-1-1. Ratio of femmale of Cypselurus heterurus doederleini in the catch by boat seine at Shikanoshima

Date Near Shore*1 Off shore*2
Male Female Ratio of Female(%) Male Female Ratio of Female(%})

1995, May 31 112 9 7.44 18 88 83.02

1995, June 16 62 8 11.43 25 31 55.36

1996, May 29 41 5 10.87 11 33 75.00

1996, June 6 28 11 28.21 5 31 86.11

1996, June 24 31 . 1 3.13 2 7 71.78
Total 274 34 11.04 61 190 75.70

*| Station 1~4 in Fig.3-1-2
*2 Station 5~8 in Fig.3-1-2
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Fig. 3-1-5. Difference of female Cypselurits heterurus doederieini ratio
by sampling gears and areas during the fishing season.
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Fig. 3-1-6. Frequency distribution of GSI (Gonad Somatic Index) in
female Cypselurus heterurus doederleini caught with several
fishing gears. Solid: Off shore. Open: Near shore.

Operating ground of fishing gears:

Seine net is Gotonada, Iki strait, Tsushima sirait

Set net is six sites from Kagoshima to Yamaguchi

Boat seine in Stations 1-4 are near shore of Shikanoshima
Boat scine in Stations 5-8 are off shore of Shikanoshima
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Fig. 3-1-7. Change of average GS! in Cypselurus heterurus
doederleini through the fishing season.
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Fig. 3-1-8. Frequency distribution of oocyte diameter for each
maturity phase of GSI in Cypselurus heterurus
doederleini.
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Fig, 3-1-9. Frequency distribution of the largest oocyte diameter
in Cypselurus heterurus doederleini females caught
by different fishing gears. Solid: Off shore. Open:
Near shore.

NS: Few mature eggs not spawned.

Operating ground of fishing gears:

Seine net is Gotonada, ki strait, Tsushima strait

Set net is six sites from Kagoshima to Yamaguchi
Boat seine in Stations 1-4 ace near shore of Shikanoshima
Boat seine in Stations 5-8 are off shore of Shikanoshima
Scooping-up net in near shore of Shikanoshima
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Table 3-1-2. Oocyte diameler of Cypselurus heterurus doederleini
in each developmental stage

Developmental stage Oocyte diameler

Peripheral nucleolus stage ~0.2inm
Yolk vesicle stage 0.2 ~0.5mm
York globule stage 0.50m ~0.7mn
Migratory nucleus stage 0.7mm ~0.9un
Maturation stage 0.9mm~

Table 3-1-3. Ratio of Cypselurus heterurus doederleini female
having postovulatory follicle

Postovulatory follicle

Location Having Nol having Total

Near shore number 113 3 116
ratio 97% 3% 100%

Off shore number 9 64 73
ratio 12% 88% 100%
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TS, WHTEP oz, BAIFBIROETHL
Wab I EFRT, TEECHEED RN TIZA
S, MUTEHKREPoT, TOZENS, WMIH
W HMED S bREE DB GSITHO K & AR
RRABRICH AR EEL N, BIZEELM
DRF% & 5 GSIE DBV MEAR 13 EIR AT o sk
BB L < I EHEIN S 0 IR BEATN & B o 2RI
DTN THA LBEENT, 2T, Ipito#M
WFENBE LT oL 25, BEUORETIZON% L
V) BERTHIR AN O TFENBED b, DT
Eik, BELAMRA 2L b —FERIFERL:
BlETHArZ LERLTVWE, =, AlDMEEHE
Wz AT aHEEL L hbol, ThbDl
By 7Y PE YA PEMCERTADTIER L, BIC
ML THEIPTAZLERLTWAS, BROMOHH
BTEAZRLIMPHBNECALNEZED, Z0
ES LI EBME LTV A LB XD,

ZOEH, VIV META 3R LTERT S
LHEFE S NADS, MESPIERT & BN S BRI %

BLCTEBEB@ETELAER R P o, Y2 b
KRy bEYFICoWTIERMICERETS
V) (59, 1959) 2'H 5, SEOFAEIE
WTH, EBRCHAE DUWBTHEMICT < WliC
Lo THEONMDEEEFMLA-EZS, HPL
TR Bbh I E M ST EBICAHK
23 08%E RO, TLOBERLRE
CDEETH-TH, EEMIEFORE, Aol
FEMOBETH L, b DHIEY DM T GSI
HOENLDIFIELAEALNRY, ERKEOME
PRolzw) I bid, EINEEIC % o 2R
FEARELELICENERIALZLERTIDOLE
Abibh,

REDGSIMEDEAT— VBT 2N M0
BeRaL, YUIEN L L Bbh BPHEENMIZ, 4
BEEET B LEZONAIBOTHEITRD SRz,
DX RIVEMBIIEFIEOLRY N Y4 (Abe
etal., 1993) EREUPL, V2 PETFLF
Y hEYF ERARC 1 EIREARIC AR L b 2 mEL
FEMTHEIEEFRLTV S,

EIR Dz R U EER DWW T, oo
REIREES RS IR, B TIRIPEISER
RIS BEEDHBINTEA LR R o/, b
Er % 1 S ICE BB 2T L ab
CCEZLAE, BWEKRZIMAHED D HROERIC
Mz b DEFBTA~BHTE8bh 5,

GSIEDFEH L RS &, ENDICH:55
Aol GSIEIRTTIIHBNEVWEEZRLTE
B, BISECEBRLTERTI OLEELONS,
Frz, MEREL b ICGSIHIE6 A b ®WL, 78
WZIHERE L B IC GSIEFELS AT b, V7
MUY FOENOEIRIZ6 A LIERSh, EVE
TART LS P NRHEOER HGOBEZHR
2O S B EINE & —3 Y B,

PlLEo X3z, KRB & b BRI,
WEASHNT AT L, T OBMEATHERE L TENTS W
I BIRCAE BB AT S LSRR o1z,
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E2/ FY PETFOBRBEEIR

RV b A ORHREEINCOWTE, EIIGT
FREHTHEOBETHSLZ L (RS, 1971, 1l
O, 1991, FHH, 1992), 20WGLHA & iR R O ifF
BABEL, BERPCERTLZ L (BB, 1969
a ;BB 1969b ; BB, 1969c ; BB, 1971),
WRHCBFROIREA G, 1988 ; Abe ef al., 1993),
REORIY - REORIRT 3 & ORI 4 D M 04T R (T
B, 1995b) 7% & 2 7 & 0 13 IS { DR
D SN,

L L%DTS, EDELEALVAERRICBITLD
DT, JUHNIETTRRARIR I BT B REL L FEIRICBT 5
HEWERBIDRv, 22C, FEEHRICBT SR
YA OREME RIADERECOWTHLH,IZ L,

il *

1992~2005%E D 4 ~ 7 A 12, Fig.3-1-1LIZR ¥ M
RBETML, RGEGRE, £H, EEoEE
WE L UREN, AEEMNMTE EEICLdESR
FoRY PETHZOWT, FAIELT1IMBH-H80
~120B % IR Lz, T/, EVEE2HT
BB LYK S AV b E D FRADRENFR
LB I L6, 20044 L 20054ED 9 H 12 b FiFE
EABRICBWTEERE R cRE sk
RATHEARL UCRE L2, EAYUEEBS, 367
Tk, % &2, 22418 MF, 8,501 T, Zhoo
RBIE, R#E, £MRERENELL, Moo
BEALEBO,ICT D70, &8 OEARN HIERIC#®
ATEMEREARASTIE R O IR BE 2 10% F V< V) T TR
EL Rk, PEBLY—BEOHR-TIECL, £
BEPAMERT (B0 T, v rni—y—2HnT,
Ty A0 DINEEWE LIz, T/, LDEE
AN RO IR DWW T RS 720, 161EE D I3
BRI T7A VG LK, I 70b—ATE~T
O EERL, N RFY LY IO UICK
B BEETITo 21k, NERMBIT THRE L,

5 S

MEMEDILER ZEME 3 EETL B#O T SH TR
SENFAERICBT D HED ILEEOREIED 5 S HEIC
P TOEHERT & Fig.3-2-10 L) 10k b, &
B0 T, BERIGHLE T, RPDOD5
R0 R A10%F# &K<, 6 ATAICIEH
30%ICHE ol EFMR T, 5 A5 %A%
L, FOBRBRAIICELS Y, 6 BTHICIE20%
28R, ENBEHRETIX, 5ARMIS%MET
Holhs, TOBREAICECEY, 6 ATAL»S7
ARz d THRHO%BIROBEXR LIz, VT
NOWRETH, FAMOLEIMEL, F0FEETY,
BOMEL 25 EMBRS Wz,
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Fig. 3-2-1. Seasonal change of female Cypselurus hiraii ratio at
different places, Vertical bar shows 8. D,
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Fig. 3-2-2. Ditference of female Cypselurus hiraii ratio by
sampling site and area during the fishing season.
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Fig. 3-2-3. Frequency distribution of GSI (Gonad Somatic
Index) in female Cypsefurus hiraii caught with two
fishing gears. Solid: Offshore. Open: Near shore.
Operating ground of lishing gears:

Seine net is Gotonada, western waters of Goto islands
Set net is four sites from Kagoshima to Nagasaki
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Fig. 3-2-4. Change of average GSI in Cypselurus hiraii through
the fishing season,
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Fig. 3-2-5. Frequency distribution of the largest oocyte diameter
in Cypselurus hivaii females caught by different
fishing gears.

Solid: Off shore. Open: Near shore.

NS: Few mature eggs not spawned.

Operating ground of fishing gears:

Seine net is Gotonada, western waters of Goto
islands

Set net is four sites from Kagoshima to Nagasaki
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Table 3-2-1. Ratio of female having postovulatory follicle in
Cypselwrus hiraii

Postovululatory follicle

Having Not having Total
Set net Number 69 8 77_ o
Ratio 90% 10% 1009
Seine net Number 7 77 84
Ratio 8% 92% 100%

TOMME 7 B G AERICH 72 b DD, H5
BECWMIET 2E& o,

EARDOMED LI % 13 2 & 127R T & Fig.3-2-20
LY B EEMBOWMY CI1Z, Mo Lba 2
MWK 2 & 4= B X O #4917 ~21%, L3 EH
KT26% Thorze T EMOUMM CIE, ABEWT
68%, TLIZBIGHTE3% Tdh - 1o
BB BEAROMO GSI A % Fig. 3-2-310F
To EWMTIIGSIEIIIEL, 6UTOMERT
Bk L holee —F, T EMTI 2 ~18L KV
WOGSIfEERL, Ei#HHE T GSIMEA 6 A
Lodwiiz Ry EEOUII S RN, T,
Fig. 3-2-44 GSL P DA LI #R ¥, HETIR,
T & HH & E M O MY T GSIfHICEEVIZ RS h
T, SAPL6 BT, 4~T70MERL, 6
RATAREPSTAVIEDL, T, EBEHe A
o CHRSR S, Thbb, EBEO
GSIMEId < 4 ~7DflizsRL, 6 FRKIZE S
FOMAET L7275, FAWTRERBOETNLY
bE<, SATALSL 6 A THICAETTIRBENM
TR LAz, E7:, BEE AR THRE S A ER
TIRMEHE & B2 GSIE I S WFRy 1T 0
ThHoi,

B L ORKRIVEDPESA 2 MW, FEW
WA T Fig. 3-2-510 R ¥ EIE M Tk, 8mlh £
DRELIME T 2MEES VBRSPS, 0.4
~0.7m & /b B LIEEE O BMAENE Do 12, HIE
DEEEAIRL & BN AP S M- FWHI % 4
THEETH 570 —F, F &IV DR
KEFEEL 1~1. 6om CHRAZOIRE: % HoMEIE R
X (AN

I DIEOMAMBRE T 25, B
Wi, ORERER, SRENe, RaIERmhi, AR
UG5 E AT T ORISR S N $ 72,
GSI %56 LT /NS 2 IR & 47§ B AMARIC BT
PEOR iR dEE S hize €2 C, YRR
BINTERDOILE L ERA T S AR E &
& UL 2 N AAEAR Table3-2-11CR T, FET
HOALE & N7 AR TSR D 5 B HEIRTR IR AR
ST TR THEE (8%) THotze LA
L, ZEEH s /BRI e iz
THERD S HEEIR (90%) THEIRFZIENEAEED &
FAR A

% =

SEEM CHAE S N EEIESE (, AT
MeAshrolze F72, BELIREE R 2 L EBWTIE
FEIN % DBENE CBd BRI, T EWTIRIAGEAES
EHORBOHELE o7z, 510, EERTH
&0 AN AL T 2 5 B O HAMeD MR A A »
o THHDFERIEINALEIHIRIZ BTy 7 ¥
PEYATRONAEME L CEBL Tz,

BV FETATHR LN ZOBMEILITHE (1995
b) ASILTERIBEI TIT o 2R RICH B X S (T,
M THI R S X, BEH) OEB~BIIL T
I 5 LR LT HoMEIC L 5 LB D
b,

T (1998) (iR D F— & 2 HWT, &V I
Yy A FEIRRE IS JUA AL TG {3 2 C 1 H AR T 06 i Bk
EEBREARRSTIET A LERLTVE, &
[T =MEHRPBRE L, LT T b FEID
W TR T B L) ETEM R ELD & hie,
T (1998) AR L7ciigits o B LT, Aullde
WA E L CHEARROF 5 2Tk bd b
RFEIEED Y — 2 R bN, 5~ 6 A0l
NEV, THURREANHENR L LTinb > Tw
27:0THY, FEOETHAL L 12, FIHILTEE
W T OO C— 2 BHEICR NS, 6 HIZR
BIBMEAIMICH D, ThbE, HIHEo TH
FATE R LT 5 2 EANIIEREHC D Bl Ty 5 1l
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RSN LT ERHEIR 12 BT HHET B,

L L%ds, SEBESCRERROFIF
YT A RARBEREZ VL EhD, FEPCERER
FHA SRS TH BT REMEEE V. 29 Thd L
T3 &, SUHACTERR SIS BEIRIE O BRI AR
AT EIRY, NEBRRICRET Sk MY T
DR TEIMTHORLBRVERECH2LELLA
5, SEOHRICLY, ZORHAOEBIZBNTS
Wb ENERLTERT A LI BHERIL T
WHEZEFRHLR LR,

FIE FYTH FEROREE L HIRERLE

CHECHRER IHPE2HTRTELL I,
RV FPETARY I Y ME S F IOV TIEMNEHE
TEFITHLNLTRLZ LPERENTVD DD,
V7 A ¥ Hirundichthys oxycephalus i~ 2\ Tt
EHLMIE o T,

7, AVT7 A4 EORDOBRIZOVTE, Chen
(1978) O H3D % HILEDWERE RO 4 Tk
$DOPRESEOWEE L, HOREET -0
A RBERFBIRS TR W, F0#, 4
(1960) XFVTA FEEBRLN LT OREEITV,
FORRCOWTRIKL TWwE, LaL, Zos
TRATICL 2HOMRERT->THELT, 20D
&2 % 1T o 7= & & A Hirundichthys affinis & & (AT
WAIBIRTH o/ b, EFETHLZ L &L
BICAYTAPEEHEL TS, UEDT L5
RV T A P EOROBIRIETI 2 5445 ¢, HARE
fraRREEICEROH A [5Y BIIOWE] B
WTHZDWBIKIZE U TIREEEF T REBo ¥
FCH Y PbhTwn (HhHE - KF, 1988), T D
728, POMBIEICL h RV T4 COERHR
MR SR T A2 L IXEIETH 5,

FIT, AWETIEAY 74 b COIDILIRE BT
LT HE LD, ANEHTHERETLZE
12 & D FRFRDFEIIG L BRI DO W TH L ST
LIEEEMLLE,

V] ik
BREOOOEETHR 198FE7H7~9HB &
U19994E 7 A 5 H, 21~22H I RIFRFABDILS
MR % AR THLAT L 24t BB IC X D i h s
ERLTOAEMWEIRE LA, MNEELREL
BRTRREAKBEZWET S LB, WKTHA
Lzl tRICHNESE LB L) 2, AP
LTwZnhreiil Lz, AMPEE LTV IEHE
i, TOF FHMNEREHEO—HE MY, HK
DAo7z8RY) & ¥ 7 I ANTRIGEAREKERRY
FTRHATH & EHIT—FOINBII10% RN <) &~
BRCEELTREL. Z0%1 t KWTHT %
ML, %188, 5EHE, 10HE, 15HH,
20H BIcEI5RDIFHERE S 7Y v 7L, BHEL
BELTHORNE%To. £/, WAV 74
CCHaHILEMERBTHLENSHSLZLDS, Chen
(1987) DIREICHET SREOMME & DD 728
i, THEGBOGEBOFEERRL EL LI,
Hirundichthys coromandelensis & O F Bl @ 72 & 12
Chen (1987) D#HFIT BV THIEIN TV AR
&R C20mmBL T D > P B W TIFHER OFE,
fatgR, JEIEEDHIE 21T 7,

BOfE ERFEMSET Y VRV TIIE, S
MEEZE ) MERETSLZVEICEEL 424
5, 1BETODIIEA L. Tz, FRELGIB
T H0~50LOIEZWEL, SHIITEFDHFR
L—MOERY L TREROEERET AL L
biZ, TOESFEIL 2. K, J0% kIS
TCHELLITS A A% W TEBKgERDOZVESC
YhBEAR, MhELHFFRAVy—VLIIB LA, 5
BEBAFIC 1 AREETY, BERNEDT T
FITFI—N (50%, 70%, 80%, 90%, 95% T
%3041 1 B4 2, 100%TL05H 3 H) TERE
HTPAKETo/I, 2D, t-TFALTNVI—N
123048 3 HIRE & ¢ CHBER LTy, % B
BIEWAET — 7AW TRY T, Tho DR
&, BE&/F7 YV A RFEE SR, EELE TR
WET CHEL, #BROEEZFNL A,

SEDOHIPREAE 20004, 200343 L 200440
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4 ~ 8 B ICRIERABH B ED % % RIFERAK
FERSRIBOMEM W LT &5 VI THT
LA h BARBIEIC & D i g0t L T\ 5 il
SEARBE L, T, L YBVIKIROURSE L i
Dz, RIGELFERIZEY 74 b EORBED R
ENRTVARERBRABRLH (AH, 2002)
WBWTH, 20044F 4 ~ 8 HICHE IR B IR EEFATBY
Bl vy —REM (BBTAa] &2V IEHMARTHAT
LW oifEiiTol, INESERELAEET
BEBAGREZNET B &L b2, F0OBONOERE
B X UBEB AR L FROFETIT 7,

B £
BFIEICAW-IBOIRE 199847 A 7~ 9 HIZiX13
L CHRAEE IEERL T AEIERLN,
D57 H 9 BIcdeiE3s” 337 BEI29° 67 (St A)
D1 HEZTHERIPAM % L A2 iM% IRE L7 (Table
3-3-1, Fig.3-3-1), R&EH LT THOKIRIZ26.8T
TdHhofze F7219994F 7 B 5 BICIX14Hb 51 THTILIE
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2" (St.C) 2HRTHEIPOFELRONEFV S
7 FROHNBEEIRE L7zo FREH S TOKIE: St
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7o B VI FEIEA TV,
BHMEFHRAOTER 199847 A 9 HICHRIE L/ o0k
7 B1I2R bR btz 19994E 7 A21ICHR4R
L7z22 208D S H st. B DINE 7 A24 B (1L
BROMNIZ, St COPITY, REIIFMELAS
NN, FOFEOPITL HOTFhTHo7:Z
L b EDBROMAFGHRIE L, b LAFRaIzo
VT, Chen (1987) AR¥CEE L 7= b ¥ F 3847 Mk 4R
DOMBFHBRICETEBELMRLILE A, 1998
4, 1999 E D WD b D b Hirundichthys B D 1
HMTHhrEEZ OGN, T/, THOMMICIZE®
DBEFERAPR LN,

130° 131°E
L I

O

"
X X

300 L " 7 . o]
s, East China Sea
Q

Y9 (B) Kagoshima Pref.

1 1

Fig. 3-3-1. Sampling localities of flying fish eggs in the waters near Kyushu. (X :sampling point of the drift with eggs).

Table 3-3-1. Sampling records of eggs used for rearing

Date St, No, Surface water temperature(C) Substrate egg attaching
July, 9, 1998 A 26.8 Gill net
July, 21, 1999 B 244 Sea weed
July, 21, 1999 C 24.7 Sea weed
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in flying fish larvac hatched from eggs collected at
waters north to Uku Island, Nagasaki Prefecture.
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Fig. 3-3-3. Frequency distribution of egg diameter of the
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(waters north to Uku Island, Nagasaki Prefecture,
on 21 July 1999).
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Table 3-3-2. Measurements of egg filaments character of flying fish

Character of filaments

Dense filaments group

Sparse filaments group
Thick filament

Thin filaments

Number 914 1 5-7
Length(um) Range 2.2-3.8 2.5-6.0 29-6.7
Average 2.8 4.2 4.6
Diameter of (ilaments(tm) Range 4.1-6.7 15.9-23.3 7.8-12.6
Average 5.8 19.5 10.4
Diameter of area with filaments(um) Range 0.70-1.04 = -
Average 0.8 = =

HAE L TV B F Tl 2 T OROMEHRDR 5 R,

K3 ERELS. 9~23.3um (F¥19.5um) T 14,

M5 I IERET. 8~12.6pm (FF3410.4m) T5~7
AR Oz, FN6DESIEK T2 5~6. 0m,

A2 J5T2.9~6. 7TmCTd o 7= (Table3-3-2), &-F
SRR T TIREE L oMl 2B ic oV T, 8556
WKkRszZ & b4 5,

MOEBRKE RGBS BELHETE, 47
26 8 A I TKIELS. 9~28. 5C DI TRy
T RT286MIERE L2 2S, 2R THRY 74 FEDIE
PREENLDRTHE 8 HDATENIETH - 70
PIZIRIE L7 s i B & 049 5 ~30~ 4 M ih i
WT, KiROMEIE24.4~28.3CTH -7 (Fig.3-
3-1A, Table3-3-3),

—%, BERBEEAREDNTE, 4A»58
R T17, 8~30. 7C O RE B C ikl % 584 E
BUA, ZORTHEY 7TA P EOIRISTRES -
DIE5~7HTE8HETH 570 JIAIRE L 2N
R L D5 ~107 4 VIO, AKiRMEIIE
256.0~27.8CT & » 7= (Fig.3-3-1B, Table3-3-3),

% &

SRS N FzG0 4 S WL L 7P DICREA TR L,
Chen (1987) ASHEHERL 7 b ¥ T IR{THE M DARR
FRICHTEIMBET oL 25, B SR
WIS Hirundichthys O 1HiTH B Z & HW S
PTHY, ECUTHOEHIZREOBERIRS
NBEZERL, TNLHIR>RYTAIEDHBWVILH
coromandelensis DTN TH B EEZ LN,
Chen (1987) D#HFIZE B L I s D 25O fF-HE
FULIGEER L ER D ZNENDOHREIIC L o TH

IR ST b, SEESNIH S
PEAE L 7o B D & Chen (1978) O icd 5
il & Jig L T Table3-3-41RT o R 6 mF TOHF
BT PL/BL, PL/BLOWTNRG F VT
4 METHRE SN EOBEICETEERTEY,
H. coromandelensis CHi& S IL/EDOIERNTH - 12,
RE 6 ~10mD{FMiZB v T PL/BL, PL,/BL
DWFNB RV TF P ETHRESNLEES LR
WG DOME %R L, H. coromandelensis THRE & h
IO AL T db o 720 Chen (1987) D& T,
Z DRI TRV & BRI DR B R B
bDIHARTA LR, BRSPS kb I1ioh, &
BICHEATE < 2 B2 REMESE L b b, Fi,
Chen (1987) 1310~20maFHEfA >V TS PL/
BL ® P.L/BL DL ZRLTWAA, Zh b0l
B2HMTEL>TBYH, 10k EOFREA T
PL/BL®PL/BLOLZHVTENT ST &
[t & Bbid, LD X5, 10mP T oOMFas
BT H. coromandelensis DRHL % 7R TRADE <
Rond, &V 74 EDFROEEIR NS
Eho, SEELNLINEA VT IVEDLDTH
B ERE LT,

5 BIROWMETEE (hHE - K5, 1988) 245
&, BEMOREIZBWTIZIMES & Uik o L AL
EAMFEED IO DEBELERE Lo TV D, 40
18 6 A IR O TS TS 5~ &> R O it
WTIRTH Y, ¥y HAROP TR
Rowvd e LTEY 1) b3 Parexocoetus
brachypterus  brachypterus (A3, 1959) % H.
coromandelensis (Vijyayaraghavan, 1973), &V 7 #
P EEHE XN BRI (59, 1960), ZL
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Table 3-3-3. Water temperature of sampling localities in Nagasaki and Kagoshima Prefectures

Localities Month

Number of drifts sampled

(Surface water temperature 'C)

Number of drifts with eggs
(Surface water temperatureC)

Nagasaki  April 53(15.9—19.8)

May 78(17.5—21.5)
June 72(20.2—23.5)
July 53(21.3—27.3)
August 30(26.4—28.5)
Total 286

Kagoshima April 16(17.8—23.1)
May 10(24.0—25.6)
June 13(24.3—26.3)
July 10(26.7—28.1)
August 35(28.5—30.7)
Total 84

0
0
0
8(24.4—126.8)
3(27.3—28.3)
il
0
4(25.0—25.6)
2(25.3—25.9)
2(26.7—27.8)
0
8

Table 3-3-4. Comparison of the fin length ratio to body length between this report and Chen’s report in 1978

Body length fin

Ratio to body length in Chen’s report(1978)

Ratio to body length in this report

H. oxycephalus H. coromandelensis

—6mm Pectoral 0.15—0.25
Pelvic 0.05—0.15

6— 10mm Pectoral 0.25—0.32
Pelvic 0.11—0.22

10—20nm Pectoral 0.31—-0.42
Pelvic 0.21—0.30

0.12—0.25 0.26—0.28
0.04—0.17 0.19—0.20
0.30—0.31 0.33—0.35
0.21—0.22 0.24—0.26
0.32—0.38 0.34-0.39
0.20—0.30 0.25—0.29

TINERLPTWB EENS H  affinis (Bruvn,
1935 ; Breder, 1938) 4%d 5,

v b (43, 1959) OEEIE1.2~1.5
mTHY, SHEES N/ IOIREEL 6~1.9m & (3B
BPCRLEoTWE, F, V7Y ¥y 3TN
OO RT3 ~ 54, FELE~9KTH
B9, SEBLNLITEI—WHwI6 ~ 8 &K, it
9 ~U4AR LM ABICBVTOREL > TV,

H. affinis (43F, 1960) OFI£EIX1.50~1.67mT
=W LD 7T~12RDK TR REEL, K
B OB IE12~ 21DV RIREIR % o T b,
F 72, 43 (1960) AShyV T4 b LR LA
IR THHEL, 48~1.66mT—HIZ10~25F DR
0. 15mEL T O & bdTEVRIRER /S, K
Mo—isL ) 9 ~18ADES 4 mAINTET 5455
REETAH] ERWSATVE, Lo L, 2EHES
NAARY T AN EOIFEIZARAMIZ OV T Chen
(1978) #S§R4 L 721.05~2.05mm (T #1. 728mm)

CENERRLTE D, LemilERTIRETERZ>
T3 b DD H affinis REHOWE LI L 2
PREV, BERICOWVWTRBE, SHEEELTTo
7oRY 74 PETE, PrefificP LTR RS
HHRDBE 9 ~14ARTH Y, H affinis DT ~12%K
243k (1960) AR LU 290D 9 ~18%K L AT E
BoTwi L L, 4B S 7503 T o
HROBEERS AR EDL 2ml LT, FWERIRTIE
L, H affinis R5HDRE LI EBALPITE
KAREoTVE, ThEDIEPLEHY [H
oxycephalus & H. affinis H5EBIETH 5 2 Lo H A8
ok d BRTHS )] L LAEBELES TR
EBDbS,

Vijayaraghavan (1973) @O # & i< L 5 &, A
coromandelensis O JRITSRAE A F 1. 87TmTH 0,
AVT A PERINEENEZRL 7, #iRICH
T 5 HEE LS D W T b H. coromandelensis T {3 main

anchoring filament A% 1 A&, - medium size filaments %% 3
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~ 57, small filaments 75 ~124THB I &0,
4 [A13 55 0) sparse group filament (thick), dense group
filament, sparse group filament (thin) #¥%hFhtt
BT AHbNEMRTHBLTRS L BOLTHEY
ARLN, mVYTF PEDQIE P 7 HFOR T
CRIEDoEDEBTVBEEBDRS, T2,
Small filaments ¥R 65N 5 Y 7 DE L H
coromandelensis “C 120.22~0.2mTdH 0, T h
BEHEVPRONE, LHPLEHD, H coromandelensis
T small filaments O EA%0. 4~2. 2m & v
kR, FNEROMEHROEA main  anchoring
filament T32~56¢m, medium size filaments DEAH16
~24ym, small filaments 7% 7 ~1lym& H. oxycephabus
WKHARTREVWI LR EPLBERICKRTH I & af
WHEE Bbh b,

T, W7 V7 OHBTHY 73 b EHEEL
ThHCHTERDICERT AL #E
(Chen, 1978) *& %, S HIPFH LMD b
PRICEE S Tidz C, BRMLH 5 ~307 4 1vilo
WRTH -7z, BHERTIIKFICIEY IV PEYA
PRV FETFORFEHEFRMHICEY T4 M ED
REAES N ICE b ST, MEICEIRH
e LTBIEI N DR EEMICAMHTZY 7 b
ot bhy b A (I - #EH, 1981) T
Hbo FEIIRPRENIZET, AV TFTAEH
RIFEMTHTOEINEIT > T 5 LB, W
THENELT IRV 74 N CAmE CEMNEZTI v
Y MEIAREY NEU DL IZERTLEIL
e, CoOREEEEBEMHFICEAMLLZVD
DEEZLGNRD, LTI INS OERHEZ
R LT HMEFEEL 2D REIFECIZHALNER
WashhwbnrHzshiz, —F, RFETIEH
FILEREADAFRILE TSNS 2 Eh b,
YT AP ETHERAERERTHARERIZLT
WL ENHEEEI NS,

ZhE TOMHE (Chen, 1987) b, kY T4
M EDFHER OGS AR S LB 24 ~30C O i
WTHAZLFMENTWED, SEFVTF MY
DIPE LN HFOKIES24.4~28.3C & ThiC

HMEER L, SO L) KRB CFEYT7H MY
BENEFTIDDELEZEZONS, HHRPUIR S LRE
BRERBRASFLHRTIZE ~ 7 LI HRAIE
Mool L, RIGRILBE|EEDHHTIET ~
8ALINOBMEARHEIF BRI, ABFEBRUTE
5, 6 AOKEBP24TCIEL T b, &
D & BAKRIBFEO B D TEIN R OAEEIZ D %
WolzbDeFEZ b,

BEAf AVT7APEOREREER

BIEiCR L7 & 5 ICRIEFRAE B BB NI 5
WTC, RV TAMNEDOIBREEISL Z LFHAL R
oty O EET DL, FVTH NEDR
AUTIIE R ITIE R o TV b 00, EBICRE
EBY BELD I RE L, EWNEITo TV 5 REN
FRIBLTWS, #2°T, FV 74 FEOBAIRE
T, RO ELEINCOWTHL ML,

7 &+
R B R BY BEDIHR CIHOSA IR L E R
LNIDONTHTHozZ LEERL, 20057 A
4B B LU 7 A220 1 Fig. 3-4- 1SR T &AL
BWCEN9E 2 29 M i B IR REAL
4.9 VB LUBTEANL8 b ) 12 & HRBRIRE
2iTolz, MEICHHELAGEE, RGEAIET
R DY AR ICERERA LT3 HE
ERLDDTH B, RELAERIMOREL TN,
FEYFIHICOWTIIRIE, #E, £MRERY
WE L 7o MEDIERICOWTIIIIEEZ10% RN < 1)
YHCEIE Lok, BREL ) —HEDYNoTIT
L, ERHEMET (30fF) T, v/ sur—%—
ERWT, SO dnb T 75 AIIZ1008 O
BEWNE Lz, T, NEEEBROPRIZOVTR
b7z, NEOFRD—FIIDNWTIIT T4 VILE
WL, 370 h—LT5~TmDWREMERL,
ANTRANEYLY - AV VIS AR E YT

%, BT CHEL -,
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Fig. 3-4-1. Location of sampling sites in the western waters of Goto Islands.
@: Sampling point caught by boal seine.

F =4 3
2 B DR CERE SN -6 X BT DWT

Table3-4-112 % £ 7z, &HT MO MIBHAIRE S
N, KALLTEY I MEYFRKkY NS FL
ACBRE LRy T4 FEDRES R, F72,
Z DFRBBIRH T B THRALAIC b E ORI
BORIESNID, ZOELEAENFAYTEPET
HY, VIV IPESFRFY P ORI
Folz{Rifsnhihoiz,

BRI LRV 74 P CORIEMA % Fig.3-4-2
AT o RBAIE5]~139m TO0mic E— FAR &
7z o AT HEAT180~210mm, MEA180~224mn T 190
milE— FAR LN, SERES ARV T4 b
YRR D i o> GSI i 138.5+1. 9T, M 126.5+3.9
ThHolze KICGSIE L INEDADOWEHEE RS 7
Wiz, RENR GSIE% L A 5MEZFhFhom
FESIAT % Fig. 3-4-31R T JIREMINGIC 12/ & 22 50
1(0.3~0.5m) & 2 & Y K& L 5&%h O IEE(0.6
~1.8mm) ATFRW &4l 2mEk E D b DL EHI T

BHote T7GSIEA 3 DINHE T3/ S 7 IR AN
BoArBHEN-b0E, T EoEEICS
WS IEAIRIECR L - THI Sz
ERFIBER LN DIH o7z, TOEMDERIN
REAERLOREEZ LN,

NS DNEOHMBBEL T2 L 2 A, BB
W, PRREERM, PRRNEN, NuIRRE, BOAICH
LY DEAT— Y ORBABAIMEFB SNy TNE
NOIFAMIAD Y 4 X% F 21 Table3-4-21CR T,
Fig. 3-4-3T GSI i 7 L\ L DMEE TR & 4721, Omn 2L
LSRR RS AR Y LT Y, GSIMES
% GSIEIITHR 5 1720.6~0.8mAT B IC R o6 5
S B-AMIAIE D 53 HE (X TRIE R BT AR Y L T,

¥ 7-, Fig3-4-3® GSIfHAT3 % 5 &R L7z @k %
EHREAYNE e —E O KIZ B v T Fig. 3-4-41 7L
Lis X9 PR ABE S i,

% =
SEOMIEC LY, MBRBFIRTHOTHY 7+
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Table 3-4-1. Species and number of fish collected by boat seine

Species Number
Flying fish Hirundichthys oxycephalus Adult 85
Young 37
Cypselurus heterurus doederleini Adult 3
Cypselurus hiraii Adult 5
Cypsehwrus starki Young 4
Cypselurus poecilopterus Young 3
Others Hyporhamphus sajyori 4
Coryphaena hipurus Linnaeus 10
Diodon holocanthus Linnaaeus 12
T tYoung 142 28 - GSI=3
M Adult (Female) =l a0 | -
DAdUIt (Male) O 1 L L 1 L L L L L 1 L L '} L 1 i
S 20 | 60
2 40 GSI =
B 20
g_ 0 PR R TR Rl Tl TN 1 L4 & 1 & 4 4 3
g e
oo b s 60
> 40 GSI =
g 20 ™o
§ 0 1 i L '
0 1 5 1 I o P 60
50 100 150 200 40 \w"ﬁi GSI = 11
20
Fork Ieng.th (mm) 0 W N Dl WY RN 4 PN N B B | .m
Fig. 3-4-2. Frequency distribution of fork length in 60
Hirundichthys oxcephaluy caught by boat seine.
40 un—spawned eggGS1 =3
MEDBADIFEFHL P E R oz, SRELNR 20
0 ' A L i l'l A i J

PRBEREARO IR E T 2 b bbb Y, F
RO ERIC I HEIN BRI TR & iz, WIERT
AL CHNAEmE g Ic B Tb F VY 74 B
OIS TwAZ L EtdTHELB L, &
VT A& bR A C L B E T o T B
EEZHND,
INETEY 74 b ECOBMICET AWML T HTE
WHPE S R BRIEEARDO S DDA TH o /-
e, AWM (2002) EIHPERE TS S aAsE
SNTVBIH A h o THAOMMOREN L v
ZEZAHB L, YfERATTEEIRRE & OB T iE
WA S AV R~ SR TV AT elldsdh % &
LTwad, LALads, GEPELMICE 2L
TG ETH IR R L SR > TRV HDDF
VT A N EDBPMIITFAEL, EBRICERT-> T2

02 04 06 038 1 12 14 16 18

Oocyte diameter {(mm)

Fig. 3-4-3. Frequency distribution of oocyte diameter for each
maturity phase of GSI in Hirundichthys oxcephalus.

ZEERHBEMT D E, I RO ARBEA DG A
WEMETHL EEETHII LESTLIRSER
BEALV,
ﬁ 2% GSIED A 7 — I T LB O®*
e, JHiENA LRI INFEDMIC, 455
T%&Zn%ﬂ%%ﬁ@ﬁ%#mbBﬂ,:Oi
5 T e HEIR R RN IR & A 5 B R E IR BRI
Rotc, 208 LEEIEAY PETF (Abe et
al., 1993) R ARBEEHIHTCRLAZYZ S PEYF
ERCIEMUL, AVTFTAFIELINLGD MY A
& BIRRC [ — 84 1 IR b oA < &% 2 @B
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LERTLEEZOLND,

FEHE O EHIEROMMIBE
bEYFHEOIRONRIZOVTIE, F0%L %S
# (1959 ; 1960) ASHS ML TWBA, Zhbid
TRCHREFEMBET COBEMICL LT >Tw A,

EEbYIZoVTIRAFE O THRE SN TV S,
¥ BOBIHORTRY y<izonToOHE (B
», 1997) OAC, Yy AEABEHIZBG ABEG
WRSELHRV, £2C, bEYTRAEOH TR
U AFTELY 2 MEYF, KU MY
F, FVTAPE, NI PEYFOAEIIOWTH
W R R INEOREESICHE LT, EENE
FHMET CEE L, Z0BEICOWTIBME %
To72

;i ik

Y7y b ey FI1320044F 6 A ICRMBEEE B TR
IS S WTHIIE S - BB L DR L 200 %,
RV b E o i320034E 6 A 1R R REG O 5 B
TSN BA L DERE LT BV, £he
W ECTATIER AT, BIFEREKERBS I
BbRoktk, MEysETOMAELIT> 70 /N
< FE 319984 4 HICHEBE AL T s h
oA HRE LI BN TATREME T, K
REKERBRB IR TAELITo7, &
7z, 19994E D 7 BICRIFRFAR DI ML Tt
BITAFE L TWiah Yy 74 FEOIIERE L LTH
Wi, WTERLIIIZI0% RV VBRTEEL T
BRI LT,
ZFRENDOINTEFBET CHEL 500, &
ERCTIHREALTELR) MR ED S LX)
EEL NS, 1EFO08E LTHEEL THY
W L7 FRENDIFIZDOWTIIRE 2T LT,
TEHRY b EDBIGEVIRETBE LT 2017,
BH % EARHBEE T CHIZ L 2050 A X % Fv»Tilllik
HOLWERGICEHNE Z ANz b DL, BREOHERT
HA2BEST LDl ARTC258 Lz bnri

Table 3-4-2. Oocyte diameters of Hirundichthys oxcephalus in
each developmental stage

Developmental stage Oocyte diameter

Peripheral nucleolus stage ~0.2mn
Yolk vesicle stage 0.2mn ~ 0.4mm
York globule stage 0.4mm~-0.61m
Migratory nucleus stage 0.6mm~0.8nm
Maturation stage 0.8mm~

Fig. 3-4-4. Photomicrograph of the postovulatory follicle in
Hirundichthys oxcephalus.

WL, NEBEHFIFIADY—LVILBLIZ. TRHOH
4GRS 1 BRIEZT, RERYIEZ D7
TFNVTNIT— (50%, 70%, 80%, 90%, 95%
T&305 [ 118142, 100% 105 H 3 E) TE#R
X THKETol0 FOH%, t —TFLT I~
JVAZ3040 1 3 IR S & THAs R 1T, SRE%
SEAICHE T — 7 ERAVWTERIfHT 7, ThbD
BRI, HERT7 VT LeRESE%, EELNE
FEAMBET CHREBTLELLIZ, 2758 L7bDT
YRR DR EA%ZFHIL 72,

5] S
B LU RREOMMIEE EAIVE T K
BT CHE LAIERTOEA% Fig.3-5-10 6
Fig.3-5-4M a), b) IZ7R¥o V7 ¥ P ¥+ (Fig.3
-5-1a) ®&V b Y4 (Fig.3-5-2a) TIIHNKE
IR LA S R R oY, B S
MaEm* LT, —F, sV 74 ¥ (Fig.3-
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5-3a) /v < M ¥ 7 (Pig.3-5-4a) Ti, JRE L
IZIREEIZh 7o THPWEEIR OB 2 HrEH R
¥ (WAL

4HL b AR OEIRIIR T v VRO E L
TBH, PEISEVHTIIICREB TV, £
7z, 2 F¥o4 (Fig.3-5-1b) ®& Y MY L
(Fig.3-5-2b) TI3MMER LICITMBHREMEIZIRS
nd, EHEELITHo72, —FH, FYTH Y
(Fig.3-5-3b) ® /"< b ¥ F (Fig.3-5-4b) Tid,
RSB RICIE S S IV T s S A Y
FIRDEE (LLT sub filaments &5 3) 29Ik T 5
LT Wiz, T sub filaments R W C
TR L TOLMEREICD 2T AT A%

(¢)

HIZLRON,

LB, Vo bEUABLTAY FEYFTIdR
1LECHEAFTL, BHEORBEOREE L+ RER
L7=25, SWEHMGZ0RRICHFIIRKE RELIZR
bhhoi,

ENEOMMEE EEMEFHEMET THREL
7-9BRKTE O EHE % Fig.3-5-1% 5 Fig.3-5-4D ¢)
KR o WTNOMSIEIZ W o2hDBEERT:
WELTEBY, v FEYt (Fig.3-5-1c) DI
JEi3208, &V ¥t (Fig.3-5-2c) OIED I3
RBIREAVWETIBEP LR ENTWE, FVT
F MY (Fig.3-5-3c) DIEIL 8B LR OB OHA
P, "Y PEYF (Fig.3-5-4c) DPETIZZ

(b)

Fig. 3-5-1. Photomicrograph of egg membrane and entangling filament in Cypselurus heterurus doederleini by a scanning electron

microscope.

(a)surface structure of egg membrane
(b)surface structure of entangling filament
(¢)vertical section of the egg membrane
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Fig. 3-5-2. Photomicrograph of egg membrane and entangling filament in Cypselurus hiraii by a scanning electron microscope.
(a)surface structure of egg membrane
(b)surface structure of entangling filament
{¢)verlical section of the egg membrane

DEFESH 28BN ORBENTV,
RIZATEDOHENE X % PFig. 3-5-512RF o V7
¥ FEY S OB, KV b EY T ORREIR
#16pm, KV T A FEDFIRIEING 4 OB T
BLELH5m, NI PETFOIEIBLIEL T
F28umDIE A R o Tz PREICH T HIRRDIE
BORETIRYZ S FEYFH0.97%, T/ bEY
FH1.01%, /N7 hETFHL67%T, KV F7F b
¥i30.33% TH N, " rETEBRLEL, KV
THMEHPRBBENMEELR L, &8, VIV Y
TABLERY YA TCRILECHEHAFTLT
BHIZONEOELSLBOR LR LI, AF
HEp 2Bz ALEERON P o7,

% z=

R TF RN b EYF OYIEE O E
P RENEFEMEOBREIC LA L, MRS
& 2 A v sub filaments 2SEAEL, JREDREIZIE
WEROBMENFLET LI EPSEDBEIZL VE
B Lol BEREZAETAICONT,
NI CEFEMETTCOIOL) RBIEAIILE -
7272 <, sub filaments B L OBEIR DA
BLTHREIOWTERTHEHEAL P TIER VD, N
PETABDOY 7 METFRKFY PETAHIZRS
ny, ERAKEBATC= VP EYFBOKRYT
FhrEENTMETFEDONT PETHICRONT
CLEEETHE, INOMELLOEENLIFEE
KL TV ATREEAEZ b b,
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(a)

Entangling filament

.

(e)

Entangling filament Ff

Fig. 3-5-3. Photomicrograph of egg membrane and entangling filament in Hirundichthys oxcephalus by a scanning electron microscope.

(a)surface structure of egg membrane
{b)surface structure of entangling filament
(¢)vertical section of the egg membrane

SEOBBIZLY), MEUABAB4LBEORTE
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and Hawks (1979) 33400 X <L 4 & iLHEIR
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b ERBL, 85612, FHiF (1991) (341
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Z&, EOBESHFHNTL ~9BLEBI DL

—43—

{, PELEIPTI~18BELVERMRON D
ZEERELTWVWS, TNIZOWTEH (1991) i3
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WEMATR LN, Thbb, AV T FETES
BERHICRONEHEOEERL, Y7 FEY
F, FV I ESF, Ne M FEAFELERT
Ron-@ENOEEZR LT,
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(a)

(¢)

Entangling fi'lament

sub filament

10 em

x 2000

Fig. 3-5-4. Photomicrograph of egg membrane and entangling filament in Cypselurus pinnatibarbatus japonicus by a scanning electron

microscope.

(a)surface structure of egg membrane
(bsurface structure of entangling filament
(c}vertical section of the egg membrane

TRETRESHTEY, KHPTHLICbrhdb
LY, LI COHMAIFHEM LR L X 5 IcKBIC
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(BE x4, 1957a ; 1&)II, 1966). F 72, v 7 ¥
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DEEFHRENTWES (L&, RER). T,
NT MY A TIRIVERBCRESLT, Vb
YRRy PEYAOEIFOKEL D S 6IE
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ToTwah (HEH, 204), TN ODENERES
RARYD, PHVERB TR KEDREVEIAICR
DhBEVIETHEYTF bERY 7 LTl
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Cypserurus heterurus doederleini

Thickness of egg membrane/Egg diameter=0.97%

Cypselurus hiraii

Thickness of egg membrane/Egg dlameter=1.01%

Cypselurus pinnalibarbatus japonicus

Thickness of egg membrane/Egg diameter=1.67%

Hirundichthys oxycephalus

Thickness of egg membrane/Egg diameter=0.33%

Thickness of egg membrane ( (4 m)
Fig. 3-6-5. Frequency distribution of the egg membrane thickness in four species of flying fish.
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W REMATRIZ S iz,

A 7 TOINIFRGLFEEEF T 5N T
HHTENMONTVASD, K (2003a) 2D
BEA2BH 6%, RZRINTIIHI2m, ZHIT
W TmeEMNT ERRL, 4 A FTOROLEE
AEH L, TREGITIRUEGN & 4 2 ISR BEIE L T B
OTRLEVHLERE L, IO 21D 4E,
MBI CTHE SN FEm L RPAEMERALD
DEEEINL,

BVE FEVFEIBEOHBLEE

FEYFEOREICOWTIE, YT YA B
IRV PEYFIZonTORM (1958) DREH
HY, BALEHEEL LTRY EFTwd, 20
& CIREADOHREIRIIILAGOTRNERT TE DI
I & B BT & OISR 2 U & D OREEH A
RonaZlbds, Hhx 1ELEEL, £ATL
T AR, REAOFAXE SOy NLTH
BIFOREEZRL TS, FEITH (1957b) i
VIV PETFBIORY FEYFIZONT, B
A DD IFIBERNZ D A circuli DELNATE L TH
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T, PETHEDHERIZODWTIRFLELCOHR
HARENT VS, T, EIETHRTLITA
AL PEERHHR TR 1T & A VSR VWA E
BBy, ThoORBEOFEER I 57
DI, REATTORMORES X BEMECHEE
THLEND S,

EEE, AUROER IR S N A BB BT
5 Z LA Pannella (1971) & > THHTHEL 2
WEh, Zo&E4 2AETHERIZROND 0 R
EEAAWLENE IR TVS, FEY HFHISEY
e LCRRALYYBIBT A2 y<icBnT,
WRIT6H D HIGE TOBMEFFRES TS (B
6, 1992)s LA L, FEYHEOMEERIZON
T, HEHVWTHEEZHES P LS 4 H 72
LV, £ZT, MEYAECBWTLERAIICAR
BAERDOLENENE) PEHEREL, ThEhOHO
REZBELACTAZEZHMNE LTHEETo72,

F18 YIVYMETFORBERR

VY IPETFORBEIZOWTHEEIEZH, (1957
b) (3fEf, REABIUVRADBERY A X2R~,
FOE—FICEB L THEMEEZRLTEY, 5H
REZTIhD S DHFHE T ARCIZBIRA0m, 9
ARICIHEBILENISmDRFAICKEL, BE5H
KIZIZRXRP2ToaDHAICEET S E LTWA,
E7-FH (1958) FEM, Rffabs L UHRADEN
MBS A AOMEICER L, BIMI25~7AL
LTHEEMMERLTBY, RETAOSHOL®
THED 7 FIIIERHL0m (BXEHLLm ; &
LRAROWG L BifEE, UTRL), 9Btk
Ef15em (B RM16cm) ORMAIEEL, BE
5 A ICRREH30em (B EH32m) OBAIHET
HELTWS, $4, BETho7AEThObD
TIHHBEIHICEFEREHbm (BXEH6m) OFf
B, 1L HEHI0m (BXEMLILan) DRBA,

BE 7 Bl ERM2m (BILEWH23m) ORAIC
BETHELTVE, SRTITIREINLY 2T
NEY FOERIZIIHIEZICL o TR YEIRS
NBH, WTFRLbIMEHEO B r e T 2 BHMERR
WAL eh b, REMBICIIBRSFRS, €
T, VIV PEYAIBLTHBEEEZTo L
T, MR ER CERMENR L 2o TWER
BADKEEHES I Lz,

V] &

BEEER  EEOREAUL R B T B SR D E
BBICAELAEY 2 Y PEYd R H Iz, 19934 6
AILECH L FA (4 B B R252~261mn,
i 2 B R E268~280mm) TR L, M b TRIME
LD ATERETo . 208, ELICHAITIZS
5 RIGIRKERSIFIEEMM AT ~NoE L, 1 tK
M CHEALIRS0 B MIfAHE L7287 V7 3 7 Arsemia
salina, 7 5 Y Brachionus plicatilis roytundiformis,
B (HAnZsRE250~400um) % v/,

AEFFHAOERRE R0 ILI0ET?

PRI L, BMEGRTER, HFREMY ML, BRI

sagitta, asteriscus, lapillus % £ L ENHH L, 2EE
KEFOTHEL CHERSELE, X7/ FFFR
FHFROMEE LI L TZRF I ATRPICTEL
120 WAL L7288, ShEd v FR—i— (f
800, #1200, #2000) BXUP=WV+—-F v/
T4 MA (#4000) 2ER L, FARFEEICETIC
HEEP o3l E TOERTELLIAETHEL,
FAEBEMEE T CT400f85 1R L THIZE L7z,

TARADFELHARE  FRHI19029F ~ 19UFED
8 AN BI0A 2T, ERMETHME Y S ¥
b E DG EAV Az, 19924F B L UT19934F 13 RIGIEAL
WAHERLE A T oA B W C, 19944 134 B il &
URIGE sl B H A BT ol B £ —i (Fig. 4
-1-1) TH YT S ETo . E1E, Bk E
T L ICRAZBLTY 2 bR REIIL, 20
BAREZWELT, HAEWYZ LA, REATE
sagitta T A4 X057 K& { % D B DBHER
Rt cd 7oz & 25, lapillus 2 VEIEEL
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Fig. 4-1-1. Location of the stationary nets where the young flying fishes were sampled in 1992 to

1994,

Too BE L THERR 84277 lapillus 2 =& F 4§
B L, ¥ FR—3— ($#800, #1200, #
2000) BE RN b—F v E¥ 5T 4 A (#4000)
VTS L, JeRBisE T 4008 ik LT
BELTV, WBOREEITo . (Fig.4-1-2)

: 5 £

REFHAOERBE » 7Y MU 4ik6 B20H

(ZHEHI0H) ML L 72o SWMEHR h OXKIROHE
BEREL Fg4-1-31CFR T, MFHE KR
20.6~26.0CTh o7z, V7 ¥ FETHIIMEE L
H 8123 2£&6.90m T, 50H H (2iX61. 91mm il &
L7

Fig.4-1-4icY 7 ¥ s ¥ + OB RIBIROZEAL,
Fig.4-1-5\CHEADEEDOEIL %R T, Sagitta (L #F
{EAFE TRHIZIZABIEWIBIR Ch o 145, bk
15~30H@EI 2 R LATIRE Rote, Z0OHENE

ROEROBMHF 0, 350 BLUBRESENA LN
THHORIEWEIRE 2oz, BFAOERIIMLE
1 B HiZiX0.11mmT & » 722%, JRIE#%50H B 23
2.06mEl 30DEAROTTCHROKEL kol

Sagitta 134 Xb K& {, ERICAETATH S,

WB%1T9 L BRTF— P TEREFRFEGHORBA
g X n/z (Fig.4-1-6A), Asteriscus (&iE{L#215H
B3 K& T0.21m, HE/LH50H B (T 10, 65mm &
ok, TRIBMOERIZMATEHBELE L, BF
Br L vKECHRBSBECTE 2, COEAK
b AR ORRARB S oA, Blr6#0.2
¥ CIRBARIR T, BRSERo2Y, L ¥
NN+ 570, MOBRICESTEEFEREET
& o7z (Fig.4-1-6B). Lapillus iZ 4B (A2 TR
<, Wb 1 B B R0, 07m, 50H BiCiX0.40
mé&ZzY, 3ODHERAOPTCIIRLINEIhoT, B
ARREOFAICIE F- 2RO S AER LN, T
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Fig. 4-1-2. Photomicrograph of a lapillus from Cypselurus heterurus doederleini, 164 mm in fork length,

with 74 increments.
BHATE o T, ThERFEL TIY KR L
DEA LRAFICECHOBRSBHE SN (Fig.4-
1-6C), '
g EAOEE (OL) L2K (TL) oMicizEn#
e 2: : MARSN, FRENRRTESN,
2 2%}
§ ol Sagitta ; TL(mm)=25.78 OL(mm)+9.82  (r’=0.976)
E 4
g =2
£ 4l Sagitta Asteriscus Lapillus
20
60 C heterurvs doaderieini O
-
g SN[ (. l_’g-dii
£=
: O O
K
4
2
20 -
o Q
- ' D
] I
0 i i " i L " i L ] ' N i f i
0 10 20 30 40 50 : ! : . :
. > ' )
Days after hatching (June 20.) 4 L 5o L E ' L :
Fig. 4-1-3. Changes of water temperature (above) and total ! v v ! !
length (below) in reared flying fishes in 1993.For C. Fig. 4-1-4, Change of outside view of otolith of Cypselurus
hiraii see P 52. heterurus doederleini with its growth.
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Asteriscus ; TL(mm)=86.92 OL(mm)+6.47 ("=0.954)
Lapillus ; TL(mm)=168.90 OL(mm)-4.62 (r’=0.991)
Fig.4-1-TI2v 2 ¥ P ¥+ ORLH#EDOHE (D)

LB (N) OMHR%EZRY, Sagitta, lapillus & b
DENOBMIZIZBVEDOHEMRR OGN, £ E
NEAXTEINIZ,

Sagitta ; N=0.980 D+1.016 (r=0.999)

Lapillus ; N=0.991 D+0.325 (=0.999)
BALX 1 B 1 ROFATHEEINTEY, sagitta T
3L HIC%E 18, lapillus TIIB{L#E 1B BICE
1 BOBRPEE STV,
KRAOFABAHE Fig.4-1-8iCflELAY 7 ¥ b
Yot nRIXEMKET~T . 1992461315, 5em, 1993
4E(314.5cm, 19944E1316~17emiZE— FEEIZL D
BOHRONI, RARBRTRONALY 7Y MY
7 4 READ lapillus iZ K5 W2 WM (RN) LR
TE (FL) OM4H7% Fig.4-1-92R T, SFFELLH
ML BIEOMIZZEDHMAER SN, KA TE
shiz,

9.5 Sagitia
——
Asteriscus
——
Lapillus
——

Otolith length (mm)

0.9

0 10 20 30 40 59
Days after hatching

Fig. 4-1-5. Otolith growth in Cypselurus heterurus doederleini.

A:sagitta (25days)
B:asteriscus (50days)
Ciapillus (50days)

Fig. 4-1-8. Photomicrograph showing increments in three otoliths in Cypselurus heterurus doederleini,
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Fig. 4-1-7. Relation between days after hatching and otolith

increments in Cypselurus heternrus doederleini.

19924 FL=19.67XRN*"™ (r=0.913, n=16)

19934F FL=19.79XRN**® (r=0.899, n=57)

19944F FL=15.20XRN***  (r=0.925, n=90)
19934 ISR B R 24 1, 19M4ER P PHKENR
{, ISR ERMEDOPETH o7z 3 #EXT LD
TRY S &

FL=13.71 XRN** (r=(,907, n=163)

DR THESI Nz, MEFEROBRICLEE, V7Y
FEYY F O lapillus TIIMEZIBEASLHIAR -
OLETIRHATZRESNTBY, WiE 7 0aMF
DHEEE 2 12o SEOY VTN 5 I347H D S
10RO b OHFHIL, Z0MIEFEHL lm/ day
DHETH - 720 "
BAEBOHTE WESHIAGKDBRILECHETE,
BB DGR & BXEOWEBAR T BV CHEEER®,
WAEE & HihA oM L TR E RHEE L7,
Fig.4-1-10icHEzE L72- b € T OB 0k %
KT V7Y MNETHIE5 ATARS 8 AREcH
O LSRG, FOK—S 6 BRahr 6 T7h
AR BN, T 7z, 19924F, 19044F 12 HE -,
19934E (XM LB A AR b h iz,

- =
V7Y b Y QBRI ELEROMSAHRD

n=100
g 1]
> n=414
=
© 9 =
L n=700
20+ 1994
I — ) =T
100 120 160 180 200

Fork length (mm)

Fig. 4-1-8. Fark length compositions of Cypselurus heterurus doederleini caught at Ikitsuki

and Shin-uonome.
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Fig. 4-1-9. Regression of fork length to daily increments

A‘ =100
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= ™\
@ /_:1 —
> =414
§ 20 1993
=
S
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Fig. 4-1-10. Frequency distributions of spawning (solid line)
and hatching (histograms) dates estimated by
combining the size frequencies of Cypselurus
heterurus doederieini and the growth equations,

on lapillus in Cypselurus heterurus doederleini.

b, sagitta & lapillus I BWC, AHF R EFEA
WRLNAHE L ORIV b BWIEDHERN
PRRH LNz, £DURNERD LR L bFHEH
B1HIZOSH ] AoEmdfloshsZ by
5, COWMMIZBREBTHAELEXS, Ml (1
&) DI, sagitta TIXHFILE, lapillus T3 98
b 1HEICBE> T, T4bb, vy E
7 4 O H S sagitta TIREREA» S 1 28 L 2 1H,
lapillus THEIHRITRI N5,

SEOWRO B % & bREA T TORE
RO TAHIELTHEY, TOLODITIHIEES
4 HiCHRIEY B & 12 3HAH DO FH A D 5 T lapillus
PHEBICRIBLTVALEEZONS, FIT,
lapillus IR LR LB BEAMELTY 7V Y
TADREEGI L2 E T A, 1992~19944E KA
HHECIRE L2y 7Y M EYFDORBAIZ60H B iz



RIS ERPRT RS 5335 20074

ZRXEL136m, 1208 Hi<id R R FE200miZ & L
Tl EPAL P E R 272,

Fig. 4-1- 1112 E O CleE s - g L 40
DREE LB L TRT . S EOME TIERKEADH
WKEALZUTTHTLTVAZ &0 5, HIERE0~
I0AEOFEETIHRL TR A &, Boh/EIXR
H (1958) #EEUIA» (1957h) HHEE LKEX
DG YBRWRELER S, Wil & X BRI
THEZT-oTWT, HRFHITIZIZELCEERT
B, HEEToEREESHELR)ER>T
WT, BEBOKESSBERURIRTEHA20ED
PIEARBETH D, BT 5 ZERTELRV,
LAL, 4L LbSRAFLNHERIAREES
FHoolicky, BROBRE LY &) EREEOM
WEERFBONLLELLNS,

VoY MY IR EREHRI3~ 158 TRILT S (5
H, 1959) & ENTWw 5, SEOFKEICETHL
B 3 » AIZEDIRENH A L2 n, ENPH
WL E TOHBSRHIMICE 252 b ELZ OGNS
», VIV Y FORMUICEST S5 AEE14A LK
ELTENA2MEETAE, V2 PEYATES
BLER»S 7T AT TEIRS TR Z &
ho OV NI UL OENBIBAB»LN
MR, SHICERELLMEICDIZ>TEY, ¥
7Y EYAOERREIEASEDTS AR~ 6

350
X
300
/-E\ o}
£ 250 T
<
_@ 200 :
2 150 X < Tsukahara (1957b)
3 e X Okaji(1958) hatch in May
L 100 L~
A Okaji{1958) hatch in July
50 A @ This study
0 ! i i ¢ 3

0 100 200 300 400

Days after hatching
Fig. 4-1-11. Comparison of estimated growth in Cypselurus
heterurus doederleini between the present study
and past reports,

A4 (5, 1959 ; AH, 2002), RERFETSH
~7H (FRi3d, 1957a ; HEIZD, 1957b ; 3E
N, 1962 ; 43, 1959), HAHFVEELHE TS5 A
H~78 TH (& H, 1988 ; i B, 1988 ; il &,
1997) L ERTVWBE, Wb -7 IEHL,TE
<, IHIETEDOEIRICHT HHED v, ME
BTy 7Y NE ORI ~ 7
E#EZBND, SEOERBRE, HHEE & /B
OEMIE I E TORE L ITIZ—H L,

E2f KV MEVTORBERER

FY PO AORBICOWTHEEIED (1957h)
M, RIKAB L URADEBY A AW, £
NDE—-FIZHFBLTHRREBEHETRLTEY, 58K
EFhoboAFYET ARICZEBXREH Gem, 97
KICRBLEHUnDORERICHEEL, BES AR
KRR 2mOBEAICERETAE LT, M
o (1958) tkHEMR, SRAAB X URAOTEEH MR
YA XOMBECEBL, EIMHES~TH L LTH
Bl ERLTBY, BEENDO5 AL DTHE
DTHCRERGY6m (BIXEHTm), 9FIZE
BEH12em (B EHL3m) ORBAICKEL, #
4 5 A CE#24em (BRI FEM260m) DFMAIHE
FTHELTWS, ¥z, BEFTho7TRETIOY
DT, HB4E 9 BT EREN 3 an (RILEAMS, 5em)
o, 11RICIREES 8o (BXEHIm) OF
B, B4E 7 HCidARREH18m (BXEMH19m) O
BAKKET AL LTWD, WH (1998) b Mihe
BRI HEGB & UREA, BAOFERHBY 1 X
DWEICEE L, EEs AR~8 AW ELT
BEMZEERLTEY, RETADOS ARETIO
bOTHED 7 BRICIEBILENIOm, 9 HFICE
RBAFHLTmOREHICHEEL, B4ES ARICER
B4 BAICEET A E LTwaE, /2, B4
Fho 8 AmbEThod i, HEIORWDIT
BB EML2amD RS, BETHIOERIEHL
MDFEAICHEETLE LTS, TRETICHRES
Rk N e AOREE, V7Y ey F R
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MEZCL > ThR)DEFRLNED, W
PALED H B W T 2 WL IRID 2V &0,
RN BRI AFRE, £2C, FY YT
B L THBMEERTo 72 LT, NJHILTEERE A
TERIEBTRE Lo TV ARBADKELWAS S
L7

) i+

HE TRz 7 ¥ P ¥V LRABOFETHE
RER, AFHFRAOHAOHE, RRKADORELH
ABRETITo o, FEFRRIE19934E 6 F11H (- B
BT RGN B 0 E BRAICAB L 2F Y P EY
F (k4 B BRE211~210m, i1 )E  BRE21
m) & HCT AL 2T, b L 25 fef %50
HHESHE L. RIABOEROBZIZ131992~1994
FEDEADGIVA AT, EEMCHIES Lk
V bETF R BV, 19924 B X U19934E i3 BFE
Jernii B AE A T o4& Bl C, 19944134 H il
£ URIGREEAR WIS A BT Ok B &t
Vv VIV &2 b TR AN

& *

REFHAOERHRZE RV MY Y426 F190

(ZH% O H) WRLL 72 MELM S KIROHE
LK% Fig.4-1-1U R, fiFMH M OKRER
20.6~26.0CTCHortz, kv FEYFEHEE LB
HIZiE5. 78mimT, 50H BiCi347. 60mm 2B L7z,

Fig.4-2-1CHEADRFEOEE R T, &Y FE
YHADEADHEY 2V PETFERCUTEY,
PEALTE 74 O sagitta b, (ZIZHIE, 15~30HEH2 X
LBk E 2D, LEWICERFROER O A
£oT, B[HEUBRESESALNE & ol,
Sagitta DEZFTPMLE 1 H B0, 1lmm G, 50F H
(21,66l D 3OO ERD P TIEIRELKE L
LGotehl, Vo bEOFIHRBEL LIS
foo MEERATI &2 Y b EY I LRBICFLH®
BWACHRE s (Fig.4-2-2A), Asteriscus 12 I
fL#20H B T 1% £ £0.16mm, 50H B I 30. 54mm &
o7, Asteriscus EHENRF L, TEEF LW

' Sagitta
—i—

Asteriscus
—a—

1.5 = Lapillus

—a—

Otolith length (mm}

0.5

0 10 20 30 0 50
Days after hatching
Flg. 4-2-1. Otolith growth of Cypselurus hiraii.

AREET S RLLMIRDBBATRE S /2%, T
DEAH AN % 7z DD BRI B & FHEHE
#lECd o7z (Fig.4-2-2B ), Lapillus I3 ##{b#% 1 H
BZISRAR0. 07nm, 50H HIC10.34m& %9 320
HAORTERL/MEL, ACHBOYZ L MY
FDLDLY BB ED o, BRAFROFAI
=2 RoBsANRON, TNEEFEYEELT
Wiz, ZHENHELTINY i< b0 ER &R
FA MO Sz (Fig.4-2-2C),
BEROREE (L) L&k (TL) ORMIZIZENHNE
BRLN, FhEhrkXTRINL,

Sagitta; TL (mm) =25, 68L(mm} +7.14 (#=0.979)
Asteriscus; TL (mm) =56. 76L (mm) +13. 98 (*=0.911)
Lapillus; TL (mm) =147. 84L (mm) —4.36 (F=0.984)
Fig.4-2-3124 v b ¥y T OR{LED AL (D)
ElaRcd (N) OBR%ERT, Sagitta, Iapillus & b
KDENDOHICEBWIEDHMEMFR S, FhE
NRA TR Nz,

Sagitta N=0.985 D-+-0.905 (¥=0.999)
Lapillus N=1.005 D-0.246 (*=0.999)
RV METHIZBWTY 1 H 1 KOLATHEOI
AN TB Y, sagitta TEIIMLEIZE 1 IRHTE
B &M, lapillus TEBEEE L B BICTRMLLTERK S
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A:sagitta (35days)

B:asteriscus (50days)
C:lapillus (50days)

Fig. 4-2-2. Photomicrograph showing increments in three otoliths
in Cypselurus hiraii.

50 Sagitta

40

30

0tolith increment (N)

Days after hatching

Fig. 4-2-3. Relation between days after hatching and otolith
increments of Cypselurus hiraii,

nTwniz,
KARBOEGHE Fig.d 2-4ZllELHRY P E
A DRI EMBE R IR T 19924 B & UT19934F 14
13.5emlZE— FAR S, 199443 14emic € — FA?
B, KRERTEONFY YT RBA
O lapillus 125N 28R (RN) LRBXE (FL)
DERF Fig.4-2-512R T, FRERDFEICBNT
BB E RAEOMIZIIEOHEEAR S, RAT
wahiz,

19924F FL=21.70XRN"“? (r=0,890, n=28)
19934F FL=23.11XRN*" (r=0.884, n=76)
19944 FL=22,45XRN"**# (r=0.875, n=93)
3HETIZY Z ¥ b ¥4 & FFEIZ1993F (X RR A
RRL, 190MFERIRRBRES R, 1992F 3 E
OHFBEITH o7 INEXFTEDOTRIFEI L

__.54_.
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n=246
g e ul
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L n=1039
20+ 1994
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Fig. 4-2-4. Fork length compositions of Cypselurus hiraii caught at Ikitsuki and

Shin-uonome.
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Fig. 4-2-5. Regression of fork length to daily increments on lapillus in Cypselurus hiraii.

FL=22. 90 X RN"#1 (r=0.862, n=197)
DRTESNI, FIEFEROFRICLLE, Vb
¥4 o lapillus TEIEZEIBEAS1H 1RO
HETHRBAITER SN TE), BEZ20AKD
AL # R 720 SHEDOY v 7V TlE55~102H D
OB L, ZOMTIZFEIH0. 74m, day DR

Thotlo

BLEO#E HiZsh-AKDORIEICETE,

Bk odEHEk e BXEOMAEREZ AV THEZ XKD,
R & A S8 L CHMEE 2% L 72, Fig.
4-2-6IHEFE L7 P E T A HOWLE DM E R T,
FV PEYFIES ATEMS 8 Arpaichi THML
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aF 1992
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n=246

n=1039
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& [ Nl
> ' n=800
2 9o 1993 /(\
g o — -
w
20 1994
T
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Fig. 4-2-6. Frequency distributions of spawning (solid line) and hatching (histograms) dates
estimated by combining the size frequencies of Cypselurus hiraii and the growth

equations,

BRoN, FOE¥—-2@3 7B LA~ 7 AhRICRS
iz,

% .o

Yoy hEOF LA, RV NEOAFOERICI
FL.OCHIR OB AERD 6 N, sagitta & lapillus 12 B
W, fEHEE B0 E oIy
BVIEOMMERRD 5N, FOMBEREEL LM
HLOMFAHL B IS SR L RoMinsZd
LRBEZLDH, CORMIZARBKTHLLEELS,
A (35 1 48) OTERIE, sagitta Ti3LE, lapillus
TIIMLE L BECETE 2 Twi, Thbb, kY
M E 4o DG sagitta TR A5 1 2K T
7o1H, lapillus CIHFHBCTRENS,
SEOWED BATE 7% & b REM T TOHRE
FHOLPITAHAIETHAEY, TOIDICEARES
4HiCTHBT B & 5 3HIFD ER O H T lapillus
PHREBILRIBLTVAEAEELIONRSL, £2 T,
lapillus ICR G N AWM EEHR L LTV P
FTOWREMILI2L 25, 1992~ 19944F |2 FokilE
WCRE LAY FPEY A ORBAIZC0E HICiHRE
XA=125m, 120 B2 B EL6TmICHE L Tw
P2 EBHERE LT,

Fig. 4-2-7\ BEOHECHRESLER L SH
DHEELIE L TR, SEOWETIEY 7 ¥ M E

7 & RRRICRKA D AZE T2 S TTRT LT
B EMG, AM60~120BEOKE TR L THh
AL, BoHN-EIZRFN (1958) PHEFEIT) (1957
b) PRELAZEREL V2V BEVERTHELE
x5, £z, C0AMGDOERRETIZNE (1998) OHWE
LD HREABRVIERIEONA-H120B TR
e, SEOGRITIME (1998) OME L IIZFEL
AR LI WTFhORE S BRI THES
ToTWT, MRIFUIIZIZEIC &2 X TRV,

I (1998) Al L 712 A D BRI 151986~ 1988
FELESEHOERE BRHANDODEFNTH 4~ 8
FEOENDH Y, M (1958) LHEEEH (1957b)

DHETREHICAEERNICRELMEVH D, 4
O REASRE &R DRIE TS 55 89 R0
THY, WHchETaZ idTELY, LirL,

RV PETFIZOWTH HMEEZITILICLD,
Bl b BEORE LY 4 ) EEEOEVER
ARG b#ELIOND,

Y Py AIIRRER ~ 120 TIMET 5 (53,
1959) & STV 5, FEDERICE VTR
i3y AR EDEAH B Z LD, B,
FTOHBEAPFGICRE LI EHEZLNDH,
AV MY AOBALICET S HAB% 108 EKELT
TERE &HET AL, "/ PETFREAFOHE
8 A LA T TR fTh AT &l b, K Y
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Fig. 4-2-7. Comparison of estimated growth in Cypselurus hiraii
between the present study and past reports.
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PRES /-2 & (§9, 1959), RIFEHETO
Bic130mo R EAARE SR Z & GRE - B,
1981), HARMET 7 ~ 9 BICHATHRIVRES h (7
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NTRGERAKERSG I TRETHE LB IC—
EROIBIZ10% AN <) VIR TEZE L TREF L 720
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3L RO OBMERIC & R OEEEHIL
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Fig. 4-3-1. Sampling localities of Hirundichthys oxcephalus.
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MY RAAZEED T T & VHlllfg LT, JISEKI vV 7

F7 27 (RATOC VAT ALY I =T v 7ih)
KEoTHRDRE - BHZ4T) 2 LA TE 2,
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Fig. 4-3-2, Measurement radius of otolith and increment
width in lapillus of Hirundichthys oxcephalus.

B RA L 22,

# £
AFFHAOERHRE V74 FYI32003E 7 A
MEIHEL, FADOLEIX6.240.3mTdHh o7,
A L -8R IZ BV T sagitta & lapillus ($HR1LE %
PHEDNBIAHRETEHELTERTH > 7225,
asteriscus blow'(liﬂlﬂlﬁﬁf&?uﬁ?fiﬁﬁfﬁﬁ?&f &
¥, 5 HEOERTHD THHTELZ,

Sagitta (IMEALIEE, 1IZHEISEWEKE LTS
D G HFEE E TORKFENFH26.911. 4m
T o700 BALHIS~30H LA 2 T BT E
~L, BpHBELURBIIFD 2 XMHLARLRY, 1
IR ISGEWIERE R L, 30HEE TIITTES
LaWIREECH ALHROBRABE S L,
Sagitta (X 3SFDOHTIHS FDH A AHKEL,
BHEOGEBL LD ICHELCRERLE LD, BHA
DEIITERTE L kol LAL, WHEEZITH Z
L CHADOEDS N, RERETA2Z LA HT
o7z (Fig.4-3-3)o

Fig.4-3-41C sagitta DFALHZ O H L BB OB
#BERT, ABOEBE L ISR MT 2146
MAR SN, HILEORE (D) LHE (N)
OBICITEHVWHEPR O, FOMBITANRTERE
nr’-,

N=0.99D+1.11 (n=10 R*=0.9998)
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Fig. 4-3-3. Photomicrograph of otolith increments observed in
sagitta of Hirundichthys oxcephalus. (30 days after

hatching)
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Fig. 4-3-4. Relation between days after hatching and otolith
increment in sagitta of Hirundichthys oxcephalus.
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BEsh, 3SHOEAOFTIROEHEIEWT
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LaL, DEDONEICDWTRS LR RO
BBIZAL &) 2IETEEL, RELTRADED
HbELHoT, TORBBDEBUIRETH -7,
(Fig.4-3-5)

Lapillus b sagitta FIABELE #1212 IZAF TV
WikEk LTH D dLh bR B E TORKEREH
21.2+1. 1w TH 572, Lapillus (3 SEOBHDHTT
‘’L/PS<, AFLIAFHADTNTORAT=IT
W% L & WIKEET b Bl I lmBs i b iz,
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Fig. 4-3-5. Photomicrograph of otolith increments observed in
asteriscus of Hirundichthys oxcephalus. (30 days
after hatching)

FAEHHEOBEB L L b1 lapillus 1 IBE L 058
M= LARICEN S, FoMBlOREICITE SR
fHEYDRO LN, FEHTH > THIIHRTEL
{Trotze L L, ThEFELTRIBRLZ LI
L0, HEOE SN, FOCHOBREBRETLZ
LIITEETH o7z, (Fig.4-3-6)

Fig. 4-3-7C lapillus DL D B & ko B
AR T, Sagitta & FIHICHHORGB L & b ICER
Bixghs 2ERM RSN, BtEOBE (D)
LB (N) OMIZIZHVIEDHBESR LN, %
DBRIERR TR ENTZ,

N=1.00D+0.70 (n=10 R*=0.9998)
XRBEDODERBE Fig.4-3-8iICllEL ARV TH
FEDRIEMBER L 720 19924F & 19944E DT
BBl E— FARLNA, KBEAOHRI
sagitta TIIH 4 XA8h 7% h K& (& D BB DOEIE L
REETH o7z 19929 8 & TF19M44E (IR Sk
VT A M ERBAD lapillus 12 R 6 N D B

(RN) LB E (FL) oWk *% Fig.4-3-9125R ¥,
FRhENDFEIIB VTR ERBAROMICIIED
HEsR o, KR TRIN,

19924 FL=18.24XRN™"  (r=0.960) n=26

1994%F FL=18.07XRN** (r=0.919) n=095
19924 L1I9ME TIEBRILH F N BEVIZER S h i
Mole 2AERTLHTRMIHS &

FL=17.46 XRN"*  (r=0.922) n=121

Fig. 4-3-6. Photomicrograph of otolith increments observed in
lapillus of Hirundichthys oxcephalus. (30 days after

hatching)
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Fig. 4-3-7. Relation between days after hatching and otolith
increment in lapillus of Hirundichthys oxcephalus.
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Fig. 4-3-8. Fork length compositions of Hirundichthys
oxcephalus caught at Ikitsuki and Shin-uonome,
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Fig. 4-3-9. Regression of fork length to daily increments on lapillus in Hirundichthys oxcephalus.
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IEWIEOHERRD b h, KA TESRL,

FL=0.05310R**"  (n=166, R*=0. 9998)

BRI S SR A BS D2l % Fig. 4-3-11CR T
B b iR ER £ TR NS AT X CRHAT & 18
FETIHMEETH o7z E—RILEZR/KIT
O R 12495, 0pm T & o 724910~ 30 H BRI A1) T
K& {7 Y6, 5umil % o 720 2 DRI TR 4
WS, ORMETIEMI. S o7z,

KEOBEEIEET 2700, BAEZLEIED
WEREFANT, SFHRIPEE SN 2L EORIEY
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DEAHEEE OR) L iFBOHEA BIRITER
ENAHEICBYARAE (FL) & ORI FL
=a-ORM TEEND, WEHEILH o TIHTFEH
MOBRAERLBRXEOMEBREAVLIOTIELLC
Watanabe and Kuroki (1997) {2 L.7:2%, Biological
intercept method (Campana, 1990 ; Campana and Jones,
1992) Lo TH 1 BWEELE 1 HRRAERE
B, REFTLEELREREROBEASDEIC
SoTakbofitkbds, £ 1EVEFORELE
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Fig. 4-3-10. Relation between radius of otolith and fork length of Hirundichthys oxcephalus.
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Fig. 4-3-11. Change in otolith increment width of Hirundichihys oxcephalus. Mean (open circles)
and standard deviation (verticul bars).
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Fig. 4-3-12. Buck calculated growth curve using otolith increments in Hirundichthys
oxcephalus of different body sizes.
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Fig. 4-3-13. Growth of Hirundichthys oxcephalus by using Gompertz curve.
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Fig. 4-3-14. Frequency distributions of hatching dates estimated by combining the size frequencies of
Hirundichthys oxcephalus and the growth equations in 1992 and 1994.
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Fig. 4-3-15. Frequency distribution of hatching dates estimated
by combining the size frequencies of the caught
Hirundichthys oxcephaius and growth equations in
2003 and 2004.
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Fig. 4-4-1. Comparison of 10 daily average of surface water

temperatures by years in the coastal waters of the
western Japan Sea. (Data of “Mishimamaru Ferry”
from Hagi to Mishima, from 1992 to 1994)
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Fig. 4-4-2. Comparison of 10 daily average of surface water

temperatures by years in the coastal waters of the
western Japan Sea. (Data of “Mishimamaru Ferry”
from Hagi to Mishima, in 2003 and 2004)
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Fig.4-5-1. The analysis area for the fluciuation of surface sea
water temperature in the Japan Sea.

;i1 pr

1988~20044E ) 8 A TA» H10H LA 2T T,
EIRIE A B EABK I BT, BRBILIIEEHN
TG S Az b EO FFRMAD SR Z PRI L 72,
W1~ 2 \EOFRET 1 EH7/ 1 #5200~500B0 F ¥
vAEOMEFRIEL, BXE, FEL2MELL,
2, WOV MNEYUFICOVTIE, JORBADFA
AL BEORPOREY 4 ZIWEVERONE 2
MBI, HNES 1 L RO 5 E#T192~
20054E DREGIATH 5 4 ~ 7 B2 B B HADIIE
1TV, TOMEEITICH 2,

T/, AORECERE 5 ZAERL LTKELE
DD W THE 21T 0 70 KIBOBE L LTI,
FE YA ELSRBREOATETH L LD D, KEK
BERAVWDEZ L L, KBTHEREEMERYO
it & N ALV KT PR REAR T — & 48
Lizo TOF—F ZRRITHVER L 2z TE AT #E I
BV DA LB X v ¥ 2 O FIHETT ARG T &
i, KBITHIEE LN, 74 %X 2K
B — % B X URERFHRET AR L AWK
F— ¥ COADS (Woodruff e al., 1987) % b k1T,
BEEIC L BRFNT 2T o2 0THE (KRBT

WS R ER, 1990 ; KB THE BRI,

1991}, AAFFE TEAT L 7 KA 131988~ 19984 T &
Y, WHRIE, Fig.4-5-LCRTA  HBWEMW (LR
32~34°, H#F127~129°), B : HRM (o35~
7°, HAR131~133°), C . #&EBewih (L#35~37°,
H%134~136°), D . ATEdLE (bi#k38~40°, X
#%131~133°), E : AfoHtdiE (IbfE38~40°, ®

B134~136°), F . A @M (Jb#39~41°, W&
138~140°), G : i (db#dl~43°, HAE134
~136°), H :dbikEvEM (kid2~44", BAEL38

~140°) OF8WMRETH B, AL 1HHPLFE I
TRLALIKRIFRICREST SV 7V PET AR
Fi2 6 Hrpd~ 7 AP aicl, &Y PETFRE
27 AL~ 7 A, &Y 74 P ERER
THER~THRFMELZbDEEZONRDLZ &
b, BIICHVAM L LT, ML Tr oM
BinRCkRET 2 ToOMMEEL, TRELOK
Wi 7 B S B THE TOKRRETFHL
THw,

E ] E S
RRARBY 1 ZOELEH Vo v FETAREA
OFHRIED L FEORELE{LT Fig.4-5-2I1C
Rt WA R O Y 72 P ETFIETE

170 ¢ 60

160 55

50
150
45
140

Body weight (g)

40

Fork length (mm)

130 | .

—®-Fork length

-1 Body weight
120 | T T T T NN TN NENN NN U N S ) 30

Fig. 4-5-2. Yearly change of fork length and body weight in
Cypselurus heterurus doederleini caught by boat
seine or set net at Tkitsuki.
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Fig. 4-5-3. Yearly change of fork length and body weight in
Cypselurus hiraii caught by boat seine or set net at
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Fig. 4-5-4. Yearly change of fork length and body weight in
Hirundichthys oxcephalus caught by boat seine or
set net at Ikitsuki.
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Fig. 4-5-8. Correlation coefficient on relation between fork
length of Cypselurus heterurus doederleini caught
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Fig. 5-4-1. Daily change of catch of young flying fish by boat seine at Ikitsuki in
each year.
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Fig. 5-4-3. Shift of the average fork length of the young flying fishes at Ikitsuki through the fishing
season. (Vertical lines represent standard deviations)
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Table 5-5-1.Multiple regression of daily CPUE of young flying fish on three selected variable
% 1 . Significant at 5 %level. * 2 ! Significant at 1 %level.

Year X1 Xz X3
1992 Partial regression coefficient 0.115
Standard partial regression coeflicient 0.451
f value 2,766
Constant team 0.215
Muliiple correlation coeflicient 0.451
F value 7.648*
Minimum -1.768 -4.989 0.0
Mean 0.705 1.645 5.25
Maximum 2641 6.375 46.5
Standard deviation 1.186 3.228 12.830
Xy 1.000
Correlation coefficient matrix Xa 0.465 1.000
Xs -0.003 -0.556 1.000
Y 0.451 0.395 -0.134
1994 Partial regression coelficient 0.091 0.070 0.049
Standard partial regression coefficient 0.328 0.516 0.341
t value 1.811 2.691* 1.818
Constant tean: 0.350
Multiple correlation caelficient 0.691
F value 5.482*
Minimam -3.000 -4.100 0.0
Mean -0.277 0.561 213
Maximum 2.602 6.282 16.5
Standnrd deviation 1.376 3.117 4.057
X 1.000
Correlation coelficient matrix X 0.248 1.000
Xa 0.124 -0.354 1.000
Y 0.498 0.477 0.199
2001 Partial regression coefficient 0.199 -0.021
Standard partial regression coefTicient 0.633 -0.322
t value 3.911* 1.989
Constant team 0.545
Multiple correlation coefficient 0.752
F value 11.042%
Minimum -0.765 -2.400 0.0
Mean 1.772 3.240 273
Maximum 4455 6.929 30.0
Standard deviation 1.205 2.092 8.212
Xi 1.000
Caorrelation coefficient matrix K 0.627 1.000
Xs -0.262 -0.150 1.000
Y 0.378 0.681 0417
2004 Partial regression coefficient 0.059 0.006
Standard partial regression coefficient 0.427 0.50
¢ value 2.512% 2.966"
Constant leam 0.462
Multiple correlation coeflficient 0.571
F value 6.046"
Minimum -2.600 -3.696 0.0
Mean 0.799 0.699 13.47
Maximum 6.282 9.100 156.0
Standard deviation 1.862 3.120 31.619
X 1.000
Correlation coelficient matrix X 0.778 1.000
Xa -0.070 -0.256 1.000
Y 0.211 0.298 0.395
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Fig. 5-5-1. Comparison between the observed (closed circle) and
estimated (open circle) CPUE of young flying fish at
Ikitsuki.
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Table 5-5-2. Ratio of species in the catches of young flying fish and most various species (Mark of arrow; over 70 percent
of catches) in the fishing scason of which CPUE was over 0.1 t/boat - day and over 90 percent boat was sailing out fishing

Ratio of Ratio of Ratio of Multiple

Analysis

Year C. heterurus C. hiraii H. oxycephalus correlation
number

in catch(%) in catch(%) in catch(%e) coefficient

1992 893 15.90 M3 -~ 32 0.451

1993 11.89 8598 - 213 13

1994 11.26 17.95 70.80 — 25 0.609

1995 38.85 16.44 44.71 27

1996 941 29.79 60.81 27

1997 14.03 35.0t 50.96 30

1998 11.78 3335 54.47 36

1999 44.14 24,19 31.67 27

2000 10.76 24.69 64.50 30

2001 540 11.91 82.70 <« 20 0.717

2002 12.29 73.86 13.86 21

2003 40.44 49.92 9.64 22

2004 9.50 19.48 7102 ~ 28 0571
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Summary

The Life Cycle of Three Species of Flying Fish in the North Western Waters of Kyusyu
and the Recruitment of Young Flying Fish to the Fishing Ground

Toshio ICHIMARU

Fishing status

Flying fishes are caught by set nets and boat seines in the north western coastal waters of Kyusyu. Most of the
catches are young flying fish in autumn; the species being Cypselurus heterurus, Cypselurus hiraii, and
Hirundichthys oxycephalus. The ratio of H. oxycephalus in the catch with boat seine is always higher than that
with set net, and yearly change in the ratio of H. oxycephalus with both fishing gears is similar, When the young
flying fishes were collected with scooping-up nets, the ratio of H. oxycephalus was higher than that with other
fishing gears, and a difference in the movement of the flying fish was observed by species. This difference of

movement may be the cause of difference of ratio by each fishing gear.

Maturation and spawning

Most of the catches with set nets, operated in the near shore, were male in the early fishing season, and
according with passage of fishing season the female ratio increased gradually in C. heterurus. Eighty percent of the
calches with seine nets, operated in the offshore, were female.

GSI of the female was higher in the catches of the offshore than the near shore. The frequencies of the oocyte
diameter showed that ovaries have a small and middle sized oocyte group, and large sized maturing oocyte groups.
Ovaries of the offshore caiches have large sized oocytes, and ovaries of the near shore catches have small and
middle sized oocytes or the transparent oocytes remaining without spawned at the latest spawning. Ninety seven
percent of the female catches in the near shore have postovulatory follicles in the ovaries.

These results show that the male and female come to the north western coastal waters of Kyusyu in spawning
season as separate group: the male is in the near shore, the female is in the offshore. When ripened the female go to
the near shore for spawning, and immediately after spawning comes back to the offshore. The spawning times of C.
heterurus are thought to be at least twice during a spawning season.

The Maturation and spawning of C. hiraii closely resemble that of C. heterurus. After spawning in the north
western coastal waters of Kyusyu, C. hiraii migrate into the Sea of Japan which is the main spawning area.

The eggs of H. oxycephalus were 1.6-2.0 mm in diameter. Three types of filaments were recognized. One was
a single filament of 20 um, the others were 5-7 filaments of 10 um, and 9-14 filaments of 6 pm. The number of
filaments observed in H. oxycephalus was similar to that of formerly reported in H. coromandelensis, however
thinner diameter of H. oxycephalus filaments than that of H. coromandelensis make it possible to distinguish
between the two species. The eggs were collected in Kagoshima from May to July, and in Nagasaki from July to
August, and this difference seems to be due to the difference of water temperatures between two localities.

Adult fish of H. oxycephalus were collected in the water offshore Goto islands; the first time its existence
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around Tushima current area was found. As other species, the spawning times of H. oxycephalus are thought to be
at least twice during a spawning season.

The ultrastructure on the egg membranes of the flying fish was studied under SEM. Egg membranes have
multiple layers. The egg membrane of H. oxycephalus is thin, and the number of the layers was less than that of the
other flying fish. It was thought that the ultrastructure of vertical section of the egg membrane is related to the
spawning place; the egg of H. oxycephalus is similar to the floating egg, and that of other flying fish is similar to

the demersal egg.

Daily age and growth

Three species of flying fish larvae, hatched from artificial inseminated eggs or eggs collected from drifts, were
reared for 50 days. These larvae were collected at intervals of 5 days and three types of otolith (sagitta, asteriscus,
lapillus) were taken out from each specimen. A ring formation was observed around the nucleus of the otolith.
Counting of the number of otolith rings was easy on sagitta and lapillus. On the other hand it was difficult that of
asteriscus for their unclearness of ring marks.

The relationship between days after hatching and otolith increment was expressed by a liner relation with its
inclination is nearly one. It was suggested that rings on sagitta and lapillus were formed daily. Large size otolith
needed to grind on its surface for counting the number of rings. Therefore, lapillus was one of the fittest parts in
otolith for age determination to these species of flying fishes.

It was different that the size of young flying fish came to the costal waters of Nagasaki Prefecture, and yearly
change of size resembled well in each species. The size of young flying fish and the water temperature of the sea
area where they grew up was a liner relation.

Daily rings of otolith from flying fish catch were analyzed, and growth equations were derived for each
species. It was thought that the growth of the flying fish appears to be different by the year due to the changes in
walter temperature. By analyzing the growth records from the otolith of H. oxycephalus, it was thought that larvae
with good growth 20 to 60 days after hatching survive and become young flying fish. Hatching day of C. heterurus

and C. hiraii was from May to August, H. oxycephalus was from April to August.

Distribution and Migration

Distribution of flying fish was examined based on the flying fish sighting observation. The analysis of
photograph of adult flying fish, wing length and ratio of pelvic fin length to pectoral fin length, make it possible to
distinguish between these three species. C. heterurus and C. hiraii migrate to offshore in small schools, and H.
oxycephalus migrate to offshore in large schools. Adult flying fish-were sighted most frequently in July, which did
not correspond to the amount of set net catch in shore. Young flying fish were sighted most frequently in
September. The distribution of young flying fish shows that H. oxycephalus migrated from the western waters of
Goto islands and other two species migrated from the Sea of Japan to join in the Tsushima strait, and from there,
continued migrate south,

Adult fish of C. heterurus migrated to the costal waters of Nagasaki Prefecture following C. hiraii in autumn,
and the young fish of C. heterurus migrated after other two species. This is indicated by the ratio of C. heferurus in

the catch corresponding to the peak catch.
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Early hatched fish come first, and late hatched fish come last to the costal waters of Nagasaki Prefecture in
autumn. Change of the hatching day in each sampling time shows fishes go out to another area rapidly, the short
fishing season and no change of fork length averages on the same sampling point was thought to be the influence
of this fast moving. ‘

The influence of the wind on the daily young flying fish catch amount was analyzed., The catch amount
increases on days with a strong north wind or east wind only in years with high ratio of H. oxycephalus. This was

due to the characteristic that H. oxycephalus lives on the surface of water.

From this study, the life cycle of three species of flying fishes in the north western coastal waters of Kyusyu
becomes clear. The life cycle of C. heferurus is similar to that of C. hiraii, but that of H. oxycephalus is different
from other two species, especially in characteristic of spawning.

This study provides new information about adult flying fish resources, the influence from environmental
factors of water temperature or wind condition, and the process of hatched fish joining young frying fish resources.
And its also provides information about the yearly change of the size of young flying fish and the reason there is a
yearly difference in the timing that young flying fish come to fishing area. This information is necessary to evaluate

the stock status correctly and to utilize the flying fish resources effectively.
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