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A fishery biological study on flyingfishes from
the Ogasawara [slands waters, southern Japan

Kenji KATO *, Katsutoshi KAWABE, Yoichi OKAMURA and Johnson KIMURA

Abstract During 1985 to 2003, twelve species of flyingfishes, Oxyporhamphus micropterus micropterus,

Exocoetus monocirrhus, Parexocoetus brachypterus brachypterus, Hirundichthys speculiger, Cypselurus

poecilopterus, C. suttoni, C. atrisignis, C. agoo agoo, C. pinnatibarbatus japonicus, C. antoncichi, C. angusticeps

and C. spilonotopterus were collected from the Ogasawara Islands waters, southern Japan. Though eight other

Exocoetids of E. volitans, Prognichthys brevipinnis, H. oxvcephalus, Danichthys rondeletii, D. albimaculatus, C.

spilopterus, C. exiliens and C. furcatus fisunovi had been recorded by the references from the identical waters, C.

spilopterus was supposed appearently to be misidentification of C. sutfoni. The average CPUE value, numbers of

individuals collected per drifting gill net, at the Volcano Islands waters was 2.6 times of Chichi-jima and Haha-

jima waters, and main fishing ground was found around the Volcano Islands. Two species of C. antoncichi and C.

suttoni, occupying 69.55 and 20.77 % of amount catch respectively were important industrially. Collection of C.

pinnatibarbatus japonicus in the Ogasawara Islands was so rare that the Islands was thought to be the southmost

edge of its distribution.

* Corresponding author : Tokyo Metropolitan Islands Area Research and Development Center of Agriculture,

Forestry and Fisheries. 1-13-17 Kaigan, Minatoku, Tokyo, 105-0022, Japan.
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Fig. 1 Map showing seven collection sites for flyingfishes of the Ogasawara Islands waters during 1985 to 2003.



Fig. 2 24 body portions of flyingfishes measured for identification of species {after Chen 1978). Abbreviations are as follows,
L: Total length, £ : Standard 1., aD: Predorsal L., aV: Preventral 1., aA: Preanal L., PV: L. between opercle and ventral fin, VC: L.
between ventral and caudal fin, DC: L. between dorsal and caudal fin, HL: Head 1., po: L. between orbit and opercle, o: L. of
orbit, ao: Snout 1., io: Interorbital width, H: Body depth, h: Depth of caudal peduncle, w: Body width, hD: L. of longest dorsal
ray, hA: L. of longest anal ray, £ P: L. of longest pectoral ray, £ V: L. of longest ventral ray, £ UC: L. of longest ray of upper
caudal robe, £ LC: L. of longest ray of lower caudal robe, £ D: L. of dorsal base, £ A: L. of anal base.
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Fig. 3 Changes of annual catch of flyingfishes from the Ogasawara Islands waters during 1915 to 2004. Through 27 years
from 1942 to 1967, industrial fisheries was interrupted by the battle of World War II and the occupation of the Islands by the

United States troops.
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Fig. 4 Changes of monthly catch and market price of flyingfishes from the Ogasawara Islands waters during 1989 to 1990.
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Table 1 Twelve flyingfish species caught from seven collection cites of the Ogasawara Islands waters during 1985 to 2003
Higashi- Nishino- Chichi- Haha- Kitaiwo- Iwo-jima  Minami-
kaijinba shima jima jima jima 1wo-jima
(STN1) (STN2) (STN3)  (STN4)  (STNS) (STN6)  (STN7)

Days spent for collection 2 4 15 3 48 2 13

Oxyporhamphus X X

micropterus micropterus
Exocoetus monocirrhus X X X X
Parexocoetus brachypteris X X
brachypterus
Hirundichthys speculiger X X
Cypselurus poecilopterus X X X X X X

C. suttoni X X X X X X

C. arrisignis X X X X X

C. agoo agoo X X X X X

C. pinnatibarbatus X

Japonicus

C. antoncichi X X X X X X

C. angusticeps X X X X

C. spilonotopterus X X X X X

Total no. of species 3 6 10 4 10 7 8
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Table 2 Range of proportional measurements in 11 species of Exocoetid fishes collected from the Ogasawara Islands waters.
Values are percentage in standard length and the abbreviations are same as in Fig. 2

P. brachypterus

H. speculiger

C. poecilopterus C. suttoni C. atrisignis

Species E. monocirrhus brachyprerus
No. of individuals 5 5
Total 1. (mm) 223.5-233.3 [44.3-147.0
Standard 1. (mm) 158.4-177.3 114.0-123.7
aD 68.12-71.41 68.62-71.06
aVv 40.53-42.45 50.13-52.14
aA 67.88-71.31 70.00-72.32
PV 15.91-18.46 28.42-30.65
vC 56.02-58.45 46.43-47.53
DC 28.60-30.93 29.18-31.67
HL 24.18-27.03 21.93-23.04
po 12.13-14.06 9.51-9.89
o 6.43-7.41 7.19-7.63
ao 6.31-7.28 5.93-6.49
io 8.39-10.33 7.74-8.16
HL 19.40-20.89 17.87-18.49
h 7.84-8.28 6.17-6.58
w 13.42-15.22 10.79-11.72
hD 9.22-10.89 30.30-31.45
hA 10.15-11.83 10.70-12.69
1P 74.28-78.47 54.24-57.75
v 13.04-15.28 19.69-21.42
uC 24.31-25.59 17.45-19.22
ILC 33.49-34.61 27.19-28.23
1D 20.67-21.97 20.13-21.32
1A 21.09-21.97 18.27-20.22

3 5 5 5
252.8-271.0 253.1-267.0 352.8-400.0 322.0-362.0
200.7-212.0 194.0-206.7 270.5-307.5 247.2-276.0
73.07-74.64 69.21-71.75 72.42-75.42 67.35-69.60
58.58-60.99 59.08-60.15 57.94-59.86 53.96-57.01
73.13-73.39 77.91-80.77 78.72-80.07 75.69-78.62
35.05-36.77 35.56-38.41 36.37-37.45 30.62-34.37
36.65-38.12 37.88-40.79 36.81-39.78 41.60-43.77
23.63-24.71 26.12-27.06 23.19-25.69 27.63-28.62
23.72-24.72 23.32-25.19 23.38-23.84 22.75-24.15
10.16-10.28 10.45-10.96 10.20-10.93 10.12-10.84

7.27-8.07 7.55-9.33 6.50-7.32 6.67-7.92

6.73-7.82 7.11-8.02 7.44-8.26 7.00-7.93
8.72-9.43 10.06-11.24 9.49-10.47 9.12-10.84
15.73-16.98 21.09-22.18 16.96-18.74 17.95-20.00
6.35-6.98 7.89-8.38 6.76-7.47 6.89-7.34
12.99-14.15 15.05-15.88 12.10-13.25 12.67-13.38
9.37-9.81 11.21-12.00 12.64-12.87 12.46-14.51

8.22-9.20 7.64-8.69 6.71-8.10 7.10
68.86-70.57 66.86-70.33 67.62-71.88 67.17-72.30
26.81-28.87 27.88-31.83 27.76-31.03 28.76-30.84
19.91-20.28 25.67-27.35 20.10-23.20 23.83-25.22
27.01-29.48 32.99-34.97 30.68-33.37 32.20-33.63
16.56-16.73 17.90-20.51 14.96-17.22 19.99-20.98
14.45-15.80 8.56-10.18 10.93-12.24 10.86-13.18
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Table 2 Continued

C. antoncichi

C.

C. angusticeps ,
spilonotopterus

Species C. agoo agoo pinnatigzrbarus
Japonicus
No. of individuals 5 1
Total I. (mm) 252.0-360.5 394.8
Standard 1. (mm) 183.2-276.0 317.0
aD 72.76-75.00 73.75
aVv 56.86-60.36 59.62
aA 75.29-78.80 79.65
1:4% 35.80-38.26 38.14
vC 37.87-38.56 39.46
DC 21.67-24.56 25.87
HL 21.82-23.34 22.27
po 9.99-10.36 10.41
0 6.38-7.10 5.68
ao 6.08-7.36 6.97
io 8.87-9.97 7.98
HL 16.45-17.13 18.68
h 6.41-7.12 5.62
w 13.11-14.05 13.94
hD 10.10-11.63 10.73
hA 7.67-9.22 -
1P 65.06-72.05 73.56
I\ 31.63-34.85 25.55
IuC 21.06 -
ILC 29.37-32.21 2934
1D 15.05-16.51 16.72
1A 11.16-12.99 11.23

5 5
350.0-373.0 253.3-261.8 342.5-390.0
272.0-294.5 182.1-201.8 263.0-298.0
70.63-72.65 69.08-72.49 71.14-72.06
57.75-59.99 59.23-62.20 57.49-60.72
75.96-79.08 77.24-81.22 77.48-80.72
33.99-36.71 34.51-37.70 33.62-37.24
36.54-39.52 37.08-38.26 39.07-41.25
24.13-26.10 27.32-29.34 26.50-27.50
22.53-25.27 24.88-26.60 24.06-25.67

9.23-10.40 10.84-11.59 11.06-11.79
7.20-7.66 7.88-8.95 6.32-7.73
7.20-8.12 7.53-8.07 7.76-8.22
8.19-8.96 9.00-11.04 8.90-10.13
16.03-17.50 19.23-22.52 18.19-19.47
5.67-6.25 7.19-7.96 7.11-7.55
11.33-12.76 13.30-14.50 12.25-13.36
8.67-9.24 10.76-12.09 11.58-13.00
6.40-7.12 7.25-8.08 7.62-8.57
65.44-68.04 65.90-68.58 69.48-73.43
28.70-31.04 27.02-29.83 26.10-28.19
20.96-22.31 23.58-25.42 23.91-24.33
31.21-32.84 31.43-33.71 31.03-33.90
17.66-19.18 19.62-21.43 18.13-19.82
11.07-13.34 10.18-11.64 10.41-11.58

REENEEIIEN D/ (P<0.05), /2, IhH5D
RN OB E#MRIEFig 6ICRLAEZEBDTHD,
SEEDBLIOMOEHRYENEREIIKREN O
(P<0.05),

SEBEINLEMETVAHREBEOESE, HHOH
HEE %, B0 - BOEREA IR O A E % X5 U T Fig.
7Lz, 3 U MEYFHIESAE &6, NDO
ERETFIES, 4, 9, IOZRICREIN, WTh
HHOR - FOEEREED SN oz, YU REY
AL, 5, 6 A OEREMEKTHIN B AGRD 672,
A ORERITERBERDATH >, =/ P b
Eodids B E9AICERARANRESZ Nz, TV I
YA T, 4~ 7HAITHIP - BOEREENED sz
A, 8 ~ 9 HITIEMON - EEKIZEED s nmho Tz,
FF7h RER3I~T7TAOERELNMEE L THEON -
HOEEAENED 6. THEEB4~THDRRE
i@ L THRON - BEEEMERD oz, bETF

TlE2~6 A& 11 HORBREMM THRIN - BOEE AN
BOLNZ, NTMETFIZTAOADRET, KR
BRSEEITERD S Nlaho T, T AF Y FETIE,
3~ 7RITHOR - IEEENED s, IR IR
MO - EERIES s, EAT A RET
W&, 5~ 7HICTHIR - BAEREESED s =nt, 9HA
IR - EREEISED N ho . Fr/vxhb
EU A3 ~ 6 HORERERM 2@ U THRIN - HrEE
DRSO BN,

SIDREE AAXT7hHbRE, A AFYIE, EAT
A REDIEDININTNHIERE T, BRI 2
EIFIEHEEICEZ Tz, IE, TIOEER FHEKR
B, REEEROIMABE, 37 hEMNE L 1.20
~ 1.26mm, 13 ~ 21 A&, SIED 4065, 4 ATV MEMN
1.34 ~ 1.52mm, 22 ~ 32K, GIR D38, b A7 H b
EAT1.39~ 1.49mm, 22 ~ 40K, IR D408 TH o /=

EEIRTT 19884 6 A 8 H IO 50 iz iz s



Table 3 Range of meristic counts made on the same specimens as shown in Table 2

P. brachypterus

Species E. monocirrhus brachypterus H. speculiger  C. poecilopterus C. suttoni C. atrisignis
No. of individuals 5 S 3 5 5 5
Dorsal ray 13 12-13 11-12 12-13 12-13 14-15
Anal ray 12-13 12-13 12 8-9 9-11 9-10
Pectoral ray 15-16 12-13 17 15-17 13-14 13-14
Ventral ray 6 6 6 6 6 6
Predorsal scales 19-22 21-22 31-32 28-31 38-42 33-40
Pored scale on L.L. * 44-47 41-43 52-54 45-47 55-60 58-64
Scales above L.L. * 8 6 6-7 89 8 8-9
Upper limb gill rakers 4-6 7-9 8 5-7 5-7 5-7
Lower limb gill rakers 19-21 18-20 18-20 16-19 17-19 16-19
Total gill rakers 24-25 25-29 26-28 22-25 22-25 22-25
Abdominal vertebrae 25-27 24-25 29 26-28 31-32 28-30
Caudal vertebrae 16-17 15-16 17-18 14 14-16 15-16
Total vertebrae 42-43 40-41 46-47 40-42 45-47 44-45
* L. L.: Lateral Line
Table 3 Continued
¢ c
Species C. agoo agoo  pinnatibarbatus C. antoncichi C. angusticeps ,
japonicus spilonotopterus
No. of individuals 5 1 5 S S
Drsal ray 10-12 13 12-13 12-13 13-14
Anal ray 10-11 11 9-11 8-9 9-10
Pectoral ray 17 15 14-15 14-15 13-15
Ventral ray 6 6 6 6 6
Predorsal scales 34-37 " 43 29-36 25-28 29-32
Pored scale on L.L. * 51-56 62 54-56 46-48 48-54
Scales above L.L. * 7-8 7 8 8-9 8-9
Upper limb gill rakers 6-7 7 4-6 5-7 6-7
Lower limb gill rakers 14-16 To16 16-17 14-16 17-18
Total gill rakers 21-23 23 21-23 21-23 23-24
Abdominal vertebrae 31 34 29-31 26-28 29-30
Caudal vertebrae 15-16 16 16-18 13-15 13-15
Total vertebrae 46-47 50 46-48 40-41 43-44

* L.L.:

Lateral Line



Table 4 Number of blackish spots on the pectoral fins of
C. suttoni collected from the Kitaiwo-jima waters on June
18, 1991

Specimen Standard Left side Right side

number length in mm

1 294.5 7 14

2 276.0 18 22

3 270.5 49 46

4 281.0 153 172

5 277.0 0 1
Range 270.5-294.5 0-153 1-172

(%)
100

SR8

BRI, BEAMAEICZ2EERTRY —2 RS %
RETHENERA SN, 0D B —HOEKIZA
FHIMBEL, &5 —FOEERMNATAHDEERIZIZEAE
KEETLZLORL TOTMEAIINBLZ. 215
DORT7—DEIIHEEL L EIREICLT, IEFEITE
BREETEARICETLEMNSS ~ 10miF & DS
ERIFICEIN D THFERL Tz, FLUTRT —A%Ek
L7=BMZid e BIROMIEINE > T (Fig. 8). F/z,
FNITIE 3 ~ 4RI —HE I A > THBR OB ITE %
ARTHOBLED LN, IO L E— W URERT
PR T D EMISIERICERONELS, FHETHEIZT
KHIZENTERE, COEEREIN-HEI, 7V
cETFH,AFTHRE AT AFYNEDIETH o 7=,

z =

BREEFRELTONEUAEE BERERSOHE
ROFEEIZIOEL, NEEGESHEEO b E AT,

o

[Pl ’mmnml”““

FEB MAR APR

MAY JUN JuL

Fig. 5 Monthly frequency of five flyingfish species collected from the Volcano Islands waters in 1990 and 1991. A, B, C, D,
E and F are for Cypselurus agoo agoo, C. antoncichi, C. suttoni, C. poecilopterus, C. angusticeps and other Exocoetid species,

respectively.
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Fig. 6 Fork length distribution of six flyingfish species, Parexocoetus brachypterus brachypterus, Cypselurus poecilopterus,
C. suttoni, C. agoo agoo, C. antoncichi and C. angusticeps. Size of female is larger than that of male in all species.



Species JAN FEB MAR APR MAY JUN JUL AUG SEP NOV OCT DEC
Oxyporhamphus micropterus micropterus O O
Exocoetus monocirrhus o O O O O
Parexocoetus brachypierus brachypteru o ® OO0
Hirundichthys speculiger O O
Cypselurus poecilopterus [ X J [ X AKX J [ X J OO
C. suttoni o0 [ X J ( X 3K X J ®
C. atrisignis [ X J [ X J o ®
C. agoo agoo e 000 ® [ e o [ X J
C. pinnatibarbatus japonicus O
C. antoncichi [ X X J [ X [ X B X J X O
C. angusticeps o0 oo o O
C. spilonotopterus [ [ X J [ X 2R X J

Fig. 7 Monthly collection of flyingfishes in the Ogasawara Islands waters during 1985 to 2003. Months are devided by ten
days. Hollow circle indicates immature individuals and dark circle for fully matured ones.

Fig. 8 Diagram of possible spawning behavior of
flyingfishes observed from the deck of research vessel. A
pair of fish with half spread pectoral fins swam very slowly
drawing snake-like trace, and floated string-like matter
along it.

BRI EERREEERERO D Thol. £, £
DOHBOFEEERIZBITS FETFEED, Raots -
BEBEBII > TEEDOH -2 &b, FLT
WED M ETABEORESIS REKEZD S, Z
N, A T EBRECIOfThRTWwWa vy O,
NPFEOBRENBETEL TNBEZE, HBHNBINEY
FHEOAMPEAKEIZHD T ERETE DT, KA

BBENMTOLNTLAWIEIZESBDEEZ LR
5, ULIUHEGETMSH|ITFICW=5FE T, WEEESE
BT, hEUAREEORKRNREEETAE, £
WETE0~ I0tIEEDRENED N, Liedio
T, AEHICHBIT2 PETHEERIIAENRELT
DREITMA D BKEIZHDDBOEEZLLND, IO
o, A0 ERE, S%OHS - REFEEBRETE,
HMEOHTHIHEREVALD,

1989, QOMEDN2~TAIZBIT 2 NEEBHHD
FEDFHEEERD SAOISS2tEE®mIZ, 48D
1237t &, ZD2 » A 10tE LA > /-, £ L THO A
DO¥aEEIZ, 6H6.41t,7H4.20t, 3 H 1.241, 2 F 0.03tD
IE& 7857z, —F, HAOHBMIZIRDT314H
ZEemil, EATF2H500.0M, 4 A 4803, 5H373.6H,
68339.5M, 7R1793MDIE & 755 /- (Fig. 4). L7
Mo T, HEHEMED2 ~ 4 BI3EAHAZ EhE
L, BHOETT 55 ALURE, SAEHEEDED, K
HORGFEOREES M IRABHEIFIZANT, Mg OHR
ZRHS OFtERRHT 21T D 0N, REEHK LG
Fl&EEZ SN

NEFREESBHICSITDHIRE NEEASHEE
TS bETFRIL, SEEEE N3 Y b
Eod, NdoxbhrEod, veUrEDF, =)
hrEDF, YV hEDHF, AFTHEE, THE
E, hETF, NI METF, FAFAFYERE, &
ATV HEE, FyNNEMETFTDREDIENMNI, o




&7 2 NE DA E volitans, 71 b X277 A Prognichthys
brevipinnis, 15/ 7 4 & Y H. oxycephalus, # F ~
Danichthys rondeletii, & 7 A Z % & & D. albimaculatus,
<~ MY DS C ospilopterus, 28 - E C. exiliens,
2O7F FETHFC frucatus frucatus D SFEMNELER I 1
T3 (Parin 1960, BH S 1971, &R - BEH 1977, B
1987, EAR 1988, MIES 2006), LihLINHDHH,
R hUNEYAE, AHS (1971) ASEHEL, FERH -
BEH (1977) 2N Z5IH - AL TW2ENE, 5
EOFBEED T/NEFGEEREN S IE<FEIN
TR, B (2000) BARON M Z, FEFE
LA O BRBIRIRE, WET > R - KOS
e L TWD, F7z, 9 (1959) BEHRET, A
M Q0023 T & - BABHH TAREREL THO,
INHMAROEEFLEDNS, S5, ZHS (1971)
i, NEFEEEETIEY N hET A A ATy
FEICRWT2HEBIZZESI NS B L TS, L
L, FROWEEBTEFAFY FEICRWTEEZN
EOEFFTHIETCH 7. TN DRI 5H
WdosE, b REDFEFFTTHIER, &bl
B Em O LICE AN ANBET 50T, &
Ho (197D MREELEbDEEZONS, Lizdio
T, NEFHBEEIIPWTINETIZEHEI N -
EYVAEE, ERO20@EDS 5T MY METF 2K

W 19fEE B/ (Table 5).

BEIE (20000 13, EXTHMEEOFYNETAC
naresii D7 FERE L U THE L HHEEEREDL, 54E
BMERD2HE232TTW5, 3abb, EATHRE
TREENETHEAKE S IZERET, Y13~ 14
BE, INICHLTUFYIEDA TR, BHEENSE
HEELDBDEL, HEILII0~ DREKEELTNS,
PiEE S (2000) 1, NEFRESOMN /) BB TRE
LIZmEATAHREDOREIZIDWTHELZRE, &
AV ANEDHREIHEEIRERIDBELS, HEEX
12~ 14ETH /=D T, EE (2000) DR
HREIIBEHRHTAOVEND D ELE. SHIRESH
EAT A NEEARADORETS, EEIHERXEEX
DR, BRI~ DBRETHLZDOT, NES
(2006) DRMZEZFFT HRNECN,

FAT 7 S ERREE FEO/NEBEHARE LA DERIZ
RELEEDA, 0~ INBEEREREENBD SN
7o Fiz, BEB (1994) ML TWaB I DiT, &
DEEDBHENLDT, FY/NRRETE, EATH
FEREDK DI, MENEAZEY, »DOHAZED
Rl WA EOHHICIZFENLETH S,

e - NEREREEEEICBITANTY NE YT DER
B3, FREEEHOBENS/\LBITMNT TOREE
TH 50 (REBMAKERES 1991), ARIZ/NERD

Table 5 A list of Exocoetid fish species recorded from the Ogasawara [slands waters by six referreces and present study. C.
spilopterus was apparently supposed to be misidentification of C. suttoni

Species Parin Kurata er Zama and Chen Aoki Kato et Present
(1960) al. (1971) Fujita(1977)  (1987) (1988)  al. (2006) study

Oxyporhamphus micropterus micropterus X X
Exocoetus volitans X
E. monocirrhus X X X X X
Parexocoetus brachypterus brachypterus X X
Prognichthys brevipinnis X
Hirundichthys speculiger X X X X X
H. oxycephalus X
Danichthys rondeletii X X
D. albimaculatus X
Cypselurus poecilopterus X X X X X
C. suttoni X X X X
C. arrisignis X X
C. spilopterus (X) (X)
C. exiliens X
C. agoo agoo X X
C. pinnatibarbatus japonicus X X
C. antoncichi X X X X X X X
C. angusticeps X X X
C. frucatus fisunovi X X
C. spilonotopterus X X X
Total no. of species 11 2(3) 5(6) 9 4 8 12




BEFENS REVIBSEIERTD, SEHOKEEZS
O, FNICHREIN TS ERE/NEFEKEL 5 —
1980, HEHE/NEFE/KEYR > — 1985), LINLEE
FIE X O HRELEE TORELFIIIZNDT, KB
AR EHOERE Bz, F/2, FE (1994)
13, NEFEBEEHIIBITAE AT A MESHOILR
EILMEEELTWAEY, SEOFZTIEE 5T
OFEDEERTHRES N (Table 1),

BEMREL RS SEARESNZMETVAED
HWHBIIA A ATV FEDESS% EREIT, TTT
HBE®D20.77%, 7Y REDAD584% , FETFD
2NR%DIEERD, FOMOIEINTNG LI RN
1%L TFTHome LENST, BENREDFKRIT
AAAFYREEAFTTHNED2ETHD, 7V I
Erd, PEIFRENRIIUCRSEZELAONZ,
7o, HEME KB ORMEEREE, RS - BEE
A5 ~ 931, E#93.07 £3.12, KIUFISEEA0
~ 4384, 15797+ 1092 T, HHFTIZRIED2.6FD
BEGENED SN, NEFBEERHICBTL M E
AT, BT - g EE U TIPSR ER
BOBRINDZ D> THU GEREAF/NEES
71936, &M - JLi#1969), SEIOMEERFRS %
BEMT3EDER T,

1990, 91 ED2A NS TADMIZ, KILF| B
BWTHETREI N b E YA ED AR OEEK
HIRROHBEH L&, BHEIT, FPETFAN2~3
A, dFAFY I ENI~TH, FFT7HEEN4~6
A, 7Y hETAN5~T7H, EXTAMENTRE
BRI L - (Fig. 5). F/z, SEHRESIN/Z 12
BOMEYAEOSE, FROBLEEZZUEICS
WT, &4 2~67ARICHEZDHIN - FOREEAEDH
Bz sz (Fig 7). IHICINS D&M, £
ELTNEREESEORENS | ~ 3km DHFNT
BREXN-OT, REE A OENENEFEEE A 517z,
77, F@EEHICBT52~780OEEKEIL 2HD
NRICHBTHAD284CANEAEE>TERLE, L
o T, IO LEESEXRERSORERKEL TE,
FERISC M & BT 2 7= b O EFHARY 72 EE IR D Ly 43 1T,
SMUTFAOHHEEE 20 <2 HSOEM, HD0VEE
AHEOEBEABORIIED BORENER N2
M, HEMIZTERM D2,

M MiEDFREE YU MNEDYF, TV REY
F,AFT7HEE, FETF, A FAFTYRE, EXAT
1 ED6 BOMHIL, Z3E$1.50, 0.81, 4.45, 3.10,
3.20,200TCH D, 7Y hETFDOH, HEBITHEE

ZHREBRENRD SN >/, —H, HMOSHET
OB ENERICM 2 LR o7z, A (1988) 14,
INEEBEMSRESNET VY REYS, FFT IR
Y, 4 AFY PEDIEOBEIIDWTHELTH
D, PYhEIFTOH, HORBRESEOHBRZ I
Blo =48, MO2EBIIHOHRENEE ERI>& L
T, LMo THENE, v~ fEDF, RETH,
EAT7HREOIETHEOHBERNMMOHIREE £
B2 ZEMHBALE, £, SEHFEELR REDO6HE
T, WINbEED bHOEHRIENKE L (Fig.
6), ZAUI/NE - EA (1959), FA (1988), Mk
5 (2006) MELZNT NEDA, FFAFYERE, &
ATVAPETERBLAEZDEFREKRTH> /2.

BORE FEUVAHEOIOBEIIDNWTIE, L
TOLIBHENH -, TG, BHE - B
(1957) 3 & U Tsukahara (1959) A3\ 37 hE T
Parexocoetus mentolZ DWW T, T S (1957) 87 Y
T hEDTFC ostaresi, Y NETHC ohiraii, VD
2 NE D C heterurus doderleini D3FEIZDWNWT, &
F(1959) A3 hEDA, vyU METH, RE
A, NI hETH, SV RETA, VI RED
FBEIUEKRYTA NEH oxycephalus CHETEZI NS B
EUFDTRIZDONT, BE (1971 A3 Y hEY
A, Fodiator acutus pacificus, Parexocoetus brachypterus
littoralis, Cypselurus heterurus D4 IZ DWW T, F K
(1988) MYy U bEDF, FVYREYS, TFTH
bE, IFAFTYPEDIRBIIDODNTERABL TS,
Linl, BARUBR) EFATHIE, TFAFVE
EOIEEBEARIIDNTEREL THEHOo0,
BREBEREINEROIIDWTEE#HEN M- 2,
/o, EAT A FENOBEEICET DEFIER DTS
ZEMTERDDIZDT, INSDIFEITDNTHE
ERE A0

EEBI{TE) Breder and Rosen (1966) 13, -1 > Ri¥
NANVBIZBIT DAY T2 bETTE Exocoetus D
| EOENEEDLNSTEZN 2D FMICEERL T
5, ZRUTENE, EINTENILTOL S KTbih.

RERMOcm O2EED FE T ANEWIZHEIRL
o TRIEK>THED, MWEZHILTEH, HDH0
BEELTYW-o< D EFNTNE, S 1RBIZEET
BO, KolBAEOENZZRTIIICOEDOELZE
BEL Tk EE-> T, £ L TE, TAHCERAEN
5 Wt e Ko T BEEROILFMEIZZT D DI 5L 57k
EEsE Uiz, BEAERICK SRS EELREIVRET
B, MEEEPNEAM L LD RITEHT, ZHIEHN2



DERTHWZ. TOBIORT—IL, BEIE, LM
EIIMETOHOLEBLDICL THEL <HEEZIMNI/~
Mz, L THREZERGOE 2 FERDERILL
oo R7—DEFITIZERD, DRHREHFVZE
Tl2miEEOMROMENERI Nz, DL DR
BOED SN OKENICIE, {80 XD sBimn gl
LTWah, R TEICE> THELE", £ E
AKS (1997) 1, W2 2 METFOENTENE “FEHR
B CEREOFFIIRFEN S HOHAT®RE TIZiIThn
%, WEHEZES DS D XDITHIKLANS, KELA
RS THEN - HETE” &L TW5, SEOE
SREBOLNAHTEHBEMICERIN, RT7 -0 EL
M, BELEETHIKL, BHICRERENEIN
BlaEBlzE, BRI LHEMEDENZ. L, W
WEIT OO LD RITEPREE TN AN ED X
IBITHIBRTE Moz, T, X7 —DHEHIC
BENEEROBFENEHRET LI LEHTERDD
=T, EIROEZRIZIZTVWEskhol,

E M

1) 1915 E LI 2004 E L TONEFEEEBRICBITS
FEDAEERIL, 1938FED 063 EREIC, F
ELTHANIIPBWTHEAICREIN TV, 8
LT O L DR - BIFFIRIITIE U TREMNT
b, 190FICITEERKN L D868tDEEN
HoT,

2) 1985 ~ 2003 F O /NVEFREEBHICB T L5 HED

HE T3 REYA, NIOEREDA, YR
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A5 hEYA, A REDA, Y T7H ME,

FFbE, FFAFFRE, ThThEDA, FY
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FriofEEEZ 5N,
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FEBITVFE20.77% DA F T H RETH >,
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3

~—

4

~
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WMidAFAFY ME, 7Y REDF, EXTHRE
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Appendix table 1 Data on collection of flryingfishes from the Ogasawara Islands waters during 1985 to 2003. Numbers of
collection site corresponds to those of Fig. 1. Figures on each species indicate number of individuals: top, range of fork length

in cm: middle, average fork length in cm: bottom, and symbol + for catch

Date

85.5.21-22

85.6.3

85.6.4

85.6.12-13

85.6.12

85.6.17-18

85.6.20

No. of collection site

STN5

STNé6

STN7

STN3

STN3

STN5

STN4

Water temperature (‘C)

24.5-253

26.0

26.4

22.3-22.6

22.6

25.5-26.7

25.5

Gear useed for collection

Gill net

Gill net

Gill net

Gill net

Dip net

Gill net

Gill net

No. of gill net operated

88

60

60

220

220

60

Oxyporhamphus
micropterus micropterus

(3 rEDA)

Exocoetus monocirrhus

(nIREREDA

Parexocoetus
brachypterus brachypterus

(Y=Y hEDA)

3
12.8-14.2
13.67 £ 0.62

Hirundichthys speculiger
(=/ Y REDF)

Cypselurus poecilopterus

(X REYT)

C. suttoni

(FATHHE)

C. atrisignis

(FHRE)

C. agoo agoo

(FEZX)

C. pinnatibarbatus
Japonicus

(NI FEDT)

C. antoncichi

(7 AFY RE)

397

C. angusticeps

(EAT7AHRE)

C. spilonotopterus

(Frid FESA)

Total no. of catch

290

172

589

1,276

69

No. of individuals caught
per gill net

9.25

4.83

2.87

2.68

5.80




Appendix table 1

Continued

Date

85.8.26

85.9.20

86.4.24-25

86.4.28

86.5.13

86.5.13

86.5.21-22

No. of collection site

STN3

STN1

STN7

STNS

STNS

STNS

STN4

Water temperature ("C)

26.2

28.2

26.0-27.4

26.9

26.8

26.8

25.1-254

Gear for collection

Dip net

Dip net

Gill net

Gill net

Gill net

Gill net

No. of gill net operated

60

80

80

100

Oxyporhamphus
micropterus micropterus

(3 rETA)

Exocoetus monocirrhus

(nJOoErEDA)

Parexocoetus
brachypterus brachypterus

(Y=Y FEDIHE)

Hirundichthys speculiger
(Z/ 2 FEDH)

19.6

2
21.2-22.3
217.5+0.68

Cypselurus poecilopterus

(7¥ hEDH)

11
18.3-19.9
19.15+0.48

3
21.2-21.5
21.35+0.15

3
21.2-21.7
21451049

9
21.7-22.8
21.94 £0.43

21
18.7-22.8
21.02t1.29

C. suttoni

(FAT7HE)

188
27.8-32.1
29.84 + 1.00

383
28.0-33.5
30.14 £ 1.13

472
27.8-31.1
29.41£1.02

222
27.5-32.3
29.68 + 1.22

C. atrisignis

(7HrE)

C. agoo agoo

(FESF)

C. pinnatibarbatus
Jjaponicus

(NI REDH)

C. antoncichi

FFAFYRE)

67
27.0-32.3
2973 t 1.12

3,120
28.0-33.5
30.17£1.22

3,025
27.0-33.3
29.66 £ 1.18

688
27.0-32.8
29.57 + 1.04

C. angusticeps
(EXAF7HRE)

21.7

C. spilonotopterus

(Fv/I"RbEDH)

Total no. of catch

258

3,506

3,507

931

No. of individuals caught
per net

4.30

43.83

43.84

9.31




Appendix table 1

Continued

Date

86.5.21

86.5.27

86.6.16-19

86.9.6

87.3.18

87.3.19

87.3.26

No. of collection site

STN4

STN3

STN3

STN2

STN7

STNS

STN7

Water temperature (C)

254

22.8

23.5-255

28.5

24.1

20.8

245

Gear for collection

Dip net

Gill net

Gill net

Dip net

Gill net

Gill net

Gill net

No. of gill net operated

25

60

40

40

Oxyporhamphus
micropterus micropterus

(3 FEDDH)

Exocoetus monocirrhus

(NnITOEREDA)

Parexocoetus
brachypterus brachypterus
(U= FEDA)

13
11.7-14.3
12.63+0.71

Hirundichthys speculiger
(Z/ 2 REDA)

Cypselurus poecilopterits

(X RETT)

18
18.0-23.0
2149 +1.27

5
20.2-22.0
21.28 £ 0.69

C. suttoni

(FFF7AHERE)

10
28.6-30.5
29.62£0.55

6
29.8-31.9
30.70 £ 0.88

C. atrisignis

(ZHHRE)

C. agoo agoo

(FEDH)

C. pinnatibarbatus
japoniciis

(NT REDA)

C. antoncichi

(FFAFYFE)

74
27.5-33.7
29.90 + 1.41

36
27.3-32.4
29.03 £ 1.28

2
28.0-29.5
2875t 0.75

139
27.8-33.7
3071 £ 1,19

C. angusticeps

(EXTHERE)

4
19.1-21.0
20.1220.74

C. spilonotopterus

(FynRETF)

Total no. of catch

102

42

145

No. of individuals caught
per net

1.68

2.42

0.15




Appendix table 1

Continued

Date

87.3.27

87.4.16

87.4.21-22

87.5.20

87.7.10

88.4.12-13

88.4.21-23

No. of collection site

STNS

STN7

STNS

STN3

STN3

STNS5

STNS

Water temperature ( C)

23.6

26.1

24.6-24.9

252

26.4

219

21.8-22.0

Gear for collection

Gill net

Gill net

Gill net

Gill net

Gill net

Gill net

Gill net

No. of gill net operated

40

20

100

10

80

80

Oxyporhamphus
micropterus micropterus

(H3Y FEDH)

Exocoetus monocirrhus

(nIJaEREDA)

Parexocoetus
brachypterus brachypterus
(W< FEDH)

Hirundichthys speculiger
(Z/ S FEDA)

Cypselurus poecilopterus

(FYrETH)

42
18.8-20.2
19.50 £ 0.70

6
18.6-21.0
20.17 £ 0.90

C. suttoni

(FAFTHLD

726
26.3-31.5
29093 +1.14

170
31.2-34.8
32.73 £ 1.05

C. atrisignis

(ZHHE)

C. agoo agoo

(FE™SDH)

C. pinnatibarbatus
Japonicus

(NI FEDH)

C. antoncichi

(FAAFYRE)

18
29.0-32.0
30.05£0.95

872
28.0-34.0
30.11£ .10

6
27.6-31.5
29.68 £ 1.30

18
27.1-30.5
28.77+1.27

670
28.5-32.5
29.91£0.96

C. angusticeps

(EXATHERE)

C. spilonotopterus

(FrnR bEDA)

Total no. of catch

1,640

24

840

1,051

No. of individuals caught
per net

0.95

1.64

1.20

2.40

10.50

13.14




Appendix table 1

Continued

Date

88.5.13-14

88.6.8-9

88.6.16-17

88.11.29

89.2.25

89.3.10

89.4.12-13

No. of collection site

STNS

STNS

STNS

STN3

STN7

STN7

STNS

Water temperature (°C)

22.5-22.7

24.1-25.9

23.9-253

235

22.8

24.8-25.0

Gear for collection

Gill net

Gill net

Gill net

Dip net

Dip net

Dip net

Gill net

No. of gill net operated

60

160

200

60

Oxyporhamphus
micropterus micropterus

(H3ay rETH)

Exocoetis monocirrhis

(NTOFFETA)

19.2

19.0

Parexocoetus
brachypterus brachypterus

(Y RESH)

Hirundichthys speculiger
(=/ S FESH)

Cypselurus poecilopterus

(¥ REDT)

209
18.8-22.8
21.23 £ 1.01

370
20.0-22.5
21.20£0.83

C. suttoni

(FAT7H +E)

213
27.3-33.6
2993t 1.36

1,267
27.3-32.0
29.72t0.95

24
28.2-33.3
30.74 £ 1.10

C. atrisignis

(FHhrE)

1
273

C. agoo agoo

(FEDH)

2
32.0-33.1
32.55%0.55

2
28.5-28.7
28.60 £ 0.10

7
28.2-31.8
29.66 = 1.23

C. pinnatibarbatus
japonicus

(N REDH)

C. antoncichi

FA ATV RE)

584
27.3-32.5
29.68£1.23

765
27.5-31.5
2927+ 1.01

1,663
27.5-33.2
30.60 £ 1.39

C. angusticeps

(EAT7ARE)

C. spilonotopterus

(Frmf bETE)

Total no. of catch

222

1,006

2,402

w

1,696

No. of individuals caught
per net

3.70

6.29

12.01

28.27




Appendix table 1 Continued
Date 89.4.25-26| 89.5.14-16| 89.5.23-26 89.11.14 89.11.16 89.11.27| 90.2.26-27
No. of collection site STNS STNS STNS STN3 STN3 STNS5 STNS
Water temperature (°C) 23.6-24.1 23.3-23.9 25.1-26.4 24.8 25.1 25.0 22.4-23.0
Gear for collection Gill net Gill net Gill net Dip net Dip net Dip net Gill net
No. of gill net operated 100 180 100 - - 86
Oxyporhamphus
micropterus micropterus
(H3y rEDA)
Exocoetus monocirrhus 3
(NTBEMEDH) 16.1-16.7
16.47 £0.26
Parexocoetus 3 29
brachypterus brachypterus 13.1-14.1 12.5-14.5
(WY FEDE) 13.57+0.41 [13.65+0.46
Hirundichthys speculiger
(/2 bEDD
Cypselurus poecilopterus 5 30 7
(F¥ rEDH) 21.9-23.1 | 20.0-23.5 | 20.2-235
22.53+049 |21.77+0.96 |22.04% 1.02
C. suttoni 183 343 42
(FAFTHHE) 28.0-32.9 | 28.6-32.0 | 28.8-31.8
29.90 £ .13 [30.10+0.92 |30.44+0.98
C. atrisignis 9 18
(7HhHE) 27.0-27.3 25.7-28.5
27.15%0.15 2717+ 1.15
C. agoo agoo 51 2 2 148
(FEDT) 28.0-30.3 28.5-29.2 | 29.8-32.6 27.0-32.8
29.13£0.86 28.85+0.35 |31.20£1.40 29.18+1.33
C. pinnatibarbatus
Japonicus
(NI REDIH)
C. antoncichi 715 635 226
(FFAFYRE) 28.0-31.8 26.5-33.0 28.5-32.8
29.85£0.92 [29.63+1.29 |30.19t 1.15
C. angusticeps
(EXT7HME)
C. spilonotopterus 5 25 6
(FrRxbEDH) 28.2-29.7 28.1-30.8 29.7-31.4
28.95%0.75 129.45% 1.35 |30.55% 1.00
Total no. of catch 917 1,084 299 S 31 3 148
No. of individuals caught 9.17 6.02 2.99 - - — 1.72

per net




Appendix table 1

Continued

per net

Date 90.3.16-17| 90.3.29-30| 90.4.12-13| 90.4.14-15 90.5.22 90.6.23 90.7.12
No. of collection site STNS STNS5 STN7 STNS STN2 STNI STN2
Water temperature (C) 23.4-23.6 21.8-22.4 22.3-22.4 22.4-23.0 253 28.8 274
Gear for collection Gill net Gill net Gill net Gill net Dip net Dip net Dip net
No. of gill net operated 100 100 100 220 - - —
Oxyporhamphus
micropteris microplerus
(F3ay tETA)
Exocoetus monocirrhus 1
(NJaEREDT) 18.7
Parexocoetus
brachypterus brachypterus
(=l rEDA)
Hirundichthys speculiger
(=/ P REDH)
Cypselurus poeci/opterus 6
(FY bETH) 18.4-20.3
19.33 £ 0.60
C. suttoni ) 8 3
(FAT7HHE) 28.8-31.6 -
30.40 £0.89 —
C. atrisignis 2
(FHHE) 27.9-30.3
29.10£1.20
C. agoo agoo 118 112 4 14 3
(FEDH) 28.1-32.5 29.0-31.0 | 28.4--30.3 — 19.7-21.7
3043+ 1.45 |29.80£0.86 |29.13£0.83 — 20.67£0.79
C. pinnatibarbatus
Japonicus
(T FEDH)
C. antoncichi 108 263 212 1,018 14 I
(FFAFY HE) 29.0-33.9 | 28.7-33.9 | 28.5-335 - 27.6-33.2 28.6
31.00 £ 1.37 |30.72£1.32 |30.59% 1.60 — 30.13+1.38 —
C. angusticeps 9
(EATPHERE) 19.5-21.7
20.29 1 0.63
C. spilonotopterus 2
(F ¥R FEYT) -
Total no. of catch 226 375 229 1,035 14 3 16
No. of individuals caught 2.26 3.75 2.29 4.70 — - -




Appendix table 1 Continued
Date 90.7.19 90.11.21 91.3.7-8 91.3.9 91.3.27; 91.5.13-14 91.5.24
No. of collection site STNS STN3 STN7 STNS STN7 STNS STN6
Water temperature (C) 28.4 24.6 23.9-24.5 21.2 24.7 24.0-25.4 25.1
Gear for collection Dip net Dip net Gill net Gill net Gill net Gill net Gill net
No. of gill net operated - - 175 22 40 286 44
Oxyporhamphus
micropterus micropterus
(F3y bEDA)
Exocoetus monocirrhus
(NIBEREDA)
Parexocoetus 62
brachypterus brachypierus 10.9-14.5
(YR rEDT) 13.46 + 0.54
Hirundichthys speculiger
(Z/ Y REDH)
Cypselurus poecilopterus 8 749 7
(FxX hEDA) 18.9-21.2 19.9-23.2 -
19.58 £+ 0.71 21.6810.95 -
C. suttoni ) [ 765 26
(FFTFhHhE) 29.0 - -
C. atrisignis 50 4
(AR 272328 | 27.0-287
30.07+1.51 |28.030.58
C. agoo agoo 6 60
(FEDZ) 272-304 | 27.8-32.6 +
28.52+1.13 {2938+ 1.17
C. pinnatibarbatus
Jjaponicus .
(NI hEDH)
C. antoncichi 5 486 + 2,367 63
FAAFVEE) 28.1-32.6 28.7-33.3 27.0-33.0 -
29.9411.49 30.58£0.93 30.09 + 1.99 —
C. angusticeps 1 207 5
(EXT7hHRE) 21.3 20.0-23.1 -
— 21.64 £ 0.99 —
C. spilonotopterus
(Fx 3% FESH)
Total no. of catch 15 68 546 0 110 4,138 105
No. of individuals caught - - 3.12 0 2.75 14.47 2.39
per net




Appendix table 1

Continued

Date

91.5.25

91.6.18-19

91.6.20

2003.1.29

No. of collection site

STNS

STNS

STN2

STN3

Water temperature ('C)

26.3

28.1-29.6

283

Gear for collection

Gill net

Gill net

Gill net

Dip net

No. of gill net operated

22

132

6

Oxyporhamphus
micropterus micropterus

(39 rEDA)

Exocoetus monocirrhus
(ndREREDA)

Parexocoetus
brachypterus brachypterus
(U= REDH)

Hirundichthys speculiger
(Z/ Y REDF)

Cypselurus poecilopterus

(F¥YREDH)

C. suttoni

(AFT7HEHE)

C. atrisignis

(FHRE)

2
27.0-28.7
28.03+0.58

C. agoo agoo

(FEDH)

C. pinnatibarbatus
Japonicus

(NI REDA)

338

C. antoncichi

A2 FY RE)

24

C. angusticeps

(EA7HRE)

C. spilonotopterus

(Fr3x bESH)

Total no. of catch

40

520

29

No. of individuals caught
per net

1.82

3.94

439




Appendix table 2 Annual catch of flyingfishes from the
Ogasawara Islands waters during 1915 to 2004. Through 27
years from 1942 to 1967, industrial fisheries was interrupted
by the battle of World War II and occupation of the Islands
by the United States troops

Year Catch (kg) Year Catch (kg)
1915 2,693 1972 58,380
1916 1,125 1973 0
1917 2,621 1974 0
1918 0 1975 0
1919 0 1976 528
1920, 0 1977 2,198
1921 5,479 1978 1,277
1922 14,809 1979 1,412
1923 11,843 1980 167
1924 7,065 1981 250
1925 8,261 1982 107
1926 11,989 1983 0
1927 22,815 1984 26
1928 25,875 1985 586
1929 21,825 1986 20,002
1930 42,900 1987 654
1931 38,254 1988 12,986
1932 62,888 1989 43,398
1933 45,000 1990 86,786
1934 37,853 1991 44,161
1935 39,940 1992 6,152
1936 25,358 1993 36,472
1937 29,543 1994 26,019
1938 106,298 1995 19,639
1939 98,694 1996 26,124
1940 31,688 1997 20,721
1941 27,491 1998 3,257
1999 4,868
2000 16,051
1968 0 2001 1,047
1969 54,633 2002 0
1970 42,624 2003 908
1971 8,847 2004 887




