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morphological changes in larvae and juveniles of two land-locked gobies, Rhino-
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Abstract Members of the genus Rhinogobius are widely distributed in Far East
Asia, at least 11 species having been recognized in Japan. Of the six species
recorded from Okinawa Island, two are land-locked (“aobara-yoshinobori” R. sp.
BB and “kibara-yoshinobori” R. sp. YB) and the remainder amphidromous. Em-
bryonic development and morphological changes in the two land-locked species
are described from artifically-reared eggs, larvae and juveniles. Survival and
growth of the two species were compared under different salinities (0—35%o) dur-
ing a 21-day period following hatching. Although egg diameters of both species
were almost the same (“aobara-yoshinobori”; 4.3+0.1 mm, “kibara-yoshinobori”;
4.3%+0.2 mm), newly-hatched larval morphology, and larval and juvenile salinity
tolerance clearly differed. Newly-hatched larvae of “aobara-yoshinobori” had a
flexed notochord and caudal fin rays already developed. The yolk was completely
consumed 3 days after hatching. By comparison, “kibara-yoshinobori” hatched at
an ealier developmental stage, having a straight notochord. The yolk disappeared 7
days after hatching. Larvae and juveniles of “aobara-yoshinobori” were less toler-
ant in high salinity than those of “kibara-yoshinobori”. The results suggested that
the two land-locked gobies have become adapted to a wholly fluvial life cycle,
through somewhat different strategies.

* Corresponding author: Katsunori Tachihara, Laboratory of Fisheries Biology &
Coral Reef Studies, Fuculty of Science, University of the Ryukyus, Senbaru I,
Nishihara-cho, Nakagami-gun, Okinawa 903-0213, Japan (e-mail: ktachiha@

sci.u-ryukyu.ac.jp)

I EHARFBIZE 2 b 11EDI Y /R

VEVHERINTYS (AR, 1968; HH,
1981; #JIl, 1989; Masuda et al., 1989; 7KEF,
1987, 1989; £, 1989, 1992; &#§, 1997). =
NoDH %, #7732 /K Rhinogobius flumineus,
7 F/3F 3 /K1) Rhinogobius sp. BB B L U F /¥
7 33/ 7R) Rhinogobius sp. YB LI E3AT )14 g )

BEROEFERE b H, —EHIMEREE L XL Tl
BEHRICH 225 I LRI TW S (KE,
1989). ZOMAFEIIEAWICTENTH S (k
BF, 1961; E#b - Kk, 1987). — K, A#73IL
AT EHBEOEFERZ 23V /K BEA
HE LT, KEF (196]) 2L o TRodk S, K&
Mo a > 7 RK)EI YD REVIIZ D B, Mg



30 TUSEARR - IR—F

B COREMEEO AL HF, 7 OW S L5500
(2 X 2 BB A S b MEa] i R R0 1518 e R
DAY/ RIEEBHEBEIZX ] S5 (Shimizu et al.,
1993). F72, 7ANFIT/R)EFNFTIL )
RV, #7327 FR) LmARERS > /R
DHEHERESOPEECDOIDOEL L THE
(1968) BL UHIL (1975) IZ& > THE SN 2
YOI AV NUNE G FhiR by (R DIIY =g
DEFEBEELILVHREINTBY (BB,
1968), BI& IMMHEE, HEFIIWMERYIEOEARE
(#ERE, 1985) T, #NENEL ML) 551
L2 &S AE % - T b (Katoh and Nishida,
1994; FEH, 1994).

WG BICEBRT AT F VLI VEET
DI A XI/NGR, HEE, KIIDSERD LN, Fh
ZNDREAATE L R RMELR, TR E R
ZENELLHLORTWS (GEEH, 1979,
1996). L2L, I /K hIIRI2fE Iz oWTHE
HEOFMEHERLWE & Loz d i
V. KRBT TR, WRBEOTANTI TR
EXNTIAT R EFEE L, INNRE EFHEA
DFRFIAE) EEL, BLURLLIESENGT
TOEERRLHEDZVEHSLAIZL, WO
SR AT A 2B E L.

MR E B E

MBaEFE KWL THEMALZIY/F)ED
M EFLDOERTIE, VTR KEF (1989) I2HE-
7-.

SARELE 19964E5H27 HICiHBEL#ETH O
BN (FADDD) TRELLTANTI L /KR
VO %E, b—%—tH—FRF v FERFNTK
R22.0+1.0°CIZERE L7230/ HERYY /=K A4
MAKHE TR LS. F/2, 19974E4 A2 H I
MEZLETORABINI (F7:2%) TREL
FoN73a v /R (HE2MEMK, KRE28.3, 32.9
mm ; M6 EIK, 30.7-40.5mm) % 60X30X30cm
HIAKETHEHEL, TNHH19974F4H 15HIC
BE A TZIR % JKiR 20.0+0°C 1Z3%E L 72 30l R )
H—ARAA MKETHRbS /. WL bI%EE
HEMET CHEL, IWNEEORBLEHFL
7-.

FHEROTERZ Hfbik, 741732 /K
JIZE#E30ET, FATITKRYIIARK4STT
t— 45—t —F2% v bEHOTKEFTELL
100/FRY) A=K A4 NAECTEHE L. AF
KiBIXT A3 33 7K TlE24.8+0.7°C, FN

F3Y /K TIE24.1+11°CICRRE L. THN
733/ K)ITHEE30, ¥5733 7 FK)IZAE
45 LLRE, 60X30X30cm D T AKMEIIHEL, H
RAKIBRTEHE L., PERICETLVTIT
Artemia salina & T B D &7 5 ¥} (Tetra Fin, Tetra
ft) #5270 FHERIEIENLEN, B SHERT
FTIXER, HE9-21131HE, H#E30LEIR
JOHEIZS F2310% iRV~ ) Y TERZEL,
TR iork, EREMBETHVW A v F L7
FEICEEEDeR, BEED L VITEEAR,
LMmiR, HiEmR, EE, BE LEER W
R, AEBLURHS ©~ EAEMEET CEHll L.
INHDERIT, MERRFHEHFELOBZEHFESR
(URM — P40284 — 40301) & L TIRE shr-.
BEROBRE WEIE)BRROBEREL
H% 7%, Dingerkus and Uhler (1977) IZfE\Vy, 7
JH) Ly FSETLV—T 7 7L —8GN % H
WTTEEEBZHEL, EFRBEMET THELL.
B DOLIMIIER (1990) (2fE- 7-.
EWEHFEM FHAORE L AFKRICRIZTIE
DOEBEERDLIZD, 0-35% % 5% FEIZ 8 B I
X4+ L, &500mlE—#— 2 bFmz 10@aEs
DINAE L7z, EEAKIRIE, MiEE D 20.0+0°CIC
REL, HE21 FTHFL.

& ES

TANZ IV /R REEEFE4303 (FH+£
EHERZE) mm, E&E1.5+50.1 mm (n=30) DHFEEER!
T, &ALV ADOTEINE L T, KiE
DEIERITHENOBRL PR FHEILADLN
AN % RE L T 7o, BFALCIRE L7 EEIN 11
Bl H2BITiE, BEERMORLR L 2008H E
AAEFhTwr, 26l L BILER O & FBIRE
BOIETH Y, I IEROHEIREL T
Wiz INSSE R BEE LR (78 %) X, 1996
F£SH27 B 4830 ORE s (ML 194 KEfE 30
SHI) T, TCICHMIZERIGELTEY, $H
DFERATZED S N7 (Fig. 1A). D 1 30 544,
SPIZRIMEEA 23 L7 (Fig. 1B). SEERI 15901, &
JE#IHAIZE L (Fig. 1C), 9EFRI 33311213 aA’
JREh o 34l L2 B, BIEEMICE o7 (Fig
ID). 11EERI300#121E, EOORRADIIIZRT
L (Fig. 1E), I15EFRI#ZICIEEATH IR L7 (Fig
1F). 19E:#IIEIRAEAT (Fig. 1G), 23FFf %I
BERE R2EHPTER S L7 (Fig. 1H). 278
BV AR s, s b LEgH 7 (Fig.
11). 4285f %, IROBIIGEE o7, BEIIME



PERELIS Y /R DI FHER 31

EFFT
uu-n\*lniii'é’!i"

e e WS R
— kel !siqi‘\s\
T )

G

Fig. 1. Embryonic development of “aobara-yoshinobori”” Rhinogobius sp. BB. A) Morula stage, be-
ginning of the observation; B) Blastura stage, 1 h 30 min. after observation; C) Early gastrula stage, 5
h 15 min; D) Late gastrula stage, 9h 33 min; E) 11h 30min; F) Appearance of embryo, 15h 19 min;
G) Appearance of optic vesicle, 18 h 49 min; H) Appearance of auditory vesicle and 12 myomeres, 23
h 20 min; I) Formation of the lens and development of braine, 27 h; J) Beginning of the eye pigmenta-
tion and appearance of melanophores, 41 h 57 min; K) Appearance of heart and pelvic fin, 70h 7 min;
L) Eye fully pigmented, mouth opened and formation of gas bladder, 117 h 55 min; M) Flexion of no-
tochord, 174 h 31 min. 20 hours before hatching.
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B, WmEKAREE LEGO T (Fig. 1). 70 f%, B, EARRINS. WBcLBeaElRL A



USRS - TR—F]

Fig. 2.
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Morphological changes of reared larvae of “aobara-yoshinobori” Rhinogobius sp. BB with

its growth. A) Newly hatched larva, 5.8 mm in standard length (SL), URM—P40284; B) 3 days after
hatching, 6.2 mm SL, URM-P40285; C) 4 days, 7.3 mm SL, URM—P40286; D) 7 days, 7.6 mm SL,

URM—P40287; E) 13 days, 10.1 mm SL, URM—P40288.
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Fig. 3. Morphological changes of reared juveniles of “aobara-yoshinobori” Rhinogobius sp. BB
with its growth. A) 15 days after hatching, 11.2 mm in standard length (SL), URM—P40289; B) 17
days, 12.4mm SL, URM—P40290; C) 21 days, 13.4mm SL, URM — P40291; D) 30 days, 13.2 mm
SL, URM—P40292; E) 60 days, 18.1 mm SL, URM—P40293.
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Fig. 4. Development of caudal skeleton and accessory cartilage in “aobara-yoshinobori” Rhinogob-
ius sp. BB. A) 5.8 mm in standard length (SL); B) 8.0mm SL; C) 9.5mm SL; D) 10.9mm SL; E)
17.8mm SL; EP—epural; HY—hypural; PH—parhypural; CINPU—inter-neural spine cartilage of
preural centrum; CPEP—post-epural cartilage; CIHPU—inter-haemal spine cartilage of preural cen-
trum. Stiple areas show cartilage. Scales indicate 0.3 mm.
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Fig. 5. Survivorship (A) and growth (B) of larvae and juveniles of “aobara-yoshinobori” Rhinogob-

ius sp. BB under different salinity conditions during 21 days after hatching. Vertical bars show range
of standard length. l—0%o; @—5%0; A—10%0; ®—15%0; (1—20%0; A—25%0; O—30%0; @—35%o.
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Fig. 6. Embryonic development of “kibara-yoshinobori” Rhinogobius sp. YB. A) Appearance of
embryo, beginning of observation; B) Appearance of optic vesicle, 6 h 30 min. after observation; C)
Appearance of myomeres, 11 h 30 min; D) Appearance of auditory vesicle, 21 h; E) 21 myomeres, 27
h 30min; F) Appearance of melanophores, 46 h; G) Appearance of heart and biginning of eye pig-
mentation, 54 h; H) Eye fully pigmented, 103 h 30 min; I) Formation of gas bladder, 150 h 30 min. 10
hours before hatching.
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7 (Fig. 9B). A& 6. 7mm CTLREEH»#%E THNI
7. TREI+2E3+41F, WEILLIED TV
(Fig. 9C). KR 7.3 mm THEADTEFILAHET L,
ETRBEDEILFEE-7-. 72, TRESE
CINPU3+CPEP1, CPHPU3 23 /- (Fig. 9D). 4k
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18.2mm TREERT S 2 HEARIME MO 2R L
T CIHPU3 & #2 L 72 (Fig. 9F).

FIESEGTIZBITBENT I L ) F)FH#A
DEFRFEIL, 0% X A570%, 5%0 X HT90%, 10%o X

25 40%, 15%0 X %% 70%, 20%0 [X 25 40%, 25%o [X A%
80%, 30 B & U"35%0 X AT & b 1220% T - 72 (Fig.
10A). B L% 21 HOFHEERIZ, 0% X A°8.8
mm, 5%o X A¥9.6 mm, 10%0[X A%9.3 mm, 15%0 [X A%
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Fig. 7. Morphological changes of reared larvae oh “kibara-yoshinobori” Rhinogobius sp. YB with
its growth. A) Just hatched larva, 5.3 mm in notochord length (NL), URM—P40294; B) 5 days, 5.9
mm NL, URM—P40295; C) 7days, 6.1 mm NL, URM—P40296; D) 11 days, 5.8 mm in standard

length (SL), URM—P40297
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Fig. 8. Morphological changes of reared larvae and juveniles of “kibara-yoshinobori” Rhinogobius
sp. YB with its growth. A) 15 days, 6.6 mm in standard length, URM—P40298; B) 21 days, 7.3 mm
SL, URM—P40299; C) 30days, 13.2mm SL, URM—P40300; D) 60 days, 19.7mm SL, URM—
P40301.
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PEREIS Y /R DI EFHER 39

Fig. 9. Development of caudal skeleton and accessory cartilage in “kibara-yoshinobori” Rhinogob-
uis sp. YB. A) 5.3 mm in notochord length (NL); B) 5.8 mm NL; C) 6.7 mm NL; D) 7.3 mm in stan-
dard length (SL); E) 83mm SL; F) 18.2mm SL; EP—epural; HY—hypural; PH—parhypural;
CINPU—inter-neural spine cartilage of preural centrum; CPEP—post-epural cartilage; CIHPU—
inter-haemal spine cartilage of preural centrum. Stiple areas show cartilage. Scales indicate 0.3 mm.
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