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Abstract

Rhinogobius gigasis an endemic species of amphidromous goby commonly found in mid- and lower
reaches of riversin the eastern Taiwan. It is one of the dominant species in the fish larval assemblages
of therivers. To investigate the effects of salinity changes on the larvae during their upstream migration,
its postflexion larvae were collected from the Hualien River estuary. They were acclimated at 30 ppt,
and then, treated with 4 different regimes of salinity changes: 1) 15 ppt for 10 days and then 2 ppt for
15 days; 2) 15 ppt for 10 days and then back to 30 ppt for 15 days; 3) 15 ppt for 25 days; and 4) 30 ppt
for 25 days. The daily growth, daily mortality and thyroid gland development of the larvae were measured.
The larvae that received Treatment 1 (salinity changes to 15 ppt and 2 ppt) had significantly higher
growth rate, and higher number but smaller size of the thyroid follicles than those received the other
three treatments. There was no significant difference in the daily mortality rate among the 4 treatments.
Theresultsindicated that R. gigas larvae that encounter natural changesin salinity from nearly seawater
to freshwater in their upstream migration in river have a faster growth rate with increase in number but
decrease in size of thyroid follicles. For those remain in high salinity coastal and estuarine waters, the

growth rate retards and the thyroid glands enlarge, the cost of the larvae to stay in the high salinity zones.
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Fig. 1. The collection site (star) of Rhinogobius gigas larvae at the estuary of the Hualien River, Taiwan.
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Table 1. Four salinity change treatments for Rhinogobius gigas larvae used in this study

Acclimation 1 salinity treatment 2nd sdlinity treatment
Treatments -
sainity (1-10 days)* (11-25 days )*
1 30 ppt 15 ppt 2 ppt
2 30 ppt 15 ppt 15 ppt
3 30 ppt 15 ppt 30 ppt
4 30 ppt 30 ppt 30 ppt

1 Number of experimental days after the beginning of the experiments.
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Fig. 2. Photomicrographs of the thyroid gland tissues of Rhinogobius gigas larvae. A, thyroid follicles
(400X) (black arrow): aa, afferent artery; g, gill; B, thyroid tissue section: thyroid cell height (1000X)
measured from epithelial cell base to apex (the red two-way arrow) of the largest follicle (black arrow);
C, thyroid follicle size (1000X) calculated from the long axis (red two-way arrow) and short axis (yellow
two-way arrow) of the largest follicle (black arrow).
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Fig. 3. Daily average growth rates of Rhinogobius gigas larvae in 4 salinity change treatments during
the experimental periods of 1-10 and 11-25 days (vertical lines, standard errors; sample sizes in the
parentheses; a, b, and ¢, same letters not significantly different among the treatments by multiple range

tests of the least significant difference).
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Table 2. Analysis of variance for the effects of salinity change treatments and experimental time blocks

on the daily average growth rate and daily mortality rate of Rhinogobius gigas larvae during the

experimental periods of 1-10 days and 11-25 days

Source of Sum of

Mean

Dayst df F
&y variation squares sguare P
Daily average growth rate
1-10 Salinity 138.8 3 46.3 481 0.003
Block 74.7 2 37.3 3.88 0.023
Error 1531.6 159 9.6
11-25 Salinity 127.7 3 42.6 10.99 <0.001
Block 16.2 2 8.1 2.09 0.136
Error 178.2 46 39
Daily average mortality rate
1-10 Salinity 0.325 3 0.108 0.763 0.555
Block 0.73 2 0.036 0.256 0.782
Error 0.854 6 0.142
11-25 Salinity 0.818 3 0.273 1.678 0.270
Block 0.309 2 0.155 0.952 0.437
Error 0.975 6 0.162

2 Number of experimental days after the beginning of the experiments.
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Fig. 4. Daily average mortality rates of Rhinogobius gigas larvae in the 4 salinity treatments during the

experimental periods of 1-10 and 11-25 days (vertical lines, standard errors sample sizesin the parentheses).
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Table 3. Analysis of variance for the effects of salinity change treatments and experimental time blocks
on numbers, heights, and sizes of the thyroid follicles of Rhinogobius gigas larvae for 10 days and 25
days after the beginning of the experiments

Thyroid Source of Sum of Mean

Days df F
follicles & variation sguares square P
Number
10 Salinity 1.6 3 0.5 0.12 0.946
Block 55.5 2 277 6.49 0.002
Error 3975 93 4.3
25 Salinity 39.1 3 13.0 3.91 0.019
Block 19.1 2 9.5 2.86 0.075
Error 90.1 27 33
Height
10 Salinity 153.9 3 51.3 9.91 <0.001
Block 24.2 2 12.1 2.34 0.102
Error 481.1 93 52
25 Salinity 75.5 3 25.2 10.83 <0.001
Block 41 2 21 0.89 0.422
Error 62.8 27 2.3
Size
10 Salinity 356.3 3 118.8 6.09 0.001
Block 51.0 2 25.5 131 0.276
Error 1814.5 93 19.5
25 Salinity 3229 3 107.6 5.28 0.005
Block 11.2 2 5.6 0.28 0.762

Error 550.7 27 20.4




11

S Y% B EFZE(TW J. of Biodivers.) 13(1): 1-16, 2011

“(@2usJa)Ip 1Wed141ubis 1sea| ay) Jo S1se) abuel a|dnninw Aq sjusweal] ay) Buowe

WaJsIp Ajues}iubis 10U siena | awes ‘0 pue g ‘e ‘sasayiuated ayl u1sazis a|dwes ‘sio.Je plepuels ‘saul| [edllaA ‘uaw 1ladxa ay) Jo (0 amwep) arkep
Buluuibag ay1 uo Jerewe.red ploJAY1 JO UeaW ‘Bul| pa110p [RIUOZ1J0Y) Sluaw liadxa ay Jo Buluuibaqg ayi Je1fe sAep Gz pue sAep QT 0] SluawIeal]
abueyo Avuifes ¢ ay) ui seAte|sebif sniqoboulyy Jo (D) azis o104 ploiAyl pue ‘(g) Wby |82 ploiAyl ‘() Jequnu ajoljjo) plotAyiay L g ‘614
o (AT & 2 38 L e BB [/ 300) T L o IO ) Y e 0

WM EEIBY 0 g e By HE MR « el Y SR « B Erd 2 (X 0 8) &1 9108 B DI S Y th 2228 Y B - (O)
MY B Y b 7Y (9) B BRI i ~ (W) BEEINEIYE b 2 gz BEY OT SEMBEHEG R | e B0 @AW B B v D A Y s [

1
= N
a
A e 2 m = /
as
s 2 28
& w0 0
v o o™
) a |
o
w0 i i
Ts i i
=) >
g 3 ! 8 3 & g
° o : il o ! o
o a - - -
T 8 ; £ g " g
s 1 ] = [
: 2 _ £ g ! 1 8
g %5 i = E ! =
\ o 1
~ 3 2 g | g
c c 3 >
w
...m ...m w w
- -
& & =
wnnwn a3 ag
TEmm o -
LR - =4 =4
S8&2 L
b b b - [}
Lgep 1
335t I
wWwow ® oo !
- M |
OoEQ :
1
L L L 1 1 L 1 1 L
) ) o = © o o n o - © © o g =] S ) )
(*pu1) Jaquinu a21j10§ p1oIAyL (wir) JyBiay 192 pioiAyL (wil) az1s apd11104 proiAy L



12

(=) FHTR P B = 2 (TCH)

S SR MRS R AT > BB 10 K RW)
fig ey iz TCH (e[l R R PRAHTE - &
R 7 5 (p<0.001) (3% 3) - Horh » B 30 ppt
25 K4H .2 TCH (12.09+0.49 um, n=23) » P & 5>
FoAth 3 {18 A pE FAH o TEE S 15 ppt 25 KAH
(9.27+0.65 um, n=26) ~ E# & [ 15 pptiE £ 2 ppt
0(9.22+0.41 um, n=21) i k@ ¥ /iy 15 ppt [a] % 30
ppt £H(8.96+0.23 um, n=29)%% 3 fHFH] » A
7= 5 (& 5B) o {EASEE 10 K & 1 i s b iR
% » TCH B[ 1 15 ppt # £3 2 ppt #H ke 8 A7
HH 15 ppt [a] £ 30 ppt #H H & 47 fll K B Eh s
1B B FR B /&) o2 o BT ks B K > T LB 2
1l i 1 < S LA I R (8] SB) = #8885 By A
fili RN fEE B 25 K2 TCH 1A
SRR BRAHI A B 75 5 (p<0.001) (£ 3) - H
rf1 » TCH £ ¥ 30 ppt 25 K #H (11.49+0.63 um,
n=8) Eil ki ¥ 1 15 ppt [a] %] 30 ppt fH (11.20+0.58
wm, n=8)f#] » MEEHZE 72528 » {HE 2 ([ Bl & iR B
AHFEE 5 O Y 15 pptif £ 2 pptifH (7.68+0.38
um, n=8)Bil k& ¥ 15 ppt 25 K#H(9.18+0.49 um,
n=9) » [f{% 2 AH ) M &A% 72 72 (8] 5B) © Ih4t »
P B — B R PR N 2 IRE s L KB - TCH
TEE SRR (56 0 R) 22 25 RS » (FEIEH
15 ppt {5 2 ppt #HHE S Tt i R E] R 2
A5k 5 By 15 ppt [a] £ 30 ppt #H H HIH &
W THERSR » JCHAR IRAREE N o 7EEERT 15
ppt 25 K ELEE & 30 ppt 25 K% 2 i
TCH Z8LIEMHML » EEATT MR T .2
BER > HERERE 30 ppt 25 KAHE R .2 THIEH
= (& 5B) °
(=) HIIRBRIEE K/ N(TFS)

SR TR R BT - S 10 KKW)
iR fa T f 2 TRSTE AR BE L BR BRAH T » A8
& 72 52(p=0.001) (3% 3) - Hrfr » EEJT 30 ppt 25
F4H.2 TFS (31.72+1.01 um, n=23) » FAZ &4
F A 3 i T pE PR AH o R AL 15 ppt#E A 2
ppt £H(27.85+0.93 um, n=21) ~ ki fiF 7 15 ppt [0]

B SRR S T L2 R

FI| 30 ppt #H (27.54+0.88 um, n=29) J; ki f& 15 ppt
25 K 4H(26.62+0.73 um, n=26)% 34HF » B H
R 72 5L (1] 5C) - 7E4% 58 10 X 2 B 8L
% » TFSTEEEREH 15 ppt #8552 ppt £H f i
J& 1 15 ppt [=] ] 30 pptAH A 55 il K] Bl s
oI R KT 2 B B T ks ) e M3 K o i LB
2 {188 P55 4 o 8 LS B SR (A 5C) o #8585 By
M SRR » (EEBRES 25 K2 TFS {E AN
J R BAH ] > A R3S 72 52 (p=0.005)  H 1 » iz
2 TESH! B (£ 5 2 30 ppt 25 K 4(33.06+1.70
pm, n=8) » H ELEET i 15 ppt [5]F] 30 ppt #H
(29.99+1.60 um, n=8) » HEHHZ = M » B (K 2
TFSH R {E S i 15 ppt i £ 2 ppt 4 (24.3621.57
um, n=8) » H BT 15 ppt 25 K 4 (28.14+1.28
pm, n=9) » MR 72 5 (& 5C) - thot > HEH—
B T i PR N 2 IR T L SRR » TRSTEE BRI
72l & 30 ppt 25 K AH A A W7 AR SR
JCHERE 1-10 K2 MBARE « fHE > ek
Ji£ 15 ppt 25 K40 1 TFS. 2 88 (L RHARE - SR »
R 1 15 ppt #8555 2 ppt #H Bl A7 iy 15 ppt
(] £ 30 ppt#HH » TRSAESS 1-10 K 28 {L/FAS
HASE » (H1EZE 11-25 R A HIA T REEL |2
B (& 5C) -

# %

— ~ B SMU ST R B C 28

WA ES T KB P A A 0 s o R AR
12 5 B Vi e A 2k KT Tz 2 » LA
il 15 R L ST BRSHEER B I 2 — o BT
RE 5 ZEMEfin ORI AETE RIS (E 8RBT HA R Y
77 f2 (DeSilvaand Perera1984) - fili 2 ARl A
FERE 47 B 2 R 71 1 B 55 IR 3 Hh o2 12 34 W)
fifi - LA (euryhaline) 2 7 (8 H 4 HERTIA
<Z—(Ryan1991) o [Rpk f 4t » e < e
R U T E BRI 2 P (lidaet
al. 2010) -

TEASTIE T FRASEERE 4 RH AN (]l B 155 3 L i

—



S Y% B EFZE(TW J. of Biodivers.) 13(1): 1-16, 2011 13

HLZ#E R  HARYRRARTE 1-10 KEE
% 30 ppt Z s ARV EE R BRAH v - BEE (R oAt
3 {11l i P L (1l 552 755 15 ppt) ([ 3) o 3%
SRR > KWyl pe i F f O ILIRE R A ZE 6 AT
I > 2 DRI 7 v Wl 5 2 Y 3
H R G BR IR - (E/85H 10 R2ZH
TR SRR PR o B 15 pptid £ 2 ppt
.z BRI R2s » @34 R EE 30 ppt 25
RAH ~ B 15 ppt [ 30 ppt #H ~ BT 15
PPt 25 JCHH S 3 {[A kil B BEAH o (R IRP i ph 15
ppt [A] 2] 30 ppt #H.2 H PR 258 A IHEE T
W 2 B R (I 3) o 13 LLAE B > KR fff
FUR IR B K ~ ol 3 SR R A
SR [l B R A R 2 IREE > R
FUBLRRE » A (IR P ME ) E v S A 9T 133
FLH e b 0 A(ECEE 2 3k k) )1 i » o
REHE (£ 2 £ - Iwata and Honma (1986)
B B f 2 et SR s NEFIEE AR
KW Z e - HEREBIERE R ~ M E
BRK) » R HE B PR R
AR mEER/D)  B52 0
30 ppt 25 K #H B Bl & 15 ppt [ £ 30 ppt #H HH
AR ARG » S50 o i VR PR R
KM R A ER FRRAF A ZRERE
FEES M > 7 S R B 2 Bl 5 p 15 pptig £
2 ppt fHAH o {7 S B R e E iR
FF ERE L ERE SR > HRRARA A -

HZ AR TEARFEHE 1-10 KB
11-25 K.z 4 {EAN [F] B B i AL T 5 SR
FEE(FK 2, [8] 4) > JEVTRER P KMIFR a5
JEEHEVE (R > AT DU E — i R R B R s L
Bt AL S0 T AR 1 45 Wl 5 s L B PEAH R - ERHE
FEB o JRIM » MEPE AR ZBME | > TR By
30 ppt 18 & 30 ppt 25 KA H— B2 = R H At
W PS5 B PRAH Y > TR0 bR B B AS R INF A 15
ppt 55 2 ppt #.2 56 142 S AK A (18] 4) > Ji
i B 2 R AR B R FE R R 27
I o TR R BRI A R A B A R -

lidaet al. (2010)7E F 4 FRSH ke Bk f F 52 +F §i
> 2 R T KB T 2 1SR A K
(33 ppOZRLG » 7 14 hr (5 754 (HAE 2 L 1
BB I A 7R AT A AE R4 st e >
TP RORSEY - (R O M 7 (BT
VAT 1 et 2 e fe o {130 7 5 Bl 2 g
17 -

s Lk Z IR REET: - AR L
I 2 RWIEIR (T £ 7E RO 2 TR h 2
RRIRS LR B 1Y » 25 4 S
H1 > A1 RAC & 3L (4 55 7 (ontogenesis) 7 fiE
PEIBEIRE > UBOL R AL T £
TR FEIE S o WIHE I {7 £ 7 W30 1
B > B HE I 2 B R LT B g
S A 2 £ B IS A BN 2 3
S T T 5 0 S 1 P 8808 R 9 2 — 390 135k
— KT JIT) » (A R AR i e
IS0 AT 0 P k8 2 AR BT LAY 25 Ak
KT 115 57 I A 90 0 0 R0 1 = It 35 5o
Shen and Tzeng (2008) 2 Wi fii i » [ 4725
BRI (7 £y 7E PR (14 pPORYIT (1588 65
PR A BRI © AT > TR AR fL 7B
[ B AR B > o BB LR A
B -

= L E IR B B LS E) 2
HRZBEHEEYIME » CHRIFIRRE
A] LAYl By K R AR P A > i - A
R E ~ B i P E 5% (Yamano 2005) -
SRR S 0 TENAEARM 9T 2 8 5 i 15 pptfd
5 2 ppt #H iR BE 2 R [ 2 8 i _E 7+ (&1 5A) »
B TEN ghEE KR fafr a2 Efe %8
TGN o A7 HAth £k 7 > AL B 22 45 R
A AERUR B L =] i Gasterosteus acu-
leatus {F .2 TFN & it fi(Sugisaki and
Honma1981) ; 1 il /& fh % (Sebastes) 2 it ¢ H
INEEE » AT s B PR Z TEN »
A FHHE T I B 5k (Kang and Chang 2005) - i,



14

ob o HEk 3 (REEE R, TEN > (EEERE
11-25 RREs L AN RS 2 SR (1] 5A) » AT REEH
L B B R 35 5 A B 2 R R R B 5
(41 TCH B2 TFS 288 k) -

TE 8 JER FH ¥ v B RS 28 9T 1 3 2 6l s b
IRf > FEHRNR 2 G B & 52 8 O (7 HE 2B IR
A gfi(Hiroi et al. 1997) - fEHFR L H% A
2 Fa s B oz H ACHR B fif 52 F2 Gymnogobius
urotaenia » H TCH &= H IR IR 816 B 4 1S
LT & > 2 TFS /i@ hE® TCH &
MrE R > BN AR R R 2 A
1] ) B 6 (Harada et al. 2003) « TCH i TFS /£
ATFFEES 1-10 K 2B 5 30 ppt 25 KA H > B
FERH AL 3 {EEE AT R A - 06 B E2E 11-25
R BT 30 ppt 25 K fH BLEE & H 15 ppt [3] 5]
30 ppt fH A 71 [E] R = A 15 ppt # 2
ppt #H Bil i 7 15 ppt 25 KfH (& 5B, 5C) 384t
i FREUT > KWl i o FEOIR I S 8 1 v
JE 2 WGP ER BRI B i vy ~ (T B P
15 ppt #8155 2 ppt #H A4 R K o T (EEE 15
ppt [ £ 30 ppt 1 H T (= 2 e
T A 0 H RS ) A 2B B A R 1% T (18
5B) o AHF5T < i BBl Iwata and Honma (1986)
TR B 2 B Fems AR « TRV 7K Bl i P
2 fFfBm TCH 25 » B HAIRIRIE
WTE S A h 2 S A ARG - FH B
TCH 1E K £ (2 ppt) jg FEAH HARAK > FRARIE
WA UL A 2T NI ARRE « Bk > 3
T IE W AW I 7 R B R OK IR B
o HITH AR AR U8 v X g MBS AR RE - 45 S
Z o M5 TCH ke TFS @ K & 9175 i Bl BR B
MAGAL ~ 8 RAVAS IR > ATRERL 3T T
AT va il P BRE T HEA T 5 B 208 B R SR T T
EEIILR » KRR Uy R K 2 KW fi
FEffF A > E T RBE B & 2 UE -
TR E T 1 33 g A RIS 55 3% 7K 3T ) [ I
2 A7 RIS -

—MME » AMHIRIREE AR LR R

B SRR S T L2 R

WELE IR - R Rl YA PR 2 IR e L IRE
& H 37 (Kang and Chang 2005; Yamano 2005) -
FEARIE SR Fh 5% & Ba BA LG B KWy pe fa fr fa
R 2 AT e ks B C B A ORI
HITFAE » 38R % A A g2 i >
A CASHMAEEH » R AT 72 s 5
b2 @3 & B R fa RIS B 58
JE o 7 B FIR BRI A RE 4G 5 B IR © ISt -
KW R AR R EIEG T 2 TCHELTFS
FEE ARIR KRBT (R 58 ]\ < B 151l f
Bl = s i geh - IR SE AR PRI RS R - )1
{2 2 e R L AR Vi S AT TSRS > FRTR R
W2 S IS LHIREE H TCH R 5 M A
P45 > FH TR R 308 36 W i S 05 (L HL TCH
## K (Iwata and Honma 1986) - 7£ Sugisaki and
Honma (1981)fff 72 /R 8% B » e = Il £ Rk £ il
ERUROKH LA - H AR SR A ER L
IR -

= ~ RV fa 2 A7 TR

Y 7 S [t BT 1 3 BT 3T 1 vl ~ RS
B ORI EPATOCEERERE - 8 KEE
T H AR A 7 )i CEL At /K 33k = (Wootton 1992) -
— MM S > KW AT AR I AR
& BB KRR (7 1998) - B2 > @2
7 K15 %% (spring algal bloom) i HA(Tang et al.
2003) o P & BLIRF B 15T fRETE & A
TIERER T o P e s HI PR IR I I 2 U
AETT W A1 2 B IRt o S8 TR I
A TETREE » RTRE 5 KW IR fa R B AR E IR
—1# fE 72X s (RSNl f 2 e gai ] > JEGA
K ~ AR TR EL 5l i s i 1 KR
5t TEERREARE ~ ) m RnTER AR
J& 2 W KR IR E S5 - R A AT
B A B AR 2 B AR o W I A 2
FRFHES > (EMIERA 1% - S hamn S EthE
RUEER - U BB A ZENCREIR S BE ~ B AT EE
S mAl DL gy Am B B — B AR R Y R A



S Y% B EFZE(TW J. of Biodivers.) 13(1): 1-16, 2011 15

(McDowall 2004) - 5% » B EZE —TE A/)
B R W) ff - e S AR ) Fh A i &
# HIREAS & ELRE AL NI A f (K > ELAEAT )T e
) RV S R i oK - G2 SR
(AT W I F REAT 5 18 BRI T 0 1 £ 8
A A &S ESBR AT -

- N
3 =%
qﬂﬂ' NN

&S AR B MO B L SR
B BEASCENE S » BB 2B -
JEE = 1 PR AR LR e 1 R A R AM - A
AR R Wil e S (T S AS FR B IRF 2L Y 16
B o R R B an LR R R R SR BURH AR
Yl R Bt B g B

71 R STRR

UEHAZK = 2007 » AEWifeat B2 AT (3 ki) » L
I &

JHHEE ~ BIBEE ~ MRIGIR < 2010 o RHF L BEFA
ARG aRE P IRIRE S5 1L - KE
AR 34(1): 210-214 -

BRFEME ~ J7711T = 1999 o Sl K S m] 1 Fa
it o BN AV Y B S R -

A - 1998 o Fak il ML e S AR
I SE BB i o BTV HEOCERAE 3w S o

Aonuma, Y.and |. S. Chen. 1996. Two new species
of Rhinogobius (Pisces, Gobiidae) from Tai-
wan. Journal of Taiwan Museum 49(1): 7-13.

Barbara, |. E. and R. D. Fernald. 1990. Metamorpho-
sisand fish vision. Journal of Neurobiology
21(7): 1037-1052.

Brown, D. D. 1997. The role of thyroid hormone
in zebrafish and axolotl development. De-
velopmental Biology 94: 13011-13016.

Chen, I. S. and K. T. Shao. 1996. A taxonomic
review of the gobiid fish genus Rhinogobius

Gill, 1859, from Taiwan, with descriptions
of three new species. Zoological Studies 35
(3): 200-214.

DeSilva, S. S. and M. K. Perera. 1984. Digestibility
in Sarotherodon niloticus fry: Effect of die-
tary protein level and salinity with further
observationson variability indaily digestibility.
Aquaculture 38: 293-306.

Harada, Y., S. Harada, I. Kinoshita, M. Tanaka
and M. Tagawa. 2003. Thyroid gland develop-
ment in aneotenic goby (ice goby, Leucopsarion
petersii) and acommon goby (ukigori, Gym-
nogobius urotaenia) during early life stages.
Zoological Science 20: 883-888.

Hirata, Y., H. Krokura and S. Kasahara. 1989.
Effects of thyroxine and thiourea on the de-
velopment of larval red sea bream Pagrus
major. Nippon Suisan Gakkaishi 55(7):
1189-1195.

Hiroi, J., Y. Sakakura, M. Tagawa, T. Seikai and
M. Tanaka. 1997. Development changes in
low-salinity tolerance and responses of
prolactin, cortisol and thyroid hormones to
low-salinity environment in larvae and
juveniles of Japanese flounder (Paralichthys
olivaceus). Zoology Science 14: 987-992.

lida, M., S. Watanabe, Y. Yamada, C. Lord, P.
Keith and K. Tsukamoto. 2010. Survival and
behavioral characteristics of amphidromous
goby larvae of Scyopterusjaponicus (Tanaka,
1909) during their downstream migration.
Journal of Experimental Marine Biology and
Ecology 383: 17-22.

Iwata, Y. and Y. Honma. 1986. Thyroid activity
of juvenile goby, Rhinogobius brunneus (Tem-
minck et Schlegel), inrelation to its upstream
migration. Sado Marine Biological Station,
Niigata University 16: 1-8.



16

Kang, D. Y. and Y. J. Chang. 2005. Development
of thyroid follicles and changes in thyroid
hormones during the early development of
Korean rockfish Sebastes schlegeli. Journal
of theWorld Aquaculture Society 36(2): 157-164.

Keith, P., T. B. Hoareau, C. Lord, O. Ah-Yane,
G. Gimonneau, T. Robinet and P. Valade.
2008. Characterisation of post-larval to
juvenile stages, metamorphosisand recruitment
of an amphidromous goby, Sicyopteruslago-
cephalus (Pallas) (Teleostei: Gobiidae: Si-
cydiinae). Marine and Freshwater Research
59: 876-889.

McDowall, R. M. 2004. Ancestry and amphidromy
in island freshwater fish faunas. Fish and
Fisheries 5: 75-85.

Miwa, S. and Y. Inui. 1987. Histological changes
in the pituitary-thyroid axis during spontaneous
and artificially-induced metamorphosis of
larvae of the flounder Paralichthys olivaceus.
Cell and Tissue Research 249: 117-123.

Miwa, S., M. Tagawa, Y. Inui and T. Hirano. 1988.
Thyroxin surgein metamorphosing flounder
larvae. Genera and Comparative Endocrinology
70: 158-163.

Ryan, P. A. 1991. The success of the Gobiidaein
tropical Pacificinsular streams. New Zealand
Journal of Zoology 18: 25-30.

Shen, K. N. and W. N. Tzeng. 2002. Formation
of a metamorphosis check in otoliths of the
amphidromous goby Sicyopterus japonicus.
Marine Ecology Progress Series 228: 205-211.

Shen, K. N. and W. N. Tzeng. 2008. Reproductive
strategy and recruitment dynamics of amphi-
dromous goby Sicyopterus japonicus as
revealed by otolith microstructure. Journal
of Fish Biology 73: 2497-2512.

Sugisaki, T. and Y. Honma. 1981. Thyroid activity

B SRR S T L2 R

of the juvenile threespine stickleback, Gas-
terosteus aculeatus, reared in different
salinities of water. Sado Marine Biological
Station, Niigata University 11: 11-19.

Tagawa, M. and M. Aritaki. 2005. Production of
symmetrical flatfish by controlling the timing
of thyroid hormone treatment in spotted
halibut Verasper variegates. General and
Comparative Endocrinology 141: 184-189.

Tang, D., D. R. Kester, I. H. Ni, Y. Qi and H.
Kawamura. 2003. In situ and satellite
observations of a harmful algal bloom and
water condition at the Pear| River estuary in
late autumn 1998. Harmful Algae 2(2): 89-99.

Wootton, R. J. 1992. Feeding ecology in the open
oceans. pp. 110-112. In: R. J. Wootton (ed.).
Fish Ecology. Chapman and Hall, New York.

Yamano, K. 2005. The role of thyroid hormone
in fish development with reference to
aguaculture. Japan Agricultural Research
Quarterly 39(3): 161-168.

Youson, J. Y. 1988. First metamorphosis. pp.
135-196. In: W. S. Hoar and D. J. Randall
(eds.). The Physiology of Developing Fish.
Academic Press, San Diego.



