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¥ % (gonadotrophic hormone, GtH)#J 117, GtH &
A F5 ORI ] 38 (follicle-stimulating hormone,
FSH) A1 & 4= il & (luteinizing hormone, LH),
H, FSH F2@ i S B BOR 1 &, 7eg
i U 2 7 )-SR0 B B O T AR R A s
LH 3 i 53 170-20B- X305 22 1 (DHP) & 1, 1E
PERR % B TR SO0 3 S A0 B 2 1
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G FEIE, i s R . EE E G
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At 21 kB4 Bk AR Tk A R BB A K
14 iRz -

FHI SPSS 26.0 A% 52 56 B - A7 40 b, fif N L T T
AR 0y 2293 B (ome-way ANOVAYIHINTERA 4y 000, s il xt K 40 ik 2 ey
LA ALAE A SR EE B B T OB AT R (TL) . REBW) KK /A (TL/BW) T i
@%ﬁﬁﬁ&{ﬁ‘@ﬂ%]ﬁ?ﬁ%ﬁﬁ?ﬁ%‘@%j@rﬁ’*ﬁ, %‘[ﬁ%ﬁﬂﬁl(P>0.05)(%§ s ﬁ%ﬂ(éﬂ‘:ljﬂﬂ?ﬁﬁﬂ/\] TL.
RS LSD Al Duncan’s AT AL, P<0.0S AN gy i TL/BW 7 i) b T4 5 0k 4108 T 3%
25w RS AR T R RXHKALS e 2P>0.05).
FOKALER — YL N RE SRR . YEIRAT 22 UL TEakANTKADHEBHTEES

J AR PRI R o B AT W 22 R0, P<0.05 LA

WHZER R . T RAPFEEEAREZE (X £SD) £ YA X T A ZH I K L v A ) i
TR (PC) M B 45 KL (PD) XAt 25 2 (P< 0.05) (3% 2).

F1 HEYMLTEFHKASRAKADESHERKER
Tab.1 Growth conditions of female Anguillajaponicain still water group and
flowing water group under salinity acclimation

o &4 /em total length, TL M Hi /g body weight, BW WK /R E /(cm/g) TL/BW
HORER ] LR ‘ : :
sampling salinity of k2 K K2 K K2 WK

time acclimation still water flowing water still water flowing water still water  flowing water
group group group group group group
% 1K Day 1 0 71.94+4.29 72.67+3.43 623.33+£130.51 636.67+£125.8 0.12+0.02 0.12+0.02
%5 30 X Day 30 15 71.11+£5.51 68.37+4.69 626.67+£135.77 656.67+92.92 0.12+0.02 0.10+0.02
%5 60 X Day 60 25 73.51+2.83 73.93+£3.18 700.00+81.85 660.00+88.88 0.11£0.01 0.11+0.02
%5 90 X Day 90 35 74.33+3.28 76.00+3.21 786.67+106.93 736.67+£94.52 0.10+0.01 0.10+0.02
%5 120 X Day 120 35 72.41£3.74 74.77+2.67 640.00+£117.90 673.33+£83.86 0.12+0.02 0.11£0.02
150 K Day 150 35 75.00+£5.91 75.21+3.66 716.67+100.66 720.00+78.10 0.11+0.01 0.10+0.02

*2 HEIMLTEKEASRKAPERHEEZER
Tab.2 Morphological indices of female Anguilla japonicain still water group and
flowing water group under salinity acclimation

R . Wi FEl/em PC W fits 15 %50/ % P1 MR 4245 /% E1
JIH E 3%

sampling salinity of ok i & | ok ik #hok K

time acclimation still water flowing water still water flowing water still water flowing water
group group group group group group

% 1K Dayl 0 11.14+0.514° 11.09+0.574° 4.32+0.50" 4.34+0.54" 4.47+0.35% 4.414£0.26
%5 30 X Day 30 15 11.47+0.64* 12.03£0.85"B 4.43+£0.29"B° 4.48+0.12" 4.61£0.80" 4.78+0.93
% 60 KX Day 60 25 12.20+0.98%5*  13.25+0.645¢ 5.08+0.365 5.35+0.065 4.84+0.24" 4.88+0.60"
%5 90 X Day 90 35 12.81£0.60% 14.02+0.33“* 5.31+0.56* 5.39+0.765 4.88+0.78% 4.98+0.50%
%5 120 X Day 120 35 13.03+0.60% 14.10+0.66 5.46+0.27% 5.42+0.27% 5.09+0.45% 5.11+0.244
%5 150 X Day 150 35 13.30+0.465 14.30+1.25 5.47+0.38% 5.42+0.105 5.05+0.734 5.13£0.514

TE: W8 EARA R RS B 3RR i K 4 Bk B AEA R YR B IR A 18 hr HAT B35 25 5 (P<0.05), AT A [Rl/ING 7 bR R 7E ] —
YL ER BE R R K 4 5 K B S E 18 hr HA 135 22 5 (P<0.05).

Note: Different capital letters in the same column indicate significant differences in morphological indices among different salinities for still
water groups or flowing water groups (P<0.05), and different lowercase letters in the same line indicate significant differences in
morphological indices between still water group and flowing water group at the same acclimation salinity (P<0.05).
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ERE 0~35 KR WIE 2 90 d i, # /K £H A /K 4
WEAE ) PC RN PT SR & B 04 T v i 8 4 ;. A
hEE 35 kS E 150 d B, FoK AR k4
MEAR Y PC AT PI B/ BT, 7E5E 150 RIiA
R, (HPYIEERE 35 rhE6g %) PC A PT 4ASFT
e M R (P>0.05) 0 R E 9k X K 4 A
DL /K 4 ME B8 1Y HR A2 45 XX (ED 20 12 2 5215 (P>0.05),
R 2 688 1Y) BT 12 Bl R B i) e St a1 e #A, ER
UMb #E, #oK41EES g PC. PI AT EI 7E[H]
— BT 5K A T 25 7 (P>0.05).,
23 HEYHTEFRKESRAKE PSR HERL
B HEXIEHUFE

8 2 DA XT 8 K 2H R K 2 v 6 ) 9 L TE
REL(DT JC B 3 MR 0 (P>0.05), {H X 75 41

x3

15 [ PR (R F8 A (GSD R IIE 48 B (LD 3 85 P
M (P<0.05)(#% 3). MR 0~35 KK IIML=E 90 d
I, K 2 AL 7K 2 8 frYg GST AT LT B ER 1)
TFE I 2 AN(P<0.05), TEERFE 35 Hhgksryifk
2150 d B, #K LA K 41HERS 1) GST A1 LI &
ANIR BT, RS 150 RIBERIRR, (AWl fEsh
35 hMEARRY GSI FI LI ¥IAIEfE B ETEE S
(P>0.05), thEEYIfbLRE, K 4GS ) GSI,
DTI Fl LI 5 [F—#E BT B K 43 0 8 25 22 5
(P>0.05).,
24 BHEYHTEKASRKAFIEESINERN
HRZELEN

£ 82 D0 XT 7K 2H R K 2 v 6 ) B9 R 4
& B ¥4 BE R (P<0.05) (% 4, & 1), M

HEYML T EKASRKEPIEEBHERA FHEXEN

Tab. 3 Gonadal development-related indices of female Anguilla japonicain still water
group and flowing water group under salinity acclimation

v . PEARTE £/ % GSI THALIE 5 %0/% DTI JF W+ %/% LI
J[H, 3 oL N ~ N

sampling salinity of ok 4l Wk k4l Wk k4l Wkl

time acclimation still water flowing water still water flowing water still water flowing water
group group group group group group

% 1K Dayl 0 1.07+£0.224° 1.06£0.224° 1.13£0.55% 1.13£0.39%° 0.84£0.12*° 0.80+0.05%°

% 30 X Day 30 15 1.21£0.25%%*  1.37+0.12% 1.03+0.25% 0.94+0.454 0.92+0.18*%*  1.01£0.024%*

% 60 X Day 60 25 1.53£0.18%%  1.76+0.12% 0.94+0.53% 1.03+0.26™ 1.06£0.06*%*  1.09+0.05"P*

%5 90 X Day 90 35 1.63+0.25 1.95+0.215% 1.06+0.14* 1.01£0.40% 1.16+0.29% 1.25+0.30%

% 120 X Day 120 35 1.64+0.25 2.01£1.67% 1.00+£0.29% 0.91+0.49" 1.17+0.185 1.27+0.255%

% 150 X Day 150 35 1.65£0.14 2.02+0.30% 0.98+0.34" 1.08+0.34 1.1940.13% 1.28+0.18%

e WG EARA R R E S8 3R K 40 sl SRk 27 AN [F) 94k 6 B2 R R I 5 AR SC IR BRI 35 22 57 (P<0.05), [RIAT AR RI/NE S8k 30R
T 7] — YA B2 R WK 4 45 K AL R AR DG HE RO 18 3 28 3 (P<0.05).

Note: Different capital letters in the same column indicate significant differences in gonadal development related indices among different salinities for
still water groups or flowing water groups (P<0.05), and different lowercase letters in the same line indicate significant differences in gonadal
development related indices between still water group and the flowing water group at the same acclimation salinity (P<0.05).

x4 BEIUTEHKASRKATEENSAMERE R FREZN
Tab.4 Changesin thediameter and developmental phases of female Anguilla japonica oocytes
in still water group and flowing water group under salinity acclimation.

Y fp ki BIRE 48 B 4%/um oocytes diameter YE-REAN A % B AH oocyte phase

Sa?jﬁfi lt?me salinity of k4l K okl KA
acclimation still water group flowing water group still water group flowing water group

%5 1 K Day 1 0 104.31+8.76™ 103.32+7.40% 00 b 00 ]
% 30 X Day 30 15 113.19+9.455 125.05+7.08%° 00 00
% 60 X Day 60 25 134.05£10.61¢ 152.04+5.45 00 00
%5 90 X Day 90 35 140.46+9.36™ 161.97+7.46™° 00 #] PY ]
%5 120 X Day 120 35 142.51£9.61° 163.21+9.83° 00 #] PY ]
% 150 X Day 150 35 143.64+9.56" 164.75+£9.35™° 00 PY

TE: 8 AR R RS B3R i K 4 B K B AN R YA 30 B2 R 90 -B1 20 0 AR BT 2 35 28 5 (P<0.05), [AIAT A l/NG TR R 7 ]
— WAk BE T K 285 K 2E 91 R A I AR BT 13 25 5 (P<0.05).

Note: Different capital letters in the same column indicate significant differences in the oocyte diameters among different salinities for still water
groups or flowing water groups (P<0.05), and different lowercase letters in the same line indicate significant differences in the oocyte diameters
between still water group and the flowing water group at the same acclimation salinity (in the same line P<0.05).
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a—f TR A AEAN [ 35 BE PIAL B BET A9 51 BE20 M6 2 B3O 181 s @1 D /K AR A () 6 B2 IR B Be T 4 B -RE A0 A D't AR
B R . a, g AERE O FREIEAICT RA); b, h: /RERE 15 PIML)E R IREEAI A (2R 30 REKE); . i /RERIE 25 DIfkJE A ON &
AIMLCER 60 RIUKE); d\ j: 7R 35 YIS M BN ERANA R 90 KEUFE); e ke #hJE 35 BIMKJS I UR-BF AR (A 120 RKHURE);
o 1 $RAE 35 YL/ A U0 BRI (3R 150 RIEUHE). NC: 4iiiEi%; LN: RA%A7; SN /MZA=; OD: IR, YG: DR BBk,

Fig. 1 Photomicrographs of histological sections for female Anguilla japonica ovary in still water

group and flowing water group under salinity acclimation

a-f show histological micrograph of oocytes in still water group at different salinity acclimation stages. g-1 show histological
micrograph of oocytes in flowing water group at different salinity acclimation stages. a. g: oocytes at salinity 0 (control group); b. h: salinity
15 acclimated oocytes (Sampled on day 30); c. i: salinity 25 acclimated oocytes (Sampled on day 60); d. j: salinity 35 acclimated
oocytes (Sampled on day 90); e. k: salinity 35 acclimated oocytes (Sampled on day 120); f.1: salinity 35 acclimated oocytes (Sampled
on day 150). NC: nucleus; LN: large nucleoli; SN:small nucleoli; OD: oil drop; YG: yolk globule.

HIE 0~35 KK YL 2 90 dirf, FfOKALFIFIKLME  ne ITE], I 2 v e 68 i1 BB 200 g A s X Ak T
1588 1) BB 240 0 B4R (OD) R ER FE RO THmp 508 IR ms ), (HEEE g R, etk
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BB Wi 2 (- 1a-c); /IMEA-RIECH B,
PRARAE /NI B AZ JEE A 43 A (B 1d-); B D77
Wi 2 D1 ) 40 M 2 7 320 4 P 200 LA ) A7 S AR R A
BB 1b-d)o JE/K ZH e 62 (1% BB 20 ffa 72
YA & F S S EoK A A — ., ANFEM
&, MUK MR OD WE T H—E T
KA (P<0.05); FHAEERE 35 94k 30 d J, BRAE4H
i El T A5 % 1 0 7 B S A A B0 9% B9 B K B B,
A WY Sl P RO A2 7 40 R %) SR 300 T 4 1 B O
BR, I 40 M S P 0 S R A3 A, R B R T i
Fe A A (1),

TEERBE 35 kL Yifb 2 150 d B, #K4L
K 4IMEES ) OD mI/IMIEHE I, 7E5E 150 Ky
BB F R, 419 (143.6449.56) um F1(164.75+
9.35) um, {HFELEELE 35 hHfEfE ) OD ¥ ATF
1 P22 5.(P>0.05), H B0 FF40 i i ik % & B
B R R Ak, o3 A B D7 v s ) 55 ) 9 B v
BREHII R 4, B 1d-f. & 1j-1)

25 EHEYIM T8k A SRk A L i 7F R
HEHESENTH

£ I A X 8 I A 0 I 7K 2 v A 0 R )
&AW 2 (LH) 7 535 6 B 3552 0 (P> 0.05) (3 5).
ALY, FoKAMEER LH &85
— IR MK 4 G B 25 R (P>0.05), EhE

YAl X6 5 7K 2H R AL K 4 e 8 R B I o 3 R
(FSH) & &34 W& R (P<0.05), iR 15 9
k30 dJ5, #oKA eSS FSH & & S50 IHTR K
HAH R B ETHE, 15(36.79+3.09) U/L (P<0.05),
BRI ERE N IR E R EES
(P>0.05). MERRE 0~25 KK IIFE = 60 d B, Jii/K
HAAE T RY FSH JG I 2% 22 % (P>0.05), Jifkih
FEPREE R 35 5, WK4LR) FSH & b 25
FHN(P<0.05), i5(39.66+1.78) U/L, {HYI{kELEF
35 45 /K20 FSH & 534 0 1o 35 1 2% 5 (P>0.05) .
ALY R, KA MESS Y FSH a5
[F—ER BT p K 413 2 18 35 25 7(P<0.05), &4k
& 35 Yk, FK4IMERE R FSH & &3 B & a1
[F]— AL Y K 41.(P<0.05)

3 itig
31 EEYIME R ki B S EA A K
20

VE g g it 7 O R #1128 7 A4 T e o A
DA MBI T 1M, B Bz
KA AR o 88 fi AR K E A B2 K B T
KIS, R, R4 AR KDL R i i A K
LATE R S K SR K 1 8 T I R Y R
TR, 0 e L AR AR i AR

x5 HEYUTHKASRKAPESBRERBIZSENTUFER
Tab.5 Changesin the gonadotropin levels of female Anguilla japonica serum in still
water group and flowing water group under salinity acclimation

Lt 1A s 17 AL R (pg/mL) B 5 84 % /(U/L)
SPURF: e 1] Ul luteinizing hormone, LH follicle-stimulating hormone, FSH
sampling salinity of - -
time acclimation HK 4 KA HoK 4 KA
still water group flowing water group still water group flowing water group
% 1K Dayl 0 1356.22+39.674* 1369.47+25.544¢ 29.61£0.974° 28.90+1.314¢
% 30 X Day 30 15 1337.77+£77.28" 1302.67+69.56 36.79+3.095 28.94+1.214°
% 60 X Day 60 25 1354.50+£76.17 1350.63+80.66™ 35.27+2.405 29.57+1.18%°
% 90 X Day 90 35 1360.40+64.88" 1337.08+89.44% 36.97+1.525 39.66+1.78%°
% 120 X Day 120 35 1341.71+£74.36™ 1313.87+80.91* 36.15+2.835¢ 40.92+0.64%°
% 150 X Day 150 35 1345.38+80.92% 1320.78+54.61 35.99+1.015 40.97+0.985°

TE: W3 AR R RS TR 3RR K 4 B K A A R YA R BT A PR & 4 B 3% 22 R(P<0.05), AT ARG TR RRTE R
— AR B K 2 5 K 2R MR i B 3 25 57 (P<0.05).

Note: Different capital letters in the same column indicate significant differences in the gonadotropin leveles at different salinities for still
water groups or flowing water groups (P<0.05), and different lowercase letters in the same line indicate significant differences in
gonadotropin leveles between still water group and the flowing water group at the same acclimation salinity (P<0.05).
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Effects of salinity acclimation on morphological characteristics and
gonadal development of female Anguilla japonica
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1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
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Abstract: The effects of salinity acclimation on the morphological characteristics and gonadal development of
5-year-old female Japanese eels (Anguilla japonica) were investigated. A 150-day salinity acclimation experiment
was conducted to analyze the morphological features and gonadal development of female eels under different
salinity conditions. The results showed that, as salinity increased from 0 to 35 over a period of 90 d (with 30 d of
acclimation at salinities 15, 25, and 35, respectively), the pectoral circumference (PC), pectoral fin index (PI),
gonadosomatic index (GSI), and liver index (LI) of female eels significantly increased (P<0.05), while the
digestive tract index (DTI) and eye diameter index (EI) showed no significant changes with increasing salinity
(P>0.05). Ovarian histological observations revealed a significant increase in oocyte diameter (OD) with
increasing salinity (P<0.05), although the oocytes remained in the oil droplet stage. After continued acclimation to
salinity 35, no significant differences were observed in the aforementioned seven indices at 90, 120, and 150 d
(P>0.05). To investigate the effects of flowing water on female eel gonadal development, a flowing water group
was acclimated to varying salinities. The results showed that the trends of changes in the seven indicators in the
flowing water group of female Japanese eels during the salinity acclimation process were consistent with those of
the still water group. Except for OD, the other six indicators in the flowing water group at the same acclimation
salinity level showed no significant differences compared with the still water group (P>0.05). The OD in the
flowing water group was significantly larger than that in the still water group at the same salinity (P<0.05). After
30 d of acclimation at salinity 35, oocytes in the flowing water group entered the primary yolk globule stage, with
an oocyte diameter of (161.97+7.46) um, which was significantly larger than that of the still water group at
(140.46£9.36) um. Determination of gonadotropin levels in the serum of female eels in the still water and flowing
water groups revealed that during the entire salinity acclimation period, no significant changes were present in
luteinizing hormone (LH) levels at various salinities for both still water and flowing water groups (P>0.05). The
LH levels of female eels in the flowing water group were not significantly different from those in the still water
group at the same salinity level (P>0.05). Salinity acclimation had a significant impact on follicle-stimulating
hormone (FSH) levels in both the still- and flow-water groups. After 30 d of acclimation to a salinity of 35, the
FSH level in the flowing water group reached (39.66=1.78) U/L, which was significantly higher than that in the
still water group (36.97+1.52) U/L (P<0.05). In summary, salinity is a crucial triggering factor for the gonadal
development of female Japanese eels, and the stimulation of flowing water accelerates the early development of
oocytes, promoting the synthesis of follicle-stimulating hormones. These findings provide fundamental data and
reference information for reproductive biology research on Japanese eels.

Key words: Anguilla japonica; salinity acclimation; morphological characteristics; gonadal development;
gonadotrophic hormone
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