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Abstract: The hearing thresholds and morphological indicators of the swim bladder of three cave species
and three river species of Triplophysa fish were measured. There was significant interspecific difference in
the hearing threshold. However, there was no significant difference in the hearing threshold between cave-
fish and riverfish at each frequency (50—6 400 Hz). There were significant interspecific differences in the
swim bladder-inner ear distance (D,.), the hole area of swim bladder bony capsule (S,), the volume of
swim bladder (V) , and the ratio of hole area of swim bladder bony capsule to volume of swim bladder
(S,/V,). Whereas, the morphological indicators of the swim bladder were not different between cavefish
and riverfish. Among species, the hearing threshold was not significantly related to the D,. and the V,
but it was negatively correlated with the S, at 50 and 800 Hz, and the S, /V, at 1 600, 3 200, 6 400 Hz.
Interestingly, T. rosa showed an obvious bulge of swim bladder on both sides of the body surface, but no
particularity in its hearing sensitivity. The above results show that the cavefish of Triplophysa has no
adaptive enhancement in hearing, suggesting that hearing has no obvious significance for cavefish to adapt
to the cave environment. Among species, the hearing threshold was not significantly related to the D,. and
the V_, but at some frequencies, was negatively correlated with the lateral hole area of the swim bladder
bony capsule, suggesting that the effect of the swim bladder on the hearing sensitivity of Triplophysa fish
is affected by the size of the lateral hole.
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PR IR) (0 T 4 T R A B, PR AR B R B T RE A AR RE S RN R AT, BRI, TR A 2
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WE 5 (1 2L b0 X 7 U R R A K R O Bk T R R R P A BE RS (MR AR B S 4
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P AZIE SR T4, T ROK IR A AR AR W B2, A S X fa AR TR S R ST R B R
0. BIRSE (Triplophysa) i@ 8 H (Cypriniformes) s 25 F} (Nemacheilidae) , 3 70 4 T ¥ #K
0 D R JLAT S i 1X L 1% 2 A AR 2 W R R R A 3, MR AR R AT A R — R K
FAGEHY . RERACHE . R G0 Ak R b D A g A R T (B T T S T i T 475 T Ak S
¢, R B O B RS, BRAR AR, BT E S A A ERIE I E i R AN e e
T A A AL, RN DR R S L S SRR AR S 1 5 T B R R A O i R AL AR
ST VA i TRk E 3 R AR R m R (T, jiarongensis) . K E @ JREK(T. longibarbata) A1 PR &
JRB(T. rosa)5 3 FRARTR A B 5 K (T. nasobarbatula) . i W& & JR 8K (T. dongsaiensis) Fl Il (&
KT, bleekeri) XTG4, Ji A WL AT Sy 2 B 0Pk W 8 8008, O 00 852 ) T8 25 98 A 8 455 1 il 18] R 42
KERZRMEEA b, R0 /a2 5 4R /A 28 0 W og D) g 22 5 O 5 EDE RS R,

1 #RE57RZX
1.1 SR EHSKIE

T A AT R (0 = 18) . K w5 B (= 9) I BB 5 JUBHK (o = 18) 43 3 2R [ 5% M 45 75 I L
FE SRR MERT K TS L R S 2 4 T R D T R DX b B A L R A 2 B R (= 23) |
I L v D5 K Con = 23) 0 DL G 88K Con = 240 43 301 R I 50N 48 7 B B U 2 T 45 B BRI G K R & Se
o JIe) JUEL 26 % 347 AR b T T R R PR T AR R E R T M AR AR BN M MK E M P R R R E, TR
RS HL T K Byt G OB F K 3 d, BR 18 00 AL L il B M 1 k. SR JHHE IR 2% (JRB-250,
FEI PG A B2 "D B KR AERF7E 1520, 5 °C GEILRFERFEKED s RAAHE (BKL-902, FiFFERREY
7 A RS FD T8 ORI A IR RETE 99 Y0 LA L. SIS £ 1) ) FH A PG R R 2 A0 B S 5L 4 I g (TACUC-
20210119-01) , AT G R4 H vy & PR L . fEAR R )G 24 h, JF 45 00 I 52 5 f8 /9 T 58 47 2 S
PEAR T 58 13 1A
1.2 WrxEHE

U s T 5 5 (R FH A AT A R o O T 2 2 T
Kenyon 2 BFSY ., Stk BE A HI (& . R
JE A0 S e g A s ) [ 0L K A (B AR 35 cm,
15 em), B FARFAMWEKS I (HGPT-
TB456B, Jbnt i TALEE A BRA D), DU &k e
SRIEMEYR B TP, FEI KA B 1 m b EAE Y
AR (WRIR . 60 W I 3 W), A B2k i RS
5 R AR (UTG1005A , R FI4E) K i1 I 28 DAk
ORI TE 5% 9% 45 5 . & AN [R5 %8 (Hz) F1 7 &
(dB) W7 . ZE MK S IF 15 1 m 4b 8 A 1R
3 (C270, Logitech Webcam Pro), I i 2 3|
i E B AR Sk SR R A R e A% BB A
BN FDD F b ML, 4 25 4 W9 LED 474 1 WRSEATh R R M B B
PR ORIR . LR IE AR AT B R P OB IR A) . SR 2 RS IEA JREY N 3 em) K E 1 2R &
Br JEBEH 0.9 cm) H R 2 (K X 58 X =80 cm X 80 cm X 130 cm) » S5 3k f 4 J5 M 75 35 T4k

AR 24 h B SZIG f0 00 i AL KA, KR 7 em, KR 1541 °C, 3 W 30 min J& . JFEE R AN TE
ST A R I P R AT R, I S B A AT Ok RO, RS 8 N AR (50, 100, 200, 400, 800,
1600, 3200, 6400 Hz), 7 H ¥ N FREE MR (26 0. 2 dB) (O JERE i3, DL & A= A5 0R B 04 75 A Sy 52 36
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AW 5 B (. U 35 R K R 15 s, 1AIBE 5 min PEAT N — UK 35 4038 . DUGE 5258 fa i 47 o0 Pk R IE
TERARA A (50~400 Hz) P R ERIEN 1 dB, 7EERMIR (800~6 400 Hz) T AN 5 dB. 785
St A, IR BALCAWAS688., AT 2 A A AR AT PR 2 W) S iy ey 00 BRI M 5 (0T sz I ) ) 5 s o 2 TR
B BFSE . R Costart”47 0 Gk S5 R I M M 180728 2 45°LLF) . T shBivk . I3 72858 (15 s P
P EE 3G | Wk 1090 B DA ) L B 1) (15° K D 1) I 8 (2 Wk B LA ) ST R OB AR . AR O . 245K
BRI BT — AT SN RN 1 U TR, AR SO, DU i 1 AR PR 2R S IR £ 7R 1%
BT WO (R o S R W e R R g S e e LI BR (105 dB) . DRI | BR Y Bl 3G 5 dB
A Ry W 5 1 .

e T A 5% 4 B A0 0L 4 288 2R AP ORI i 85 BB 2 1 A IR 2 ) ) 11 48 1) W 030 2 46 o 5 F0 10 ity AV AR
K, ffi ] ImageJ (National Institutes of Health) 53 #7 & J& 0 76 75 & Jll BAAT . J5 45 15 s MRS R AL bR &
(s y) s FLLHSE BATR SR, AR AL AR AL B 7153 52 96 #4590 1Y 02 3l B AR Cem) o SRAT A & 0 SO 4R B A0 T
IG5 15 s P (em/s).
1.3 S@BEEE

WG AT Ry 2 LWL 235 o o 4 S £ 7 [ £
GLH KA 24 he BRI SR (0.9 g/ L NaHCO; »
0.45 g/L MS-222) R 20~40 s, fFSCH R
EIGSRE ST ST, FRUKBT &, FEHEE] 0. 01 g5 W
EARK, HEEE 0.1 em; SRJE T SCL A, H
ML Ui A R RO 2 5 B 5 (Swim bladder-inner
ear distance, D), BIEZEAYHT ¥ ) N B ) 1,
R E] 0. 01 mm; BCH SE AT, I i 70 )

J5 65 4 TF L (4L /9 K 42 (Major axis of hole, v L
\—/Z 1 .L ) i s 7 I
L..) A% 42 (Minor axis of hole, L), ¥5# % P y—
VD i

of swim bladder bony capsule, S} :
1 1
Sh:KX?LahX?LihXZ (1)

FHBR /0N 25 I 7 00 462 2 A0 4 i B ol )l 7 3 s I RO i 2 O 5 = 1 &5 J (Height of swim
bladder. L) AFHE] 0. 01 mm. {ff FH S50 i 5 5 5 R G (RS 38 COPTPro 3000, R B
S AL 2R A PR AT 2 5D FH I A2 M 2 == 19 K 45 (Major axis of swim bladder, L,.) fll%5 4% (Minor axis of swim
bladder, L), HPAITEEZ KT (Volume of swim bladder, V).

1 1 1
V\:4/37T><?L“><?L,\><?Lh\><2 (2)

SR VEAR AL B AR R RN THEE T AL T AR B R F Y . B AL L (Ratio of hole area of swim
bladder bony capsule to volume of swim bladder, S,/V,).
1.4 Zitom

F M # A Excel 2010 (Microsoft Corporate, Redmond, WA, USA) AT # AR H 5, R J5 R Ak
R JEAT R 8258140 . SR TR MR A (L) 43 A 25 4 169 T 5 0 1 BT A5 8 bm S5 IR R I 06 3R . 45 HH G TR
FHIT A 52 56 40 1 S B0 EAT R T 25 A E , JUR S RG50S0 2 SR A fidlistrplus 1 A
(Y fiedist K 50 B 40 A0 2R, AR 40 A1 26 Y e PR AR R R i B R B RS b, T B (E O B
BV — S 86 ta AR 22 7 T A R R R UL, L 45 b fa (0 T 5 2 4 A gamma 2 A, DR ICR
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Imed 43 H1 1Y ] SCEAETR G BB (glmer) 43 BT W 58 1850 1 6 75 o 400 48 28 Ak 1) by 7228 1k S ) 22 5%, glmer R
H log % £ s 5

Tl N A3 AT IS o SRy 43 AT T i (5 (L B s 25 % I AR Ak, DA SIE 56 i AN A S 5 S BE AL SO P 5 %A [ 2
7 AL ALY ¢ Sy A3 AT T O B 5 SR AR R AR OC R, DALt AR S S BE AL . P R R B 45 T
BAGIR O [8] 28 R A A AL

ol ] 43 A7 B o Sy L 558 Ao ) PO s I (T 174 22 S 2 R T B 2 00k Ty 2 3 T R A R A A2 R R b L
PO 28 LI SE R 5 T 5 DA SR 96 f0 SR G 5 S BEAILRION » P 25 400 258 R0 ) ol B T 3 %) 28 B 30Ty [ 5 8007 )
FEAL. SRR R O 2253 BT f Tukey’s HSD K6 56 3 B 858 25 96 Ar 09 B 8] 25 57 DL S 45 000 58 T Wy 5 15 (L 7
i) 22 521 SR Rmise A Y summary SE oA 45 4 B 7 45 055 WE 5 B9 AR 19 3508 S 45 R E &5
FebR . R phytools f Hh i) 32 48 % 7 5 243 BT (phyl ANOVA) FEBR 7 #8215 AR I 5/ .35 1
Y KR ST b 22 5. R caper W R G L F ) X/ — e ¥k (Phylogenetic Generalized Least
Squares, PGLS) 43 H1 Xt 1k 5 Wi 3 B {H S5 S AR R S R RER BT HENMMRELE ) Uik
INZRERFAMRGZERE RS LK FS M Zhang Z0 5, BEER R 2 +s, BEKTEN p<
0.05. % ggplot2 [ iy ggplot sR%Z &Y.

2 HRESMH

2.1 WREBE

& 3 A AL, WA A Z Y R (F=59. 970, p<C0.001), #HE(F=50.390, p=<<0.001), LK
B HAEM(F=9.050, p<<0.001) B 52 mi. i B & 5 8 (TD, 64~ 88 dB) Fl 2 & & It ik (T,
53~81 dB) WY W 3% B 55 T H 4y 4 Rl J5 4 Rk, DU & R B (TB, 35~38 dB) & T B & 25 i I
ik (TN, 27~40 dB)AMNAY 2 Fpfa s KT H & B (TL, 27~31 dB) . £ 7400 = J 6k Fn B 28 5 J3 6f ( TR,
17~35 dB) 2 5 G0 it 2% 2 3. Wy o 5 B 75 5 A0 2% 19 28 Akt B4 b O [R) I AS [R) . B 7S 00 30 1
FESR T B Rk (1 =4. 139, p<C0.001) , BUBL & Rk (1 =2. 265, p=0.024), B Rk (1 =12. 420,
p<0.001) FI DL [G & ik (2 =2. 181, p=0.029) A9 WT 5€ B9 B A3 A W) B2 5 A0 386 . i 4 200 & ) R ik
(t=1.435, p=0.151) i B 55 58K (1 =0. 485, p=0. 628) 4 Wy . 5 {8 Jc B & £k Pk 25 1k

AT W oA R AR o< 2 8 W5 A Y 43 ) 33 ~47 dB Ml 43~54 dB. REKE I E
SN, FEAS IR L W 7 2 R AR W o fa S ) Y T R (B 22 S 4T R X (50 Hz: F=0.421,
»=0.652; 100 Hz: F=0.060, p=0.852; 200 Hz: F=0.107, p=0.819; 400 Hz: F=0.194, p=
0.746; 800 Hz: F=0.164, p=0.765; 1 600 Hz: F=0.021, p=0.917; 3 200 Hz: F=0.099, p=
0.802; 6 400 Hz: F=0.060, p=0.868).
2.2 BWMRESER

WEE K B, BOBA e D 6K ) A K R A, e B IR A WA B T % B ) R R R, A R A R
T o ARG 4 o R A S PRI AL R (1R 2) . S 200 v ek 7 00 = SR AR KO R DO AR A
s B K. LAY 4 b R R = 2 R ERE . AN, g TR R AR, AL,

#EHBE (F=73. 650, p<<0.001), #EfL @ (F =86.760, p< 0.001), #E% K (F =43.250, p<<
0. 00D FIFLE L (F=19. 670, p<<0. 001) WA ] 22 T 447 Ge it 2= 5 . BOH & R 8 (TR 1Y 82 H-8E (3. 96 +
0. 14 mm) KT HA 5 Fhfa; I & 6K (TD, 3.274+0.09 mm) ., 55 & 56 (TJ, 3.204+0.07 mm), K
M w5 A (TL, 3.08220. 09 mm) Fl 80 & K (TN, 2.9940.06 mm) ZJ LG iH%E L, HRTNEK
B R (TB, 1. 704-0. 08 mm) (& 4a).

B3 R CTRO M BEFL T AR (23. 8942, 28 mm* ) KFH 4 5 Fifa; J5 5 Fifarh, S50 & Rk (TN) 1)
BEFLTE AL(10. 97£0. 29 mm®) R FHA 4 B, KK KE & 8K (TL, 4. 72£0. 26 mm®) . UL [ = J 5k
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jaa) jas) m /M
=z 2 2 I
il i l @
0 0 0
TJ] TL TR TN TD TB TJ] TL TR TN TD TB TJ] TL TR TNTDTB TJ] TL TR TN TD TB
) ) ) )
a. 50 Hz b. 100 Hz c. 200 Hz d. 400 Hz
a a
m jas] 7 jas] jas]
o = <) <)
=~ = ~ ~
25
0 0 0
TJ] TL TR TNTD TB TJ] TL TR TNTD TB TJ] TL TR TNTDTB TJ] TL TR TN TD TB
) ) ) )
e. 800 Hz f. 1600 Hz g. 3200 Hz h. 6 400 Hz

BRIk, B @RI A5 T ot T RS0 TL R 20017 9000, TR W BICHE 5 S50 TN B 4005 5L, TD Ay g
RO, TB UL IR 50 /N R R [ R R R 1] 2% 5 AT e % 2 L (p<0. 05).
B3 FAEMETEMHEREMETHEHE
(TB, 3.2240. 13 mm®) ., fEZEH & FECTT, 2. 690. 23 mm®) FIiA B & 58 (TD, 1. 2840. 13 mm®), %
4 Fffa ] 22 57 JC G0 4 R U 4b).
B3 R (TR M B = AR R (54, 7947, 92 mm ) WK FH 4 5 Ffa; J5 5 Fhfarh, S50 R’ (TN
A ER AR (41, 1720. 79 mm®) KT HAR 4 i, Hay 4 Fra g k28 B o ge it L. IR FI/MK
AR E S ESCTT, 11.1240. 71 mm®) . DG B8 (TB, 10. 784-0. 82 mm®) . K205 & J 8 (TL,
6.01+0. 60 mm®) FIj B8 & JE 6 (TD, 5.36+0.54 mm®) (K 4o).
KAUE o B CTL) B L% 1 (0. 8940, 13) R FH A 5 Flfa; J5 5 Fhflrp, B @ IR 6K (TR 19 FL = 1
(0. 500. 02) K F Bk W R & RS (TB, 0.43+0. 05 FMWHAR 3 Fifa, HZERA ST E 0 K& RS
FESRE B RS (TT, 0.2740.03) ZR TG L, KT HA 2 Ffa; FE585 & Bk, 7 I B8k (TD,
0. 25-0. 04) Fl B 75 & K (TN, 0. 24 0. 02)3 Fl 0] 25 TR G 2 2 L (Bl 4d).

a
£ £ 20p ‘”é
g = =
~ [nig >
e i b S
i = 1of s
i v c i
g’;\‘ Y C c C N
0 0
TJ TLTR TN TD TB TJ TL TR TN TD TB TJ TL TR TN TD TB TJ TLTR TN TD TB
H)F H)F H)F H)F
a. BZHFE b. 8ZF &R c. BEEMER d. FLEFELE

B @R F A, B @A A6 5 T ot T RO . TL 6 400 B 0 BB . TR b B8R i S50k, TN B 20075 5Lk . TD Shy 3
AR, TR S UL G 85 5000 /N5 5 RS [ 2% 0 o 1] 2 598 6 8 L (p<20. 05).
B4 ZEEMENHSER
RERA T EA RN, BEH & TE S48 bR AT 7028 540 a2 i) 22 5 g0 it 42 5 L (BEH R .
F=1.866, p=0.333; #Ef @M. F=0.512, p=0.599; #EEIKF, F=0.065, p=0.858; L& L.
F=1.658, p=0.339).
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2.3 TRAESEESHNXR
FERN PN, Wb B {E S B A 0 O R I A AR AR AR R AN (8], 4 4 F iy T 58 190 55 43 B3 A5 46 A
BX. TEAETEE RS, SEEHEE R N E (= —2.202, p=0.028); TEHCH 5 5K b, 5 L T AR
B FEIEA G (1 =4.392, p<<0.001) 5 7EI M & s ofkrb, 5885 AR B E fAHE (1 =—2.431, p=0.015);
T 7E DU EG e Sk o, 5 L i AR (r = —48. 748, p<C0. 001 FIFLE b (1 = —69. 940, p<T0.001) F 4% B & 7
(R D).
x1 BRHHAFEHESESSHTERNXR

- -NEN ) LEETNTITEA 2 PR TR L=
t 8 p1E L8 p 1A ¢t 8 pH ¢t fH p1H
TGRS
FE 56 H R 5k —2.202 0.028 —0.548 0.583 1. 030 0. 303 —1.929 0. 054
K AUH o i 5 0.110 0.913 —0. 608 0.543 —1.022 0. 307 0.619 0.536
B v Ak —0.056 0. 956 4.392 <C0.001 1. 050 0. 294 —0. 227 0. 821
SIS
S 700 1o i B —0.949 0. 343 —1.475 0. 140 —1.066 0. 286 —0.112 0.911
T J v Dk —0.584 0. 559 —0. 836 0. 403 —2.431 0.015 0. 690 0. 490
DTG e D 0.075 0. 940 —48.748 <C0.001 0.192 0. 848 —69.940 <C0.001

e p<<0.05 RANEFAGIFE L.
REKRE ) /N e B, ZEFRIE] W o B (A 1 5 B2 L m AR L % A 06, B S B R AN TR
T AS[R]. U 5 8] {7 340 47 5 8L TR0 AR 4R 7E 50 Hz(r=—6. 297, p=0. 003)Fl 800 Hz(t=—2.790, p=0.049)F
ARG W OE BB 5 AL e (EAE 1 600 Hz(z = —3.053, p=0.038), 3 200 Hz(r = —4.083, p=
0.015), 6 400 Hz(z=—3.562, p=0.024) F W 37 1) (& 2).
2 BRSHEFEHESESHSERNXER

Wi /Hz & A48 b t A p H W%/ Hz B & dE bR t 18 pfH
50 #8 H I/ mm —0.436 0. 685 800 BEFLHE /mm 0. 156 0. 884
HEFL T AL/ mm® —6.297 0. 003 HEFL T A/ mm” —2.790 0. 049

052 A/ mm® —2.210 0. 092 B2 AR/ mm® —1.390 0. 237

LEL —2.637 0. 058 LEK —2.507 0. 066

100 #EHFE / mm 0. 200 0.851 1600 #5H M / mm 0.173 0. 871
£, T B/ mm”® —2.401  0.074 AL TR AR/ mm® —2.669 0.056

#2825 R RN/ mm’ —1.232 0. 285 BB/ mm’ —1.332 0. 253

LELL —1.420 0.229 LE —3.053 0.038

200 #EH P /mm 0. 330 0.758 3 200 B B #E / mm 0. 274 0.798
¢, T FH/ mm? —2.056  0.109 #25 L E FL/ mm” —2.014 0.114

B R/ mm’ —1.106 0. 331 HEE AR/ mm’ —0. 874 0.431

LEL —1.324 0. 256 L=k —4.083 0.015

400 SEHHE /mm 0.272 0.799 6 400 SR /mm 0.297 0.782
BEFL AL/ mm® —2.154 0. 098 S5FL 1 AL/ mm” —1.962 0.121

B R/ mm® —1.112 0.327 #EE AR/ mm’ —0. 860 0.438

fLEL —1.440 0.223 LEK —3.562 0. 024

H: p<<0.05 RREF AL EE L.
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3 WiE5%®R
3.1 WHig

3.1.1 MR&ELIRR &L

50~6 400 Hz T, {ll I e Jit 6k 0 A 2 5 v S 0K T 0 B (%5 e o 40930y 64~ 88 dB il 53~81 dB, 5T
AR AR R 7 B AR B (Cy prinus carpio) (57~122 dB, 105~3 010 Hz) I8 (Carassius auratus) (65~
125 dB, 100~3 000 Hz) [ B R BOH 2 LTS - AWF5E i H A 4 Bl s Dt B8k i W7 50 159 1 BH b 48
i, DR RAK Y 35~38 dB, KU 5y 27~31 dB, S0 5k 27 ~40 dB, BB e JE ek 17~
35 dBCE 3) . #7R 3% 4 Ffrig JE B 4 T 5 45 52 L.

AT vl o 2 5 AR 5 AR S v TRk T A B TR S R A 25 S 3 TG AR (R 3, /).
AT AT S B0, 5 3 o 2K ) G S 4 B 3T 7 £ 28 g ) % % T 5 SR AR AR G, AR A
TEFE TR ] R G K B R RMNBTE TG0 BRI AR, X 5 R /2R IR Ak . (H W 58 T fiE
A G B N PR R 5. T RE A AR L 7 RS R BT IR BT v, T X B IR A AR IROTE B B R . T o
FILT- B A Bl & i Sy, HE Yok I8 £ B KA T HESh Y . SN RA DL . e 1Y 288 i R 7 AR ST 0
T, T 20 BB K A G HE 3 W T Tk L K AR B DA BK A P g s i A L A TR T AL
IR RN 2R MBS & P T RE . B, BV S W A (Astyanax mexicanus ) Y [ S GE 0 2% AL
i L b e R S A
3.1.2 A E2e T S LML It R AUK

— SIS I L £ 2 T A T R S B AR AR S KA G, Tt LR A (R BRI B R gy
S0 5 W o 7 P TR R R L A O S B, O AN (] A A R T B (G W B 22 B R BE ST
e, 6 T BE (R AR R S B V] A AE — o RN IR 22 S, R T A A TS el 0 T B 1
FORBURSEH IR A G (38 2). X R M, 8K, SEHEER/NO YR, AN —x BA B HUE T . i 4
Brths 22 B, 858 DR REURI5E 1 B8 X 00 288 % W 5 T RE 2 e A B, AR A Bt v A R e (3R D).

AWEFEIR KB, fE 50 Hz Al 800 Hz T, Ffa] i Wy 52 1 B 5 65 FL i AL 3 A ¢ 78 1 600, 3 200,
6 400 Hz T, SFLE B ERHIC (G 2), RUIFEIX LR T, - 7 8574 00 FL 5 K 0y 1028 B 35 R
. FH Tk DA R (0 R 0 FL O R R TR K R AR A A B, FE R R AR A B H
BEA s WL B4 X T B A L RS e A B R 22 DR A T R A S B T R R A

A5 BB — A B 5 B R B K, R R A A W S P B . R AT
SR, AT = K 5 e DR R £ 25 K SR TR B A DG L X — R B o] B S AN T
R TEARDEIE 6 Fh i JsURkh BB v IS T 0 19 (B T rh A5 OKCF (J81 3) B 73s 1%  f 85E 14 AR A X T i Y
VERIAR TG, 248K, i A 9 B0 B 422 ol M 2% L 83210 4R 3 5 75 5 o 8 ) 2 of 2 Fe 0, T B R T X R AT 4R 3
4 B B
3.2 it

gi b AWy 6 B Ik R o S 0 W ST 0 5 AR T RS L 25 R B ST 2R
(8 W5 D A R A 3 o7 MR i B T R X IR A I 7 3R 5 A T ) e R L e ] AT R S B R
FNEREFE AR OC , (B AE SRR b5 o7 5 48 1) ) L 1 R 8 3 B AH DG L 4 7R B X g A 6K U 5 SR A0 1) 1
P B Z ML IR FEma . e Ah . BB e e SR 0 182 5T A 1 5 W o ) R BOME %R 1 BE R RR AL B A
i 3 7 SCIR AT R WE S R 570 28 Y At A 400 JR i L5 R 4000 2 AL A R i ) el 3 17 B G ) ) o B 45 T g
WORE B, RS R BT G



% 11 4 Kmyr, F. 5 RHER

B R 5 3ER R & KT 69 YL EURT R 51

o

S Z k-

[1]

[2]

[3]

[4]
(5]

(6]
[7]

[8]

9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]

[22]
[23]

[24]

CULVERD C PIPAN D C. The Biology of Caves and Other Subterranean Habitats [M]. New York: Oxford University
Press, 2019.

SOARES D, NIEMILLER M L. Sensory Adaptations of Fishes to Subterranean Environments [J]. BioScience, 2013,
63(4) . 274-283.

AMES A, L1 Y Y, HEHER E C, et al. Energy Metabolism of Rabbit Retina as Related to Function: High Cost of Na™
Transport [J]. The Journal of Neuroscience, 1992, 12(3): 840-853.

NIVEN J E. Evolution: Convergent Eye Losses in Fishy Circumstances [J]. Current Biology. 2008, 18(1): 27-29.
NIVEN ] E, LAUGHLIN S B. Energy Limitation as a Selective Pressure on the Evolution of Sensory Systems [J]. The
Journal of Experimental Biology. 2008, 211(11) . 1792-1804.

WONG-RILEY M T T. Energy Metabolism of the Visual System [J]. Eye and Brain, 2010(2): 99-116.

LAUGHLIN S B, DE RUYTER VAN STEVENINCK R R, ANDERSON ] C. The Metabolic Cost of Neural Informa-
tion [J]. Nature Neuroscience, 1998, 1(1): 36-41.

YOSHIZAWA M, JEFFERY W R, VAN NETTEN S M, et al. The Sensitivity of Lateral Line Receptors and Their
Role in the Behavior of Mexican Blind Cavefish (Astyanax mexicanus) [J]. The Journal of Experimental Biology, 2014,
217(6): 886-895.

HINAUX H, DEVOS L, BLIN M, et al. Sensory Evolution in Blind Cavefish is Driven by Early Embryonic Events dur-
ing Gastrulation and Neurulation [J]. Development, 2016, 143(23): 4521-4532.

MYRBERG A A. Sound Communication and Interception in Fishes [M]//TAVOLGA W N, POPPER A N, FAY R R.
Hearing and Sound Communication in Fishes. New York: Springer, 1981.

URICK R ]. Principles of Underwater Sound [M]. New York: Peninsula Publishing, 1983.

ROGERS P H, COX M. Underwater Sound as a Biological Stimulus [M]//ATEMA J. FAY R R. POPPER A N,
et al. Sensory Biology of Aquatic Animals. New York: Springer, 1988.

NIEMILLER M L, HIGGS D M, SOARES D. Evidence for Hearing Loss in Amblyopsid Cavefishes [J]. Biology Let-
ters, 2013, 9(3): 20130104.

LADICH F, SCHULZ-MIRBACH T. Diversity in Fish Auditory Systems: One of the Riddles of Sensory Biology [J].
Frontiers in Ecology and Evolution, 2016, 4(28) . 1-26.

FAY R R, WILBER L A. Hearing in Vertebrates: A Psychophysics Databook [J]. The Journal of the Acoustical Society
of America, 1989, 86(5): 2044.

POPPER A N, FAY R R. The Auditory Periphery in Fishes [M]//FAY R R, POPPER A N. Comparative Hearing:
Fish and Amphibians. New York: Springer, 1999: 43-100.

ALEXANDER R M. Physical Aspects of Swimbladder Function [J]. Biological Reviews, 1966, 41(1): 141-176.
LECHNER W, LADICH F. Size Matters: Diversity in Swimbladders and Weberian Ossicles Affects Hearing in Catfish-
es [J]. The Journal of Experimental Biology, 2008, 211(10): 1681-1689.

ZEBEDIN A, LADICH F. Does the Hearing Sensitivity in Thorny Catfishes Depend on Swim Bladder Morphology? []].
PLo0S One, 2013, 8(6): e67049.

TAVOLGA W N, WODINSKY J. Auditory Capacities in Fishes: Pure Tone Thresholds in Nine Species of Marine Tele-
osts [J]. Bulletin of the American Museum of Natural History, 1963, 126. 177-240.

COOMBS S, POPPER A N. Hearing Differences among Hawaiian Squirrelfish (Family Holocentridae) Related to
Differences in the Peripheral Auditory System [J]. Journal of Comparative Physiology, 1979, 132(3): 203-207.
POPPER A N, FAY R R. Rethinking Sound Detection by Fishes [J]. Hearing Research, 2011, 273(1-2): 25-36.
SCHULZ-MIRBACH T, METSCHER B, LADICH F. Relationship between Swim Bladder Morphology and Hearing A-
bilities —A Case Study on Asian and African Cichlids [J]. PLoS One, 2012, 7(8): e42292.

RAMCHARITAR J U, HIGGS D M, POPPER A N. Audition in Sciaenid Fishes with Different Swim Bladder-Inner Ear



52

BHERXFFHROAAAFZR http://xbbjb. swu. edu. cn % 46 %

[25]

[26]

(27]

28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

Configurations [J]. The Journal of the Acoustical Society of America, 2006, 119(1): 439-443.

KENYON T N. LADICH F. YAN H Y. A Comparative Study of Hearing Ability in Fishes: The Auditory Brainstem
Response Approach [J]. Journal of Comparative Physiology A, 1998, 182(3): 307-318.

KOJIMA T. ITO H., KOMADA T. et al. Measurements of Auditory Sensitivity in Common Carp Cyprinus carpio by
the Auditory Brainstem Response Technique and Cardiac Conditioning Method [J]. Fisheries Science, 2005, 71(1):
95-100.

LADICH F, FAY R R. Auditory Evoked Potential Audiometry in Fish []J]. Reviews in Fish Biology and Fisheries,
2013, 23(3): 317-364.

BHANDIWAD A A, ZEDDIES D G, RAIBLE D W, et al. Auditory Sensitivity of Larval Zebrafish (Danio rerio) Meas-
ured Using a Behavioral Prepulse Inhibition Assay [J]. The Journal of Experimental Biology, 2013, 216(18):
3504-3513.

NITHORI M, PLATTO T. IGARASHI S, et al. Zebrafish Swimming Behavior as a Biomarker for Ototoxicity-Induced
Hair Cell Damage: A High-Throughput Drug Development Platform Targeting Hearing Loss [J]. Translational Re-
search, 2015, 166(5): 440-450.

LIU XY, LIN J, ZHANG Y L, et al. Sound Shock Response in Larval Zebrafish: A Convenient and High-Throughput
Assessment of Auditory Function [J]. Neurotoxicology and Teratology, 2018, 66 1-7.

BANG P 1. YELICK P C. MALICKI J J. et al. High Throughput Behavioral Screening Method for Detecting Auditory
Response Defects in Zebrafish [J]. Journal of Neuroscience Methods, 2002, 118(2). 177-187.

GIBB A C, SWANSON B O, WESP H, et al. Development of the Escape Response in Teleost Fishes: Do Ontogenetic
Changes Enable Improved Performance? [J]. Physiological and Biochemical Zoology: PBZ, 2006, 79(1): 7-19.
COLWILL R M, CRETON R. Imaging Escape and Avoidance Behavior in Zebrafish Larvae [J]. Reviews in the Neuro-
sciences, 2011, 22(1): 63-73.

e, BT E L SRR, SEL AU T I R 2R B AL SR IR L AT Y [T 0. VR OR e l CH AR BRSO . 2023,
45(5): 172-184.

R CRRS, FMmRads [M] 8. DNERABOR A, 1982,

WENH M, LIU E S, YAN S S, et al. Conserving Karst Cavefish Diversity in Southwest China [J]. Biological Conser-
vation, 2022, 273: 109680.

W s, Fe R @RI [T]. AR AfE R, 1990, 2(3): 117-119.

oM. s RS R £ 28 (BT H 2SRRI 7SS RE R IR AL TR SY (D], B PR K%, 2017.

SHIC C, YAO M, LV X, et al. Body and Organ Metabolic Rates of a Cave Fish, Triplophysa rosa : Influence of Light
and Ontogenetic Variation [J]. Journal of Comparative Physiology B, Biochemical, Systemic, and Environmental Physi-
ology. 2018, 188(6): 947-955.

ZHAO Q Y. SHAO F, LI Y P. et al. Novel Genome Sequence of Chinese Cavefish (Triplophysa rosa) Reveals Perva-
sive Relaxation of Natural Selection in Cavefish Genomes [J]. Molecular Ecology, 2022, 31(22): 5831-5845.

PN, T SR RO A £ 2K 0 SR AR AR Y [T, KA AR, 1986, 10(2): 136-143.

i fids, BROKES . BRIE. & IEER Triplophysa 2RI F REKE MAY MBS [J]. AKRBLZ#E R, 2006,
16(11): 1395-1404.

CHAMBERS ] M. Chapter 4-Linear Models [M]//HASTIE T J. Statistical Models in S. London: Chapman & Hall,
1992.

DELIGNETTE-MULLER M L, DUTANG C. Fitdistrplus: An R Package for Fitting Distributions [ J]. Journal of Sta-
tistical Software, 2015, 64(4) . 1-34.

BATES D, MACHLER M, BOLKER B, et al. Fitting Linear Mixed-Effects Models Using Lme4 [J]. Journal of Statis-
tical Software, 2015, 67(1) . 1-48.

CHAMBERS J M., FREENY A E. HEIBERGER R M. Chapter 5-Analysis of Variance: Designed Experiments [ M]//



% 118 Ky, . SGRHBEARELSFERAREELTLHILEAR 53

[47]

[48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]

[56]

[57]

(58]

[59]
[60]

HASTIE T J. Statistical Models in S. London: Chapman & Hall, 1992.

YANDELL B S. Practical Data Analysis for Designed Experiments [M]. New York: Routledge, 1997.

MURRELL P. R Graphics [M]. New York: Chapman and Hall/CRC, 2005.

REVELL L J. Phytools: An R Package for Phylogenetic Comparative Biology (and Other Things) [J]. Methods in Ecol-
ogy and Evolution, 2012, 3(2): 217-223.

FRECKLETON R P, HARVEY P H, PAGEL M. Phylogenetic Analysis and Comparative Data: A Test and Review of
Evidence [J]. The American Naturalist, 2002, 160(6): 712-726.

ZHANG J H, LONG R, JING Y Y. et al. Loss of Behavioral Stress Response in Blind Cavefish Reduces Energy Ex-
penditure [J]. Zoological Research, 2023, 44(4): 678-692.

VILLANUEVA R A M, CHEN ZJ. Ggplot2: Elegant Graphics for Data Analysis [J]. Measurement: Interdisciplinary
Research and Perspectives, 2019, 17(3): 160-167.

POULSON T L. Cave Adaptation in Amblyopsid Fishes [J]. American Midland Naturalist, 1963, 70(2): 257-290.
MONTGOMERY J C, COOMBS S, BAKER C F. The Mechanosensory Lateral Line System of the Hypogean Form of
Astyanax fasciatus [ J]. Environmental Biology of Fishes, 2001, 62(1): 87-96.

PARZEFALL J. Behavioural Ecology of Cave-Dwelling Fishes [M]//PITCHER T J. The Behaviour of Teleost Fishes.
New York: Springer, 1986.

YOSHIZAWA M, YAMAMOTO Y, O'QUIN K E, et al. Evolution of an Adaptive Behavior and Its Sensory Receptors
Promotes Eye Regression in Blind Cavefish [J]. BMC Biology, 2012(10): 108.

BIBLIOWICZ J, ALIE A, ESPINASA L, et al. Differences in Chemosensory Response between Eyed and Eyeless Asty-
anax Mexicanus of the Rio Subterraneo Cave [J]. EvoDevo, 2013, 4(1): 25.

MALDONADO E, RANGEL-HUERTA E, RODRIGUEZ-SALAZAR E, et al. Subterranean Life: Behavior, Metabol-
ic, and Some Other Adaptations of Astyanax Cavefish [J]. Journal of Experimental Zoology Part B: Molecular and De-
velopmental Evolution, 2020, 334(7-8): 463-473.

PIERCE A D. Acoustics: An Introduction to Its Physical Principles and Applications [M]. New York: Springer, 2019,
WEBB J F, SMITH W L. The Laterophysic Connection in Chaetodontid Butterflyfish: Morphological Variation and
Speculations on Sensory Function [J]. Philosophical Transactions of the Royal Society of London Series B: Biological Sci-

ences, 2000, 355(1401);: 1125-1129.

RERE RALR



