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Fig.1 Diagram of activation process of HPA axis
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aquaculture system, RAS) WX AYizf TR 25
Mt S ARG o BFSE N GRS IR . AT AR AR
AT R, RIE T KA RAS MR A5 X 447 K F
M (Micropterus salmoides) HJAEFREZM . 25
W, K RAS MR A5 T AR A R R 6
AT A A Bl A R IR B2 48 B 0 S 5 IR 1
B TSR T LA 3 2 5 e 0L A R A Y AR T
XFORRERE ) 77 RS 1, A R R IR A 3 M
% 2 fili 27 ) HUB N 10 BE IR 542 (Taeniopygia
guttata) FPEREST T 20,

ROS 7K V- R0 48 A I 1 A2 S e sl ) 0 75 Ak
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(Acanthopagrus schlegelii) %% ¥& T W 75 ¥ 5% Hh )
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GPx) HYREH car Fll gpx B 1K 5 FEMEFS 7255 24 h
J&, cat ) mRNA FRILACE R, 7EME S 2265 1
J&i, gpx B mRNA KBRS B 20 A AL B
A R LA ROS A, mlias A A i fh

MR P 6T 2 A P 07 T S I S e 0,57 1) T AR
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leucophrys oriantha) 4 0t 858 B 0 4 5 A
e B AE RN U NE , B B KT B 50 B PR RS Y
W/ NG N 2, {BAE Crino 55 2 MESE, Hib
TGRS A0 IRZHAH LY, oy B4 S 2 6 T
238 MR 5 15 min (90 R BT ER KT 1 2 BE AR
Kleist 55 2 F — 20 5% T M 75 B B XT 7 35
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H R SLR I R B, FEEAL S B 5 21~120
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25y i 2 gy o

FAEAFTEEE 2 Ik A6 5L b ) 55 288 ke 7 P
PR, SR EEAREIEIN TR E S AR AR S
e R 2 20 FH A G DX 35 X X (area X) #H
X AR FULL B 9% & 75 H A (high vocal center,
HVC) HXHEBUE Bm s 20, 7R 0%
5 RS 3 M P T P A R ) A A S X SN —
o au ARSI Fne iR EEAER, A
SR E RS (80 dB SPL) & #r &1 /N RUT
(inferior colliculus, IC). Wy JZ)Z (auditory cortex,
AC) Ffg Ly (hippocampus) F 48 AL 351105 A1l tau 25
I BEREIR A, P/ RS T Fidizie s, A
FREEBT R, WIFEMR U, HE20d BT
110 dB SPL M5 1 h ) CS7TBL/6 /N 25 (7] 2 )
Fnctzae 2 dn, Hifs Db A s 200 FERE IR i)
tau AR 0T, HAEW BT SHEE, B ER
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A] BT A 1% A3 T b DX B3 B R 3 sh A i )
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FETFREARF 5 09 4 PE CRIERE o I L pry A 3 3
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WP AR 2 U H i A ARAE  WRBE | R
|, WEH, KMFEIRY (Zosterops lateralis) TE
ARCATIR T M P DA e AR g M, R ) 3 1 8
AT BN (Agelaius phoeniceus) TF
SCH M S T 23 AU AT N T 2 R R [
e Z 4 (Carpodacus mexicanus) 4% it 25 {4 I
TR ARG I A8 R P R AT 38 % SR,
Zollinger 55 7' (AR G5 WA, ERINEL T
SOITR] A AR N 75 7 R AN 25 300y ARG T AR
SR,

S P AE S AL, 7R MR R R EE 1Y
X, WS RTINS B AR O A DG
BB, A S Y S R A RS e P 0k
SR IR, FEME RN R 1A S S R ]
RETCHES B &Y, — ] RE MR A S 1 R S F
AR, (AR AR MR 5 7 A p 7 5 A
TCHRANB YT 5 G5 —Jr T, W o A RE {4 1 44
Peali o0y, KPR AR AT RESZ I B4R S A A A7 B

AR H DL N R RS (R, AR IR TR H &
B, KINARREETEIRR A M, AT R
SR HAT R A E W . R A A A
(Argyrosomus regius) T EFHZN 2k B WL &
WEAE HERFAR A SRAEFIZCIL , Vieira % ™ WF5Y T 7E
SR EAMET, M H R XA R AT R
ZEARRHT, M RS A DI S RrE A A, IR Rl e
T Fa RO A A ) SR . R
PGS IO A WU, WS B 2 B
AR A ] (—NREE YRl UG 3 5 — >4 b
RIYEHED) AYU/> . MKy (Balaenoptera edeni) Y
A S AR HaE ot e b 17 i 87.4%, TERE
FsF ol P 422 sk IR Y fe P 57 B A 96 2R T 19 KR
(Pempheris adspersa) Ty H 8 1k 19 8] 719 38 5 23 (7]
T 61.5%

23 ANARREZImsh B #E1T A

W P (A 23 SE VT 2 K A2 AE R K RS 3o
A (Pomacentrus chrysurus) TEJEE T HE RN
AANE R /Y H KR 6 A B N 2332 25, B

T AR BN AE IR Y B % f (Phoxinus
phoxinus) £ Z4PEAN R AN R 2 BRI S g
FEBEARE AT R AT i viGE B FEXS R M R
A, RAS W fiff 0 03 20 1 AS R D0 1 3
i, AR TR RERTEAE, SN 7L fn
ALEAFIUAS 1 g T REFTAE M P 1Y 22 0 IO B
& (Acanthochromis polyacanthus) VB fIAT N2>
Hahn,  [REED T X RS B S, AR T
JERBIR, BEIR T AR 3

N 75 7R S O A SR IE R, i
e # BB . 2 sh RGeS
RBHIEA R, m[E R SR B st 45 7 [ A
fER B . AWM B AEAE AT RESS I 55 s 0 S A
BATH . B ILAE RS AR A Hbah B I T Hb X, 7EAC
AMERE T 23 A LRI T B G | WA E AR SR
e L WA A AEA I B B A, Sk iE
SERERE , HAAMAC ) o R R S A, AR [
HLU I A 2SR, e (R TR B[R], s
AFEAE N S BEARE A TR BB EE
24 N ARERS 5N h ¥ AR

REARTEIARRRIRSE . A BRSSO I I 8 A5 ot
Wit B OCHEZ MR o A M RS XV 22 3l ) 1) B
HRAT Ry P A2 AT, S MR s /b 1 R LI 1Y) B
HRINH B 75 T S e R T 844, i BT
EENRR R O FEIEEEO T, B
w8 (Creticus tibicen) BYAEPRHEIR Bl (non-rapid
eye movement) HE G A1 P 3 BR 35 (rapid eye
movement) A% 73 1] 5 BB RY (72.7+1.2) % Al
(122+1.0) %, H A (15.142.0) % &b 75 % Bk
A M ] 2 5 T 3T M ) SRS B 2
NI AN ETE R, TR R (R Y, BEERIR A
b, PUHIR SRR 2 (5.6£1.3) %, AEPLER
BIEIRIED 2 (61.6+3.2) %o

3 HiESRE

WS 2N L2 SR A OIS | A7 R A
ATz (1), SCHEBEFE | Tl M FRsE
M e TR A A AR IR S X B A i - g
FIFREA C, HWeR | s | RRgenflsE, L
AR R I, B ARSI X R A 40 dB SPL fY
PRI GR 7= RN o A A BRI I 7 s 5 e )
WX BRI, T AL A L AN T T R M X
SRR — R RN ST U, S B kA
TR sh A fa Rl . B4, WS RRAE S G B



2023; 50 (&)

aREE3, %: ANAMEAEXIFHHIEAENT 5200 -1301-

YIRS A A BRI XTI G AR 7 AR SERR IR
AR BEAIIN, MR R R B A R
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W P S R R S 2 R A kR, RITRE
SEFE RSP A BV UK . RSETIRE . RN
(% DL ik . A, M di2xfal i
SEMASNYIRAT e, SR AR Sl R
il s el . ARSI TR AR AR . 2R T
NSRRI IE RGBS A AR
ST B T TR B RO A
FT AR AR BRI RSS2 HARSE AR, e
HRE RN S A PR B R SR B 1 AR T A A I
PTG R AL PR ST AR Z R SC R, BIAT
AR A B, H RIS TR
Pl FIRES A BT 1 Fsh Pt Z s iy
SENAAFAEMPLE 22527 Sy PR TG Bl B4 ) =2 31| g
FERZE 7 DA SR A A5 it s 2 3o 3 4 14 A

=
AU

FRITA AW X s e i o 2 46 b
B8 SR HESHYY, T il IO MESh P A
TETCHHESI ) B OCTE AR XA ek b A TC A A
Y B R SRR 97% i A, EER RS
KAEFEAER . N NPT IR HESh Y0 n]
RE) Iz MR 20, (A 4% K T IR SE A )
PIRIBE T TAE W KB TR HESH Y o RRAIFTE
A AN [RIRFAE B R 75 X0 2% ol G5 HE B ) ) 25 o
S JUHRE A AR AT A M AN e S G
AHESIIR, X0 T AT 1 R R {5 et T80
PIRITEAER R, dEdr AR 2SR BT 1A S AR E Bk
A,

BeAk, BABITE R, AEPIFR T 5E R G0
WP BB AR R e S, VAP PR T g4
Kekhzes o IRa, WS URE AR R YA,
W P A B AR PO, INRLBOK Y, R AR AR 22
57 X SEIE S B RN R KR YR 2E SRR AR A A
PIRIEAR Y — I B2 A R A 15— 20
AT 24871

Table 1 Non-—auditory effects of anthropogenic noise on animals

F1 NABRREXEhHEYIENT 520

N BENN Mg P 2RI 2 R AE FAfEts kb 5%
E3i) SCHR
A RIOKSE BERREE S As ST MEFE IR BRI K A m TR BRI (Hyla arborea)  [70]
WlEE T SRHy ((76+1.8) dB SPL) 4 (estimate+SE=3.387+1.252, df=
54, Wald’s z test: P=0.009)
AT I 7 P T SR BT 4 5 ) 1 IR 7K R FIE 8 (Zonotrichia [22]
GZB A MY R E N = (two-stage least squares regression, leucophrys oriantha)
2 9714i/d) N=18, df=17, F=4.72, P=0.045)
AL X HRAAEEG, FREE T ACEME S S 5785 (Zonotrichia [23]
((59.53+0.94) dBA) 15 minf¥14f & (1) 5. CORT/K V- . 35 [% leucophrys oriantha)
ik (F, ,=8.77, P=0.01, d=1.33)
SEEMEFE (48.9~59.4 ABA)  TEAER M IR PR IR L 5 R REKF WA (Tuchycineta bicolor)  [29]
BRMRKR; EHEGTEEAEREL
B AT B AEAR OGO &
B (35.0~61.4 ABA) MR IREAFNINT ABA, 4 NGE  WHE (Tachycineta bicolor)  [31]
SR B SRS AN0.218 mg/L
G fERE ) PHAJ MRS : A0 M A= WM ZHPHA R B AR TR BRI (Hyla arborea)  [70]

3 A | A7 A2 17 7

FEAI

((76+1.8) dB SPL)

(estimate+SE=—-0.034+0.012, df=46,
Wald’s z test:  P=0.006 7)
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LA Ak gk 75 2800 % R AIE FARSERR Yk =
I SCHR
TV K= 28 R 5t o HEZH (1 M98 S S 3R AML (serum K2 (Micropterus [18]
(RAS) ## (115dBre immunoglobulin M, IgM) %1k &% salmoides)
1 uPa RMS) (P=0.00025, LSD) T mesdl, K
25t 130%; X HRZE A 1 VY T
(lysozyme, LZM) &M% (P=
0.00031, LSD) T Wemal, b
TR LI 147 % X FE A 1) 137 19 4
1Ll (phenoloxidase, POX) 14w
# (P=0.013, LSD) & THam4l
bUAEE  HAEBUEMAE BRI IREHL100 m M REIEE, EiREHLHT car AR (Acanthopagrus [21]
SRR RIEPEFILK (109 dBre 1 pPa/125.4 Hz); mRNA 5 /K F & % T ot i 4L schlegelii)
R ERITiEEAL (38 dB e (P<0.005); gpx mRNAF LK &%
1 pPa/125.4 Hz) mE I AL (P<0.05)
PrAAEEEYE TR IR0 R 5 PRI E AL ARG (CAT) IE MR pNEE [18]
2 (RAS) ##% (115dBre # (P=0.0064, LSD) T2 (Micropterus salmoides)
1 uPa RMS) SRR~ (MDA) 2R
(P=0.020, LSD) fikFHEms4
ROS/KFT = MATRKHML (109 dB re gk 7 % 5% 20 1 1M 3 ROS 7K 1 2 %of R 4 PN EL TN [17]
1 uPa/125.4 Hz) H1.4 £5 (Pennahia macrocephalus)
BRI AHL100 m AT LZEL ) £ 44 P FIROS /K T B4 (Acanthopagrus [21]
(109 dBre 1 pPa/125.4 Hz);  {E5:F824 h/FiZHissn, 2/ ROS schlegelii)
IRl (38 dB re K 83 T 24 hill =R K P
1 uPa/125.4 Hz) (Mann-Whitney U-tests, P<0.05,
U=78, W=133); iTiRFeHLA ML
2JH B FTROS /K 1 4 35 w8 T i 2
(Mann-Whitney U-tests, P<0.05,
U=82, W=137)
BRI NP R R XAl 1y ACIEME e RS AR IE R E T R (Passer domesticus)  [35]
LS MR ((63.3+1.7) dBA) SHELL (P=0.008)
MR (35.0~61.4 ABA) M 5 5 40 19 SR K R B ARR G W (Tachycineta bicolor) — [31]
KR
kil AL S 18~120 dIT4HE 5 5 fs T A2 i g B A [36]
(FIK: 65~85dBA; WM. 4L LS R AL (1 wiph K 4 B8 (Taenopygia guttata)
45~75 dBA)
WV F ] R SRR ) YT (R % 75 Ak T 0 HV C AR A Fllarea XA R v e [40]
iz hE Sy AR X AR 60~80 dBAL 50~75 dBA. EERNITh -2 IR UN AN N (Tuenopygia guttata)
40~70 dBA)
A RIRE ) ATIEMERE (70 dB SPL) U YE S R I Et U A N e Ko D A [43]
(1A I I RTRRVAYG Wk k= ) (Taenopygia guttata)
BFEMT R (P<0.05)
Y ORI MR ZGEEEA (76 dB SPL) W 7 g 75 1 £ i T e d 25 T B 7K E [44]
T s s R (ESEERE. JEESEERS) (P<0.000 01); TEMEFS N % AT (Myotis daubentonii)
SR PR B R T X 4L (P<0.000 01)
B AT EME S (75 dB SPL)  7E R0 75 Hi 1] i 1k & &0 T TE R RS AIIES [45]

(BB (R i (P<0.001)

(Poecile atricapillus)
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=S|
2 LERS sk 75 28 4 SRR AR HAkR bR el 5%
ESil SCiik
I 5 Sy B it FTHERS (190~194 dB re TEFH T TF AR L5 TV 75 14 2 I 1) 3l 2 2k KAHT I R [49]
WE, T 1 pPa) W26 it T 45 T 75 5 minJ5 T 46 (Doryteuthis pealeii)
RERER AL S 4Ll Kot A (P=0.015, P=
0.018), JfHBLBIHAT N
T AR (65 dB SPL) M 5 2 i 25 190 77 X e lig ¥ H A K4 (Parus major) [51]
B AEIR (P=0.014)
S MR ACIEMERE (2960 dB SPL) S UG ZH W 4 2 Y 7 A 3 T S Y IR 7 b [53]
2z (NB-DFM. HFMFIbDFM) [f)i I & (Vespertilio sinensis)
368 ErTAIRA (P=0.024, P=0.018,
P=0.012); IG5 ) 2 BEVE TR 5L
BT EME B AR TR R 2 (P<0.05)
Pt 3 Mt 75 5 B 1) 1 N2 e T WS P ) B A1 K [56]
(JEH: 40~74 dBA; kS (Carpodacus mexicanus)
SFH: (5842) dBA)
BT ORFEIM A, M LA AR ST, RIS E EARzIE [55]
Ju [ #£37.6~65.1 dB SPL) Y 55 21 RN AR B R (Agelaius phoeniceus)
XK (R=0.769, F, ,=29.9, P=
0.000 4)
BT N BIIAEIEE R (65 dB SPL, M 41 194 S X o8 S N R . WEHE (Tachycineta bicolor) — [58]
1~20 kHz ) A7) FTXA (P=7.23, P=0.007)
SIS MEAANERS (130 dBre 1 wPa) 8 K PG 11 46k 00 F) 45 M S s 2% PR ALK RPGEE Frih f [59]
T2 W A IRV B) (Argyrosomus regius)
RSN RS (10~1 000 Hz) R A A R ek D TR HR B 61.5% i PRl [60]
AN WAL S (JC. FR. SR BB S IH], WA T 10 IR A587.4% (Balaenoptera edeni) ;
HR) M /KA ] WA, FE T 3.9%~18.9%1 H 44 N
W G A BRI R A AR RS 7EEE B R <10 km K (Pempheris adspersa)
#£70~100 dB SPL s Rz g, HIEEELAEEL, W
AP RIS 25 (Al R 2982 17 99%
XTREAR  cARMEARZEA . ACi@MES (70 dB SPL) T Tr AE 28 e 75 A K 1 2R T R I Kii# (Parus major) [66]
FREST MEHREE L VA R AR EEAR) A VKB AR (1 4 i B B
A B, HRBSHEM R (P<0.05)
7T g 7 T TR IN AV TR I 1) A 2 B [67]
(1A (67+1.0) dBA; (32.8+3.7) %, AFHR M 2l B A p [ (Creticus tibicen)
FR: (65+1.2) dBA) WA E (61.6+3.2) %, Pk iR 5 i
IREH TR 2 (5.6£1.3) %, B HEAR
IF 1) 43T, 27 R AR 230 R B (1 72 1] 75
L 5 R 75 % O I 184 BT 1 B (8.0
1.70%; =4.76, P<0.01)
SRR BAEAT RN DY piRE BE TR 7R 5 BT DU R T P AR A4 e 75 [l (SYER- [61]
TR (75~145dBre 1 pPa*/Hz); AL, X HRA R EE TIEEME  (Pomacentrus chrysurus)

MR (65~145 dB re

1 uPa?/Hz)

/NF100 Hz,  FEARNE 5 75 &
JEE; KTF500 Hz, DU
FRBEFRAE IR 5 s R 4 5 iy

FERIAPA I R AE SR A T25% (P
0.004) 5 U R T JHE i A7 Af e 75 211
A B0 060 82 B 5 4 51 R B 7 15% A
30% (P=0.014)
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gkl
LA Ak gk 75 2800 % R AIE FARSERR Yk 2%
I SCHR
JEEFRAE G P ek 7 2 e e of G Al 1 2 1) B 4B AT 22 O i 6 [63]
((128.7£0.2) dB re 1 uPa) CBB/EAT B tE Bty 2% Bt (Acanthochromis
(P=0.016), J&XfHRA 12465 polyacanthus)
SN A AT AT (50 dB SPL) FEME R, AR A A T IR L64]
A, BEINAEA Z RN BEE R (P<0.001) . & (Poecile atricapillus)
X HRHHELZ (P<0.001) . Z4R 75 FFLLm)
3K (P<0.001) H B AT HAR I {5
AR (1w A A R AT (P=0.032)

FUERAID & (P=0.041)

S B A R DX )
2. (55+2) dBA;

IR HEALIR BB AT IR -

(68+1) dBA;

JEZEFL: (69+1) dBA)

TEIRZENL (P=0.007 4) FlI [ BR 12
FFEE (P=0.028 6) M IRkE N, ik
BT R PR (K A AR GR R
ST R BT R AL

s

(Passerculus sandwichensis)

[65]

NB-DFM: broadband noise burst-downward frequency modulation; HFM: humped frequency modulation; bDFM: bent downward modulation;
JC: Jellicoe channel; FR: Flat rock; SR: Shearer; HR: Horn rock.
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Non-auditory Effects of Anthropogenic Noise on Animals’

ZOU Jian-Wen, JIN Bao-Ling, CHEN Qi-Cai, FU Zi-Ying™
(School of Life Sciences and Hubei Key Laboratory of Genetic Regulation and Integrative Biology, Central China Normal University,
Wuhan 430079, China)

Abstract Noise exists widely in the environment, and the rapid development of urbanization also increases the
chance for wildlife to be exposed to anthropogenic noise. There is growing evidence that anthropogenic noise
affects human health and the survival of wild animals in many ways. A summary of these studies shows that
anthropogenic noise can change the physiological state of animals, make them at a relatively high stress level,
decrease their immune ability, reduce the activity of antioxidant enzymes, and induce higher reative oxygen
species (ROS) level. Animals exposed to anthropogenic noise have significantly shorter telomere lengths and
lower telomerase activity. Anthropogenic noise can also decrease the learning and cognitive ability of animals,
and even affect the development of brain regions related to vocal learning. For example, male zebra finch exposed
to traffic noise at an early stage had smaller relative volumes of area X and high vocal centers. The effects of
anthropogenic noise on animal behaviors are also extensive. The presence of anthropogenic noise can interfere
with foraging behaviors and increase the risk of predation. Meanwhile, anthropogenic noise may mask sound
signals and affect animal communication, such as changing acoustic signals and reducing communication space.
The accumulation of these factors may reduce the survival rate of animal offspring, change the species abundance,
and pose a threat to the survival of animals. There are differences in the sensitivity of different species to noise,
and the changes of physiological state and behaviors induced by noise may also be different. The research on the
non-auditory effects of anthropogenic noise is helpful to understand the potential harms of noise and take active

mitigation measures to deal with them.
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