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Abstract; In mammals, newborn puppies are usually very delicate and their survival depends heavily on parental care.
Parental care is primarily provided by the female mammal, who was found to exhibit a series of behaviors before and after
giving birth, including searching for a suitable birthing site, constructing a birth chamber, giving birth, grooming,
lactation, and nursing. These actions are referred to as maternal behaviors and are critical for the survival and development
of newborns in both domesticated and wild animals. Previous studies by us and others have shown that maternal behavior is
influenced by genetic and management factors. In addition, with the rapid development of industrialization and
electrification in recent decades and changes in human lifestyles, the presence of various new types of pollutants in the
environment poses new challenges for the elicitation and maintenance of normal maternal behavior. When disturbed by these
undesirable factors, female animals often show abnormal maternal behavior such as not making nests, refusing to lactate,

being reluctant to lick the cubs, unable to retrieve the cubs timely, attacking and cannibalizing newborns. Furthermore,
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while maternal behavior is an important criterion for assessing individuals, due to the low heritability of maternal behavioral
traits, it is challenging to make an accurate scientific evaluation solely from a genetic perspective. Instead, when conducting
maternal behavior assessment, the overall influence of management, environment, and other factors on maternal behavior
should be analyzed in combination with behavioral epigenetics. Therefore, this paper systematically reviews the effects of
genetics, nutrition level, environment status, daily management, and other factors such as disease on mammalian maternal
behavior, and highlights endocrine disruptors such as plasticizers, heavy metals, and other residues in the environment, as
well as electromagnetic and light pollution as new triggers of abnormal maternal behavior. What's more, the article also
presents a new prospect on how to improve and breed excellent maternal behavioral traits in animal production and wildlife
conservation based on genetics and integrated optimization of nutrition, environment, and management measures. The paper
can provide a reference for the next in —depth investigation of the factors influencing and regulating mechanisms of
mammalian maternal behavior, and provide a basis for the prevention and improvement of abnormal maternal behavior as
well as the enhancement of maternal care of animals. At the same time, it can also provide a certain reference for the

exploration of ecological and healthy breeding, and the improvement of the welfare of mothers and newborns.
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Fig.1 The factors that influence the maternal behavior of mammals

FEIR G YRR AEARME SR 8 H REE O RAMA I B WF5E R REEA T R 38 4% J1 301K, Gade S54k TN 1 BE 4
F1 R W84 SR 0.05—0.08' " LR B8 % J1 o0 0.11—0.13 (453 0.09') 48k | i F-RE ki
& I 58 B 58 2 LA S ik = G2 — bR , AN R b bR it A% 0 AF7E W 22 5 ) A P 0 A% 92 B AR 4 2 B
PRIA% 1 IR 5T T IC SR AR 8 5 F1 4305100 0.36 10,0204

B TG BRESS , BEMEISAL 1 125 SR AT RE 5 R 6, WF 98 B IIR R RN 2F 22 K i B S AL T A7 e
I, BRREXHATHE IR0 2 B 3A% 743 51K 0.16 1 0. 1217 5 4 (0 BT 24 3 2= F I A 25 B B 3845 7743 31
470.135 F10.108"* | AS[a] il Ff ]38t A% 7 14 2 53 0 Ry A 7= e e 98 5 305 1) il P ok B SR 36 22 il , o 1
PEIAL S B Rl el SRR, T DAS0R R R O B AR IEA T4 DT SE BB (AR PR MR B B B 5 i TR
A B FRALEA WRT 225 i 2 sg ) O SCER B ER . (EAS RAE , DA 1R E R W 1 AR
et BRI RN 5T R WA R PE IR 38 45 ) —RE AN [R] f Rh () B A T o R e W 22 7Y A
FERG I REPEAT N R B AR T R ) AR 3% e RS A R BN B (% Y kA AR R JE R E
B RE R IR ZEE T4 U8 55 B A LA S AP I Pk RO 5 51 A Bl 24 38 SEI K 38 R 1 88 B PR 0 el
R (AR R RV R — AR B T B RN R RS BT AR T R W 25 5 s 22 R
G 403 2 A A8 PR 3R A v ) it 2R 7 S5 TR R A IR 26 2 1) 8 B T S8 v 8 PR SR I R O LI AR R T
TEM B MR TREMEAT N 8% 7 R A 25, A5 B BRI REPE I R, 7 7040 & 45k S RE
PO AR BB AE SN, B 2R T A5 B IR SR B 5 97 OB AR SRS (A Ak, ik B X R R kAR i AL )
JoT, AEHERT 3 o FWast A% i i i oy S ma B A TR

TR ALAB G AT N 8 A A IR 5 A E L4 RS 430, W 9 3 WA BT S e MM S5 1S A5 3 5 e i e
s E R NP =R B a2 T S SR | | N 2V B3 U W N (270) s R S o i 0 i ) D A N
XU IR AT 2 it TR T R, (AT R, X RGN ¥ B AR5 ) o 1) 407 | 1 2 3
if DNA HSAE BIRE 4 8 FUE M AE i RNA i 4 55 3R st A B0 SE B , X A e AR o Rt gl kAT 36
Wi 240 BT A A3k o 2 O3 £ A8 Wi s O X, T Aol 2 o g i 7 PR /A 5 B4 8 Ak, ol R A T 45
5y WA PR 58 A5 A0 45 B i s il REPEA T R A0S AR RS B RE A T R i v B 4R T s A A
AERTRES > [FIRF R ZINR ], F st ALt 23R o A R B 22 TR AR R B 98 R W, 32 24K
SRR BRI S AT EL 32 30 /K7 BRI A AR I i 7= 2K 52 AR (OTR) FE B 1 )3 21 7 X 3k DNA 3 Ak /K P 5
SEEFRURAE G OTR JERFk D BT A2 TR GBS nl i iy, I8, A PR ARG R T

http ; //www.ecologica.cn



8 4] e A LB YRR T R A R 3111

o B FREN R FEUNEEAR B AT 785 038 i 2w sh e R S s R s

BT IR FHET B AT R st AL LA A1, R R 4 B AT Sk %) S 3 Pt S B P A 9 0Tk ) FE T
PE' ) BRT RSB AR HPO Rlrp = R MR AR 2 y-EZ R TR 5-7E
7O T R A O o 2 P A AR D, 5 3 A A A 5 B4 2L B R CL B HIDAC!™ 5k 2 4T 1) £ 5 1%
SR B PR 7 1R RPTKs ™ 5 RS R A SC RS 281 2K IRAPY 5 IR IR I M A
Sy 3 RUBLRLEG Dio3' ) | SWRBEAE 5L A G M FA T RR B Pl I 85 1 o2 CNGA2'® SREE A A K
3 RURFFRRIMEEE AC3 S5 S REVEAT M A SR e RE A 56, BN, Bkik AC3 SEN n] SECREMEAT M2 L, B
BROXH G A 1) BRBURI AP s /L B A7 A 3n 7 — T 98 & B, 45 VIR U0 5L | B2 32 M 3 IR T RO RE SR TR A
HEF= 25, AT AR ARV T8 BEE TR TR RS S T ARV L (A TR 0 2 | 3 6 3L PR % T A P
PG RN REEA T A7) I ELUR A RN A X3 R, 30 2 X SRt DA Ay 2 i PN TR A B PR AT A R A X K
R FC I P A AT X (MPOA) ™ (2880 R (BNSTpr) ™ AMUBEAZ (LS) 17 LA K rb fisi JE7 00 55 X
(VTA) " 4 i 3 DR Sas | on 3 e P  BAAAT R 22 A5 1k ( SNP ) S R4 H 45 4 R A TR AR AL, Bk ik £
(RS A S RDRE R 7 | 108 A BRI AT N B3 AL A S SR i B RO AR ST ot 7 SR ol i/ i 5 3
PR P g A W] AR A P4l e — AN BEPE AR 25 350 0] AR R o B R R A2 7 T
2.2 EFRHERIEEET 5w

BEVERORE R SR E BERTE M IS A REA T (02 B B BERl S FR 75 R To i e i, B 38 X4l A i) ekl 25 78
2 R E Z G, EE RS R ALY BB ) MEY 2 Rt R ER ARE RO R S
FFH H B BA 5 22 00 o SRR AMA X 5 5 3 AR RS S A B A IR I A 2L b iR B IR A G T Y &
YL i, Bl Fe e R B W AR A RE A T B A T IR AN BE S B L A B IR AR
AhAT I BEORRED | o MR B, 75 IR A IR (4 RE BN 7E 2 41 BRI 52 56 v R BA B T R IR D R R4 AT 9F
H, S 8] 38 SRR OB G i B 55Dl R R g 7, G T 7 0 265 2 SRRl 57 3 Bl 10 3 R RS B
FLARHEE AT R IE L AN IURIR S 15 77 Sh i S S0 1) W S ek B 3 SR A R Y BR T B 5
Wy IRAN , B Z R e R AT MR AT A e 1, 9F 9 38 B R S gk mT S 08 0 I W 7 O 5 4 A
ZAYVE AN R BRSNS S pO ] B s OF NS B M X R T T RE SRR RE R S AL
AR, B RE 2 E SR AN SRR HPO RS AT R 56, AP R R Z il R 2 45|
7R RGBG X Fh B M I v] G5 22 CU ZotiB A 0 5B SRR A, 7 2w A FE
HNE 35 AT Mt R R 2R A RE AT N G S A A A B B i A o SR A L AU B SR AN T
)RR S /N RO A AP BRI 78 L A8 R4 A B Tk B R B 2 B TR R 18,
I 5 AW Rl R 2 5 S8 e, B i xR4T R 77 A s e ma 0 e Ah , RS B i) ik g
FlE R EFRAR , WESE S TR I 55255 F 8

WFFE AN B BR T TR E IR AR BN AR 4 sh P i B e A, 38 S T e G LI BRI S 35 AN A2 ol 7k 2k Al
X MEME S PR S BEEA T IS AR i, B RS IR B 5 B0 M S5 AR N-F 3E-D-R A &R AZ K (NMDA)
SRR RERT XA T A AR B LR e R = B AMARAE AR I 2 ) RE 1825 SR
F1 bt e T W ARG LI ZE AR R D = SR B AR g A BRI S iR B R iR
JLSRAMA L B0 SIS ], 8 35 R R ol 70 247 2 ede 72 iy J L P9 178 35k PR Sk 1R 0, 0 1T 2 v L B4 5 A T

TN, R T BT BRI E SR R R S AT R AL BIFTE N B i 5 T B A R R % G - el e
KIEIVER . & B Rk i iE e S5 BT B I v /D (A E A WFI0K S5 B4 T S 3 VDA SC I I
T AT R R B A I REE B F R IR HL, 35 A A B UE S T 3 e el A 0 T R - - i B R
TUVARAE O X s o] AR TR Y7 B 36 0 77 5 AR, SO s AT U 28R i T R A A B O
s v ) HARAE FFIAIL I v 75 5 St — 2R 5T
2.3 IREER R NFREEAT A R

MBS R AT N R BB N 2, E B RO R BE JEIR R ARSE AN RO X

http ; //www.ecologica.cn



3112 xR 44 %

BRI R 2R AT DA 2 MR A 28 A 200 R 6 L SR A QO R 2 Wt A SR LRI 2 R B AT 0, A I A7 o ok
22 ORI ST ik S S A7) % T 4 i 25 PR N i D00 | G S DI T T A5 BB I3 D 2k sh W AT
L Al

SUGRA AR AN B T LASE AR A 1 AR A U] 33K 2 B2 M B AR RO 5 Sl ) R RO
AT A B REREE # AN R BCE IR AN R BE R A PR B AL I 25 1F R W 2 BUL A AT SR, 52 5L B R
WD FL ORI RN A TR AT BRI o 0 ik A 4 £ DR AT S W 1
N T e PR R, BB 15 4y B Mk ) B I AR 8 (B A AR 4 SR R T A RO T Y
IR, IR R o e e I 1 A 2 R v T, S Rl o e A 22 ARSI, A B EL TR R
1157 B B FAR SR A 2 T TR B AT IR D ISV I A RV 4 AT 3
R EPSLLITE B Ao A e Y ik ¢ K

R IR RSN SRR R SR S RO R EAT O R e R TE] A 8 h 16 h i, BRI 7 g B
WL AP T TR O AR O TG R ) 445 S, B B G A 1 R S ORI ] A /T
M S — P ERBE T IE , A RIS 32 3 LR 75 0 030 174 B B A 0 A BB ] 5 2 vh 3R Y A 2 e R
B P RV E S O S EUE Z IR RAE RIS n] LU s BT O, Xl e S R TR A R
GAFIEN I P s O USRI S AFAE 2257, Owen S5 (K RF 5 2 R T S RE7E I 2% (1) I 5 BRI o
J T 43 A B 5 2 (g B o] FRREAN A 7114 30 ol 2 55 T g 5 ORI 1) S 500 25 11 S0 0 e 6 B M 5 T 288 S5 AR ) A O
SRR H WL 55— DT R R 3R BRS04 A 00 U0 75 225 B IR | MR ot 22 BRI 2 S B0 h)
SERFEAT RGN Y BREE AL SR 2 TR R X S AT p U R R T Y R o
FALEA B ORI, FH BROGS Q A 0 D PR 1 (B A BIF S04 1 43065 214 R A il SR 1) /N BRE BB TR Y
TP B KRRV OB R 4l R A 3P BRTER B AT S WA S 390, FR] s AT 2 5R FH O 22 f) B AR 28 A LA T
GBS O ERAP AR 20 R 2 S b e A £ 3 UK R BRI B R S RN A G . (AR
TR, TRl S 0 R A T 0 Y R R EELRE TS il 5 S R R B IR R TR
LFRAAE I BUSEERFE RS BEVEA T 2 MR I, A SRR OR SR N R BRI 5 08 283 PR R A2

B T EIRMEGRBREEIN R AR SEAR EE GJ A L R SN SR R PR IR B Sh R AT O Y
ML A2 BRI A5 BB S MR R I L ROR 8 45 T 2 B Al i B 20 BT
TARM KRR N YT H R A KA 7 v i B b B AR SR B B A T SR 5 )
JB T RN 53 U6 T4, T LATEAAR A 50 2 MR SRR 2 0, T IR sl iy b 2 ) 3 0 SR G AR B T g2
SN SRR TR T A S BT i Y AR B B R, T S RN RAE B | s A
T3 AE 0 5y 2R i 5 RE VR IR 1 25 WIAR DG 1) HPO (HPA Bl 2546 RN ZIRE | 6 T U W-RE 1A 74 1) 1 8 2
FENT RN AR TR R BRI P AR T SRS Y 1 e LU, BREE AR A 2 TR
W) — P A 22 5 R AR AR I 0 A B AT T RS ASR ) LAT 69 A= ai ke S 402 Ry, WFFE W1, 76 iR
JUIPIZ S SR AT ) /N SR AT i 2 B HH B 22 AR ORI AT D, B BT £ 3 A By s 1] 1Y A8 i, B [ g 1) 4Ty
FFRITAE B IRFIE] S, I ELSCR BR300 P RR B AR 0 A 41 ik el S 35 1 o 4 T e v 2K
HPA i e E IR BB R (CRH) (2 EHRECBUMER (ACTH) FEBBE A E  JF DR R 22 1Y
SR, TR L R b 55 T 4 R S R I AR R AT SR Y AN BR T B R B T A A B
Yelyids 22 AR /N B 25 (1AL RE JT , IF X REEAT = A W Bl 155

IO BR T RIS G, r ARG AR A St e 2 sh Y R B R R F AL PL AR T HLAERY
A S T Ao 7 AU IS 38 U T SR AR R I 5 R P | OSBRSS AR L 4 £ 5
B D73 S 2] G0 IR BRSO U S B T O ek O TR O L R
BRSNS RZA S S B B B O R, — IO R AR I A RO S A7 A e R AR S 8 ARG 2 AT A2
SR, T HAZ TS e — B B, O S i PRI 00 A T T R B AR Y RS BT SRR i AR A UE H

http ; //www.ecologica.cn



8 4] e A LB YRR T R A R 3113

B TAZAR SR W Sh I BHEAT M A SE i A0, (EARTE R A2, RSB AGTR) AR PRI T e ) — o R R S 25 A9 1
FR R K F WA R R TR
2.4 BN ZENBHERT N R

P L RIL7IIEN RPN s L E SNt N R e oy R e S Lk ) TR a7 MR
NINZRZ— ., HHE B IG 2 00 55 s I RIS SR o0 BE , 0, BTSUI A IF 5 2 W 24 1) 57 4 L 2o R
INRETEN M B T R 22 FCBE R R ERA A 1 B i) T e, B2 LI R Il A H R A R TR
TR YT S5 BT BB B I, B AR RS I B AR B 9 A, FR A AT R RE 2R W R S A A B S S e T
BRSO G AF A RRERI [A] 2T (AR AR RER A BT R B SRR E A BT, R B A I (451
AR R LR R 5 min J5 57 RIFEES 24 h) EERIG  BEROS AT A OB T 2t e Ant  WRE T 5 A
TEiE R S B B BTN AT BRI DA AR A L/ R B S IR 1 DG BE YT, T S min AR
SEVLEE AT, U ST S R SR TR AR AR R TR B LA R I R R
PG AR R = PR A S AN TR A S MRy, (FUR T A2 0 T BERR - IR X A2, IR
TERF A S S BIBGE 2 h BUTEOL T  FER RS, 27 BEF 42 S5 R IR R R RO RVEAT O | 1400 7 B85
I EECE s I

WAL, sk TR e R K BT B AR H R B 25 R S R R BE R O ELZE I 3 B 2L R
LRSI OB, AELES P AR X — BB S I A Y U1 1 — 5 B RO AN 2R e R AR I
YURSOSE, A I ST 2 B 7= S B BT S, BN, G U P 301 8T B 0F A 0 B SR 1 R AT O e AR
10T /IS R B S AR RV R BE O NI (il LI R ) AR RS SN 2R B B R sk B B (AT i
Tt AT TR N BRI, R BRI I B A 7 W S A R B B 22 O REMEA T O B AT 4y B ] S
R AR BB A SRR 28 D RO R A FL AR I SRR T RPN
Je X IRALNY e AR B 3 A L R SRR A o R O A, A 2 WD S ) R s A A i
St 2 S AT R S RS [R5 06, 3 TR I R R RR AR [ O

e O T AR AS A BT ZR IR Sl (9 8, 48 LR AT BB SRR A JE Ak BT[] 1M SRt m] 3 aed 1
JINRE 5 1) PR ~F 8 BESR TR AT ICTH H A B SR ) G R ), At s AR R LY RS R T FE R rhog i
FRT e e 25 T A G S0 S 30 O 38 A R B ) B AT D (B HC O RE 58 AR S 28 B JBORr B A R 3
WSRO P DA ISR R Y R T S S AR (A BRI AR
RE W Bl TR /K S I BEEA T 911500 208 23 SR K B 4 RV S M B PEA T S I 05 sl [ 70 IR, P55 A 0
BT 0 B BCE SR A TR A LSS
2.5 AW BEVEST A2

B A B PR AL 5 R R 2 R R sh R BEVEAT S B0 55 — DR 7P S AR (FL D5 R 7 e | S I A A
HUBHL AR 2 M e PR L R R & 2L RERAFAT | GRS S0 2 A 14 BEURE A 00 T 3 2k 25 OB 4 4
[ BIERIRE ST S NGRS SR I [R] | S 0 R R A 7, LA T B i T U
SEMR S B R T T BRI (Y — IO Y SR T 76 BRSNS G R LT, AT LA RO R R R
SERREEAT N AN B RAE T AA Rd RE rhE E E LU R, Y 5 ) AR B AR RS B A
(I, SRR S50 B GRS, 8 2250 B S 40y A7 1 S . St T RS R R AT o A ek R
AEI RS A T O A B R R AR /NI B 2 F 4 20 T, BRI, ARG 5 AR IR X 3 )
BT 9 B (N2 AR T AR W 0 7 0 LS 7 G R RORL e BT A 1 B A AR
AT LU HAR B, AR P AR I RS R T R IR, O S A (R R s 2601 A8 R P, M A
R 14y A 52 20 308 5 AR, ok A % B A A T 3 — s T

TIH0 B T REE A B RS ST AR QUR S A BE AT O 0 BB R AT A S R B AT
B AT SIS BE SR R BT O BRI, 77 2—3 G BEEREEL BRBESEAT NI B 2 PR B

http ; //www.ecologica.cn



3114 xR 44 %

SFERHEAT AL T/ AT A2 R PR A DG I I, B X A2 5 AR 1 DG T R T 8
ETF PRI L AR NS DL R AT R REMEAT R B T AR AR RE R I, S22 B A [ AR
B VBT B PO AE N RN RN RS REEANAAF A R B AR S B DTG, DR A 7 rh A BT
SN ZR I, B25 & LR L LR & AT

3 RE

LB AR T D A2 B TR EREE B BRI A5 2 Bl N ZR S, O HARFPEAT o 0 AN 4R IE T
I S8 AHR) FE B LR R S SR PR, X X BB N R A IR A AR SRR O R SR AR T FL 3l B
PEAT o 3 A BEVEA T O S OV AE TP R BAZ s BEVEA T M AR I S5 B2 225 . [l s 25 IR 3, T
TR AE P ANA R G IR  iX S0 A 30 R AL RS R AT O Y, ELIX BB 0 nl BRS39S Mgt A% B
FeRAMT NG RAZ G Z PR EAE 2™ . 7300 S8 TR 0 SR TER G AL T AR i s e e
1 it SR P ol R A JSE 50K, EL R BAAT LA o 7 A 80 8 v 7= W 25 D 5 1) ) R A 2 A A B T i 22
REARSH I EEEAT O, I FEh W A = v, IO 5 7 IR B A: 7= PR A TR B, i J8 % = i ity L, 285 DA B 3R 36
B A PRAEAEI , G SR REVEA T O O T B O R R IR A R

IR B — F b i 5 R AR ROR AT g sy SN AT AN [ Sl A 1 PR T B BRI
W &G, LIE TR AR G i O R B EAR , S R AR A B AT AR B AR Rl RIS R AT
BRI B A D Z R Sh Y R EAT 0 B TEARBIL] , DR S A 6 M X AN R E AR R TR B AR
%5 O KRR B EREAT A SR BT AT B T, 554, EE I S BRG] | R A I N T
Lo BB ARG AR R REVEA T BT BT DR 2R AR S 3 A M oA ST 853 PR AR W AT S A BIL AR, DA A L
TR REEAT 4R AT 5 BUCE TS M RN S EUE R R IG5, oM, FE 0 Hr BEVEAT D 57t 4 R LR, i
RERSAS H A HAB S HAT AR EE &1 VPGSBS 3 AT 0 B SR, R, 7R AR IR 5 o, B4
SNP HE PR 73 A0 o 3 e I 5 B PR e RS i\ DINA $8 2 P13 707 S5 B R 4k SR AFZ 8 8 s B A7 Ry 1 G
SEHEDN , I S B ST A5 B 7 M 48 S B DA ] A AH A P, BE— 2D R B R R R A D 1 82 £ 12 L it
T IR 7 AL PR 4 e fb R s AU s AR A5, LASUI 4 75 BV AT O AR TR AR, S BEPEAT
PP AT PG (LS IR AN SE B T o HOR  AEIRRUGE SR SRR AT D9 OIS o, 17 25 5 22 b st ) 3
Py BRI B B S A IR S T A A R IR B RIS SRR b OC TR AT 1 e RIS 38 T
RN EOC R P RS DR R A M ER S %

£ 3L Hf ( References)

[1] WEE. A% 2 M. Jbat: JEtA i, 2014.

[ 2] Numan M, Insel T. The neurobiology of parental behavior. Springer Science & Business Media, 2006.

[3] % KHFG % . S5EF B, 2008.

[ 4] Francis D D, Meaney M J. Maternal care and the development of stress responses. Current Opinion in Neurobiology, 1999, 9(1) . 128-134.

[ 5] Curley J P, Champagne F A. Influence of maternal care on the developing brain; mechanisms, temporal dynamics and sensitive periods. Frontiers in

Neuroendocrinology, 2016, 40. 52-66.

[ 6] Bridges R S. Long-term effects of pregnancy and parturition upon maternal responsiveness in the rat. Physiology & Behavior, 1975, 14(3) .
245-249.

[ 7] Bridges R S. Neuroendocrine regulation of maternal behavior. Frontiers in Neuroendocrinology, 2015, 36 178-196.

[ 8] Nasr E H, Alshehri N, Almutairi M A, AbdElmenim F M. Fear from childbirth among pregnant women. OALib, 2020, 7(7) : 1-13.

[ 9] Paris R, Bolton R E, Weinberg M K. Postpartum depression, suicidality, and mother-infant interactions. Archives of Women's Mental Health,
2009, 12(5) : 309-321.

[10]  #a¥i, 250, BRID. FRERTHOCHE AT A0 B REAGSE IR, O BBt I, 2020, 28(1) : 128-140.

[11] Champagne F A, Meaney M J. Stress during gestation alters postpartum maternal care and the development of the offspring in a rodent model.
Biological Psychiatry, 2006, 59(12) : 1227-1235.

[12] Dwyer C M. Maternal behaviour and lamb survival ; from neuroendocrinology to practical application. Animal, 2014, 8(1) . 102-112.

http ; //www.ecologica.cn



8

e A LB YRR T R A R 3115

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]
(23]
[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]
[40]

[41]

LvSJ, Yang Y, Dwyer C M, Li F K. Pen size and parity effects on maternal behaviour of Small-Tail Han sheep. Animal, 2015, 9(7):
1195-1202.

Lv SJ, Yang Y, Li F K. Parity and litter size effects on maternal behavior of Small Tail Han sheep in China. Animal Science Journal, 2016, 87
(3): 361-369.

Wang H, Han C Q, Li M, Li F K, Yang Y, Wang Z N, Lv S J. Effects of parity, litter size and lamb sex on maternal behavior of small Tail Han
sheep and their neuroendocrine mechanisms. Small Ruminant Research, 2021, 202 106451.

Narayanan S N, Jetti R, Kesari K, Kumar R S, Nayak S, Bhat P G. Radiofrequency electromagnetic radiation-induced behavioral changes and
their possible basis. Environmental Science and Pollution Research, 2019, 26(30) . 30693-30710.

Lee Y J, Lin HT, Chaudhary M A, Lee Y C, Wang D C. Effects of prenatal phthalate exposure and childhood exercise on maternal behaviors in
female rats at postpartum: a role of oxir methylation in the hypothalamus. International Journal of Molecular Sciences, 2021, 22(18) : 9847.
Zeman M, Okuliarova M, Rumanova V S. Disturbances of hormonal circadian rhythms by light pollution. International Journal of Molecular
Sciences, 2023, 24(8) . 7255.

Govindasamy K, Rahman M, Chutia T, Singh L A. Success rate, genetic improvement and economic analysis of artificial insemination delivery
models for smallholder pig production systems. Animal Production Science, 2021, 61(15): 1606-1612.

Tinberge N N. The study of instinct. The Journal of Nervous and Mental Disease, 1954, 120(1) . 141.

Harlow H F, Zimmermann R R. Affectional responses in the infant monkey; orphaned baby monkeys develop a strong and persistent attachment to
inanimate surrogate mothers. Science; New York, N Y, 1959, 130(3373) . 421-432.

Fernandez-Llario P. Environmental correlates of nest site selection by wild boarSus scrofa. Acta Theriologica, 2004, 49(3) . 383-392.
Pietrosemoli S, Tang C. Animal welfare and production challenges associated with pasture pig systems: a review. Agriculture, 2020, 10(6) ; 223.
Wischner D, Kemper N, Krieter J. Nest-building behaviour in sows and consequences for pig husbandry. Livestock Science, 2009, 124(1/2/3) .
1-8.

Stone E A, Bonnet K A, Hofer M A. Survival and development of maternally deprived rats: role of body temperature. Psychosomatic Medicine,
1976, 38(4) . 242-249

McCoard S A, Henderson H V, Knol F W, Dowling S K, Webster J R. Infrared thermal imaging as a method to study thermogenesis in the neonatal
lamb. Animal Production Science, 2014, 54(9) . 1497.

Mota-Rojas D, Titto C G, Orihuela A, Martinez-Burnes J, Gomez-Prado J, Torres-Bernal F, Flores-Padilla K, Carvajal-de la Fuente V, Wang D
H. Physiological and behavioral mechanisms of thermoregulation in mammals. Animals, 2021, 11(6) . 1733.

Mota-Rojas D, Titto C G, de Mira Geraldo A, Martinez-Burnes J, Gémez J, Hernandez-Avalos 1, Casas A, Dominguez A, José N, Bertoni A,
Reyes B, Pereira A M F. Efficacy and function of feathers, hair, and glabrous skin in the thermoregulation strategies of domestic animals. Animals:
an Open Access Journal from MDPI, 2021, 11(12) . 3472.

Ocepek M, Andersen I L. What makes a good mother? Maternal behavioural traits important for piglet survival. Applied Animal Behaviour Science,
2017, 193 29-36.

Lopez A J, Heinrichs A J. Invited review: the importance of colostrum in the newborn dairy calf. Journal of Dairy Science, 2022, 105(4) .
2733-2749.

Geng R Q, Wang L P. The expression of maternal behavior in Chinese hu sheep and its effects on lamb survival and body weight. Indian Journal of
Animal Research, 2020, 56(6) : 769-774..

Goldshtein A, Harten L, Yovel Y. Mother bats facilitate pup navigation learning. Current Biology, 2022, 32(2) ; 350-360.e4.

Treves A, Drescher A, Snowdon C T. Maternal watchfulness in black howler monkeys (Alouatta pigra). Ethology, 2003, 109(2) : 135-146.
Kappeler P M. Parental Care//Kappeler PM. Animal Behaviour: An Evolutionary Perspective. Cham; Springer International Publishing. 2021
243-280.

Dechanupong J. Maternal Behavior and Time Allocation of Red Panda ( Ailurus fulgens ) in Captivity [ D ]. Fairfax: George Mason
University, 2019.

Ciminelli G, Martin M S, Swaisgood R R, Zhang G Q, Guo L, Owen M A. Social distancing: high population density increases cub rejection and
decreases maternal care in the giant panda. Applied Animal Behaviour Science, 2021, 243 105457.

Jensen P. Observations on the maternal behaviour of free-ranging domestic pigs. Applied Animal Behaviour Science, 1986, 16(2) : 131-142.
Gustafsson M, Jensen P, de Jonge F H, Illmann G, Spinka M. Maternal behaviour of domestic sows and crosses between domestic sows and wild
boar. Applied Animal Behaviour Science, 1999, 65(1) : 29-42.

B, Wl BTN RO AT T . P E R B, 2008, 44(19) ; 55-58.

Lightman S L, Windle R J, Wood S A, Kershaw Y M, Shanks N, Ingram C D. Chapter 8 peripartum plasticity within the hypothalamo-pituitary-
adrenal axis. Progress in Brain Research. Amsterdam: Elsevier, 2001 111-129.

Levine S. Regulation of the hypothalamic-pituitary-adrenal axis in the neonatal rat; the role of maternal behavior. Neurotoxicity Research, 2002, 4

(5): 557-564.

http ; //www.ecologica.cn



3116 JAE = 44 %

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Georgescu T, Aung Z K, Grattan D R, Brown R S E. Prolactin-mediated restraint of maternal aggression in lactation. Proceedings of the National
Academy of Sciences, 2022, 119(6) : €2116972119.

Barowicz T. Inhibitory effect of adrenaline on oxytocin release in the ewe during the milk-ejection reflex. Journal of Dairy Research, 1979, 46(1) .
41-46.

Lgvendahl P, Damgaard L. H, Nielsen B L, Thodberg K, Su G S, Rydhmer L. Aggressive behaviour of sows at mixing and maternal behaviour are
heritable and genetically correlated traits. Livestock Production Science, 2005, 93(1) . 73-85.

Géde S, Bennewiiz J, Kirchner K, Looft H, Knap P W, Thaller G, Kalm E. A note on genetic parameters for estrus symptoms in sows. Applied
Animal Behaviour Science, 2008, 109(2/3/4) . 406-409.

Michenet A, Saintilan R, Venot E, Phocas F. Insights into the genetic variation of maternal behavior and suckling performance of continental beef
cows. Genetics Selection Evolution, 2016, 48(1): 1-12.

Everett-Hincks J M, Lopez-Villalobos N, Blair H T, Stafford K J. The effect of ewe maternal behaviour score on lamb and litter survival. Livestock
Production Science, 2005, 93(1) . 51-61.

Phocas F, Boivin X, Sapa J, Trillat G, Boissy A, Le Neindre P. Genetic correlations between temperament and breeding traits in Limousin heifers.
Animal Science, 2006, 82(6) : 805-811.

Vallée A, Breider I, van Arendonk J] A M, Bovenhuis H. Genetic parameters for large-scale behavior traits and type traits in Charolais beef cowsl.
Journal of Animal Science, 2015, 93(9) . 4277-4284.

Vangen O, Holm B, Valros A, Lund M S, Rydhmer L. Genetic variation in sows’ maternal behaviour, recorded under field conditions. Livestock
Production Science, 2005, 93(1) . 63-71.

RIS, THELE, KA. SR R TOI MNER. JRHE, 2018(4) « 36-40.

Knap P W, Merks ] W M. A note on the genetics of aggressiveness of primiparous sows towards their piglets. Livestock Production Science, 1987,
17: 161-167.

Cui SQ, Chen D H, Li J H, Li X, Yin G A, Bao J. A comparison of postural changes and maternal responsiveness during early lactation in
Landrace and Minpig sows. Applied Animal Behaviour Science, 2011, 131(1/2) . 40-47.

Liu HG, Wang C, Lv J, Yu Y Q, Zhang J L, Bao J. Behavior and performance in primiparous sows of two Min pig hybrid breeds in outdoor
housing systems. Applied Animal Behaviour Science, 2013, 146(1/2/3/4) . 37-44.

Dwyer C M, Lawrence A B, Bishop S C. The effects of selection for lean tissue content on maternal and neonatal lamb behaviours in Scottish
Blackface sheep. Animal Science, 2001, 72(3) : 555-571.

Weaver I C G, Meaney M J, Szyf M. Maternal care effects on the hippocampal transcriptome and anxiety-mediated behaviors in the offspring that are
reversible in adulthood. Proceedings of the National Academy of Sciences of the United States of America, 2006, 103(9) . 3480-3485.
Champagne F A. Epigenetic mechanisms and the transgenerational effects of maternal care. Frontiers in Neuroendocrinology, 2008, 29 (3):
386-397.

LiS,LuCL, JiaMY, Zhang Z J, Zhang H, Song Z I, Feng SH, Liu Y J, Cao H Z. Comparison between maternal behaviors of primiparous and
multiparous sows. Livestock Science, 2023, 267. 105127.

Pang Y'Y, Lu R J H, Chen P Y. Behavioral epigenetics: perspectives based on experience-dependent epigenetic inheritance. Epigenomes, 2019, 3
(3): 18.

Fleming A S, O’'Day D H, Kraemer G W. Neurobiology of mother-infant interactions: experience and central nervous system plasticity across
development and generations. Neuroscience & Biobehavioral Reviews, 1999, 23(5) : 673-685.

Weaver I C G, Cervoni N, Champagne F A, D’Alessio A C, Sharma S, Seckl J R, Dymov S, Szyf M, Meaney M J. Epigenetic programming by
maternal behavior. Nature Neuroscience, 2004, 7(8) ; 847-854.

Weaver I C G. Epigenetic programming by maternal behavior and pharmacological Intervention Nature versus nurture: let's call the whole thing off.
Epigenetics, 2007, 2(1) . 22-28.

Grabrucker S, Pagano J, Schweizer J, Urrutia-Ruiz C, Schn M, Thome K, Ehret G, Grabrucker A M, Zhang R, Hengerer B, Bockmann J,
Verpelli C, Sala C, Boeckers T M. Activation of the medial preoptic area (MPOA) ameliorates loss of maternal behavior in a Shank2 mouse model
for autism. The EMBO Journal, 2021, 40(5) : e104267.

Pedersen C A, Prange A J, Jr. Induction of maternal behavior in virgin rats after intracerebroventricular administration of oxytocin. Proceedings of
the National Academy of Sciences of the United States of America, 1979, 76(12) . 6661-6665.

Maynard K R, Hobbs ] W, Phan B N, Gupta A, Rajpurohit S, Williams C, Rajpurohit A, Shin J H, Jaffe A E, Martinowich K. BDNF-TrkB
signaling in oxytocin neurons contributes to maternal behavior. elife, 2018, 7. e33676.

Kendrick K M, Keverne E B. Importance of progesterone and estrogen priming for the induction of maternal behavior by vaginocervical stimulation in
sheep: Effects of maternal experience. Physiology & Behavior, 1991, 49(4) . 745-750.

Lucas B K, Ormandy C J, Binart N, Bridges R S, Kelly P A. Null Mutation of the Prolactin Receptor Gene Produces a Defect in Maternal
Behavior. Endocrinology, 1998, 139(10) : 4102-4107.

http ; //www.ecologica.cn



8

e A LB YRR T R A R 3117

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]
[77]

[78]

[79]

[80]
[81]

[84]
[85]

[86]
[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]
[95]

Stolzenberg D S, Zhang K'Y, Luskin K, Ranker L, Bress J, Numan M. Dopamine D1 receptor activation of adenylyl cyclase, not phospholipase C,
in the nucleus accumbens promotes maternal behavior onset in rats. Hormones and Behavior, 2010, 57(1) : 96-104.

Lee G, Gammie S C. GABAA receptor signaling in the lateral septum regulates maternal aggression in mice. Behavioral neuroscience, 2009, 123
(6): 1169.

De Almeida R M, Lucion A B. Effects of intracerebroventricular administration of 5-HT receptor agonists on the maternal aggression of rats.
European journal of pharmacology, 1994, 264(3) . 445-448.

Rezaei S, Bakhshani N M, Fanaei H, Trofimova I. Opium Effect in Pregnancy on the Dynamics of Maternal Behavior: Testing a Neurochemical
Model. Neuropsychobiology, 2021, 80(2) . 147-157.

Stolzenberg D S, Stevens J S, Rissman E F. Histone Deacetylase Inhibition Induces Long-Lasting Changes in Maternal Behavior and Gene
Expression in Female Mice. Endocrinology, 2014, 155(9) . 3674-3683.

Sheleg M, Yu Q, Go C, Wagner G C, Kusnecov A W, Zhou R. Decreased maternal behavior and anxiety in ephrin-A5"/- mice. Genes, Brain, and
Behavior, 2017, 16(2): 271-284.

Pham V, Burns P, Albiston A L, Yeatman H R, Ng L, Diwakarla S, Chai S Y. Reproduction and maternal behavior in insulin-regulated
aminopeptidase (IRAP) knockout mice. Peptides, 2009, 30(10) : 1861-1865.

Stohn J P, Martinez M E, Zafer M, Lopez-Espindola D, Keyes L M, Hernandez A. Increased aggression and lack of maternal behavior in Dio3-
deficient mice are associated with abnormalities in oxytocin and vasopressin systems. Genes, Brain and Behavior, 2018, 17(1) . 23-35.

Fraser E J, Shah N M. Complex chemosensory control of female reproductive behaviors. PLoS One, 2014, 9(2) . €90368.

Wang Z S, Storm D R. Maternal behavior is impaired in female mice lacking type 3 adenylyl cyclase. Neuropsychopharmacology, 2011, 36(4) .
772-781.

Kendrick K M, Keverne E B, Baldwin B A. Intracerebroventricular oxytocin stimulates maternal behaviour in the sheep. Neuroendocrinology, 1987,
46(1): 56-61.

Lonstein J S, Gammie S C. Sensory, hormonal, and neural control of maternal aggression in laboratory rodents. Neuroscience & Biobehavioral
Reviews, 2002, 26(8) : 869-888.

Numan M. Neural basis of maternal behavior in the rat. Psychoneuroendocrinology, 1988, 13(1/2) . 47-62.

Mei L, Yan R Z, Yin L P, Sullivan R M, Lin D Y. Antagonistic circuits mediating infanticide and maternal care in female mice. Nature, 2023,
618(7967) : 1006-1016.

Numan M, Smith H G. Maternal behavior in rats: evidence for the involvement of preoptic projections to the ventral tegmental area. Behavioral
Neuroscience, 1984, 98(4) . 712-727.

Karaca S, Ser G, Ulker H, Yilmaz O, Cakmak¢i C, Ata N, Saribey M. Associations between CYP17 gene polymorphisms, temperament and
maternal behavior in ewes, and growth in their lambs. Journal of Veterinary Behavior, 2021, 45, 1-9.

Mihalick S M. Individual variation in infanticide and activity in mice. The University of Texas at Arlington, 1997.

Miceli M O, Malsbury C W. Availability of a food hoard facilitates maternal behaviour in virgin female hamsters. Physiology & Behavior, 1982, 28
(5): 855-856.

Smart J L, Preece J. Maternal behaviour of undernourished mother rats. Animal Behaviour, 1973, 21(3) : 613-619.

Dwyer C M. Behavioural development in the neonatal lamb: effect of maternal and birth-related factors. Theriogenology, 2003, 59 (3/4):
1027-1050.

Chen J Y, Zhao X Z, Cui L, He G A, Wang X H, Wang F D, Duan S W, He L, Li Q A, Yu X D, Zhang F Q, Xu M Q. Genetic regulatory
subnetworks and key regulating genes in rat hippocampus perturbed by prenatal malnutrition: implications for major brain disorders. Aging, 2020,
12(9) . 8434-8458.

Beard J L, Hendricks M K, Perez E M, Murray-Kolb L. E, Berg A, Vernon-Feagans L, Irlam J, Isaacs W, Sive A, Tomlinson M. Maternal iron
deficiency Anemia affects postpartum emotions and Cognition. The Journal of Nutrition, 2005, 135(2) : 267-272.

Dwyer C M, Lawrence A B, Bishop S C, Lewis M. Ewe-lamb bonding behaviours at birth are affected by maternal undernutrition in pregnancy.
British Journal of Nutrition, 2003, 89( 1) : 123-136.

Abdoulaye B. Perinatal thiamine deficiency-induced spontaneous abortion and pup-killing responses in rat dams. Nutritional Neuroscience, 2013,
16(2) : 69-77.

Ramadan S. Effect of maternal feeding in late pregnancy on behaviour and performance of Egyptian goat and sheep and their offspring. Global
Veterinaria, 2013, 11; 168-176.

Villar M L, Giraudo C G, Cueto M I. Short-term energy supplementation before lambing improves maternal behaviour, udder volume, colostrum
viscosity and lamb birthweight in ewes under extensive grazing. Small Ruminant Research, 2023, 219 106893.

Bertino M. Effects of high fat, protein supplemented diets on maternal behavior in rats. Physiology & Behavior, 1982, 29(6) : 999-1005.
Purcell R H, Sun B, Pass L L., Power M L., Moran T H, Tamashiro K L. K. Maternal stress and high-fat diet effect on maternal behavior, milk
composition, and pup ingestive behavior. Physiology & Behavior, 2011, 104(3) . 474-479.

http ; //www.ecologica.cn



3118 JAE = 44 %

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]
[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]
[118]

[119]

[120]

[121]

Moazzam S, Noorjahan N, Jarmasz J S, Jin Y, Siddiqui T J, Cattini P A. A high fat diet in pregnancy modifies mouse maternal behaviour. The
FASEB Journal, 2020, 34(S1): 1.
Mizera J, Kazek G, Niedzielska-Andres E, Pomierny-Chamiolo L. Maternal high-sugar diet results in NMDA receptors abnormalities and cognitive
impairment in rat offspring. The FASEB Journal, 2021, 35(5) . e21547.
Edlow A G, Guedj F, Sverdlov D, Pennings J L A, Bianchi D W. Significant effects of maternal diet during pregnancy on the murine fetal brain
transcriptome and offspring behavior. Frontiers in Neuroscience, 2019, 13. 1335.
Burne T H J, O'Loan J, Splatt K, Alexander S, McGrath J J, Eyles D W. Developmental vitamin D (DVD) deficiency alters pup-retrieval but not
isolation-induced pup ultrasonic vocalizations in the rat. Physiology & Behavior, 2011, 102(2) ; 201-204.

Mikami K, Tochio T, Watanabe N. Modeling aggression in animals. Martin C, Preedy VR, Patel VB. Handbook of Anger, Aggression, and
Violence. Cham: Springer, 2023, 1-20.

Burokas A, Arboleya S, Moloney R D, Peterson V L, Murphy K, Clarke G, Stanton C, Dinan T G, Cryan J F. Targeting the microbiota-gut-brain
axis; prebiotics have anxiolytic and antidepressant-like effects and reverse the impact of chronic stress in mice. Biological Psychiatry, 2017, 82
(7): 472-487.

Trifkovit K €, Mitetié-Turk D, Kmetec S, Strauss M, Dahlen H G, Foster J P, Fijan S. Efficacy of direct or indirect use of probiotics for the
improvement of maternal depression during pregnancy and in the postnatal period: a systematic review and meta-analysis. Healthcare, 2022, 10
(6): 970.

Rachlow J L, Bowyer R T. Variability in maternal behavior by dall’s sheep: environmental tracking or adaptive strategy? Journal of Mammalogy,
1994, 75(2) : 328-337.

Potticary A L, Duckworth R A. Multiple environmental stressors induce an adaptive maternal effect. The American Naturalist, 2020, 196(4) .
487-500.

Koban T, Brent L, Evans S. The influence of temperature on the behavior of captive mother-infant baboons. Behaviour, 2003, 140(2) : 209-224.
Kim WS, Lee J S, Jeon S W, Peng D Q, Kim Y S, Bae M H, Jo Y H, Lee H G. Correlation between blood, physiological and behavioral
parameters in beef calves under heat stress. Asian-Australasian Journal of Animal Sciences, 2018, 31(6) : 919-925.

Meek L R, Dittel P L, Sheehan M C, Chan J Y, Kjolhaug S R. Effects of stress during pregnancy on maternal behavior in mice. Physiology &
Behavior, 2001, 72(4) . 473-479.

Tazumi T, Hori E, Uwano T, Umeno K, Tanebe K, Tabuchi E, Ono T, Nishijo H. Effects of prenatal maternal stress by repeated cold
environment on behavioral and emotional development in the rat offspring. Behavioural Brain Research, 2005, 162( 1) 153-160.

Mabry J] W, Cunningham F L, Kraeling R R, Rampacek G B. The effect of artificially extended photoperiod during lactation on maternal
performance of the sow. Journal of Animal Science, 1982, 54(5): 918-921.

Toki S, Morinobu S, Imanaka A, Yamamoto S, Yamawaki S, Honma K I. Importance of early lighting conditions in maternal care by dam as well
as anxiety and memory later in life of offspring. European Journal of Neuroscience, 2007, 25(3) : 815-829.

Fride E, Dan Y, Gavish M, Weinstock M. Prenatal stress impairs maternal behavior in a conflict situation and reduces hippocampal
benzodiazepine receptors. Life Sciences, 1985, 36(22) : 2103-2109.

Algers B, Jensen P. Communication during suckling in the domestic pig. Effects of continuous noise. Applied Animal Behaviour Science, 1985,
14(1) . 49-61.

Chapel N M, Radcliffe J S, Stewart K R, Lucas J R, Lay D C. The impact of farrowing room noise on sows’ reactivity to piglets. Translational
Animal Science, 2019, 3(1): 175-184.

Owen M A, Hall S, Bryant L, Swaisgood R R. The influence of ambient noise on maternal behavior in a Bornean Sun bear ( Helarctos malayanus
euryspilus) . Zoo Biology, 2014, 33(1) . 49-53.

Benuck I, Rowe F A. Centrally and peripherally induced anosmia: influences on maternal behavior in lactating female rats. Physiology &
Behavior, 1975, 14(4) . 439-447.

Corona R, Meurisse M, Cornilleau F, Moussu C, Keller M, Lévy F. Disruption of adult olfactory neurogenesis induces deficits in maternal
behavior in sheep. Behavioural Brain Research, 2018, 347, 124-131.

Lévy F, Keller M, Poindron P. Olfactory regulation of maternal behavior in mammals. Hormones and Behavior, 2004, 46(3) . 284-302.
WuRY, Huang Y F, Liu Y, Shen Q Y, Han Y X, Yang S M, Wei W H. Repeated predator odor exposure alters maternal behavior of postpartum
Brandt's voles and offspring’s locomotor activity. Behavioural Processes, 2020, 177 104143.

Mashoodh R, Sinal C J, Perrot-Sinal T S. Predation threat exerts specific effects on rat maternal behaviour and anxiety-related behaviour of male
and female offspring. Physiology & Behavior, 2009, 96(4/5) : 693-702.

Ayers . W, Asok A, Blaze J, Roth T L, Rosen ] B. Changes in dam and pup behavior following repeated postnatal exposure to a predator odor
(TMT) : a preliminary investigation in long-evans rats. Developmental Psychobiology, 2016, 58(2) ; 176-184.

McRae B R, Andreu V, Marlin B J. Integration of olfactory and auditory cues eliciting parental behavior. Journal of Neuroendocrinology, 2023, 35
(7): e13307.

http ; //www.ecologica.cn



8 1 e 55 ISR EAT N I R R 3119

[122] 4%, E, Arad:, SRR, Bde, k)5, SUAN. BRMEmEXT P 58t R SO A K I B ( Meriones unguiculatus ) ZZAF R /NI
AT REIFE . A 252440, 2022, 42(9) : 3633-3639.

[123] KimJ, Yang S, Kim N. Effect of plasticizer dosage on properties of multiple recycled aggregate concrete. Journal of Material Cycles and Waste
Management, 2023, 25(3) : 1457-1469.

[124] Puthran D, Patil D. Usage of heavy metal-free compounds in surface coatings. Journal of Coatings Technology and Research, 2023, 20(1) .
87-112.

[125] Zftais, ohfls, MOREF, 220k, M, SRFAL. T &SRR hMERER MO HREU LIRS AT . 25224, 2010, 30(4) : 1058-1065.

[126] REIEFN, @30, B2000. 3 A X240 R4S HUaR e S AR 16 s i oM. A28 2741, 2012, 32(21) : 6828-6835.

[127] Li L, Zhang T, Qin X S, Ge W, Ma H G, Sun L L, Hou Z M, Chen H, Chen P, Qin G Q, Shen W, Zhang X F. Exposure to diethylhexyl
phthalate ( DEHP) results in a heritable modification of imprint genes DNA methylation in mouse oocytes. Molecular Biology Reports, 2014, 41
(3): 1227-1235.

[128] Nadeem A, Al-Harbi N O, Ahmad S F, Alhazzani K, Attia S M, Alsanea S, Alhoshani A, Mahmood H M, Alfardan A S, Bakheet S A.
Exposure to the plasticizer, Di-(2-ethylhexyl) phthalate during juvenile period exacerbates autism-like behavior in adult BTBR T+tf/] mice due to
DNA hypomethylation and enhanced inflammation in brain and systemic immune cells. Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 2021, 109 110249.

[129] Hou P F, Dai WT, JinY S, Zhao F Q, Liu J X, Liu H Y. Maternal exposure to di-2-ethylhexyl phthalate (DEHP) depresses lactation capacity
in mice. Science of the Total Environment, 2022, 837 155813.

[130] Appleton A A, Kiley K C, Schell L M, Holdsworth E A, Akinsanya A, Beecher C. Prenatal lead and depression exposures jointly influence birth
outcomes and NR3C1 DNA methylation. International Journal of Environmental Research and Public Health, 2021, 18(22) . 12169.

[131] Catanese M C, Vandenberg L. N. Bisphenol S ( BPS) alters maternal behavior and brain in mice exposed during pregnancy/lactation and their
daughters. Endocrinology, 2017, 158(3) : 516-530.

[132] Krishnan K, Rahman S, Hasbum A, Morales D, Thompson L. M, Crews D, Gore A C. Maternal care modulates transgenerational effects of
endocrine-disrupting chemicals on offspring pup vocalizations and adult behaviors. Hormones and Behavior, 2019, 107 96-109.

[133] Lépez-Rodriguez D, Aylwin C F, Delli V, Sevrin E, Campanile M, Martin M, Franssen D, Gérard A, Blacher S, Tirelli E, Noél A, Lomniczi
A, Parent A S. Multi- and transgenerational outcomes of an exposure to a mixture of endocrine-disrupting chemicals ( EDCs) on puberty and
maternal behavior in the female rat. Environmental Health Perspectives, 2021, 129(8) . 87003.

[134] LiZG,LiXQ,QianY, Guo C, WangZ S, Wei Y J. The sustaining effects of e-waste-related metal exposure on hypothalamus-pituitary-adrenal
axis reactivity and oxidative stress. Science of the Total Environment, 2020, 739 139964.8974

[135] Ebet:, B, $I8E, 20, BME, KR ZaRFH EP- 1 X /NR A 1212 5 8 BT Mg m. £k, 2013, 33(17):
5228-5233.

[136] etk AFR EP-1 X/MEAS WHCIZ SR8 LU AR [ D], RO Epiifg ke, 2013.

[137] Akakin D, Tok O E, Anil D, Akakin A, Sirvanci S, Sener G, Ercan F. Electromagnetic waves from mobile phones may affect rat brain during
development. Turkish Neurosurgery, 2021, 31(3) . 412-421.

[138] Salameh M, Zeitoun-Ghandour S, Sabra L, Ismail L, Daher A, Bazzi A, Khalil M, Joumaa W H. Effects of continuous prenatal and postnatal
global system for mobile communications electromagnetic waves ( GSM-EMW ) exposure on the oxidative stress biomarkers in female rat liver.
Heliyon, 2022, 8(12) . e12367.

[139] Hancock S, Vo N T K, Goncharova R I, Seymour C B, Byun S H, Mothersill C E. One-Decade-Spanning transgenerational effects of historic
radiation dose in wild populations of bank voles exposed to radioactive contamination following the Chernobyl nuclear disaster. Environmental
Research, 2020, 180. 108816.

[140] Terayama T, Shigemura J, Kobayashi Y, Kurosawa M, Nagamine M, Toda H, Yoshino A. Mental health consequences for survivors of the 2011
Fukushima nuclear disaster: a systematic review. Part 2: emotional and behavioral consequences. CNS Spectrums, 2021, 26( 1) : 30-42.

[141] TLalonde C, Boreham D, Tai T C. Fetal programming of brain and behavior through ionizing radiation. Stresses, 2023, 3(1): 198-209.

[142] Poindron P, Caba M, Arrati P G, Krehbiel D, Beyer C. Responses of maternal and non-maternal ewes to social and mother-young separation.
Behavioural Processes, 1994, 31(1): 97-110.

[143] Kosten T A, Kehoe P. Immediate and enduring effects of neonatal isolation on maternal behavior in rats. International Journal of Developmental
Neuroscience, 2010, 28( 1) : 53-61.

[144] Ramirez A, Quiles A, Hevia M L, Sotillo F, Ramirez M C. Effects of immediate and early post-partum separation on maintenance of maternal
responsiveness in parturient multiparous goats. Applied Animal Behaviour Science, 1996, 48(3/4) . 215-224.

[145] Poindron P, Terrazas A, de la Luz Navarro Montes de Oca M, Serafin N, Hernandez H. Sensory and physiological determinants of maternal
behavior in the goat ( Capra hircus). Hormones and Behavior, 2007, 52(1) : 99-105.

[146] Lickliter R E. Effects of a post-partum separation on maternal responsiveness in primiparous and multiparous domestic goats. Applied Animal

Ethology, 1982, 8(6) : 537-542.

http ; //www.ecologica.cn



3120 JAE = 44 %

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]
[161]

[162]

[163]
[164]

[165]

[166]

[167]

[168]

[169]
[170]

Malmuthuge N, Howell A, Arsic N, Prysliak T, Perez-Casal J, Griebel P. Effect of maternal separation and transportation stress on the bovine
upper respiratory tract microbiome and the immune response to resident opportunistic pathogens. Animal Microbiome, 2021, 3(1) . 62.

Arfuso F, Fazio F, Chikhi L, Aymond G, Piccione G, Giannetto C. Acute stress response of sheep to shearing procedures: dynamic change of
cortisol concentration and protein electrophoretic pattern. Animals, 2022, 12(7) : 862.

Prims S, Van Ostade X, Ayuso M, Dom M, Van Raemdonck G, Van Cruchten S, Casteleyn C, Van Ginneken C. Chronic exposure to multiple
stressors alters the salivary proteome of piglets. PLoS One, 2023, 18(5) : e0286455.

Corner R A, Kenyon P R, Stafford J] K, West D M, Oliver M H. The effect of mid-pregnancy shearing or yarding stress on ewe post-natal
behaviour and the birth weight and post-natal behaviour of their lambs. Livestock Science, 2006, 102(1/2);: 121-129.

Ringgenberg N, Bergeron R, Meunier-Salaiin M C, Devillers N. Impact of social stress during gestation and environmental enrichment during
lactation on the maternal behavior of sows. Applied Animal Behaviour Science, 2012, 136(2/3/4) . 126-135.

FAT, BN, EdRde, HRkAr. 1A RO R B BURAS RS AEZSAEH, 2010, 30(1) ; 120-127.

Aparecida Martins R, Ribeiro Caldara F, Crone C, Markiy Odakura A, Bevilacqua A, Oliveira dos Santos Nieto V M, Aparecida Felix G, Pereira
dos Santos A, Sousa dos Santos L, Garofallo Garcia R, de Castro Lippi I C. Strategic use of straw as environmental enrichment for prepartum sows
in farrowing crates. Applied Animal Behaviour Science, 2021, 234 105194.

TR, EE, BRI, AR, (TR, XRAE. F5 200 IR ME S S S E] A3 BCAYSE . A= 25 AEAR , 2018, 38(20) : 7216-7222.
Bashiri H, Houwing D J, Homberg J R, Salari A A. The combination of fluoxetine and environmental enrichment reduces postpartum stress-related
behaviors through the oxytocinergic system and HPA axis in mice. Scientific Reports, 2021, 11 8518.

Diez-Leon M, Mason G. Effects of environmental enrichment and stereotypic behavior on maternal behavior and infant viability in a model
carnivore, the American mink ( Neovison vison). Zoo Biology, 2016, 35(1) : 19-28.

Mann P E, Gervais K J. Environmental enrichment delays pup-induced maternal behavior in rats. Developmental Psychobiology, 2011, 53(4) .
371-382.

Krehbiel D, Poindron P, Lévy F, Prud'Homme M J. Peridural anesthesia disturbs maternal behavior in primiparous and multiparous parturient
ewes. Physiology & Behavior, 1987, 40(4) : 463-472.

Sepilveda-Varas P, Weary D M, von Keyserlingk M A G. Lying behavior and postpartum health status in grazing dairy cows. Journal of Dairy
Science, 2014, 97(10) ; 6334-6343.

Desmettre T. Toxoplasmosis and behavioural changes. Journal Francais D’ophtalmologie, 2020, 43(3) : €89-¢93.

Barrier A C, Ruelle E, Haskell M J, Dwyer C M. Effect of a difficult calving on the vigour of the calf, the onset of maternal behaviour, and some
behavioural indicators of pain in the dam. Preventive Veterinary Medicine, 2012, 103(4) : 248-256.

Regueiro M, Jorge-Smeding E, Baldi F, Borda A I, Lépez-Mazz C, Banchero G. Programmed parturition assistance ( PPA) in primiparous wool-
type ewes improves mother-lamb behaviour at lambing. Applied Animal Behaviour Science, 2023, 265 105980.

Feldman H N. Maternal care and differences in the use of nests in the domestic cat. Animal Behaviour, 1993, 45(1) . 13-23.

Dwyer C, Lawrence A. Maternal behaviour in domestic sheep ( Ovis aries) : constancy and change with maternal experience. Behaviour, 2000,
137(10) ; 1391-1413.

Ragozin A, Basham R, Crnic K, Greenberg M, Robinson N. Effects of maternal age on parenting role. Developmental Psychology, 1982, 18(4) .
627-634.

Bickell S L, Nowak R, Poindron P, Ferguson D, Blache D. Maternal behaviour at parturition in outdoor conditions differs only moderately
between single-bearing ewes selected for their calm or nervous temperament. Animal Production Science, 2010, 50(7) : 675.

Campler M, Pairis-Garcia M, Kieffer J, Moeller S. Sow behavior and productivity in a small stable group-housing system. Journal of Swine Health
and Production, 2019, 27(2) : 76-86.

Futro A, Mastowska K, Dwyer C M. Ewes direct most maternal attention towards lambs that show the greatest pain-related behavioural responses.
PLoS One, 2015, 10(7) : €0134024.

RIR, 2G0T, G2, N R AT B AR . A2 3SR, 2007, 27(8) : 3520-3526.

RLIME, TEA, BIOCHE). DNA $8SUEEBOARAE ST 0 #0058 LR ZE5544#, 2000, 20(3) ; 524-527.

http ; //www.ecologica.cn



