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Effect of Maternal Care Level on Offspring Boldness of
L abrador Retrievers

BAIJing ZHAO Xue-Rong SONG Meng-Yu GUO Yi-Jun
ZHOU Zi-Juan WANG Jing-Yu'

Laboratory Animal Center, Dalian Medical University, Dalian 116044, China

Abstract: [Objectives] The present study aims to test the effect of maternal care level on offspring boldness
of Labrador Retrievers. [Methods] Behaviors of seven litters of Labrador Retrievers (total of 54 puppies) and
their mothers living in standardized rearing conditions in China Guide Dog Training Centre (Dalian) were
studied. Maternal care behavior of seven female dogs was recorded continuously from day 1 to 21 after birth
with a surveillance camera, and video files were stored for later scoring and analysis. 90 min (comprised of 6
different periods of 15 min, selected from 7:00 - 8:00, 9:00 - 10:00, 12:00 - 13:00, 15:00 - 16:00, 18:00 -

19:00, and 20:00 - 21:00) video of each day was scoring for maternal behavior variables. The variables
recorded were: contact with the puppy, stay in the nursing box, nursing the puppy, and licking the puppy. A
principal component analysis (PCA) was performed on the four variables and PC-scores were assigned to each
mother. To assess the boldness of puppies, each puppy was subjected puppy tests consisting of passive test,
metallic sound test, umbrella test, toy test, ramp and tunnel test at 6 - 8 weeks of age (Fig. 1). The
Mann-Whitney U test was conducted to contrast the boldness scores of puppies between high PC-scores group
and low PC-scores group, and between genders. [Results] The principal component analysis of the maternal
care data revealed that just one factor with eigenvalues greater than one (Table 2). The puppies were divided
into two groups based on PC-scores of female dogs: high level of maternal care (n = 24) and low level of
maternal care (n = 30) (Table 3). Pearson correlation analysis was used to analyze the scores of 13 behavioral
variables in the puppy test by two raters, and the inter-rater reliability was higher than 0.8 (Table 4).
Mann-Whitney U test results showed that there was no significant difference (P > 0.05) in scores of other
behavioral variables between male and female puppies except for the startle of metallic sound test and tension
of metallic sound test. 4 (Table 5), and different maternal levels had significant impacts on 9 behavioral
variable scores out of 13 (P < 0.05) (Fig. 2). Among them, the puppies with low level of maternal care had
lower tension scores in all the puppy sub-tests than those with high level of maternal care. [Conclusion] In
conclusion, low maternal care brings intermittent and appropriate intensity of early life stress to puppies,
which makes them show better adaptability and greater boldness when facing new environmental stimulation.
There is a new suggestion that breeding dogs with low levels of maternal care have a better influence on the
boldness development of offspring. However, how to define the level of maternal care to ensure the physically
healthy development of puppies while providing moderate early stress to promote the development of puppies’
boldness still needs more research.

Key words: Labrador Retriever; Maternal care; Boldness
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SR IAIR G 6 HAT Nk e IR
Z HAFF AR50, Wi 7L A B R R 2
Jio WFLEN A AR AR SR AL B
(parental care) ZHHMEMETE RN, FROABHEAT
A (maternal care). BFEAT NZENYIIIEALT
R, &P LAYERE ) 8 R A A B A PR A R
R FEEH BT N, AFE ) E AR AR
HEFF R S AL B S . BEEAT A E AR A
R EATRITRE, 12 R KKV HEEAT
(R 5 fa A 77 5O BN FTRE I3 70 AH 26
(Pryce et al. 2005, Parker et al. 2011), ik
BN BREYEAT R BRI JE AR G IR 4 K
J& UL KR i - AR- 5 LR Chypothalamic-
pituitary-adrenal axis, HPA) [T fE/KFAZ{LFN
RAR T SR AT A FU I (Parker et al.
2004, Wearer et al. 2004, Kosten et al. 2006,
Aisa et al. 2008). AT, KHB7> AR FLHEHH7E
BESE SRR FIBIPERY F, X3hd) B SR I BEVEAT
KBRS e . SWEEIIARLE, (R
NFEIEEEA BRI R (Canis lupus familiaris)
TEBEVEAT o5t JE AR M A S2 i b e 8 42 (it 5
B SHMER SR, X R B BHEAT AT B R
FEAIRN (Czerwinski et al. 2016, Bray et al.
2017a, b).

FHE R T GHLRE N L2 A AT TAE R
OREZHSE 2018), & TCRRhT AR A ¥ B 2
IR 2 — o HHT X R B i R A SRR
(BfEXEME. HE, T/ERRBEMES TR
HRENFE) HIEER, T E R RIIZEK.
R R ZACAEG Y A = — B B KRR
[ R g R R (CEYE S 2011), Bt
SERMEEE T EE. SIRTN
TERS [H AR R BAA — 1, 2 MTNRHER
— BB RR A S BURHE, T I
R m A, ERY R TAER RN
RBIRFE WL &S BRE, H
TEE R IAMAZE R, XM 2 R 2 R AR TR
BN R ERJUEER R, Hh, JH
B UE R E RIS & 1 EEZ SR

ik ARGEXS b E 3 E R RESIFEHE 3 E K
FNsAE Bgitt, BIHE/NTEIKIR 5
67%. NHEERIT] 32 )10 4% D5 3 A BE R R 1
HFEm, SERMRKEEA RGRE,
To ISl A AT IH B K S5 AR ALE A L 7 12 P o
febr. B, AHFFELLSE RMR IR N
WX, A B2 LMK ek 55 38 4% PR 2% AT e xS A
FEERIERIIFE, TRFCEHEAT /K E R
TR EEE P4l RN & T B 757 AL 500 o

R (puppy test) 84 & PR )L
KRB RAEAFNE 5T HIRLN, KB RAT
A B 25 R AT APEAL L AUBURFAE . 2R D
fr AT A VR — B E H R T2
(Harvey et al. 2016, Alberghina et al. 2020),
DRI ARYERIT 5T H AN [ 2E & T b A
JARTR o A8 A 08 51 B 2R PR A i
(puppy profiling assessment, PPA) ( Asher et al.
2013), %G H 4R (puppy aptitude
test, PAT ) (Campbell 1972, Volhard et al. 2007),
CUBAIE B0 SR A Ja BAT R A — & 1 T
WL, CAARIEE PPy 2 A B, ATk
ISR T LRI #shillial A T84l R
Xf B AR PSR PR R AR S TR RE < e i 7
B T G L R0 TSR %) O e ) i T
SRR R R TR AR, F Sl T e
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P & 15 R AT W A% H.3h I B A1 1
FEER R IEAT I 48 2, RIS IEN M T
MEZHIRBETS 53 BOHE L R R R A2

B FERRAT 22 R RHEAT N7KFEAT
T, KA RIGIR I E AT IR, BAE
RICEHEAT /KPR R AU R B RS 1577 4
SO, N LBV REEAT N HOAH SR ST SR i 2
%, NITAERFDR TR IR R .
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Fig. 1 Puppy test diagram

a. BJEMAENK; b BB e BRR 4 RHERSEINK. AL AL SR A RESSLAR; Co WACE S B SR FOBSE;

M. ghREATT; N SEBR AR

a. Metallic sound test; b. Umbrella test; c. Toy test; d. Ramp and tunnel test. A, A’. The standing spot for the tester; C. The landing spot for the

umbrella; E. The ramp and stairs; F. The tunnel; M. The access door for the puppy; N. The access door for the tester
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NG (B B4R 6 ~ 8 Faws I Hok
AT, PAESR . 2 JE IR AR S R VP43 b
HEBEATAT AR BT . BENLEREL 20% A4 53
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S NERS, AR 30 s. S R
1 BRI SN E R RHECE & B, R
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EHCEBATIE, 5 P NRIVFRETS), A
REFI S N 53 1 40 TP ) 77 ) ST

RIS (s): RUGTEF G 278 BIRHK
JEEN R

BEIE A (s): RuhFEREIE AN i 2t
BEIE [ FH I
13 HdEatr

X R B BEHAEAT 3 S s 4 3 oy 73 #
(principal component analysis, PCA), XH
Kaiser-Meyer-Olkin (KMO) i 1& & P A 56 A1
Bartlett BRI EEAG I BEAT B & & B Hr,
th, KMO it & E KT 0.5 I A] LAghAT T i
IIMT, ABBREET 1IN S S BB, Bartlett
BRI BE AL 6 2 25 ML KT/ T-55T 0.01 I #i &
BHAT ERT e BT AERR B HE L) B 4))
RAFAE, FAMER IR 8 2 RIRAF I BEESS
MAFLENMAZSR (Champagne et al. 2003),
B AR EHEAT AR S N R DU A7 05

TiHE. g —AEHEER, FitETRA
EYJEIRME (zero-mean normalization) 153
PRt R, i E R ISR S 1557
WIBLREAF G KT 0 IR A A B RK
P, 15550 T 0 KRV BHEGK 4.
F Pearson AH I 53 H % 4 R H B 14555
BATVE oy # B S FE 43 8T {4 Shapiro-Wilk
o 56 X 5 A B AT B Ak, i
Kruskal-Wallis A& % % R BEEK P45 70 EAT A
PRZE ST, S AS[RI AL 4 R R AR A5
{fi ] Mann-Whitney U 338 . 4x3%0dE 75473
K H SPSS 22.0.

2 g3
2.1 BHEITANE KRBT KPS A
AR OATC AR A 9 Pl HLBEVEAT R &%

4 FRAMRFFEAT R (R 1), AHFRECH 1 4 Fh
SR EHVE AT 1) £ EAR Ry, FEMFLIX A

K1 PATHS R AT E RO E

Tablel Maternal behavior variables of Labrador Retrieversand the definition

BEPEAT AR

Maternal behavior variables

Definition

ESUEN

Vertical nursing

A kb e 7L

Ventral nursing

) B et L

Lateral nursing

L TR AN
Licking, carrying in mouth
W 7L X P9 g Ak

Stay in the box contactless

LERINER
Stay outside the box

B R i
Contact with puppy

(L

Break off nursing

s ARLEMFL MENE L

Nesting, rejection of the
offspring, supine nursing

RER DAAR 2 ol M AL Z D — R AR, 4l RmseR e 0K

Mother nursing (at least one puppy suckling) while standing or sitting in the nursing box, which is more
labor-intensive for puppies

BER LU RN A FLZE D — AR, BERMATE R R I EMRES, BRI St e fh, ((RE M
s BRI AE L3

Mother nursing (at least one puppy suckling) while lying on her stomach, so that half of her nipples are exposed,
which is moderate labor-intensive for puppies

BER AN EMES A A D — QAR RE—MN5e4a S, IR E2MAL, FIRTAMERERIC
Mother nursing (at least one puppy suckling) while lying on her side, so that all of her nipples are exposed,
which is less labor-intensive for puppies

BERIREG R LT, fES R 5

Mother licking and grooming her puppies, carrying the puppies in mouth

BERFEMFLIX P EZ) IR FE B A R AL EMAR D, GhRATFEL R

Mother stays in the nursing box but was contactless with the puppies until the puppies came to her

BER LB B FLIXERR RS X AR R, I RAFTHEL BER

Mother stays outside the nursing box, separated from the puppies
BREED—RYRA SR, NGRIEALRE

Mother lying near one or more of her puppies so that the puppies’ bodies stay warm

e TR R B ETT, P I T,

Mother left the puppies during the nursing process to rest

BER IO NG . g RAGHE T s S AT s BERAERE B XG4 R A SR FLE AR AL £
RAVENERFL X TR B0 WIS EAT

Mother makes nests by scratching the ground with her front paws and stacking the cushion/quilt; Mother

neglects puppies and stays outside the box; Mother nursing while lying on her back. These are rare individual
behaviors
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N BB K 5 BE R AR FL X Ak b B K 1) 22
) Bk, Wl CyIEEIL . I RN AL
5] R L PR PR AT R R A L R I K
RS A ERN AR R, X4 /MR F
A3 43 BT BOHE R, KMO K6 250K 0.614,
Bartlett BRI ERT IR AR 75 (B H 38.3, W&
50N P<0.001. MR 3 o 70 i 45 R ek ax
ANBRIAN AT, HEHEHERT 1, &
T ZfREN 90.6%, 4 NEEFEIZNT FAE
IR (R 2). AR4E F 5 177 22 DTk
B, 286 ERPETEAR, 52
R PR ERZER: Pc = 0.91 (0.555 +
0.55C+0.53N+047L), X, Pc NEHEKTF
345, Sv Cv Nv L R RAEFLIX i

O AR A I R 7L IS R B AR IR 4 R K

xR 2 BHEATRERST B RE
Table2 Resultsof theprincipal component

analysis of the maternal care behavior

BEVEAT & Br R
Maternal behavior variables Load coefficients
By f& il Contact with puppy 0.994
TENHFLIX N Stay in the nursing box 0.989
T %L Nursing the puppy 0.962
a4 | Licking the puppy 0.856

PR -

FRAE AL KT E AR B BEEKEAS 5y, I
4T Kruskal-Wallis #558, /M8 BEE 7K 2
FRE (F=13.89, P<0.05). ¥ 7 RMRK
FEEACFAE30 AT (4 7D FIMIK (3 1) 4,
FRHEARCE S HYIR S 24 H, Hodr, BEEE 13
H e 11 H s RBP4 R4t 30 H,
Hor, aEtE 12 2, ENE 18 R BREKFE RS
HARST HFREF= Bl BRIk, PR 5%
FR 5 WK 3.

22 BRAEEMIRIES 2 EAE B

AT Pearson AH S 534 6t 5 57 1F
E ST RIENLR 13 MR RS
17T M, W E SR T 0.8
(£ 4, FTIHLREE MR PR bR AE(E B
L=
2.3 HRABEMRIP 525 3R B M 2 R 53

Shapiro-Wilk & 56 A~ [ 731 43 2H 11 4 R I
BRI, WATEESS M (P<0.05),
R T AT 28 ] Mann-Whitney U #56%0 A~ [F]
PRSI 4R JE B AR T A AR VP o 347 22
T (R 5D &J@m AT Sk R A AT
SMEMESI R 2 R B2, HMAT AR ERSEAS
FE MG REZ R (P>0.05),

K3 FREFAR. BK. PHFEEEERL2E

Table3 Theparturition month of age, parity, litter size and principal component scor e of

different group of females

BHHEACF & .
Gl BER WA =iy oo [iE2V¢ FEATEL
Parturition . . .
Group Name of female Maternal care Parity Litter size (ind)
month of age
score, Pc
[ i) W H; Babala 0.23 17 1 8
High level of maternal
car%c /NI Xiaohuangfeng 0.74 26 2 5
KF Taiping 0.36 23 1 9
Y Anine 3.10 31 1 5
SFRIME + v Mean + SD 243+59 13+0.5 6.8+2.1
iS4 “F-FH Pingyang -0.71 31 1 11
Low level of maternal [
care i# . Noah -0.84 47 2 8
VIVI -2.89 85 6 11
SFRIME + v Mean + SD 543+27.7 3.0£2.7 100£1.7
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Table4 Theconsistency of scores between observers
TR TN R R ERE r P
Sub-tests Behavior variables Pearson correlation coefficient
B RZ RS £ Exploration latency 0.90 0.002
Passive test e .
¥RZ U Exploration scope 0.84 0.030
Z5KARFE Tension 0.85 0.004
PREIFBL K Exploration duration 0.99 0.005
% e e 7 5T N Startle 0.82 0.030
Metallic noise test
clatlic noise fes EBKARFE Tension 0.89 0.004
[EERISUIREY IR &V Startle 0.88 0.003
Umbrella test
et tes Z5KFRIE Tension 0.89 0.002
e HiLE M Interest in play 0.80 0.020
Toy test
oy tes AL E Tension 0.89 0.004
ARHIH P TE I E5KFERE Tension 0.84 0.010
R d tunnel test
amp and tunnet fes #H FH i) Duration of down ramp 0.99 <0.001
F%3& B Duration of tunnel 0.98 0.003
£5 AEABEANHABEMRIFSER
Table5 Sexual difference of behavior variables scoresin puppy test
Sub-tests Behavior variables All puppy Male Female z P
(n=>54) (n=25) (n=29)
BB TR Exploration latency 9.19+1.23 12.08 +4.83 6.69+1.74 041 0.68
Passive test e e .
¥R [l Exploration scope 2.74+0.17 2.68+0.15 279+0.15 039 0.70
Lk FEE Tension 3314022 3.56 +0.20 3.10+0.25 1.42 0.16
RZEIBERS K Exploration duration 38.46 £ 6.04 43.08 +6.0 3448 +£4.38 1.10 0.27
4 e 7 0 5MF [ B Startle 331+0.23 3.56+0.25 3.10+0.19 1.95 0.05
Metalli ise test
catie nomsetes ZikFEE Tension 3.57+0.18 3.92+0.18 3.28+0.23 2.19 0.03
[ERAIREN 5T B Startle 2.69+0.22 272+0.23 266+020 027 0.79
Umbrella test . . .
XK AL Tension 2.48+0.20 2.60+0.27 238+023  0.56 0.57
TR BUIE L Interest in play 2.69 +0.24 2.44+0.25 2.90+0.21 1.35 0.18
Toy test
ovies EGKFL¥ Tension 2524021 2.76 £0.29 231+022  1.06 0.29
kI P 1 'ZIKFESE Tension 2.06+0.19 2.40+0.31 1.76 £0.20 1.39 0.16
Ramp and tunnel test . .
#1334 FI I Duration of down ramp 23.26 +4.77 21.21+4.74 2497+4.63 033 0.74
k%18 F i) Duration of tunnel 17.26 £2.27 14.46 +3.55 19.59 + 4.60 0.21 0.84

2.4 BRHEIKEXT 2R IE B 0 2 AT
Shapiro-Wilk 546 i M BEE K F- AR

R AR ENNAIE S, BIARFE IES2A (P<

0.05), MRAEFREHEAF AL AR IEEDN 4R,

PP 247 Mann-Whitney U 358, BEEKT
AR B RAE SR EF K] 13 MTREEF 9

N BB R ENZS (P<0.05) (B 2),
oA R KA 4 4R I 4R 7 B B R P T
FIRR ) BT A R T B K

BEAh,  DRIFE g A i, BETELR )
PR S LA R BE #R B AR T REPE SR, A
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