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AIBEHHEIBEN(FEETNH

%%Ekﬁ%”* ﬁiﬁif&m %§%?ﬁ[1 EEEEZ $f§%§%3 3%%?2 gKE%E%Z
Bk WRS BRE B R R

(U AERIMRE Iz A B2 0, A SRR A S TR AE W HE A%, Jbat 100875) (2 JbmishWle Bt 7R
SRR IS S0, A 100044) (3 KEBMSFEAFRA R, K% 116013)

TR BREAEAI T BEE G S R, W3 E A T E X A7 B 5 A K & B R Gk AT S
DUFITPEAS . (R E R R WA AR K L T RS TR — D R 2 bR SR, A 3¢ BE &)y MR 4R B A8 T0 B0 7 1 A
5%, EA MK PEANIRGE . BT 1999—2015 4F 6 i AL J5 8 3 37 5% 0 AN T8 g i SRR AL L1 41 (2 M 4 1)
1612 A PRI OB, w e S TRE - S L IR, SRS DL U RS T SR E AR L S H
R, R THEENFHMES AN ERNER. SRR, BREDFAIRTER H 5K 2808
(y=0.015x +2.139, R*=0.830, P =0.000 1), [d] H#ALH, eSS A E B2 KT (F=10.175,P <
0.001); UMrHMWEMAMERSHARE R EAMCKER (HE: r=-0.067, P=0.035; HIFEE: r=
—0.224, P =0.042), FEZIAT 235 HRHT, MEPERY H 35 W32 KT MM (F = 1067.2, P = 0.014); 7E4{7 184 Hi%
I, PR H R b KT R (F =7.285,P<0.001). ZJ5, MEPER R8RS /N F 1M . ATF
FEAERFW . 0~ 12 AR BB IIARE | HE N E R ERAAAENE TR 12245 50 P JR R BE T S 4 SRR
MATENESA —EEeE L,

KA JRIUE; AhfF KT, HE; MR

FESES: Q958 XHRFRIREG: A XEHS: 1000 - 1050 (2025) 01 -0128 - 09

Changes in body weight of hand-reared chimpanzee infants (Pan troglo-

dytes verus)

YANG Xinyi”, FAN Baodan", LI Ruizi', SHI Jian’, HAN Jingjing’, LI Jing’, ZHANG Yuanyuan’,
ZHANG Shu?, CAO Yue’, YAO Lin’, ZHOU Na’, LIU Xuefeng”, LIU Dingzhen"

(1 Ministry of Education, Key Laboratory of Biodiversity Science and Ecological Engineering, College of Life Sciences, Beijing Normal
University, Beijing 100875, China)

(2 Beijing Zoo Management Office, Beijing Key Laboratory of Captive Wildlife Technology, Beijing 100044, China)

(3 Dalian Forest Zoo Limited Company, Dalian 116013, China)

Abstract: Post-parturition infant rejection is common in captive chimpanzee. When this occurs, an immediate hand-rear-
ing is required. Monitoring and observing the infant’s development and health status are essential for successful hand-
rearing. Body weight serves as an important index of an individual’s growth and development and has been widely used
in several mammalian species. However, there is currently no literature available on the changes in daily body weight
gain in newborn chimpanzee infants. This study aimed to address this gap by monitoring and recording the changes in
body weight during the first 12 months of life of six mother-rejected captive-born chimpanzee infants (2 females and 4
males) between 1999 and 2015 at Beijing Zoo and Dalian Forest Zoo. A linear regression model of weight-age was es-
tablished based on the body weight data. A generalized linear model was then used to analyze the relationship between
daily body weight gain and relative daily body weight gain and age by day, as well as to compare the two variables be-

tween two genders. The results showed that the body weight of chimpanzee infants increased linearly with age by day

EEWA . FEZML AR A s R A (2018-BJ-06); b atIiig R ARHERMIFIZ S 608 15 A (2022-1:4¢-252)
EEE N Bkt 2001-), &, AR, FENFIWITRFEHR;
FWESF (2002-), Zo, AR, FENFIWATHFTE . # LS —1EH
Wis B 2023-11-02; #HFHEH: 2024-06-21
= JWINAEF, Corresponding authors, E-mail: 1xf9722@163. com; dzliu@bnu. edu. cn
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(»=0.015x+2.139, R*= 0. 830, P = 0. 000 1), with females being significantly heavier than males of the same age by

day (F = 10. 175, P <0.001). Both daily body weight gain and relative body weight gain decreased significantly with
age by day (r = -0. 667, P = 0. 035 and » = -0. 224, P = 0. 042, respectively). The daily body weight gain and relative

daily body weight gain in female infants were remarkably larger than those of males until they reached the ages of 235

and 184 days, respectively. Afterward, these two variables in female infants became smaller than those in male infants.

Our results demonstrate sexual dimorphism in body weight, daily body weight gain and relative daily body weight gain

of chimpanzees aged 0 - 12 months. These findings may provide a theoretical basis for increasing the survival rate of in-

fants and enlarging the population size of chimpanzees in captivity.

Key words: Chimpanzee; Cubs; Body weight; Age in days; Gender difference

HURR (Pan troglodytes ssp. ) ¢ E Fx B SR 847
)X ¥ (International Union for Conservation of Na-
ture) 3 A WGP RN (EN), A6 L Hb 2 2¢ R o8 & H
T I A9 32 22 ) (Humle et al. , 2016), %K . %
R[] e 5 S BB AR A Ty R
(Nishida et al. , 2003). £FXFAE P 5 A8 A= PP Ff
BRI, 0~ 1% B4 MARIET-FH
20. 0% (Hill ez al. , 2001), H:"¥, Mahale Fh 4 4)
FFHET- R ik 50. 0% (Nishida et al. , 2003)., It4b,
WrFl)m 2 4. 5 % 1 BRI — HAR L E
FEARTCEAETE (Goodall, 1983; Nishida et al. , 2003).
K BREA RPN AR B R DA A RS A
ABAT R TR B A RIE T E A (Angst
and Thommen, 1977; Goodall, 1977; Nishida, 1979).
BRI AN R BT A ] 2 T R B A
R S35 . FIROITTERIT, FRRE 4 R R
AT FE T F R Al B 5T 5 X B A AR 52 5
KEXEE,

Bl 75 20 05 2% 0 R R Y B o T il > 1A AR
TR 1) A #8 (Courtenay, 1988; Littleton, 2005;
Laurence et al., 2017; Havercamp et al. , 2019). Lt
1 1941—2000 4718 FF| . Taronga s 4 € 0 ~ 12 H
W4 BSR4 AT 38 T2 2R 4 45. 0% (Littleton, 2005).
1980 45 1% 2h ¥y Pl 2l 56 R R MR 1 1% 3 3 b 2k R )
HAAFIET A 535 19. 1% (Courtenay, 1988). It
Hb, BFRIEAIT 18 MU Ak r e o] i
= T4 AP BE (Courtenay and Santow, 1989), b4l
1921—20184F H AR 37 SRS P 1 2 K AR 2l 158
T-% 4 32. 0% (Havercamp et al. , 2019), SE(/E 3%
WBE AT RREA AT T 1 2 AL HG B
A A4 () 2 AR B SRR ] (Laurence et al.
2017; Havercamp et al. , 2019), Hp, F:HE =53
BORRRE OO R, B8 R

AT B YA IRBET R w1 B2 R A (Haver-
camp et al. ,2019), AN, TENTILE BB AT R
PR R R, ) 3% 5O R SR B S AT
HEREFEARTHAR, WESFEEFRIAE TS
FERDAFFET R M = 1 — AR . R B IR R A
W AR B 5 5 B D DR O Bl B B4 7 B [
NS XT N T/ 2 6N BB EBEER AT
FUAEERIESY, X 4 o Bl ast 57 SRR BE 4 MR (R 7
T3, AR SR RIE LR T3, 1Y R 5
MR EAEEE X,

A 2 S T &0 A i FL B A AR AR K R R
BRI — AL A8 bR, 38 2k W DA A Y R B A
b, ATSEIE TR A K B RS SRR T B
R SRR B . AR A = R E DA T
KAESH (Ailuropoda melanoleuca) (BLFEHHSE, 2021)
MERZEINH (Manis javanica) (Yan et al. , 2022) %))
R AR B R RROIR B o Reamer 55 (2020) PAA
Y SRR S T P SR R R T Bk DA 48 A 1A
F, HIZIR R I AN T AR AN R 2 A A
Marzke % (1996a, 1996b) 7% T SEIRIR LN 1A AR
b, FBS b TIRES S FHREN R, H
BFE DL “4E” B “H” WA, Cole ¥ (2020) &
I8 A B 1 S A R A 8 g S G K
{HAZ B 5 h i = BRI AE SR I B o e Ah, BEISR
SRR AE AR A I A7 AE LAY G AL (Walker et
al.,2006), JAFMEVEBOMEPERRLC | B 0BT i
(Videan et al. , 2007; Andrade et al. , 2011), Tfij H.J&
Fr A A 1 A T 388 3 2 LU MEVE TR (Curry er al.
2023). SR, EEATEEEB RGO E AN T EY)
() By HERR L H S EE R H 3 R Bl H %A
eI A A il . T DAY, IR
T B4R AR E RE H 35 R,
1 HLAA B R HE R A e — A
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Rz, AWESE LK B b st 3h ) B
KIEHRMSYIE 6 SN T H LB RIS (Pan troglo-
dytes verus) AT HWFFEXT S, W5 I 0 S5 AR
B H S AL B, o0 A A H 3 R R
Bl H 0% 154 i AR A0 0 DA R S 25 5 . ARIFSE Y
HiY, BTESE N T HE AT BRI A
(A8 A A AR 0l 22 57, AR N & 4 5 & A
Fi e Pl e SRR AR A A AT R AR R A

1 R =E

1.1 W%

5% 5 Aok AL 5t s 4 el Fn K% Fpk s 4 el
)6 H BT (F D). Hh, bz 4 H
(2 Rk, 2 HErE), KEFAsiiE 2 2 ).
DR AR BB S RN, LR P 50 AL 1] 35 A SR SRR
B W G IR A2 B E T . AR B ST
Gl SRR B A RN BT A A AT Y 2 kR
J&i . FRFE BT B R AR AT IO HEA T A TR 4

1.2 NLEHE

o B B E SR, AL 5
A (YP-100, BRZEERYT 25 MA BRA R, Wil T %)
HITANTEY . BERREERENTN LS
FEGE R AE (2015), FEMSAEIREE . e G A4 L
33 °C, FHXTIEE 55%. PR ey R 2 IR FL
(EEHLIN, EEER, dta) hE, FHELIER.
Bt Kby, BESERUKARSE (R2). MIELT H %
FAERKEERL, TEFHP, K3 L Uk
MUK 1 s 7Ll , DAARELH TR
(il FEFERIAE 42 °C) F-ahimme, B HMERE S ~ 81K,
BRI I FLE S A R AR TE K 10% ~
15% (iR %, 2020). FE4Zh{F 1 ~ 20 H#HH[HE,
PR RAME T ~ 8. FRgAFE N 3L, TE
Tl A2 24 H A S 1 4R T 2 ML AR N B
KT ~8KIHER 3 ~ 4k, FFRIELAF AR FIAE K
REWRO, WARREFEMEKE . E4h11 300 H %
B, VIR 2 ~ 41K,

®1 AERMREFMIMEANIEHZEEHFHER

Table | Information of chimpanzee infants hand-reared at Beijing Zoo and Dalian Forest Zoo

R PE5 A H He U AR FRTE B K EL
Name Gender Birth day Source Birth weight/kg Total number of weights

T Yaya WEYE Female 1999-05-29 Jt 5T Beijing 2.330 100

KK Feifei etk Male 2003-05-23 Jt 5L Beijing 1. 900 299

I IF Qiqi Wit Female 2010-01-26 Jt 5t Beijing — 145

JB Sisi ek Male 2010-07-28 Jb 5T Beijing 1.790 288

1558 71 Qiaokeli e Male 2012-11-05 K% Dalian 1. 686 72

jili 7% Disen e Male 2015-07-16 K% Dalian 2.125 78

o AN A A T S R

— indicates the birth bodyweight data of this infant is missing

®2 ERMKREFMIMEANTEHBEEHFHRIE

Table 2 Daily diet of hand-reared chimpanzee infants at Beijing Zoo and Dalian Forest Zoo

EILIZER S 0~3Hi% 4~6Hik 7~9Hit 10~ 12 Hi%

Z00 name 0 — 3 months 4 — 6 months 7 = 9 months 10 — 12 months
dentshilel  EE R T L OREY B, o S i A T KT R 5,
Beijing Zoo  Yolk, rice flour, IRE B IREE IR DR JERE Y

orange juice Yolk, rice flour, orange

juice, fruits, vegetables

s CR

Yolk, orange juice, fruits

ESLE Y NTILY) i
Dalian Forest Zoo Yolk

Yolk, rice flour, orange
juice, fruits, vegetables

HH BT K, ACR

Yolk, juice, rice flour, vegetables,
fruits, nuts, starchy food
BB, BT Hi,

RAKA, A4 W
Yolk, rice flour, biscuits,
bread, fruits, cooked beef

Yolk, orange juice,
rice flour, fruits

1.3 dsilcE Sab

R HE R B £ X Al A7 A D A RS e, —
fB7E R 1 08: 00—08: 30 MLy, fA 7R A R
FE (YP50001, A5HABE0.1 g, LRI RE
ARAF, L) FREIF il kiR E ., Efr
100 Hi& AT, MHRE 1K, Z/EH2~5dFE
1R o PR AN BN P ) 5 B R B Al A0 T 45080 11

HIRIRE A — 2, AR H eI R BEARTS 2R 4)
PR R (R 1), I AR A ] A R o 22 S
B, SR P B {ELAS BE v Sz R 4 7 1 B 14 722 £k
M. ik, DU Ry fn, Sot5RIE o
PR BE B 28k, SRS, fRornlit s R
AT H REEORT H B A

ZhHF n BN Y H 3G
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AW,y = Wiy, = WYY(n—l) (1)
WiFn H IS ET Y H 3,
Wyyn - va(n - 1)
Ry, =——F" 2
vy W o (2)

Horh wHRRIEE (kg), nRRgitf HiER (d).
1.4 Bdlageitortr

7 N () A1 ) 4 i 5090 1) 20 K 22 S5 R 8 i
KA HINAGE — I REXT G o AT 45 SR s, &
SR R BB A B A HL S SF 1 1 (Locally Weighted
Scatterplot Smoothing, LOWESS) X} 6 H 447 A& &
BT TAERMARE, PR AT B
LOWESS & —FAE S5m0 77 %, Z A M T
LA BRI (Marzke et al. , 1996a) F15L 555
(Papio cynocephalus) (1) & 5 3 Kl & (Moses et
al.,1992). LOWESS MO IUHE LI — D rix
Hly, S A — B R frac WIERAE (), Xt
2 BOEE FIBUE pR W A— D A Ze vk [l
e (x,y) AZEEZ e, He 3 AEE M4k
HIXT VAR o B2, HRIEXT B A 0 n A B0 o AT il
Hn SINAUTE L, B 45 ML OB R L
BB LOWESS ik, £(0 <f<1) M2
N Z A I K B AR SR AR AL B, /N, LOW-
ESS MR -1 B s, W meg [l . 38 IA
I £ < 0. 50, LOWESS i 28 ] LA - #b sz e
R A Ak, Ak 25 A il 26 0 75 S R E
) BT K5 i A AR R AT A 2 M H AR A (Moses et
al., 1992). 7EK 4 3-8 A 5 8 7 LOWESS 47
Mras BT &L ERIABIA S, A 2B A X R
BRGMFIAE S HIR X RHETUE . RF, XK
T X PEFL A (Generalized Linear Model, GLM)
XPANTRI N DA R . H 3 = A H 3G R T
LBt IRk ik . HIGE K HIEERY
HIF H A OC AT

HHa gt i, HHRET 4.2.2) 5
SPSS 26.0 (IBM SPSS Corporation, New York) 5¢
B, BE DASEAME + FRifEZE (mean + SD) o, 4
ERRE I A AU KR, S IR 0. 05,

2 &R

2.1 NTEYEPRGAFAE 12 AN RE AR
2. 1.1 LOWESS 3% JI5E S A T4 B2 AR ) 45 10 2 7
MO.25%]0.05, ZEFLL0. 05 AR HAS [F]

() £ %F g AR T R AR f i £ AT L, 25 R &
B2/ S W 1 2 1 N oG R Y =
HI G . X UL R AR B A7 & e PE AL, W DAl
FHRAPEBAIRL A (B 1),

K Body weight/kg

0 50 100 1i50 200 250 300
Hi& Age/d

1 KA LOWESS % (F=0. 1) X BB LT (n = 6) 1) 982 Mk
I CEIR) AT E AR (L)

Fig. 1 The fitting curve (solid line) of body weight with age based
on 982 data points (diamond) of infants chimpanzees (n = 6) using
LOWESS method (f=0. 1)

2.1.2 4R EAR LS HIRROCR

HT 6 HBRBETF R E S, RGN
AR A R E K 2, 45 20815 X H 2 95%
A £RME B TR RY (2): y = 0.015x + 2. 139 (R* =
0.830, P=0.000 1), MK/MaER LR, hiFk
FEHHARBREEEEMELR HLREr=
0.921, P=0.000 1). NTEX . AW12 AW
SRR ATV BE H 0 0 R (K 2).
2.1.3 ARFRMERFEREDRLS BB R

I 2P 1] 0 A5 780 2 ) %oF M . Ik 2 A 1 4R o
HHBXRFTEE, HREFXEN95% 1Y
LRk B . MR, y = 0.015x + 2.486 (R* =
0.838, P=0.000 1, n =2); HEPE, y=0.016x +
1.975 (R*=0.849, P=0.000 1, n=4).

12 H AR H 447, EdEr K E 25K
T (F=10.175, P =0.000 1), 284 5% {4
AW ERW M 00 R EE 3G R AT
0. 1%, B4 H I AIGHC, k] iY 1A 22 R
BT (B13),

2. 1.4 BRRLNAT H B H 3 RARE

HRAYE AT H 3G =R H 3 RS H s A,
BlE B O TR B, AR R, KRR
PIA HAE R BB R X H 38 A R 5 A
SRR, 12 AN ArR HIEE S H g5
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y=0.015x +2.139, R*=0.830, P =0.000 1,n=6 ll X
x
6=
Sy s
w OFF
% A\QKL
g XQQ
3 4 mss
ﬂiﬂ oYY
&
2-
L T Ll L
0 100 200 300
Hi&Age/d

K2 BB (n=06) MEBEHE MM RTME . DS: ##k: FF: & QKL: F5%w/1; QQ: MfffF: SS: MM, YY: Y

LG LR, WIS 95% I B A5 X )
Fig. 2 The changes of infant chimpanzees’ body weight (n = 6) with age fitted with linear regression method. DS: Disen; FF: Feifei; QKL: Qiaokeli;

QQ: Qiqi; SS: Sisi; YY: Yaya. The solid line is the estimated line. The shadow area is the 95% confidence interval

+ WY Female — Ht:Male GN -

6 y=0.015x+2.486,R*=0.838, P=0.0001,n=2
%‘3 e, o
)
1)
=
>
)
Z,.
il
&
24
T T T T
0 100 200 300
HitAge/d

30 MEME (n=2) AHEYE (n = 4) PR PEANAF IR EBE H R A0 AL . 6 RS TE 982 AN Hede, A 2 S £ 23 T D MEE AR 1 1A A0 G it

2, BIRZHET 9 95% MBS X [H]

Fig. 3 The change of female (n = 2) and male (n = 4) infant chimpanzees’ body weight with age (linear regression method). A total of 982 data

were collected from 6 individuals. The dotted line shows the female estimated line, the solid line shows the male estimated line. The shadow area

are the 95% confidence intervals

BEAMHELER (GLM, r=-0.067, P=0.035,n= n=2] BERKTHELELT [(0.014+£0.038) kg, n=4]
6)o WETELN A0 F- 24 H HE [(0. 022 £ 0.053) kg,  (GLM, F=1067.2,P=0.014) (&l 4), 7£235 H 7,
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~+ MEYE Female 0.022+0.053 (mean+SD)
< HfEtMale 0.014+£0.038 (mean+SD)

0.2

e
=

H4E Daily body weight gain/kg

0 L T 300
K4 MEYE (n=2) MEETE (0 =4) BREL M H I E 5 HEEUT
. WIS N 95% M BAB X ], M €t i Sk R s e A ] 4% =B AH
[ f & (235 H %)

Fig. 4 The plots of daily body weight gain of female (» = 2) and male
(n = 4) infant chimpanzees with their age by day. The shadow area is
the 95% confidence interval, and the black arrow indicates the age by
day (235 days) on when the female and male infants show an equal dai-

ly body weight gain

MEMEL AT Y H O3 R T HErE LT, Z RN T
HEPELIAT (B 4). X447 B B E 3R H S 9 AH 5
Bres s, 12 AN B E R 5 H i
B REMMIEIER (r=-0.224, P=0.042, n = 6),
WEPE DA A2 H B8 B3R (0. 60% + 1. 44%, n = 2)
i E R T HEMELIAF (0. 42% £ 1. 05%, n = 4) (GLM,
F=7.285P=0.000 1) (€ 5), 7€ 184 H k71, M
PELAT 0 B 3 F R R TR, Z RN/ T
HEVELAT (181 5).
3 ittt

AR KA N TF S0 BRI AT TE 4 4F
LRI S NIRRT S/ L VST S R S N
L HIB M RRFFELMERARL,  FLMEE L0k
R T HEMELT . 1285 R R B Y e iR E
AR AE P R DL R AR TR AT 4 R S I 4
K. R, B L7 H 3 m, #ErE
TRHY H 3% 5F0 H 3G 8 K T MR B 22 /N T
Tk

NTE GBI AT 1 2 Ak E AR L A
DIEHRGE N T F G MBS & 4 A A ik AR 1k
#L 7 A [7] (Spence and Yerkes, 1937; Marzke et al. ,
1996a; Cole et al. , 2020), TEF LB LR,
AN TR ) A A P A i 2 3 B Dy B AT 1 185 4 T . 2

-+ MEYE Female 0.60+1.44 (mean+SD)
< Hi¥EMale 0.42+1.05 (mean+SD)

=
-
<

w
L

FRE KR
Dail)lt body weight gain rate/%
W (=]

-104

0 100 HitAge/d
BI5  MEVE (n=2) FHENE (n = 4) BEEYFAEHHBKES HE
BB BTSN 95% K BAB X 1], I (i Sk s e A 1 44 =50
HIR B H % (184 H i)

Fig. 5 The plots of relative daily body weight gain of female (n = 2)
and male (n = 4) infant chimpanzees with their age by day. The shad-
ow area is the 95% confidence interval, and the black arrow indicates
the age by day (184 days) on when female and male infant chimpan-

zees with equal relative daily body weight gain

Bom, X BEFRFERESE b o QAT ) 4 B 3
KRR AWEIE b MEPE L 700 H 3% B R H 3
Ry E T HEYE: . Spence il Yerkes (1937) B Hiti A
T F 4y M e AR RS2 H 38 ECR R (0. 469% +
0.463%, X8 BALT AT MEPEA K, KT
TP AN [ BF, A 9% 5 Spence 1 Yerkes
(1937) firdlif (1) H 3 8 5 H 5 T Marzke 55 (1996a)
SR TE B T8 4 B R LA (TR 0. 332% +
0.126%, n=>59; HEPE: 0.285% +0.107%, n=
28) FIEEEF L 4hAr (HEME: 0.224% + 0. 068%,
n=32; HEPE: 0.233% £ 0.079%, n=238), A
FRPRR A S B SO A B AR AR SR A B L R
Jo . RFREREE R Y A DT T Y 25 5, AR T R 1
AT B 3 RN AR . R, AS TR 4 57 o
VA7 0L SR [ B 8 — F ) 5 45 B O R 484
TFRBRN T EF T, o, AR5 AH
fib N 55 4 1) B L AT H 3G R B F 41
Mifre, HERWUATEOR THEETL ., W
BEE, MPUERFURFENRT AT E S A6
L, M AERYRSEER, RS T -4
ZRITEAT M S5 B T s 5387, Wi s AT
NALLEE B IER . A T F 2R B4 X s 1)
e, NTIAMEE s AL B RREEAS S
IAFARE SN (Cerasani et al. , 2020),
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H 3% 5 F0 H 3G 8 R e VR0 22 0, AES
S5 WoRMEYEZN AT B ER H B SR B E KT
HEVEYIAF . TEAMA LT R, sEMYF T e B A
— A PURIAT RO, S O R R R ]
17 0 e M S AR B (Lonsdorf er al. , 2014; Bidescu et
al.,2020). R0, P& H@BEM, E£—EMH
I (235 HER A1 184 Hi%), MENERIEELAFHY H 5
HOHH G H RS PR A . A, A
W 5% 45 2 5 Spence Fll Yerkes (1937) L) & Marzeke
4 (1996a) 1 45 R # AN — 2 . Spence Fl Yerkes
(1937) BIBFFE 45 5 N T8 Dbt 2h A1 H 3 &
(0. 492% + 0.503%) 1= T 0t M D1 1 (0. 446% =+
0.422%), i Marzeke % (1996a) M| & %& B 4111y
BIREAS 5K E A SR S EUFAE W PR 25 5
TATA R, B B e XN T & 4hd #2 b in 53
5 T 520 PR 2R A, SR A A AR [] AT
BHITRN A0 B, AT RE R S ECR RIS
PREE AR R A ) 22 S A RN — B0 AL

AN, AR RE R A AT R E R H AR 4
A, WS DI AT X HoA JE 52 R )
A, il ¥ (Mandrillus sphinx) (NS K 9% 55,
2006) . S0INME (Varecia variegata) (filf2 %5, 2020)
R K J (ARG LR, Symphalangus syn-
dactylus) (E K355, 2022) (P45 —5, HS
F A5 T A (Pithecia pithecia) FELIE S % (Hylo-
bates pileatus) [ 4 A1 K A5 Ak S5 BE A A F .
T34 T BT 60 ~ 123 H AR B TS mag i, 123 ~
180 H i (R 2 Fr e K a3, Bk & &N
129. 36% (Y5 MESE, 2021), IR KB mAE 225 H
W I A o S B A R #, [HAE 225 ~ 240 H A i PR
TR F/NES, 2021), KPR R KP4
AR R G A TR, H AT AE 5
My, Bk . M PR DR AR ST ) B A 2
RIRA G, e ande st ) A4 A i pk s v, w0
W fr AR, 60 HIREH MATIHE, H
WFRAGE SR T 417 180 H & N AR E ARk, AT
FEACSR T A7 12 A8 09K ARk . X i B g
WP R 5 B S AR 2R L, B aig
IERE S RIRIETY), HOPEH A T P 730
Yibd, AT AHESE A9 A s s W b S R AR S
Yobel , b BRALE R, SR S AT B
A AR B, T IAREFR R K KL

frA & & T AR A R v ) 22 S R R, TR R
AT (meta-analysis) #9775, THERE YR
) 3 7 2R 1 4 2 S XA 5 45 SR R 152 )

Wi 2L 30 0 1 W) A7 8 3 A B e U AE K R
H il (Bales, 2017). BRifs ZMNEHEREY—
FLILASE , GiAFib 55 25 B 5 BB BB PSS,
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