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TG R o (5) BERT EIIE K, bt BE R AR R [FI25 A o B0 i IR B B AR B0, A0 B3 S O R R K . 1997 4F
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Abstract: The sustained reproduction is an important landmark of successful adaptation of reintroduced species to cli-
mate recovery in the original extinction area. The study of synchronous population reproduction before and after reintro-
duction can provide accurate breeding prediction information and scientific basis for reintroduction managers. In this pa-
per, we collected the birthing data of the reintroduced Pére David’s deer population in Beijing in 1987, 1997, 2007, and

2017. The earliest birthing day of each year was used as a baseline to evaluate the delay in birth of reintroduced individu-
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als and to measure the synchronization rate. ANOVA was used to analyze the effects of temperature, precipitation, air hu-
midity, and light on the birthing timing pattern of reintroduced Pére David’s deer. The results showed that, (1) After rein-
troduction, the annual birth rhythm of the population initially oscillated, then gradually reverted, and finally remained in
a relatively stable state. After 85 years (from extinction to reintroduction), the first birthing of the new population in Bei-
jing was delayed by 35 — 42 days compared with that of Woburn Abbey population. Reintroduction of colonization
stage: the birth rhythm of the new population was advanced annually. Population propagation stage: the rhythm of birth
was delayed annually. Population recovery stage: the rhythm of birth was re-back slightly year by year and finally re-
mained stable. (2) Deer parturition has more intense periodic timing and synchronization. In the first year after reintro-
duction, it took 18, 14, and 5 days to achieve 0 — 25%, 25% — 50%, and 50% — 75% of the delivery rate, respectively.

The relocation stage, it took 41, 19, and 11 days to achieve the rate of synchronization 0 — 25%, 25% — 50% to 50% —
75%, respectively. In the re-expanding population stage, it took 45, 10, and 9 days to achieve the rate of synchronization
0—25%, 25% — 50% to 50% — 75%, respectively. In the restoration phase, it took 24, 20, and 11 days to achieve the rate
of synchronization 0 — 25%, 25% — 50% to 50% — 75%, respectively. (3) Cumulative light and accumulated temperature
had significant effects on the birth initiation of Pére David’s deer but had no relationship with the birth synchronization.

The delivery began when the accumulated temperature reached (2748.34 + 157.69) °C and the accumulated light
reached (3684. 77 + 514.26) h. (4) There was a correlation between the peak period of birth and aboveground biomass
per unit area of reintroduced land. Judging by the rhythm of birth data, the new population has adapted to the climate of
the reintroduction site. The number of non-synchronous birth individuals increased annually, but the total span of the de-
livery period did not extend. Since 1997, the population has had a 30% non-synchronous delivery average year. There-
fore, analysis based on birth data reveals that after 37 years of reintroduction, the new population has recovered its adap-
tation to the habitation where it went extinct 120 years ago.

Key words: Reintroduce biology; Pére David’s deer (Elaphurus davidianus); Propagation prediction; Rhythm of birth;

Timing and synchrony

& 5] AW % (reintroduction biology) 8 & &
FEY 2R, HRfEYRIOR ST B K 4G S
Hby A5 b HE PR B9 — 1% B (Doug and Philip,
2008). PRIPHEYIFD . SO RS TR EANYE
H SR A FEAF Y JERE (Liu et al. , 2007)., Wi fG 4 Fh
TE RS I 4 b (1) R 2 BT 2 8 5| AR 2% 1 2
FENZ (RATBEAE, 2022); XFFESIA R HIEE
5, WESILRAE . WA ERVER SR, R
TEJGG 2 K 52 0 5 A= BE g & W DL e, AT S
PRAE R K25 i ) 55 22 A2 A7 AN EEATT (Whiting ez al.
2012). P, WFFEE S A PR AG o e B K [m) 25
Rt R E B, H 4 OC &R B fa W R i AT g i
FREE

AF 5 AN [v) 3 b [00) R 1 7 Al R A ) 45 250
FRAEE, ANALAT g 3 b (47 B 23 B ARG M Y
B AR S, T ELR AT S WA A G AR
B PR AAE o AR T A R 00 R 25 AR
AL IR SR A RS (R ARAE, 19845 HOR =,
1994; FEAT5E, 2009); Xt #ife KM (Liluropoda
melanoleuca) [R50 HEBE B Wl , o] A€ BN T

FRGHIHL N AEHRTAE, 1996). HHTRERL S 1 [R5
PR FEET T LT 4S5 (1) WP %5
SYEEEROCR : BHAERESG AN, BHE B A W 4 /)N
(Rutberg, 1987); (2) AR 2 5 REASHA K
£ QAR 5 BORR T R EE ACBOR T B Y DR TC
#ff 5% (Leuthold and Leuthold, 1975; Skinner et al. ,
2002); (3) AR5 AR g . Y (Ran-
gifer tarandus) (Dauphine and McClure, 1974; Ad-
ams and Dale, 1998), & JfE (Cervus elaphus) (Smith
and Anderson, 1998). J¢ i (dlces alces) (Testa et
al., 2000), S i ¥ (Antilocapra americana) (Gregg
et al.,2001) . ¥ (Capreolus capreolus) (Panzacchi
et al., 2008) %5 F 58 [F] 20 1 7 A1 25 BE A3, e
ARG AR KRR IFE ;s (4) Hh AR )28 5 S IBe il BE
O ICFR . 2o T T 50 S 15 ) 0 e Ay S R A o AR
T (Lane et al. , 2010), HAI, iTHuAy Y FpE
A SEHE AT AR 0 3 v R DLAH G HGE -

B JE (Elaphurus davidianus) & 3% FE £ 1) ¥
fEFh (FAERISE, 2006), J& E %K — 9 SR T
A=Yy, TUCN# oy “BpA K4 (FENISE,
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2006). 1985 4F B[ 385 (Jb£h 51058, PO &
00°35") ® 5] AdbaiTh K 2% X i i b (b4 39°
46", RZ116°27) (RATHEAE, 2022), #KZE 20214
[ B JEE Rl R © 3k 10 000 Sk (5K fF B 4R
2022), FERIHE G AM 3 AR &R 22— (F RN
L 2006) SR MK L1 B 85 4, ML <
FAb i m il AL 12088 BT (R TS,
2015), 5| A R RE AR A 750 N SRS S S A
ABE? IR R AR AR L 7 X S )R A R R
7 & Rl 2 ), AR SO b BERE A E 51 A
37 4R BH WP AL ML AT A AT, ] R A A
G| A KA M AR R IR AR

1 R &

1.1 B X B RE AN AR O

A0 50 R R A A S s (A AL R ),
JEBEREAE TP E K 4 85 AR I, EIRA B L H G A
T A2 2 B R B X R XOF ¥ i
9.6 m, 60 hm*, J& T &I I Wi K Rl 2
WA, U, AR 13, 1°C, Mo ki
-27.4°C, MukEE 43, 4°C, FHERIEZE 10°C ~
15°C; AEHREKEZ 600 mm, 2P E R FEK R,
WA EAE 30% ~ 70%, 43 H &S5 000 ~ 6 200 h,
TCREW (132+£9. 7) d (Baits:, 2020).

AT T 1985 41 1987 4F M [/ 12 FR 55
o JEBERE 20 K AT 18 3k [ (14.45 £0.51) H
W] (TR AT BEAE, 2022), Bk H AT Z5 F, AR (DL
1985 4% N IRFH G| ABICH F ) o
1.2 ShEA K ord

M1985 FFEE G| A BRRELIK, db Rt FpiE R EL A
HRE . ROk, W3l SClE . 774 R AT A1)
A A, A MAMA I B RS, — KRR,
R[] 43590 47 08: 30 F1 15: 30, HAZE 11 [ R &
PRAP X NTR HIAE ) (e B34, 2010) .

1.3 FfEsy i A i 4R

AU 5 B RE AR AR o 0 B H ok A BERE EE 51 A LLK
F TR E S MR R Z R TAE S 0 o e B 5 . R
SCR 1987 4F 30 Sk B2 JFE 4 W 454, 1997 4F &
29 kAR AR, 2007 4F 8 34 Sk e . 2017 4F
846 K IR . SRR 1980 A 15 43 Wi B
W1 H25H, &E—HBROASH .

* kS T, SR 4 . MEF (). 2018, FAE P E = AR

ARWFFEH TS| AJG 1987 4F (F 51 AJ5 L Eh /1%
E—4F) 2 SRR B 1988—1997 4 Ry 5|
A GE M B BE s 1998—2007 4F Sk B B 9 2 B B
2008—2017 4F- A FpRE & M B B
1.4 bt BERESU IR B

SEHE: 201648 H—20174F 7 A 55K
PRI TR R AR B PR AE, Sl a5 R K
5 54594), BEESAESE AT 10. 3 km; BERRE (J]
SEHRHR) . BEK (H BB ), REDGCI (B RELTIR
Wz HOEIRZ A, BUR (BEEEAEIRIH N > 10°C
H 3200 BA) S5 U EdE o 1987 4 | 1997 4F |
2007 4E AR . FEK RO IR B Ok A R R 2H
HEts (http://data. cma. en/).

i AR RN GE . 20164 8 H—20174E 7 A &
A E, 7E R A e B B 50 mox
20 mEEHE, WFKAE 10 m &I — AW X, mA
0.25 m?, FFHLIABYT A% PN B b AR Rk H: e
#, BEERE RIS, B 75°C B, B2 h)ERR
H, JFH2hRE K, HEEE, Wi LAY T
(M, 2016), 19874F . 19974F . 2007 4E ()
Mo A5 [ AL BERE AR FERCE TN X (2R
B 15 ~ 20 km) FHBFEBEE (FE534F, 2021).
1.5 BEss s & b ik

[0 DURRAE i o Ik HAE = B M
H, ZJa/R5 Wik 2 B3t H 9 K (Rut-
berg, 1987); [A] 4 1L % 25%. 50% (Rutberg, 1987;
Zerbe et al., 2012). 75% 1 100% (Fh %= F 4,
2017) 539 LA 3 W A5 B o A7 BE S 0 B A A A3 b
B dEFARE =1 - M,

RS BUR R . BERE AT IR (8 F AR Wil 4k
FORAE4 H -0 ey W, BCRBOEIRARE H ARG
PIEEA T

AT TV R A I M S B B Y O e A
#i ( Kolmogorov Smirnov test: Z = 2. 670, n = 138,
P=0.006), REJFV-T5 07 ki r i, e
P 1E 4L ( Kolmogorov Smirnov test: Z= 1. 024, n =
55, P=0. 141), JEHR5BUREdE 5 Y6k H ANOVA
IR, FERALE (P>0.05), HETHEFMH
Krgo a5, e LSD #EA 7% 50 LT3 pE K . M
A W R R 3 U T R A R O (PN A
2017).

FRE 1A o [ DSl 38.
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Fig. 1 The fawning data of Pére David’s deer reintroduction stage by

Beijing

A9 d, MU R 1997 4TS d, BEAFEE IR
WIS B4 1997 AR GE K 4 d. BB BE (2017 4F): 4>
W3 BT 2007 AEHERT 11 d, 20045 AL 1997 4R
13d, S IEE A4S 2007 AR 4ERT 2 d (F 1),

®1 ESNRILEEBTERSGEIE

Table 1 The fawning data of ex-situ conservation Pére David’s deer by Beijing Nanhaizi
Wk Site 0 Years H A% B ﬁ;g A3 7] 25462 H 8 Date of synchronization rate
Date of first birth 25% 50% 75% 100%
13,382 Woburn Abbey 1980 (357  E f8) 1980. 1. 25 - - - 1980.9. 5
P4 F Nanhaizi 1987 (Flfﬁ) 1987.2.25 1987.3. 15 1987.3.29 1987.4.3 1987. 6. 20
B9 T Nanhaizi 1997 1997.4.9 1997.5.20 1997.6. 8 1997.6.19 1997.7. 25
P96 T Nanhaizi 2007 2007.3.31 2007.5.15 2007.5.25 2007.6.3 2007.7.20
P46 T Nanhaizi 2017 2017.3.20 2017.4.23 2017.5.13 2017.5.24 2017.7.7

5 | A B B B R PR S T A A AT A
R P BH BRI H R #i ke, i sl
BARRERT; B B B W e, SR
CRRAERET BBl (HEEAS S0 R i S I AR
1k (E12).

2.2 EGI BRSNS % R A

1M 1987 4F . 1997 4. 2007 4. 2017 A=k
B REFRRE ) A MR B, WR RO A R 2
e EE A, HhSASHETH 1 HAE
AR, RN R (3R 2); ERIAEHERTEL
(19974F) [R5k 24 68. 97%; #EKEE (20074F) [F]
AR 70. 59%; KRB (2017 4F) [W2E46 %0
69.57%; 198743 H10HE4 H5H26d, R4k
84, 62%.,

10 4

e
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;
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- /
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k ¢
ﬁ 04 E —&— 1987
H o == 1997
S ceumes 2007
02 1 -8 2017
L
- Woburn Abbey
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K2 ESIAMALR B AR S 5 ISR A RE (1980) IO SEFH TR LLER
Fig. 2 The parturition rhythm data of the reintroduced Beijing and
Woburn Abbey Pére David’s deer
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At BE AR [R] B B o3 W [ 2P AL AR [m] (3
3)e HGIAJGE KW (1987 4F): AR 0 ~
25% A 18 d, 25% ~50% N 14d, 50% ~ 75% MY
FHEFS d; EmSIAEH B EL (19974F): R2EFE0 ~
25% N4l d, 25% ~50% M 19d, 50% ~ 75% W] FH

W11 d; $7EF B (2007 4F): [FIEALE 0 ~25% K
45d, 25% ~50%M10d, 50% ~ 75% W S 9 d;
SO BE (2017 4F): R E %0 ~ 25% 4 34 d,
25% ~50% K20d, 50% ~75% M HHER 11 d.

®2 AFEEBTERESGETRSUFERSHIHF
Table 2 The synchrony and asynchrony of Pére David’s deer by Beijing Nanhaizi

. [A] 264k 53 1% Synchrony AE A2 4316 Asynchrony
)} Years
B ENo.  K%Days [[21b3 Rate of synchrony (%) % No. KH(Days FE[R4* Rate of asynchrony (%)
1987 26 22 84. 62 4 93 15.38
1997 20 57 68.97 9 50 31.03
2007 24 57 70. 59 10 54 29. 41
2017 32 57 69. 57 14 52 30. 43
R3 LEHEFERMBESGRSUST
Table 3 Analysis of Pére David’s deer synchrony by Beijing Nanhaizi
£ Years [7] 41k % Rate of synchrony AU AR R
0~25% 25%~50%  50%~75% 75% ~ 100% Days of duration (day)
1987 18 14 5 78 115
1997 41 19 11 36 107
2007 45 10 9 47 111
2017 34 20 11 44 109
T2y (1987 4EBRST) 40 16 10 42 109

Mean (except for 1987)

2.3 WS EERE B RNEE A IR O R

2.3.1 DGRBS BE R BRI RE 7316 i 2l i) O &R
FBE JEE 43 W ot 2h H I 5 B BDE IAMBUE A R K

IR (B13) . BRAb SR FH A6 BB T A58 oA B e

FIAJG 1985—2021 4E AL 5t P-4 W e B (e, 25 2%
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HEIKH] (3684. 77 £ 514.26) h , FEREIFUR A shiEH
k. BREDEIR (r=0.8910,n=46,P=0.006 1) fl
FUE (r=0.753 5, n=46, P=0. 009 0) X4 )5 5
() 52 ) 2 S B W 2, X 43 06 TR) A0 Ak G 2 % 5 )
(Fl=2.911,df=45,P=0.6460) .
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Fig. 3 Relationship between accumulated sunlight, temperature and birth rate of Pére David’s deer pregnancy
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2.3.2 FEKEAVEYIRSEREEAME MG RROOCR 23,3 B REBRRE M0 HE 5 1A M A K 25 1

B G 1) 4 06 0 301 5 6 L b B AS i ARUb 1  )
HIEIHISE (- =0.785 6, n =46, P=0.2519), 5%
KB (r=0.927 1, n =46, P=0. 000 8), Jt 5 &
REHTANEE 35 FF (B o e S 4 H 12 H, B
KA AR ML AR PR S A 12 A &
10 H22H, 54 BEEHTER1~2 BB
R H A A .

R ERAE ) SF-34 40 e H R M A= 4 04 1 [R]
BT e, R E S A B IRk (1987 4F):
15306 B ek b AR Yy 0 (E B ER T 108 d; EESIA
FEM BB (1997 4F): ~F-34 00 1 H i b A= 1) o i
(BRI 11 d; & BB (2007 4F): P24 70 05 H 5
M b AR R T 47 d; SOIEBY B (2017 4F).
XA i H A HE A Yy I (E PR T 56 d (R 4).

x4 FHIBEESHM EEMEEENXR
Table 4 Relationship between average birth day and peak aboveground biomass

83 Ut i 1] o b Wy A I (R LE[EPN
Average birth day Peak aboveground biomass Number of days apart
1987.3.27 (27.19+2.29, n=30) 1987.7.17 108
1997.7.1(24.22+3.67, n=29) 1997.7.12 11
2007.5.28 (20.24 +1.27, n=34) 2007.7. 14 47
2017.5.20 (19.96+ 1. 18, n=46) 2017.7.15 56

1987 4 1997 412017 AFH 4 >k [H 7Kk g 0 1L X b FAE B (FE 5545, 2021)
The data of 1987, 1997 and 2017 are from vegetation in the Yongding River Mountains (Du et al. , 2021)

3 itk
301 G RN R RE T R 43 e ST 114 5 i)
EHAEMB B Eg A R R 1y
AR, (XIS B AR . X —Fr B, P
FEAFHIN3I H27H, M EAYEIEEETH17TH,
et 22 108 d e fy . BEEEANAT ™ Ja — i 22
AR, 50 dERhZeWrys, FFiaRaie, A
WORE AR B CRSHIAE, 1993). BLRY B
THERNTHE (S, 2007), T R4S
FLRIEE , — e ER . A5, 8L
TREFNAFIG 55 oy — T & (B B 7= I Wk A2 48
18, HEIR &N (FPDOHESE, 2022), WZAER, K
A4 H AR A AR B SE (Zerbe et al. , 2012).
PEB B BERE W AR AR . ESIA
10 4 J5 , B 40 U6 i R) 4 {4 ] )5 SR (39. 05 +
5.23)d, FHHER (3.90+0.24)d. HEEL, SFY
PAAHMCATHALH, M A RIEE ST A
12H, 549021 d8 4. L BEfE i |-
A kI, R TR E TR (F
FHAE, 2010), XFEEFEZmAESN, HE MR,
WD TR ST SR KRB (F5 RHESE, 2016), %
T YF AR A AR, B EHE
AR R NE SR —4F, R B S (B

&, 2007; dFRHESE, 2022).

SOOI B R RE 4 6 S 1R S T G T 9 ol
BN U0 I ) 90101 98 T (19. 14 £ 0. 86) d, 4AE IR
T (1.91+0.08)d. MeBvE, FH™frHB RS H
28H, M EAEYEIEENTH 14 H, 55065
ZENATd, 20174 H B NS 200, M
ARG T A IS H, 55 UREHR 224 56 d.
I B BRI RE 23 AL T G B X, R
SARDLUR DT K & ARAL T (i (oA 108 55
2022), M FHEFEARSE &S Z MK E (Rut-
berg, 1987),

K, NG HRE , BRERFFC S
BT XA B U TR M AR S Y . T
LA B B JEE 43 gk =4 i R U6 A 5 55 VR R
WALA B BEREE 5| AP REE &R, B
B — IR AR .

3.2 LI ARG B B RE B AN RE R DAk 1) 52 i

oI EFBYE (1997 4F) . BB AP REY 43
WA 4 T T R AL R A0 0 ~ 25% F1 75% ~ 100% P
BB, AR B AR 71, 96%. HH R
bR 3K B 25% B, 43 06 % 5 A BE R 4 6 B0 1Y
38.32%, A UL B B R RE 23 0 S AT B

P EB B (20074F): BEREHAMERY 4316 7] 4k
RYRSEHETE, IR 0 ~ 25% F175% ~ 100%



4 T PO TG LA BEERN AR 7 00 2 I A [R] A0 AR 5 385

DB, HAREE R IR R Y 82. 88%; [Pk
25% ~ 75% M9 3 W SR R 17, 12%,  H7 RhE 20 e 5
JEMIA R T iR (111 d). Ml W8 R LR A T
75% ~ 100% FHIFLEE, S5 AKEF (Moschus berezovskii)
MIBFFEIEL (PNAEF5, 2017).

OB B (2017 4F): 436 [ 25 Ak 3R A 75 7 B
[, RAEEER 0 ~ 25% F1 75% ~ 100% P~ Bk,
AR BE S IR 9 75. 23%, ZE R, T REER T
FRE (0 B th IR AT BE 58, 2022) . IR 35 K 4E R
(Brinklow and Loudon, 1993). %% (1% i 5 %5,
2007). i3 E5E (Rutberg, 1987). S M%7AE 1L (Berg-
er, 1992) FMRAYAME (GECHE, 20145 F PR,
2022) 254 Bk, TEARLSLIT RIEAMISY, HE—&
= BI1X6F S 50400 O 94 D A R TR A SR

B A ) BT, AR IR 2 Ak 4 e A B R AT
B, T M R RO R O, 5 AR
TV Dt A A K B R T AR A A (o PR
4, 2016) WA —E KR, 1997—2017 4F 1 20 4F
], HH SRR 30% 2247 13 [F]
AL RIS, PR T 10% AR RIS 10%
AR R A B LR 0 T 2 45 AR A LA (Gl PR
8F, 2022) RS JEAECHERNES, AXARZ
b TE TG PEAT B R RN [v) 8 g A B R 1 3 U [
HRFRHT, A T BN A AR .

3.3 H G| A MBS BEREHTFRE S 1 15

A I 2 BLE 51 M 6 BN R 5 B
B U8 S AT BRI, T RB LIS Fefik
T F= 2 WA K (BhEEDF, 20075 XIFIEE, 2008;
TR, 2017), Hi FAEYEIE(E . FEOKIEE S
WRIE(E U ARG (R DORESE, 2017), BiRhRE BEJEE 4
R 5 T 5 | A M A AR W I 2 R —
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