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Abstract: From 2009 to 2020, we systematically investigated the population, mortality, and death factors of Pére Da-

vid’s deer (Elaphurus davidianus) in the Dafeng Milu National Nature Reserve, Jiangsu, China. The result showed the

annual growth rate of the population was 13. 09% + 5. 96%, which continuously increased in the 12 years. The annual

mortality rate was 3. 53% + 2. 27%, with an obvious fluctuation every 2 years. There was no significant difference in

mortality of adults and sub-adults in different seasons, but significant in juveniles. Significant differences in mortality

among different age groups were observed. The adults died most in summer and autumn, while the juveniles died most

in winter and spring. 48. 77% of subjects tend to choose the underbrush for dying. The death factors among different

age groups were significantly different. The elders and the juveniles mainly died of epidemic diseases, including viral,

bacterial, and parasitic. While the sub-adults died in accidents. We suggested that it is necessary to strengthen the daily

monitoring and epidemic disease prevention in wildlife management. Our data provided important information for the

protection of Pére David’s deer in Dafeng Reserve.
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RO N 32, S BECG AL etk AT, 5l
AL T AR 58 K M BE T (Zani et al. , 2020; Namiki and
Hayakawa, 2020). Bk HSRSET-4h, [N AMIFSE K&
PRECE A RERL By 6 T D A A A R O A
FERRFEANE AR o (1) Besim e : A5 ML51HE
AW RIFR B S5 B, A K AR I TERR
il PR 2R ) G B e | PRSI RE S A A RE R
s W) K & %L 1= (Santos et al. , 2020; Kautz et al. ,
2020; Mizuki et al. , 2020), (2) FEG . PEVF LR 0]
AE 1 BB A ERFZh ) R AR T . 20 T4 60 44X,
20 2 77 kL E BB E (Odocoileus hemionus) il
H B (Odocoileus virginianus) 38T H Btii & (Pri-
on virus) 5| A2 18 1 14 #E PR A (IR AN R 5
2009); iR A 55 (Cervus eldii) 16 B E T 5)
e T W45 K (Tetanus) FISRSEFT B WK (Fusobacteri-
um necrophorum) (MG, 2008); Z KM E (Clos-
tridium perfringens) ¥ % 5| 2 Bf 4= Mg 4L FE (Cervus
nippon) CERIHAE, 2007), /KEE (Rusa unicolor) Fl
L E (Cervus canadensis) (Zik%, 2014) % JEF o)
YA IAE,, RAEZMIET, 555, BRSNS
R | T A BEE R T B ] . 1988 48T
P4 2% R R A A R B (Malignant Catarrhal Fe-
ver), HET- % & ik 54.16% (Orr and Mackintosh,
1988). T )b A7 15 B OR 37 DX 5 A B IR T
HURE K FT 3 (Escherichia coli) 1R & B S 2
200 433K BERE ARIET:, LT3 24 22. 80% (TRAKIE
S5, 2011); JbntE T BRI A 2R T i
R R FLAT, SET-RIK 10.20% (9072 T 45,
2018); Wbk, KA BREERE A BLK A I W (Hae-
maphysalis longicornis) (L5, 2007). FHAlET
L (Phylum Apicomplexa) (Xie et al. ,2019). FFH W
M (Fascioliasis hepatica) (Huang et al. , 2020) % 7
Az B, ORI B A A TR TE R T B) B
HNRIZR « A 5% [ RN U S5 L, A28 O 5 | B
FERE . BERE (Alces alces) 25714 RERL sh ) B AMET:
) = FE 5 A (Steiner et al. , 2014, 2021); 4, A
FeUht . PEK . YRS I B A B REAE R Y
HEAF L X SRR U SE T 35K 24, 00% (X4
s 2021),

UTAER R R AR 4 IXC B b A A7 155
Raf, (Ha s 7 — @ 8omny BRIEE E R
WL Mo, FFERRREIT SRR LS KA

fal KBk A SRIET AR IE % A6 T (1) BT A= BE g 7E
2 FlAR WS BE A7t el 2 51 B A BERESE T MY
BN P A R 7 X 2 R 7 A BE R AT TR
MOEERE? T I s Rl i, FRATT 4
T 2009—2020 4F K = BE JEE O 47 DX (1% BE JEE A R Bh
AEAE, AN A ST (RN, F
T AR A 85 A ) X R B R AR AF Y R
SPHTRERESE T 5T AR . BRI TR
MEFR, DRI R0 BERE AL T R, I AR
AR Wy 2 AR A 2 A R AR L R T R T R R A £
FRE SR OR3P A A . AR SC B TE X B B TR
R A BERE R AT AT A 40T, T
BhF i BERE K WO oy fRAT st R, A3
W A R S A SRR T AR SR LS 4R .

1 HRFE

L1 AR E S AR

KFEBEREGY X (L4 32059 ~ 33°03", K%
120°47" ~ 120°53") {3 FVLIR A ER 30017 AR g R 0T 16
M FL2 666. 7 hm?, 1% H X & T 8L 5 (1) 3 6 3 v
RS RG, AMTHY 60F 1978 284 %1, Hi
Bl 2 AU POV IEE [r] PN ki PR R VA AL B . R R . e
FE—E N—B AR BV T A B U . F AR
FIK T, ¥ H 2 667.4 h, FREKE
1 068 mm, 63% 4F[E/KE NI 6—9 H , TFEM
217 d, HAEFRSIR 14 1°C (FEERIAMT £,
2011), ARIEAARABMGE AT S &ZF (12 )]
BRFE2H). EFG—5H). EFE (6—8H) M
B2 (9—11 H).
1.2 FEREFPHFECE S0 T MRS BoRSE

2018 4 L) iy BE R 4R vh AE AR 37 DX B 9 3 3l
W HE RS2 G . 2018 4F LA B R 1) J& i
PHL, WY K. R AM R E . R
3 CAyeT I R RN B A )RR T T )
AN (1), T KRR X AP, 2R
PUmg; 0 IXAEERIRUAERP XS ; TXAE
PRY I LARE X8 IV IXCA R XFE RN . B4~ IX
B3 ~ 4R N B B I A S B R R
RWE A S H RS S, B EPRA
3W (G H . 15HM25 H), BfE B A 07: 00—
17: 00, B HREAE S J BERE A7 WA LS A, fir LA
WAL 5 T W= AP EOH R S A B A A
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B K= B LR A7 DX R JRE A E [X 38073 A1
Fig. 1 The distribution of the Pére David’s deer in Dafeng Reserve

8 B XU B 2 5% (Nikon prostaff 10 x 42), H
A ¥4 (Bosma ED25-50 x 82), #H#L (Canon 5D
24-70mm) FI/NEJE A AL (Dji Mavic2) 5% £ 4t it
BERERCE, IR FHLP AR A0 B BRI s A
TR FETTERREAME B R AR . SET
S BETCRT R RIBET IR R 4

JBE BE A~ AR AR % W) 3 2 B GE NI A T R AR
(2011), XIGF AR (12 W), WA O Taiks
BARTE]) . AR (4 ~ 5 % [R] B 38 21 AR Bl 2R i)
MR (122D 1),

BESERC T M ol A= B 28 7 BN (grasses) . 74
JE (ponds). MK (woods). #LHb (bare lands) A1 H:
fils (others) 5 Fp2EAY . Hodr | R0 E FE R ol 00 R
LARASBHE W ) 7 R X e 94 840 45 T 58 K SR
TR IE | B WA/NEA s B 2R
TRARMR s BRI Ry G455 W 2R 78 N 0 TC AR 1 A A A R
B, HACAAE TR B AR, b+
e A HFNFKIE A

K FHEF AN %6 55 52 56 5 46 A AH 285 G 10 7 =008
FET IR 12 . F B X A0 T BE RE 7 1A 47 o 3L it
Hl, GG WMATIR A RS b, K R FE AT
ToJR R R B4 A9 R (epidemic disease). H &

A & (natural causes). &M Z (accidental factor)
A H 2 (human factor) 4 Fl . Hrp, SR AR
FRAG PR AT, BORHEER LT, AR
600 A5 AR o A 2 B A R N S A TR A PR
VHAET s EAMA ZR AR R BB R =z a) kAR AT 33K
JEE A2, SRR AP R VA IR BOK 8 K ] TGk
Borigs K AU T, B4 22U X 28 B T i S It e ot 4 I
IR EOIET s AR R F2 248 20 i 55 AN R
B AL T . RPN A i rp, WP A B AT
T2 BRI 25 A < 95 R 3R 6 30 6 T B i A X
Wz, Frg—Bmti), Jf ARt fE A X EGE
Fl; AR ZRRA N mER, FEA BENFE
WS RFAIE 5 AR 2R R DR 28 A0 40 30 37 9 A 1 43
B, 2 TXAfE .
1.3 b 55115047

VIO A AT BE REFR R 10 45 FhFE AR . ARME KR =
AWK B b — R REECRE < 100%, 4FEAET:
o= RARSETR  AAERI R < 100%, Z=154E
TR = B IET B/ AER IR x 100%, 4EH%
HIE T = AR AR IS 20 8 T2 45/ AR A Bl BE £ & >
100%. AAEPR{H = S FabRfE B/ 4E5 . B
FYIH + AR

Ko 0 SPSS 17. 0 FAF AT M o R BR
REFPREECE S0 T80, B RKORFIIE TR X R K
FH Spearman AH /3T o 24 56 2 1T FIAR I Ll A0 T
TR AR IE S 4, K A Kruskal-Wallis £
B AN R 24 FIAS [R] AR Ll OB T R iR 25 525 5 i
k2= 5 W2, WK A Mann-Whitney 5 55 43 5] 5¢
BN [R] 245 1] | A (] AF % 26 1) A 7 7 Ll s . DA JBR
REFETEi MR An , R 2 K3 A [A] 4F % 2 [A)
BERESC T i (T A= 35) FnaE T Js A Ay 22 5 b 3
P LLZAY FHAE RS M [ 2 ] &R (fixed factors), 4%
Mgt T JE R R [ AZ 5 (dependent variable) >k
ANOVA test #4722 N R I7 2201, P <0.05 4 1
HEER

2 HR

2.1 BERERMERGK S3ET %

2009—2020 “F LG A7 FERL 6 253 3k, RRAFE ™
FEBC 9 . 2383k . 2643k . 1833k, 3663k .
4033k . 4203k, 4933k, 6823k . 7863k . 6283k,
945 3 f1 845 3k, RMARZAE LTHEH, 2011 4F
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2018 4F 12020 4F H B R BE R Bl . FRBFAE A3 K 3R
H13.09% £ 5.96% (n = 12), H P 2012 41 K F
AR (5.59%), 2017 4E 3K F i 5 (27. 24%) (K
2), 124F[H], JEGEHBEREAET AMAR 1 1873k, 20164F
FET- 2 (203 3k) (B13); 4FEBET R K 3.53% +
2.27% (n = 12), 2010 4FFLT- 33k 2] & 1% (8. 22%)
(B12)o syt kB, BEREAET4axi B 2 3 3 A8
b, FHFL R 24, (BAET- 5 sh AR b 5 5
MR AHIZE (r=0.381, P=0.381), T REHK
A (r=0.300, P=0. 344),

304 — WK# Growth rate
seee FETH Mortality rate

z 8 R

BHE Percentage (%)
)

o,
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. .,
0

.
.

B2 KB AR X BRI R 50T A2 (2009—2020)
Fig. 2 Changes of the growth rate and the mortality rate of Péere Da-
vid’s deer in Dafeng Reserve from 2009 to 2020
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Fig. 3 Changes of the population size and the number of deaths of
Pére David’s deer in Dafeng Reserve from 2009 to 2020

2.2 BRREEACT-HIZETI A S AR A5 1

A RVAF IS AL BEFEF-IFE T3 2lfA > plifA >
WS, ANFEZFEFEETR: LF>HFE>EE>
FAZE (E14A). [Fl—4FRHAET BERERZE TR0 A (]

4B): UK (7 =1.900, df =33, P= 0. 593) FI ik
(7 =0.248,df=33,P=0.969) LB EXER; hikx
S B E (= 15.040, df = 33, P=0.002), &Z
H5EFMAETREAMEER TEESKE
(Zuy=-3.317,P=0.001; Z, , =—3.498, P <
0.001; Z, 5= —2.806, P=0.005; Z, ,=-3.116,
P=0.002), . ZZM(Z. ,=-0.433, P=0.664)
ME ., KERB LR EZR(Zy 4=-0.943, P =
0.345).,

ANTRVAF 4 2H BE REAEAS R ZE 45 10T R A AR
FEES (K4C): X F (0 =16.57,df =22, P <
0.001), HZ (' =12.43,df=22,P=0.002), B
(¢ =14.05, df =22, P <0.001), FkZE (/= 20.37,
df=22,P<0.001), HFZRAESYIERBE LT HRIT
MR (Z=—1.849, P=0.083); HZ=RARHI AL
1KJE) (Z=-0.329, P=0.741), FkZTAAFIL A
(Z=-1.378,P=0. 168) AT REFIIAEE, &
AR (Zy g = =3.595, P<0.001; Z,;, 4= —2.755,
P =0.006) FIFkZE WK (2, ,=-3.753, P<0.001;
Z g w=-2.705,P=0.007) (AT R & @& T2k
F R s &K (2, = —3.403, P < 0.001)
MEFEZDER (Z,_y=-3.097, P=0.002) FBET- R
e, H T UA
2.3 FERESET-RIMUAELE

R = B R4 DX PN Bl 358 K 3K HE AR IR Oy
M\ (37.50%) . B (33.26%). TEHE (19. 44%) . H
fln (11. 41%) . #EHI (5. 56%). S REFET- K4 1
T35 ST I A B8 o A DL IR 5 BEREAE T I T
A BE o A L6 B AR IR Ry B A (48.77%). 1H JE
(15.67%) . #RHL (12. 13%). AR (11.29%) . HAth
(10. 78%). 45340 . BURMKICH HA (33. 14%) .
I (21, 64%) . #RHbL (16. 86%) . FHAth (13.79%).
BEAR (11.49%); AR IR R BN (29. 55%) . F
il (27.27%) . AR (18.18%). TaHE (13. 64%). #
M (11.36%); A g FE N (65. 86%) . 4 I
(10. 57%). BEAK (10.05%). #H (7.97%). HiAtb
(5.54%). WA BE AL A b AR5 R TE] (F =
89.45,df=4, P <0.001) LI 45 W Ak H] (=
57.23,df=4,P<0.001) 22 5# M 3%, ikt BisE
FNEY B TR A AR 2 2 ~ 3% . Bk S
WA IR M ERBE (F=4.314,df=4,P=
0.038), JSARFE T 1035 LB F 5, T A%
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Fig. 4 Seasonal and age distribution of mortality rate of Pére David’s deer in Dafeng Reserve. A: Overall distribution of mortality in season and

age group; B: Seasonal mortality distribution by age group; C: Mortality Distribution of age group by season. * P < 0.05, **P < (.01, ***P <

0.001,ns P> 0.05

PR T A L 230 TR
2.4 FBREEAET RN Sy

X} BESEEARIE T R R A T 438, 4 R AR
I ARG 2R (K 6). BIRS I RIET 4>
fi: PERRRE 45.66%, HIRHFEK 32.09%, EIMH
F12.72%, NNHRE9. 52%. AIIAFEHABERESET
JRPR o, A AR TR R 3 (38, 51%) M H 28
K ZE (31.80%); WA 1k &= 236 F & A &
(34.09%); ZHAAIE THERGIN £ (54. 59%). 4Fh
TR T R R . RS WA (f = 40. 13,

df=3,P<0.001), BAESK (¢ =108.0, df =3,
P <0.001) K WRAS YK (¢ =178.1,df =3, P <
0.001) 22 54l @ 2 o 0 PR 3R 2 BR RBE AL T- 1Y e R
JRH, BANHZEIET AR (E6).
ZRESNEER TR, TR 193 BAEH
XPPERRIET T WL, 4y AR BIX R AE
T-IR WM (R ). R, 0 FAEE 28 B AR
FAXE B ARBE T RSN T 394 W, AR )
FHARIET - MIESMET A B Esgm, (A% A
SRAET. . PERSET- R SMET - IC 5 (R 1)-
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Fig. 5 Distribution of different type of habitats for death individuals

in Dafeng Reserve. * P <0. 05, *** P <(. 001

Bl6 R B R4 X 3R SRR L T i D8] L A
Fig. 6 Comparison of the death causes of Pére David’ s deer in
Dafeng Reserve. *** P < 0. 001

3 itk

BEIESI AR F S ARPLE I T S 1A [ 28 5% AF,
B 7 R REAE BEAH 2= R AL LV TR A T R A i
Witk (TRHE, 1996), (HIA B RERN R £l g i A7
SHIABEA N CRESN MR A, 1991). FEANS
BRI IR T 5 T ) R 4 R PR A5 2% A A2 AL 1 15
DU, RABREEFPE L Bl —E i shvEstr.

x1 FPHMERIEERETRERZ ST
Table 1 The effect of season and age on the causes of death of Pére
David’s deer (* P < 0. 05)

[R5 e
Dependent variable Fixed factors af £ P
FERT R R Z= 15 Season 32,279 0.180
Epidemic disease HEH Age 2 1.058 0.404
Tt L AT
Fi AR 5 2.399 0.156
Season and age
EPNES Z=4 Season 3 1.433 0.323
Natural causes AERS Age 2 5411 0.045"
b A
A+ 5 5.698 0.026"
Season and age
RAMA R =717 Season 32,125 0.198
Accidental factor ﬁ;ﬂﬁ/‘) Age 2 5.184 0. 049*
FA A 55214 0.032°

Season and age

ARTIFGT B 1) 6 T RS R A G B
AHOEME, B2 24F M FEIE D 3, $ R K F BE R
FEAAAE—E 0 AR RE J1 . 2009—2020 4 K
JBE JEE R4 ORI e K AR T %, [l A5 B R R
O RFSE KR 3 . A J5 R E SR A B
UM A BV IK A 7 vk, DRI B RE R R 45 44
i, AEEBERE AN O T I R AR K

ARTFFEHE R T BERESE T 3R 5 A iy L 2 i
K F o WFIE WS LR TN AR BE T 4 3 B i &
WA fe b s N [RAE S B REAE R — 2= 1 At T %
ERBE, SRR TRL, FERERTE. B
Z . R IX W B KRR, &L F
Flwy, BFAMED R IRA T B (E BN T R
1, 2011), AIFGTREB, TBohikfe L2
BRI YR FARZE (1 X5, 2013), H(fligh
RS FRARIMALT ;. sUAER) B KRR T S A
Y SEOR 4 IR MAET (ERPERE
F, 20115 AR XE%, 2020); #B5> 4 ABEEERE
PN IR Y, WIBET R EBAE (I X%,
2013), WAL AL FAERK A E R, GRUEMINZ U
RAAL, FETREAE . ARFFREH, HE . *KE
BUAFET 0w TR A, B kEE
JBE JBE A PR AT Y, 29 80% LA HEE A2 M T 5K K
i, PR R, PURIKBU TR, 5 k4
iR A, MEMERARZ R R ST, AR
HMRGIFET o MEPE AR BE RE 19 4T R I 4 35 9 4 H
(T EASE, 2006; 11 LA, 2020), HnT &5
R AnXE=3ET- . IRATHYES) AN HFE (388
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) PrECSET RS . P, B XA TR 2R AN
() A AR 7 2R SBOAH L PR AP it . 4% . R 2RI Ikt 4
RIE S Xk g a, WRENIRE SRR B
Rk fin s Bl A A B A OR P, X BE RE T Bl X B
A 30 T BT IR BRI 9 AT

AW GT K IR A SR B AR TR I i 2 1Y
AR, X AT e 5 IR X R ] i e DA T AR A7)
ZAK, WATRE S MR . Bt EF ik
PEA G, — 7 MEDR £ & AR R BERESR AL T 5
RGN s 53— 7 AR B N AR K o e 2R AT
B, WP (Phragmites australis), H. 48 K B
(Spartina alterniflora). [ 3 (Imperata cylindrica)
%, BRRERH HEEIE T, RVTHG, Rk HE
PR BE VRS . BRSNS, FEVAIE T R BLAE T R
RERY LA R T 5N, 33K 55 B JEE I A6 115 XoF 7K IR 1
TORAE . TS B BRI (Geith A 240 3k)
YOKEGEE I, PSS TC T Jork VA SE 4 B,
SEEIMCT . AR BRI, VT2 A R R
ABESE TR SEBI KB T (XIMEAE, 2021). FRJE
WAE e FERE AR, 0] TR bR AR B R B . D
BB IR E R b AR SR, AT RE S Rk 2R AT
A ARBEFEIN Ny, R JEE WA I X A B i
AIRESE N T RO A TP . X AR s R IX T 2
TR R AR R i ) H R 3 T B, B & SR
RoB B BERE , JFXTBES AT IR, AL EEFE R 8
HH AR, J EAME LT R BERER ST .

3 X Hb AL B REVR , WA KA RS .
TERAMERIER T, 2w R BRI T- 1
BARER, ARFEZE. AR EMEINA R S
KIEFERBEAEM, PELL M BERE L RIE T,
BARRZ, WA D o S HTid & B R 28 TS
SET AR AVFAR IR A Rl I o i % 25 5. 2= 4F
W 1A AR X R AT - TC 5, By 227
HRAT T RE R ARG, OO 5% A AR A ) B R
AR . N7 AF (2020) L AL T 1979—2018 4R/
FEHIE Y BE FE R W98 SCHR 2 M i 300 44 R R
TR R R U B 2 LR R e, i X
SREEVESER AT o R 1Y B A R RE AR e T KA
v, XMETEUIREE, LY HAREREAMA . i
YA B AR A TR BE Y B B T, 2 RRAET
Y 5F AR Bl P AR Qg FLA I A Sz e, S e
Ak A zh ¥y, #£2 AJE (Namiki and Hayaka-

wa, 2020), K, KB 0B B A, T R B
SERRATIR E ORI R T R ORA DX ™ A
e HECEL e T3 AR BEOR Ab 3 P AR R R S A BT, VI
WA RE IR, RESAFA RN I A TR &

Gt kMR AR T AN AT B
32.09%, BE&EBEFEFPIFECE VST, HARTEIKEE
JEE 1) 266 %o Bt B 2 30 . AS B 5 BT B A Y
HARFET LA &, R g IARIR &5 . 43 #TIA
H, WRUAEEEEY, Aa i, Mk
FERE ST AR 55, DA SR O3 MUK AF 2 AR 55 e 4 5
AT HAREIR . AR Won, FE1 AR R ) 22
HAEHEEZm ARIET, & BREYEHIET:
B E T AR AR, Fi, BAMEEN
BEHE, AR SME S H AR 2 55 4 ik A AR AE T
MR R R

JE . AR AR Z RN sh W N\ CR I R BE
T-H) E 2 JE A (Steiner ef al. , 2014, 2021), K+ g
JEE AR DX A R AR NIV B AR G 6 3h F1 5, TR
SIEEE T, R A T N RIS Bl Y
W, Sy KA, R AR A X & A R A B
TORBAR, HHREER BN Z HEINET . IR E
HMETT 5 L AR ED, (HEAMARFIER L

i L prik, KR BEER B AR K AT & T
T3, T EA5 6 KA BB AR DX HUIR X B 45
MR R . AR R R R AER . 2
WL RSB T R A, IR XA
XPE b F e H S SRRt T 2% B
SETT IR A M s (1) BEW R AT R F BERE UL
SRR SET ) R 5 (2) iR AR
KFEFERE ASRIET- 0 EZREA; (3) WA IR e K
SERE MR ZR . FEBRRERM R RS B R,
SERAN (A A0 BB %) H 8 WS S5 e IR e e B 4, Bt
T bR BERE T RN IR BE TS Y, IR R SR 5T
X T BRREFN R 1 i e AT e R e R S 5
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