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The nutritional status of captive black muntjac (Muntiacus Crinifrons) in

three regions based on body condition and fecal scores
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Abstract: Body condition and fecal analysis serve as crucial indicators for assessing the health status of an animal. In
the present study, we investigated the health status and nutritional level of captive black muntjacs (Muntiacus crini-
frons). Body condition and feces evaluations were conducted on three captive populations in Beijing, Hangzhou and He-
fei, and the effects of dietary structure on body characteristics and feces morphology were analyzed. The results reveal
no significant correlation between body condition scores (BCS) and the contents of crude fat, crude fiber, and crude pro-
tein in the diet. Yet, a significant positive correlation emerged between BCS and age, suggesting that aging influences
body condition. Further, BCS varied significantly among zoos. Under captive conditions, once the macronutrient re-
quirements of black muntjacs were adequately met, their body condition scores demonstrated a correlation with the natu-

ral aging process. In addition, body condition scores were found to be associated with the specific captive environments
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and husbandry practices employed at the different zoos. As such, body condition scores in this species are impacted by a
diverse array of influential factors. The fecal scores (FS) of black muntjacs primarily remained normal, but there was a
borderline statistical significance among the three collections (P = 0. 054). The fecal scores were significantly positively
correlated with dietary crude fat and crude fiber, and negatively correlated with the crude protein during winter, indicat-
ing that dietary composition affects fecal consistency. Gender also played a role, with females exhibiting lower FS and
more frequent loose stools. On the other hand, there was no correlation between FS and age. The three zoos employed
slightly different breeding methods and feed structures for the captive black muntjac populations, resulting in notable dif-
ferences in the body condition and fecal status of the animals across these sites. Specifically, the body condition and fe-
cal scores at Hefei Wildlife Park were found to be closest to the ideal levels, suggesting that the nutritional structure of
the diet provided at this zoo was relatively balanced compared to the other two facilities. Recommendations for dietary
adjustments include reducing the fatty components of feed at Beijing Zoo and increasing protein and minerals during
summer. Hangzhou Zoo should focus on minimizing corn and other concentrated feeds, while boosting roughage and
cellulose intake. In summary, the health and nutritional status of captive black muntjacs were quantified based on body
condition and fecal analysis. The present study is expected to provide technical support for optimizing feed composition,
establishing a health assessment and monitoring system for black muntjacs, and ultimately enhancing the overall animal

welfare of this species under captive conditions. The findings offer new insights and valuable guidelines that can inform

and direct conservation efforts for rare and endangered ungulate species, such as the black muntjac.

Key words: Black muntjac (Muntiacus crinifrons); Body condition scores; Fecal scores; Nutrition; Zoo
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Table | The dietary composition of black muntjac in winter

H KT The mass of daily ration/(g/day)

paRlES

L Wy R QTR Ak i TR
e wm mwe U A AR PR TR A Bl
Population B NSRS EK T"ﬂf[& Fi5% Black Dried Herbivorous Green Dried Alfalfa  Behavior training
Carrot Apple Corn Pumpkin Cabbage ..
bean jujube pellets fodder leaves meal
EwGT— ST e
jt%xﬂ% 400 40 20 90 20 23 0 175 0 1 060 L EAT
Beijing Zoo Dried jujube, peanuts
BUNEIDINE 550 550 250 0 0 0 100 600 1250 0 0
Hangzhou Zoo
A HLEES A= 5 4y el IR AT
] AR
Hefei Wildlife Park 220 0 0 0 0 0 0 125 250000 O Apples, dried jujube
®2 EEREFHRE
Table 2 The dietary composition of black muntjac in summer
H LT i The mass of daily ration/(g/day)
e ) My i R Ak Y (PNl
i e \ , fae BT R gL R PRI BT - o
Population BB R K mmA W Fie Black Dried Herbivorous Green Dried Alfalfa  Behavior training
Carrot Apple Corn Pumpkin Cabbage .
bean  jujube pellets fodder leaves  meal
TR AR e
R ey 40 20 as 0 0 0 58 3000 150 4% BELT
Beijing Zoo Dried jujube, peanuts
B 51 300 250 250 0 0 0 100 500 1250 0 0
Hangzhou Zoo
PAS 5 7 0 N 7
A IEEF A 5 0 0 0 60 0 0 0 125 2500 0 0 SR LA T

Hefei Wildlife Park

Apples, dried jujube
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Table 3 Summery of body condition scores for black muntjac
N B LR -
sy RS i i BRI Bt i
BCS charagtei/ii tic Neck Shoulder Waist and back Buttock Rib
%+ Y% Emaciated * JHJ4 Emaciated . - e .
. fg%%ﬁr;,;;;gw oo ‘{Efﬁ"%ét;glﬂcl?%ﬁ%'cﬂ * JHJ% Emaciated < HAAERE RN * J¥% Emaciated
1: 4% . . n ; o B HELE R I 28 The pelvic struc- —« /B MG, ARAR AT I
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Skinny is very obvious rominent The vertebral struc- ture is very promi-  The sunken ribs are
Tl H;/‘J‘ Fat free j% B Fat free ture is prominent nent visible by the roots
* H ° H
&, - e g e * RS, TS
o . o BHEL I B % L 1
2.8 o SRR Obvious skeletal struc- ?he :rt?b)ja?&sfr\ "j;'_ The pelvis is o W MR
Scrawny Very thin neck ture tur :/ romin n? prominent and dis- Rib depression
 JTtfg i Fat free UIe 1S promine cernible
b N AT R - -
340 « BPEO « B4 Thinner AR © B A M T B o i M AT B
L;ea)rLler Thin neck o RS ST The spine is protrud-  The pelvis is clear- The ribs are clearly
Obvious bone structure  ing, individual verte-  ly discernible distinguishable
brae are less visible
-éﬁ%ﬂ{ﬁﬁi‘iThinneck ] ) 'ﬁ’*&*ﬁﬁﬁ%ﬂj 1*%*@ R
R « M A% Thin Rk VAR g
Tilin Réduced neck cir- AL A The spine is slightly The pelvis can be Ribs are discernible
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. v . . iti f5En] DA
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o SIS A B o JA PR S [543 < R o AR
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x4 BEFERNEETFSIRE %235 4 Continued from table 4
Table 4 Summery of fecal scores in captive black muntjac FEHEPP 5 FE 00y
FS Feces morphology Picture
FE FMER LS MR
FS Feces morphology Picture

b -

A B §
2 The ft thin, shape- |
WA NER , T4 less. and viscous
I TR

2 Granular loose ball, dry,
hard, no signs of damage
| AN
A KRR R, TR, Completely liquid feces
o it
Small balls with low water
content are dry and hard
1.5 geitordr
i 1] Excel B X B #6470 Fr . Ab3L, fii 1]
LIRSS Shapiro-Wilk £ 56 31 Wi 4 J2 75 IR M IE A5 01 . 1A
e »
7 Small, con}pact ball with a \{ﬂ« ﬁz éj\ﬂj Zﬁé'fﬁ iE|Z ﬁ Ej ';.;P' 5’% :J:E‘ 4%/]? EI/‘J ?lé /2%\ ?Té JEH Spear—
Shihtly moistappearance man M A3 HT o PR IEAY S VT MK | 4
W P 25 SR T LR AL (GLM) #1747
Mr, FiAGEiTAE SPSS 23. 0 R 5E Ak, & MK i
SIERLIRNER T #Ha=0.05
o IR

2 &R

2.1 HHIHr
X} AN [i) L (X ] 57 B B A L R A7 % 40 o T

Clumps of moist pellets
resembling pine towers

%ggg‘ﬁg@%ﬁ% 5 (BEHRT LY EBE FEE) (HEA
I 14.88% . HLHNEHT 4. 05% . HLEZF4E 18. 80%) M 1L &

5 The columnar substance
with clear grain is easy to
pick up and basically does |
not remain on the ground
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TEMARER (BRI YRR e )
Wk, HorpuH sh 4 eRLET 4 5 ik
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JREAARTR AT M Bl W el K A A B A= 5y 4y el P R o
BCS /3 t41E 2 ~ 543, BCSAbT 443 BA e 8y i e

GO RN D T A
4 Sticky columnar material,
moist

UG FAEFEER
3 The feces are formed with
high viscosity
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Table 5 Analysis of summer and winter diets of black muntjac in different regions

PNCN=N

HiIX. HEN AR LT 4 KoYy AEE
Region Season Crude protein/% Crude fat/% Coarse fibre/% Ash content/% Energy/k]
Jb i shy X Summer 17.205 4.077 17. 381 10. 676 16 906. 392
Beijing Zoo £ Winter 10. 790 4.720 13. 961 5.694 19 967. 479
Hom B 5 Summer 14.324 3.033 8.511 7.281 16 744. 500
Hangzhou Zoo 4 Winter 14. 619 3. 063 8. 140 7.387 17 983. 400
A NE T LR S X Summer 13.877 3.118 13.575 8.105 16 159. 075
Hefei Wildlife Park 4 Winter 13.753 3,071 13. 264 8.033 16 619. 275
a
10+ 18 1 17
16 4 g
- btz
144 Beijing Zoo
s 2] Vs
[ J Pt
10 99
E E o Hangzhou Zoo
o e o AIEEESR
= ® 4 Hefei Wildlife Park
< < 47 3
27 1 00
T 0 -
2 3 4 5 6 7 A (1~3) B (4~6) C (7~9)
1435438 Body condition scores {35438 Body condition scores
P AL DR BERN AR DL MBS (a) FUEERIRBLIT ST (b) 7320

Fig. 1 The distribution of body condition scores (a) and original body condition scores (b) for black muntjac populations in different regions

SV L, SRR AR B PEAL DLOE E IR
F, S4EH (Wald 2 = 17. 604, P < 0. 001). &3
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WIANTEAE A EE (Wald 2 = 3. 340, P = 0. 068), %4
Spearman A P AT & BE, AR PE 4 5 R 41 4
FHLRR 105 AR AR 34 TCAH G (P> 0. 05).
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Yl B E AT LS, F BRI I vk 45 T 4T o
WAL . KBACE S hE 22 HEAREE  FS A0 X a2
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Xof o7 R RS A3 0 R 5 R 6 L, LAY A (B Y PR
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WKFSAMA(N~3%r). BA~647). C(7~
943) 34041 (Kl2b), KIS . il sl
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RAS, DBAFTERAE . TSN

SV L, N[ SR A B 1 PR B S Y DL OE R
RERFE, S EA I (Wald * = 7. 066, P =
0.008), MEMEZSEE /- EBAR, PR (8 117 30 48
%, SR AETEM M (Wald 2 = 1.798, P =
0.18), 5#b X 777 48 it b il L E (Wald 2 =
5.834, P=0.054), % Spearman i/t &I, %%
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5 P43 55 FH £ 4 FUHLAS 5 52 0 3 0E A ¢ CREL&T 4 -
r=0.334, P=0.021; Mg : r=0.334, P=
0.021), 5SEFMEALEIEMHX r=0.360, P=

a b

12 A

AMA¥L Number
AMA¥K Number

#4431 Fecal scores

&2

20+

15

10 4

0.012), M54 FHME AW ENMEX (r=-0.334,
P=0.021), FHELFEEHMED TSR, 258
PR MR, #) B BLS

18
[ Elane ]
Beijing Zoo
wesh i
Hangzhou Zoo

e
5 Hefei Wildlife Park

A (1~3)

B (4~6) C (7~9)
248 43 Fecal scores

[ i IX 2R BE R REZSATATAN 20 (. (a) FNIBLAAZEAEITAT (b) 2340

Fig. 2 The distribution of fecal scores (a) and original fecal scores (b) for black muntjac populations in different regions

2.4 FHAHBCS K FHAE FSPFA

MBCS o B&, At shhd 546 e A=)
Wy Vel B AELAR B0 1 DR T o LG S R, Ay
77. 3% F175. 0%, AL Sl el SRAR AT () B o L

S ouhsimi
Beijing Zoo Hangzhou Zoo
18.2%
% w FRAHPASL
22.7% Ideal BCS 35.7%
77.3%
42.9%
w FRAHZEAE
Ideal FS

81.8%

A%, H64.3% (E13). MFSTAr BFE, HAHIEH
o7 LG R e R AL s Wy e R AR, 5 Ll
81. 8%; WL sh4 el A AT A 2 4 el BRLAEL S 4
FLATHEIT, 4390 57. 1% F158. 3% (& 3).

AR A b
Hefei Wildlife Park
= A LI
Ideal BCS 25.0% Bt
oy 417% 75.0%
e . i
Ideal FS i x
57.1% i

B3 S [ X SR B SR AR A 0 S A A (1 o S L. BCS: R BLIE Sy FS: (IR
Fig. 3 The proportion of ideal BCS and ideal FS of black muntjac population in different regions. BCS: Body condition scores; FS: Fecal scores
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O FE IR A (Dykes et al., 2020; Spitzer et al. ,
2020; Wang et al. , 2023)., fEEYEZ ML F, It
RE (Alces alces) 18 o3 A= FHE N, ARFFHE FH B EEHLAY
A, SEMTAERERE T (Ma et al. , 2019; Fohring-
er et al. , 2021; Clauss et al. , 2022). L7, BCS
5 Re Wi AEAT ¢, BCS FEIL R BIHLAA 30 635 7
PRBUE TR, AERGCFAr; 1 BCS IR UL
e Wit &, IR  n, BE & IE P (Brown et
al., 2023). MG A B 28 09 4 H 445 BE & K
TOW ™(Kcal), 4 H 2B R I i B 39 25 kg 3
B, ORBER HAERFAR T 3271 K, I IE R 1R
s Nz 2 ~ 345, ik, BEMH
FAE R AE 6 542 ~ 9 814 kI, FPrfAFRE R, 1A
BRI N R H R BRI 2 ~ 3%

bt sh b 2 Rk p & S SR,
LB mit, SRR S e, HHRAEZS
BER ik, &N Tk, BEZ LI
H 45 (Medicago sativa) R, R 041 L A (] 458
B, RAEEEMHEED S e TEMH, I,
HREARANRR Z, A 8o AME A F5 2= 75 Sk
Bl = MO HRARAYIE S, X W] e db 5 sh
Py bel JEFERP T BCS B A 2 1 )L R 2 — o e 7 8l
/NSRS A= SR S S N LR TR B
AR, HINEMERGSGHZERAKR, BAH
L SORLRE W & A e S 4 B RN I B A
eI/ RiUR= 2 S S NP IS N G b SO S R v
(Broussonetia papyrifera) WM (Morus alba) ',
WU B bl & B 244 0T (Ligustrum lucidum) F1
¥ 9% (Elaeocarpus decipiens) B, & IEEF A= sh¥)
Pl B 2= A ZL 28 (Prunus cerasifera) ¥ 5% .
WA, Jb 5 & ZFAREUK, REE & T A,
L, MIRETES, HIRBEE T KB

Bl W) ) FEAE S A AR AL 1Y X — B R B,
ST S I A 0 DL K i D g e 4k . BP A
SRR NS ERAE ARG R — I, AR
AR AR = ) s G H O S  ZA8Ak T g
PRI s 2 5 IR O 1) A ] B Bl ) ) IR, M
I H O ZE R (Liu et al. , 2023), 18 3 %F BBl 35 7
WS (Elephas maximus) & S 8 A6 1 £F 4k 2E 1A
MNLEE, AT R BF AT 90 A TR A A o) 1 o 3 A 4
FIARIT (Bo et al. , 2023), ZE{EPEsH, HUH shdy
Pel BEAR FS J- A, ELBEVE & AR s L 2

I REHT T MEME R 2 5 VS A AF S T B &, #EHE
SFHEAL, BEYEIRZR. A, walat Sz
G2 AN e S B, ) i U G

HF A S AL B TR KT | @R S
B RE 1155 B BB 20 (Van Beest et al. , 2024),
PRBLIT 0 %] T 18 37 B £E gl Wy 1) 78 37 4 B AT S B
e, e —Se e R sy, Al Ak b R
W EARDL ., eSS TN RN S, TEfm) 35 vh
PRy R ish¥y”, ARG E A ] e |
RN M ST, HARRE A G0 S Rt s
Wi AMARBICER B . e BESE A F A Bl A b,
ARSI AT ARATAS , AT AR H
MRHLETHE . ALIR I AL 5 o, HTE AR
DRI . I, XBESEHEAT IR AR DL RN
FEVEA AR JC N 2 ARSI H BTl 7 v (R
R T HAfl — e rp N BYBERLZh Y, RO
(Elaphodus cephalophus) . WKJE (Axis porcinus). %
(Hydropotes inermis) %5 VLI 3 FERL W)

Jest sy BN sl b A G RE B A= S ) e
SO SR T s 22 S, DRSS A AR A ]
ey R RN I NN E U R NS R S )
DI o 5 ML Az 2l el #9003 0 5
FoAPTA~ Bl W el B3 E, H O SRS F AR X
s b s s Wy e s i AR S R R AR, B R
it S SR ) SR I AT N Sl el ) sk 2
EARSEREEE, BRI HEA

g5 BTk, ARWEI ST 0 SR BEAR DV O S
bR e xT T8 R R S BA EEH S H
SCo AMTEAL TR IO R IR A, T HL
AR BLVE > FIFAE VT Sr 5 HORES R 208, 5803
TR E IR, LA IRDRE 2 R B IR
BEXS AN ERAR A B0 1Y S W) AT AR R, R 3R
PR R R, Oy TR B A REIR B DA B e T
TR R AR AEHOR A%, Tl oy oAt v /N A EE R 5l
VI p RSN A RSB 2%

Bost: RO dbstshwrbd i . PRl k. 2
T RASCHORE | g AR R S IR B s S
PSS N J5 A B BRI
RS T RIIECE , BABSHTM sy el F05 HE 55 2
) bel FRJEE 4 37 B AR A R AR SR AL B A B,
HORE !
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