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Abstract: Captivity is one of the main methods to protect wild Forest Musk Deer (Moschus berezovskii) in
China. However, parasitic disease is the main factor limiting the reproduction of captive individuals in the
process of population rejuvenation. To investigate the response of parasite community in the digestive tract to
different perturbations, we performed a perturbation experiment in captive Forest Musk Deer, by using
compound drug albendazole ivermectin powder and single drug avermectin powder to suppress macroparasites,
and monitored the consequences of dynamic changes in its community and other parasite species. We randomly
selected 60 adult male Forest Musk Deers and divided them into different treatment groups: albendazole
ivermectin group (20 ind), avermectin group (20 ind), and control group (20 ind), the control group without
any treatment. We collected fresh fecal samples after anthelmintic disturbance for eight weeks for the
experiment of egg floatation and count of eggs and oocysts based on Wisconsin’s egg counting method. Then
we did the Kruskal-Wallis test, Wilcoxon test, Mann Whitney test, and Two-way ANOVA test of the data. The
results showed that the parasite infection of Forest Musk Deer was mixed in both control group and albendazole
ivermectin group after anthelmintic treatment, with coccidia being the dominant parasite taxa. The number of
coccidia was higher than that of nematode or cestode (P < 0.05) (Fig. 1). In the avermectin group, only coccidia
was found (Fig. 1). The prevalence and average infection intensity of coccidia in treatment group were higher
than those in the control group after interference, while treated Forest Musk Deers had a lower (27.15%)
nematode infection rate compared with control individuals (42.15%) (Fig. 1, Fig. 2). The reinfection of nematode
and cestode in albendazole ivermectin group was quicker than that in avermectin group after interference (Fig. 4,
Fig. 5). Therefore, this study has proved that parasitic infection of digestive tract is common in Forest Musk
Deer, and that competitive interactions between multiple parasite infections exist in the digestive tract. The
analysis of community dynamics indicated that parasite communities in the digestive tract have diverse
responses to different disturbance strategies, and that the compound medicine can cause greater perturbation to
the coccidia and the recovery ability of parasite community is in proportion to perturbation degree. These results
have provided a rare and clear experimental demonstration of interactions between helminths and co-infecting
parasites in wild vertebrates. We suggested that the Forest Musk Deer breeding center should strengthen
scientific and planned deworming, and continuously monitor parasite infection.

Key words: Forest Musk Deer; Moschus berezovskii; Digestive parasite; Disturbance; Community dynamic
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B AR U S B AR S ORGP 1 U L —
(Johnson et al. 2015), 7E1E FIHALIE FIAE &
WEH, HFEMmIEE SR AR (%,
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2013, Hellard et al. 2015, Moss et al. 2020),
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% (Johnson et al. 2015).
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B (Moschus berezovskii) 2 E % 1 44
RURFEFAEZNY), B 5 B SRR BB (TUCND
TN fER (EU) (REAZE 2006). NiF
A BRI, RER I KEEBEANTER
TAE, CWILEL, (754 HURKIHE S A
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PR RE R HERE (Hu et al. 2016, #HBEp2E
2018) . H Hi MRk B A7 A2 HUpI i 7 32 A A T
R¥% e (E#tkEE 2011, RS 2017, Song
etal. 2018), EYLEME A (EF5 2015, %
K 2016, MRA%E 2016, Hu et al. 2016)
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O FEFFAE R E K (Njongmeta et al. 2004),
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XA FI BB HEE (R B, MTHEVR A A5 24 10 A
AL AR BS 25 2E U B i T B, AR o A d
(1 EEHR AL B IR 1 A A B 5

1 MRETS%

11 HANREEFEHRE

T R BB IR S G2 1 500 m),
HHL 60 R HAE (2 ~ 8 %) HMEMEAKES, BENL
Iy N 254 (B2 IA M AR 4 T 2 20 20 H, B4
B R 20 H) FxfiEg 20 K, B#AREES
SR I IR B A3 2 A BRI . S 1
&), FrEWESMBEE R, BpphpE s, S4H
MBS Z e, BEIRERTEITH, RIEHT
i FE AR R AR

2019 4 4 H 23 H, FZRismepr 2 B 2 H
LHUIREG — RME AR 5 mg Bl A MRAF 2 B 2K
# (1 mg/kg, DMRLEREZTT), WRERTE ERISR
A d R, W R R, BT 2
MBS — R ME IR 5 mg BT 4 B 208 (1 mg/kg,

DARTAE R 2R 1H),  DRBRTE 32 4 O Ah 27 A4 il
X R A AR B AN AT T SR e A 3 . S S 8 S
SRR FH 24 ZHRTNE R ZE AR 85 1R i i St (e . 4 3
FEdn#Er, 4 CLRAF (Ezenwaetal. 2015) HE
HEAT HLUPP I S5
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OPG/EPG). V¥ GLiRE (average of eggs/
oocyst per gram, AEPG/AOPG), ifT3% = (FF
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100%, “F¥JHATE = (&8 27 A4 dUsgers £
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WL EE #5300 DL 10 AR IRHBOE R, 18
SPSS 24.0 Al Graphpad prism 8.4.3 XS24 44
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Kruskal-Wallis f:56. Wilcoxon FRAZ5:. Mann
Whitney 50 MR 2577 22 0 H5%,  LLAOAR S
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NEZH 145 03D FEMERE AL SRIRER
21 ARV T FERRE AR E AR
FEE A I Z5 13240

22T, 60 SR HEE ks 1 ALIE BT
A RERREONERIR . 2R R ZE L. oot AR
BHEACTE 77 4 IR AR A IR, BRAUR IS
Yokh, HAEERZE R TARBRMGR,; FEnR
LM B YU BN J5 M 18] DR LR R, 46
AR P2 A KR A5 AR e (& 1D Py oik e
P T 2 25 AR BS #r A SR 3h i AT U e
BRI, BIEEE 6 FIJTMa B gk, H
BRERZGR RS WRN, H AR B T Al

AW,
22 MRESHAE RUBRGERR RIRAT R KA R =
F

SHEE G, T Kruskal-Wallis #5611
BRI LU = A AR B R B 2B RIS [R) R 1) 27
A BB GABL o XoF TR ZEL PR B BR R 1) ST 480 SR e i
FEN 0.180 = 0.040, £& ) V15 gL as i Ny
0.030 = 0.010, ZAHEKd -3 ERYLsR T = T2k
H (P <0.05); B4 pe 2 FH 24 ZHbK B 3k L ) o
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FH 2 AR BF Bk P2 BT B 0.330 +
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HOP LR EE A 0.005 £ 0.004, iZ41EREF
PG R S T d (P<0.0D). WEE
TNy AR R A A R R S ISP Y B G i
FETC I35 22 s o FRAZE PR B R P 357 S i g
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YEp 2 254 10.00%, H 2R BT & T H
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Fig. 1 Effectsof the anthelminthic drug on parasitesin Forest Musk Deer
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Fig. 2 Parasite prevalence (%) in 8-week experimental period
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Fig. 3 Effectsof different treatmentson the prevalence of different parasite groups
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Fig. 4 Theinfection intensity and prevalence of digestive tract parasite
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Fig. 4a and Fig. 4b respectively represent the prevalence and infection intensity of coccidia and nematode in the control group of forest musk deer
within 8 weeks of disturbance, Fig. 4c and Fig. 4d respectively represent the prevalence and infection intensity of coccidia in the avermectin group
of forest musk deer within 8 weeks of disturbance, and Fig. 4e and Fig. 4f respectively represent the prevalence and infection intensity of

nematodes and cestodes in the albendazole ivermectin group of forest musk deer within 8 weeks of disturbance.
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Fig.5 Theprevalence and infection intensity of digestivetract parasitesin
Forest Musk Deer under different disturbance strategies
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Fig. S5a and Fig. 5b represent the prevalence and infection intensity of coccidia in each group of forest musk deer within 8 weeks of disturbance,

respectively; Fig. 5c and Fig. 5d represent the prevalence and infection intensity of nematode in each group of forest musk deer within 8 weeks of

disturbance, respectively.

R 1WA B ALTE B AL BRI
Tablel Effect of timeon digestivetract parasite community of Forest Musk Deer

T B EF T Yo7 % H F {4 P (&
Variz;lt;le sum of squares of Mean squared Degree of Eovalue P_value
deviation from mean, SS error, MS freedom, df
B ()-8 Time-Group 10.17 0.363 28 1.63 P<0.05
&Y \
"‘.AEE . B[] Time 3.41 0.488 7 2.18 P>0.05
Infection intensity
2 Group 11.53 2.882 4 12.89 P<0.01
FiAT= I ] Time 1 489.00 212.800 7 1.38 P>0.05
Prevalence £ Group 3 883.00 970.600 4 7.50 P<0.01

TG R FEAEIN R 4 TP E R, 55 1,20 JemEANRRNE B EEEES (B 40,
3.8 AMEREER (P<0.01, P<0.05, P< @ —=2H% 4 JURYSRIERVE L, RIEE 4
001, P<0.05, H3AS5H6 AAREER A, FAIAMAFYE R 3 FH 254 PRBFER i e
(P<0.05), IhAb, ZHAMBFL BRI iR mES4ER R A MRAAER (P<
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etal. 2015, Ezenwa 2016, Rynkiewicz et al. 2019).
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2006, MiFSE 2017), fEFELES, AEF
— AL AR R HUR g e ) 5 A bR B i ) A=
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2018),
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