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Abstract: [Objectives] Activity rhythms and time budgets are not fixed throughout the life cycle of animals.
Instead, animals exhibit adaptability across various dimensions. This adaptability, particularly with respect to
the temporal aspects of ecological niches, serves as a viable mechanism for animals to respond to cyclical
environmental changes. However, the effects of annual and seasonal cycles on animal activity in the tropics
remain unclear, and it is uncertain whether animal activity is plastic. Muntiacus nigripes, a diminutive deer
species, inhabits tropical forest ecosystems, yet its natural ecology remains largely unexplored. Therefore, this
study examined variations in the activity thythm and time budget of M. nigripes across different temporal
scales. [Methods] From November 2020 to October 2022, 160 infrared-triggered camera traps were deployed
in the Jianfengling forest area of National Park of Hainan Tropical Rain Forest, Hainan Province, China to
monitor M. nigripes and other wildlife. Based on the recorded infrared camera data, the kernel density
estimation method built into the “overlap” package was employed to draw the daily activity rthythm curves of
M. nigripes in different years, seasons, and sexes. In addition, we used the “overlapEst” function to calculate
the overlap coefficient, and applied the Wald test in the “activity” package to assess the statistical significance
of difference of the daily activity rhythm in M. nigripes. We recorded the behaviors of M. nigripes through
photos and videos. The time budget of daily activity was expressed as the ratio of the number of samples with
different behaviors to the total number of samples. The frequency ratio of daily behavioral time allocation was
expressed as the ratio of the number of samples of a behavior in a time period to the total number of samples
of all behaviors in that time period. Furthermore, we performed the Mann-Whitney U test to examine
differences in time budgets for different daily behaviors between different sexes and between different seasons.
All analyses were performed by R 4.2.3. [Results] A total of 2 739 independently valid photos were captured
by 160 cameras over 45 719 working days. The results showed that M. nigripes was a diurnal species, mainly
active at dawn and dusk. Its daily activity rhythm varied between years and seasons, and the overlap
coefficient of daily activity was different between 2021 and 2022 (P < 0.05). Among the seasonal changes of
different individuals, only the overlap coefficient of daily activity of male individuals in 2021 showed a
seasonal difference (P < 0.05), while the rest showed no significant difference (Fig. 3). The temporal
dimension of the ecological niche of M. nigripes showed obvious inter-annual variation in social isolation,
with 2021 standing out as a significant period of differentiation. Specifically, during the dry season of 2021, a
significant divergence was observed in the overlap coefficient of daily activities between males and females
(P < 0.05). Similarly, during the rainy season of 2021, a significant difference was observed in the overlap
coefficient of daily activities between sexes (P < 0.05). Conversely, no significant difference was noted in the
overlap coefficient of daily activities between males and females in 2022 (Fig. 4). The primary behaviors of M.
nigripes were locomotion and feeding, which respectively accounted for 36.2% and 48.1% of the total
behaviors of females and 44.6% and 39.7% of the total behaviors of males (Fig. 5). In addition, sexes
influenced the diurnal time budget for feeding, grooming, and parental care behaviors (P < 0.05), and seasons

influenced feeding behaviors (P < 0.05). [Conclusion] In the natural ecological setting devoid of large
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carnivores, M. nigripes exhibits signals of releasing activity times throughout the day, demonstrating plasticity

in activity rthythm and time budget across sexes and seasons.
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Fig. 1 Infrared camera locations in the study area from November 2020 to October 2022
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Table 1 Descriptions of the behaviors of Muntiacus nigripes

1792501 TE X
Behavior Definition
BN AMERAR AR, WESh. Mzh. Bk, iR, RS
L . Individuals exhibit significant displacement, such as walking, running, jumping, moving back and forth,
ocomotion and crossing rivers
ST MEFERE R R & EAY) RSEAEA S B R g 2
Ijee din The process of individuals consuming various herbaceous plants, fruits, and the leaves and buds of shrubs,
& or foraging for food
o A DR, B RS\ A B 3RAR T, FE SRR, BER4EE)
MERAT A . . . . Lo
Groomin Includes oral grooming, hoof scraping, and other self-directed activities such as tongue licking and hooves
ne swaying
ot JEHAEARUT A B RS 8 B — A B A HA AR R TE iy 8@ AT
247N

Social behavior

Typically involves non-aggressive or communicative behaviors with one or more other individuals at close

The nurturing behavior exhibited by the maternal parent toward its offspring during the postpartum period

Individuals remain stationary or moving while using their snouts to sense environmental information

proximity
BHATH Ta R ARBA = A1 i — B 18] PO & R 11T N
Parental care behavior
BRI AR R EGE S B S R S R
Environmental exploration
HAtAT R A, A, R, RE. KRBT N

Others Include behaviors such as standing, ruminating, defecating, resting, and miscellaneous activities
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Fig. 3 Comparison of the daily activity rhythms of Muntiacus nigripes between different seasons in Jianfengling

forest region

a.2021 EMEMEAMAS: b, 2022 AEMEMANMAS: ¢ 2021 FEHEMEMA: d. 2022 SFHEEEMA
a. Females in 2021; b. Females in 2022; ¢. Males in 2021; d. Males in 2022.
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Fig. 4 Comparison of the daily activity rhythms of Muntiacus nigripes between different sexes in Jianfengling

forest region

a.2021 FERZF; b.2021 FEWZFE; ¢ 2022 F£2EZF; d.2022 F£WZE.

a. During the dry season in 2021, b. During the rainy season in 2021, c. During the dry season in 2022; d. During the rainy season in 2022.
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a. Females during dry season; b. Males during dry season; c. Females during rainy season; d. Males during rainy season.
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B3 (P pardus) B G, HEZBETRERIN
HIEsh IR (BRE—5F 2022). M, fE
R KRG W IHE L X, FEJEEh
VI 2 2 LLR BiE S R EAT MR S
(FHFE 2017, FKIIESE 2024); L) LK
MR IRIEIE AR IX IR IE R BTN B & =5
(Neofelis nebulosa) WS JRZERFAAZEA,
R ER) R 2K 1T e s 5 B0 T R PV B N (A B %
A FHRBER EZ R A s, S EIRIA
s (RS () 2% b aE e R 2 R] Y 1
I DAE G ek Foh B S50 58 4, o AR S AL
R[] 2 B 1 23 A 98D B R 5 4 (1) T AT B
(Chesson 1994, 2000). 775K H 3 B H 44
RIIX, i (Cervus eldii hainanus) HEFH
JEARRITER, M#FEEEZ, HAHEKMIE
SRR, DR TR 2 o R I B AT PRV B AR A
(Pan et al. 2011), [RI4873 A7 1) e SRR AE 3% R 1)
PRI SE4 R 71N, v] R 5E 22 Mg B e & 2 Cul
PRAE 2003) . FEARIEIS AKX JF R AR K
AT HIKEE (Rusa unicolor) TS84 RAR /D
LR, A AT R AMENLE A REIK
JiE, RO EE BE VT RE A T AUEIE AR IX i — 1)
JERN SN, DRI AR ) 55 4 e 7 R Sk St AT e 2
QU ¥ 7 B S IR (VR BB A IR, X
— M AR A AR [ T AR £

TR T S VUG PR X g B R 1K) Vs 3 15 4 SR
—E BRI, REAG A AR 2= 4 T T A ) 2
P, WRERIH — et E. M
AHETCHIGE KA, HEREFRAE 2021 £EA0 2022
ERHES LR E R R, XARES
SEBRA] ) S AR AN = AR A G 2021
HXERE, TR GRE. KRE. 8m5K
TREED SRIARAY, AT R R ()3 Bl s

Wil ASHIEFE R, POAE N i BRAE AN R 2R 3))
IS 1) ) ey U AR AR AV Bl 9 P 72 e P AN Kk (2021
TEHEVERR AL, BEARSRII I v BRAE 2= 1) 5l
FHEC R ZRBONIRAT . SIS FRIX FY ZE H BRI K
(12 h 48 min) HET 57 (11 h 30 min) #
K, W BRAE MY ZRIE RIS )G et 1 F
Z [ RO [R) 6, VA Pl R U 375 PR R TG SR
X i B P B A B A B Z= T A R A
—ERAD . BBV NS EZE SN
EVE RS, R RE M (F & &
2014, ZEMEsE 2022). HEHWFREH, —
AR FITA AR B TR) AR S A REAS SR AE E 1Y
WATEAH R, AN A BE NS it 5 I ) 60 2 ) ) 41
BB LB RUME O E S,
XA A A AN IS [ 24 B2 ] S 2 B RE6 A 5
FE AR S5 A A A ) — A A= A7 3R (Scheibler et
al. 2013, Davimes et al. 2017, Lendrum et al.
20170, HEFG BRI HIG AR 2022 FERCH R
B T 22 5, {HLAE 2021 SR R BRI 1 B
R M = S MR XU R
(predation risk hypotheses, PRH), Z¥)HIH
PERR B AR TE 2 (B A AL b, 7R B R 1)
XI5y BT RE S B, A AUt R REHY A
FHEE R HiE 3T 2 7 (Crawford et al.
2019). HAE, 7EMEXRARKIXIR, BRI
AW EZ) TR EERNES
(Crawford et al. 2021). X T BEAH I RELE
¥ 20 15 4R 77 TR AR A 7 I TR 248 52 2 3t
R RRE, AT ReIL T R RN ] 1 5 )
FEEY B IREFE S AT Z R S KIES)
IBIHLEL S EA o =14 PR 3 . e )45 HoAth
FHOGIRIZR o a0 SR R A A 4 i 3 4%
NI EIANE (Lodberg-Holm et al. 2021), #k
FEIRFEAETE R IG 6 S A, BT £ ik
PG Z), ATRER T HRBZh R ok, 67
WG ' 2 S P T B A A B PR B 4 R0
TR (FHEE 2017),
KOPFRY], SR EAIEEAT R B
FEAT N SEE S AE R ER 73 TG Sl A 7
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Be T ERIZEAT R, IXPRAT A s L
(B2 BC ) o EER 2, LA 1) L R AR A s e T
YRR EEERNBL, e R
EEEVER (Buech 1995). MEMEFIMEMEE IR £
AT IS ) A i EAPAE R R 22 5, ETE AN A
(IR (] 5 % . HEMEAMAE ST A ) 5
%, HEPESX AT AN ZE Y, DL IRAT
Bk, ik, HEMEEEZES), XRT AN
TR BRI R R S AR BT e
FEEVNSRIAE S (FHT 8RR FR
SRR, IR EIRE s
Feo TIAL ASEET BT PR A
[F], MEMEVH AR LLHEVEAR, A T e R R
KR AR (Soect 1994); MEMESR H 5k,
BEGHEIRTERY, FIA TR EKZ 1
3% (Ruckstuhl et al. 2002), MIifi A ¥ 5 £
(IS 18] S FLAE 2 3 L.
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