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Food Distribution for a Group of Rhinopithecus roxellana
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Abstract: Food distribution is one of important aspects in the study of primate behavioral ecology. Although
food species and preference of Rhinopithecus roxellana have been investigated in great detail, few studies have
focused on its food distribution. In the period between August 2006 and July 2008, we quantified diet
composition via instantaneous scans at 30 min intervals for a group of R. roxellana in Qianjiaping (area: ca.
60 km’ ; altitudes: 1 500 — 2 663 m), Shennongjia, China (Fig. 1), and meanwhile investigated its food
distribution characteristics and seasonally altitudinal variation across its home range via vegetation transects at
200 m altitudinal gradients. The transect locations were selected as follows : 3 mountains were randomly selected
from those with peaks higher than each altitudinal gradient between 1 500 m and 2 300 m, and then 1 transect
(120 m x 10 m) was made at each altitudinal gradient approximately at the central position of the eastern slope

and western slope of each mountain, respectively; because there was only 1 mountain with the peak higher than
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the altitude of 2 500 m, 1 transect (120 m x 10 m) was first made at the altitudinal gradient of 2 500 m
approximately at the central position of the eastern slope and western slope of this mountain, respectively, and
then 1 transect (60 m x 10 m) was made at the same altitudinal gradient with a distance of at least 500 m from
the first transect at the eastern slope and western slope of the same mountain, respectively; those mountains
were not counted if they were covered by alpine meadows at each altitudinal gradient; there were 32 transects
with the size of 120 m x 10 m and 2 transects with the size of 60 m x 10 m in total, covering the area of
3.9 hm®. Within each transect, the diameter at breast height (DBHs) of all trees ( woody plants with the DBH
of =30 c¢m or the height of =5 m) , and the length and width of the crowns (estimated shrub coverage: length
x width) for all shrubs (woody plants with the DBH of <30 c¢m and the height of <5 m, and all lianas) were
recorded. The proportions of tree basal area and shrub coverage at each altitudinal gradient and across the whole
area were calculated for plants occupying =5. 0% of the diet ( defined as important food plants: IFPs) in any
given season. The coverage of fruticose lichens on the surface of all trees and shrubs within each transect was
estimated at 5 levels; [ =0%, 0% < Il <5%, 5% <1l <10%, 10% <V <20%, V =20% . The
proportions of tree and shrub individuals with each coverage level by fruticose lichens at each altitudinal gradient
were calculated, and the relationships between these proportions and altitudinal gradients were analyzed using
Spearman rank correlation tests. Results showed that the animals ate at least 15 species of plants (occupying
55.0% of the overall diet) and fruticose lichens (occupying 38.4% of the overall diet) (Table 1). A detailed
description of diet had been reported in Liu et al. (2013). In general, the density of food distribution was low
across the area. IFPs accounted for4.2% —11.5% of tree basal area and 1. 3% —-13.9% of shrub coverage in
any give season (Fig. 2, 3). About 89% of trees and 81% of shrubs were not loaded by fruticose lichens, and
further only 0. 8% of trees and 6.5% of shrubs had the coverage level of V (Fig. 4, 5). Both IFPs and
fruticose lichens were unevenly distributed across altitudes and mainly found at the altitudes between 1 900 —
2500 m (Fig. 2 —=5), which may determine the limits of ranging altitudes of the animals. Specifically, the
proportions of tree basal area of IFPs were highest at the altitudes of 1 900 -2 100 m in spring and summer and
at the altitudes of 2 100 =2 300 m in autumn and winter, respectively (Fig. 2). The proportions of shrub
coverage of IFPs were highest at the altitude of 2 500 m in spring and at the altitude of 2 100 m in summer, and
were extremely small at any altitude in autumn and winter (Fig. 3). The seasonally altitudinal variation of IFPs
might cause the animals to seasonally forage at different altitudes. The proportions of lichen-loading trees
increased with altitudes (r=0.94, P <0.01), ranging from 5. 8% at the altitude of 1 500 m to 23. 0% at the
altitude of 2500 m ( Fig. 4). The proportions of lichen-loading shrubs also tended to increase with altitudes (r
=0.77, P=0.07), ranging from 8. 7% at the altitude of 1 500 m to 45. 5% at the altitude of 2 100 m ( Fig.
5).
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Fig. 1 The topography of the Qianjiaping area in Shennongjia National Nature Reserve
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Table 1 Overall and seasonal diets of a group of Rhinopithecus roxellana in Qianjiaping, Shennongjia

AL . d. Y e Wk s, BEAKR; t. R K, Plant form: d. Deciduous; e. Evergreen; s. Shrubj; t. Tree.

B2 #RETRIHUXIIESLEBEHEEZERFEEDNFT ARG SEHER
EAREFHR LA SR LB
Fig. 2 The proportions of tree basal area occupied by important food plants of

a group of Rhinopithecus roxellana in Qianjiaping, Shennongjia
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Fig.3 The proportions of shrub coverage occupied by important food plants of

a group of Rhinopithecus roxellana in Qianjiaping, Shennongjia
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Fig. 4 The proportions of tree individuals loaded by fruticose lichens

in Qianjiaping, Shennongjia
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BS MARTRIFHREMRBESNEREARBRK R SHIEEH

Fig.5 The proportions of shrub individuals loaded by fruticose lichens

in Qianjiaping, Shennongjia

HE A8 HT N AE AR b DX At b DX 5T, Hb
A o5 W) BB A A B R D ek ) 4% 2 B
B, BZERZ (Li 2006, Guo et al. 2007) , {HFE
AR, WA W A R 3
NEEA YR 2R, JLA A 5 05 sk o]
FE A2 LA Eb 91 76 44 ZE AN K (R B AL, b A L
T AEFK TR AN 8 AT BB AAN A R A A A F 5 40 1]
ZRFEY Y (32 R R S AR ) Ak N R
B W, A A, I A 22 A o i g SR
SEATFPF- (Li 2006) , HS2, Li (2006) 7 7 b
DA FE 3 & B, SR S ARl 5 1 ARk R A2 2003
AERK L 2004 AFBKE R 2, DT B AR SR
7 o5 W89 LB 7E 2003 AEFK HE 2004 4EFK
B2, HAR b7 B0 L I A A R, E PR A
LN ETH ZEETY, WILXIFAFKmIE
X EW ot ss g R . 534, D& 2
W2 AR AL DU -H R BV = A M B
A 25, T F%(2010) &% b T 41 i
45, N ZYME D AU B AR
LBz AR B, MR R 2 B — R n it
B, LR EELS R, Xl ek
1 4 22 M 0T A A7 1 — 3 o7 Pk R

T RIEEHIX, I & 225 0 &) 53 40 A 1)
B S il i o B TR, BAE A W e R
AR M AT AR M A ) | Y AR M Al AR
B, BYMmEEBE AR, A LS

PO 3 A FE R ML X, L an, AR Y
v A v DI T ARR A R T AR T R B AR
AT ZE 43 9] < 12% 1 < 14% , 25 89% Wy T+ K
181 % HYFE AR B AT HACH 55, B KA M
A T A FNHE A Y AT 55 AR, A o
=20% TR A BN < 1% , HEA AL Ky
<T% . PETN, BEHE Y% LRI, 5
Pl 3 A 23 Ok B &, 1 TR
I3 AT HFAE ( Charnov 1976) , JI 4 22 Mk B iZ AL B
PR SO B W) BEPOR 0 A SR A T SCHE, e,
RLAPFAERL L EZT RS2 5N EEaY
PR (Li 2006, Guo et al. 2007, {F 5 °F %
2010, Liu et al. 2013), XK EY & 2R YR
A, R SRR B, 5
NG A= 37 7 e VA b DX JE A Ak 1) 40T 58—
H, M=mE S5 EE S 25k (R
bieti) (Grueter et al. 2009 ) F1 2 /R ¥ ¥ K BB
M4 ( Semnopithecus entellus ) ( Sayers et al.
2008) o WNLZTEE R, [ — ¥ Bl i A W) FhRE
[ &9 o0 A R AR AT BE A — & 1Y 22 =, e,
Kirkpatrick (1996) X} [ 525 1115 7 3% 7. 1 4 22
MR T TS A, HAC S B YR 86% , N i i% M
X T A B v W T AR 66% MY EF IR KA
HA
ETHZFH X, )14 22 0 & ) 255 A
FEHEI 1900 ~2 500 m, 3% 5 FATTR 12 M5 1%



4 3 Wi BTG A « AR SR — A 1| < 22 TR B B ) A 473

BNIFI AW 10 S S HE A — By, 7E AR (B
S, ZMERE FEEEAEE AR 1850 ~2 500 m Z [h]
W8l , PRORT DA A I 3% 3 1 i 4 1 S B )
G R RS B A OG o IR AR R
B ARG PR 2, AR FRATT v R 5% )% 0 B 2
MR 1700 m DUR TG 3, ALt 58 A 8 78 1L i
A3 1 RAS I B 4 B ARV S R AR T
PP EH (Su et al. 1998, Li et al. 2000), {H
FEMEHR 1500 m DL AR T R IX, BT
NG Sh B S g A% Ak Y, BT TR R
FEl, W4 1200 m DL I A9 BT A5 AH 4R Hb X A 2 4n
W, PRI FRATIN N B W o0 A A% =tk 6 T K HF
G RIS S W R Rk . (BAEZ IS, AKTE
Bl A 2 MW B A —E B SE IR, R )
R FREZHRAAT R (L et al. 2000) . Z M
B R AR B g 4R G 30, fem 22600 m, 7E
T-HEE, FUA W L Y T 6 44 88 2 2 600 m,
117 2 600 m ¥ P4 5 AR 550 2 2R AR ORI B 1 114 320 2% b
A7, DRI AT DL 2 i IX ) T ) 24 25 )1 4 22 Ak
B 53 A0 () SR T AR, AT D8 T M B B 1
T = MK o

T Z R A ) 43 A 1 32 R AR A
P RERFC (291900 ~2 500 m Z[a]), {Hif2A
Wl 2R A, KR POk, BREME %
0 1 £ W0 43 A1 TR LU RK 2B R A& ZR 1K, X
A AT BEXTIZ R B IS ST A W, L
un, Li 55 (2000 ) XF 23 08 J1] 4 22 % 1 F 52 )i v
PRERBI R, BB 2 R BN A 4R
S N S TS T ey 0 e o S/ W S )
FEAR TG AR B Je B, X 9 1] vl A e 1 4 24
M 1) A RLAF SR Al R B T 2SR I B0 (R AR A
1980, LARMMAE 1982) , X mpiE &2 EY
3 A VA P 2 e A A B H G B R T 52 )
W98 8 £ ( Kirkpatrick et al. 1994, Kirkpatrick
1996, Yang 2003, X% 4% 2004, Li et al.
2008) , Horf, XA SIS EE S 2 BN
IR, BV AR 0 2 AR 2 5
R 5 Bl 4K 1 22 9 A2 Ak (Li et al. 2008) ,
AR A 2= BRI ORI e
EFEK ML RSB REERES, DREK

A A, BT 1L E A 4 22 0k A A
HTE S SOG o, IR A R R A,
KRR NN EEEY, MK, Se44ER
Yy 86% , £ thoor A 7E E W K M X
(Kirkpatrick 1996) , WHYL4x 22) VH 4 22 0% 00 0%
SR S Y o A i SR — 2, RIAT
M, 2 ME R 59% ( Yang et al. 2001,
Yang 2003 ) o X HoAth— 28 114 3R K 26 19 BF 58
R, B o A6 i RO 3 i RCA Y
U, 655 K R I (Sugiyama 1976) . o 5 5
e (Macaca sylvanus: Mehlman 1987 ) Fll JC 78 1
(Gorilla gorilla; Casimir et al. 1973) ,
EAREREMRE, RIEHT R IEEY
sy, H TR S g N = 5. 0% /A
YIRS, X AT R 25 I 58 45 R A B ok — o 1 i
o AN, ALY A L ) BN i A 2 AT
REXT R KA B XEE, XA RES 2 R
KRG, B, ¥R (Eucalyptus spp. ) 7E
H WA F MR 2B 3P ( Colobus guereza)
BIE Y LR /N, (BB K AT RE A H A
BT BCA W R B2 Ay, B AR 2R
F e 2 4 B B 3 78 97 L) SR 2 A% A 1 ( Fashing
2001) .,
g b EBE B s W 0T AL O 1 R
FHRE I, b A R A O A — A P B 42
&, A SR 5T B T PN R IR 2R K B B B Ak
TAE.

2 £ x M

Bennett E L, Davies A G. 1994. The ecology of Asian colobines
// Davies A G, Oates J F. Colobine Monkeys: Their
Ecology, Behaviour and Evolution. Cambridge: Cambridge
University Press, 129 —172.

Casimir M J, Butenandt E. 1973. Migration and core area shifting
in relation to some ecological factors in a mountain gorilla
group ( Gorilla gorilla beringei) in the Mt. Kahuzi region
(République du Zaire). Zeitschrift fiir Tierpsychologie, 33
(5):514 -522.

Charnov E L. 1976. Optimal foraging, the marginal value
theorem. Theoretical Population Biology, 9(2): 129 —136.

Defler T R. 1996. Aspects of the ranging pattern in a group of wild

woolly monkeys ( Lagothrix lagothricha ). American Journal



-474.

W2t Chinese Journal of Zoology 49 %

of Primatology, 38(4) : 289 -302.

Fan P F, Jiang X L. 2008. Effects of food and topography on
ranging behavior of black crested gibbon ( Nomascus concolor
jingdongensis ) in  Wuliang Mountain, Yunnan, China.
American Journal of Primatology, 70(9) . 871 - 878.

Fashing P J. 2001. Activity and ranging patterns of guerezas in the
Kakamega forest: intergroup variation and implications for
intragroup feeding competition. International Journal of
Primatology, 22(4) . 549 - 557.

Ganzhorn J U. 2002. Distribution of a folivorous lemur in relation
to seasonally varying food resources: integrating quantitative
and qualitative aspects of food characteristics. Oecologia, 131
(3): 427 -435.

Grueter C C, Li D Y, Ren B P, et al. 2009. Dietary profile of
Rhinopithecus bieti and its socioecological implications.
International Journal of Primatology, 30(4) : 601 —624.

Guo ST, Li B G, Watanabe K. 2007. Diet and activity budget of
Rhinopithecus roxellana in the Qinling Mountains, China.
Primates, 48(4) : 268 —276.

Kirkpatrick R C. 1996. Ecology and Behavior of the Yunnan
Snub-nosed Langur ( Rhinopithecus bieti, Colobinae). Davis:
PhD Dissertation, University of California (Davis).

Kirkpatrick R C, Grueter C C. 2010. Snub-nosed monkeys:
multilevel societies across varied environments. Evolutionary
Anthropology, 19(3): 98 - 113.

Kirkpatrick R C, Long Y C. 1994. Altitudinal ranging and
terrestriality  in  the  Yunnan  snub-nosed  monkey

( Rhinopithecus bieti ) .

-106.

Li B G, Chen C, Ji W H, et al. 2000. Seasonal home range

Folia Primatologica, 63 (2). 102

changes of the Sichuan snub-nosed monkey ( Rhinopithecus
roxellana ) in the Qinling Mountains of China. Folia
Primatologica, 71(6) : 375 - 386.

Li B G, Pan R L, Oxnard C E. 2002. Extinction of snub-nosed
monkeys in China during the past 400 years. International
Journal of Primatology, 23(6) : 1227 —1244.

Li D Y, Grueter C C, Ren B P, et al. 2008. Ranging of
Rhinopithecus bieti in the Samage Forest, China. II. use of
land cover types and altitudes. International Journal of

Primatology, 29(5): 1147 - 1173.

=

1Y M. 2006. Seasonal variation of diet and food availability in a
group of Sichuan snub-nosed monkeys in Shennongjia Nature
Reserve, China. American Journal of Primatology, 68 (3) :
217 -233.

Li Y M. 2007. Terrestriality and tree stratum use in a group of

Sichuan snub-nosed monkeys. Primates, 48(3) . 197 —207.

Liu X C, Stanford C B, Yang J Y, et al. 2013. Foods eaten by

the Sichuan snub-nosed monkey ( Rhinopithecus roxellana) in
Shennongjia National Nature Reserve, China, in relation to
nutritional chemistry. American Journal of Primatology, 75
(8): 860 -871.

Matsuda I, Tuuga A, Higashi S. 2009. Ranging behavior of
proboscis monkeys in a riverine forest with special reference to
ranging in inland forest. International Journal of Primatology,
30(2): 313 -325.

Mehlman P T. 1987. Population Ecology of the Barbary Macaque
( Macaca sylvanus ) in the Fir Forests of the Ghomara,
Moroccan Rif Mountains. Toronto: PhD Dissertation,
University of Toronto.

Mitani M. 1989. Cercocebus torquatus:; adaptive feeding and
ranging behaviors related to seasonal fluctuations of food
resources in the tropical rain forest of south-western
Cameroon. Primates, 30(3) . 307 —323.

Oates J F. 1994. The natural history of African colobines // Davies
A G, Oates J F. Colobine Monkeys: Their Ecology,
Behaviour and Evolution. Cambridge: Cambridge University
Press, 75 - 128.

Ren R M, Kirkpatrick R C, Jablonski N G, et al. 1998.
Conservation status and prospects of the snub-nosed langurs
( Colobinae: Rhinopithecus) // Jablonski N G. The Natural
History of the Doucs and Snub-nosed Monkeys. Singapore :
World Scientific Publishing, 301 -314.

Sayers K, Norconk M A. 2008. Himalayan Semnopithecus entellus
at Langtang National Park, Nepal: diet, activity patterns,
and resources. International Journal of Primatology, 29(2) :
509 -530.

Stanford C B. 1991. The capped langur in Bangladesh ; behavioral
ecology and  reproductive tactics. Contributions  to
Primatology, Basel: Karger, 26: 1 —179.

SuY J, Ren RM, Yan K H, et al. 1998. Preliminary survey of
the home range and ranging behavior of golden monkeys
( Rhinopithecus roxellana ) in Shennongjia National Nature
Reserve, Hubei, China// Jablonski N G. The Natural History
of the Doucs and Snub-nosed Monkeys. Singapore: World
Scientific Publishing, 255 -268.

Sugiyama Y. 1976. Characteristics of the ecology of the Himalayan
langurs. Journal of Human Evolution, 5(3) : 249 -252, INI
—IN4, 253 -277.

Vasudev D, Kumar A, Sinha A. 2008. Resource distribution and
group size in the common langur Semnopithecus entellus in
southern India. American Journal of Primatology, 70 (7) :
680 - 689.

Vogel E R, Janson C H. 2011. Quantifying primate food

distribution and abundance for socioecological studies: an



4 3 Wi BTG A « AR SR — A 1| < 22 TR B B ) A -475-

objective consumer-centered method. International Journal of
Primatology, 32(3): 737 - 754.
Wallace R B. 2006. Seasonal variations in black-faced black

spider monkey ( Ateles chamek ) habitat use and ranging

(2): 92 -95.

WA, GBHEAE, Adfh, % 1980, KEEM S LSRR D)
YA YT, MR AR BRI, (2): 1
-39,

behavior in a southern Amazonian tropical forest. American

Journal of Primatology, 68 (4): 313 —332.

XA, TH, Griter C C. 2004. 755 & 4 1 Hb X I8 4> 22 M5 i
ERR T2 5. SR, 50(5) : 691 -696.
FET, RE, 201, 5. 2010, )i 4 250 b2

S LEL. B2, 30(4) 357 -364.
WAL, 2R, WM. 1982, &AM AT, )
Y29, 3(2): 105 - 110.

Yang S J. 2003. Altitudinal ranging of Rhinopithecus bieti at
Jinsichang, Lijiang, China. Folia Primatologica, 74(2) : 88
-91.

Yang S J, Zhao Q K. 2001. Bamboo leaf-based diet of

Rhinopithecus bieti at Lijiang, China. Folia Primatologica, 72

DOI: 10. 13859/j. cjz. 201404023

iH T 7L B 22 B P e B G & o R

Wintering Population of Scaly-sided Merganser Mergus squamatus
Discovered in Yuanling, Hunan Province
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