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Spring food selection by Rhinopithecus bieti at Mt. Lasha in relation to
phytochemical components
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Abstract: Food selection by folivorous primates is thought to relate to macronutrients, micronutrients and plant secondary
metabolites. However, few studies explain their effects on food choices. This study was designed to clarify the effect of
phytochemical components on Rhinopithecus bieti food choice by analyzing the chemical composition of food samples collected
from March to May in 2010 and 2011 at Mt. Lasha in northwest Yunnan, China. Compared with non-foods, there was more
phosphorous and crude protein, less total sugar and a lower ratio of calcium to phosphorus in selected foods. However, no differences
were found in crude fat, crude ash, calcium and tannin content between foods and non-foods. Phytochemical constituents may
influence food choices; the monkeys preferred foods with high phosphorus and low Ca/P, low calcium, low sugar and low tannins.
Rhinopithecus bieti foraged high quality foods such as buds and young leaves to meet their nutritional needs after a long winter.
Therefore, if tannin content in food did not exceed the enduring threshold of R. bieti, the nutrient intake was prioritized by
phosphorus and calcium regulation when the need for macronutrients dominated by protein was satisfied.
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A B 18 AR S IR o 1) i SR e
AMERAN L BB TSR AR 7 AR RG4S
H % (Parra, 1978; Milton, 1993). Kk, A[FEHyF
BT IR T8 B8 IR SR AL £ e (0 SR IR
H#¥r (Felton et al, 2009).

REKEBEF AV E B ETWNE RS
(UnE FR R Pl 2 . f & M C %5 )(Felton et al,
2009). U E TR I LR IR A . AR B
ARG, H T R O AT 4 S A OC
CRE & 2 3 5 A R A, DL e s e
/4T 4EZ Ik (CP/ADF)( Felton et al, 2009; Guo et al,
2011; Kirkpatrick, 1996; Kirkpatrick, 2007; Milton,
1979; Oates et al, 1980). LTIALIPiNE (Piliocolobus
tephrosceles) Z & E S EA (15%~25%) M3
SZ (Waterman & Kool, 1994), FEMEMME (Presbytis
pileatus) = H A ARLF4ER W A1 (Stanford,
1991), BIENE (Colobus satanas) K EWF &5
HEAFSEME (McKey et al, 1981); R4
PEME  (Procolobus badius rufomitratus)~ 3 A%
(Trachypithecus auratus sondaicus) X VGE 2 YA
(C. polykomos) “EAMMUF =2 A EY) (Mowry et
al, 1996; Kool, 1992; Dasilva, 1994); ZLJEME (P.
badius) FVRAEBEAPENE (C. guereza) EF RN
Jit. RET4ERY) (R. bieti: Huang et al, 2010; Li &
Yang, 2009; Wasseman & Chapman, 2003); ZEZ[i
W (P. rubicunda)~ S5 % (P. melalophos) F
ISk (R bieti) “51EFEE SN CP/ADF fiGH)
¥ (Davies et al, 1988; Kirkpatrick, 1996); £LJ¢
W (P. badius) F1 HMWE (T francoisi) &Mk
PN 5 B A U/ AF4ELE 2% (Chapman et al, 2002; Li,
2010)0 PRBUHINE 25 5/ IR n] 3 5 0 & e A4
P i B I ) v 2T 4 5 s ) h R BUE 9% (Kay
& Davies, 1994), 1AM = ST 4D
(Chapman et al, 2003; Maisels et al, 1994); PHIEE
Yok (C. polykomos) E TR B REEEEBY
(Dasilva, 1994).

BN )i $E 32 A O AR ) (plant
secondary metabolites, PSM) 7 & M AL 222 s i .
AWEFUAN PSMs I B 4)IE+E (Glander, 1981;
Oates et al, 1977), A &) Jo ik i & H AE H
(Chapman et al, 2002; Davies et al,1988; Ganzhorn,
1989; Kool, 1992; Maisels et al, 1994; Marks et al,
1988; Milton, 1979; Mowry et al, 1996; Waterman et

al, 1988).

WAL, BRSSPI AR B A e
BAEZE S 5P n] A3 Pk ) B ) 5 8 HAaty
PR B M R KM K (Rode et al, 2006), Jf
heE AWk FE (Felton, 2009). )t &6k = i
e 3 A7 A (1) Bl R = A W A B BN IR BRI
BRABIN R, ShWE KB . R ORI FL A ARAIE £
Vs B KA 2R D ARFFPET (IPNL, 1999). BRI,
RAC AL 1 PR ) I 75 10005 2 I RS R
JO e SR 11 [ BT 5 A PR S8 ARG R AR AR = P R T

Hr, ZH0trolEds i a5 Eami
SRY 7 S oK e B DE A B DR R S A A Ly )
[f)5% % . Kirkpatrick (1996) Ak (4553 Ll 22 (40 &
A7) T BUCE ik CP/ADF & 4. o b1l 2 (4 S pp
A ZE frm CP/ADF. R T 8% (Li & Yang,
2009), FKZENdr = CP/ADF . IRLF4E 3R A
K5 ErY) (Huang et al, 2010). JBREH ] MRk . &
MEBEYERSHAK S HEA. Y. ADF
P E Al CP/ADF J&2% (Cai et al, 2011; Li, 2010), il
W, EIRE R EE IR R AR
ZiE MR KRETYIEFE (McKey et al, 1981;
Waterman & Choo, 1981; Waterman, 1984). [X i,
AT 5T P38 A 2 B4y 26 R 43 AT R ) B 5 i
PR A SRR R, NIiTH
RPN R R, DU AERE ()
TRy BRI o

1 #MR57%

1.1 ffRia

WFSEHAL T = B BTN 2P B R B A
SRR X Frvb il (N26°207, E99°15%) . b il B (a4
BRI 3 T 2900~3500 m (AR A (<2800
m AR E/BRE, >3600 m 4o ), Fi
FER/AN~130 H, B 11 ANl 20 MR 1 AN A
PRI R, FIRMA~ 11 km® o JEREA B0 b ] &2,
FIHANHBIT . KRB (RARERRBE ) «
TR 20 DX SR e VAR AR B v R AR A, 4K
kA W bty NN L e R A iy 7 N S M
11.79 °C (4.4~17.5°C), 5—10 A W Z, BKE N4
I 79%, 11 H—34F 4 A25TZ (Huang, 2009).
1.2 WRAE
12,1 FESCREE R ARAF

TG 7% 20 DX O] T () 98 H v i, A B PRy e
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WK 10 min BN FHIIAEE (Altmann, 1974)
OSBRI R SRER A, (e . 28, e
FIREF45), REVSAIFAT ML = 8w [N, &
F% 30 min ZEHITER (1: 50000) b Aic sgAest o
B, CRERBEES (2010 4 3—5 12011 4E 3
—5 1) & 24 B (55 MR, dEEW 13 M (15
ANFEG) o EREREOAE, TEAHE AR R FH AR B B B
R P LR BEPLIEE 3~5 FREWIM R (Mfeh Bt
P e Wmt A 1) AE0) , IR T rh 2 R A e pe:
d, BLREAES SRR RS ERMRRENS B X B 4y
) AEEE R, 585 R e —RHMA L )
ARPCKEHIREY) (Yeager et al, 1997). TRFAEY)EE
UCRAEHIRE S E T =500 g BHiERE L KIS (120 °C
HEAR, 10~15 min) JEBERAE; T [RISEE = 54
FESE T EE P AE 60~65 CHEA T 8~12,
B ERE T2 24 h, 7840 R0 G R E
BB RE SRR 60~65 CHEA P R IET
2 h, BUHEREE 24 h JGFRE; BEEHURIE G
40 HIf) HECETRES, BONEELS T, R0 EAR
2 (R4 RAETBAL SRR ] M R 55
#%H (Zhang, 2003).
1.2.2 EFERAIE

BRI K Sy, I BUE I e R
F, R G e FR T, B A b ikl e 2K
G5 te Bl R VA e A, AH VA E B (Zhang,
2003), B Lb il e K SR, R R

B (F-D) Lkl E (Zhu & Xia, 2003) H.7%.
123 Hfkbpt

WAL o & R A 2> s 48 2aresin
[Sqrt (Xi)] HALLLH 2 IEZS /04T (Lehner, 1998);
t-test 7P ED S AR oY 22 s BT b
T 28 S WA R B e R 1) S R 22 1oy WA
% (partial correlations analysis) 44T &4 5 5 M
Jit. W5 Ca/P HIAH<PE; one-way ANOVA 43 HT At
ISR B A 2 1o 25 ROTRER 7 A
[ PR SR AR ) H 1A 22 5. DASG BN A) (&
RN VA NN SR O MK (B REE/brne e g 7
(Kar-Gupta & Kumar, 1994), {22 il o & T H K
IR BFAAE S S REAT P OCTAT D R SRAG 56 24 1) v
R, JFAEBOE MR ZE VG N DLEAT 3 gt
(Zhang, 2003; Zhu & Xia, 2003),

2 &4 R

21 BYMSERMUERSESR
EEAYBHAMHEOSE>FEaY (6.

165=3.95, P<0.001; FHEE: 16=3.88, P<0.001), J
BERVES /o L <JE W) (M 16=3.27, P=0.001;
Ca/P: t55=4.41, p<0.001), I &Y 5 ALY IR IR I |
Sy BRI BN ts=1.26,
P=021; K7 tes=1.21, P=023; 55: 15=1.90,
P=0.06; H.7": t55=0.33, P=0.75) (% 1).

F1 HPLBREMEREFTRYSERMUERS LR (FHUR)
Table1 Comparison of phytochemical content between non-foods and foods of Rhinopithecus bieti at
Mt. Lasha in spring (dry matter)

AF 8 Variable AW Food (n=55) JEEY Non-food (n=15) t-test
HIE I Crude Protein (%) 21.92+8.84 12.48+7.07 t65=3.88, P<0.001
HIREWT Crude fat (%) 5.75+2.63 4.90+1.74 tes=1.26, P=0.21
BB Total sugar (%) 5.56+3.73 9.35+5.74 tes=3.27, P<0.001
B4y Ash (%) 7.03+2.33 6.25+3.17 tes=1.21, P=0.23
5 Calcium (%) 1.1240.48 1.42+0.66 tes= 1.90, P=0.062
f Phosphorus (%) 0.46+0.23 0.22+0.22 tes=3.95, P<0.001
7 Tannin (%) 6.60+2.83 6.20£2.61 tes=0.33, P=0.75
/1 Ca/P 4.08+4.39 10.61+7.49 tes=4.41, P<0.001

22 BYIMLERSERD S

H—. B RS 3 p4 (principal component
1,2,3; PC1, PC2, PC3) TI#kF 5514 42.6 % 20.0%
A 15.1%, EBUN 77.7%, WHED RS T
FE R Yk PC1 & =AM Ca/P, PC2
HES S E, PC3 NPT OE (R 2). BWhiiSE

FURIEAHE (r,=0. 61, P<0.001), f#5 Ca/P §5HHK
(r,=-0.40, P<0.01), [Htt, Fryb LB iz
Ml i/ B A b AR Ca/P AU T B4
2.3 BEYARBREIMAILERNER

A (Byrioria spp.) AR K0 R
Ak, Ca/P M. FESHMEAN, B8, H
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Ca/P s 2F. W RAEMR TR feh s H2FezEs: TelRURN & Bfm, HRAG; 2R
Hige, FEMIEER WK SRR, £ EASERS, HICHHARE (& 3).
2 S LWBENSKRETRYNERD EMD S TFHERE fHH

Table 2 Principal component loadings of phytochemical content of foods used by Rhinopithecus bieti at Mt. Lasha in spring

45 Code A5 F: Variable PCI PC2 PC3
1 7 Tannin (%) 0.38 0.06 -0.72
2 BBE Total sugar (%) -0.40 0.09 -0.72
3 W4y Ash (%) 0.56 -0.70 0.09
4 fi% Phosphorus (%) 0.93 -0.06 —-0.02
5 5 Calcium (%) -0.17 -0.83 0.22
6 FHRERT Crude fat(%) -0.23 0.62 0.45
7 FLA 1 Crude protein (%) 0.92 -0.15 0.11
8 5/1% Ca/P -0.85 0.00 0.39

¥54EE Eigen value 3.14 1.60 1.47
IR Variance (%) 42.59 20.00 15.06
R DTk % Cumulative variance (%) 42.59 62.59 77.65

£33 FHPLEAMNMERESEYARBEIALIULERSITLE (meantSE) (FHK)
Table 3 Comparison of phytochemical content of different parts of foods used by Rhinopithecus bieti
at Mt. Lasha in spring (mean+SE) (dry matter)

i Class 1t Flowers' “f Buds Wi Young leaves ANOVA FAY Lichen®
(n=12) (n=12) (n=27) (n=4)
HIE 1 Crude protein (%) 17.77°£7.00 29.85°+4.90 22.55°7.52 F»45=9.10, P<0.001 6.32+1.30
HUIE W Crude fat (%) 7.26%+3.74 5.68%+1.89 4.72°1.41 Fh4=5.41, P<0.01 8.46+3.80
JSUBE Total sugar (%) 8.78%+6.00 5.06°+1.81 4.69°+2.39 F44=5.74, P<0.01 3.23+0.74
K4y Ash (%) 6.17%+2.05 6.79+1.31 8.26+1.76 Fr45=7.77, P<0.01 2.13+0.51
5 Calcium (%) 1.15"+0.35 0.89%+0.33 1.26°+£0.55 F4¢=3.07, P=0.056 0.81£0.21
f# Phosphorus (%) 0.41°£0.20 0.68°+0.10 0.45%0.19 Fh45=7.68, P<0.01 0.05+0.008
17 Tannin (%) 6.81%+1.68 7.57%2.46 6.89%2.80 F45=0.32, P=0.73 1.16£0.43
5/t Ca/P 3.51%1.90 1.33°+£0.46 3.68%2.92 F45=6.49, P<0.01 16.77+3.25

labe M [F FRHE I 2SR, AHSR PRI 225 . 'Same letters among a, b and ¢ indicate no difference, otherwise display differences.
RAEREAUN, RIEATEEHH 30T, *Lichen was not used to make statistical analysis due its small sample size.

24 BYEAERIR %y 4 AMWEFEE, HUCHIAE; 5 HME RS

B, WRER BT (58.57%), Fik Jew, HLUCHZHEMIE (& 4). Kb, BEEERRE
2 (28.66%), H REHAKGAEHANER (=  SREH, 3 AIFHAREZE, 4 HEAZ, S AER
1090.8, P<0.001). 3 HREMAE Mk m, Hooe 2R,

x4 O LBBEMEHREFTRERRMFEREHIR
Table 4 Frequencies of different kinds of foods used by Rhinopithecus bieti at Mt. Lasha in spring

H13 Month 1t Flower 2 Bud " Leaf A% Lichen HAth Others B Total
3 3 73 3 724 27 830
4 14 951 49 686 9 1709
5 45 389 303 779 2 1518
M1 Total 62 1413 355 2189 38

25=1090.8, P<0.001
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3 i i

B O REETYEAOR S ES T
W, SIAHAL R B (McKey et al, 1981;
Waterman & Kool, 1994). J 111 22 (4 S A4 2
Y SEEYWEAM S R %S (Huang et al,
2010; Li & Yang, 2009), nJfESMRAEASIAE, £
Yot I s 1tk A ILZ BRI LI AN [ A O%

A 25 A1 1 53 o0 BT R B AEAE sE i T )
R A E Sy, Ty i S B A A
%, 5 Ca/P 591G, DKk, KRR BRI Ca/P,
JLUC S R by o BRIy il e (A st R 2 i s
. A% Ca/Py KA FMIC T B

AO(EAD) EXmaY e S ER#
(Chapin, 1980). AEFIHE N R KRAEKZEE . YK
PR A BN R SRAR D, [,
RACT KL E TP )5 Ko AR K
AR DRI, Y ey A 3y, R
HAEL T S EAEY (Oftedal et al, 1991). 54
RS RSERTRAGYE . Sy i s DL A JRE £
BT RN GO, MR E (Ateles chamek) & H 81
JEARN AR FRARNE T, BT DA W) IE PR 58 s i
ER (AR KA SR T) B (Felton et
al, 2009). H7vb L2 A SRR R B i RS
M EYIERMEERNE, Hit, FFaYERETs
WAL HE IR R

W BOERRA (AR Shgmshy K
P IREIER MOt (Chapin, 1980). s 2
AW Yok = i IS, B Lsh )k by
TS RAE S b . A5 e dEEE D RFET
(IPNI, 1999), H:uepofE & (GLFE7E B2 kR
Yy S B SR IEARDG, B BhSRE T, B
PIAARDG; MKy MHEE. BeE. BES A ELE
AHC (Baranga, 1983). fuyb il B IS EY)
BEO R TR, 1o s O R b,
W L e R BN R G — E R S
K)o

s, SRR Ca/P Bt (1:1~2:1) 1,
SIPRER AT A A5 . % (NRC, 1978, King &
Bendell, 1982). ZEFHiEA KNG Ca/P h 1.2
(Lou et al, 2004), T Bai Hokou P i KAESE M)
BARAS . HEAKHE (Remis et al, 2001). Fzybili B
FANEGERFRZS Y Ca/P lH 2 LA Y iE

Bl ds KA AW A, A &8 (R4 : 58— pls)) 3t
Fl SR LT

HEY R TSRS A A N, ik
FELER AR AN (ORAREER). RN
SEMH A R ) BRI SR, AR, A T
H A, PN K& (Clutton-Brock, 1977;
Oates et al, 1980; Wrangham & Waterman, 1981). $
iR AMEREFEY Sy R TS ELE
7, BB AMESEAFEYSIEEYah S &
JoZ= 5+ (Huang et al, 2010). $7¢0 111 28 (AN SR H 2
T AR AR EEN, Yk
P = Y

BEAE BB, Ky, SR ORI 2 B 3
WHIBOTER (B SRR, merdEE/
AFi#E. B, 4 (Baranga, 1983; Baranga, 1986;
Coley & Aide, 1991) B HLIE G N (Yeager
et al, 1997). [FIFHHIYIM 2T 4 355 EAL T 20
(Milton, 1979; McKey et al, 1981), H 5 W1k
(Baranga, 1986), H W (1) A AQEH 7 9 O 22 i)
(Chapman et al, 2004; Workman, 2010). t, K&
W2 A RE SRR, V20 RACSEAT R i 4f
fe BRI R BT/ AT 4E LG B i (Baranga,
1983; Chapman et al, 2004; Coley, 1982; McKey et al,
1981; Oates et al, 1977, 1980; Oates, 1987; Solanki et
al, 2008; Workman, 2010; Yeager, 1989; Yeager et al,
1997) 0 $7 0 111 F8 VAR S 2l 17 o 5 A R 2
M1+ K Ca/P (1.33) FIRES (MCF FIH: o K S8
IFREE SN EY, HEwss B TR R
KR &R, XS amey. wa xR
Ak BRIk, ERER & s &) B b A Ik
P58 (Yeager et al, 1997).

HE L)) B AT N B ) 2 AR A 1R 0 B L
i, R b X SRR OR M4 T R I
B EYIIE S E IR IS (Short, 1975). FEICFES
SEE WA BRI, ShPAN T Yk £k
IR 2 S TR (Yeager et al, 1997). 2 4 B
iR s A E AR KR —, Hlimig K&
YL Z AR AEAE ), E A% (Ding &
Zhao, 2004; Kirkpatrick, 1996; Huang et al, submitted)
FEM /M 2 (Xiang et al, 2007). FAB M) 12, 4
FEHRHER T, ARG K. IR
. REF4E . KT (Kirkpatrick, 1996) . KM
Ky Ca/P ). MR AN SBAR 20 R i 2/
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M Ca SR T B M BE) (Yeager et al, 1997) K
WAL R RO A A0 FR ) s 3K (Krishnamani,
1994; Kumar & Solanki, 2004; Struhsaker, 1975).
U, b il B AR T kP e e T ) R
TR AN A BER AT T RN E A
TR EE IR SR AL EORIERE . FSHREA

PN IS B ) B 1 0T/ A8 4 L il o B ) o o ()
FEFRPR (Mckey et al, 1981; Waterman & Choo,
1981). Jo-th 1l J5 (AN B A 2= 08 5 oML 2 1 AR 2T
etk ¥ (Li & Yang, 2009; Huang et al, 2010). A
WEURE RN E TWETYE R, (HIC /o 8 3 o
& 4T 4E R 5 AL (Stanford, 1991; Kirkpatrick,
1996). UL, Hrybil iR S A R 4E
T,

bl B A A SRR T S AR R K oy
ToFEFE, T 1L B A0 St 24 20T 1) 38 9% 5 K
3 ) (Huang et al, 2010). FLAK 73 EEE RS> AT W)
e, WSS T R MR o R (LA, 2010). 4]
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