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Abstract: To understand the effects of the chemical and physical properties of plant leaves on food choice in Rhinopithecus bieti, we
collected mature leaves of nine food and five non-food plant species at the southernmost part of the species’s range. Chemical
properties such as fat, ash, crude protein (CP), total phenolics (TP), and fiber content including neutral detergent fiber (NDF), acid
detergent fiber (ADF), lignin, celluloses and hemicelluloses, and physical toughness were measured. R. bieti tended to choose leaves
with lower fiber content, higher ash, a higher ratio of CP/ADF, and lower toughness. No difference was found for fat, crude protein,
total phenolics, hemicelluloses and lignin between food and non-food leaves. Even though the ratio of CP/ADF is generally regarded
as a good indicator for colobine food choice, the difference in the ratio of CP/ADF between food and non-food leaves was only the
result of differences in ADF. Since positive correlations were found between ADF and toughness from all leaves (both food and
non-food species), and toughness of leaves was likely easier for R. bieti to sense than fiber content via mastication, the toughness of
leaves may function as a predictor of food choice in this species [Current Zoology 56 (6): —2010].
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The food choices of primates can be examined using five major nutritional hypotheses: (i) energy
maximization (Schoener, 1971): a high energy intake equates with a high quality diet (Leighton, 1993; Cowlishaw

and Dunbar, 2000; Lambert, 2007); (ii) nitrogen (protein) maximization: nitrogen is a limiting factor for growth,
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heath, reproduction and survival (Mattson, 1980); (iii) avoidance or regulation of plant secondary metabolites
(PSMs) (Freeland and Janzen, 1974): plant secondary metabolites interrupt protein digestion and the activity of
digestive enzymes, and are considered as inhibitors of digestion (Rhoades and Cates, 1976; Swain, 1979; Haslam,
1989); (iv) limitations of dietary fiber (Milton, 1979): food items high in fiber (NDF, ADF, lignin) are difficult to
digest and are avoided (Milton, 1979; Yeager et al., 1997); and (v) nutrient balancing: the fundamental aim of
wild primates is to balance nutrient intake (Davies et al., 1988; Whiten et al., 1991; Raubenheimer and Simpson,
2004). These hypotheses have been reviewed in detail by Felton et al. (2009).

It has been proposed that many folivorous primates deal with digestive limitations by selecting leaves that are
rich in protein and low in dietary fiber (Davies et al., 1988; Waterman et al., 1988). Plant fiber consists
predominantly of cellulose and hemicelluloses contained within plant cell walls and digestible through bacterial
fermentation, and lignin, which cannot be digested by mammals or their microbes (Van Soest, 1994). Amongst
primates, colobines are widely known for their ability to digest cellulose using a multi-chambered stomach
(Fashing, 2007; Kirkpatrick, 2007). Fiber content is considered a major indicator of food quality, and data on
several primate species have shown that fiber content, as a percentage of dry matter, is inversely related to food
choice (Milton, 1979; Waterman et al., 1988; Whiten et al., 1991). Examinations of primate food choice and
protein content further suggest that some primates prefer foods high in protein (Fashing et al., 2007), choose
protein-rich parts and supplement their diet with insects (Oftedal, 1991; Chapman et al., 2004; Xiang, 2005)1.

The influence of nutrition on food choice in primates has been studied most extensively in colobine monkeys
(Chapman and Chapman, 2002; Davies et al., 1988; Kool, 1992; McKey et al., 1981; Mowry et al., 1996; Yeager
et al., 1997). This group possesses an enlarged, sacculated forestomach containing large quantities of anaerobic
bacteria, protozoa, and fungi that ferment ingested food (Kay and Davies, 1994). This capacity for microbial
fermentation in the forestomach allows colobines to extract nutrients contained within the fibrous cell walls of
plants and to detoxify plant secondary compounds such as phenolics and tannins (Kay and Davies, 1994). Food
choice in colobines is believed to be primarily dependent on protein and fiber content (Oates et al., 1980) and they
appear to select rare but protein-rich resources during critical periods of growth and reproduction (Cords, 1986;
Soued and Gautier-Hion, 1986; Butynski, 1988. but see Lambert 2007). Mckey et al. (1981) and Waterman and
Choo (1981) posited that the protein-to-fiber ratio (CP/ADF) as a solid predictor of food suitability for colobines.

This ratio also explains variation in colobine biomass across different study sites (Oates et al., 1980; Davies, 1994;

Xiang ZF, 2005. The ecology and behavior of black-and white snub-nosed monkey Rhinopithecus bieti in Honglaxueshan
National Reserve, Tibet. Unpublished Ph.D. Dissertation, Kunming Institute of zoology, Chinese Academic of Science,

Kunming, China.
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Chapman et al., 2002; Chapman et al., 2004; Fashing et al., 2007).

Minerals function as structural components of organs and tissues, as cofactors or activators in enzyme and
hormone systems, as constituents of body fluids and tissues, and as regulators of cell replication and
differentiation (Underwood and Suttle, 1999). Some primates travel long distances to reach rare items rich in
particular minerals, impacting both their food choices and behavior (Fashing et al., 2007). However, factors other
than the chemical properties of plant foods may influence primate food choice, such as the physical properties
(toughness). Fracture toughness is defined as resistance to crack propagation, and it plays a critical role in the
ability of leaves to resist physical damage (Lucas et al., 2000). A clear relationship was found between the
toughness of plant parts and whether or not they were eaten by Japanese macaques (Macaca fuscata yakui) (Hill
and Lucas, 1996). Thus, both physical and chemical properties of food should be considered in assessments of
food choice in primates.

R. bieti is found only in conifer forests of the eastern Himalayas (Long et al., 1994), in an area (<25, 000 km?)
between the Mekong River (to the west) and Yangtze River (to the east), and latitudes of 26.14° N and 29.20° N
(Long et al., 1996, Xiao et al., 2003). The diet of R. bieti in their natural habitat has been studied by several
researchers at difference sites of this range. These studies have suggested that the major dietary components of R.
bieti are lichen and leaves, and that it has a more diverse diet in its southern range than northern (Li et al., 1981;
Wu, 1991; Kirkpatrick, 1996; Yang, 20002; Ding and Zhao, 2004; Huo, 20053; Xiang, 2005). Food choice and
the chemical properties of leaves was examined by Kirkpatrick (1996) in R. bieti’s middle range, and suggested
that contrary to the pattern of food choice for other colobines, R. bieti tends to choose mature leaves with a low
CP/ADF ratio. However, no studies have been done at other sites to test the generality of these findings.

To understand which properties of leaves have an impact on food choice for R. bieti, we selected a group
living in Mt. Longma located in the southern most extreme part of R. bieti’s range and that has the highest
dietary diversity of the species (Huo, 2005). Toughness was included as an index as well as chemical properties.

Only mature leaves used by R. bieti in autumn were sampled to minimize the impact of seasonal variation.

2 Yang SJ, 2000. Habitat, diet, range use and social organization of Rhinopithecus bieti at Jingsichang. Ph.D. dissertation, Kunming
Institute of Zoology, CAS, Kunming, China.
* Huo S, 2005. Diet and habitat use of Rhinopithecus bieti at Mt. longmashan,Yunnan. Unpublished Ph.D. Dissertation, Kunming

Institute of zoology, Chinese Academic of Science, Kunming, China.
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1 Materials and Methods

1.1 Samples collection and analysis

We collected mature leaves of nine food species and five non-food species from Mt. Longma (26.23°N,
99.25°E; Fig. 1) in November 2005, based on dietary data collected by Huo (2005). Nine food species were all
autumn food ones that can be found during study period. Non-food species were those occurred in monkey
habitat but never reported as food species in former studies (Li et al., 1981; Wu, 1991; Kirkpatrick, 1996; Yang,
2000%; Ding and Zhao, 2004; Xiang, 2005). Mature leaves were chosen from the mid—upper portion of tree
crown and on the outside of the tree trunk for each individual. Three samples were collected from different
elevations and data was averaged for analysis for each species (Appendix 1).

The toughness of mature leaves was measured in our field station as soon as possible after samples were
collected. The scissor-cut method was used to measure the toughness of mature leaves (Lucas et al., 2003). The
leaves were cut at quarter length, and the mean of three measurements of toughness was used in our analysis.

In the field, we prepared extractions from a subsample of fresh leaves using 50 % methanol; 50 g all fresh
leaves of each specimen was used for extraction. We assayed total phenolics following Lucas et al. (2003).

Remaining leaf samples were dried at room temperature in a ventilated room, and transported to the
Kunming Institute of Zoology, Chinese Academy of Science (KIZ) for further analysis after one week. There,
samples were dried at 60 °C to constant weight, and stored in desiccators at room temperature. We assayed
macronutrients and ash in the nutritional laboratory at KIZ. All macronutrient data are presented on a 100 % dry
matter (DM) basis. We analyzed samples for fat, crude protein (CP), neutral detergent fiber (NDF),
hemicelluloses (HC), acid detergent fiber (ADF), cellulose (CEL), sulfuric acid lignin, and ash content. We
calculated CP content by multiplying total nitrogen by 6.25 using a macro-Kjeldahl method with a Cu catalyst
(Cunniff, 1996). We conducted analyses of the fibrous components of plant cell walls (NDF, HC, ADF, CEL,

and lignin) using detergent methods (Van Soest et al., 1991).

1.2 Data analysis

All data were analyzed by SPSS 15.0 (SPSSS Inc., Chicago, USA) and tested for normality. We used a
combination of parametric and non-parametric tests. All tests are two-tailed, unless noted. We compared the

macronutrient, ash, total phenol, and toughness of food leaves versus non-food leaves using a Mann-Whitey U

4 Yang SJ, 2000. Habitat, diet, range use and social organization of Rhinopithecus bieti at Jingsichang. Ph.D. dissertation, Kunming

Institute of Zoology, CAS, Kunming, China.
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test. We also used Spearman Rank correlations to examine the relationship between fiber content (ADF), ash
content, ratio of CP/ADF, and toughness. A stepwise linear regression was used examine the effects of

toughness and ash content on ADF content including food and non-food species.
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Fig. 1 Distribution of black-and-white snub-nosed monkey
The study group at Mt. Longma is the southmost group of its range.

2 Results

Food leaves had lower NDF, ADF, CEL content and lower toughness compared with non-food leaves
(Mann-Whitey U test, NDF: U = 2.739, P = 0.006; ADF: U = 2.867, P = 0.004, CEL: U = 2.739, P = 0.006,
toughness: U = 3.00, P =0.003). Food leaves were also found to have a higher ash content, and a higher ratio
of CP/ADF than non-food leaves (Ash: U = 2.467, P = 0.014, CP/ADF: U = 2.867, P = 0.004). No difference

was found for fat, crude protein (CP), total phenolics (TP), hemicelluloses and lignin (Fat: U = 0.801, P = 0.423,
5
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CP: U=1.402,P=0.161, TP: U=10.467, P =0.641, HC: U = 1.80, P = 0.072, Lignin: U = 0.868, P = 0.386).
The CP/ADF ratio was higher in food leaves than non-food leaves. R. bieti tended to chose leaves with
higher protein and lower ADF content (Fig. 2). Because CP content was relatively constant (U = 1.402, P =
0.161), differences in the CP/ADF ratio resulted primarily from the differences in ADF content. R. bieti tended

to choose mature leaves high in protein and low in ADF.
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Fig. 2 Acid detergent fiber and nitrogen (x 6.25) in mature leaves selected and rejected by R. bieti at Mt. Longma

A positive correlation was found between toughness and ADF content (rs= 0.719, P = 0.004, n = 14) and a
negative correlation was found between ash and ADF content (rs= -0.688, P = 0.007, n = 14). A negative
correlation was found between ash content and toughness (rs=-0.556, P = 0.039, n = 14) in all leaves, including
both food and non-food species. Our stepwise linear regression test indicated that toughness influenced ADF
content and that it may be a predictor of ADF content in plant leaves including food and non-food species (F;, 12

=18.723,r=0.781, P =0.001).

3 Discussion

R. bieti at Mt. Longma prefer leaves with high CP/ADF, which agrees with previous studies of colobine
nutritional goals which appear to maximize nitrogen and limit dietary fiber (Mattson, 1980; Milton, 1979; Felton
et al., 2009). This pattern of food choice is contrary to that of the Wuyapuya group at Mt. Baima (Kirkpatrick,
1996) and we posit two reasons to explain this difference. First, more food species are found at Mt. Longma than
at Wuyapuya (Huo, 2005), and because we selected the main food species the results of our study may be a more
comprehensive assessment of food choice for R. bieti than former studies. Second, plant specimens were
collected across different seasons at Wuyapuya and mature leaves samples were grouped together regardless of

season potentially biasing the results of Kirkpatrick (1996). Seasonal variation in CP/ADF occurs because of
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variations in the chemical composition of leaf material across months and seasons (Chapman et al., 2003; Jaman
et al., 2010).

R. bieti tended to choose mature leaves with lower fiber content (NDF, ADF, and CEL). This phenomenon
has been demonstrated in several other colobine species (C. guereza: Chapman et al., 2004; C. guereza: Bocian,
1997; C. angolensis: Maisels et al., 1994; C. polykomos: Dasilva, 1994). This pattern might initially seem
surprising in light of the well-known ability of colobines to extract nutrients from the fibrous cell walls of plants
by forestomach fermentation (Bauchop, 1978; Bauchop and Martucci, 1968; Watkins et al., 1985); however,
extensive reliance on the extraction of nutrients from high-fiber foodstuffs requires long gut retention times, a
luxury probably unavailable to colobines owing to their relatively small body and gut-size relative to other
foregut fermenters such as cattle (Kay and Davies, 1994). Unlike large-bodied ruminants such as cows and
buffaloes which have the capacious guts necessary to focus on fibrous, low energy foodstuffs, colobines appear
to adopt a more selective feeding strategy that limits their reliance on foregut fermentation for nutrition (Fashing,
2007).

What sensory cues are available to primates to assess the nutritional value of food? Sensations within the gut
are difficult to attribute to a particular food, and visceral sensory pathways are poorly developed in vertebrates as
a whole (Romer and Parsons, 1986). The most efficient time for an animal to assess a food would be just before
or during ingestion. As fiber is odorless, tasteless, and colorless, the only rapid means of assessment available
via oral sensation likely arises from mechanical properties (Hill and Lucas, 1996). In this study, toughness was
another predictor of leaf choice by R. bieti in addition to fiber content. Toughness was positively correlated with
ADF content and therefore relative digestibility. Therefore, R. bieti may be choosing food plant leaves with
lower fiber content by sensing toughness.

To confirm our result, further studies are needed across different sites. A comparative study is also required
for analysis of all diet components and selected major food species. The role of minerals on dietary selection of

R. bieti should also be emphasized, as minerals can be as important as protein to primates (Lambert, 2007).

Acknowledgements

This study was supported by TNC “Conservation Ecology of Yunnan Snub-nosed Monkey (Rhinopithecus
bieti) at Two Geographic Extremes of Species Range”, PhD Funding from Dali University, National Natural
Science Foundation of China (No. 30770308, 30960084, 30960085), Key Laboratory of Forest Disaster Warning
and Control in Yunnan Province (ZK09A313), and Key Subject of Wildlife Conservation and Utilization in

Yunnan Province (XKZ200904). We are grateful to Dr. Peter W. Lucas for help and we thank Heidi Bissell for
7



Z.P. HUANG et al.: Food choice of R. bieti related to food properties
her valuable comments and English edits. We would be unable to accomplish this enterprise without the help of
our assistants and forest guards Wu-Biao Yu. We thank the Tianchi Nature Reserve for permitting us to work

there. Last, we thank all anonymous reviewers for suggestions on earlier versions of the manuscript.

References

Bauchop T, 1978. Digestion of leaves in vertebrate arboreal folivores. In: Montgomery GG ed. The Ecology of Arboreal Folivores.
Washington: Smithsonian Institution Press, 193 — 204.

Bauchop T, Martucci RW, 1968. Ruminant-like digestion of the langur monkey. Science 161: 698 — 700.

Bocian CM, 1997. Niche Separation of Black-and-White Colobus Monkeys (Colobus angolensis and C. guereza) in the Iturbi Forest.
Ph.D. thesis, City University of New York, New York.

Butynski TM, 1988. Guenon birth seasons and correlates with rainfall and food. In: Guatier-Hion A, Bourliere F, and Gautier JP ed,
A Primate Radiation: Evolutionary Biology of the African Guenons. Cambridge: Cambridge Unversity Press, 284 — 322.

Chapman CA, Chapman LJ, 2002. Foraging challenges of red colobus monkeys: Influence of nutrients and secondary compounds.
Comp. Biochem. Physiol. A. 133: 861 — 875.

Chapman CA, Chapman LJ, Naughton-Treves L, Lawes MJ, Mcdowell LR, 2004. Predicting folivorous primate abundance:
Validation of a nutritional model. Am. J.Primatol. 62: 55 — 69.

Chapman CA, Chapman LJ, Rode KD, Hauck EM, McDowell LR, 2003. Variation in the nutritional value of primate foods: Among
trees, time periods, and areas. Int. J. Primatol. 24: 317 — 333.

Chapman CA, Chapmen LJ, Bjorndal KA, Onderdonk DA, 2002. Application of protein-to-fiber ratios to predict colobine abundance
on different spatial scales. Int. J. Primatol. 23: 283 —310.

Cords M, 1986. Interspecific and intraspecific variation in diet of two forest guenons, Ceropithecus ascanius and C. mitis. J. Anim.
Ecol. 55: 811 — 827.

Cowlishaw G, Dunbar RIM, 2000. Primate Conservation Biology. Chicago: The University of Chicago Press.

Cunnift PA, 1996. Official Methods of Analysis of AOAC International, 16" edn. Gaithersberg, MD: AOAC International.

Dasilva GL, 1994. Diet of Colobus polykomos on Tiwai Island: Selection of food in relation to its seasonal abundance and nutritional
quality. Int. J. Primatol. 15: 655 — 680.

Davies AG, 1994. Colobine populations. In: Davies AG, Oates JF ed. Colobine Monkeys: Their Ecology, Behaviour and Evolution,
Cambridge: Cambridge University Press, 285 —310.

Davies AG, Bennett EL, Waterman PG, 1988. Food selection by two Southeast Asian colobine monkeys (Presbytis rubicunda and
Presbytis melalophos) in relation to plant chemistry. Biological Journal of the Linnean Society 34: 33 — 56.

Ding W, Zhao QK, 2004. Rhinopithecus bieti at Tacheng, Yunnan: Diet and daytime activities. Int. J. Primatol. 25: 583-589.

Fashing PJ, Dierenfeld ES, Mowry CB, 2007. Influence of plant and soil chemistry on food selection, ranging patterns, and biomass
of Colobus guereza in Kakamega Forest, Kenya. Int. J. Primatol. 28: 673 — 703.

Fashing PJ. 2007. African Colobines monkeys: Patterns of between-group interaction. In: Campell CJ, Fuentes A, Mackinnon KC,
Panger M, Bearder SK ed. Primate in Perspective. New York: Oxford University Press, 186 — 200.

Felton AM, Felton A, Lindenmayer DB, Foley WJ, 2009. Nutritional goals of wild primates. Functional Ecology. 29: 70 — 78.

Freeland WJ, Janzen DH, 1974. Strategies in herbivory by mammals: Role of plant secondary compounds. Am. Nat. 108: 269 — 289.

Haslam E, 1989. Plant Polyphenols. Cambridge: Cambridge University Press.

Hill DA, Lucas PW, 1996. Toughness and fiber content of major leaf foods of Japanese macaques (Macaca fuscata Yakui). Am. J.
Primatol. 38: 221 —231.

Jaman MF, Huffman MA, Takemoto H, 2010. The foraging behaviour of Japanese macaques Macaca fuscata in a forest enclosure:
effects of nutrient composition, energy and its seasonal variation on the consumption of natural plant foods. Curr. Zool. 56(2):

198 —208.



Z.P. HUANG et al.: Food choice of R. bieti related to food properties

Kay RNB, Davies AG, 1994. Digestive physiology. In: Davies AG, Oates JF ed. Colobine Monkeys: Their Ecology, Behavior, and
Evolution. Cambridge: Cambridge University Press, 229 — 249.

Kirkpatrick RC, 1996. Ecology and behavior of the Yunnan snub-nosed langur (Rhinopithecus bieti, Colobinae). Ph.D. Dissertation,
University of California.

Kirkpatrick RC, 2007. The Asian Colobines: Diversity among leaf-eating monkeys. In: Campell CJ, Fuentes A, Mackinnon KC,
Panger M, Bearder SK ed. Primate in Perspective. New York: Oxford University Press, 186 — 200.

Kool KM, 1992. Food selection by the silver leaf monkey Trachypithecus auratus sondaicus in relation to plant chemistry. Oecologia
90: 527 — 533.

Lambert JE, 2007. Primate nutritional ecology: Feeding biology and diet at ecological and evolutionary scales. In: Campbell CJ,
Fuentes A, MacKinnon KC, Panger M, Bearder SK ed. Primates in Perspective. Oxford: Oxford University Press, 482 — 495.

Leighton M, 1993. Modeling dietary selectivity by Bornean orangutans: Evidence for integration of multiple criteria in fruit
selection. Int. J. Primatol. 14: 257 — 313.

Li ZX, Ma SL, Hua CH, Wang YX, 1981. The distribution and habitat of Yunnan snub-nosed monkey. Zool Res. 2: 9—16 (In Chinese
with English abstract).

Long YC, Kirkpatrick RC, Xiao L, Zhong T, 1994. Report on the distribution, population, and ecology of the Yunnan snub-nosed
monkey Rhinopithecus bieti. Primates 35: 241 — 250.

Long YC, Kirkpatrick RC, Zhong T, Xiao L, 1996. Status and conservation strategy of the Yunnan snub-nosed monkey. Chin.
Biodiv. 4: 145 — 152 (In Chinese with English abstract).

Lucas PW, Osorio D, Yamashita N, Prinz JF, Dominy NI et al., 2003. Dietery analysisi I: Food physics and Dietery analysisi II:
Food Chemistry. In: Setchell JM, Curtis DJ ed. Field and Labortory Methods in Primatology, Cambridge: Cambridge University
Press, 184 — 188.

Lucas PW, Turner IM, Dominy NJ, Yamashita N, 2000. Mechanical defences to herbivory. Ann. Bot. 86: 913 — 920.

Maisels F, Gauthierhion A, Gautier JP, 1994. Diets of two sympatric colobines in Zaire: More evidence on seed-eating in forests on
poor soils. Int. J. Primatol. 15: 681 — 701.

Mattson WJ, 1980. Herbivory in relation to plant nitrogen content. Annual Review of Ecology and Systematics. 11: 119 — 161.

McKey DB, Gartlan JS, Waterman PG, Choo GM, 1981. Food selection by black colobus monkeys Colobus satanas in relation to
food chemistry. Biol. J. Linn. Soc. 16: 115 — 146.

Milton K, 1979. Factors influencing leaf choice by howler monkeys: Test of some hypotheses of food selection by generalist
herbivores. Am. Nat. 114: 362 — 378.

Mowry CB, Decker BS, Shure DJ, 1996. The role of phytochemistry in dietary choices of Tana River red colobus monkeys
Procolobus badius rufomitratus. Int. J. Primatol. 17: 63 — 84.

Oates JF, Waterman PG, Choo GM, 1980. Food selection by the South Indian leaf-monkey Presbytis johnii in relation to leaf
chemistry. Oecologia 45: 45 — 56.

Oftedal OT, 1991. The nutritional consequences of foraging in primates: The relationship of nutrient intakes to nutrient requirements.
Philosophical transactions of the royal society B. 334: 161 — 170.

Raubenheimer D, Simpson SJ, 2004. Organismal stoichiometry: Quantifying non-independence among food components. Ecology
85: 1203 — 1216.

Rhoades DF, Cates RG, 1976. Toward a general theory of plant antiherbivore chemistry. Recent Advances in Phytochemistry 10: 168
—213.

Romer AS, Parsons TS, 1986. The Vertebrate Body. 6 edn. Philadelphia: Saunders College Press.

Schoener TW, 1971. Theory of feeding strategies. Annual Review of Ecology and Systematic 2: 369 — 404.

Soued C and Gautier-Hion A, 1986. Friut selection by a forest guenon. J. Anim. Ecol. 55: 235 — 244,

Swain T, 1979. Tannins and lignins. In: Rosenthal GA, Janzen DH ed. Herbivores: Their Interaction with Secondary Plant
Metabolites. New York: Academic Press, 637 — 682.

Underwood EJ, Suttle NF, 1999. The Mineral Nutrition of Livestock. 3™ edn. New York: CABI Publishing.

Van Soest PJ, 1994. Nutritional Ecology of the Ruminant. 2™ ed. New York: Cornell University Press.

9



Z.P. HUANG et al.: Food choice of R. bieti related to food properties

Van Soest PJ, Robertson JB, Lewis BA, 1991. Methods for dietary fiber, neutral detergent fiber and nonstarch polysaccharides in
relation to animal nutrition. J. Dairy Sci. 74: 3583 — 3597.

Waterman PG, Choo GM, 1981. The effects of digestibility reducing compounds in leaves on feed selection of some Colobinae.
Malaysian Applied Biology 10: 147 — 162.

Waterman PG, Ross JAM, Bennett EL, Davies AG, 1988. A comparison of the floristics and leaf chemistry of the tree flora in two
Malaysian rain forests and the influence of leaf chemistry in populations of colobine monkeys in the Old World. Biological
Journal of the Linnaean Society 34: 1 — 32.

Watkins BE, Ullrey DE, Whetter PA, 1985. Digestibility of a high-fiber biscuitbased diet by black-and-white colobus Colobus
guereza. Am. J. Primatol. 9: 137 — 144.

Whiten A, Byrne RW, Barton RA, Waterman PG, Henzi SP, 1991. Dietary and foraging strategies of baboons. Philosophical
Transactions of the Royal Society of London Series B. 334: 187 — 197.

Wu BQ, 1991. Survey and analysis of feeding habits of Rhinopithecus bieti. Acta Anthropol. Sinica 10: 357 — 371 (In Chinese with
English abstract).

Xiao W, Ding W, Cui LW, Zhou RL, Zhao QK, 2003. Habitat degradation of Rhinopithecus bieti in Yunnan, Chian. Int. J. primatol.
24:389 —398.

Yeager CP, Silver SC, Dierenfeld ES, 1997. Mineral and phytochemical influences on foliage selection by the proboscis monkey
Nasalis larvatus. Am. J. Primatol. 4: 117 — 128,

10



Z.P. HUANG et al.: Food choice of R. bieti related to food properties

Appendix 1 Mature leaves of food and non-food species and their chemical and physical properties from Mt. Longma, Nov 2005

Mature leaves of species (elevation, m) Foodsp. Fat CP Ash* NDF* HC ADF* CEL* Lignin TP  Toughness* CP/ADF*
Acero liverianum (3000,3220, 3260) Y 79  10.0 8.1 31.1 1.1 20.1 9.2 10.6  0.139 0.181 0.692
Schisandra rubrifloa (3100,3210, 3260) Y 57 13.0 9.9 28.6 10.6  18.0 10.5 7.3 0.234 0.233 0.842
Sorbus thibetica (3000,3100, 3250) Y 126 8.6 6.3 309 123 18.6 16.7 1.8 0.122 0.180 0.669
Holboellia angustifolia (3000,3100, 3200) Y 5.8 11.5 8.9 429 193 236 19.1 4.5 0.050 0.252 0.682
Malus asiatia Nakai (2900,3000, 3100) Y 234 8.8 5.1 314 127 187 7.9 10.6  0.248 0.133 0.672
Lonicera japonica (3050,3100, 3200) Y 6.0 123 8.4 35.1 14.0 21.0 8.9 11.8  0.082 0.122 0.751
Betula alnnoides (2900,3000, 3100) Y 10.7 9.6 4.3 450 154 296 14.3 149  0.176 0.139 0.548
Smilax glaucophylla (2800,2830,2850) Y 8.8 13.1 8.0 25.1 9.6 15.5 10.6 4.7 0.144 0.075 0.915
Nothopanax delavayi (2720,2760,2780) Y 5.5 12.3 10.1 438 172  26.6 10.2 16.0  0.042 0.123 0.660
Mean 96 11.01 766 3488 136 213 11.93 9.14 0.14 0.16 0.72
Tsuga dumosa (3150,3200,3250) N 7.6 9.0 4.4 48,5 162 323 232 8.8 0.173 0.736 0.504
Pinus yunnanensis (2920,2950,3000) N 6.0 11.4 3.2 574 187 387 253 129  0.033 1.181 0.513
Quercus semecarptifolia (3000,2950,2900) N 13.8 99 3.3 602 221  38.1 24.0 13.8  0.223 0.598 0.481
Picea crassifolia (3200,3250,3300) N 9.3 8.2 4.6 450 13.1  32.0 18.3 132 0.168 1.169 0.484
Rhododendron delavayi (3100,3150,3250) N 114 938 5.4 438 165 274 16.9 102 0.204 0.529 0.578
Mean 9.64 9.66 417  50.99 33.69 2153 11.77  0.16 0.84 0.51

*Significant difference found between mature leaves of food and non-food species. CP is crude protein; NDF is neutral detergent fiber; HC is hemicelluloses; ADF is acid detergent fiber;

CEL is celluloses; TP is total phenolics; CP/ADF is crude protein/acid detergent fiber content. Fat, CP, Ash, NDF, HC, ADF, CEL and Lignin are expressed on a 100% DM basis. TP

expressed on Gallic acid equivalents (ug/mL). Unit of toughness is KI/m”.  Bold values indicate significant differences between food and non-food species.
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