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Studying primates is a privilege. Observing them at close range in the canopy is 

a unique moment in one’s life. Thanks to the Leakey Foundation, I could collect intratree 

data to quantify the effects of social dominance on sugar ingestion rates among four 

primate frugivores coexisting in Kibale National Park (Uganda): the smallest red-tailed 

monkey (females 2.9 kg, males 3.7 kg), the larger cercopithecine blue monkey (females 

4.3 kg, males 7.9 kg), the largest cercopithecoid grey-cheeked mangabey (females 6.0 

kg, males 8.3 kg), and the heaviest in body size chimpanzee (females 33.7 kg, males 

42.7 kg; body weight after Fleagle, 1999). The main question is about how body weight 

and social dominance co-vary with energy intake rates, both within and between the 

species. I suggest using sugar ingestion rates as a proxy to energy consumption, energy 

that shall be diverted mainly to the immune system and reproduction. This report 

presents the first quantitative data that measure the intratree variation in sugar 

production (Tables 1 and 2). 

Primates feed on a large variety of food items, including the leaf young and old, 

bark, gum, soil, insects, meat, seafood, pollen, flower, fruit, and many others (Conklin-

Brittain et al., 1998; Wrangham et al., 1998; Fan et al., 2008; Felton et al., 2008; Irwin, 

2008; Jessica Ganas, 2008). The fruit has a special place in the diet of many primate 

species however because of its exceptional nutritional quality (e.g. Lawes et al., 1990). 

Many primates prefer to feed on the fruit, as opposed to any other food items, when the 

former is available (Remis, 1997; Pazol and Cords, 2005; Wallace, 2006; Felton et al., 

2008). 

Several ecological factors are known to affect the foraging availability of nutrients 

derived from the fruit: pollination rates, forest types, tree species, tree density, 

phenology (seasonal cycle), tree-crown volume (related to DBH), the ontogeny of the 

fruit (development, ripening rate), and variation in feeding site quality (this research 

report: intratree sugar availability). Each of these factors can potentially be affected by a 

series of environmental variables: sunlight availability, water availability, soil quality, 

insect parasitism, diseases, intertree competition, and many others. Foraging availability 

of nutrients also depends on intraspecific competition (inter-groups, within groups) and 
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competition from other animal groups (interspecific depletion by birds, bats, insects, 

rodents, primates and many other taxa, e.g. Kinzey and Norconk, 1990; Loiselle and 

Blake, 1991; Korine et al., 2000; Bollen et al., 2004; Raju and Rao, 2006; Houle et al., 

2006). Finally, one must add that if the ripe fruit provides more nutrients and less toxic 

secondary compounds than the midripe and unripe fruit, regardless of where it was 

sampled within the tree-crown, the ripe fruit is most of the time the rarest fruit in the tree-

crown (unpublished data). When given the choice, wild primate frugivores prefer the ripe 

fruit over the midripe fruit and the latter over the unripe one (three monkey species: 

1999-2000 and chimpanzee: 2004-2005; unpublished data). 

From the point of view of individual foragers therefore, the ripe fruit represents a 

food item that is rare in the tree-crown (low density in most feeding sites), difficult to 

predict (phenology, ripening rates, scramble competition), difficult to find (risk of traveling 

towards a low-quality tree: few or no nutrients gained), associated with a high risk of 

being harassed or attacked if the tree bears food (stress, wounds: contest competition), 

yet the ripe fruit offers among the highest nutritional benefit available in the forest (high 

yields of energy per unit of time). The ripe fruit thus represents nutritionally the most 

desirable food item of the forest for any primate frugivores, and one should expect 

strong competition for its access, both intraspecifically and interspecifically. 

Strategies to access the fruit, especially the ripe one, include 1) to deplete it in 

the absence of other competitors (scramble competition), 2) to passively compete for it 

through spatial monopolization, 3) to actively and aggressively fight for it through 

usurpation, 4) to deplete it during co-feeding sessions more rapidly than high-ranking 

foragers (high foraging efficiency: cf. Brown, 1988; Brown, 1989; Brown et al., 1994), or 

5) to trade it in exchange of other services (sex, political alliance, meat, grooming, 

nesting site, child care, or antipredation vigilance, to name just a few). 

In this research report, I present sugar availability within tree-crowns. I tested 

whether feeding sites within a tree-crown varied in quality:  sugar concentrations per fruit 

(% of dry matter), total sugar per fruit (mg/fruit), sugar density (g/m3). I also used dry 

pulp mass per fruit (g/fruit), fruit density (n/m3), and dry pulp density (g/m3) to quantify 

the variation in feeding site quality. I present in Tables 1 and 2 the results for both 

midripe and ripe fruits (unripe rarely eaten), per vertical layer (upper crown of the tree 

versus lower crown), per tree species (n= 15). 

Tree climbing technique: an update 
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I accessed tree crowns in 1999-2000 via a modified version of Perry’s (1978) 

single rope technique (Houle et al., 2004). During the 2004-2005 field work, I replaced 

the chest ascender with a self-braking belay device (Grigri™) uncoupled by a rescue 

pulley with swinging side plates, and I added a foot ascender to increase pushing 

strength (pictures of this setting are available upon request). This new technique allowed 

me to access the canopy with less energy and with a better maneuverability (horizontal 

movements to collect food items) than the previous method. Most importantly, the new 

technique allowed emergency descents which can be critical in the canopy when 

observing potentially aggressive animals like wild chimpanzees. Arboreal snakes, red 

colobus monkeys, ants, wasps, and bees represented additional risks that supported the 

use of the new climbing method over the previous one. 

Fruit data 

 I divided the tree crown into two vertical zones of equal height: upper crown and 

lower crown, and I considered three ripeness stages based on external skin colors: 

unripe, midripe, and ripe (Houle et al., 2007). Fruits were dried in the field. I measured 

free simple sugars (water-soluble carbohydrates) using the phenol/sulfuric acid 

colorimetric assay of Dubois et al. (1956), as modified by Strickland and Parsons (1972) 

and using sucrose as a standard (Nancy Conklin, pers. comm.). Experiments were done 

in the Laboratory of Nutritional Ecology at Harvard University. 

Only primary production data are included in Tables 1 and 2, i.e., fruit data from 

individual trees that had not been exploited yet by the primates during a fruit cycle. Fruits 

were counted and collected at the very beginning of the fruit cycle before the arrival of 

primate groups. Fruits that were counted and collected after the primates had been 

feeding in the tree have been used for different purposes (coexistence mechanisms: 

Houle et al., 2006). Data in Tables 1 and 2 thus represent the average amount of food 

available in one single tree, per tree layer, at the beginning of a fruit cycle, before 

exploitation by the forager. 

Data in Table 2 represent the range between the minimum amount of edible food 

available in a tree (when primates only fed on midripe pulp because the midripe fruit had 

no time to ripen up to the ripe status) and the maximum amount of edible food available 

(when primates did not eat the midripe pulp, and only fed the fruit when it was fully ripe, 

thus when the fruit was bigger and sweeter), during one fruit cycle. Therefore the four 

columns to the right of Table 2 represent the range of food quantity (pulp density) and 
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nutritional quality (sugar density) available in one single tree, per vertical layer, at the 

beginning of the fruit cycle. 

Sugar availability within a tree-crown 

Statistics and other details are omitted and will be provided in an upcoming 

research article. 

The chimpanzee rejected in its diet the fruit of Diospyros abyssinica and 

Strychnos mitis, even though these species were relatively abundant in the forest with D. 

abyssinica reaching 40.0 trees/ha and S. mitis 7.5 trees/ha (tree density after Chapman 

et al., 1997). I was further surprised to discover that chimpanzees avoided the fruit of 

these two species even though it produced similar amount of sugar per fruit than 

Uvariopsis congensis and Mimusops bagshawei, two highly prized fruit species by the 

chimpanzee (Table 1). Secondary compounds probably explain the inhibition of 

chimpanzees to feed on Diospyros and Strychnos fruits, a foraging advantage to the 

monkey (red-tailed monkey, blue monkey and mangabey). 

Tabernaemontana johnstonii is a fruit that showed a different pattern compared 

to all other fruit species, and it will be treated separately at the end of this section. 

Among all other fruit species exploited by the primate frugivores, the quantity of food 

differed significantly between the two vertical layers of the tree crown, hereafter upper 

crown and lower crown. Upper-crown ripe fruit produced on average 22% more dry pulp 

per fruit than lower-crown ripe fruit (Table 1). Midripe fruit offered 30% more dry pulp per 

fruit in the upper crown as opposed to the lower crown. Similarly, upper-crown feeding 

sites produced on average more than four times the number of fruit per unit of space 

(63.9 fruits/m3) than lower-crown feeding sites (15.1 fruits/m3; Table 2). 

 The energetic quality of food, estimated by the amount of sugar produced by the 

tree, also differed between the upper crown and the lower crown. Sugar concentrations 

(% DM) in upper-crown ripe fruits reached an average of 42.20% per fruit, compared to 

37.22% in lower-crown fruits of the same ripeness category (Table 1). Midripe fruits also 

produced higher concentrations of sugar in upper crowns (32.83% DM) compared to 

lower crowns (30.17%). The amount of sugar per fruit varied as a function of the 

ripeness stage of the fruit and the vertical location where the fruit grew in (upper-crown 

fruits produced more pulp per fruit than lower-crown fruits). Not surprisingly, ripe fruits 

offered more sugar per fruit than midripe fruits in both the upper crown of the tree 

(380.96 mg sugar/ripe fruit compared to 234.16 mg/midripe fruit) and the lower crown of 

the same tree with fruits collected at the same moment (258.26 mg sugar/ripe fruit, 
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149.48 mg sugar/midripe fruit). Upper-crown ripe fruits offered to the primate frugivores 

more sugar per fruit (380.96 mg/fruit) than lower-crown ripe fruits (258.26 mg/fruit). 

Similarly, upper crown midripe fruits offered on average more sugar per fruit (234.16 

mg/fruit) than lower crown midripe fruits (149.48 mg/fruit). These results clearly suggest 

that two identical feeding rates (n fruits ingested per minute) observed in the two vertical 

layers are not equivalent nutritionally. 

In the four columns to the right of Table 2, upper numbers represent the densities 

of dry pulp and sugar if the primates happen to feed only on midripe fruits and cannot 

access ripe fruits (e.g. 9.15 g of sugar/m3 in the upper tree-crown of Clausena anisata), 

while lower numbers represent the densities of dry pulp and sugar if the primates only 

feed on the ripe fruits, and avoid midripe fruits (e.g. 22.98 g of sugar/m3 in the upper 

tree-crown of C. anisata). The first case is possible when the primates cannot find ripe 

fruits because of competition, while the second case is possible when the primates feed 

only on ripe fruits because they are superabundant, like at the beginning of a fruit cycle, 

or because they cannot digest the midripe fruit and avoid it chemically. These four 

columns to the right of Table 2 thus represent the range of food available at the 

beginning of the fruit cycle, per tree species, per canopy layer, as a function of the 

ripeness stage chosen by the frugivore. Not surprisingly, the upper-crown layer 

produced higher average densities of sugar (11.15 g/m3) compared to the lower-crown 

layer (1.51 g/m3). A primate frugivore gains on average more than seven times the 

amount of sugar it can get by foraging in the upper crown 

It is possible that fig species were less profitable to frugivores compared to non-

fig species. Although I was unable to find statistical differences in the quantity and 

quality of food between figs and non-figs (all statistical tests: p> 0.10), I noticed that non-

fig trees showed a numerical advantage over fig trees in all factors but one. On average 

(using the mean of both midripe and ripe fruits), non-fig species produced higher 

concentrations of sugar than fig species (153% more sugar in upper crown compared to 

fig species, 179% in lower crown), higher amount of sugar per fruit (112% in upper 

crown, 127% in lower crown), higher fruit density (71% in upper crown, 83% in lower 

crown), higher dry pulp density (60% in upper crown, 44% in lower crown), and higher 

sugar density (103% in upper crown, 73% in lower crown; Tables 1 and 2). If I had 

included T. johnstonii, these differences would have been more pronounced, including in 

the amount of dry pulp per fruit. My very small sample size of fig species (four species of 

ripe figs, two species of midripe figs) might have prevented me to find a true 

significance. I also tested which one of the two fruits was mostly advantageous: the 
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midripe non-fig or the ripe fig. I found that the two fruits did not statistically differ in the 

amount of dry pulp, sugar concentrations and total amount of sugar per fruit, in either 

canopy layer. 

I found interesting evidence about the foraging value of the midripe fig. In terms 

of pulp and sugar production in a single fruit, the midripe fig represented only 36% the 

production of the ripe fig, while the midripe non-fig was more advanced in its 

development with a ratio of 80% the production of the ripe non-fig. In other words, the 

midripe fig looks externally 50% green and 50% of the ripe color, but nutritionally has 

achieved only about one third of its full development. The midripe non-fig fruit, on the 

contrary, although it looks externally 50% green and 50% of the ripe color, has achieved 

nutritionally over three-quarters of its full development. From the forager’s perspective, 

there is a higher benefit in feeding on a midripe non-fig fruit than a midripe fig, because 

the midripe fig is underdeveloped. I conclude that figs are nutritionally interesting fruits to 

the primates as long as they reach the ripe developmental stage. A lack of both non-fig 

fruits and ripe figs in the forest would represent a very serious drop of energy availability 

to the frugivore (the low quality midripe figs become the only edible fruits available in the 

forest). This might represent the food threshold at which frugivores seasonally switch to 

alternate food items (in Kibale forest: insects in guenons, seeds in mangabeys, 

terrestrial vegetation in chimpanzees). 

Tabernaemontana johnstonii was a special case among all non-fig fruit species. I 

previously demonstrated that this tree species was particularly small (5 to 11 m high), 

produced very few fruits per tree (less than 10), each fruit grew particularly big (6.07 g of 

dry pulp/fruit compared to 0.74 g/fruit for all other non-fig fruit species). Moreover, the 

upper crown and the lower crown of this tree produced the same amount of fruit density, 

pulp biomass and moisture biomass (Houle et al., 2007). In this paper, I report a similar 

pattern regarding sugar availability (Tables 1 and 2). The ripe fruit of T. johnsonii

produced the same concentrations of sugar in upper crowns (60.46% DM) compared to 

the ripe fruit growing in lower crowns (61.25% DM). There was no statistical difference 

either in sugar concentrations of midripe fruits in this species (upper: 41.28% DM, lower: 

42.12% DM). The same pattern repeated regarding the total amount of sugar per fruit 

(upper-crown ripe fruits= 3857.17 mg sugar per fruit, lower crown= 4122.13 mg/fruit; 

upper-crown midripe fruits= 2352.96 mg/fruit, lower crown= 2291.33 mg/fruit). Finally, 

there was no difference in the amount of sugar per unit of volume between the two 

vertical tree-crown layers (upper-crown fruits= 0.23 mg/m3, lower crown= 0.21 mg/m3; 

upper-crown midripe fruits= 0.14 mg/m3, lower crown= 0.11 mg/m3). The only similar 
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pattern found in both T. johnstonii and all other species of non-fig fruits concerned fruit 

development, with the ripe fruit being sweeter and offering more sugar per fruit than the 

midripe fruit (upper-crown midripe fruits= 41.28% of sugar per Dry Matter, ripe= 60.46% 

DM; lower-crown midripe fruits= 42.12% DM, ripe= 61.25% DM; upper-crown midripe 

fruits= 2352.96 mg sugar/fruit, ripe= 3857.17 mg/fruit; lower-crown midripe fruits= 

2291.33 mg/fruit, ripe= 4122.13 mg/fruit). These results suggest that contest competition 

over the fruit of this species concerns the fact that one single Tabernaemontana fruit can 

feed many individuals of the same species, even among the large-bodied chimpanzee, 

especially if the fruit is fully grown and ripe. One shall expect keen competition for the 

ripe fruit of Tabernaemontana. 

Conclusion 

In sum, the upper layers of tree crowns clearly produced feeding sites of higher 

foraging quality compared to the lower layers (dry pulp biomass, fruit density, sugar 

concentrations, and factors derived from these three measured variables: total amount 

of sugar per fruit, dry pulp density and sugar density). My results suggest that foragers 

who are socially dominant (intra- and interspecifically) should keep control on the upper-

crown feeding sites, even when the ripe fruit has been totally depleted in that upper layer 

(exploitation of the midripe fruit provides an average of 80% the nutritional value of the 

ripe fruit, except for figs where the ratio drops to 36%). A complementary hypothesis 

could be that dominant foragers prefer to climb down to exploit the lower-crown ripe fruit, 

but only when the upper-crown density of the midripe fruit had reached a level smaller 

than the lower-crown density of the ripe fruit (intratree higher densities of fruits minimize 

search costs and handling). I also conclude that frugivores gained by choosing the ripe 

fruit over the midripe fruit, especially in figs, because of the low nutritional value of the 

midripe fig. I define the best food item to the frugivore as the non-fig ripe fruit (ideally 

growing up in the upper crown), followed equally by the midripe non-fig and the ripe fig, 

and finally the least valuable item, the midripe fig (worse quality in the lower crown). An 

absence of non-fig fruits in the forest (because of seasonal variation for instance) and a 

depletion of the ripe figs could seriously drop the energy intake of primate frugivores, 

unless the animals find an alternative (insects, seeds, THV, to name a few). 

Tabernaemontana johnstonii was exceptional among non-fig trees in lacking any vertical 

stratification of the fruit and by producing few but large fruits that can feed many 

individuals. A forager who would be able to monopolize or usurp one ripe fruit of this 

species would take control over an important daily meal from the nutritional point of view. 
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Climbing trees to observe the primates in the canopy might disturb them, and a 

word about its ethical consequences is necessary. This is critical if we consider the 

activity nature of the animals in the trees, i.e., feeding. I minimized my impact on the 

foraging of the primates in several ways: 1) I was careful not to move during their 

presence in the canopy, 2) I minimized all forms of noise and movements of gear, 3) I 

did not allow the primates, in particular the curious chimpanzee infants and juveniles to 

“play” with my gear, 4) I did not eat in their presence, neither did I sample any fruits for 

analysis at that time, 5) I installed the climbing rope and I climbed the tree before the 

arrival of any foraging groups, and I left the tree-crown only after the departure of the 

very last forager, 6) I was careful not to touch or being touched by any of the primates, I 

used hand sanitizers regularly, and I did not climb when sick (interspecies transmission), 

and 7) I strictly avoided eye-to-eye contacts with the primates and other animals, which 

could be interpreted as a form of aggression (especially by chimpanzee adult males). 
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Abstract We tested the hypothesis that fruit quantity and quality vary vertically
within trees. We quantified intratree fruit production before exploitation by
frugivores at different heights in 89 trees from 17 species fed on by primates in
Kibale National Park, Uganda. We also conducted a pilot study to determine if the
nutritional value of fruit varied within tree crowns. Depending on the species and
crown size, we divided tree canopies into 2 or 3 vertical layers. In 2-layered trees,
upper crowns produced fruits that were 9.6! 30.1% bigger and 0.52! 140 times the
densities of those from lower crowns, with one exception. Among 2-layered trees,
upper crowns produced a mean of 46.9 fruits/m3 (median 12.1), while lower crowns
produced a mean of 14.1 fruits/m3 (median 2.5). Among 3-layered trees, upper
crowns produced a mean density of 49.9 fruits/m3 (median 12.5), middle crowns a
mean of 16.8 fruits/m3 (median 6.6), and lower crowns a mean of 12.8 fruits/m3

(median 1.8). Dry pulp and moisture were systematically greater per fruit in the
highest compared to the lowest canopy layers (22.4% and 16.4% respectively in 2-
layered trees, 49.7% and 21.8% respectively in 3-layered trees). In 1 tree of
Diospyros abyssinica, a pilot nutritional study showed that upper crown ripe fruit
contained 41.9% more sugar, 8.4% more crude proteins, and 1.8 times less of the

Int J Primatol
DOI 10.1007/s10764-007-9214-9

A. Houle: W. L. Vickery
Groupe de Recherche en !cologie Foresti"re interuniversitaire, D#partement des Sciences Biologiques,
Universit# du Qu#bec $ Montr#al, Succ. Centre-Ville, Montr#al, QC, Canada H3C 3P8

C. A. Chapman
Department of Anthropology & McGill School of Environment, McGill University, Montr#al, QC,
Canada H3A 2T7

C. A. Chapman
Wildlife Conservation Society, 2300 Southern Boulevard, Bronx, NY 10460, USA

Present address:
A. Houle (* )
Peabody Museum, Department of Anthropology, Harvard University, 11 Divinity Ave., Cambridge,
MA 02138, USA
e-mail: houle@fas.harvard.edu



potentially toxic saponin than lower crown ripe fruit, but the result needs to be
verified with more individuals and species of trees. We discuss the consequences of
intratree variations in fruit production with respect to competition among
frugivorous primates.

Keywords contest competition. crop size. fruit density. fruit production. Kibale
National Park, Uganda. monopolization. nutritional ecology. scramble competition.
usurpation. vertical stratification

Introduction

Frugivores respond to variation in fruit abundance and nutritional quality by
changing metabolism and energy balance (Knott1998), ranging behavior (Olupot
et al. 1997; Remis1997), and food selection (Peres1994; Wranghamet al. 1998).
Some female primates, such as chimpanzees (Pan troglodytes), establish social
dominance among themselves (Wittig and Boesch2003), which may provide high-
ranking females access to high-quality fruit sites and translate to higher reproductive
success (Puseyet al.1997). From the individual"s perspective, the problem becomes
locating feeding sites that produce the highest nutritional gains (energy intake rate,
amount of energy gained/minute), at a minimal cost of energy spent to get that energy,
to locate these feeding sites when they are available at low predation risks, and at the
lowest level of scramble and contest competition. Researchers had previously focused
on how primates locate particular trees or patches (Snaith and Chapman2005);
however, selection may also operate on a smaller scale. We measured fruit
production before primates and other frugivores exploited the fruit in 89 tree
crowns from 17 species to compare the quality of foraging zones within trees.

Fruit development depends strongly on photosynthesis and light availability
(Brady1987; Ravenet al.1992; Taiz and Zeiger1998). Variation in light availability
can affect photosynthetic rate, photosynthate production, dry matter allocation, and
various leaf phenotypic traits and physiology including leaf conductance, chloroplast
size, and mean stomatal densities (Lynch and Gonzalez1993; Mehrotraet al. 1998;
Proietti et al. 2000; Ravenet al. 1992; Sellin and Kupper2005; Taiz and Zeiger
1998). Because leaves in the upper part of trees shade those below, one would expect
a vertical stratification of light within the tree. Consequently, upper leaves are
expected to produce more photosynthates than lower, shaded leaves. Zones of the
canopy that receive more sunlight are expected to distribute more photosynthates
locally, from the leaf to the adjacent fruit: local translocation of resources hypothesis
(Lynch and Gonzalez1993; Proiettiet al. 2000; Ravenet al. 1992; Taiz and Zeiger
1998). Thus, zones in a tree that receive more sunlight likely produce more food and
nutritionally better foods for primates than other zones do.

Authors of previous studies have shown a vertical stratification of photosynthates
in plants. Schaeferet al. (2002) found that fruit of various species were most
abundant >16 m, rare at 4! 12 m, and the caloric content of the standing crop differed
among forest strata. They investigated fruit production among trees from species that
differed in adult height; we propose to test variation of fruit production within the
tree. Perica (2001) documented that, within a tree, leaves receiving more light
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contained more nitrogen and therefore likely more proteins than other leaves. High-
quality leaves might be important in determining leaf selection among folivorous
primates, or could contribute to increase the quality of the diet of frugivorous
primates during periods of fruit scarcity.

Measuring intratree variations in fruit production facilitates quantifying the
nutritional benefits of primate social dominance, if it is possible to measure variation
in food quality and its exploitation on a short time scale. We tested if food within
tree crowns is patchily distributed, before frugivores begin to exploit it within a fruit
cycle. Primates respond to food patchiness. Whitten (1983) showed that intraspecific
rank-related differences in the diet of vervets (Cercopithecus aethiops) occurred
when food items were clumped, but not when they were randomly distributed. We
expected a similar pattern within tree crowns and if food items are patchily
distributed, a situation that likely promotes contest competition within trees for
foraging frugivores.

Energy intake may vary with feeding height and social dominance, which may
have an effect on fitness. Among wild Malagasy indris (Indri indri), dominant
females consistently fed higher in fruiting trees than subordinate males did, and they
used aggressive displacements to force males to feed in the lower crown (Pollock
1977), suggesting short-time scale usurpation over high-quality food zones.
Similarly, in Brazil, moustached tamarins (Saguinus mystax) are dominant to, and
fed higher in trees than saddle-back tamarins (S. fuscicollis: Peres1996), in a way
similar to that of red-tailed monkeys (Cercopithecus ascanius) and blue monkeys (C.
mitis) of Uganda (Houleet al. 2006). The fitness consequences are difficult to
quantify; however, savannah yellow baboons (Papio cynocephalus) that feed on
higher quality food during infancy obtain greater reproductive success (Altmann
1998). Interspecific and intraspecific dominance relationships determine feeding
height selection of primate frugivores in Kibale National Park, Uganda (Houle2004;
Houleet al.2006). Thus, we predict that dominant group members and infants from
high-ranking mothers will feed higher in tree crowns, providing them a nutritional
advantage, which will translate into higher fitness (energy allocation sensu Ellison
2003). We assess intratree foraging zone variations in fruit production, and in
accordance with the local translocation of resources hypothesis, we predict that fruit
crop size, fruit density, fruit moisture content, dry pulp per fruit, and nutritional
quality will be higher in tree upper crowns than lower in the tree.

Methods

Study Area

We conducted observations from December 1999 to November 2000 and from June
2004 to July 2005 in Kibale National Park (795 km2), in southwestern Uganda, near
the foothills of the Ruwenzori Mountains (N 0' 7#48$!N 0' 24#36$and E 30' 11#24$!
E 30' 19#12$). Kibale contains moist, evergreen forest (57%), colonizing forest
(20%), grassland (15%), swamp (4%), and open woodland (4%) (Chapman and
Lambert2000). The forest (altitudeca. 1500 m) receives a mean annual rainfall of
1722 mm (1990! 2005) in 2 distinct wet (March! May, September! November) and
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dry seasons. Mean daily minimum temperature is 14.9'C; mean daily maximum
temperature is 20.2'C. (Chapmanet al. 1997, 1999, 2000; Struhsaker1997).

Tree Data

We evaluated variations in fruit density and fruit biomass in 89 individual trees
from 17 species (mean diameter at breast height [DBH], or above buttresses,
99.9 cm, SD 72.4, range 15.7! 244.2 cm; TableI). We accessed tree crowns via a
modified version of Perry"s single rope technique (Houleet al.2004; Laman1995;
Perry1978) 1) to evaluate fruit crop and fruit density from within the canopy, 2) to
collect fruit to quantify moisture and dry pulp mass (n=14,359 fruits), 3) to
increase crown height data accuracy (to estimate crown height and volume, via a
50-m tape, all data rounded to the nearest m), and 4) to collect fruit for a pilot study
of nutritional quality in different canopy zones. Mean tree height is 22 m (SD 11.5,
range 6! 50 m), mean crown height is 11 m (SD 6.1, range 3! 24 m), and crown
volumes (used to quantify fruit density) average 2399 m3 (SD 2381.1, range 28!
6361 m3). We computed crown volume as a sphere, and corrected for crown shape
by multiplying the sphere volume by the ratio of twice the crown height divided by
the sum of 2 crown diameter measures taken at 90' of each other. We also drew
crown shapes on millimetric paper to increase accuracy of volume measurements.

For each tree, we divided the crown into 2 vertical zones of equal height: upper
crown and lower crown (n=82 trees; TableI). After gaining experience it was
possible to divide the crown of some trees into 3 vertical layers (upper, middle,
lower crowns;n=7 trees; TableI). We defined canopy layers in 2-layered trees using
the vertical middle point of the crown. In 3-layered trees, we also determined the
volume of each vertical layer by first dividing the crown height into 3 vertical layers
of equal heights.

We studied 17 tree species (TableI). We chose species because 1) they provided
important food items forCercopithecus ascanius, C. mitis, andLophocebus albigena
in 1999! 2000 (Houle2004) andPan troglodytesin 2002! 2005 (Houle,unpublished;
Kahlenberg2006), and 2) we could collect data in the trees before primates and
other frugivores exploited them. Hence, the data represent fruit production, i.e., the
food available within a tree for the primates, or competitors, during a fruit cycle.

Light, Temperature, and Humidity

It is possible that the putative intratree vertical stratification of fruit varies as a
function of light availability or other factors. Although our objective was not to
evaluate the validity of the local translocation of resources hypothesis, we collected
data on light (200 measures during sunny days in 5 trees, 506 measures during
cloudy days in 5 trees), temperature, and humidity (7 and 6 trees during sunny and
cloudy days, respectively). We gathered light data in 6 trees from 3 species
(Diospyros abyssinica, Ficus exasperata,and Fagaropsis angolensis), and
temperature and humidity in 11 trees from 5 species (Pouteria altissima, Ficus
exasperata, F. sur, Mimusops bagshawei,andPseudospondias microcarpa).

We collected light availability in 1999! 2000 via a LI-COR LI-250 attached to a
LI-190SA quantum sensor. We conducted measurements between 1100 and 1300 h,
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Table I Tree species sampled during two field seasons (1999! 2000 and 2004! 2005) in Kibale National
Park, Uganda

Date Species (family) Sample
size
(n trees)

DBH
(cm)

Tree
height
(m)

Crown
height
(m)

Canopy
volume
(m3)

Trees for which the crown was divided in two canopy layers
Nov. 2004 Clausena anisata 6 15.7 6 3 U 14

(Rutaceae) L 14
Feb.! Mar. 2000 Diospyros abyssinica 7 40 24 8 U 230

(Ebenaceae) L 236
Apr.! Aug. 2000 Ficus exasperata 10 142.8 29 11 U 947

(Moraceae) L 968
Feb. 2000 Ficus natalensis 1 213.3 29 19 U 3,109

(Moraceae) L 3,109
May 2000 Ficus sansibarica

(formerly brachylepis)
1 119.1 26 19 U 1,613

(Moraceae) L 1,613
Aug. 2000 Strychnos mitis 5 40.6 15 8 U 174

(Loganiaceae) L 174
Feb. 2005 Linociera johnsonii 12 29.3 8 5 U 349

(Oleaceae) L 349
Jun. 2004 Pseudospondias microcarpa 3 150.9 30 13 U 2,670

(Anacardiaceae) L 2,670
Jun. 2000! July
2005

Uvariopsis congensis 18 19.9 17 7 U 87

(Annonaceae) L 87
Mar. 2005 Cordia abyssinica 1 202.0 29 10 U 921

(Boraginaceae) L 921
Mar. 2005 Cordia millenii 2 114.6 26 13 U 2,249

(Boraginaceae) L 2,249
Mar. ! Apr. 2005 Tabernaemontanasp.

(likely johnstonii)
16 16.1 9 4 U 43

(Apocynaceae) L 43
Trees for which the crown was divided in 3 canopy layers
Mar. 2005 Ehretia cymosa 1 69.6 17 13 U 63

(Boraginaceae) M 63
L 63

Jan. 2005 Ficus natalensis 1 244.2 21 10 U 501
(Moraceae) M 1,168

L 1,669
Nov. 2004 Ficus sansibarica

(formerly brachylepis)
1 124.7 22 15 U 1,014

(Moraceae) M 1,353
L 1,014

Nov. 2004 Ficus vallis-choudae 1 35.2 8 6 U 99
(Moraceae) M 132

L 99
Aug. 2004 Mimusops bagshawei 1 83.5 33 12 U 442

(Sapotaceae) M 773
L 994

Feb. 2005 Ficus sur(formerly capensis) 1 99.9 24 21 U 1,588
(Moraceae) M 1,588

L 794
Jun. 2005 Pouteria altissima(formerly Aningeria) 1 136.5 50 24 U 1,781

(Sapotaceae) M 2,799
L 1,781

We sorted data first with species for which tree crowns are 2 canopy layered, then those with 3 layers. Fig
names after Berg and Hijman (1989). U = Upper; M = middle; L = lower.
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and averaged over 15 s (the unit took 2 measures/s). The light sensor was attached to
a 2-m pole. Each set of light measurements consisted of 3 readings outside the
canopy (direct sun light hitting the light sensor), 8 horizontal measures at 45'
intervals at the same height as the climber, and 6 vertical measures ranging from 1 m
below to 4 m above the climber"s feet. We collected 3 consecutive sets of light
measurements in the same tree, each 5 min apart. If the condition of the sky changed
while we were taking measurements, we discarded the reading and took another. We
later attributed each light measurement to either the upper crown or the lower crown.

We measured temperature and humidity data in 2004! 2005. We attached an
electronic thermometer and hygrometer to the tip of a 50-m tape line, and measured
temperature (0.1'C of precision) and humidity (nearest 1%) in the middle of each of the
canopy layers. We took the mean after 5 min. For a given tree, we made measurements
in all canopy layers under the same light conditions, either uniformly cloudy or sunny.

Fruit Ripeness and Biomass (Total, Dry Pulp and Moisture)

We defined ripeness stages by skin color change (determined visually), sometimes
hardness (as determined by hand pressing, similar to what primates did), and based
them on primate food selection (Houle2004). One exception concernsFicus
sansibarica,which does not change color as it ripens, or so little to the human eye.
We used this species in crop and density analyses, but could not use it in analyses
requiring biomass data as a function of ripeness. For all other fruit species, we
defined 5 visually continuous ripeness categories via skin color, and we discarded
intermediate categories to get 3 (visually clear) discrete categories.

We measured the mass of fruits (with and without the seed) to the nearest mg for
fruits <10 g, 0.01 g for all other larger fruits, except for the largest fruit of
Tabernaemontanasp. for which we measured the whole fruit to the nearest g. We
measured fruit mass! 3 h after collection in the canopy and determined ripeness
immediately on our return to the field station. We refrigerated the fruits until we
measured their mass to slow down both ripening and evapotranspiration. We
discarded fruit that had changed color while in the refrigerator, as well as those with
signs of damage, e.g., insects, fruit squashed. We dried fruit at 40'C for! 2 d in a
propane-heated oven. We dried pulp and seed separately, in the same numbered tray,
until the dry mass of both items no longer varied on the electronic balance. We
measured moisture by subtracting the dry pulp mass from the fresh pulp mass of
each fruit. It was not possible to get the fresh pulp fromEhretia cymosabecause we
could collect only immature (very small and darkest green), and the fresh pulp was
stuck to the fresh seed. However, once the whole fruit was dried we were able to
remove the dry pulp from the dry seed. We provide data on 8196 fruits collected
before frugivores started to exploit the tree. We treated the remaining 6163 fruits
collected after primates had exploited the tree in a separate paper (Houleet al.2006).

Crop Size, Fruit Density, and Nutritional Analyses

We estimated fruit density (number of fruit/m3) separately for unripe, ripening, and
ripe fruit, and for each canopy layer. There was no horizontal variation in 3
preliminary tests (comparison between 2 zones of the same horizontal layer, in 3
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different layers inFicus natalensis, t-test,p>0.05); thus we assessed only vertical
variation. We calculated fruit counts as the product of 1) the number of fruit of a
given ripeness stage in a small region within a canopy layer and 2) the number of
times a region of similar volume and fruit density was present in the canopy layer, as
estimated visually while in the tree, and based on the mean of 4 counts. We then
divided this product by the volume of the canopy layer to obtain the fruit density. We
counted 1 ripeness category at a time in 1 crown layer to minimize counting errors.
Moreover, we always counted the fruits via binoculars, even when fruit were close to
the observer, because it enhanced the color differences of the skin among the unripe,
ripening, and ripe fruit. Repeated counts of the same sample volume yielded a margin
of error ranging from 3.5% to 5.8% (mean coefficient of variation: 4.8%,n=10).

We conducted a pilot study to determine if the nutritional value of the fruits could also
vary within tree crowns. We collectedca.20 fruits for each canopy layer (upper crown,
lower crown) and ripeness category (unripe, ripening, ripe) in 1 tree ofDiospyros
abyssinica, 1 of Strychnos mitis, and 3 ofUvariopsis congensis. We assessed the
protein (nitrogen) content of fruit using Kjeldahl procedures (Chapman and Chapman
2002; Gallaheret al. 1975; Horowitz 1970). Saponins are surfactants and have a
soaplike foam-forming property in aqueous solutions, hemolyze red blood cells on
contact, irritate the digestive tract, and can serve as a steroid hormone precursor
(Phillips-Conroy1986). We indexed the quantity of saponins in a sample via the froth
test (Fonget al., unpublished) via a 300-s criteria. Finally, we assessed 80% ethanol-
soluble carbohydrates (mono- and oligosaccharides: sugars) per Danishet al. (2006).

Statistical Analyses

We usedt-tests for independent samples to compare fruit biomass among crown
layers when the tree crown was 2 layers and ANOVA for independent samples to
contrast upper, middle, and lower crown layers when the tree crown was 3 layers.
We used nonparametric Wilcoxon tests for paired samples to contrast fruit crop
(number of fruits/layer) and fruit density (number of fruits/m3 per crown layer) in 2-
layered tree crowns, and Friedman tests for paired samples to contrast fruit data in 3-
layered tree crowns. We used nonparametric tests for crop size and fruit density
because variances were heterogeneous, even after transformation. We performed
multiple comparisonspost hocin 3-layered crown analyses. We used comparisons
post hocthat assumed equal variances in fruit biomass contrasts (on log-transformed
data, large sample sizes, the fruit as the unit of analysis) and testspost hocthat did
not assume equal variances after nonparametric tests to contrast crop size and fruit
density (on natural%untransformed% data, small sample sizes, the canopy layer as
the unit of analysis). Many fruit biomass data ranged between 0 and 1, and therefore
we multiplied all by 100 before we made log transformations (Sokal and Rohlf
1995). We also used nonparametric tests to contrast availability of light, temperature,
and humidity in upper and lower crowns.

In fruit biomass analyses, graphs show 95% confidence intervals with the mean
(Figs.1, 2, 3, 4, 5 and6). In other analyses, they show box plots with the median
and interquartile ranges (Figs.7 and8). We omitted outliers to increase box lengths
and ease the visualization of canopy differences. We set our tests as 2-tailed and! at
0.05, and used SPSS 8.0 for statistical procedures (SPSS Inc.1998).
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Results

Intratree Variation in Light, Temperature, and Humidity

The upper crown receives almost twice as much sunlight (65% of incident light
available above the canopy) as the lower crown does (35%). Light availability differs

Fig. 1 Intratree variation in fresh fruit mass (with the seed, g) in primate food trees in Kibale National
Park, Uganda.N is the number of fruits, and fruit species with similar scales are pooled on the same graph.
Species tested but not shown includeMimusops bagshawei(ANOVA, F2, 222=8.06, p<0.001),Ficus
natalensis(ANOVA, F2, 497=15.91,p<0.001), andF. sur (t-test,t166=" 3.65,p<0.001, lower crown fruit
not available).
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between the upper crown and lower crown (Wilcoxon test for paired-samples,Z=
! 2.293,p=0.022, upper crown mean for 5 trees in sunny days and 5 trees in cloudy
days=832.5" mol of photons/s/m2=ca. 46,250 lux, median=675.3" mol/s per m2;
lower crown mean=454.7" mol/s per m2=ca.25,261 lux, median=335.5" mol/s per m2).
Similarly, temperature varies between the crown layers (Z=" 2.313, p=0.021, upper
crown 26.6'C, and lower crown 25.4'C), as does humidity (Z=" 1.94, p=0.05, upper
crown 44.3%, lower crown 49.7%). Overall, the upper crown represents a sunnier,
warmer, and drier microhabitat than that of the lower crown.

Intratree Variation in Fresh Fruit Biomass

Among 2-canopy-layered crowns (n=82), upper crown fruits with seeds are on
average 16.3% bigger than lower crown fruits (range 9.6! 30.1%). There is 1
exception, the subcanopy treeTabernaemontanasp. (mean 8.6 m high, SD 1.55,
range 5! 11 m,n=16), for which fruits are the same size (Fig.1; not all tree species
are represented in this and subsequent figures, but when species are not shown
graphically, their statistics appear in the legend). The same pattern occurs among

Fig. 2 Intratree variation in fresh fruit mass (with the seed, g) per ripeness categories and vertical canopy
layers in primate food trees in Kibale. Species tested but not shown include 2-layered trees:Ficus
exasperata(2-way ANOVA, F2, 421=3.86, p=0.022), Linociera johnsonii(F2, 441=3.01, p=0.050),
Pseudospondias microcarpa(F2, 704=13.19,p<0.001),Srychnos mitis(F2, 797=2.52,p=0.071),Cordia
millenii (F2, 136=0.29, p=0.751), Uvariopsis congensis(F2, 946=0.99, p=0.372) and 3-layered trees:
Pouteria altissima(F4, 248=0.940,p=0.442),F. natalensis(F4, 491=0.56,p=0.690).
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fruit species (n=7) for which tree crowns are 3-vertical-layered, with upper crown
fruits being larger than lower crown fruits, but middle crown fruits vary as to
whether they are larger, smaller, or of the same size as fruits from the other 2 layers.
In 1 case (Pouteria altissima), multiple comparisonspost hocsuggest that fruits
from each canopy layer differ in biomass, with upper fruits being 11.1% larger than
middle fruits, and middle fruits 12.0% larger than lower fruits (Fig.1). In Mimusops

Fig. 3 Intratree variation in dry pulp (g) in primate food trees in Kibale. Species tested but not shown
includeMimusops bagshawei(ANOVA, F2, 220=5.99,p=0.003),Ehretia cymosa(ANOVA, F2, 59=9.95,
p<0.001, green/immature fruit only), andFicus sur(t-test,t166=" 0.598,p=0.551, lower crown fruit not
available).
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bagshawei, middle crown fruits do not differ statistically from upper crown fruits
(2.1% of difference), but are significantly larger than lower crown fruits (3.4%
larger). InFicus natalensis, middle fruits are smaller than upper fruit (6.7%), but the
same size as lower fruits (2.1%). Finally, although we could not collect lower crown
fruits in Ficus surbecause they were still small and immature, middle crown fruits
were larger than upper crown fruit (8.8%).

The difference in fruit biomass between canopy layers increases as fruit ripens in
some species, but not in others. For trees that are split into 2 canopy layers, this is
true for Clausena anisata, Diospyros abyssinica, Ficus exasperata, F. natalensis,
L. johnsonii, Pseudospondias microcarpa, and marginally significant forStrychnos
mitis. However, this is not the case inCordia milleniiandUvariopsis congensis. No
species shows such a pattern in 3-layered trees:Pouteria altissima, Ficus natalensis,
andF. sur (4 species are shown in Fig.2). In Ficus surthe pattern of larger fruit in
the middle canopy holds for each ripeness category (Fig.2).

Intratree Variation in Dry Pulp Biomass and Moisture

Among 2-canopy-layered trees, upper crown fruits produce a mean of 22.4% more
dry pulp per fruit than lower crown fruits (range 9.0! 34.0%), except in
Tabernaemontanasp., for which fruit in different canopy layers had the same

Fig. 4 Intratree variation in dry pulp (g) per ripeness categories and vertical canopy layers (5 more
species tested, allp>0.05) in primate food trees in Kibale.
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amount of dry pulp (Fig.3). Among 3-layered trees, upper crown fruits inPouteria
altissimaproduce 22.2% more dry pulp than middle crown fruits, the latter 22.5%
more than lower crown fruits, and upper fruits 49.7% more than the lowest fruits
(Fig. 3). In Mimusops bagshawei, dry pulp biomass differs among the 3 layers, but
multiple comparison testspost hocsuggest that upper and middle fruits produced the
same amount of dry pulp (1.2% of difference,p>0.623), while middle fruits
significantly produce 7.2% more dry pulp than lower fruits (p=0.006, Fig.3). The

Fig. 5 Intratree variation in moisture (g) in primate food trees in Kibale. Species tested but not shown
includeMimusops bagshawei(t-test, t148=" 1.03, p=0.306) andFicus sur(t-test, t166=" 3.37, p=0.001,
lower crown fruit not available).
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opposite occurs inFicus natalensis, for which upper fruits produce 7.1% more dry
pulp per fruit than that of middle fruits (p<0.002), while middle and lower fruits
produce the same amount of dry pulp (2.3% of difference). InFicus sur, although
the biomass of the whole fruit is significantly larger in the middle crown versus the
upper crown, there is no statistical difference in the amount of dry pulp produced by
the 2 layers (2.1%, Fig.3). Finally, in Ehretia cymosa, for which we could collect
only small green immature fruit, upper immature fruits produce 22.8% more dry
pulp per fruit than that of middle immature fruits (p<0.002), while middle and lower
fruits produce the same amount of dry pulp (4.8% of difference). There is no
interaction between the canopy layers and ripeness categories for dry pulp biomass
(Fig. 4, 2-way ANOVA, 9 fruit species tested, allp>0.05); thus, differences in dry
pulp do not change as fruit ripens.

Among 2-canopy-layered trees, upper crown fruits contain an average of 16.4%
more moisture per fruit than that of lower crown fruit (range 5.7! 30.5%), except in
Tabernaemontanasp., for which fruit contain the same amount of moisture (3.1%,
Fig. 5). Among 3-layered trees, multiple comparisonspost hocsuggest that upper
crown fruits inPouteria altissimacontain 7.4% more moisture than middle crown
fruits, the latter 12.8% more than lower crown fruits, and upper fruits 21.8% more
than the lowest fruits (Fig.5). In Mimusops bagshawei, upper and lower crown fruits
contained the same amount of moisture (2.3% of difference; we lost middle crown

Fig. 6 Intratree variation in moisture (g) per ripeness categories and vertical canopy layers (5 more
species tested, allp>0.05) in primate food trees in Kibale.
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Fig. 7 Intratree variation in crop size (n fruits) in primate food trees in Kibale.N is the number of trees,
and tree species with similar scales are pooled on the same graph. Additional statistics: all 2-layered tree
species with a sample size <5 trees are pooled (shown here: 4 trees ofPseudospondias microcarpa, 2
Cordia millenii, 2 Ficus natalensis, 1 F. sansibarica, 1 C. abyssinica): t-test for paired samples,t9=2.32,
p=0.046. All 3-layered trees with a sample size <5 trees are pooled (not shown: 1 tree each ofPouteria
altissima, Mimusops bagshawei, Ficus exasperata, F. sansibarica, F. vallis-choudae): Friedman,X2=10.0,
p=0.007. If crop size data are presented here per canopy layer, layers of the same tree crown did not
necessarily have the same volume because the crown was divided into vertical zones of equal height and
tree crowns had occasionally irregular shapes.
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data). InFicus natalensis, upper crown fruits contained 8.6% more moisture per fruit
than middle crown fruits (p<0.003), while middle and lower fruits contained the
same amount of moisture (1.8% of difference,p>0.299). InFicus sur, the biomass
of the whole fruit (fresh with the seed) is larger in the middle crown versus the upper
crown (statistics in Fig.1 legend), but both upper and middle layers produce the
same amount of dry pulp (statistics in Fig.3 legend), which could partly be

Fig. 8 Intratree variation in fruit density (n fruits/m3) in primate food trees in Kibale. Additional statistics:
all 2-layered tree species with a sample size <5 trees pooled (4 trees ofPseudospondias microcarpa, 2
Cordia millenii, 2 Ficus natalensis, 1 F. sansibarica, 1 C. abyssinica): t-test for paired samples,t9=2.46,
p=0.036. All 3-layered trees pooled (not shown: 1 tree each ofPouteria altissima, Mimusops bagshawei,
Ficus exasperata, F. sansibarica, F. vallis-choudae): Friedman,X2=10.0,p=0.007.
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explained by the fact that middle crown fruits contained more moisture than that of
upper crown fruits (8.7%, statistics in Fig.5 legend).

There is no interaction between the canopy layers and ripeness categories for
moisture (2-way ANOVA, 9 fruit species tested, allp>0.05; 4 species in Fig.6).
Differences in moisture content do not change as fruit ripens. Thus the increasing
difference in fresh mass between canopies as fruit ripens is not due to increased
moisture or dry pulp. We surmise that it must be due to differential seed growth.

Intratree Variation in Crop Size, Fruit Density, and Nutrients

Crop size and fruit density are greater in higher crown layers than in lower ones, in
both 2-layered trees and 3-layered trees (Figs.7 and8), except inTabernaemontana
sp., for which both crop size and fruit density do not vary vertically within trees.
Crop size per species range from 0.52 to 130 times more in upper than lower crowns.
It is important to recall that canopy layers of the same tree crown do not necessarily
have the same volume because the crown is divided into vertical zones of equal
height.

Mean fruit densities per species are 0.52! 140 times larger in upper than lower
crowns (range zero to 262 fruits/m3). Among 2-layered trees, upper crown fruit
density has a mean of 46.9 fruits/m3 (median 12.1) and lower crown fruit density has
a mean of 14.1 fruits/m3 (median 2.5). Among 3-layered trees, upper crown fruit
density has a mean of 49.9 fruits/m3 (median 12.5), middle crown has a mean
density of 16.8 fruits/m3 (median 6.6), and lower crown has a mean of 12.8 fruits/m3

(median 1.8).
Our pilot study on nutrient variation within a tree crown reveals that upper crown

ripe fruit contained a mean of 19.8% more sugars (Strychnos mitis0.4%,Uvariopsis
congensis17.2%, Diospyros abyssinica41.9%) than that of lower crown fruit.
Moreover, upper crown fruits ofDiospyros abyssinicaproduced 8.4% more crude
proteins and 63.6% less saponin than those of lower crown fruits (TableII). Our
sample size is not large enough for statistical testing; however, it suggests that upper
crowns might produce not only more food but also possibly higher nutritional
quality food than lower crowns.

Table II Intratree nutritional variation in proteins, saponin, and sugar in one tree ofDiospyros abyssinica
(April 8, 2000) in Kibale National Park, Uganda

Ripeness Canopy layer Sugar (% DM) Proteins (% DM) Saponin (300 s)

Ripe: red Upper 32.01 5.27 4
Ripe: red Lower 22.56 4.86 11
Ripening: orange Upper 33.25 5.81 6
Ripening: orange Lower 23.50 6.06 15
Ripening: yellow Upper 16.29 6.73 6
Ripening: yellow Lower 11.54 7.14 15
Unripe: green Upper 6.44
Unripe: green Lower 3.85

DM = dry matter. Sample size =ca. 20 fruits per ripeness category and canopy layer (total =ca. 160
fruits).
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Discussion

The upper crown represents a sunnier, warmer, and drier microhabitat than the lower
crown. Upper crowns produce fruit that are bigger, more abundant, and in higher
densities than those in lower crowns. Moreover, upper crown fruits possibly contain
more sugars, more crude proteins, and less potentially toxic saponin than in lower
crown fruits, but nutritional differences need to be verified with more individuals
and species of trees. Our results are coherent and consistent with 2 exceptions,
Tabernaemontanasp. andFicus sur. We have no quantitative datum on fruit density
of Ficus sur, but visual estimations support the statement that more fruit are
produced in the middle of the crown (n=2 trees). However, it is less clear whether
the upper crown or the lower crown produces more fruit. In any case,Ficus sur
displays a vertical stratification of fruit production like most other species, except
that the middle layer is a better feeding site. InTabernaemontanasp. (n=16 trees),
there is equality in biomass, crop size, and fruit densities among the canopy layers,
possibly because it is one of the smallest understory species (<9 m high) with a very
small crown height (4 m). From the behavioral ecological perspective, fruits of
Tabernaemontanasp. are rare (<5 per tree) but large (! 10 cm in diameter) and offer
the highest amount of dry pulp per fruit (mean 6.5 g; median 6.8 g; range 2.2!
11.8 g).

Our discovery has implications for studies of contest competition among
primates. All 17 species of fruit trees tested in Kibale produce feeding sites that
can be monopolized or usurped or both: 15 species in which the upper crown
produces more food than elsewhere in the tree, 1 species (Ficus sur) in which the
middle crown produces more food than elsewhere in the tree, and 1 species
(Tabernaemontanasp.) that shows no stratification but produces rare big fruits that
do not ripen all at the same time. Feeding sites in it can be usurped but not
monopolized (spatial occupationsensuIsbell and Young2002). A similar case could
be the rare big fruits ofMonodora myristica, also exploited by monkeys and
chimpanzees.

Vertical stratification of fruit quality and quantity within trees may affect the
behavior of primates that exploit them. Goodall (1986) stated that in large fruiting
trees dominant individuals occupy the best feeding sites, though she did not define a
best feeding site. We suggest that frugivores find the best feeding sites in the upper
canopy and that individuals distribute themselves within trees according to
dominance order. Further, dominant individuals may acquire more nutrients at
lower costs because they occupy and ursup higher quality feeding sites, which
potentially affects their health and fitness.

Vogel (2005) showed that dominant white-faced capuchins (Cebus capucinus)
have higher energy intake rate relative to subordinate members, probably because
dominant capuchins monopolized trees that produced food with higher energy
content. We suggest that such interactions can occur within a tree, in a predictable
manner (seasonal intertree variation in fruit production are very difficult to predict),
such that high-ranking individuals use the best feeding sites to their advantage. This
could explain the higher reproductive success among dominant Gombe chimpanzee
females (Puseyet al. 1997). Assuming the high-ranking chimpanzee females fed in
and monopolized the highest (higher quality) canopy strata, they gained more

Intratree Fruit Production Variation



energy, which possibly helped them to achieve greater reproductive success.
Preliminary analyses showed that high-ranking chimpanzee males and females in
Kibale feed higher in fruit trees than low-ranking males do (Kahlenberg2006), a
result similar to ours among 3 frugivorous monkey species in the same forest (Houle
2004). Although the species varied greatly in body mass, they could access all fruit
in the tree even on slender terminal branches. When necessary primates folded
branches toward themselves or broke them to obtain fruit (Houleet al. 2006).

The quality of leaves may also be vertically stratified within a tree. Lynch and
Gonzalez (1993) showed that inBorojoa patinoi, nitrogen biomass per unit leaf area
(nitrogen levels correlate with protein content) and volumetric nutrient allocation both
correlate with incident photosynthetically active radiation. Perica (2001) found that
leaves from the sunnier side of olive trees (Olea europaea) contain 12% more nitrogen
(thus proteins) than leaves growing on the shadowed side. If the discoveries apply
generally, primates feeding on leaves might also experience intratree variation in food
density and nutritional quality that could trigger competition. However, in a study
comparing canopy versus understory leaves, Dominyet al.(2003) showed that canopy
leaves were tougher and featured greater quantities of protein, phenolics, and tannins
than those in the understory. This is in contrast with our findings on fruit that
suggested more nutritious and less toxic food in the upper canopy. However, the study
of Dominyet al. (2003) is different from ours because they compared the canopy and
understory leaves from different trees of the same species, which could greatly affect
their results because leaves from different trees of the same forest differ greatly in their
nutritional values (Chapmanet al. 2003). Further, the difference might be expected
because fruits are being produced to be attractive to seed dispersers, but plants are
attempting to prevent leaves from being consumed by folivores, and the leaves in the
upper canopy that are the most photosynthetically active may be the most valuable
leaves, thus warranting the best protection. Preliminary analyses (unpublished) have
shown that seed from fruits that grew in the upper canopy were heavier; this could
affect seed and seedling survival after seed dispersal.

We propose that vertical variations in food production will mean that the upper
canopy is a more profitable zone than the lower canopy for foragers (and more
predictable to human observers). The stratification of the fruit and the leaf in tree
crowns provides an opportunity for dominant species and group members to
monopolize and usurp the best feeding sites, which could affect their intragroup
social relationships (cf. Isbell and Young2002; Stercket al.1997; van Schaik1989;
Wrangham1980). The variation within tree crowns and the response that it evokes in
primates can contribute to understanding better the mechanisms of coexistence
among species with similar diets (Houleet al. 2006) and intraspecific relationships
(Houle 2004; Kahlenberg2006).

Our discovery also triggers new questions about predation risks, e.g., how does a
primate trade between the quality of a food zone like the upper crown and predation
rates from birds of prey? How do predation risks perceived by the forager vary as a
function of food zone quality? The framework of Brown and colleagues (Brown
1988, 1992; Brown et al. 1992, 1994; Kotler et al. 1991, 1993; Olssonet al. 2002)
applied to primates will contribute to answer these questions.

The vertical stratification of food items alters the potential for scramble, contest,
and passive competition (in cases subordinates defer without resistance to dominants
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in feeding contexts). In passive competition, it may provide a novel tool to evaluate
dominance hierarchies in species in which aggression is rare, i.e., the same
individuals systematically monopolize the best intratree feeding sites without
apparent agonistic interactions. Examples might be muriquis (Brachyteles arach-
noides; Strieret al. 1999, 2002), bonobos (Pan paniscus; Furuichi and Ihobe1994;
Ihobe 1992; Stevenset al. 2005), eastern chimpanzee females (Kahlenberg2006;
pers. obs.: AH), and many folivores (Sajet al. 2007; Struhsaker1975) in which
cases agonistic relationships are relatively rare. Finally, intratree variation in food
production could be used in ecological studies to evaluate the effect of food
competition on social relationships at times when preferred food is rare, e.g., among
folivores feeding on fruit during leaf scarcity, or frugivores feeding on leaves during
fruit scarcity (dominance regimes of folivores and frugivores compared: Sterck and
Steenbeek1997).
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SISXP 4I 9I?5X PF=,C KB+2A KBAABJ8I ?00 K**.,CE 8*88,BC8I ,C
BC* +B==@C,<HR =2CE2>*H8I ^^ 4 BK KB+2A B>8*3-2<,BCI
PIP0D PF=,C KB+2A KBAABJ8I PP0 K**.,CE 8*88,BC8I ,C BC*
8B+,2A E3B@;QM &A<4B@E4 <4* 82=;A* 8,L* KB3 =2CE2>*H8 J28
8=2AAI ,< J28 8@KK,+,*C<AH A23E* <B .*<*3=,C* 2 +A*23
,C<*38;*+,K,+ .B=,C2C+* 4,*323+4H 2C. ;3B-,.*. *CB@E4
-2A@*8 KB3 8<2<,8<,+2A <*8<,CE ,C 8B=* <3** 8;*+,*8M \3B=
!+<B>*3 P000 <B %B-*=>*3 5666I >A@* 2C. 3*.F<2,A*.
=BCN*H8 J*3* B>8*3-*. 2A<*3C2<*AH *-*3H X .2H8I J4,A*
K3B= h@C* 566X <B h@C* 5669I <4* +4,=;2CL** J28 KBAABJ*.
2A=B8< *-*3H .2HR ,C >B<4 +28*8I B>8*3-2<,BC8 J*3*
+BAA*+<*. K3B= D/66&M1M<B ?/S6(M1MM \B+2A 2C,=2A8 J*3*
+4B8*C 32C.B=AHI 2A<*3C2<,CE >*<J**C ,C.,-,.@2A8 BK .,KK*3F
*C< 2E*±8*Z +A288*8R 84B@A. <4* 2C,=2A .,82;;*23 >*4,C.
-*E*<2<,BC B3 B<4*3J,8*I <4* B>8*3-2<,BC J28 +2C+*A*. 2C.
2CB<4*3 BC* <2N*CR 84B@A. 2 +BCKA,+< 23,8* 2=BCE 2CH -,8,>A*
,C.,-,.@2A8 J4,A* B>8*3-,CE KB32E,CE >*42-,B38I <4* A2<<*3
B>8*3-2<,BC J28 +2C+*A*. 2C. J* KB+@8*. B@3 2<<*C<,BC <B
<4* +BCKA,+<I E,-*C <4* 8+23+,<H BK 2EE3*88,-* ,C<*32+<,BC8M

$3B@;8 BK ;3,=2<*8 J*3* =BC,<B3*. J,<4 AB+2A *Z;*3,F
*C+*. K,*A. 288,8<2C<8M W* 82J CB *-,.*C+* BK B>8*3-*3
*KK*+<8 BC =BCN*H B3 +4,=;2CL** >*42-,B3I ,C+A@.,CE
.@3,CE <4* ;3*8*C+* BK 2 4@=2C B>8*3-*3 ,C <4* +2CB;H
OCB ;4H8,+2A +BC<2+< J,<4 <4* 2C,=2A8QM &AA =BCN*H8 J*3*
+A288,K,*. >H 2E*±8*Z +A288*8 O&1I &\I :&1I :&\I hVGI
2C. #%\QI J4,A* +4,=;2CL**8 J*3* ,C.,-,.@2AAH ,.*C<,K,*.M
$3B@; 8,L* KB3 3*.F<2,A*. =BCN*H 8B+,2A E3B@;8 -23,*. K3B=
SPI X5I 9X <B D0 ,C.,-,.@2A8I ,C J4,+4 5I PI SI 2C. 9I
3*8;*+<,-*AHI J*3* 2.@A< =2A*8I 2C. PSI 56I 59I 2C. 5^ J*3*
2.@A< K*=2A*8M $3B@; 8,L* KB3 >A@* =BCN*H 8B+,2A E3B@;8

-23,*. K3B= PDI P^ <B 59 ,C.,-,.@2A8I ,C J4,+4 BCAH BC*
2.@A< =2A* A*. *2+4 E3B@;I 2C. ?I DI 2C. PSI 3*8;*+<,-*AHI
J*3* 2.@A< K*=2A*8M T4* BCAH KBAABJ*. E32HF+4**N*.
=2CE2>*H 8B+,2A E3B@; +BC<2,C*. P9 ,C.,-,.@2A8I K3B=
J4,+4 <43** 2.@A< =2A*8 2C. 8,Z 2.@A< K*=2A*8 +B@A. >*
3*+BEC,L*.M \,C2AAHI <4* BCAH +B==@C,<H BK +4,=;2CL** ,C
U2CH2J232 J28 +B=;B8*. BK X? ,C.,-,.@2A8I ,C+A@.,CE <*C
2.@A< =2A*8 2C. PS 2.@A< K*=2A*8M \3B= h@C* 566X <B h@C*
5669I *,E4< +4,=;2CL** K*=2A*8 E2-* >,3<4 2C. BC* K*=2A*
J28 +233H,CE 2 C*J>B3C 2< <4* BC8*< BK B@3 B>8*3-2<,BC8M

W* 8<2C.23.,L*. <4* K**.,CE 4*,E4< >H .,-,.,CE <4* 4*,E4<
BK <4* KB+2A 2C,=2A 2>B-* <4* +3BJC >28* >H <4* +3BJC 4*,E4<
O-2A@*8 32CE*. K3B= 6 <B PQM c*+2@8* <4* K**.,CE 4*,E4< ,8 2
+3,<,+2A =*28@3* ,C <4* ;3*8*C< 8<@.H 2C. >*+2@8* .2<2
+BAA*+<,BC ,C-BA-*. KB@3 .,KK*3*C< B>8*3-*38 O&` 2C. <43**
K,*A. 288,8<2C<8QI <4* <3**8 J*3* +A,=>*. <B <4* @;;*3=B8<
LBC*8 BK <4* +3BJC8 2C. <4*,3 4*,E4< =*28@3*. <B <4* C*23*8<
=*<*3M Y3BJC 4*,E4< J28 .*K,C*. 28 <4* -*3<,+2A A*CE<4
>*<J**C <4* <B; BK <4* <3** +3BJC 2C. ,<8 >28* <4@8 *Z+A@.*.
<4* <3@CNM \A2E <2;*8 J*3* 2<<2+4*. <B 8<32<*E,+ >32C+4*8 <B
,C+3*28* 2++@32+H 2C. ,C<*3FB>8*3-*3 3*A,2>,A,<H ,C <4* =*28@3*
BK <4* 2C,=2A'8 K**.,CE 4*,E4<M \**.,CE >*C*K,<8 J*3* .*K,C*.
,C <JB J2H8/ OPQ K**.,CE 32<* OC@=>*3 BK K3@,< ;@< ,C <4* =B@<4
;*3 =,C@<*Q 2C. O5Q ;@A; ,CE*8<,BC 32<* OE32= BK .3H ;@A;
,CE*8<*. ;*3 =,C@<*QM \**.,CE +B8<8 ,C 2 <3** +3BJC J*3*
.*K,C*. 28 <4* .,8<2C+* O<B <4* C*23*8< =*<*3Q =B-*. >*<J**C
<JB K3@,< ,CE*8<*. 8*[@*C<,2AAHM

& K**.,CE 3*+B3. J28 =*28@3*. .@3,CE 2 PF=,C KB+2A
KBAABJ B3 .@3,CE 2 9F=,C 8+2C 2C. J28 @8*. <B B><2,C <4*
2-*32E* K**.,CE 3*+B3.M c*42-,B3 .2<2 J*3* 2C2AHL*. ;*3 <3**
8;*+,*8 <B +BC<3BA KB3 -23,2<,BC ,C K3@,< 8,L* 2C. ;@A;
2-2,A2>,A,<H O+KM 42C.A,CE 2C. ;3B+*88,CE <,=*8QM T3** 8;*+,*8
23* A,8<*. ,C <4* K,E@3*8 2C. <2>A*8M :;*+,*8 J*3* +4B8*C
>*+2@8* <4*H J*3* ,=;B3<2C< KBB. 8B@3+*8 2C. >*+2@8* J*
+B@A. +BAA*+< K3@,< 2C. =*28@3* K3@,< .*C8,<Hbefore;3,=2<*8 B3
B<4*3 K3@E,-B3*8 *Z;AB,<*. <4*=M c*+2@8* ;@A; >,B=288 ;*3
K3@,< -23,*8 -*3<,+2AAH 2+3B88 3,;*C,CE +2<*EB3,*8 J,<4,C <3**
+3BJC8 O`B@A* *< 2AM566?QI 8*=,F3,;* 2C. 3,;* K3@,< ,CE*8<,BC
32<*8 J*3* ;2,3*. <B <4* 2C,=2A'8 8<2C.23.,L*. K**.,CE 4*,E4<
J4*C *8<,=2<,CE ;@A; ,CE*8<,BC 32<*8M

TB *8<,=2<* K3@,< .*C8,<H 2C. ;@A; =288 ;*3 +3BJC A2H*3I
J* +BAA*+<*. K3@,< K3B= <4* +2CB;H BK 9D <3**8 K3B= P5
8;*+,*8 2C. +A288,K,*. <4*= >H 3,;*C*88 +2<*EB3H O@C3,;*I
P66m BK 8N,C J28 E3**CR 8*=,F3,;*I >*<J**C 59m 2C. ?9m
BK 8N,C 84BJ*. <4* 3,;* +BAB3R 3,;*I 09±P66m BK 8N,C
84BJ*. <4* 3,;* +BAB3R K3@,< 84BJ,CE ,C<*3=*.,2<* +BAB3
;2<<*3C8 J*3* .,8+23.*.QM W* =*28@3*. <4*,3 =288 J,<4,C
S 4B@38 BK +BAA*+<,BC 2C. K3@,<8 J*3* N*;< ,C 2 3*K3,E*32<B3
J4,A* >*,CE ;3B+*88*. <B =,C,=,L* *-2;B32<,BCM

1B8< 82=;A*. <3**8 OnlXD <3**8 K3B= C,C* 8;*+,*8Q J*3*
.,-,.*. ,C<B <JB -*3<,+2A A2H*38 BK *[@2A 4*,E4< O\,EMP2R J*
.,. CB< +B=;23* <4* B@<*3=B8< -*38@8 <4* ,CC*3=B8< LBC*8
BK <4* +3BJCQM T4* @;;*3 42AK BK <4* +3BJC ,8 3*K*33*. <B 28

Table 1 :B+,2A .B=,C2C+* =2<3,Z BK KB@3 8;*+,*8 BK ;3,=2<*
K3@E,-B3*8 ,C U,>2A* %2<,BC2A (23NI VE2C.2 O!+< P000±%B- 5666Q

"*+,;,*C< O;3,=2<* K3@E,-B3*8Q

Y` 1$ c' "T TB<2A

&+<B3

Y4,=;2CL** OY`Q X76 976 ?76 PD76

12CE2>*H O1$Q 67S 9?7P5 ?676 P5?7P9

cA@* =BCN*H Oc'Q 67^ P579D SD97P^ S??7^5

"*.F<2,A*. =BCN*H
O"TQ

670 67?6 567SDD 567XX9

TB<2A 6756 PD7P5D ^57S?^ XX57P^ 9X679X5

&EE3*88,BC >H <4* 2+<B3/ A*K< BK 8A284R 8@>=,88,BC >H <4* 2+<B3/ 3,E4< BK
8A284M #C <4* <2>A*Ix7y 3*;3*8*C<8 <4* >*42-,B3 BK <4* 2+<B3 O2EE3*88,BC7
8@>=,88,BCQ -*38@8 2 E,-*C 3*+,;,*C<M \B3 ,C8<2C+*I >A@* =BCN*H8
.,3*+<*. SD9 2EE3*88,BC8 2C. P^ 8@>=,88,BC8 <BJ23.8 3*.F<2,A*.
=BCN*H8I J4,A* <4* A2<<*3 .,3*+<*. 56 2EE3*88,BC8 2C. SDD 8@>=,88,BC8
<BJ23.8 <4* KB3=*3M cA@* 2C. 3*.F<2,A*. =BCN*H .2<2 J*3* .*3,-*.
K3B= 5IX?0 KB+2A B>8*3-2<,BC 4B@38I J4,A* 2AA B<4*3 .2<2 +2=* K3B= 2.
A,>,<@= 82=;A,CE =*<4B. O5D5 4 BK ;3,=2<* B>8*3-2<,BC .2<2 B-*3
PS^P 4 BK <3** J2<+4,CEQM %B ,C<*38;*+,K,+ 2EE3*88,BC8 J*3* B>8*3-*.
>*<J**C h@C* 566X 2C. h@C* 5669 J4,A* J* KB+2A KBAABJ*. <4*
+4,=;2CL**M

c*42- )+BA :B+,B>,BA O56P6Q DX/X50±XXP XSP
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ª@;;*3 +3BJCº 2C. <4* ABJ*3 42AK 28ªABJ*3 +3BJCMº &K<*3 J*
E2,C*. =B3* *Z;*3,*C+* 2< +A,=>,CE <4* <3**8I J* *-2A@2<*.
<4* -*3<,+2A 8<32<,K,+2<,BC BK <4* K3@,< ,C 8B=* 2..,<,BC2A <3**8I
=B8< BK <4*= *=*3E*C< OnlP6 <3**8 K3B= 8,Z 8;*+,*8R 32CE*I
^±96 =QM c*+2@8* <3** +3BJC8 BK <4*8* *=*3E*C< <3**8 J*3*
4,E4 O32CE*I D±5X =QI J* .*+,.*. <B .,-,.* <4*8* +3BJC8
,C<B <43** -*3<,+2A A2H*38 BK *[@2A 4*,E4<I J,<4 <4* B>j*+<,-*
<B *-2A@2<* <4* 3*A2<,-* [@2A,<H BK <4* =,..A* +3BJC K**.,CE
8,<* O\,EMP>QM T4*8* *=*3E*C< <3**8 J*3* +4B8*C BC <4*
>28,8 <42< <4*H ;3B.@+*. 2 ;23<,+@A23AH A23E* K3@,< +3B; 2C.
<42< 2< A*28< BC* ;3,=2<* 8;*+,*8 K*. ,C <4* <3**M &AA K3@,<
+B@C<8 J*3* B><2,C*. <43B@E4B@< <4* K3@,<,CE +H+A*M

\3@,< .*C8,<,*8 J*3* +2A+@A2<*. KB3 *2+4 +2CB;H A2H*3 28 <4*
;3B.@+< BK OPQ <4* C@=>*3 BK K3@,< BK 2 E,-*C 3,;*C*88 8<2E* ,C
2 ;3*.*<*3=,C*. -BA@=* OBC 2-*32E* P7X6<4 BK <4* A2H*3Q 2C.
O5Q <4* C@=>*3 BK ;3*.*<*3=,C*. -BA@=*8 BK <4,8 8,L* <42<
K,AA*. <4* +2CB;H A2H*3I 28 .*<*3=,C*. -,8@2AAH J4,A* ,C <4*
<3** 2C. >28*. BC <4* =*2C BK KB@3 +B@C<8M T4* ;3*.*<*3=,C*.
-BA@=* J28 .*K,C*. 8B 28 <B +BC<2,C >*<J**C 966 2C. PI666
K3@,<8M &>B-* <42< 32CE*I +B@C<,CE >*+2=* .,KK,+@A< .@* <B *H*
K2<,E@* 2C. +BCK@8,BC 28 <B J4,+4 ,C.,-,.@2A K3@,< 42. >**C
+B@C<*. B3 CB<M c*ABJ <42< 32CE*I J* KB@C. 2C ,C+3*28*.
;3B>2>,A,<H <42< <4* ;3*.*<*3=,C*. -BA@=* J28 CB< 3*;3*8*CF
<2<,-* BK <4* +2CB;H A2H*3M "*;*2<*. +B@C<8 ,C LBC*8
+BC<2,C,CE >*<J**C 966 2C. PI666 K3@,<8 H,*A.*. <4* 8=2AA*8<
=23E,C BK *33B3I ,M*MI XM^m OnlP6 <3**8R `B@A* *< 2AM566?QM

W* @8*. ;2,3*. t <*8<8 BC ABEF<32C8KB3=*. .2<2 <B
+B=;23* .3H ;@A; .*C8,<H -23,2<,BC ,C <JBFA2H*3*. <3**8
2C. &%!G& KB3 3*;*2<*. =*28@3*8 2A8B BC ABEF<32C8KB3=*.
.2<2 ,C <43**FA2H*3*. <3**8I J,<4 <4* <3** >*,CE <4* @C,< <42<
3*;*2<8M #C >B<4 +28*8I 82=;A* 8,L*8 3*;3*8*C< <4* C@=>*3 BK
,C.,-,.@2A <3**8M W* @8*. 12<12Cp <B [@2C<,KH <4* 8<3*CE<4
BK .B=,C2C+* 4,*323+4,*8 2=BCE <4* 8;*+,*8 OT2>A*PQM TB
=,C,=,L* ;8*@.B3*;A,+2<,BC BK KB32E,CE .2<2I J* 2-*32E*.
K**.,CE 3*+B3.8 BK KB+2A 8;*+,*8 ;*3 K**.,CE 8*88,BC ;*3 <3**
8;*+,*8I 2C. J* 2;;A,*. 8<2<,8<,+8 <B <4*8* 8*88,BC8 O2-*32E*
K**.,CE 8*88,BC8 ;*3 <3** 8;*+,*8I P9^R =*.,2CI DSR 32CE*I
P6±D05QM `BJ*-*3I 8,=,A23 3*8@A<8 J*3* B><2,C*. J,<4 .2<2
2C2AHL*. ;*3 ,C.,-,.@2A <3**M W* *Z*+@<*. 8<2<,8<,+8 ;*3 <3**
8;*+,*8 <B +BC<3BA KB3 -23,2<,BC ,C 42C.A,CE 2C. ;3B+*88,CE
<,=*8M W* 2;;A,*. BC*F82=;A*t <*8<8 <B .*<*3=,C* ,K 8;*+,*8
K*. 4,E4*3 <42C 2C *Z;*+<*. 8<2C.23.,L*. K**.,CE 4*,E4< BK
6M9M W* @8*. =@A<,;A* CBCF;232=*<3,+ 12CC±W4,<C*H <*8<8
<B +BC<328< ,C<*38;*+,K,+ KB32E,CE .2<2 OT2>A*SQ >*+2@8*
=2CH 82=;A*8 J*3* CB< CB3=2AAH .,8<3,>@<*. 2C. -23,2C+*8
.,KK*3*. >*<J**C 82=;A*8I *-*C 2K<*3 <32C8KB3=2<,BC8M W*
2;;A,*. 2 G <*8< KB3 ,C.*;*C.*C< 82=;A*8 <B =*28@3* <4*
,C<*32+<,BC >*<J**C ,C<*38;*+,K,+ +BFK**.,CE 8<2<@8 O+BF
K**.,CE J,<4 .B=,C2C<8 -*38@8 8@>B3.,C2<*8Q 2C. J4*<4*3
<4* KB+2A 8;*+,*8 KB32E,CE >*42-,B38 J*3* 2KK*+<*. OT2>A*SQM
W* 2..*. 2 -2A@* BK P <B 2AA +*AA8 <B 2-B,. 2ªL*3B +*AAº
J4*C @8,CE cBCK*33BC, +B33*+<*. <*8<8 qOP! OP! ! QP7nQrI 2
;3B+*.@3* 8,=,A23 <B 2-B,.,CE C*E2<,-* -2A@*8 J4*C ABEFTa

bl
e

2
O

+
B

C
<

,C
@

*.
Q

:<
2C

.2
3.

,L
*.

K
**

.,C
E

4*
,E

4<

:B
+

,2
A

.B
=

,C
2C

+
*l

Y
`n

1$
n

c'
n

"T

F.
sa

ns
ib

ar
ic

a
6M

?D
6M

56
X

6D

F.
su

r
6M

D
5

6M
P

?
S

^6

!<
4*

3
8;

;M
6M

D
X

6M
5^

56
P

1B
C

N
*H

.2
<

2
J*

3*
+

B
A

A
*+

<
*.

,C
P

00
0

±5
66

6
2C

.
+

4,
=

;2
C

L*
*

.2
<

2
,C

56
6X±5

66
9M

W
*

+
B

=
;2

3*
<

4*
K

**
.,C

E
4*

,E
4<

B
K

<
4*

2C
,=

2A
>

*K
B

3*
-*

38
@

8
2K

<
*3

,<
J2

8
2E

E
3*

88
*.

O
=

,..
A

*
+

B
A

@
=

C
8Q

I
2C

.
=

B
8<

2E
E

3*
88

,B
C

8
J*

3*
82

=
;A

*.
2.

A
,>

,<
@

=
M

#<
J2

8
C

B
<

;B
88

,>
A

*
<

B
E

*<
2E

B
C

,8
<

,+
.2

<
2

K
B

3
*2

+
4

<
3*

*
8;

*+
,*

8R
,C

8@
+

4
+

28
*8

I
J*

;3
B

-,
.*

J4
*C

2-
2,

A
2>

A
*

<
4*

K
3*

[@
*C

+
,*

8
<

4*
2E

E
3*

88
*.

A
*K

<
<

4*
K

3@
,<

<
3*

*
2A

<
B

E
*<

4*
3

O
32

<
4*

3
<

42
C

=
B

-,
C

E
.B

JC
<

4*
<

3*
*

+
3B

JC
Q

2K
<

*3
<

4*
2E

E
3*

88
,B

C
M

W
*

2A
8B

+
B

=
;2

3*
.

<
4*

K
**

.,C
E

4*
,E

4<
B

K
K

3@
E

,-
B

3*
8

J4
*C

<
4*

-*
3H

A
28

<
=

*=
>

*3
B

K
2

+
B

=
;*

<
,C

E
8;

*+
,*

8
A

*K
<

<
4*

K
3@

,<
<

3*
*

O
A

28
<

+
B

A
@

=
C

<
B

<
4*

3,
E

4<
Q

M
cB

.H
J*

,E
4<

K
3B

=
\A

*2
E

A
*

P
00

0

x
2-

*3
2E

*
8<

2C
.2

3.
,L

*.
K

**
.,C

E
4*

,E
4<

I
S

D
8<

2C
.2

3.
.*

-,
2<

,B
C

In
C

@
=

>
*3

B
K

K
**

.,C
E

3*
+

B
3.

8I
,M

*M
I

K
**

.,C
E

4*
,E

4<
=

*2
8@

3*
.

2<
<

4*
*C

.
B

K
2

P
F

=
,C

K
B

+
2A

K
B

A
A

B
J

B
3

.@
3,

C
E

2
9F

=
,C

8+
2C

XSX c*42- )+BA :B+,B>,BA O56P6Q DX/X50±XXP



<32C8KB3=,CE O:BN2A 2C. "B4AKP0^PQM W* @8*. ;2,3*.t <*8<8
<B +BC<328< <4* K**.,CE 4*,E4< BK 8;*+,*8 >*KB3* 2C. 2K<*3 2C
2EE3*88,-* ,C<*32+<,BC Onl<4* C@=>*3 BK +BCKA,+<8Q 2C. <B
+B=;23* <4* 4*,E4< BK <4* KB+2A 8;*+,*8 >*KB3* <4* 233,-2A BKI
.@3,CE +BFK**.,CE 8*88,BC8 J,<4I 2C. 2K<*3 <4* .*;23<@3* BK 2
+B=;*<,<B3M &AA <*8<8 J*3* <JBF<2,A*. O2A;42I 6M69Q 2C. J*3*
+B=;@<*. J,<4 :(:: PDM6M

Results

#C<32<3** -23,2<,BC ,C KBB. ;3B.@+<,BC

W* [@2C<,K,*. ,C<32<3** K3@,< ;3B.@+<,BC >*KB3* *Z;AB,<2<,BC
>H K3@E,-B3*8 O^IP0D K3@,<8 J*3* +B@C<*.R \,EMPQM &=BCE

<JBFA2H*3*. <3**8I <4* @;;*3 +3BJC ;3B.@+*. 4,E4*3 .3H
;@A; .*C8,<,*8 <42C <4* ABJ*3 +3BJC OtX9l5M0PIpl6M66DR
@;;*3 +3BJCI X5M? E .3H ;@A; ;*3 +@>,+ =*<*3I 32CE* 6M66P±
5XXMDR ABJ*3 +3BJCI PPM0 E7=SI 32CE* 6M66P±PSDMDR
\,EMP2QM T4*3* J*3* CB ,C<*32+<,BC8 >*<J**C +2CB;H A2H*38
2C. <3** 8;*+,*8 OFPI l̂6MP05Ipl6M006QM &=BCE <43**F
A2H*3*. <3**8I 4,E4*3 +3BJC A2H*38 2A8B ;3B.@+*. A23E*3 .3H
;@A; .*C8,<,*8 <42C ABJ*3 +3BJC A2H*38 OFPI9l99MSDIpl
6M665R @;;*3 +3BJCI S5M0 E .3H ;@A; ;*3 +@>,+ =*<*3I 32CE*
6MX?±PP?M?R =,..A* +3BJCI DMS E7=SI 32CE* 6MDX±5PMPR
ABJ*3 +3BJCI 5MXI 32CE* 6M6^±0MSR \,EMP>QM W* .*<*+<*. CB
8,EC,K,+2C< ,C<*32+<,BC >*<J**C +2CB;H A2H*38 2C. <3**
8;*+,*8 OFPI9l9MPPIpl6M6?QI *-*C 2K<*3 3*=B-,CEFicus
sur OFPIXlPM0^Ipl6M5D5QM T4,8 <3** 8;*+,*8 J28 <4* BCAH
BC* ,C J4,+4 <4* =,..A* +3BJC ;3B.@+*. 4,E4*3 ;@A;

Table 3 12CC±W4,<C*H 2C2AH8*8 <*8<,CE <4* *KK*+< BK ,C<*38;*+,K,+ 8B+,2A .B=,C2C+* BC KB32E,CE >*42-,B38 2=BCE KB@3 8;*+,*8 BK ;3,=2<*8
K**.,CE 2ABC* ,C K3@,< <3**8 -*38@8 K**.,CE J,<4 8@>B3.,C2<* B3 .B=,C2C< +BFK**.*38

T3** 8;*+,*8 :<2C.23.,L*.
4*,E4< O6±PQ

\**.,CE
32<* OC7=,CQ

:*=,F3,;* ;@A;
,CE*8<,BC 32<*
OE7=,CQ

",;* ;@A;
,CE*8<,BC 32<*
OE7=,CQ

],8<2C+*
=B-*.
O=7K3@,<Q

"*.F<2,A*. =BCN*H/ \**.,CE 2ABC* -*38@8 +BFK**.,CE
J,<4 .B=,C2C< 8;*+,*8 O>A@* 2C. =2CE2>*HQ

D. abyssinicaOPSPQ 0.001s O! Q 6M??X C. 6M09? 6MD09

F. exasperataO5S5Q 0.001s O! Q 0.001s OtQ 0.040OtQ 0.001s OtQ 0.043O! Q

S. mitisOP90Q 6MXSS 0.037O! Q CB< *2<*C 6M605 6MP60

U. congensisO5X5Q 0.048O! Q 6MDDX 6MD6^ 6MX5D 0.001s O! Q

cA@* =BCN*H/ \**.,CE 2ABC* -*38@8 +BFK**.,CE
J,<4 8@>B3.,C2<* 8;*+,*8 O3*.F<2,A*. =BCN*HQ

D. abyssinicaOPP9Q 6MX?P 6M?0S C. 6M0^^ 6M560

F. exasperataOP0?Q 6M695 6M90P 6M555 6MSPP 6MX60

S. mitisO0XQ 6MP^0 6M0P5 CB< *2<*C 6M^6^ 6M5PP

U. congensisOP66Q 6M?PP 6MXPP 6M6^D 6M?S6 6MX9?

cA@* =BCN*H/ \**.,CE 2ABC* -*38@8 +BFK**.,CE
J,<4 .B=,C2C< 8;*+,*8 O=2CE2>*HQ

F. exasperataOP?9Q 0.035O! Q C. C. C. C.

12CE2>*H/ \**.,CE 2ABC* -*38@8 +BFK**.,CE
J,<4 8@>B3.,C2<* 8;*+,*8 O3*.F<2,A*. 2C. >A@* =BCN*H8Q

F. exasperataO?5Q 6MP6? 6M595 6M^66 6MPD^ 6M59X

12CE2>*H/ \**.,CE 2ABC* -*38@8 +BFK**.,CE
J,<4 .B=,C2C< 8;*+,*8 O+4,=;2CL**Q
F. natalensisOP9Q 0.045O! Q C. C. C. C.

Y4,=;2CL**/ \**.,CE 2ABC* -*38@8 +BFK**.,CE
J,<4 8@>B3.,C2<* 8;*+,*8 O=2CE2>*HQ
F. natalensisOS5Q 6MDX? 6M90X 6MXP5 6MPPS 6M96D

]2<2 J*3* >28*. BC K**.,CE 8*88,BC8 O<4* <,=* >*<J**C <4* K,38< ,C.,-,.@2A'8 *C<3H 2C. <4* A28< BC*'8 .*;23<@3*QM W* K,38< 2-*32E*. K**.,CE 3*+B3.8
BK KB+2A 8;*+,*8 OT2>A*5Q ;*3 K**.,CE 8*88,BC ;*3 <3** 8;*+,*8I 2C. J* 2;;A,*. 8<2<,8<,+8 <B <4*8* 8*88,BC8M %@=>*38 ,C +*AA8 3*;3*8*C< <4*
;3B>2>,A,<HI >28*. BC 2 12CC±W4,<C*H <*8<I <42< KB32E,CE >*42-,B3 J28 <4* 82=* J4*C 2ABC* 28 ,< J28 J4*C +BFK**.,CE J,<4 2CB<4*3 8;*+,*8M T4*
O! Q B3 OtQ 8,EC 2K<*3 <4* ;3B>2>,A,<,*8 ,C.,+2<*8 J4*<4*3 <4* KB+2A 8;*+,*8 J28 C*E2<,-*AH B3 ;B8,<,-*AH 2KK*+<*. >H <4* ;3*8*C+* BK 2 +B=;*<,<B3 ,C
<4* 82=* K3@,< <3**M %B<* 4BJ 8@>B3.,C2<* 8;*+,*8 J*3* BK<*C 2KK*+<*. J4*C +BFK**.,CE J,<4 .B=,C2C< 8;*+,*8M cH +BC<328<I .B=,C2C< 8;*+,*8 J*3*
C*-*3 2KK*+<*. >H <4* ;3*8*C+* BK 8@>B3.,C2<* 8;*+,*8M %@=>*38 2K<*3 <3** 8;*+,*8 C2=*8 3*;3*8*C< K3*[@*C+,*8 BK K**.,CE 8*88,BC8 O.*3,-*. K3B=
0I550 PF=,C 8+2C K**.,CE 3*+B3.8 K3B= K,-* <3** 8;*+,*8QM !CAH <4* 3,;* K3@,< BKS. mitisJ28 *2<*C >H 2AA <43** 8;*+,*8 BK =BCN*H8 O@C3,;* 2C.
8*=,F3,;* K3@,< J*3* 2-B,.*.QI J4,A* +4,=;2CL**8 2-B,.*. <4,8 K3@,< +B=;A*<*AHM (3B>2>,A,<,*8 BK 8,EC,K,+2C< .,KK*3*C+*8 23* 84BJC ,C ,<2A,+8I 2C.
.,KK*3*C+*8 <42< 23* 8<,AA 8,EC,K,+2C< 2K<*3 cBCK*33BC, +B33*+<,BC8 23* ,.*C<,K,*. J,<4 8<238 O:BN2A 2C. "B4AKP0^PQ

nd CB .2<2

c*42- )+BA :B+,B>,BA O56P6Q DX/X50±XXP XS9



.*C8,<,*8 OSM96 E7=SQ <42C <4* 4,E4 +3BJC O6MX? E7=SQ 2C.
<4* ABJ +3BJC OPM0? E7=SQM :B=* <3**8 OnlPPQ ;3B.@+*.
*CB@E4 K3@,< KB3 <4* ;3,=2<*8 <B *Z;AB,< <4*= B-*3 =2CH
+BC8*+@<,-* .2H8 2AABJ,CE @8 <B =*28@3* KBB. .*;A*<,BC ;*3
+2CB;H A2H*3 B-*3 <,=*M W* KB@C. <42< <4* @;;*3=B8<
+2CB;H A2H*38 ;3B.@+*. 4,E4*3 .*C8,<,*8 BK .3H ;@A; CB<
BCAH 2< <4* BC8*< BK <4* K3@,< +H+A* OtP6lSM?XIpl6M66XR
@;;*3I 0SM0 E7=S 2E2,C8< ABJ*3I P^MD E7=uQ >@< 2A8B <BJ23.8
<4* *C. OtP6l5M9?Ipl6M65^R @;;*3I 5^MD E7=u 2E2,C8< 0M0 E7
=uQM T4,8 3*8@A< 8@EE*8<*. <42< <4* @;;*3=B8< A2H*38 BK <3**
+3BJC8 J*3* ;3BK,<2>A* 2< 2AA <,=*8 +B=;23*. <B ABJ*3=B8<
A2H*38 O8** `B@A* *< 2AM566?QM

]B=,C2C+* 4,*323+4H

W* KB@C. 2 A,C*23 2C. <32C8,<,-* .B=,C2C+* 4,*323+4H
2=BCE <4* KB@3 8;*+,*8 +B33*8;BC.,CE <B >B.H J*,E4<
OT2>A*PQM T4* +4,=;2CL** OK*=2A*I SSM? NER =2A*I X5M? NEQ
.B=,C2<*. 2AA <43** =BCN*H8I ,C+A@.,CE <4* E32HF+4**N*.
=2CE2>*H OK*=2A*I DM6 NER =2A*I ^MS NEQI J4B .B=,C2<*.
<4* <JB 8=2AA*3 =BCN*H8I 2C. <4* >A@* =BCN*H OK*=2A*I
XMS NER =2A*I ?M0 NEQ .B=,C2<*. <4* 3*.F<2,A*. =BCN*H
OK*=2A*I 5M0 NER =2A*I SM? NER >B.H J*,E4< .2<2 2K<*3 \A*2EA*

P000QM &A<4B@E4 8B+,2A E3B@;8 BK 3*.F<2,A*. =BCN*H8 J*3*
A23E*3 2C. +BC<2,C*. 5M9 <,=*8 28 =2CH ,C.,-,.@2A8 2C.
<43** <,=*8 28 =2CH 2.@A< =2A*8 28 E3B@;8 BK >A@* =BCN*H8I
<4* A2<<*3 JBC 0^MXm OS??7S^SQ BK +BCKA,+<8M

\**.,CE 4*,E4< ;3*K*3*C+*8 J,<4,C <3** +3BJC8 2C. <4*
+BC8*[@*C+*8 BK +BC<*8< +B=;*<,<,BC

W* KB@C. <42<I J4*C 2ABC*I *2+4 KB32E,CE E3B@; K*. 4,E4*3 ,C
<3**8 <42C 2C *Z;*+<*. 8<2C.23.,L*. K**.,CE 4*,E4< ,K <4*H K*.
,C.,8+3,=,C2<*AH J,<4 3*8;*+< <B 4*,E4< OBC*F82=;A*t <*8<I <*8<
-2A@*I 6M9R E3B@; BK 3*.F<2,A*. =BCN*H8I <lP5M?PIpv6M66PI
nl?S^ K**.,CE 8*88,BC8R E3B@; BK >A@* =BCN*H8ItXX5lPPMP?I
pv6M66PR E3B@; BK =2CE2>*H8ItPP l̂0MX?Ipv6M66PR ;23<H BK
+4,=;2CL**8It?0^lXSMDIpv6M666R \,EM5QM #C<*3*8<,CEAHI J*
KB@C. 2 C*E2<,-* 3*A2<,BC84,; >*<J**C =*2C E3B@; 8,L* 2C.
=*2C K**.,CE 4*,E4< J4*C K**.,CE 2ABC* O2-*32E* E3B@; 8,L*
KB3 3*.F<2,A*.I X0R >A@*I P0M?R =2CE2>*HI P9R +4,=;2CL**
=*2C ;23<H 8,L*I XM9R :;*23=2C'8 34Bl! PM66Ipv6M66PInlX
;3,=2<* 8;*+,*8QM 1*2C E3B@; 8,L* J28 2A8B C*E2<,-*AH
3*A2<*. <B 8;*+,*8 >B.H J*,E4< BK K*=2A*8 O:;*23=2C'8
34Bl! PM66Ipv6M66PQI 8@EE*8<,CE 2 +BCKB@C.,CE *KK*+< BK
E3B@; 8,L* 2C. >B.H J*,E4< 28 2 ;B88,>A* *Z;A2C2<,BC BK <4*

Table 4 :<2C.23.,L*. K**.,CE 4*,E4< >*KB3* 2 +B=;*<,CE 8;*+,*8 *C<*3*. <4* <3** OK**.,CE 2ABC*Q -*38@8 2K<*3 <4* +B=;*<,CE 8;*+,*8 *C<*3*. <4*
82=* <3** O+BFK**.,CE 8<2<@8Q .@3,CE <4* 82=* K**.,CE 8*88,BC O;2,3*. 82=;A*8Q

&-*32E*. 8<2C.23.,L*. K**.,CE 4*,E4< BK KB+2A 8;*+,*8 ;*3 +B=;*<,<,-* K**.,CE 8<2<@8I .@3,CE <4* 82=* K**.,CE 8*88,BC

:B+,2A .B=,C2C+*lO3*. +BAB>@8 B3 >A2+N 2C. J4,<* +BAB>@8 B3 =2CE2>*HQn>A@*n3*.F<2,A*.

(3,=2<* K3@E,-B3*8 <*8<*. 2E2,C8< B<4*3 K3@E,-B3*8

"T >*KB3* c' *C<*38 <3** "T 2K<*3 c' *C<*38 <3** c' >*KB3* "T *C<*38 <3** c' 2K<*3 "T *C<*38 <3**

xl6MD5R :]l6M59Rnl5D xl6MX?R :]l6M5XRnl5D xl6MD?R :]l6M5XRnl95 xl6M?5R :]l6M5XRnl95

<59lSM5?Ipl6M66S <9Pl ! PMS?Ipl6MP?D

O"T B3 c'Q >*KB3* 1$ *C<*38 O"T B3 c'Q 2K<*3 1$ *C<*38 1$ >*KB3* O"T B3 c'Q *C<*38 1$ 2K<*3 O"T B3 c'Q *C<*38

xl6M?XR :]l6M5XRnlP5 xl6M96R :]l6MSSRnlP5 xl6MDSR :]l6M5SRnl? xl6M?^R :]l6M56Rnl?

tPPl5M0XIpl6M6PX tDl ! PM90Ipl6MPD5

(3,=2<* K3@E,-B3*8 ;BBA*. ;*3 8B+,2A .B=,C2C+* 32CN

:@>B3.,C2<* >*KB3* .B=,C2C<
*C<*38 <3**

:@>B3.,C2<* 2K<*3 .B=,C2C<
*C<*38 <3**

]B=,C2C< >*KB3* 8@>B3.,C2<*
*C<*38 <3**

]B=,C2C< 2K<*3 8@>B3.,C2<*
*C<*38 <3**

xl6MDDR :]l6M59RnlS0 xl6MX0R :]l6M5?RnlS0 xl6MDDR :]l6M5XRnlD5 xl6M?PR :]l6M5XRnlD5

tS^lXMX6Ipv6M66P tDPl ! PM?PIpl6M605

(3,=2<* K3@E,-B3*8 <*8<*. 2E2,C8< ;3,=2<* KBA,-B3*8

"T >*KB3* O"Y B3 cWQ *C<*38 <3** "T 2K<*3 O"Y B3 cWQ *C<*38 <3** c' >*KB3* O"Y B3 cWQ *C<*38 <3** c' 2K<*3 O"Y B3 cWQ *C<*38 <3**

xl6MDXR :]l6M56Rnl^ xl6MD9R :]l6MD9R Cl^ xl6MDXR :]l6MPXRnl0 xl6M9?R :]l6M55Rnl0

t?l ! 6MP9Ipl6M^^D t^ lPM96Ipl6MP?S

Y*AA8 3*;3*8*C< <4* 2-*32E*. 8<2C.23.,L*. K**.,CE 4*,E4< >28*. BC K**.,CE 8*88,BC8M W* +BC<328<*. <4* 2-*32E*. -2A@* BK 2AA K**.,CE 4*,E4< 3*+B3.8
J4*C K**.,CE 2ABC* ,C <4* <3** 2E2,C8< <4* 2-*32E*. -2A@* BK 2AA 3*+B3.8 J4*C +BFK**.,CE J,<4 2 +B=;*<,<B3I .@3,CE <4* -*3H 82=* K**.,CE 8*88,BC
O;2,3*. 82=;A*8QM "TI c'I 2C. 1$ 23* K3@E,-B3*8R "Y 2C. cW 23* KBA,-B3*8M :2=;A* 8,L* KB3 "T 2E2,C8< 1$ 2C. c' 2E2,C8< 1$ J*3* <BB 8=2AA <B
>* <*8<*. 8*;232<*AHI 8B "T 2C. c' .2<2 J*3* ;BBA*. 2C. +BC<328<*. <B 1$M %B<* <42< KBA,-B3B@8 cW 2C. "Y *2+4 8B+,2AAH .B=,C2<*. >B<4
K3@E,-B3B@8 "T 2C. c' O8** <*Z<QM &-*32E*. >B.H J*,E4</ K3@E,-B3*8I 1$ ?M5 NER c' DMP NER "T SMS NER KBA,-B3*8I cW PPMX NER "Y ^MS NE O>B.H
J*,E4< .2<2 K3B= \A*2EA*P000QM

RT3*.F<2,A*. =BCN*HIBL >A@* =BCN*HIMG E32HF+4**N*. =2CE2>*HIRC 3*. +BAB>@8 =BCN*HIBW >A2+NF2C.FJ4,<* +BAB>@8 =BCN*H

XSD c*42- )+BA :B+,B>,BA O56P6Q DX/X50±XXP



-*3<,+2A .,8<3,>@<,BC BK KB32E*38 ,C <3** +3BJC8M 1B3* 8;*+,*8
23* C**.*. <B +A23,KH <4,8 8,<@2<,BCM

c28*. BC K**.,CE 8*88,BC8I 8@>B3.,C2<* 8;*+,*8 84BJ*.
ABJ*3 8<2C.23.,L*. K**.,CE 4*,E4< OK,-* <*8<8 B@< BK 8,ZQ
J4*C <4*H K*. J,<4 2 .B=,C2C< 8;*+,*8 +B=;23*. <B J4*C
<4*H K*. 2ABC* OT2>A*SQM YB=;*<,CE =BCN*H8 +BFK*. 2< <4*
82=* 4*,E4< ,CStrychnos mitis@C.*38<B3H <3**8 BCAH O=*2C

<3** 4*,E4<I P9 =R =*2C +3BJC 4*,E4<I ^ =R =*2C ]c`I
XP +=Inl9 <3**8R `B@A* *< 2AM566?QM

W* KB@C. +BC<32.,+<B3H 3*8@A<8 3*E23.,CE K**.,CE 32<*8
2C. 8*=,F3,;* 2C. 3,;* ;@A; ,CE*8<,BC 32<*8M :@>B3.,C2<*
8;*+,*8 =B.,K,*. <4*,3 KBB. ,CE*8<,BC 32<*8 O8,Z <*8<8 B@< BK
<*CQ J4*C <4*H +BFK*. J,<4 2 .B=,C2C< 8;*+,*8 +B=;23*. <B
J4*C <4*H K*. 2ABC* OT2>A*SQM "*.F<2,A*. =BCN*H8 K*.
=B3* [@,+NAH ,CFicus exasperata2C. =B3* 8ABJAH ,CS.
mitis J4*C +BFK**.,CE J,<4 >A@* =BCN*H8 +B=;23*. <B
J4*C <4* KB3=*3 8;*+,*8 K*. 2ABC*M YBC<323H <B *Z;*+<F
2<,BC8I <4* 8@>B3.,C2<* =BCN*H 8;*+,*8 =B-*. A*88 ;*3 K3@,<
,CE*8<*. ,C <JB 8;*+,*8 BK <3**8 2C. J28 CB< 2KK*+<*. ,C <JB
B<4*38 J4*C <4*H +BFK*. J,<4 2 .B=,C2C< =BCN*H 8;*+,*8
OT2>A*SQM #C +BC<328<I .B=,C2C< 8;*+,*8 J*3* C*-*3 2KK*+<*.
,C <4*,3 K**.,CE 4*,E4<I KBB. ,CE*8<,BC 32<*8I B3 .,8<2C+*
=B-*. ;*3 K3@,< *2<*C >H <4* ;3*8*C+* BK 8@>B3.,C2<*
8;*+,*8 O5^ <*8<8 B@< BK 5^R T2>A*SQM !-*32AAI 8@>B3.,C2<*
8;*+,*8 J*3* =B3* A,N*AH <B >* 2KK*+<*. ,C <4*,3 KB32E,CE
OABJ*3 K**.,CE 4*,E4<I -23,2<,BC ,C ,CE*8<,BC 32<*8I 2C.
.,8<2C+* =B-*. ;*3 K3@,< *2<*CQ >H <4* ;3*8*C+* BK .B=,C2C<
8;*+,*8 ,C <4* 82=* ;2<+4 O82=* K3@,< <3**QI J4,A* .B=,C2C<8
J*3* C*-*3 2KK*+<*. >H <4* ;3*8*C+* BK 8@>B3.,C2<*8 OG <*8<
KB3 ,C.*;*C.*C< 82=;A*8IG2.j lP?M6SIpv6M66PI W,AA,2='8
+B33*+<,BCQM T4,8 J28 2A8B <4* +28* J4*C J* @8*. 2
cBCK*33BC,F2.j@8<*. 2A;42 OG2.j lDM6^Ipv6M659QM

&EE3*88,-* ,C<*32+<,BC8

W* KB@C. <42< <4* AB8*3 BK 2C ,C<*38;*+,K,+ 2EE3*88,-*
,C<*32+<,BC *,<4*3 KA*. <4* 2EE3*88B3 >@< 8<2H*. ,C <4* <3**
OX6M0m BK PIDXD +BCKA,+<8 3*A2<*. <B KBB.Q B3 A*K< <4* <3**
+B=;A*<*AH O90MPmR T2>A*5QM W4*C <4* 8@>B3.,C2<* 8<2H*. ,C
<4* <3**I ,< 3*<3*2<*. K3B= 2 =*2C 8<2C.23.,L*. K**.,CE 4*,E4<
BK 6M^S <B 3*8@=* K**.,CE ABJ*3 ,C <4* 82=* <3** 2< 2 =*2C
4*,E4< BK 6MX^ O;2,3*.t <*8<It^XlP5MD0Ipv6M66PQM T4,8 J28
<3@* KB3 <4* <JB 8;*+,*8 BK <3** +BC8,.*3*. OF. exasperataI
=*2C <3** 4*,E4<l59 =I +3BJC 4*,E4<lP6 =I ]c`l
P5D +=I +3BJC -BA@=*lPI?96 =SI SP <3**8/t?6lPPMDPIpv
6M66PRS. mitisI =*2C <3** 4*,E4<lP9 =I +3BJC 4*,E4<l^ =I
]c`lXP +=I +3BJC -BA@=*lSX^ =uI K,-* <3**8/t0lXMP^I
pl6M665QM T3** .2<2 4*3* 23* >28*. BC .,KK*3*C< ,C.,-,.@2A
<3**8 2C. <4@8 .,KK*3 K3B= <4B8* ,C <4* ;3*+*.,CE ;232E32;48M

W* B>8*3-*. <42<I 2K<*3 .B=,C2C< 8;*+,*8 A*K< <4* <3**I <4*
8@>B3.,C2<* 8;*+,*8 .,. CB< 3*<@3C <B K**. 2< <4* 4*,E4< <42<
J28 288B+,2<*. J,<4 2EE3*88,BCM \B3 ,C8<2C+*I 3*.F<2,A*.
=BCN*H8 J*3* 2EE3*88*. ,CF. exasperata<3**8 >H >A@*
=BCN*H8 2C. =2CE2>*H8 2< 3*8;*+<,-* =*2C 4*,E4<8 BK 6M^X
2C. 6M?0 OT2>A*5QM W4*C <4* >A@* =BCN*H8 2C. <4*
=2CE2>*H8 A*K< <4B8* <3**8I 3*.F<2,A*. =BCN*H8 3*8@=*.
K**.,CE 2< 6MDD 2C. 6MD9I 3*8;*+<,-*AHM T4* 82=* ;2<<*3C
B++@33*. ,C <JB =B3* <3** 8;*+,*8 >*<J**C <4* 3*.F<2,A*.
2C. <4* >A@* =BCN*H8 OS. mitis2C. Uvariopsis congensisR
T2>A*5QM W* 2A8B CB<*. <42< .B=,C2C< 8;*+,*8 2EE3*88*.

Fig. 1 #C<32<3** -23,2<,BC ,C .3H ;@A; .*C8,<H BK 9D <3**8 K3B= P5
8;*+,*8 *Z;AB,<*. >H KB@3 8;*+,*8 BK ;3,=2<* K3@E,-B3*8 ,C U,>2A*
%2<,BC2A (23NI VE2C.2M :** `B@A* *< 2AM O566?Q KB3 .2<2 ;*3 <3**
8;*+,*8M T3**8 J*3* B3,E,C2AAH .,-,.*. ,C<B <JB -*3<,+2A +2CB;H A2H*38
BK *[@2A -BA@=*8 Oa upper graphR =*2C ]c`I 90MD +=Q 2C.
8@>8*[@*C<AH ,C<B <43** A2H*38 BK *[@2A 4*,E4<8 Ob lower graphR =*2C
]c`I PP9MD +=QM :2=;A* 8,L* ONQ 3*;3*8*C<8 <4* C@=>*3 BK <3**8R
dotted lines2-*32E* .3H ;@A; .*C8,<H KB3 <4* *C<,3* <3** +3BJC BK 2AA
82=;A*. <3**8Rsquares and bars=*2C w 5 :)1M T3** 8;*+,*8 ,Ca/
Clausena anisataI Diospyros abyssinicaI Ficus exasperataI Ficus
natalensisI Ficus sansibaricaOKB3=*3AHbrachylepisQIStrychnos mitisI
Linociera johnsoniiI Pseudospondias microcarpaI Uvariopsis con-
gensisI Cordia abyssinicaI Cordia milleniiI Tabernaemontana8;M
OA,N*AHjohnstoniiQM T3** 8;*+,*8 ,Cb/ F. natalensisI F. sansibaricaI
Ficus vallis-choudaeI Mimusops bagshaweiI Ficus sur OKB3=*3AH
capensisQIPouteria altissimaOKB3=*3AHAningeriaQ
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8@>B3.,C2<*8I BC 2-*32E*I J4*C <4* 8@>B3.,C2<* K*. 2< 2
3*A2<,-* 4*,E4< BK 6M^SI >@< <BA*32<*. +BFK**.,CE 8@>B3.,F
C2<*8 J4*C <4* A2<<*3 K*. 2< 2 3*A2<,-* 4*,E4< BK 6M99M

YBCKA,+<8 J*3* CB< 2AJ2H8 288B+,2<*. J,<4 -*3<,+2A 8<32<,F
K,+2<,BC BK ,C<*38;*+,K,+ KB32E,CE <B B++@3I 4BJ*-*3M :@>B3.,F
C2<* 8;*+,*8 8,EC,K,+2C<AH 3*<3*2<*. <B ABJ*3 K**.,CE 8,<*8 BC
<4* 233,-2A BK 2 .B=,C2C< 8;*+,*8I J,<4B@< .,3*+< +BCKA,+<
>*<J**C <4* +BFK**.*38 >@< +A,=>*. @; 2E2,C ,C <4* @;;*3
+3BJC 2K<*3 <4* .B=,C2C< 42. A*K< <4* <3** OT2>A*XQM ]B=,C2C<
8;*+,*8 .,. CB< 8,EC,K,+2C<AH =B-* K3B= <4*,3 K**.,CE 8,<*8 BC
<4* 233,-2A B3 .*;23<@3* BK 2 8@>B3.,C2<* 8;*+,*8 OT2>A*XQM

YBFK**.,CE 8*88,BC8 >*<J**C K3@E,-B3*8 2C. KBA,-B3*8

"*.F<2,A*. B3 >A@* =BCN*H8 .,. CB< 8,EC,K,+2C<AH +42CE*
<4*,3 K**.,CE 4*,E4< 2< <4* 233,-2A BK 2 ;3,=2<* KBA,-B3*

O>A2+N 2C. J4,<* +BAB>@8IColobus guerezaI 2-*32E* >B.H
J*,E4<I PPMX NEI B3 3*. +BAB>@8IProcolobus rufomitratusI
^MS NER T2>A*XQM T4* ;2<<*3C 4*A. *-*C <4B@E4 *2+4
KBA,-B3B@8 =BCN*H .B=,C2<*. >B<4 K3@E,-B3B@8 =BCN*H8M
\BA,-B3*8 JBC ?S +BCKA,+<8 2E2,C8< K3@E,-B3*8 >@<I K3@E,F
-B3*8I BCAH PD 2E2,C8< KBA,-B3*8M #C <4* A2<<*3 PD +28*8I
2.@A< =2A* 2C. 2.@A< K*=2A* K3@E,-B3*8 JBC +BCKA,+<8
2E2,C8< 3*8;*+<,-*AH 2.@A< K*=2A* 2C. j@-*C,A* KBA,-B3*8M

Discussion

T4* 3*.F<2,A*. =BCN*HI >A@* =BCN*HI E32HF+4**N*. =2CF
E2>*HI 2C. +4,=;2CL** ,C U,>2A* %2<,BC2A (23N KB32E* ,C
<3** +3BJC8 <42< ;3B.@+* K**.,CE 8,<*8 BK @C*[@2A [@2A,<H
O\,EMPR `B@A* *< 2AM566?QM W4,A* ,< ,8 <3@* <42< .,KK*3*C<

Fig. 2 :<2C.23.,L*. K**.,CE 4*,E4< BK 8B+,2A E3B@;8 BK ;3,=2<*
K3@E,-B3*8 J4*C K**.,CE 2ABC*Ma±c 1BCN*H8 OP000±5666QId
+4,=;2CL**8 O566X±5669QM T4*YF2Z,8 3*;3*8*C<8 <4* 8<2C.23.,L*.
K**.,CE 4*,E4< O2C,=2A K**.,CE 4*,E4< 2>B-* <4* >28* BK <4* +3BJC
.,-,.*. >H +3BJC 4*,E4<QM W* 3*+B3.*. <4* 4*,E4< 2< <4* *C. BK PF=,C
KB+2A KBAABJ8 .@3,CE J4,+4 B>8*3-*38 =*28@3*. K**.,CE 32<*8 On K3@,<
,CE*8<*.7=,CQM T3** 8;*+,*8 +B.*8 23* 28 KBAABJ2/ Y2Celtis africanaI
Y. Celtis durandiiI Y= Cordia milleniiI YH Cordia abyssinicaI ]2
Diospyros abyssinicaI \2 Fagaropsis angolensisI \> Ficus sansibar-
ica OKB3=*3AHbrachylepisQI \. Ficus saussureanaOKB3=*3AHdaweiQI \*
F. exasperataI \K Funtumia africanaI \C F. natalensisI \8 F. sur
OKB3=*3AHcapensisQI 'j Linociera johnsoniiI 1> Mimusops bagsha-
weiI 18 Macaranga8;;MI (2Pouteria altissimaOKB3=*3AHAningeriaQI
(= Pseudospondias microcarpaI := Strychnos mitisI 2C. V+

Uvariopsis congensisM TB ,C+3*28* +A23,<H ,C \,EM5. O+4,=;2CL**QI
J* ,C+A@.*. 28ª!<4*3 8;;Mº <4* <3** 8;*+,*8 KB3 J4,+4 J* 42. <4*
8=2AA*8< 82=;A* 8,L* On" DQ/Ehretia cymosaOnlPQI \*3C 8;;M OPQI
Ficus thoningiiOPQIMorus lacteaOPQIPterygota mildbraediOPQIC.
millenii OPQIClausena anisataO5QIAphania senegalensisO5QIC.
abyssinicaO5QIPhytolacca dodecandraOSQIFicus ottoniifolia OSQI
Monodora myristicaOXQIFicus cyathistipulaODQIF. saussureanaODQI
2C. Ficus vallis-choudaeODQM :2=;A* 8,L* ONQ 3*;3*8*C<8 <4* C@=>*3
BK K**.,CE 8*88,BC8 OK,38< <B A28< ,C.,-,.@2A ;3,=2<*8 K**.,CE ,C <4* <3**Q
J4*C <4* KB+2A 8;*+,*8 J28 K**.,CE 2ABC*I ,M*MI .@3,CE J4,+4 CB B<4*3
;3,=2<* 8;*+,*8 J28 ;3*8*C< ,C <4* 82=* ,C.,-,.@2A <3**R <4*8* 5I600
K**.,CE 8*88,BC8 23* .*3,-*. K3B= P9ID0D PF=,C KB+2A KBAABJ8 K3B= S5
<3** 8;*+,*8MDashed lines8*;232<* <4* @;;*3 O#6M9Q 2C. ABJ*3 Ov6M9Q
<3**F+3BJC A2H*38Rsquares2C. bars =*2C w 5 :)1
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KB3*8<8 ,C <4* JB3A. ;3B.@+* .,KK*3*C< 2=B@C<8 BK KBB. BK
.,KK*3*C< [@2A,<,*8 O+B=;23* KB3 ,C8<2C+* Y42;=2C *< 2AM
566S,C &K3,+2I 1*.J2HP0?5,C &8,2I 2C. :+42*K*3 *< 2AM
5665 ,C Y*C<32A &=*3,+2QI J* ;3*.,+< <42< <4* -*3<,+2A
8<32<,K,+2<,BC BK <4* K3@,< J,<4,C <3** +3BJC8 J,AA 2;;AH <B
-23,B@8 K3@,<F;3B.@+,CE KB3*8<8M W* 8@8;*+< <42< -23,2<,BC BK
A,E4< J,<4,C <3** +3BJC8 J,AA >* =2C,K*8<*. ,C =B8< 23*28 BK <4*
JB3A. >*+2@8* A,E4< 2-2,A2>,A,<H ,<8*AK A,=,<8 ,CF+3BJC ;4B<BF
8HC<42<* ;3B.@+<,BC Oc32.HP0^?R 'HC+4 2C. $BCL2A*LP00SR
1*43B<32 *< 2AMP00 R̂ T2,L 2C. k*,E*3P00 R̂ (3B,*<<, *< 2AM
5666R :*AA,C 2C. U@;;*35669QM #< J,AA >* ,C<*3*8<,CE <B <*8<
<4* *KK*+< BK <4,8 -*3<,+2A 8<32<,K,+2<,BC BC KB32E,CE ,C<*32+F
<,BC8I >B<4 ,C<32F 2C. ,C<*38;*+,K,+2AAHM !@3 8<@.H .*=BCF
8<32<*8 <42< ;3,=2<* K3@E,-B3*8 3*8;BC. <B <4,8 -*3<,+2A
8<32<,K,+2<,BCM W4*C 2ABC*I 2AA KB@3 8;*+,*8 8<@.,*. ;3*K*33*.
<B K**. ,C <4* @;;*3 <3** +3BJC J4*3* <4* A23E*8< .3H ;@A;
.*C8,<H O2C. ;B88,>A* 4,E4*8< [@2A,<HR `B@A* *< 2AM566?Q J28
2-2,A2>A* O\,EM5QM T4* E32HF+4**N*. =2CE2>*H 2C. <4*
+4,=;2CL** *2+4 K*. 4,E4*3 BC 2-*32E* J4*C 2ABC* <42C <4*
3*.F<2,A*. =BCN*H 2C. <4* >A@* =BCN*H O\,EM5QI ;*342;8
>*+2@8* <4* A2<<*3 <JB 8;*+,*8 KB32E*. ,C A23E*3 8B+,2A E3B@;8
;3B.@+,CE =B3* ,C<328;*+,K,+ +B=;*<,<,BC 2C. <4@8 KB3+,CE
8B=* ,C.,-,.@2A8 <B KB32E* ABJ*3 ,C <4* +3BJCM

$*C*32AAHI 8@>B3.,C2<* 8;*+,*8 2<* ABJ*3 ,C <4* +3BJC
J4*C .B=,C2C<8 J*3* ;3*8*C< OT2>A*85I SI 2C. XQ <42C
J4*C <4*H J*3* 2ABC*M ]B=,C2C< 8;*+,*8 J*3* @C2KK*+<*.
>H <4* ;3*8*C+* BK 8@>B3.,C2<*8M :@3;3,8,CEAHI 8@>B3.,C2<*
3*.F<2,A*. =BCN*H8 B++28,BC2AAH ,C+3*28*. <4*,3 K**.,CE
32<*8 2C. =B-*. A*88 >*<J**C <4* ,CE*8<,BC BK <JB
8@++*88,-* K3@,<8 ,C <4* ;3*8*C+* BK .B=,C2C< >A@* =BCN*H8M
T4,8 J28 @C*Z;*+<*. +BC8,.*3,CE <42< 3*.F<2,A*. =BCN*H8
K*. ABJ*3 ,C <3** +3BJC8 ,C <4* ;3*8*C+* BK >A@* =BCN*H8I
<4@8 ,C K**.,CE 8,<*8 BK ABJ*3 K3@,< .*C8,<H O.2<2 BC K3@,<
.*C8,<H 2-2,A2>A* ,C `B@A* *< 2AM566?QM #< ,8 ;B88,>A* <42< <4*
8@>B3.,C2<* 8;*+,*8 =B-*. A*88 ;*3 K3@,< ,CE*8<*. <B
=,C,=,L* .,8<@3>2C+* <B 2-B,. 2EE3*88,BC K3B= <4* .B=,F
C2C< 8;*+,*8M & +B=;A*=*C<23H *Z;A2C2<,BC ,8 <42< 8@>B3F
.,C2<* 3*.F<2,A*. =BCN*H8 2<* K28<*3 BC ABJ*3 [@2A,<H KBB.
O8*=,F3,;* K3@,< B3 E3**C @C3,;* K3@,< KB3 ,C8<2C+*QM #K <3@*I ,<
=*2C8 <42< <4* ,C<32F 2C. ,C<*38;*+,K,+ +B8< KB3 2 8@>B3.,C2<*
<B +BFK**. J,<4 2 .B=,C2C< ,8 <B ,CE*8< =B3* KBB. BK ABJ*3
[@2A,<HM W* 4H;B<4*8,L* <42< .B=,C2C< 2C,=2A8 K**.,CE
4,E4*3 ,C <3** +3BJC8 2A8B >*C*K,< K3B= KB32E,CE BC K3@,< BK
4,E4*3 C@<3,<,BC2A [@2A,<HM (3*A,=,C23H .2<2 BC <4* C@<3,<,BCF
2A [@2A,<H BK <4* K3@,< 8@;;B3< <4,8 -,*J ,C <42< <4* @;;*3
+3BJC ;3B.@+*8 4,E4*3 +BC+*C<32<,BC8 BK +23>B4H.32<*8 2C.
ABJ*3 +BC+*C<32<,BC8 BK +BC.*C8*. <2CC,C8 2C. 82;BC,C
O;B<*C<,2A <BZ,C8Q <42C <4* ABJ*3 +3BJC O`B@A* *< 2AM566?I
@C;@>A,84*. .2<2I ,C ;3BE3*88QM

:@>B3.,C2<* 8;*+,*8 .,. CB< 3*<@3C <B K**. 2< <4* 4*,E4<
<42< J28 288B+,2<*. J,<4 2EE3*88,BC 2K<*3 <4* .B=,C2C<
8;*+,*8 42. A*K< <4* <3**M W4H CB< EB >2+N @; <B 4,E4*3
8<32<2 J4*3* <4* >*8< KBB. ;3*8@=2>AH J28x !C* ;B88,>,A,<H

,8 <42< <4* .B=,C2C< 8;*+,*8 42. .*;A*<*. <4* @;;*3 +2CB;H
>*KB3* .*;23<@3* <B 2 A*-*A CB< JB3<4J4,A* KB3 <4*
8@>B3.,C2<* 8;*+,*8 <B K**. ,CM #< J28 ,C<*3*8<,CE 2A8B <B
CB<* <42< .B=,C2C< 8;*+,*8 2EE3*88*. <4* 8@>B3.,C2<*8I BC
2-*32E*I J4*C <4* 8@>B3.,C2<* K*. 4,E4 ,C <4* <3** +3BJC
>@< <BA*32<*. +BFK**.,CE 8@>B3.,C2<*8 J4*C <4* A2<<*3 K*. 2<
2 3*A2<,-* 4*,E4< +AB8* <B <4* =,..A* BK <4* +3BJCM T4,8
8@EE*8<8 <42< ,C,<,2A 2EE3*88,BC8 +B@A. 42-* >**C <3,EE*3*.
>*+2@8* 8@>B3.,C2<*8 J*3* K**.,CE <BB 4,E4 KB3 <4* <28<* BK
.B=,C2C<8I 2C. <4* A2<<*3 KB3+*. <4* KB3=*3 <B K**. ABJ*3 ,C
<4* <3** +3BJC B3 <B A*2-* <4* <3**M YBFK**.,CE ,C 2 K3@,< <3**
J,<4 2 .B=,C2C< =2H >* 2 +B=;3B=,8* >*<J**C <4*
8@>B3.,C2<* K**.,CE 28 4,E4 28 ;B88,>A* <B 2++*88 <4* >*8<
K**.,CE 8,<*8 2C. CB< <BB 4,E4 28 <B ;3B-BN* 2C 2EE3*88,BCM

T4* 3*<3*2< BK <4* 8@>B3.,C2<* K3B= <4* >*8< K**.,CE 8,<*8
8@EE*8<8 <42< 8@>B3.,C2<*8 *Z;*3,*C+*. +BC<*8< +B=;*<,<,BC
*-*C <4B@E4 CB B-*3< 2EE3*88,BC J28 B>8*3-*.M #C<*3*8<F
,CEAHI 3*.F<2,A*. 2C. >A@* =BCN*H8 .,. CB< +42CE* <4*,3
;3*K*33*. K**.,CE 4*,E4< ,C <3** +3BJC8 2< <4* 233,-2A B3
.*;23<@3* BK ;3,=2<* KBA,-B3*8 OT2>A*XQM T4* =B8<
;238,=BC,B@8 *Z;A2C2<,BC ,8 <4* A2+N BK .,3*+< O+BC<*8<Q
+B=;*<,<,BC B-*3 <4* 3,;* 2C. 8*=,F3,;* K3@,<M \BA,-B3B@8
=BCN*H8 .,. *2< <4* E3**C @C3,;* K3@,< 4BJ*-*3 O&`I
;*38BC2A B>8*3-2<,BCR CB [@2C<,<2<,-* .2<2QM T4,8 8@EE*8<8 2
KB3= BK 8+32=>A* +B=;*<,<,BC B-*3 <4* K3@,< >*<J**C
KBA,-B3*8 2C. K3@E,-B3*8 OE3**C @C3,;* K3@,< 3*=B-*. >H
<4* KBA,-B3* 23* CB< 2-2,A2>A* 8B=* .2H8 A2<*3 KB3 <4*
K3@E,-B3*QM & ;,AB< 8<@.H 3*-*2A*. <42< <3** +3BJC8 2A8B
;3B.@+*. K**.,CE 8,<*8 -*3<,+2AAH 8<32<,K,*. BK HB@CE A*2-*8
2C. 8**.8 O`B@A*Ð -23,2<,BC ,C .*C8,<H 2C. >,B=288 2C.
"B<4=2C 2C. Y42;=2CR @C;@>A,84*. .2<2QM #< JB@A. >*
,C<*3*8<,CE <B B>8*3-* ,C<*32+<,BC8 J4*C >B<4 <4* KBA,-B3*
2C. K3@E,-B3* J*3* K**.,CE B-*3 <4* 82=* HB@CE A*2K
3*8B@3+*M

d@2C<,<2<,-* ,C<*38;*+,K,+ A,<*32<@3* ,8 323* 2=BCE <4*
;3,=2<*8M W* KB@C. BC* 8<@.H ,C J4,+4 J,<4,CF;A2C<
-23,2>,A,<H ,C K3@,< 2-2,A2>,A,<H =2H 42-* 2KK*+<*. <4*
>*42-,B3 BK <JB +B*Z,8<,CE K3@E,-B3B@8 ;3,=2<*8M #C c32L,AI
<4* J,A. =@8<2+4*. <2=23,C OSaguinus mystaxQ J28 .B=,F
C2C< <B 2C. 8H8<*=2<,+2AAH K*. 4,E4*3 ,C <3**8 <42C <4*
82..A*F>2+N <2=23,C OSaguinus fuscicollis/ (*3*8 P00DQM
:=2AA 2C. +A@=;*. ;2<+4*8 J*3* =BCB;BA,L*. >H <4*
.B=,C2C< =@8<2+4*. <2=23,C8 O2-*32E* >B.H J*,E4<I
956 EQ <B <4* ;4H8,+2A *Z+A@8,BC BK <4* 8=2AA*3 >B.,*.
82..A*F>2+N <2=23,C8 OS06 EQM T4* 82..A*F>2+N8 J*3* N*;<
ªJ2,<,CE B@<8,.*º @C<,A =B8<I ,K CB< 2AAI KBB. ,<*=8 42. >**C
.*;A*<*.M (*3*8 OP00DQ 2A8B .,8+B-*3*. <42< BCAH A23E*3
;2<+4*8 BK KBB. 2AABJ*. +BFK**.,CE 8*88,BC8M

12CH ;3,=2<* 8<@.,*8 42-* 84BJC <4* ,=;B3<2C+* BK
KBB. .,8<3,>@<,BC 2C. 4BJ ,< 2KK*+<8 +BC<*8< +B=;*<,<,BC
,C<328;*+,K,+2AAHM W4,<<*C OP0^SQ 84BJ*. <42< ,C<328;*+,K,+
32CNF3*A2<*. .,KK*3*C+*8 ,C <4* .,*< BK 8*=,F<*33*8<3,2A
B=C,-B3B@8 -*3-*< =BCN*H8 OCercopithecus aethiopsQ
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B++@33*. J4*C KBB. J28 +A@=;*. ,C .,8<3,>@<,BC >@< CB<
J4*C ,< J28 32C.B=AH .,8<3,>@<*.M !<4*3 8<@.,*8 42-* KB@C.
8,=,A23 3*8@A<8 ,C -23,B@8 8;*+,*8 BK =BCN*H8 K3B= .,KK*3*C<
+BC<,C*C<8 O&K3,+2IPapio anubisI c23<BC 2C. W4,<*CP00SR
Y*C<32A &=*3,+2ICebus apellaI h2C8BCP0^9R &8,2IMacaca
sinicaI ],<<@8P0??R Macaca fuscataI 1B3, P0?0QM T4*
-*3<,+2A 8<32<,K,+2<,BC BK <4* K3@,< +B@A. 2KK*+< B<4*3 8;*+,*8
BK ;3,=2<*8M \B3 ,C8<2C+*I ,C 8B+,2A E3B@;8 BK ,C.3,8 OIndri
indriQI .B=,C2C< K*=2A*8 +BC8,8<*C<AH K*. 4,E4*3 ,C <4* K3@,<F
>*23,CE 8,<*8 <42C 8@>B3.,C2<* =2A*8 2C. @8*. 2EE3*88,-*
.,8;A2+*=*C<8 <B KB3+* =2A*8 <B K**. ,C <4* ABJ*3 +3BJC
O(BAAB+NP0??QM

T4* -*3<,+2A 8<32<,K,+2<,BC BK <4* KBB. ,C <3** +3BJC8 ,8
;3*.,+<2>A* 2C. +2C >* *8<,=2<*. K3B= <4* E3B@C.M !C* +2C
@8* ,< <B +A23,KH +BC<*8< +B=;*<,<,BC 2=BCE 8;*+,*8 J4*3*
+BCKA,+<8 23* 323* 2C. 8@><A*M T4,8 =,E4< 42;;*C ,C 8;*+,*8
8@+4 28 :B@<4 &=*3,+2C =@3,[@,8 O:<3,*3 *< 2AM5665QI
&K3,+2C +BAB>,C*8 OUB*C,E5666R :C2,<4 2C. Y42;=2C
566?R :2j 2C. :,+B<<*566?2I >R :C2,<4 *< 2AM566 Q̂I K*=2A*
B32CE@<2C8 OUCB<< *< 2AM566 Q̂I >BCB>B8 O#4B>*P005R
\@3@,+4, 2C. #4B>*P00XR :<*-*C8 *< 2AM5669QI 2C. K*=2A*
+4,=;2CL**8 OU24A*C>*3E566DR &`I @C;@>A,84*. .2<2QM

W* 4H;B<4*8,L* <42< 8;*+,*8 >*C*K,< K3B= +BFK**.,CE
J,<4 B<4*38I >H ABJ*3,CE <4*,3 BJC ;3*.2<,BC 3,8N8
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