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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, | 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. | 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



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, | present sugar availability within tree-crowns. | 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/m°). | also used dry
pulp mass per fruit (g/fruit), fruit density (n/m®), and dry pulp density (g/m®) to quantify
the variation in feeding site quality. | 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



| 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, | replaced
the chest ascender with a self-braking belay device (Grigri™) uncoupled by a rescue
pulley with swinging side plates, and | 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

| divided the tree crown into two vertical zones of equal height: upper crown and
lower crown, and | considered three ripeness stages based on external skin colors:
unripe, midripe, and ripe (Houle et al., 2007). Fruits were dried in the field. | 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



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). | 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/m®) than lower-crown feeding sites (15.1 fruits/m?; 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,



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/m® 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/m® 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/m®) compared to the lower-crown
layer (1.51 g/m®). 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 | was unable to find statistical differences in the quantity and
guality of food between figs and non-figs (all statistical tests: p> 0.10), | 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 | 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. | also tested which one of the two fruits was mostly advantageous: the



midripe non-fig or the ripe fig. | 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.

| 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. | 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. |
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, | 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/m?, lower crown= 0.21 mg/m?®;

upper-crown midripe fruits= 0.14 mg/m?®, lower crown= 0.11 mg/m®. The only similar



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). | 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. | 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.



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. | minimized my impact on the
foraging of the primates in several ways: 1) | was careful not to move during their
presence in the canopy, 2) | minimized all forms of noise and movements of gear, 3) |
did not allow the primates, in particular the curious chimpanzee infants and juveniles to
“play” with my gear, 4) | did not eat in their presence, neither did | sample any fruits for
analysis at that time, 5) | installed the climbing rope and | climbed the tree before the
arrival of any foraging groups, and | left the tree-crown only after the departure of the
very last forager, 6) | was careful not to touch or being touched by any of the primates, |
used hand sanitizers regularly, and | did not climb when sick (interspecies transmission),
and 7) | 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 dvef 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! 3®.1% bigger and 0.5240 times the
densities of those from lower crowns, with one exception. Among 2-layered trees,
upper crowns produced a mean of 46.9 fruitsfmedian 12.1), while lower crowns
produced a mean of 14.1 fruitsinimedian 2.5). Among 3-layered trees, upper
crowns produced a mean density of 49.9 fruifsfmedian 12.5), middle crowns a
mean of 16.8 fruits/M(median 6.6), and lower crowns a mean of 12.8 fruits/m
(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 abyssinigaa 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
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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 tompetition among
frugivorous primates.

Keywords contest competitioncrop size fruit density- fruit production Kibale
National Park, Ugandanonopolization nutritional ecologyscramble competition
usurpation vertical stratification

Introduction

Frugivores respond to variation in fruit abundance and nutritional quality by
changing metabolism and energy balance (Khe@8, ranging behavior (Olupot

et al. 1997 Remis1997), and food selection (Peré994 Wranghamet al. 1998.

Some female primates, such as chimpanzBes troglodyte establish social
dominance among themselves (Wittig and BoeXid3), which may provide high-
ranking females access to high-quality fruit sites and translate to higher reproductive
success (Pusest al. 1997). From the individudb 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 Chao®gn
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 Zeigel999. 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 Gonz8&3 Mehrotraet al. 1998
Proiettiet al. 200Q Ravenet al. 1992 Sellin and Kuppe005 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 Gonzalez993 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. Schaefeet al. (2002 found that fruit of various species were most
abundant >16 m, rare at 42 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. Pericaq00]) 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. Whiit@83 showed that intraspecific
rank-related differences in the diet of verve@ercopithecus aethiopsccurred
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 indiidif 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 hightyuétiod zones.
Similarly, in Brazil, moustached tamarirS8aguinus mystdxare dominant to, and
fed higher in trees than saddle-back tamarghsfiscicollis Peres1996), in a way
similar to that of red-tailed monkeySércopithecus ascanipand blue monkey<.
mitis) of Uganda (Houleet al. 2006. The fitness consequences are difficult to
quantify; however, savannah yellow babooRagio cynocephalysthat 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 (200
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 fithess (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%nin southwestern Uganda, near

the foothills of the Ruwenzori Mountains (N Q#¥8$!N 0' 24#36%and E 30' 11#24%!

E 30" 19#129). Kibale contains moist, evergreen forest (57%), colonizing forest
(20%), grassland (15%), swamp (4%), and open woodland (4%) (Chapman and
Lambert2000. The forest (altitudea. 1500 m) receives a mean annual rainfall of
1722 mm (199D2005) in 2 distinct wet (MardiMay, SeptembéNovember) and
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dry seasons. Mean daily minimum temperature is 14.9'C; mean daily maximum
temperature is 20.2'C. (Chapmeanal. 1997, 1999 2000 Struhsakef997).

Tree Data

We evaluated variations in fruit density and fruit biomas89 individual trees
from 17 species (mean diameter at breast height [DBH], oveabattresses,
99.9 cm, SD 72.4, range 15244.2 cm; Tabld). We accessed tree crowns via a
modified version of Pertg single rope technique (Houd¢ al. 2004 Laman1995
Perry1978 1) to evaluate fruit crop and fruit density from within ttemopy, 2) to
collect fruit to quantify moisture and dry pulp mass=14,359 fruits), 3) to
increase crown height data accuracy (to estimate crowthaig volume, via a
50-m tape, all data rounded to the nearest m), and 4) to tillédor a pilot study
of nutritional quality in different canopy zones. Mean tregght is 22 m (SD 11.5,
range 650 m), mean crown height is 11 m (SD 6.1, ran§@43m), and crown
volumes (used to quantify fruit density) average 2399®D 2381.1, range 28
6361 nt). We computed crown volume as a sphere, and corrected fon ctape
by multiplying the sphere volume by the ratio of twice theacrdveight divided by
the sum of 2 crown diameter measures taken at 90' of each Mieealso drew
crown shapes on millimetric paper to increase accuracylomemeasurements.

For each tree, we divided the crown into 2 vertical zones of equal height: upper
crown and lower crownnE82 trees; Tabld). After gaining experience it was
possible to divide the crown of some trees into 3 vertical layers (upper, middle,
lower crownsn=7 trees; Tablé¢). 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 (TableWe chose species because 1) they provided
important food items fo€ercopithecus ascaniu€. mitis andLophocebus albigena
in 1999 2000 (Houle2004) andPan troglodytesn 2002 2005 (Houleunpublished
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 sicatifon of fruit varies as a
function of light availability or other factors. Althougluroobjective was not to
evaluate the validity of the local translocation of resesittypothesis, we collected
data on light (200 measures during sunny days in 5 trees, B@8ures during
cloudy days in 5 trees), temperature, and humidity (7 anele® turing sunny and
cloudy days, respectively). We gathered light data in 6stfeem 3 species
(Diospyros abyssinicaFicus exasperataand Fagaropsis angolensjs and
temperature and humidity in 11 trees from 5 spedieuferia altissimaFicus
exasperataF. sur, Mimusops bagshawednd Pseudospondias microcarpa

We collected light availability in 1992000 via a LI-COR LI-250 attached to a
LI-190SA quantum sensor. We conducted measurements between 1100 and 1300 h,
@ Springer
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Table | Tree species sampled during two field seasons (Z898® and 20042005) in Kibale National
Park, Uganda

Date Species (family) Sample DBH Tree  Crown Canopy
size (cm)  height height volume
(n trees) (m) (m) (m®)

Trees for which the crown was divided in two canopy layers

Nov. 2004 Clausena anisata 6 157 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 1 119.1 26 19 U 1,613
(formerly brachylepis)
(Moraceae) L 1,613
Aug. 2000 Strychnos mitis 5 40.6 15 8 U 174
(Loganiaceae) L 174
Feb. 2005 Linociera johnsonii 12 293 8 5 U 349
(Oleaceae) L 349
Jun. 2004 Pseudospondias microcarpa 3 150.9 30 13 U 2,670
(Anacardiaceae) L 2,670
Jun. 2000July  Uvariopsis congensis 18 19.9 17 7 U 87
2005
(Annonaceae) L 87
Mar. 2005 Cordia abyssinica 1 202.0 29 10 U 921
(Boraginaceae) L 921
Mar. 2005 Cordia millenii 2 1146 26 13 U 2,249
(Boraginaceae) L 2,249
Mar.! Apr. 2005 Tabernaemontanap. 16 161 9 4 U 43
(likely johnstoni)
(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 2442 21 10 U 501
(Moraceae) M 1,168
L 1,669
Nov. 2004 Ficus sansibarica 1 1247 22 15 U 1,014
(formerly brachylepis)
(Moraceae) M 1,353
L 1,014
Nov. 2004 Ficus vallis-choudae 1 352 8 6 U 99
(Moraceae) M 132
L 99
Aug. 2004 Mimusops bagshawei 1 835 33 12 U 442
(Sapotaceae) M 773
L 994
Feb. 2005 Ficus sur(formerly capensiy 1 99.9 24 21 U 1,588
(Moraceae) M 1,588
L 794
Jun. 2005 Pouteria altissimgformerly Aningerig 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 Hijmah989. 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 climberfeet. 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 '2Z00@6. 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 (HoukRD04. One exception concernsicus
sansibaricawhich 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
Tabernaemontanap. for which we measured the whole fruit to the nearest g. We
measured fruit masis3 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'Qfdrin 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 fEfmetia cymosédecause 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¢HalukH06.

Crop Size, Fruit Density, and Nutritional Analyses

We estimated fruit density (number of fruitnseparately 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 natalensist-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: 4r8940).

We conducted a pilot study to determine if the nutritional value of the fruits could also
vary within tree crowns. We collected. 20 fruits for each canopy layer (upper crown,
lower crown) and ripeness category (unripe, ripening, ripe) in 1 tr&iospyros
abyssinica 1 of Strychnos mitisand 3 ofUvariopsis congensisiVe 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, unpublishejlvia a 300-s criteria. Finally, we assessed 80% ethanol-
soluble carbohydrates (mono- and oligosaccharides: sugars) per Btaalig2006.

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 fruitsprar 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 comparisonpost hocin 3-layered crown analyses. We used comparisons
post hodthat assumed equal variances in fruit biomass contrasts (on log-transformed
data, large sample sizes, the fruit as the unit of analysis) angosstsocthat did

not assume equal variances after nonparametric tests to contrast crop size and fruit
density (on naturdo untransformeth 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 (Figsand8). We omitted outliers to increase box lengths
and ease the visualization of canopy differences. We set our tests as 2-talleatand
0.05, and used SPSS 8.0 for statistical procedures (SPSE88.
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Fig. 1 Intratree variation in fresh fruit mass (with the seed, g) in primate food trees in Kibale National
Park, Uganda is the number of fruits, and fruit species with similar scales are pooled on the same graph.
Species tested but not shown includénusops bagshawdANOVA, F,, »,,=8.06, p<0.001), Ficus
natalensiSANOVA, F;, 497=15.91,p<0.001), and-. sur (t-test,t;6=" 3.65,p<0.001, lower crown fruit

not available).

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
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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-layeredritie®s:
exasperata(2-way ANOVA, K, 42,=3.86, p=0.022), Linociera johnsonii(F,, 44;=3.01, p=0.050),
Pseudospondias microcarg&,, 70,~13.19,p<0.001),Srychnos mitigF,, 797=2.52,p=0.071),Cordia

millenii (F,, 136=0.29, p=0.751), Uvariopsis congensi¢F, ¢46=0.99, p=0.372) and 3-layered trees:
Pouteria altissimgF,, 24¢=0.940,p=0.442),F. natalensigF,, 49,=0.56,p=0.690).

between the upper crown and lower crown (Wilcoxon test for paired-sardples,
12.293,p=0.022, upper crown mean for 5 trees in sunny days and 5 trees in cloudy
days=832.5' mol of photons/s/feca. 46,250 lux, median=675.3mol/s per m;

lower crown mean=4547mol/s per li=ca. 25,261 lux, median=335'5mol/s per ).
Similarly, temperature varies between the crown layéss 2.313, p=0.021, upper
crown 26.6'C, and lower crown 25.4'C), as does humidifi='(1.94, p=0.05, upper
crown 44.3%, lower crown 49.7%). Overall, the upper crowresents a sunnier,
warmer, and drier microhabitat than that of the lower crown.

Intratree Variation in Fresh Fruit Biomass

Among 2-canopy-layered crowns=82), upper crown fruits with seeds are on
average 16.3% bigger than lower crown fruits (range 3A%). There is 1
exception, the subcanopy tr&abernaemontanap. (mean 8.6 m high, SD 1.55,
range 511 m,n=16), for which fruits are the same size (Fignot 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
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Fig. 3 Intratree variation in dry pulp (g) in primate food trees in Kibale. Species tested but not shown
includeMimusops bagshawéANOVA, F, 5,5=5.99,p=0.003),Ehretia cymosgdANOVA, F,, 50=9.95,
p<0.001, green/immature fruit only), afitus sur(t-test,t;e6="0.598,p=0.551, lower crown fruit not
available).

fruit species r{=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 altissimy multiple comparisonpost 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 (Ejgin Mimusops

@ Springer



Intratree Fruit Production Variation

Fig. 4 Intratree variation in dry pulp (g) per ripeness categories and vertical canopy layers (5 more
species tested, gi>0.05) in primate food trees in Kibale.

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 natalensismiddle 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 anisataDiospyros abyssiniGaFicus exasperataF. natalensis
L. johnsonij Pseudospondias microcarpand marginally significant fostrychnos
mitis. However, this is not the case @ordia milleniiandUvariopsis congensisNo
species shows such a pattern in 3-layered tRmsteria altissimaFicus natalensis,
andF. sur (4 species are shown in Fig). In Ficus surthe pattern of larger fruit in
the middle canopy holds for each ripeness category #rig.

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 93@.0%), except in

Tabernaemontanap., for which fruit in different canopy layers had the same
@Springer
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Fig. 5 Intratree variation in moisture (g) in primate food trees in Kibale. Species tested but not shown
include Mimusops bagshawei-test, {45="1.03, p=0.306) andFicus sur(t-test,t;66=" 3.37, p=0.001,
lower crown fruit not available).

amount of dry pulp (Fig3). Among 3-layered trees, upper crown fruitfPiouteria
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 bagshaweilry pulp biomass differs among the 3 layers, but
multiple comparison tespost hocsuggest that upper and middle fruits produced the
same amount of dry pulp (1.2% of differenge>0.623), while middle fruits
significantly produce 7.2% more dry pulp than lower frufis @.006, Fig.3). The
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Fig. 6 Intratree variation in moisture (g) per ripeness categories and vertical canopy layers (5 more
species tested, gi>0.05) in primate food trees in Kibale.

opposite occurs ifricus natalensisfor which upper fruits produce 7.1% more dry
pulp per fruit than that of middle fruit9€0.002), while middle and lower fruits
produce the same amount of dry pulp (2.3% of differencelridns 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%, Fig3). Finally, in Ehretia cymosafor 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 fruis<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, glb0.05); 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 3075%), except in
Tabernaemontanap., for which fruit contain the same amount of moisture (3.1%,
Fig. 5). Among 3-layered trees, multiple comparispast 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 (Fid). In Mimusops bagshaweaipper and lower crown fruits
contained the same amount of moisture (2.3% of difference; we lost middle crown
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Fig. 7 Intratree variation in crop size {ruits) in primate food trees in Kibal®l 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 tieesudibspondias microcarpa

Cordia millenij 2 Ficus natalensisl F. sansibarical C. abyssinica t-test for paired sample~=2.32,

p=0.046. All 3-layered trees with a sample size <5 trees are pooled (not shown: 1 tree Ragteca

altissima Mimusops bagshaweticus exasperatd. sansibaricaF. vallis-choudag FriedmanX,=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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Fig. 8 Intratree variation in fruit density fruits/n™) in primate food trees in Kibale. Additional statistics:
all 2-layered tree species with a sample size <5 trees pooled (4 tressunfospondias microcarpa
Cordia millenii 2 Ficus natalensisl F. sansibarical C. abyssinicj t-test for paired sampleg=2.46,
p=0.036. All 3-layered trees pooled (not shown: 1 tree ea€tooferia altissimaMimusops bagshawei
Ficus exasperataF. sansibaricaF. vallis-choudag FriedmanX,=10.0,p=0.007.

data). InFicus natalensisupper crown fruits contained 8.6% more moisture per fruit
than middle crown fruitsp<0.003), while middle and lower fruits contained the
same amount of moisture (1.8% of differenge0.299). InFicus sur the biomass
of the whole fruit (fresh with the seed) is larger in the middle crown versus the upper
crown (statistics in Figl legend), but both upper and middle layers produce the
same amount of dry pulp (statistics in Fig.legend), which could partly be
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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 Figjlegend).

There is no interaction between the canopy layers and ripeness categories for
moisture (2-way ANOVA, 9 fruit species tested, @H0.05; 4 species in Fid).
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 (Figsd8), 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 0B® times larger in upper than lower
crowns (range zero to 262 fruitshm Among 2-layered trees, upper crown fruit
density has a mean of 46.9 fruits/(median 12.1) and lower crown fruit density has
a mean of 14.1 fruits/M(median 2.5). Among 3-layered trees, upper crown fruit
density has a mean of 49.9 fruitd/fmedian 12.5), middle crown has a mean
density of 16.8 fruits/(median 6.6), and lower crown has a mean of 12.8 fruits/m
(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 sugatsychnos miti®.4%, Uvariopsis
congensisl7.2%, Diospyros abyssinicall.9%) than that of lower crown fruit.
Moreover, upper crown fruits ddiospyros abyssinicaroduced 8.4% more crude
proteins and 63.6% less saponin than those of lower crown fruits (Tab@ur
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 Il Intratree nutritional variation in proteins, saponin, and sugar in one tEesgyros 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 &a. 20 fruits per ripeness category and canopy layer (totzd.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,
Tabernaemontanap. andricus 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=2 trees). However, it is less clear whether

the upper crown or the lower crown produces more fruit. In any ¢ases sur
displays a vertical stratification of fruit production like most other species, except
that the middle layer is a better feeding siteTalernaemontanap. =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
Tabernaemontanap. are rare (<5 per tree) but larg@@ 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 competiimong
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 spddmss (suj in which the
middle crown produces more food than elsewhere in the tree, and 1 species
(Tabernaemontanap.) 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 occupatisensusbell and Yound002. A similar case could
be the rare big fruits oMonodora 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. Goodabg6 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 withigeg 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 capuchi@shus capucings
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 (Pusegt al. 1997). Assuming the high-ranking chimpanzee females fed in
and monopolized the highest (higher quality) canopy strata, they gained more
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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 (Kahlenbedg), 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 (Hadé 2006).

The quality of leaves may also be vertically stratified within a tree. Lynch and
Gonzalez 1993 showed that iBorojoa patinoj nitrogen biomass per unit leaf area
(nitrogen levels correlate with protein content) and volumetric nutrient allocation both
correlate with incident photosynthetically active radiation. Pe#i@l( found that
leaves from the sunnier side of olive tre®se@ europaepcontain 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, Doetiay. (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 Dominy et 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 (Chapmaet 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 analysesb{ishell 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 relationship<t. Isbell and Youn@002 Stercket al. 1997 van Schaikl989
Wranghaml980. 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 (Hogeal. 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 murig@uaciiyteles arach-
noides Strieret al. 1999 2002, bonobos Pan paniscusFuruichi and lhobe 994

Ihobe 1992 Stevenset al. 2009, eastern chimpanzee females (Kahlent29@6

pers. obs AH), and many folivores (Sat al. 2007, Struhsakerl975 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
Steenbeel 997).
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:_7\( ‘%Eﬁ é) =C,=,L* ;8*@.B3*;A,+2<,BC BK KB32E,CE .2<2| J* 2-*32E*,
¥ @ 89' % K**.,CE 3*+B3.8 BK KB+2A 8;*+,*8 ;*3 K**,,CE 8*88,BC ;*3 <3**
@5 <8 8;*+,*8l 2C. J* 2;;A,*. 8<2<,8<,+8 <B <4*8* 8*88,BC8 O2-*32E*
3 é qr)% g K**.,CE 8*88,BC8 ;*3 <3** 8;*+,*8] P9"R =*.,2CI| DSR 32CE*I
ci\|J:°0 5 % *': PG&D05QM "BJ*-*3l 8,=,A23 3*8@A<8 J*3* B><2,C*. J,<4 .2<2
¥ N :r 5 g 2C2AHL*. ;*3 ,C.,-,.@2A <3**M W* *Z*+@<*. 8<2<,8<,+8 ;*3 <3*
g ¥ (\3 = (‘é 8;*+,*8 <B +BC<3BA KB3 -23,2<,BC ,C 42C.A,CE 2C. ;3B+*88,
= 2 i &4 <,=*8M W* 2;;A*. BC*F82=1*8<8 <B .*<*3=,C* K 8;*+,*8
g 5 % %@ o ; % K*. 4,E4*3 <42C 2C *Z;*+<*. 8<2C.23.,L*. K**.,CE 4*,E4< BK
. z o Qi\fz(\? 5 6MIM W* @8*, =@A<,;A* CBCF;232=*<}\¥ XZ38 <*8<8
; = |8 % 2| & E 8 <B +BC<328< ,C<*38;*+,K,+ KB32E,CE .2RR >®H2@8*
. 3 é 33 ° h L8 Q =2CH 82=;A*8 J*3* CB< CB3=2AAH .,8<3,>@<*. 2C. -23,2C+*8
oy |2 0w % %J{,’Qﬁ, § ¥ LKK*3*, >*<J**C 82=;A*8| *-*C 2K<*3 <32C8KB3=2<,BC8M W*
@ N >__ =3 + & $ @ o_r: 2;:A%. 2 G <*8< KB3 ,C.**C.*C< 82=;A*8 <B =*28@3* <4*
(\3. o X 3 2 2 8o 8 ,C<*32+<,BC >*<J**C ,C<*38;*+,K,+ +BFK**, ,CE 8<2<@8 O
@ f 8 % } § % g g S K** ,CE J,<4 .B=,C2C<8 -*38@8 8@>B3.,C2<*8Q 2C. J4*<4*3
2 ; E.f,) £ = ; gf/* & E <4* KB+2A 8;*+,*8 KB32E,CE >*42-,B38 J*3* 2KK*SIMDT2>A*
h 8 < § = g Z z Eé v o W+ 2..%, 2 -2A@* BK P <B 2AA +*AA8 <B2P*BB 2*AA
‘E S ES Coy|ouy SN J4*C @8,CE cBCK*33BC, +B33*+<*. &©OR8 Glpr 2
v. | @ =1 IPNO JRY: :3B+*.@3* 8,=,A23 <B 2-B,.,CE C*E2<,-* -2A@*8 J4*C ABEF
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Table 3 12CCtW4,<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;*+
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*. \** CE = F3,% @A " @A 1,8<2C+*
4*E4< @BQ  32<* OC7=,CQ ,CE*8<,BC 32<* ,CE*8<,BC 32<* =B-*.
OE7=,CQ OE7=,CQ 0=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. abyssinicsOPSPQ 0.005 0Q BM?2?2X C. 6M09? 6MD09
F. exasperataD5S5Q 0.005 0Q 0.00% OtQ 0.0400tQ 0.00% OtQ 0.0430Q

S. mitisOP90Q BMXSS 0.0370Q CB< *2<*C 6M605 6MP60
U. congensi5X5Q 0.0480Q 6MDDX 6MD6” 6MX5D  0.00k 0Q

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. 6MOM 6M560

F. exasperataDP0?Q 6M695 6M90P 6M555 6MSPP 6MX60
S. mitisO0XQ 6MP"0 6MOP5 CB< *2<*C 6MN6N 6M5PP
U. congensi®OP66Q 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. exasperatdDP?9Q 0.0350Q 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. exasperatdD?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 0.0450Q 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<8CC<IBR2C. <4* A288 B23<@3*QM W* K,38< 2-*32E*. K**.,CE 3*+B3.8

BK KB+2A 8;*+*8 OTRA*3 K**,CE 8*88,BC ;*3 <3** 8;*+,*8| 2C. J* 2;;A*. 8<2<,8<,+8 <B <4*8* 8*88,BC8M %@=>*38 ,C +*AA8 3*;3*8
;3B>2>,A,<HI >28*. BC 2 BL<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;*+*
0Q 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
<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
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
01550 PF=,C 8+2C K**,CE 3*+B3.8 K3B= K,-* <3** 8;*+*8QM ICAH <4'S3,mitRI@8<"BKC >H 2AA <43** 8;*+*8 BK =BCN*H8 O@C3,;* 2C.
8*=,F3,;* K3@,< J*3* 2-B,.*.Ql 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 (
., KK*3*C+*8 <42< 23* 8<,AA 8,EC,K,+2C< 2K<*3 cBCK*33BC, +B33*+<,BC8 23* ,.*C<,K,*. J,<PBYEZB8 O:BN2A 2C. "B4AK

nd CB .2<2

<32C8KB3=,CE O:BN2A 2CPUBAAH W* @8*. ;2,3%*8<8 <JIBFA2H*3*. <3**8| <4* @;;*3 +3BJC ;3B.@+*. 4,E4*3 .3H
<B +BC<328< <4* K** ,CE 4* E4< BK 8;*+,*8 >*KB3* 2C.;@KA*3*DB,<,*8 <42C <4* ABJ*3 +8BIBMOPIpI6M66DR
2EE3*88,-* ,C<*32+<iBAOC@=>*3 BK +BCKA,+<8Q 2@;¥B +3BJCI X5M? E .3H ;@A; ;*3 +@>,+ =*<*3| 32€E* 6M66P
+B=;23* <4* 4* E4< BK <4* KB+2A 8;*+,*8 >*KB3* <4* 235MEXR ABJ*3 +3BJCI| PPRIOZEIE* 6MaERSDMDR
.@3,CE +BFK**.,CE 8*88,BC8 J,<4| 2C. 2K<*3 <4* *;23<\@EWMHBRNM T4*3* J*3* CB ,C<*32+<,BC8 >*<J**C +2CB;H A2H*3¢
+B=;*<,<B3M &AA <*8<8 J*3* <JBF<2,A*. O2A;42| 6M69QR2Cx<3*8*8;*+,*8 FpId 6MPO5IpI6M006QM &=BCE <43**F
+B=;@<*. J,<4 :(:: PDM6M A2H*3*. <3**8l 4,E4*3 +3BJC A2H*38 2A8B ;3B.@+*. A23E*3 .3

J@A,; *C8,<,*8 <42C ABJ*3 +3BJC AZHSSM3Dpl

6M665R @;;*3 +3BJCI S5MO0 E .3H ;@A; ;*3 +@>,+ =*<*3| 32CE

Results 6M¥PP?M?R =,.A* +3BJCI DM§ BZEE* 6MBRMPR
ABJ*3 +3BJCI 5MXI 32CE0BAER \EBMOM W* *<*+<* CB
#C<32<3** -23,2<,BC ,C KBB. ;3B.@+<,BC 8,ECK,+2C< ,C<*32+<,BC >*<J*C +2CB;H A2H*38 2C. <3

8;*+,*8 Bpd IMPPIpI6ME?QI *-*C 2K<*3 3*=B-Fittis
W+ [@2C<,K,*. ,C<32<3** K3@,< ;3B.@+<,BC >*KB3* *ANBHLMBI"pI6M5D5QM T4,8 <3** 8;*+*8 J28 <4* BCAH
>H K3@E,-B3*8 OMNPOD K3@,<8 J*3* +BEOM*&BEM BC* ,C J4,+4 <4* =_A* +3BJC ;3B.@+*. 4,E4*3 ;@A
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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<
82=* <3** O+BFK**,,CE 8<2<@8Q .@3,CE <4* 82=* K**,,CE 8*88,BC 0,2,3*. 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+*|03*. +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<*38 <3** "T 2K<*3 ¢' *C<*38 <3 ¢' >*KB3* "T *C<*38 <3** C' 2K<*3 "T *C<*38 <3+
xI6MD5R :]16M59R5D xI6MX?R :]I6M5XR5D xI6MD?R :]I6M5XR95 xI6M?5R :]I6M5XR 95

%ol SM52pI6M66S <# | PMSPIBMP?D
O'T B3 ¢'Q >*KB3* 1$ *C<*38 O'T B3 ¢'Q 2K<*3 1$ *C<*38 1$ >*KB3* O'T B3 ¢'Q *C<*38 1$ 2K<*3 O'T B3 ¢'Q *C<*38
XI6M?XR :]I6M5XRP5 xI6M96R :]I6MSSRP5 xI6BMDSR :]16M53R? xI6M?"R :]I6M56RI?

tp SMOXpI6MBPX to | PMOQI6MPD5

(3,=2<* K3@E,-B3*8 ;BBA*. ;*3 8B+,2A .B=,C2C+* 32CN
:@>B3.,C2<* >*KB3* .B=,C2C< :@>B3.,C2<* 2K<*3 .B=,C2C< ]|B=,C2C< >*KB3* 8@>B3.,C2<* |B=,C2C< 2K<*3 8@>B3.,C2<*

*C<*38 <3** *C<*38 <3** *C<*38 <3** *C<*38 <3**
xI6MDDR :]I6M59RS0 xI6MXOR :]I6M52/R SO xI6MDDR :]I6M5XRD5 xI6M?PR :]I6M5XRD5
tsA XMX6pv6ME6P tod | PM?RI6M605

(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** ¢' >*KB3* 0"Y B3 cWQ *C<*38 <3** ¢' 2K<*3 O"Y B3 cWQ *C-
xI6BMDXR :]16M56RA xI6MDIR :]I6MDIR CI* xIBMDXR :]I16MPXIR0 xI6M9?R :]I6M55RIO0
t,l | 6MPI6MAMD t.|PM96pI6MP?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*
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=;*<,<B3| .@3,CE <4* -*3H 82=* K**
0;2,3*. 82=;A*8QM "Tl c'l 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=2A/
>* <*8<* 8%232<*AHI 8B "T 2C. ¢' .2<2 J*3* ;BBA*. 2C. +BC<328<*. <B 1$M %B<* <42< KBA,-B3B@8 cW 2C. "Y *2+4 8B+,2AAH .B=,C2<
K3@E,-B3B@8 "T 2C. ¢' 08** <*Z<QM &-*32E*. >B.H J* E4</ K3@E,-B3*8| 1$ ?M5 NER c¢' DMP NER "T SMS NER KBA,-B3*8I cW PPMX NER
J* E4< .2<2 K3B= \A*2EAO@QM

RT 3*.F<2,A*. =BCN’BIL >A@* =BCNMG E32HF+4**N*. =2CE2>Rd 3*. +BAB>@8 =BCBWMP>A2+NF2C.FJ4,<* +BAB>@8 =BCN*H

*C8,<,*8 OSM96°B7<42C <4* 4,E4 +3BJC O6MA2E7= POOMM &A<4B@E4 8B+,2A E3B@;8 BK 3*.F<2,A*. =BCN*H8 .
<4* ABJ +3BJC OPMOZQEF=B=* <3**8IEPQ ;3B.@+*. A23E*3 2C. +BC<2,C*. 5M9 <,=*8 28 =2CH ,C.,-,.@2A8 2C.
*CB@E4 K3@,< KB3 <4* ;3,=2<*8 <B *Z;AB,< <4*= B<33*2€H*8 28 =2CH 2. @A< =2A*8 28 E3B@;8 BK >A@* =BCN*
+BC8*+@<,-* .2H8 2AABJ,CE @8 <B =*28@3* KBB. .*;A%4;B&2¢3*3 JBC 0"MXm 0S??7S"SQ BK +BCKA,+<8M
+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 ; @} CHB<4* E4< ;3*K*3*C+*8 J,<4,C <3** +3BJC8 2C. <4*

BCAH 2< <4* BC8*< BK <4* K3@hgSMPH3IEME66XR +BC8*[@*C+*8 BK +BC<*8< +B=;*<,<,BC

@;;*31 0SMO E72E2,C8< ABJ*3| PAMD E7=uQ >@< 2A8B <BJ23.8

<4* *C. @¢5M9?pl6M65"R @;;*31 5*MD E7=u 2E2,C8< OWIOKE@C. <42<| J4*C 2ABC*| *2+4 KB32E,CE E3B@; K*. 4,E4*3
=UQM T4,8 3*8@A< 8@EE*8<*. <42< <4* @;;*3=B8< AXB*38 BIREPE *Z;*+<*. 8<2C.23.,L*. K**.,CE 4* E4< K <4*H K*.
+3BJC8 J*3* ;3BK,<2>A* 2< 2AA <,=*8 +B=;23*. <B ABJ/G5883=,C2<*AH J,<4 3*8;*+< <B 4* E4< OBC¥82+LB<

A2H*38 O8** 'B@A* S6@ANM -2A@*l 6M9R E3B@; BK 3*.F<2,A*. =BCN*HBV 8 MEDRPPI
nl?s" K**.,CE 8*88,BC8R E3B@; BK >A@* RIMPMEN
1B=,C2C+* 4,*323+4H pv6M66PR E3B@; BK =2CHgz+618X?pv6M66PR ;23<H BK

+4,=;2CL**8It,oA XSMDpV6M666R \,BERIM #C<*3*8<,CEAHI J*
W+ KB@C. 2 A,C*23 2C. <32C8,<,-* .B=,C2C+* 4,*3RB@HO. 2 C*E2<,-* 3*A2<,BC84,; >*<J**C =*2C E3B@; 8,L* 2C.
2=BCE <4* KB@3 8;*+,*8 +B33*8;BC.,CE <B >B.H I*E@K**,CE 4* E4< J4*C K**.,CE 2ABC* O2-*32E* E3B@; 8,L*
OT2>AQM T4* +4,=;2CL** OK*=2A*| SSM? NER =2A*| XBE2 NER<2,A*.| XOR >A@* POM?R =2CE2>*HI PO9R +4,=;2CL
.B=,C2<*, 2AA <43** =BCN*H8I ,C+A@.,CE <4* E32HFR*2CN23<H 8,L*| XM9R :;*238-38B| PM6Giv6M66R1I X
=2CE2>*H OK*=2A*| DM6 NER =2A*| "MS NEQI J4B .B3£2&*.8;*+*8QM 1*2C E3B@; 8,L* J28 2A8B C*E2<,-*AH
<4* <JB 8=2AA*3 =BCN*H8| 2C. <4* >A@* =BCN*H CB¢AZRA*|<B 8;*+*8 >B.H J*E4< BK K*=2A*8 O:83=2C
XMS NER =2A*l ?M0 NEQ .B=,C2<*. <4* 3*F<2,A*. 3BBINPNIGGDV6M66PQI 8@EE*8<,CE 2 +BCKB@C.,CE *KK*+<
OK*=2A* 5M0 NER =2A*| SM? NER >B.H J*,E4< .2<2 2KESB@"2E* 2C. >B.H J*,E4< 28 2 ;B88,>A* *Z;A2C2<,BC BK <4*
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<3** 4* E4<| P9 =R =*2C +3BJC 4*E4<I| " =R =*2C ]c'l
XP +=Inl9 <3**8R "'B@A* *<5BANQM

W+ KB@C. +BC<32.,+<B3H 3*8@A<8 3*E23.,CE K**,CE 3:
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 08,Z <*8<8 B@«< |
<*CQ J4*C <4*H +BFK*. J,<4 2 .B=,C2C< 8;*+,*8 +B=;23*. <B
JA4*C <4*H K*. 2ABC* OTZEM "*.F<2,A*. =BCN*H8 K*.
=B3* [@,+NAH F€us exasperat2C. =B3* 8ABJAH SC
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<,BC8Il <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>A0M #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<*8l 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"BQM>A32AAlI 8@>B3.,C2<*
8;*+,*8 J*3* =B3* A,N*AH <B >* 2KK*+<* ,C <4*3 KB32E,CE
OABJ*3 K**,CE 4*E4<| -23,2<,BC ,C ,CE*8<,BC 32<*8| 2C
.,8<2C+* =B-*, ;*3 K3@,< *2<*CQ >H <4* ;3*8*C+* BK .B=,C2C<
8;*+,*8 ,C <4* 82=* ;2<+4 082=* K3@,< <3**Ql J4,A* .B=,C2C<8
J*3* C*-*3 2KK*+<*, >H <4* ;3*8*C+* BK 8@>B35,€28¢8 O
KB3 ,C.**C.*C< 82=;A"8b;IP?M6Spv6MG6PI W ,AAR=
+B33*+<,BCQM T4,8 J28 2A8B <4* +28* J4*C J* @8*. 2
CcBCK*33BC,F2.j@8<*. 26:420M6"pv6M659QM

&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* -
OX6MOm BK PIDXD +BCKA,+<8 3*A2<*, <B KBB.Q B3 A*K< :
) . o g TBEA<*AH O90MPMRTMAAYA*C <4* 8@>B3.,C2<* 8<2H*. ,C
B ot S iy e B e e, G Eaa < 3+<3%2<*, K3B= 2 =*2C 8<2C.23. ¥ K**,CE 4%E4<
%2<,BC2A (23Nl VE2C.2M ** ‘B@A* 5862BMKEB .2<2 ;*3 <3+*BK 6M"S <B 3*8@=* K**.,,CE ABJ*3 ,C <4* 82=* <3** 2< 2 =*2C
8*+,*8M T3**8 J*3* B3,E,C2AAH .,-,.*. ,C<B <JB -*3<,+2A +2CB;HAAZB4A38 BK 6MX" 0;2'3*841\x| P5|\/|Dq1)v6M66PQ|\/| T4,8 J28
BK *[@2A -BA@=d8ufper grapflR =*2C ]c’| 90MD +=Q 2C. .
8@>E£§?@*C<AH@C<B 523** gAzﬁ*ss BK *[a]@nmer,&mmnsz*zc f@* KBﬁ <i* <J8 8’*1'*8 BK <3***+BG8’95@S_@ra\tb
dotted lines2-*32E* .3H :@A; .*C8,<H KB3 <4* *C<,3* <3** +3BJCRM2AA| +3BJC -BA@=*IPI?98 SP <3**84|PPMDRIv
82=;A*. <3**8Rguares and bars*2C w 5 :)1M T3** 8;*+*8 ,Ga/ 6M66PFR miti$ =*2C <3** 4* E4<|P9 =| +3BJC 4* E4<|" =|
Clausen:_a a_nisaIaDiqspyros abysiinidaFicus_exasperalaFicgs JC'IXP +=1 +3BJC -BA@=*ISX" =ul K,-* <3**&§IXMP"
Linociera. ohnsonli Pseudospondias mictocatpanariopsis con. PIBMBBSQM T3t .2<2 4:G* 23+ >28%. BC KK'3'C< .C.-@2A
gensi$ Cordia abyssinich Cordia millenii Tabernaemontans8;M  <3**8 2C. <4@8 ., KK*3 K3B= <4B8* ,C <4* ;3*+*,,CE ;232E32;48|
OAN*AdthnstoniQM T3** 8;*+,*8 hC F. natalensit F. sansibarich W B>8*3-*, <42<| 2K<*3 .B=,C2C< 8;*+,*8 A*K< <4* <3**| <4*
Ficus \_/allis-cho_udae_Mi_musops b*agShaV\IEiFiCUS sur OKB3=*3AH 8@>B3.,C2<* 8;*+,*8 o CB< 3*<@3C <B K**. 2< <4* 4*,E4< <4
capensigPoliteria altissimzDKB3="3Aingeri) 28 288B+2<* J,<4 2EE3*88,BCM \B3 ,C8<2C+* 3*.F<2,A*,
=BCN*H8 J*3* 2EE3*88*. [C exasperata<3**8 >H >A@*
-*3<,+2A .,8<3,>@<,BC BK KB32E*38 ,C <3** +3BJC8M HELZH§*BC. =2CE2>*H8 2< 3*8;*+<,-* =*2C 4* E4<8 BK 6M"X
23* C*** <B +A23,KH <4,8 8,<@2<,BCM 2C. 6M?0 OT2#QM W4*C <4* >A@* =BCN*H8 2C. <4*
c28*. BC K**,,CE 8*88,BC8l 8@>B3.,C2<* 8;*+,*8 84B2CE2>*H8 A*K< <4B8* <3**8| 3*.F<2 A*, =BCN*H8 3*8@=".
ABJ*3 8<2C.23.,L*. K** CE 4*E4< OK,-* <*8<8 B@< BK.&EQ@< 6MDD 2C. 6MD9Il 3*8;*+<,-*AHM T4* 82=* ;2<<*3(
J4*C <4*H K*. J,<4 2 .B=,C2C< 8;*+,*8 +B=;23*. <B J4*B++@33*. ,C <JB =B3* <3** 8;*+*8 >*<J**C <4* 3* F<2 A*,
<4*H K*. 2ABC* OT2ZM YB=;*<,CE =BCN*H8 +BFK*. 2<2<A*<4* >SA@* =BCN*&18ltis2C. Uvariopsis congendis
82=* 4* E4< ,Gtrychnos mitig®C.*38<B3H <3**8 BCAH OF22@8*5QM W* 2A8B CB<*. <42< .B=,C2C< 8;*+,*8 2EE3*88*.
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Fig. 2 :<2C.23.,L*. K* ,CE 4*E4< BK 8B+,2A E3B@;8 BK ;3|3Zarfopsis congendi$ TB ,C+3*28* +A23,<H ,& \@M,=;2CL**QI
K3@E,-B3*8 J4*C K**, ,CE 2ABC*WBCN*H8 OPXHEB66QId J* ,C+A@.*. 28!<4*3 8;;M <4* <3** 8;*+*8 KB3 J4,+4 J* 42. <4*
+4,=;2CL**8 O566E6690Q0M TAF2Z,8 3*3*8*C<8 <4* 8<2C.23.,LB=2AA*8< 82=;A* 8,h* MDEhretia cymosa®IPQI \*3C 8;;M OPQI

K**,,CE 4*E4< O2C,=2A K** ,CE 4* E4< 2>B-* <4* >28* BK <4* RigBd&honingiiOPQllorus lacteaOP@terygota mildbraedOP(@.

-5 >H +3BJC 4* E4<QM W* 3*+B3.*. <4* 4* E4< 2< <4* *C. BK PhR#&ii OPQClausena anisataO5QAphania senegalensi©5QC.

KB+2A KBAABJ8 .@3,CE J4,+4 B>8*3-*38 =*28@3*. K*. KHaABR<#hy3sinicaO5QPhytolacca dodecandré®Sicus ottoniifolia OSQI
,CE*8<*.7=,CQM T3** 8;*+,*8 +B.*8 23* 28 KBAGBII® &fficana Monodora myristicaOX@icus cyathistipulaOD® saussurean®DQI

Y. Celtis durandii Y= Cordia millenii YH Cordia abyssinich]2 2C. Ficus vallis-chouda®©DQM :2=;A* 8 NO3*;3*8*C<8 <4* C@=>*3
Diospyros abyssinida2 Fagaropsis angolendid> Ficus sansibar- BK K**,,CE 8*88,BC8 OK,38< <B A28<,C.,-,.@2A ;3,=2<*8 K**,,CE ,C <4* <!
ica OKB3=*3#Hichylepi®I \. Ficus saussurean@KB3=*3dvel \* J4*C <4* KB+2A 8;*+,*8 J28 K**,,CE 2ABC*| ,M*MI| .@3,CE J4,+4 CB B<4*:
F. exasperata\K Funtumia african& \C F. natalensit \8 F. sur :3,=2<* 8;*+,*8 J28 ;3*8*C< ,C <4* 82=* ,C.,-,.@2A <3**R <4*8* 51600
OKB3=*3é&pensiQ! 'j Linociera johnsonli 1> Mimusops bagsha- K**.,CE 8*88,BC8 23* .*3,-*. K3B= P9IDOD PF=,C KB+2A KBAABJ8 K3B= S
wei 18 Macaranga8;;MI (2Pouteria altissimadODKB3=*3AmingeriaQ!  <3** 8;*+,*8Dashed lineB*;232<* <4* @;;*86M9Q 2C. ABJ*3 Ov6M9Q

(= Pseudospondias microcarpa= Strychnos mitis 2C. V+  <3*F+3BJC A2Hs@@Res2C. bars=*2C w 5 :)1

8@>B3.,C2<*8| BC 2-*32E*l J4*C <4* 8@>B3.,C2<* KO>2A2EN 2C. J4,<* +BABa@BUS guered®-*32E* >B.H

3*A2<,-* 4* E4< BK 6M"S| >@< <BA*32<*. +BFK** ,CE*&@=BBFMX NEI B3 3*. +BABo@Ribus rufomitratus

C2<*8 J4*C <4* A2<<*3 K*, 2< 2 3*A2<,-* 4* E4< BK 6MIIE NER T2X@M T4* ;2<<*3C 4*A. *-*C <4B@E4 *2+4
YBCKA,+<8 J*3* CB< 2AJ2H8 288B+,2<*. J,<4 -*3<,+XBBs<EBB@8 =BCN*H .B=,C2<*. >B<4 K3@E,-B3B@8 =BCN*I

K,+2<,BC BK ,C<*38;*+,K,+ KB32E,CE <B B++@3l 4BJ*-ABA;@383.JBC ?S +BCKA,+<8 2E2,C8< K3@E,-B3*8 >@<I K

C2<* 8;*+,*8 8,EC,K,+2C<AH 3*<3*2<*. <B ABJ*3 K**.,CEB3%88 BCAH PD 2E2,C8< KBA,-B3*8M #C <4* A2<<*3 PD -

<4* 233,-2A BK 2 .B=,C2C< 8;*+,*8l J,<4B@< .,3*+< +B@WA+=<2A* 2C. 2.@A< K*=2A* K3@E,-B3*8 JBC +BCKA,

S*<J*C <4* +BFK***38 >@< +A,=>* @; 2E2,C ,C <4* 282*@8< 3*8;*+<,-*AH 2. @A< K*=2A* 2C. |@-*C,A* KBA,-B3*8

+3BJC 2K<*3 <4* B=,C2C< 42, A*K< <4* <D R=>L2C<

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;*}Q810TRi#grussion

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

"* F<2,A*. B3 >A@* =BCN*H8 .,. CB< 8,EC,K,+2C<AH<842@BBJC8 <42< ;3B.@+* K**,,CE 8,<*8 BK @C*[@2A [@2/

<4* 3 K**,,CE 4* E4< 2< <4* 233,-2A BK 2 ;3,=2<* KEAFRR ‘B@A* *< 386MQM W4 A* < 8 <3@* <42< ., KK*3*C<
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KB3*8<8 ,C <4* JB3A. ;3B.@+* .,KK*3*C< 2=B@C<8 BI8 KBBx BK' .B=,C2C< 8;*+*8 42. ;A*<*, <4* @;;*3 +2CB;H
KK*3*C< [@2A,<,*8 O+B=;23* KB3 ,C8<2C+* Y42;=26*KBRAM;23<@3* <B 2 A*-*A CB< JB3<4J4,A* KB3 <4’
566S,C &K3,+2| 1*.J2HP0?75,C &8,2| 2C. :+42*K*3 *< 2ABI@>B3.,C2<* 8;*+*8 <B K**. ,CM #< J28 ,C<*3*8<,CE 2A8B
5665 ,C Y*C<32A &=*3,+2QI J* ;3*,+< <42< <4* *3EBRA<42< .B=,C2C< 8;*+*8 2EE3*88*. <4* 8@>B3.,C2<*8| B(
8<32<,K,+2<,BC BK <4* K3@,< J,<4,C <3** +3BJC8 J,BA32EAHIARC <4* 8@>B3.,C2<* K*. 4,E4 ,C <4* <3 +3BJC
-23 B@8 K3@,<F;3B.@+,CE KB3*8<8M W* 8@8;*+< <42<@23<BABR2BK +BFK*™.,.CE 8@>B3.,C2<*8 J4*C <4* A2<<*3 K’
AE4< J,<4,C <3 +3BJC8 J,AA >* =2C K*8<*. ,C =B8< 23*28BIR4:* 4% E4< +AB8* <B <4* =, A* BK <4* +3BJCM T4,8
JB3A. >*+2@8* A,E4< 2-2,A2>A<H <8*AK A=,<8 ,CF+BEJEEABBRA2< ,C,<,2A 2EE3*88,BC8 +B@A. 42-* >**C <3,EE
8HC<42<* ;3B.@+<,BC ®EBFHHC+4 2C. $BCL2RAOR  >*+2@8* 8@>B3.,C2<*8 J*3* K**,,CE <BB 4,E4 KB3 <4* <28<*
1*43B<32 *< Z200R T2,L 2C. k*E'BOOR (3B,*<<, *< 2AMB=,C2C<8I 2C. <4* A2<<*3 KB3+*, <4* KB3=*3 <B K**. ABJ*3 (
566@R *AA,C 2C. U@;5869M #< J,AA >* ,C<*3*8<,CE <BHe@* +3BJC B3 <B A*2-* <4* <3**M YBFK**,,CE ,C 2 K3@,< -
<4x *KK*< BK <4,8 -*3<+2A 8<32<K,+2<,BC BC KB3ZSGE2,CB=BBHC< =2H >* 2 +B=;3B=,8* >*<J*C <4*
<,BC8I >B<4 ,C<32F 2C. ,C<*38;*+K,+2AAHM @3 8<@@+B3:R2R* K*.,CE 28 4,E4 28 ;B88,>A* <B 2++*88 <4* >*8
8<32<*8 <42< ;3,=2<* K3@E,-B3*8 3*8;BC. <B <4,8K®3CEM\<*8 2C. CB< <BB 4,E4 28 <B ;3B-BN* 2C 2EE3*88,B(
8<32<,K,+2<,BCM W4*C 2ABC*| 2AA KB@3 8;*+,8 8<@.,"T43*B*83*2< BK <4* 8@>B3.,C2<* K3B= <4* >*8< K**,,CE 8,<
<B K**, ,C <4* @;;*3 <3** +3BJC J4*3* <4* A23E*8< .3HB@IHE 8<8 <42< 8@>B3.,C2<*8 *Z;*3,*C+*. +BC<*8< +B=;*<,<,
*C8,<H 02C. ;B88,>A* 4,E4*8< [@2A,<HR 'B@AD :R2AM-*C <4B@E4 CB B-*3< 2EE3*88,BC J28 B>8*3-*M #C<*3*8<
2-2,A2>A* O\E@M T4* E32HF+4**N*, =2CE2>*H 2C. {@EAHI 3*F<2,A* 2C. >A@* =BCN*H8 .,. CB< +42CE* <4*3
+4,=;2CL* *2+4 K*, 4,E4*3 BC 2-*32E* J4*C 2ABC* <42C,3#*33*, K**,,CE 4%E4< ,C <3* +3BJC8 2< <4* 233,-2A B3
3*F<2,A*, =BCN*H 2C. <4* >A@* =BCN*BQDVBMR;8 .*23<@3* BK ;3,=2<* KBA,-B3*8 OIZWAT4* =B8<
>c+2@8* <4* A2<<*3 <JB 8;*+,*8 KB32E*. ,C A23E*3 8B+;2BE-aB@ERD8 *Z;A2C2<,BC ,8 <4* A2+N BK .3*+< O+BC<
;3B.@+,CE =B3* ,C<328;"+K,+ +B=;*<,<,BC 2C. <4@8 HB3I*+GEBC B-*3 <4* 3,;* 2C. 8*=,F3,;* K3@,<M \BA,-B3B@8
8B=* ,C.,-,.@2A8 <B KB32E* ABJ*3 ,C <4* +3BJCM  =BCN*H8 ., *2< <4* E3"*C @C3,* K3@,< 4BJ**3 O&
$*C*32AAHI 8@>B3.,C2<* 8;*+,*8 2<* ABJ*3 ,C <4*GHRI2A B>8*3-2<,BCR CB [@2C<,<2<,-* .2<2QM T4,8 8@EE
J4*C B=,C2C<8 J*3* ;3*8*C< OT28R'B 2C. XQ <42C KB3= BK 8+32=>A* +B=;*<,<,BC B-*3 <4* K3@,< >*<J*C
J4*C <4*H J*3* 2ABC*M ]B=,C2C< 8;*+*8 J*3* @C2KKKB#;-B3*8 2C. K3@E,-B3*8 OE3**C @C3,* K3@,< 3*=B-*. :
>H <4* ;3*8*C+* BK 8@>B3.,C2<*8M :@3;3,8,CEAHI 8@¥BEBIRB3* 23* CB< 2-2,A2>A* 8B=* .2H8 A2<*3 KB3 <.
3*F<2,A*, =BCN*H8 B++28BC2AAH ,C+3*28*. <4*,3 HE®EEB3*QM & ;,AB< 8<@.H 3*-*2A* <42< <3** +3BJC8 2
32<*8 2C. =B-*. A*88 >*<J*C <4* ,CE*8<,BC BK ;38BB@+*. K**.,CE 8,<*8 -*3<,+2AAH 8<32<K,*. BK HB@CE A*2
8@++88,* K3@,<8 ,C <4* ;3*8*C+* BK .B=,C2C< >A@*2BCBH B0 B@P*:23,2<,BC ,C .*C8,<H 2C. >,B=288 2C.
T4,8 J28 @C*Z;*+<*, +BC8,*3,CE <42< 3*F<2,A* =BCR&M82C 2C. Y42;=2CR @C;@>A 84*. .2<2QM #< JB@A. >*
K*. ABJ*3 ,C <3** +3BJC8 ,C <4* ;3*8*C+* BK >A@* =BCN*BIfi<,CE <B B>8*3-* ,C<*32+<,BC8 J4*C >B<4 <4* KBA,-E
<4@8 ,C K*.,CE 8,<*8 BK ABJ*3 K3@,< .*C8,<H 0.22C BEI@E:B3* J*3* K™ CE B-*3 <4* 82=* HB@CE A*2K
#C8,<H 2-2,A2>A* ,C "B@A'S662BM #< ,8 ;B88,>A* <42<X8B@3+*M
8@>B3.,C2<* 8;*+*8 =B-*, A*88 *3 K3@,< ,CE*8<*. d@2C<,<2<,* ,C<*38*+K,+ A<*32<@3* ,8 323* 2=BCE «
=,C,=,L* .,.8<@3>2C+* <B 2-B,. 2EE3*88,BC K3B= <4* ;B=E<*8M W* KB@C. BC* 8<@.H ,C J4,+4 J,<4,CF;A2C<
C2C< 8;+,*8M & +B=;A*=*C<23H *Z;A2C2<,BC ,8 <42<28@>B8FH ,C K3@,< 2-2,A2>,A<H =2H 42-* 2KK*+<*. <
,C2<* 3*F<2,A*, =BCN*H8 2<* K28<*3 BC ABJ*3 [@2A42KBBBK <JB +B*Z,8<,CE K3@E,-B3B@8 ;3,=2<*8M #C 32
08*=,F3,* K3@,< B3 E3*C @C3,;* K3@,< KB3 ,C8<2C*#)N, AK=@@214*. <2=2F@g0inus myst&x J28 .B=,F
=*2C8 <42< <4* ,C<32F 2C. ,C<*38;*+K,+ +B8< KB3 2 8@2B3. CR<2C. 8H8<*=2<+2AAH K*. 4,E4*3 ,C <38 <42C <
<B +BFK*. J,<4 2 .B=,C2C< ,8 <B ,CE*8< =B3* KBB. BIB2BW3>2+N <2=238agDinus fuscicollis (*3*8 POOIM
[@2A,<HM W* 4H;B<4*8,L* <42< B=,C2C< 2C,=2A8 K2ZALRC. +A@=;*. ;2<+4*8 J*3* =BCB;BAL*. >H <4
4,E4*3 ,C <3* +3BJC8 2A8B >*C*K,< K3B= KB32E,CE BE=GEL< BK@8<2+4*, <2=23,C8 02-*32E* >B.H J*E4<|
4,E4*3 C@<3,<,BC2A [@2A,<HM (3*A,=,C23H .2<2 BC YBECEXHBBAF ;4H8,+2A *Z+A@8,BC BK <4* 8=2AA*3 >B,
2A [@2A<H BK <4* K3@,< 8@;;B3< <4,8 -,*] ,C <42<BR4A'E22BN <2=23,C8 0S06 EQM T4* 82, A*F>2+N8 J*3* N*;<
+3BJC ;3B.@+*8 4,E4*3 +BC+*C<32<,BC8 BK +23>B4HBRREICB@<B,@C<,A =B8<| K CB< 2AAI KBB. ,<*=8 42, >*C
ABJ*3 +BC+*C<32<,BC8 BK +BC.*C8* <2CC,C8 2C..BRBE/ (*3*8 RDOI) 2A8B .,8+B-*3*. <42< BCAH A23E*3
0;B<*C<,2A <BZ,C8Q <42C <4* ABJ*3 +3BJC GBB@A* ;2<2AM8 BK KBB. 2AABJ*. +BFK**,,CE 8+88,BC8M
@C;@>A,84*. .2<2| ,C ;3BE3*88QM 12CH ;3,=2<* 8<@.,*8 42-* 84BJC <4* ,=;B3<2C+* BK
:@>B3.,C2<* 8;*+,*8 .,. CB< 3*<@3C <B K**, 2< <4* UBB4<,8<3,>@<,BC 2C. 4BJ] ,< 2KK*+<8 +BC<*8< +B=;*<,<||
<42< 128 288B+2<*. J,<4 2EE3*88,BC 2K<*3 <4* .BEEITB*+K,+2AAHM WROSGICEABJ*. <42< ,C<328;*+K,+
8;*+,*8 42. A*K< <4* <3**M W4H CB< EB >2+N @; <B2GEFIA2<*, . KK*3*C+8 ,C <4* ,*< BK 8*=F<*33*8<3,:
8<32<2 J4*3* <4* >*8< KBB. ;3*8@=2>AH J28x |C* ;B88B-L<B3B@8 -*3-*< =BCN*B@r@pithecus aethiofs
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B++@33*. J4*C KBB. J28 +A@=;*. ,C .,8<3,>@<,BC >ER<CB«2@8* KBA,-B3*8 .,. K**. BC E3**C @C3,;* K3@,<8I 8B
J4*C ,< J28 32C.B=AH .,8<3,>@<*.M 1<4*3 8<@.,*8 42-* KBEFCBK 8+32=>A* +B=;*<,<,BC B++@33*. >*<J**C <4* <JB
8,=,A23 3*8@A<8 ,C -23,B@8 8;*+,*8 BK =BCN*H8 K3BE3IR&BBK ;3,=2<*8M !@3 K,C.,CE8 8@EE*8< <42< <4* -*3<
+BC<,C*C<8 O&Rapidl anubis c23<BC 2C. W4,<PO0R  8<32<,K,+2<,BC BK <4* K3@,< 8@;;AH ,C <3** +3BJC8 +BC<
Y*C<32A &=*3,£2bus apellbh2C8BRO "R &8,Macaca <B 8<3@+<@3,CE +BC<*8< +B=;*<,<,BC 2=BCE K3@E,-B3*8I
sinicd ],<<@80?R Macaca fuscat 1B3, PO?@M T4*

*3<,+2A 8<32<,K,+2<,BC BK <4* K3@,< +B@A. 2KK*+&cRaxigdgemergs W+ <42CN <4* VE2C.2 W,AAK* &@<4B3,<HI

2 ek N O *353% \/C -*38,<H c,BABE,+2A \*A. :<2<,BC| 2C. <* U >2
BK :3,=2<*8M \B3 ,C8<2C+*l ,C 8B+,2A E3B@:81é@K ’C\];%ﬁ—- L1 (3Bj*+< KB3 2AABJ.CE @8 <B JB3N ,C U,>2A* %62<,BC2A (23|
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