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Chapter 1 — Introduction

1 Introduction

Seed dispersal is a crucial step in plant repraoluctt improves offspring survival
because of escape from mortality caused by dedsgendent predation and/or
competition (Janzen 1970; Connell 1971; Harms.€2@00). Long distance dispersal
events enable species dispersal and colonizatidistant habitat, migration of plant
species, and persistence of plant populationsagnfiented landscapes (Cain et al. 2000).
Seed dispersal is also seen as a key processpimghhbe spatial structure of plant
populations via the seed shaddwad the seed output of individual plants. In the
succession of plant regeneration processes, thalledl “seed dispersal loop” (Wang et al.
2002), seed-dispersion patterase determined by the spatial pattern of reprodeict
adults, while in the following the pattern of futuadults itself is again a result of seed-
dispersion patterns (among other factors, Nathah €000; Bleher et al. 2002). Seed
dispersal is also important for the maintenangelanfit diversity, as indicated by spatially
explicit forest models that simulate a loss of adidispersers in a tropical rain forest
(Webb and Peart. 2001).

In tropical rain forests, animal-mediated seedalisal is a common, often the dominating
dispersal mode. Up to 90% of the plants in contammyaain forests produce fleshy fruits
and depend on fruit or seed removal by frugivorestaeir ability to reliably disperse the
seeds away from the mother plant (Howe and Smatwb®82; Jordano 2000). Seed
dispersal of these plants can only function propiéfruit and plant traits match the
sensory and morphological capacities and needsedfugivores. Such constellations of
matching fruit/fruiting traits and frugivore chatadstics have been described as “fruit
syndromes” (van der Pijl 1969) and “dispersal syste(Snow 1971; McKey 1975; Howe
et al. 1982). It is still controversially debatetiether plant fruiting traits evolved in close
interaction with frugivores (eg. in Wheelwrightadt 1982; Herrera 1985; Kalko et al.
1996; Korine et al. 2000; Schaefer 2002; Russo 003

This study addresses the question of whether fangs/exert selection pressures on fruits
and the fruiting regime of fleshy fruited plantsatkled the problem in a field study of the

! Seed shadow: the spatial distribution of seedsedied from a single plant

>Seed-dispersion pattern: the spatial pattern giedsed seeds, the sum of all seed shadows from
all sources (Nathan, R. et al. 2000).
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variation of traits of individual trees dkonia cymosédViolaceae) and the way they are
linked with fruit removal from each treke. cymosas a small tree from the under story of
the Amazonian rain forest of Ecuador. | chose $hsll tree species from the forest
undergrowth for my study, because | expected siggeaies to attract a smaller frugivore
assemblage compared to large canopy trees, mdleagier to identify the key
disperser(s). Furthermore, a small tree offeretebebnditions to quantify the
reproductive effort of the individual trees as wadlthe fruit removal looking at the whole
tree. | chose my study species also because @&hthweledge of local indigenous people
about monkeys dispersing seed$ ofymosaThe literature on the interaction of plants
and frugivores is dominated by research on birgetised plants (among the exceptions:
Janson et al. 1986; Russo 20@Rspite the fact that bats and monkeys are importan
dispersers in tropical plant communities (Howe Q®8dano 2000). By choosihg
cymosd aimed to assess the applicability of hypotheselugivory to monkey-dispersed

plant species.

After giving a description of the study area, thedis is divided into two major parts that
are each composed of chapters. Each chapter lasgntsitroduction and discussion and
can be read independently. In the first part, vgte detailed and comprehensive
information about both sides of the interactior, pant as well as the frugivores using the

plant. The second part deals with the interactieslf

Very little was known about. cymos& ecology and life history, except for its
geographical distribution in South America, asdardocumented by specimen of botanical
collections, and the discovery of an antiviral $ahse in its bark (Hallock et al. 2000).
Therefore | present data on the tree, the spaditéqm of its population, and its fruit traits
in chapter 3.1, including the analysis of macraeuats of the fruit pulp. This information
is basic for understanding the seed dispersal ggablL. cymosaparticularly with regard
to the hypothesized dispersal systems (e.g. th@adjzed one and the generalized one,
after Howe 1993). Then | describe the assemblagiiblusers ol.. cymosadbserved in
the rainforest near the Laguna Grande de Cuyalkgn@dor (chapter 3.2). | characterize
the nature of the relationship between each of thediL. cymosawith respect in
particular to their impact on fruit removal andithgualities as dispersers. | also describe

the patterns of use &f cymosay monkeys.

Having thus set the frame of the plant-frugivoreiactions irL.. cymosal deal with

feeding preferences of the main seed dispersdrapter 4.1, linking the analysis of
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macronutrients in the fruit pulp of individual teewith fruit removal from their crowns.

This part is one of the few studies on fruit setacivithin a plant species.

Finally, chapter 4.2 elaborates on the questiortivtriaits of the plant and the fruit display
determine fruit removal ih. cymosaand whether there is evidence for selection of

dispersers on any of the traits of this species.
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2 Study area

2.1 Location, climate and forest type

Fieldwork was done in the evergreen tropical rane$t bordering Laguna Grande de
Cuyabeno (0°2'N 76°15'W, elevation 250 m), locat#tiin the Cuyabeno Faunistic
Reserve in north-eastern Ecuador. This area of éfegtmazonia has an annual
precipitation of 3500 mm with a dry season from &waber to February and peak
precipitations from April to June (fig. 1). A seabmarkedly dry period usually occurs in

August and September. Annual mean temperature €26

The forest in that part of the Cuyabeno Reserehasacterized by a rich mosaic of terra
firme, seasonally flooded plains of river bordems @nner forest brooks and swampy areas
dominated by the morete palMduritia flexuosa. Due to strong winds, tree fall gaps are
frequent. Forest canopy is at approx. 25 m. Olavtjrderra firme forest was shown to
have a record breaking plant diversity (Valencialeii994), non the less it is slightly
disturbed by selective tree logging of the natigpydation for the construction of large

dugout canoes used locally.
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Figure 1. Climatic conditions of the study area. Mean (1:98100) temperatures and
mean monthly precipitation at the weather statibtine airport of Lago Agrio, situated ca.
80 km from the study area. Data from Direccion Aida Civil, Quito.
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2.2 Study plots

Observations and measurements focussed on fowrgfiterra firme forest in the vicinity
of the Laguna Grande (fig. 2¥:(“Saladero”, 6.57 ha)] (“Julio”, 2.78 ha) HL (5.53 ha)
andP (“Palma Roja”, 6.51 ha). Study pldssJ andP were crossed by tourist trails.
Periods of intensive fieldwork (Jan to June) fetbithe low tourist season with a
maximum of two guided tourist groups passing theisb trails on some days of the week

in this season.

. Forest

Flooded forest

Research area

o Research trail

........ Tourism trail

A Cabaiias

Figure 2: Location of study plots in the forest near Lag@rande de Cuyabeno (map
source: INEFAN-ONISE/OISE (1995)
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3 The Protagonists

3.1 Life history traits of Leonia cymosa

Abstract

The study of interaction of a fruiting tree witk frugivores requires a sound data basis on
the plant’s traits and the traits of its fruits.lpacarce information, mainly from botanical
collections, was available on the biologyL@onia cymos4Violaceae), a tree from the
under storey of the rain forest of the Amazoniamidmd. Here | present ecological and life
history data on this tree from Ecuador, based fmuayear survey on the reproductive
activity of a tree population in an old growth tefirme forest.

The mean height of a fruiting cymosavas 6.6 m (range: 2 - 12.6 m). The median tree
density was 11.8 trees per ha. Trees grew in chustmsisting of different numbers of
trees of different heights.. cymosdlowered two times a year, in late February to éhar
and in October. The respective fruiting seasonsiwed in August/September and between
March and May. The reproductive pattern is in adance with the hypothesis that
changes in sunset times at the equinoxes functi@nsignal triggering flower

development at the Equator.

Fruits ofL. cymosacontained the sugars fructose, glucose, and sejdiwes total soluble
sugar being the first important nutritional compduri the fruit pulp. The second
important compound was proteins. No lipids werenfbin the fruit pulp, and amino acids
occurred only in traces with concentrations clasthe detection limit. The variation of
nutritional quality of the fruits was high withirees. Nonetheless, significant differences
were found among trees in all nutrient constitusihisiied.

| conducted detailed fruit counts in the fruitirgpsons of January to May 1999 and March
to May 2000. Single trees produced a maximum ofr&¥ fruits per season. Median
productivity of the trees was 45 ripe fruits thrbogt the fruiting season in 1999 and 36
ripe fruits in 2000. Seasonal fruit production wasakly correlated with tree size in 1999,
yet not significantly correlated with tree size2@00. The maximum standing crop of fruits
in a tree was 324 fruits (counted in 2000). HowgV&#b of the trees had standing crops of
only up to 20 ripe fruits in 1999 and up to 30 ripats in 2000.

In one year, | observed a 30% loss in the overatilmer of fruits produced prior to
removal due to infestation by lepidopteran larvae.

The traits olL. cymosaneet the criteria listed for a specialist dispesgatem as
summarized by Howe et al. (1977).
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3.1.1 Introduction

In their hypothesis of generalist and specialispdrsal systems Howe and Estabrook
(1977), Howe and Smallwood (1982), and Howe (1%#3nhed two sets of characters of
tropical trees and of their respective dispersahaglrhese authors contrasted “trees that
produce scarce but especially nutritious fruits grdrain specialized and reliable dispersal
agents, and other tree species that produce corbatdass nutritious fruits and appeal to
individually less reliable but collectively moreramon species of opportunistic dispersal
agents” (Howe 1993). To understand the interactadndants with frugivores, and to find
out to which extent such character sets result fselaction of frugivores, it is necessary to
possess a sound knowledge of the variability oflhat’s traits, such as size, fruit crop
size, fruit and seed characters, and nutritionklevaf the fruit pulp. Only a larger sample
of plants can serve as a reliable basis to studygiant traits correspond with the patterns

of use by frugivores.

Leonia cymosdViolacea), an under storey tree from the lowltnogical rain forest of
Ecuador, was chosen in this study because it affére possibility of a quantitative study
of fruit production and fruit harvest for a largember of individuals. Siona indigenous
people of Cuyabeno cdll cymosdfood of Tamarins” (“sisi e’'u”; T. Criollo, persah
communication). This local name, and its fruit nfarfogy, and relatively small fruit crop

sizes gave reason to expect a “specialist dispsyséem” for this tree species.

L. cymoséahas been frequently collected by botanists ircthese of floral inventory
studies as documented by the botanical datababe dissouri Botanical Garden (2005).
These data points suggest a distribution of thegigs in the rain forest of western
Amazonian near the Andes and the Guyana shieldi@ib). AdditionallyL. cymosa
received recent interest because of the anti-gnateins isolated from its bark (Hallock et
al. 2000). However, nothing is documented abouttisdogy and life history of this tree.
Here, | aim to characterize a population of frigtin cymosairees presenting data from a

four year survey on the reproductive activity aégh trees on the following properties:
(1) size distribution and spatial pattern of fruitimgds ofL. cymosa
(2) morphological traits and nutritional quality of ftslits,
(3) flowering and fruiting seasons,

(4) variation of fruit production of single trees withyears and between-years.
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Figure 1. Occurrence okeonia cymosaocumented by botanical collection (Missouri
Botanical Garden 2009). Location of study site redriwith an arrow.

Thus, in this chapter | will introduce to the natafL. cymosdas a resource for
frugivorous animals. | aim to clarify if its way roduce and display fruits fits into the
“specialist dispersal system” hypothesis. Furtheenbaddress the following questions:
Do individual trees show a specific nutritional fyeof their fruits that would allow
frugivores to make a choice between individualg®eAre there reliable “prime fruit

producers” among the trees that could be memobyddugivores?

My findings also form one of the rare long-termadagts on the reproductive activity of
trees growing at the Equator. At the Equator thestjan of flower induction is still
unsolved because day length is constant througheutear and thus the photoperiodic
control of plant development known from highertladies does not work here. I will

% Leonia cymosaart., Herbarium QCA of the Pontificia Universid@dtélica del Ecuador in Quito,

specimen No. 14, 2001, Albrecht Pfrommer
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examine if the patterns of flowering and fruitimmphd inL. cymosaallow concluding on
new mechanisms of photoperiodic time keeping pre@dxy Borchert et al. (2005).

3.1.2 Size distribution and spatial pattern of fruting trees

3.1.2.1 Methods

Mapping techniques and measurements of trees

Preliminary surveys showed tHatcymosastarts fruiting with a height of about 2 m. This
observation is confirmed also by indigenous knogée(IT. Criollo, personal
communication). In order to locate all fruitingesein my study plots | mapped &ll
cymosawith a size of 2 m and bigger. To find these tieass not necessary that they
fruited or flowered, because even at infertile stages of.eonia cymosa&an be identified
easily by their characteristic slightly serrateveesand their irregularly curved thin trunks.
The complete population &f cymoséarees of 2 m height and larger was mapped at the
study sitedHL , J, P, andS (see map in chapter 2, figure 2), within a totatly area of 22
ha, using an ultrasonic pulse-echo distance mea&dwain Pro) and a compass
(Eschenbach). Distance values and angles sernyaodoce a digital map with a fully
functional test version of AutoCAD 2002 (Autodeskhis initial map (in AutoCAD
format) was transferred to ArcView (ESRI) for fuettspatial analysis and printing of

maps.

Tree density of.. cymosgoer hectare was calculated based on the totatlssharea, as
determined from polygons in the ArcView-maps. Thelg area was searched thoroughly
and repeatedly fdr. cymosarees. All big individuals in the area were idéetl.

However, it cannot be ruled out that some of thallemindividuals were missed.

Tree height was measured with a “SpiegelrelaskB@R, Salzburg, Austria), an optical
precision instrument that permits reading tree ey focusing on the highest point of the

crown periphery from a known distance.

To measure crown volume | decided first which gemimé&ody (like cube, sphere, cone,
tetraeder, etc.) would best fit the shape of the’srcrown. | then took the necessary key

measurements and calculated the tree’s volume d@iogoio standard geometric formulas.

10
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3.1.2.2 Results

Tree density and spatial distribution

The density of.. cymosashowed large variation in the four study plotsi€al). Median
tree density per hectare was 11.8 trees. Treesfaend in clusters (Figure 2) of different

tree sizes. However, a tendency of trees to grolecadly in cohorts could also be seen.

Table 1 Densities oL.. cymosa>2 m in four study sites

Study site code HECTARES  No of —trees density §tire®)

HL 5.53 64 11.6
J 2.78 64 23.0
P 6.51 78 12.0
S 6.57 25 3.8

& Trails
Trees, size in m
2-4
o >4-6
o >6-7
o >7-9
e >9-115
® >115-121
Terra firme
o ddid Palm swamp (Moretal
100 Meter o ~"="4 Flooded forest
© Water

Figure 2. Map of trees > 2m in pld® (Palma Roja)

11
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Size and crown volume of fruiting trees

The height distribution of 306 fruiting treeslafcymosdollows a normal distribution
(Figure 3; n=306K-S d = 0.05026, p> 0.20; Lilliefors p<0.10), altighuslightly skewed

to smaller trees with a mean tree height of 6.6 € 1.91). The smallest fruiting tree
found in the area was 2 m high and the tallesviddal measured 12.6 m in height. Crown
volume was significantly correlated with tree heigfigure 4, Spearman rank correlation,
n=85, R=0.528, p<0.001). However, it is noticeahkt crown volume remains small in
many trees over a wide range of heights. Thuss frethe upper third of the height range

may still have small crowns.

frequency

1 2 3 4 5 6 7 8 9 10 11 12 13
tree height (m)

Figure 3: Frequency distribution of height (m) of fruitihgcymosarees (n=306)

140

120
L]
100 . .
&
£ 80
£
5 60
g Y L4
c 40 .
3 :
S 20 .
of ° oo
o % “00. °« °
0 PR, 9 31 i ALY .
-20
0 2 4 6 8 10 12 14

tree height (m)

Figure 4: Correlation of tree height and crown volume
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3.1.3 Flowering and fruiting seasons

3.1.3.1 Methods

Between August 1998 and May 2001 | monitored tbevdiring and fruiting activity of 34
focus trees from all four study plots. Focus teege selected to be of a minimum height
of 5 m and to be distributed evenly over the stpldys in order to cover a large area of the
forest near Laguna Grande de Cuyabeno.

Yet, the first fruiting event was already documenite 1997, during preliminary research
from August to October. Focal trees were visitedrgymonth from August 1998 to June
1999 and afterwards in the following months: 8/8@0, 3/00, 7/00, 10/00, 4/01. During
surveys | noted the presence / absence of buageifo green fruits, and ripe yellow fruits.

3.1.3.2 Results

Two periods of flowering occurred In cymosaeach year, one in late February to March
and one in October, each lasting about one motté.Actober flowering event was
directly observed only in 1998 (Figure 5). Howevemust have occurred in all years of
this study. This can be concluded from the presehsenall green fruits in January 2000,
and also from the development of green and ripésfm April 2001. 91% of the focus
trees flowered during October 1998, whereas on®p #8wered during February/March
1999.

After flowering, it took approximately 2 months uniny green fruits had developed, and
another 3 months passed until fruits reached fhmat size and ripening ensued. Within an
individual tree fruits matured in an asynchronacashfon, i.e. only a small proportion of all
fruits present in a tree crown ripened while theeo$ were still green. In accordance with
the two flowering events, | observed two fruitirgpsons per year, the first between March

and May and a second one in August to September.

The first fruiting season in each year varied ination between 2 and 4 1/2 months, with a
phase of intensive fruit ripening in April. | obsed this pattern in three consecutive years
(1999-2001). The second fruit season in Augustéeper seemed to be more variable in
onset, duration and occurence, as can be seenaghgraring the year 1999 with the year
2000. In August 1999 fruit ripening had not yett&d, while in August 2000 the
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proportion of trees with ripe fruits had alreadgicleed its peak. Also, in 1997 cymosa
trees fruited from August to October whereas in8LO0 fruiting occurred at all at that
time of the year.

) .
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Figure 5. Flowering and fruiting periods 1998-20Qda¢ed on 34 trees). Open circles indicate
dates of control.

3.1.4 Fruit morphology and nutritional quality
3.1.4.1 Methods

Sampling fruits

| collected 10 ripe, yellow fruits each from 12 ividual trees. In order to characterize the
nutritional status of yellow-green fruits, whicltearot yet fully ripe, but already attractive
for frugivores, | collected an additional 10 yellgreen fruits each from 2 of these trees.
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Within the respective ripeness category, the frsatsipled were of similar size and similar
properties (color, softness) and were picked fraffer@nt branches of a tree. All fruit
samples were collected in May 2000. Only largestregh a large number of fruits were

sampled in order not to interfere with the studyroit removal by frugivores.

Fruit pulp and seed mass

| measured the diameter of the fruits, separategbénicarp from the fruit pulp and seeds
and weighed the fruit pulp-seed-compound with atliePJ 300 balance (accuracy: 0.001
0). | separated seeds from fruit pulp, counted theexd measured the fresh weight of fruit
pulp. Total seed mass (fresh weight) per fruit sasulated by subtracting fruit pulp
weight from the weight of the pulp-seed compound.

Nutritional analysis of the fruit pulp
Preparation of pulp samples

Fruit pulp was conserved in the field in approx. By ethanol (98%) in 10 ml-scintillation
bottles of known tare weight. In the laboratoryitfpulp samples were dried inside the
scintillation bottles by blowing dry air for 7 datfsrough canulas into the bottles
evaporating the ethanol. Samples were then fudhed inside a drying closet at 35-40°C
until weight remained constant. Dry weight of thatfpulp samples was eventually

determined by subtracting the weight of the bottles

Subsequently, | added between 5 and 15 ml of dedibtéled water to the dry fruit pulp
(approximately 5 ml per 1.5 g fresh weight of frpitip). In this water the pulp was
homogenized with an ULTRA-TURRAX The homogenate was then used for further

analysis.

Sugars

0.5-1.0 ml of homogenate of each fruit pulp samyds transferred into an Eppendorf
tube. E-tubes and remaining homogenates were stoeetifeezer at -22°C. After thawing,
the homogenate was centrifuged in the e-cup fad &ih at 13000 rpm. 20l of the clear
supernatant were separated and analyzed by highyseeliquid chromatography (HPLC)
for sugar contents (pump and degasser: Knauennol8tability Polyamine L.D., 250 x
4,6 mm, grain size pm, by Dr. Maisch High Performance GmbH, Ammerbushrmany;
mobile phase: acetonitrile:water 80:20; RI-detedid® C 7510, Erma Optical Works,

Ltd.). Two successive analyses per extract sampte win and showed very little
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variation in the resulting chromatogram. Mean paaas of both runs were used to
calculate the concentration of the different sugeaibrated by a serial dilution with
0.01878 — 0.0375 — 0.075 — 0.15 — 0.3 mg/R6f a stock solution of 30 mg/ml fructose,

glucose and sucrose (p.A.) in HPLC grade water.

Protein

100ul of fruit pulp homogenate were transferred infaraviously weighed E-tube and the
E-tube was weighed again. 10000.1 M NaOH were added, the sample was mixed
thoroughly using a Whirl-Mix and stored overnigbt &xtraction. The homogenate was
then centrifuged in the E-tube at 10000 rpmullOf the clear supernatant were added to
90 ul of distilled water and 1 ml of a fresh dilutioh:$0 in distilled water) of BCA

Protein Assay Reagent (Laborchemie GmbH, St.Auglatid this mixture was then
incubated in a water bath at 37 °C for 30 min. Aledting it cool down to ambient
temperature, extinction of the mixture was measatewavelength of 562 nm with a
Carl Zeiss spectral photometer (Monochromator M4, Qisplay equipment PM Q 11). O,
10, 20, 30 and 40 pl of a 1mg/ml BSA solution vdtktilled water added, to complete 100

ul, were used to produce a calibration curve.

Protein content was calculated as follows:

mg protein / g dry weight =

mg protein (g protein/1000) * 100@l Na OH * g (volume of original

homogenate; g = ml) * dilution factor

10 ul (supernatant) * g (weighted homogenate sampbeyiry weight of orig. pulp
sample)

Three replicate analyses were carried out for efrerypulp sample. A mean was

calculated from these replicates to obtain thelrésuone individual sample.

Amino acids

To search in a cost-friendly manner for solubleraoacids in the fruit pulp df. cymosd

prepared a sub-sample of fruit pulp homogenataruno acid analyses. 1Q0of fruit
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pulp homogenate of only one fruit of each of tlee# sampled were pipetted into a
previously weighed E-tube, the E-tube was weighgadra 1 ml of HO was added and the
solution well mixed. Proteins were precipitateddegping the E-tubes for 5 min in a water
bath at 100 °C. Afterwards samples were immediatebted on ice and centrifuged for 20
min at 5000 rpm. 78l of the supernatant were combined withuI ®f a tri-Lithium
citrate-citric acid buffer solution (0.1 n Li, 0.8Bm citrate, pH 2,2) in special cups for
amino acid analyses and samples were stored desgnfuntil separation and
measurement of amino acids with an Amino Acid Asahyl 5001 (Biotronic, Maintal,
Germany) against a calibration standard solutie@n@®n Company, Reyno) and freshly
prepared standards of L-Glutamine L-Asparagine.

Amino acid (AA) content was calculated as follows:
mg AA/g dry weight =

uM AA * 1000 ul H20 * g (volume of original homogenate; g = ml) *utibn

factor

1000 ml * g (weighted homogenate sample) * g (deyght of orig. pulp sample)
Lipids
The conservation of the fruit pulp in ethanol itgehctioned as an extraction method for
lipids from the fruit pulp. When ethanol was evagied, any lipids should have remained
at the walls and on the floor of the vials. Indegdficky brownish-yellow extract was
found at the ground of the dried scintillation kextt but this extract was completely
soluble in water. Weighing the bottles showed tiabther substances insoluble by water

remained in the vials. Therefore | concluded thetftuit pulp did not contain any lipids or

only minimal amounts below the threshold of detecivith my methods.

Water content

The water content of the fruit pulp was calculdgdubtracting dry weight from fresh

weight of fruit pulp. Water content was expressegercent fresh weight.
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3.1.4.2 Results

Morphological traits of flowers and fruits

L. cymoséhad tiny yellow-whitish flowers of about 2-4 mnzsithat grow in clusters (see
Figure 6). | observed a large number of stinglessi{Meliponinae) when | climbed tree
crowns during flowering, but none during other pghrctive states. Thus, Meliponinae are

probably important pollinators &f. cymosa

The fruit that grows from the pollinated floweraserry (= a fruit with seeds immersed in
pulp), spherical in shape, 13 to 30 mm in diamgemetimes up to 40 mm), with a thick,
woody epicarp (Figure7). Fruits grew in clusterglmne, each on a short leafless twig (2-3
cm) while their fruiting pedicel was only about 3mhong. Unripe fruits had a dark green
color and their pericarp could not be separatenh fitee pulp-seed compound. Ripeness
was indicated by a softer pericarp that could Is#yedetached from the seed-pulp-
compound, by a sweet taste of the fruit pulp, bly fdeveloped seeds, and by a change of
color. | distinguished two stages of ripe fruritamely “recently ripened fruits” and “fully
ripe fruits”. Recently ripened fruits were lightegn to yellow in color, whereas fully ripe
fruits were pale yellow. Both were consumed by iivages. Both ripening stages contained
white to yellow pulp that was sticky and tightlyneeected to the seed. Therefore | could
only separate it from the seed by using preparatistnuments. It should be very difficult
for frugivores, either, to separate pulp from seedrder to get rid of the seeds before

devouring the pulp.

Depending on their size, fruits contained from 12coval to reniform seeds which
measure 13 mm in average length (range: 10-15.5mw1,8). The median of the mean
seed weight of 137 sampled fruits was 0.45 g (mimmO0.125 g, maximum 0.75 g, mean
seed weight of a fruit calculated as total weigideeds divided by the number of seeds of
that fruit). The number of seeds was highly cotezlavith the size of sampled fruits (r2 =
0.57, p <0.001, n = 27). The absolute weight op mer fruit increased with the number of
seeds up to 5 seeds, then the curve flattens @&jur = 117, Adjusted R2=0.47, F =
102.6 , p <0.0001, y = 0.48 + 0.687*10g10(x)). Hawer, the pulp mass to seed mass ratio,
which better reflects the pulp gain of a frugivoetative to handling cost, was not
correlated with number of seeds, i.e. it did not@ase with fruit size (Figure 9, Spearman
rank correlation,n =117, R =0.09, p = 0.312).
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Figure 6: Position of flowers of
L. cymosaFlower buds are still
closed here. Their diameter is
about 2-3 mm.

Figure 7: a) Green fruits on a twig &f. cymosab) Green to yellow and final yellow stage
of fruit ripeness.
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Figure 8: Correlation of total pulp mass and number of sqest fruit.
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Figure 9: Correlation of ratio of pulp to seed fresh weiglhith number of seeds per fruit.

Nutritional composition

The fruit pulp ofL. cymosacontained mainly sugar, protein and water. Solshigars
accounted for about half of the dry weight (DW}toé fruits ofL. cymosgTable 2).
Sugars found in the fruit pulp were fructose, gheeand sucrose. The median content of
these sugar components in the fruits of individuegs ranged from 97 to 249 mg/g DW
fructose, from 120 to 275 mg/g DW glucose and fidirto 361 mg/g DW sucrose
(median of the fruits sampled from a single tré@ée median of the total amount of
soluble sugars ranged from 415 to 642 mg/g DW.Sdw®nd most important nutritional
compound of the fruit pulp was protein which acdedrfor approximately a fifth of the
dry weight. Medians of protein content of the feuitom individual trees ranged from 129
to 235 mg/g DW of fruit pulp. Amino acids were falim very low concentrations close to
the lower detection limit (for values see apperlixOnly traces of Alanine and Glutamic
acid were found with reliable chromatogram peaksiare than half of the samples, in
amounts of a maximum of 7.2 umol/g DW Alanine arflifmol/g DW Glutamic acid.

No lipids were found in the fruit pulp. The remagidry matter of the fruit pulp
(components insoluble in water) consists of ashdscallulose. Both were not analysed in

detail.
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Table 2 Nutritional composition of the fruit pulp of fyllripe (yellow) fruits ofL. cymosa

Mean Minimum  Maximum
(n =105)
water content ( % fresh weight) 76.5 66.4 83.1
total soluble sugar ( % dry weight) 53.2 21.3 73.6
protein ( % dry weight) 18.6 10.7 28.9
insoluble dry matter (ashes and cellulose) 28.1 5.1 61.3

Variation of quality among and within individual tr ees

By having collected only fruits of similar size apperties throughout all trees sampled,
| could make sure that only fruits of the same stafyipeness were analysed. Still, there
was a great variation within trees as well as betwteees in the content of nutrients in the
fruit pulp, in the water content, and in the masBwat pulp relative to the seed mass
(Figures 10 to 13). At the date of fruit sampliegch tree showed a specific pattern of
concentration of sugars contained in its fruit p@Hgure 10). Significant differences were
found between trees in all nutrient constituentslistd (see table 3 for the results of overall
tests for differences between trees). Figure 18aksvan inverse relationship between the
content of fructose and glucose on one hand amdseion the other hand: high fructose

and glucose contents are associated with low se@mstent and vice versa.

Table 3 Between-tree comparison of 12 trees ofymosaResults of Kruskal-Wallis-
ANOVAs of nutrient contents.

Kruskal-Wallis H P df ; N
Fructose 61.9 <0.001 11; 118
Glucose 61.9 <0.001 11; 118
Sucrose 83.4 <0.001 11; 118
total soluble sugar 49.2 <0.001 11; 118
Protein 56.8 < 0.001 11; 114
Water content 70.5 <0.001 11; 118
Fruit pulp / seed 83.1 <0.001 11; 117
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Figure 10. Sugar content of the fruit pulp of fruits from &2es ofLeonia cymosarlhe
number of fruits analysed per tree is given abbeebox plots.
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Figure 11: Protein content of the fruit pulp of fruits frob2 trees ot.eonia cymosarlhe
number of fruits analysed per tree is given abbeebiox plots.
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Figure 13 Water content of the fruit pulp of fully ripe ({@w) fruits from 12 trees of
Leonia cymosarhe number of fruits analysed per tree is givieova the box plots.
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Two stages of fruit ripeness compared

Fruits ofL. cymosachange color in the course of fruit ripening: frdiark green (= unripe)
to light green to yellow (recently ripened) to well (= fully ripe). Frugivores were
observed to take both green to yellow and yellavitdr Indeed, in the two trees sampled,
green to yellow fruits already showed the tree-gpesugar composition found also in
yellow fruits from of the same tree (Figure 14)kéwise, no differences between the two
stages of ripeness of fruits from the same tre@vi@rmd with respect to protein (Figure
15, Mann-Whitney U = 30.0 Z = -1.22474, p = 0.2Z9) and the pulp weight to see
weight ratio (Figure 16). A significant differenoewater content between green to yellow
and yellow fruits was found only in one tree (Figl7, Mann-Whitney U = 11.0, Z =

2.95, p =0.003, n = 10).
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Figure 14: Sugar content of the fruit pulp in two subsequstages of fruit ripeness. Green
to yellow color indicates recently ripened and @ellcolor indicates fully ripe fruits.
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Figure 15: Protein content of the fruit pulp in two subsenjugtages of fruit ripeness.
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Figure 16: Fruit pulp to seed ratio of fruits in two subsegtistages of ripeness.
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Figure 17: Water content of the fruit pulp in two subsequstages of fruit ripeness.

3.1.5 Individual fruit production: variation within years and between

years

3.1.5.1 Methods

Fruit counts in 1999

In December 1998, when trees started to produandraits, a total of 61 individuals

were selected from study siti& , J, P andS representing the whole size rangd.of
cymosatrees and the whole range of potential fruit cs@es. | placed olive green
mosquito nets in about 1 m height covering the cravea underneath each of these trees
with as little disturbance of the undergrowth vegjen as possible. From end of December
1998 to May 1999 — when the fruiting period finidheall fully grown green and all ripe
fruits in the tree crowns, and all fruits or peefdruits found in the net underneath a tree
were counted biweekly. Two stages of fruit ripenssse differentiated by color and

counted separately: an earlier yellow-green stadintha later yellow stadium. It was
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possible to count the number of fruits from the aenng peels because peel (pericarp)
fragments were large and points of connectionui $tems could be identified clearly.

| used a 4 m aluminium ladder to access tree crokmsts of a few large individuals were
counted by climbing into their crown or on brancbéseighbouring trees. Counts were
enabled by a variety of hooks to get hold of sifglnches and by handheld tally
counters. Large trees with dense foliage were @by two persons, one counting and
one assisting in separating branches. As fruits oymosaare large and as we initiated re-

counts at the slightest suspect of an error in wogncounts can be considered accurate.

Fruit counts in 2000

During the fruiting period of 2000 from End of Marto May, the complete fruiting tree
population of the study plotdL andP (in total 93 trees df. cymosawere included in
weekly fruit counts (intervals ranged from 6-8 dayspplied a counting technique similar
to that in 1999, but I did not use nets to catciitdrfalling from the crowns. Instead, |
checked all trees daily for peels of fruits anddatire fruits on the ground from 4 »f

April to 10" of May. When peels were found, the number of corelifruits was counted
as described above, and the ripe fruits remaimirige tree crown were counted to

determine the degree of depletion by visiting mgske

Calculations for quantifying fruit production

As described, surveys of fruiting trees duringftioéing periods of 1999 and 2000

resulted in a series of counts that can be scheatligtillustrated like:

interval 1 interval 2
count 1 L - count 2 LArevale count 3 ...

| calculated the production of ripe fruits (P) ofiaen tree during a given interval

according to the following simple equation (heremplified with “interval 1”):

Pinterval 1= (no. of ripe fruits in the crown + no. of ripaiits in the net + no. fruits

consumed by monkeyg)ni 2 - (no of ripe fruits in the crowgyunt 1+ (no.

fruits disappeared)unt 2
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“Disappeared” fruits were detected by comparingti@)number of ripe and green fruits in
the tree crown during one count with (b) the sammntjty during the following count plus
the number of fruits consumed in between as indéchly peels. In 1999, when nets were
used, a negative result of this comparison (a-ls) weerpreted as removal of these fruits
from the tree crown. In 2000, with no nets mouriielbw the tree crowns, a “disappeared”
fruit could either have been taken away from tke ttrown by a frugivore, or could have

fallen to the ground and removed there by a grdiviag vertebrate.

Thus, fruit counts resulted in a quantitative deieation of the number of ripe fruits
produced by each tree per interval. For everydleserved, these ripe fruits produced per
interval were summed up during the whole obsermgtieriod (which almost represented

the entire fruiting period) to getsieasonal fruit crop sizeof the tree.

To illustrate the amount of fruits available fonsomption during a shorter time period, |
calculated the standing crop of ripe fruits forrterval between counts. | did this by
adding the number of ripe fruits hanging in the tceowns at one count to the production

of ripe fruits of the following interval:

standing crogervair = Phterval 1+ (N0 Of ripe fruits in the crowgnt 1

3.1.5.2 Results

Fruit crop size and its relationship with tree size

The distribution of seasonal fruit crop sizes afiudual trees (= the number of ripe fruits
produced during a ripening season) is skewed tasvarthller numbers in both 1999 and
2000 (Figure 18 a, b). Hence, productivity is ngitly correlated with tree size: the
correlation of tree size and number of ripe frpitsduced was only weak, though
significant in 1999 (Spearman R = 0.374, t(N-2).8% p = 0.006, n =52, Figure 19 a) and
not significant in 2000 (Spearman R = 0.185, t(N=2).78, p = 0.08, n = 92, Figure 19 b).
However, in 1999 the most productive tree was alsoof the biggest trees. Median
productivity of the trees was 45 ripe fruits in 89%wer quartile: 21.5, upper quartile:
84.0) and 36 ripe fruits in 20Qwer quartile: 17.0, upper quartile: 64.0).
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Inter-annual variation of individual fruit producti on

| found considerable variation in productivity bktindividual trees between years (Figure
20). There was no correlation between the totadlpetion of ripe fruits of trees during the
fruiting period monitored in 1999 and that in 2q@pearman R = 0.224; t(N-2) = 1.03; p
=0.32).
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Figure 20: Variation of productivity in successive yearseds with data
from both 1999 and 2000 (n = 22).

Standing crop

The standing crop per count interval gives a pectafrthe amount of ripe fruits available
for frugivores in a given tree throughout a shoti@e period. In 1999, with count
intervals of ca. two weeks, the standing cropssb of the trees did not exceed 20 ripe
fruits in almost all count intervals (Figure 21 Ajnong the 25% trees offering more ripe
fruits, the maximum standing crop was 172 ripeté.un the fruiting season of 2000, with
count intervals of approximately one week, the ditagncrops of 75% of all trees were
low, too, reaching up to 30 ripe fruits (Figuret?1 The maximum standing crop of a
single tree in 2000 was 324 ripe fruits. Large diiag crops resulted from accumulation of

ripe fruits because of low harvest by frugivores.
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3.1.6 Infestation of fruits by insect larvae

3.1.6.1 Methods

Fruits fallen into the nets (in 1999) were indivadly inspected and their state was
categorized as intact, perforated peel, rottedyprFruits with a perforated or somehow
otherwise damaged peel were opened and searcheddat larvae. A collection of insect
larvae was conserved in ethanol. Also the tree osomere scanned for signs of insect

“pests” during the fruits counts.

Complete fruits infested with insect larvae welkeetato the field laboratory and deposited
in plastic cages in an attempt to get hold of aihskects emerging from the larvae that fed

on the fruits.

3.1.6.1 Results

In 1999 | observed that fruits recollected from tie¢s had small holes (approx. 0.5 mm in
diameter) and in many trees | found lepidopterahsaa the stem base of fruits. Fruits
with holes contained always larvae of lepidopteramsst times also dipteran larvae and
sometimes also coleopteran larvae. Of the fruitevered in the nets only fruits with holes
were infested with these insect larvae. Lepidoptémavae were found to feed on the

seeds. Infested fruits showed signs of decay ajredwdn picked from the tree crown.

Infested fruits were found only between tfed8 January and thé“of March 1999, i.e.
only in the first half of the observation perio®98 of ripe fruits produced by all focus
trees during this part of the fruiting season wefested with insect larvae. Most infested
fruits occurred during February. Calculated for tbenplete fruiting season, 15% of all
ripe fruits produced by all focus trees were darddgeinsect infestation.

No infested fruits were found during the fruitingason in 2000 and no webs were

observed in that year.
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3.1.7 Discussion

Size, density, and spatial distribution

The survey of a large numberlaofcymosarees leaves no doubt that this species is truly a
small tree of the under-story of the rain forestisTforest layer is very diverse in

Cuyabeno where trees with a height of <10 m acealfdr 49 % of the tree species
richness in a 1 ha plot very close to my study@ftencia et al. 1994; Valencia et al.
1997). Judging by the size bf cymosaalone, the variety of potential frugivores explagt

it might be limited because the distribution oftband monkeys species in tropical forests
follows a height stratification and few frugivoresage in the under-story that are large
enough to deal with. cymosdruits (Marra et al. 1997; Buchanan-Smith et 80@,
Heymann et al. 2002; Schaefer et al. 2002; WaRbég; Warner 2002).

The size distribution of fertile individuals beoniain my study site (trees with a diameter
of breast height 2 cm) resembles a normal distribution, with atgliglonger tail of rare,
large individuals. This is a size distribution nedxing that of shade tolerant canopy trees
on Barro Colorado Island (Wright et al. 2003) wlasrepecies dependent on gaps for
regeneration showed many large individuals anahg tail of small ones in BCI. For a
sub-canopy tree like. cymosashade tolerant regeneration would be rather éggeAs |
observed seedlings in many shaded sites, it isiugoyobable thak. cymosavould

depend on directed dispersal to light gap sitegéomination and regeneration.

L. cymoséhas an aggregated spatial distribution of indigldua common trait of
rainforest trees (compare He et al. 1997; Blehat.€2002). Recruitment simulation
models of Bleher and Oberrath et al. (Bleher e2@02) showed that low to medium
dispersal distances always resulted in highly cledpee populations. It is tempting to
conclude that groups of trees of the same sizerobd@t various sites in the study area
may be cohorts of related trees and thus a rekldiwodispersal distance. The data on
frugivores visitingL. cymosagoresented in the following chapter, will allow ctusions on
dispersal distances bf cymosaseeds. However, only genetic data on relatedrfesses
would make it possible to find out if tree clustare descendants of local trees or stem

from seeds imported into the area by frugivores.

L. cymosabelongs to the more common trees in Cuyabeneaat in the forest near the
Laguna Grande, where all my study sites were lacdte median density of 12 trees per
ha is within the range of 10 to 48 ind./ha repoftedhe 30 most common trees from the
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Cuyabeno hectare plot (Valencia et al. 1994) |latatea distance of approximately 1.1 km
from the Laguna Grande. No data from other sitesagailable for further comparisons.

Flowering and fruiting seasons

Following the classification framework of Newstr@nd Frankie et al. (1994), cymosa
clearly shows a sub-annual periodicity in reproguctOne flowering event occurs in
early March and a second one in October. As a cuesee, trees fruit two times a year,
and fruit maturation after one flowering frequentlerlaps with the subsequent flowering.
My data suggest that the forest-wide fruit produttfL. cymosarees resulting from the
flowering in October is higher than that resultfingm flowering in March, because of the
higher percentage of flowering trees in OctobescAfruiting in the following March is

less variable in onset and duration than fruitm@ugust to October.

Like L. cymosagpther tree species from tropical forests near thuaer also show bimodal
flowering (and fruiting) (Borchert et al. 2005, 9. Obviously, a flowering induction
mechanism exists at low latitudes that is not yelt wnderstood. Borchert and Renner et
al. (2005) proposed that changes in sunset tinsée@a of day length like in temperate
plants) around the spring and autumn equinoxedifumas a signal for flower
development. Such a triggering mechanism may wotk cymosaat least the two
flowering seasons per year observed.icymosanatch perfectly with the equinoxes.
Also, changes in sunset time are bigger arounaudlfemn equinox than around the spring
equinox (7 min / 20 days vs. 5.9 min /20 days, @Bert et al. 2005, p.629). The weaker
photic signal at the spring equinox might accoontsf lower percentage bf cymosarees
flowering in spring and subsequently for a lessyprmced fruiting period in August.
However, the importance of sunset time in flowelimduction is not yet experimentally
tested. Other, climatic factors might trigger flowg in tropical trees as well, like
insolation duration, or draught. For example, Wrighal. (1999) observed on Barro
Colorado Island, Panama, that mild, rainy dry seagm years after El Nino years)

coincide with low or failed fruit production, resulg in famine in frugivores.

It is interesting to note in this context that enbdal pattern of reproduction in tropical
habitats near the equator is also known from birdthe Lagunas de Cuyabeno, which are
located at the Equator, the hoatzZidp{sthocomus hoazimbreeds two times a year, while
hoatzins in Venezuela (10°N) and in Peru (10°S¢d@nly once a year (Mullner et al.
2007). The timing of breeding in birds that livetla¢ Equator still remains far from being
understood (Hau et al. 2008).
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Fruit characteristics

The size and outer woody peel of the fruitd. ofymosaare likely to limit the range of
frugivores that are able to consume them. Entuisficould conceivably only be
swallowed by large birds with a gap width of 2 cnd anore, large monkeys, or at the
ground by pacas and deer. If not swallowed entietyensive handling is needed to open
them. Once having achieved to open the fruit gagjvores face a fruit pulp that is sticky
and tightly connected to the seeds. Frugivoresooiynswallow the seeds and fruit pulp
together or suck on the seeds and spit them cmadtds. Seed size also makes
swallowing difficult or impossible for small birdsor those frugivores that are able to
open the peel, relative handling costs do not @seréor bigger fruits because the pulp
seed ratio does not increase with fruit size. Tioeeel would not expect frugivores to

prefer large fruits.

The large size, dull yellow color, relatively stgpfiuit peel, and no obvious smell (for
humans) of ripe fruits df. cymosaare a set of traits characteristic for the “mammal
disperser syndrome” (van der Pijl 1982; a sumnoéfgonsensus” fruit syndromes in
Howe 1986; Fischer et al. 1993). The fact thatfthie pulp of L. cymosas rich in

carbohydrates and proteins supports this classdita

My analysis of the nutritional contents of fruitsdrevealed tree-specific sugar
composition and a significant variation of qualityripe fruits between tree individuals. |
paid careful attention to sampling only fruits ohgar size and ripeness. Therefore | am
confident that the detected differences betweesstaee real and not an artefact of
sampling. This means that a preference of frugséoe individual trees based on
nutritional fruit quality is in principle possibl&he lack of difference in nutritional quality
between recently ripened (green to yellow) fruitd &ully ripe (yellow) fruits supports my
classification of both stages being “ripe” fruitsfar as the nutrients in the fruit pulp are
concerned. However, seeds from green to yellowsfimight not yet be ready for

germination.

Productivity of individual trees

Small fruit crops are typical @f. cymosaSeasonal fruit crop sizes vary strongly within
trees of comparable size and large crops are stitated to large trees. Also, the variation
of seasonal fruit crop size within individuals betm two consecutive seasons is large.

Variation itself can be expected, but no cleargatemerged as to what factor might
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influence the productivity of a tree. There is oalweak correlation between tree size
(height) and the production of ripe fruits, and gamng data for individual trees from two
main fruiting seasons in 1999 and 2000 did notak\@ime producers” or “bad
producers”. There is neither a hint for costs pfoeuction: if fruit production was a costly
process, one might expect highly productive treesfthe first year to produce low
numbers of ripe fruits during the following seagobe. an accumulation of data points in
the lower right hand side of the graph in figurg. 108stead, no significant correlation of
production of ripe fruits between two consecutieang was found. Variation in fruit
production of individual trees could also be thguteof varying local ambient conditions,
like light, water and nutrient availability. Thushatever the reason for inter-annual
differences in fruit production might be, individua cymosarees are no predictable food
resource between fruiting events. Long-lived frages might still memorize single trees

to be worth a visit, if they have shown to be araative fruit resource before.

Traits of L. cymosa and the “specialist / generalist” disperser paradim

Almost all traits ofL.. cymosadescribed in this chapter — fruit size, seed $exyndity,

and nutrient composition — do indeed meet theraitested for a specialized dispersal
system (as summarized by Howe 19%3)cymosdruits are large and produce large seeds,
and its fruit pulp offers proteins additionally¢arbohydrates. Median and maximum crop
sizes are low. In addition the fruiting season setadbe long. A long fruit display time is
hypothesized to yield a better usage of a limitspetser assemblage (Howe et al. 1977).
From that perspective, the second fruit set obskirve. cymosacould be seen as a
strategy to even further extend the time of frgtand the use of dispersal agents.

In the following chapter | will examine, if frugives using.. cymosaalso fit into the
proposed specialist dispersal system. The datdeohistory ofL. cymosgresented here

will provide the basis for hypotheses on plant-ivage relations to be tested in subsequent
chapters.
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3.2  Frugivores ofLeonia cymosa in the rain forest of

Cuyabeno

Abstract

Fruit morphology and fruit color allow predictioas to the type of frugivore species
feeding on the fruit. As shown in the previous deagruit traits and ripening regimes of
Leonia cymosavere in accordance with a “specialist” disperyatem, and with a
dispersal of seeds by mammals. Here | investigaiehwfrugivores feed oh. cymosaand
their role in this tree’s dispersal system. | agghldirect observations, automatic camera
traps, counts of fruits in tree crowns, and cowftheir remains on the floor below the

trees.

Black mantle tamarin§aguinus nigricolligCallitrichidae), and Squirrel monkeySaimiri
sciureus(Cebidae), and possibly an unknown nocturnal froigg consumed the fruits bf
cymosaat my study sites near the Laguna Grande de Cagalkeuador. Green-rumped
acouchis lMyoprocta prattj Dasyproctidae) consumed fallen fruits and seadeuneath

the trees. Black mantle tamarins swallowed the semgkther with the fruit pulp and
defecated intact seeds far away from the mother 8quirrel monkeys opened the fruits to
suck and gnaw on the fruit pulp, and then dropgedis to the forest floor below the tree

crowns. Squirrel monkeys might have carried frtoteeighboring trees occasionally.

55% of all feeding visits recorded in the fruitisgason of 2000 were visits by tamarins,
and only 45% were visits by squirrel monkeys. ¢gujirrel monkeys in total harvested
almost three times more fruits lof cymosahan tamarins, due to their larger group size
and other feeding technique. Tamarins visited thdysplots more frequently than squirrel
monkeys (in one plot e.g. mean interval betweerdstrof 1.8 days versus 4.3 days), and
tamarins fed on fewer trees per visit in a plonteguirrel monkeys (in one plot e.g. mean
number of trees exploited per visit of 3.2 versi®.71n a single tree, tamarins harvested
from 1 to 25 fruits per visit, while squirrel monjsesharvested from 1 to 224 fruits per
visit. Both monkey species left ripe fruits behindhe tree crowns in 97% of all feeding
events. Both monkey species together consumed 3be aipe fruits produced by all trees
monitored during the fruiting season of 1999, amayhly 50% of the ripe fruits produced

by all trees monitored in the fruiting season dd@0
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Each of my study plots fell into the core home ®n§one group each &aguinusand
Saimiri. Thus, the frugivore assemblage is small and digpeavailability is limited for the

individual tree.

The criteria of a “specialist dispersal system” @#01993) also apply to the frugivore side
of the dispersal system bf cymosaBlack mantle tamarins are obviously important
dispersers foL. cymosaThe interaction betwee. nigricollisandL. cymosaseems close
enough to expect a potential for selective infle=nof the disperser on fruit or fruiting

traits.

3.2.1 Introduction

Fruit morphology and color allow predictions aghe type of frugivore species feeding on
it. Comparative studies of fruit features and asded disperser assemblages revealed that
complexes of fruit characters called “fruit syndest(van der Pijl 1969) correspond to a
certain group of dispersers (Howe 1986, p.152).example: small red or black, juicy
drupe-like fruits that are rich in carbohydrates ‘doird fruits”, while large green, yellow

or brown fruits with stronger peels (pericarp) @ning lipids or proteins additionally to
carbohydrates are often dispersed by primatester Oaerlap in frugivore consumers
exists, especially in unprotected fleshy fruits (@Geax Hion et al. 1985), but fruit

syndromes nonetheless give a first hint on the conity of frugivores likely involved in

seed dispersal of a given plant.

Going beyond van der Pijl’s initial fruit syndromkassification Snow (1971), McKey
(1975), and Howe (1982) suggested fruit charadiesisogether with fruit crop sizes and
fruit display features as having evolved in intéi@acwith frugivores to ensure a certain
dispersal strategy. These authors postulated two stiategies for tropical trees, one
targeting unspecialized frugivorous birds (the galis dispersal system), and the other
targeting bird and mammal species that are hightgislized on a fruit diet (the specialist
dispersal system; summarized in Howe (1993)). Hawnehe co-evolutionary history
assumed for the latter system requires close ictierss between plants and frugivores. An
example for such interactions are Neotropical gfiearfigs, where fig colour, size, smell,
and synchrony of ripening are the distinguishingrakters that separate bird-dispersed
from bat-dispersed strangler fig species (Kalkale1996; Korine et al. 2000). Other case
studies on tropical bird-dispersed trees couldfiindtthe specialised relationships
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postulated (Wheelwright et al. 1982) or could naifam preferences of frugivores for

certain fruit traits (Hovestadt 1997).

As shown in chapter 3.1, fruit traits and ripeniegimes ol_eonia cymosare in
accordance with a “specialist” dispersal systerd, with a dispersal of seeds by mammals.
The Siona indigenous people of Cuyabeno know thraesmonkeys liké. cymosafruits:

in the Siona languagkeoniais called “food of tamarins” (“sisi éu”) (T. Criol, personal
communication). However, detailed and systematseolations are needed to find out if
large frugivorous birds like toucans or fruit crqows if bats also feed on fruits bf
cymosaHere, | describe the assemblage of fruit usets ofmosaobserved in the
rainforest near the Laguna Grande de Cuyabenodécuiafurther aim to characterize the
nature of the relationship between each of themLamgmosataking into consideration
their impact on fruit removal, their qualities asprsers, and the time pattern of fruit
removal. Thus | aim to clarify, if any close pldntgivore interactions exist in this
dispersal system.

3.2.2 Visitors of fruiting trees — species and featy behavior

3.2.2.1 Methods

Observations

To observe frugivores feeding lin cymosarees, camouflaged hides were installed on the
ground in two patches containing several trees aiglood abundance of ripe fruits. From
these hides, up to 5 trees could be observed sinedusly, depending on the observation
site. A total of 97 hours of observation were cartdd between February to April of 1999
and in April 2000. Observation hours were eithenfr6:15 to 12:00 or 15:00 t017:30,

with two thirds of the total observation time besgent in the morning hours.

Additionally, careful attention for diurnal frugives was paid to possible visitors in tree

crowns whenever approaching trees for revisindifrgiistatus or for fruit counts.

Only few visits of frugivores could be observednirthe hides. Therefore, by following
freely moving monkey groups | aimed to collect mofermation on feeding behavior of
black mantle tamarinsS@guinus nigricollisand squirrel monkeys@imiri sciureus— two
potential dispersers. Monkeys were searched irygiledsHL, J, S, andP during 10

subsequent days in early March 2000. In each areapbserver quietly moved around for
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the entire day (from 6 a.m. to 5 p.m.). On encoumgea group ofSaguinusthe observer
followed the moves of these un-habituated monkegsnspicuously, avoiding an alarm
reaction. Monkey groups &aguinusould be followed for a total of 28 hours. Grouges
and travel routes ddaguinusvere recorded. Upon encountering a groupaimiri
monkeys, only locations of encounters as well ageling directions were recorded,
because we gave priority to finding and obserdngigricollis Groups ofS. sciureus
travel fast and we found that observing unhabitli§tesciureusrom a distance did not
yield any useful result concerning the feeding laran trees ol.. cymosaFollowing
groups ofS. sciureusvould have resulted in leaving the study plotsdigpand missing
chances to obsen& nigricollis

Location and group size were also recorded whersavesuntering monkeys during fruit

counts.

| determined the number of groupsSfnigricollisexisting at the study sites by help of all
records of group size and location of encountdrd@9 and 2000, in combination with the
travel routes observed in the groups followed i@®0 concluded to the existence of a
distinct group ofS. nigricollisfrom repeated records of the same number of indalglat
the same location. BecauSenigricollislive in small, stable family groups that inhabit a
small home range (lzawa 1978; Emmons 1990), thssgh good estimation of group
numbers in an area without coat marking. This cemschnique has been successfully

applied in other studies before (de la Torre 19&lla Torre et al. 1995).

Camera trapping

To detect possible fruit users during the nightl bacause visits of diurnal frugivores
turned out to be rare events, | used two camertdsantomatic trigger mechanisms
(Figure 1). The camera devices were based on amfy DX Trip XB3 pocket camera
that was connected with an infra-red sensitive amtietector and a circuit which secured
a time lag of 1 min between photos and thus avaidattoo many photos were taken from
just one animal remaining for some time within tiperating distance of the detector.
Camera and circuit were fixed inside a water-ptwnf made out of a food storing plastic
bin where the bottom had been replaced by glassy Were connected by cable to the
motion detector and a 12 V dry battery to powerdineuit. During field tests, the
automatic cameras proved to reliably take photdgga small mammals on the ground as
well as of bats hovering in front of a fruit bdiused camera devices in two ways: firstly, |
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mounted them on a tripod on the forest floor taetpkotos of vertebrates feeding on seeds
and fallen fruits. Secondly, | tied up the tripagtining the camera to trunks near a tree
crown ofL. cymosdo take photos of frugivores feeding from the tiEee time of camera
surveillance during the peak fruiting season of®@0ded up to 4 days and nights on the

ground at one tree and 21 days and nights in thens of two different trees.

Figure 1. Automatic cameras installed near tree crownshahe ground.

Deposition of entire fruits on the ground

In 1999 entire and only freshly fallen fruits fouimdthe nets below tree crowns were
arranged on the ground under the nets, distribradedomly within the area of the crown.
All other fruits that had accumulated within thésduring the 7 days between two counts
were discarded. At the subsequent control, the irentafruits on the ground were counted
and their status (intact or decomposed) was redotd&act fruits were left on the ground

together with new fruits transferred from the néilevdecomposed fruits were removed.
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3.2.2.2 Results

Visitors of the tree crown and how they treat fruits and seeds

The only frugivores | observed feeding on fruitd. otymosadluring the day were Black
mantle tamarinsSaguinushigricollis (Callitrichidae), and Squirrel monkeySaimiri
sciureus(Cebidae) (Figure 2). Their ecological charactessbased on studies conducted
in Cuyabeno and elsewhere are given in Table 2uiNis were observed eating fruitslof

cymosaneither during observations of trees nor duriisgfv of trees during fruit counts.

Tamarins could be observed four times wile feeding. cymosaonce from a hide and
three times while following groups. From the hidesingle tamarin was observed
separating itself temporarily from its group andeeimg a tree crown df. cymosawhile

the other tamarins of the group remained out ditsifjthe observer and moved on. The
single tamarin picked a fruit from a branch, androgal the peel with a bite. The animal
used the claws of its fingers to take out singkdseand to put them into its mouth. It also
ate the pulp/ seeds directly with the mouth. Seeste obviously swallowed together with
fruit pulp, as no spitting out of seeds could bsesled, and because the animal dropped
the empty peel on the ground. After consuming twdd, the individual left the tree
crown with a third fruit in its mouth, and followets group in rapid jumps. Therefore it
was impossible to observe how far it carried thi find what it did with the fruit later.
Many other ripe fruits remained untouched in tlee ttrown. At all three observations
made while following tamarin groups, black manéearins stayed in the tree crowns to

feed on a few fruits, and did not carry fruits avimm the tree.

The characteristic fragments of fruit peels thatdans leave behind on the ground below
a tree are demonstrated in Figure 3. However, tasdrd not always manage to swallow
all seeds of a fruit. On some occasions, we alsndesmall numbers of seeds covered with

fruit pulp on the ground beneath peel fragments.
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Table 2 Biological facts orSaguinusandSaimiri (compiled from Ulloa 1988; Emmons
1990; de la Torre 1991; Garber 1993; Peres 1998 @erre et al. 1995; Lima et al. 2003)

Saguinusnigricollis Saimiri sciureus
Weight 400 - 500 g 600 g, males up to 140Q g
Group size 4 - 9 individuals 20 - 50 individuals
Home range size 40 - 50 ha > 1000 ha
Daily range 1 km > 2 km
Preferred foraging stratum 3-15m 3-25m
Food fruits, gums, insects fruits, 20-80 % aninralyp

mostly arthropods

Figure 2: Saguinus nigricolligleft) andSaimiri sciureugright)
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Figure 3: Peel fragments left bgaguinus nigricollis

Squirrel monkeys left remains that differed fromogl of tamarins. Many separated seeds
could be found scattered over the ground togetlithrpeel fragments after feeding f
sciureus Peel fragments were smaller than those left byatars. This is because Squirrel
monkeys give the fruits a quicker and rougher inegit by biting and tearing the peels into
pieces. Seeds found on the ground lefSbgciureushowed a rough-textured surface
obviously caused by sucking and gnawing on thé frulip. The remains db. sciureus
differed from those 08. nigricollismarkedly, wheneve®. sciureuvad consumed a large
number of fruits. However, at one control we obedraS. sciureugating 3 of 5 ripe

fruits available in a small tree and leaving orsger pieces of fruit peels.

Monkey density in the study area

Monkey sightings and observations in 2000 revetiiatieach of my study plots fell into
the core home range of one grouBafyuinusandSaimiri, respectively. These results are
consistent with surveys carried out in the yeafereehis study (1995-1997; Mullner et al.
2001).

We found aSaguinusgroup with 8 individuals i (6 sightings), one with 7 individuals in
HL (8 sightings), one with 6 individuals Ih(7 sightings), and one with 9 individualsSn
(1 sighting) (Figure 4). Because home range overést in tamarins, other groups could
have infrequently intruded into home ranges ofrtteationed groups. This could explain
rare sightings of smaller groups $#guinusn the area. However, these small groups
could also be the result of temporary group fission
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Because of the large home rangeSaiimiri, it was more difficult to determine the exact
number of groups of this species present in tha. &ee group obaimiri was observed
repeatedly to patrol the arehandHL and was probably also ranging through the part of

S, whereas squirrel monkeys sightedPiprobably belonged to another group (Figure 4).

Visitors at the ground

Fruits deposited on the ground during the fruisegson in 1999 either were removed by
unknown animals or decayed. In 2000, photogragtentdy the automatic cameras
showed that fruits and seedsLofcymosaon the ground attracted acouchéypprocta
pratti). No other ground mammals triggered the camepsira

Forest

Laguna Grande

Figure 4: Groups of black mantle tamarirS8aguinus nigricollisand of squirrel monkeys
(Samiri sciureuspbserved at the study sites. Areas of sighting. oigricollis are
hatched, numbers indicate group size. S, J, HkfuRty plots. Tamarin groups falling into
the range of one group of squirrel monkeys areggdiby a thin ellipsoid line.
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3.2.3 Contribution of frugivores to fruit removal and patterns of use of

L. cymosa by monkeys

3.2.3.1 Methods

Measuring fruit production and fruit removal

The number of ripe fruits produced by an individinak, the number of fruits removed
from its crown by frugivores, and the standing cobpipe fruits were determined by
means of fruit counts as described in detail irpté@3.1. Fruit counts in 1999 were
conducted biweekly on a sample ofl6lcymosarees from study plot€lL , J, P, andS. In
2000 fruit counts were conducted weekly on allgregrrying fruits irHL andP, equaling
93 trees ot.. cymosaAdditionally, | checked all trees L daily for signs of fruit
harvest from 1% of April to 10" of May 2000, and | conducted daily controls ofteges

in P from 4" to 18" of April and from 17 of April to 10" of May. When peels were
found, the number of consumed fruits, and the fripiés remaining in the tree crown were
counted. Thus, during this period of the fruitirg@son of 2000 | was able to determine if
monkeys visited my study plots with a resolutioroné day. A visit of a monkey group to
a study plot here means that | found at leastLomgmosaree with feeding remains of

monkeys at a given day.

| express the general contribution of a partictragivore species to fruit removal In
cymosaby the percentage of fruits removed by this sget@n the pooled production of

ripe fruits by all trees observed throughout theletruiting season.

Likewise, | calculated the overall percentage aitérremoved from the ground by using
the sum of all fruits manually deposited and the 1 all fruits that disappeared
throughout the observation time.

For the purpose of describing the time patternvefrall fruit maturation and fruit removal

by monkeys, | pooled the count results of all tneemitored for each count interval.

Assigning fruit consumption to monkey species in ZID

Using the different traces of feeding left by eatithe two monkey species, and taking
into consideration sightings of monkey groups ditdméfore tree controls, 93% of the
feeding events could be assigned to each spedkswidirect observation. We had
difficulties in unequivocally assigning 14 feediegents, with a total of 56 fruits consumed
(= 2% of all fruits removed by monkeys). Theseidiffties arose from finding peel
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fragments of only intermediate size and/or findsegds where it was not clear if they had
been sucked upon or not.

In these cases | assigned the fruits removed frén@eatoS. sciureusf the tree belonged
to a patch of.. cymosarees wheré&. sciureusiad removed large amounts of fruits. This
is reasonable because group$ofsciureusisually contain of 20-40 animals (own
observations; Ulloa 1988; Kinzey 1997) and ususgisead a whole patch of trees while
traveling and feeding. | assigned the fruits rentlbivem a tree with ambiguous feeding
remains tdS. nigricollisif there were no traces of a visit 8f sciureusn the plot at that
day, and also if such a tree stood more than 3@ay &rom a patch of trees with feeding
traces ofS. sciureusArcView-maps for each control day that visualizlked records of

fruit consumption were a helpful tool for analyzithg spatial pattern of feeding events.

It is possible that some of the feeding events mapad were wrongly assigned $o
sciureus Another source of error in assigning feeding eventdd be that in single cases
peel remains indicating fruit removal By nigricollismight have been overlooked where
S. sciureudad fed on numerous fruits (e.g. 50 fruits andemora single tree), and had

left large amounts of peel fragments and seedb®ground.

3.2.3.2 Results

Impact of monkeys

The amount of fruits harvested by monkeys (anceimegal) differed strongly between the
two fruiting periods observed. In 1999 almost twods of the total production of ripe
fruits of all trees monitored fell unused into tiets (Figure 5 a), 23% of them showing
infestation by insect larvae (compare section 3.08ly 9 % of the ripe fruits were
harvested by monkeys and three times as many fdigappeared”, meaning that they did
not remain in the crown, but peels did not appedhé nets. | recorded harvest by
monkeys 51 times and events of disappeared fra@gitnes. We searched in a
circumference of approximately 5 m of the outerdeos of the tree crowns for fruit

remains and did not find any.

In 2000, when no nets were used and fruit ripestaged two months later, half of the
ripe fruits produced population-wide were consurgdnonkeys, and almost a third of the
fruits “disappeared” by the end of the observapenod (Figure 5 b).
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a) 1999
harvested
9% by monkeys
27%
fallen into . )
the nets disappeared
64%
b) 2000

remaining in the crown

15% harvested

by Saimiri sciureus

collected or dried
3%

204 37%

fallen to
the ground

30%

"disappeared" 13%

harvested
by Saguinus nigricollis

Figure 5: Fate of ripe fruits during the observation pesiad (a) 1999 and (b) 2000 in

percent of total seasonal fruit production of edes pooled.

Less than 5% of the fruits were either found lyamgthe ground or found shrunk by
desiccation within the tree crown and thus wereatioactive anymore to frugivores. A
total of 205 visits of monkeys were recorded in@0&bmbining results for all trees. The
“disappearance” of fruits was noted in 259 contadlsingle trees, i.e. also independently
of harvests by monkeys documented by peel remkihas to be pointed out that in 2000
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“disappeared” fruits could have either been remaliegtctly from the crown or could have
been fallen to the ground and removed by terréstnienals, whereas in 1999 fruits
“disappeared” must have been removed from thech@&n or from a net. The

surveillance of tree crowns by automatic camerdsdither reveal any nocturnal
frugivores, nor any additional diurnal frugivorég.one occasion | detected by counts that
fruits disappeared from the crown of a tree surddyga camera without any photograph
being triggered off (tree # p69, 02.05.00).

Due to their larger group sizes and their faster raugher feeding techniqu®, sciureus
consumed more fruits per tree visit tiamigricollis Squirrel monkeys in total harvested
almost three times more fruits lof cymosahan tamarins. On the other hand, 55% of all
feeding visits recorded in the fruiting season @@ were visits bysaguinusand only

45% were visits bysaimiri.

Impact of ground animals

A third of the fruits taken from the nets and plhom the forest floor were removed
(Figure 6). Unremoved entire fruits decomposed detefy within one to two weeks. As a
consequence, seeds remaining inside the fruith@aa no chance to germinate. Green-
rumped acouchidMyoprocta prattj Dasyproctidae) triggered automatic cameras while

handling seeds df. cymosaand were often encountered in the forest.

removed

33%

67%

not removed

Figure 6: Percent of fruits removed of fruits collectedie nets and then laid on the
ground underneath the nets.
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Patterns of use olL. cymosa by monkeys in April to May 2000
- Time between visits in the plot and number of tlemvested

During the 4 weeks of daily controls L , S. nigricollisconsumed fruits of. cymosaon

16 days, with a mean interval between harvestarptat of 1.8 days (min: 1 day, max: 5
days, cv = 0.73, n=15). The mean number of trep#&d per visit in the plot was 2 trees
(min: 1, max: 5, cv = 0.61) During the 5 weeks aflylcontrols inP, S. nigricollis
harvested fruits of. cymosaon 24 days, with a mean interval between harvesta plot

of 1.5 days (min: 1 day, max: 4 days, cv = 0.6,3)=t P, the mean number of trees

exploited per visit was 3.2 (min: 1, max: 13, c0.87).

S. sciureuson the other hand, consumledcymosafruits in HL on 6 days, with a mean
time interval between fruit harvest in the ploda days (min: 1 day, max: 13 days, cv =
0.71), and exploited a mean of 6.7 trees per day. (bp max: 13, cv = 0.97). IR, S.
sciureusharvested fruits on 5 days, and the mean timevatd&etween fruit harvest was
5.7 days (min: 2 days, max: 14 days, cv = 0.75)hisplot,S. sciureuharvested a mean
of 7.8 trees per day (min: 1, max: 15, cv = 0.66).

- Number of fruits harvested per visit

In a single tree$. nigricollisharvested from 1 to 25 fruits, whife sciureusarvested

from 1 to 224 fruits (means are not meaningfuhis tontext because the number of fruits
available in the trees under control varied largelyne maximum values represent
differences of removal capacity between the two kegrspecies due to differences in fruit
/seed treatment and group size (see above).

Both monkey species left over ripe fruits in theetcrowns in 97% of all feeding events, in
large standing crops as well as in small standingsc | recorded only 7 feeding events
with complete harvest of all ripe fruit in a tréeby S. nigricollisand 3 byS. sciureus.
Depletion of ripe fruits during one single feedwigit occurred only in trees with standing
crops of up to 20 ripe fruits.
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Time pattern of fruit production and fruit harvest throughout the fruiting season
- Results from 1999

In 1998/1999.. cymosdarees began to produce ripe fruits at the endesfdinber 98. Until
the beginning of March almost half of the total raenof ripe fruits produced in this
fruiting period had already matured. However, altmasfruits were harvested by monkeys
until the beginning of March 1999 (Figure 7). Tredter an abrupt increase of the number
of fruits removed by monkey$( nigricollisandS. sciureusand of the number of trees
visited by monkeys occurred. At the onset of thaalp fruit production increased 109%
and standing crop increased 48%. Thus the pea&roéht coincided with a marked

increase in fruit production and fruit offer.

Fruit removal by “unknown frugivores” was also lowthe first three months of the fruit
maturation period of 1999 and had its peak at tttkaé this period. In total, more fruits

were removed by unknown frugivores than by monkeys.

-  Results from 2000

The period of fruit maturation in 2000 was shottem that in 1999. In January 2000 none
of the observed trees bf cymosacarried ripe fruits. At 28 of March 00 | counted only
97 ripe fruits in all 92 trees with fruits in plbi. andP. That amount of ripe fruits was

already reached in December ‘98 by only 53 trees.

In 2000, fruit harvest db. nigricolliscould be distinguished from fruit harvestSf
sciureus Results are presented separatelyHbrandP, because different tamarin groups
inhabited these two plots:

a) PlotHL

At the third count date the cumulative number pédruits that matured in pléiL
exceeded half of the total number of ripe fruitdumed in this area during the whole
fruiting period (Figure 8 a). Fruit production imetsecond count interval remained almost
the same as in the first count interval, yet stagdiuit crop rose 69%.

The number of ripe fruits removed By nigricollisremained at a low level for the first two
count intervals, despite of the marked increasstaiding crop during the second count
interval (12" to 20" of April 2000). Fruit removal b$. nigricollisthen rose 100% in the
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Figure 7: Time pattern of overall fruit maturation and frbarvest by monkeys and
unknown frugivores in 52 trees bf cymosaduring the fruiting season from December

1998 to May 1999. Note that all values refer toittterval before, and not to the single
count date, except for the first count date.
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Figure 8 a Time pattern of fruit maturation, fruit harvest imonkeys, number of trees
visited by monkeys, and number of disappearedsfinithe plotHL during the fruiting
season from April to May 2000. Data are combinedif35 trees of. cymosaNote that
all values refer to the interval before, and nah# single count date, except for the first
count date.
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all values refer to the interval before, and naht single count date, except for the first
count date.
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third interval. In the following, it fluctuated singly. The group 08. nigricollisforaging
in HL consumed a relatively constant number of fruitstpeee visit, as can be noted by the
parallel curve progressions of both parameters.imi@&wamum number of trees visited

between two counts was 12 (within an interval of§s).

Fruit harvest bys. sciureusncreased steadily at the beginning (note diffeass scales of
graphs in Figure 8 a) and showed a pronounced @dakit consumption at the end of this
fruiting period. In betweeB. sciureudad not foraged in the plot for 10 days, resulting
the value of 0 fruits consumed during the thirdrdaaterval. After this period of absence
from the plot,S. sciureuwisited 25 trees and consumed at total of rougbly fruits

(within an interval of 6 days). This maximum ofifraonsumption activity 0o8. sciureus

coincided with the maximum standing crop of fryges interval.

The quantity of fruits “disappeared” (= fallen teetground and removed there, or removed
from the crown) was relatively constant throughitet fruiting period in this plot during
2000.

b) PlotP

In plot P, the standing crop of ripe fruits increased strgrajifeady in the first count
intervals and peaked in the second count inteAtahe end of this interval also the
cumulative number of fruits matured in the plotexded half of the total number of ripe
fruits produced in this plot throughout the enieason (Figure 8 b). The production of
ripe fruits showed its peak in the first count imtd, that is one before the peak of standing

crop of ripe fruits was reached.

Unlike in HL the number of fruits harvested By nigricollisrose steadily i, interrupted
only by a drop in number at the fourth count ineér\rhe number of ripe fruits consumed
by S. nigricolliswas not closely linked to the number of treest@sinP. For example,
tamarins harvested roughly the same amount ofifruite second and third interval, but
visited only nine trees in the first versus 25 sreethe second interval. The latter number
of trees was the maximum number of trees visite8.hyigricollisbetween subsequent
counts in this plot (within an interval of 6 dayk)has to be noted in this context thafin

also the number of fruiting. cymosatrees was higher than HiL_ .

The number of fruits harvested By sciureushowed a single steep peak that coincided
with the peak of standing crop h Strictly parallel to this, the number of treesited by
S. sciureuslso peaked at the same count date. This pattgmooounced and parallel
peaks of fruit consumption as well as of the nundidrees visited b. sciureusvas
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similar to the pattern iRlL . The maximum number of trees visited®ysciureuvetween
two subsequent counts fhwas 36 (within an interval of 8 days).

The number of fruits “disappeared” was much morgtesdy inP than inHL and showed

a marked peak in the third count interval.

3.2.4 Discussion

Fruit user assemblage

The assemblage of fruit userslofcymosas small, consisting ddaguinus nigricollis
Saimiri sciureusprobably an unknown nocturnal frugivore, and adpsithat use fallen
fruits underneath the trees. No birds were obsetwddrvest these fruits. The small
number of diurnal species seems to result fromnaboation of fruit traits, such as
considerable size and protection by a tough peelti@e height. Tree height can
determine the disperser assemblage of a treepicéidorests, because the vertical space
is rather strictly partitioned between species éBd1993; Walther 2002). With a mean
height of 6.6 nL. cymosalisplays fruits in a forest layer that is mainlyed<ysS.
nigricollisandS. sciureusut of the 11 monkey species present (Ulloa 1988dlitionally,
very few large frugivorous birds forage at thatgei | observed toucans and aracaris from
the generd&khamphastoandPteroglossudrequently in the canopy near my study plots,
but never at low forest strata, and no toucan easte close to the trees observed directly
for many hours. This finding is confirmed by a stuill Venezuela, where Schaefer (2002)
found toucans preferring tree heights of 8-16 nVémezuela onlyR. culminatuslso used
lower strata additionally. Unless these birds ateaerdinarily skilled in the early
detection of approaching humans, and move to thepaat the slightest disturbance,
toucans very likely do not play an important raighe dispersal df. cymosal also never
heard calls that would have indicated the presehb@ds capable of eatirlg cymosa
fruits. |1 conclude from all this that birds do ri$persd.. cymosaand are most likely not
responsible for the removal of fruits from treewens that was not attributable to monkey
harvesting activity.

Fruits that disappeared from tree crowns withontshon who had taken them might in
part have been carried away by monkeys. This igesigd by the fact that in 1999 fruit
removal by unknown frugivores peaked during theqaeof fruit removal by monkeys
(see Figure 7). | observé&l nigricollisonce to carry entire fruits away, despite the fact
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that tamarins usually process the fruits they @attly in a tree crown (C. Knogge,
personal communication). The situation in whichividbals ofS. nigricolliscarry off

fruits in order to keep in contact with the resttué group might occur more often than
observed. Carrying off fruits might also be a bebiagf squirrel monkeys, when fighting
and chasing each other in competition for food fruaing tree. However, if this had
occurred frequently, the number of fruits disappdahould have risen to a maximum at
the date of peak fruit removal by squirrel monkeysich it did not. Furthermore, in both
study years disappearance of fruits from tree ceowas more frequently recorded than
feeding visits of monkeys. This shows that othesgibly nocturnal fruit users af
cymosamay exist. The camera traps used in this study nmghhave recorded such
nocturnal frugivores. This may be concluded from $ingle record of fruits disappearing
from a tree crown surveyed by a camera withoutgotograph being triggered off. The
reason why the camera did not take photograpissabtcasion remains unclear to me.
Cameras had been tested previous to installatrmhshowed to be able to take pictures of
bats flying in front of a banana bait. Yet, thetrggnal of bats hovering in a tree crown
might not have been strong enough to trigger a simat bats might indeed feed lon
cymosaCameras should nonetheless have reliably caplarger nocturnal frugivorous
mammals potentially feeding @n cymosalike kinkajous Potos flavus)and night
monkeys Aotus spp.(Emmons 1990). These should also have left tratéseding

activity. Therefore | conclude that they do notdesL. cymosan Cuyabeno. If bats were
the nocturnal frugivores that ate the fruits registl as “disappeared”, this would imply a
remarkable sensory capacity. Fruits taken by biéés @mit a scent and/or grow in an
exposed manner giving easy access to bats andirdj@utter-free echolocation (Kalko et
al. 1998). Some frugivorous leaf-nose bats usetfg cues for the long-distance
detection of ripe fruits and switch to an echo-otegel final localization of the position of
the fruit (Thies et al. 1998). However, fruitslofcymosaare scentless and grow in
between leafs (see Figure 7 in chapter 3.1). Tfeedares are contrary to the idea that bats
might feed orl. cymosdruits. The most helpful tool to find out if batelong to the

frugivores visitingL. cymosawvould be infra-red video cameras.

Fruits and seeds &f cymosdalling to the ground attract acouchidyoprocta pratt), as
shown by photographs taken by the automatic camenase no indications that other
ground mammals use the fruits, but some may dasaswnally, like brocket deers

Mazama americanandMazama guoazumbirgemmons 1990).
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Effectiveness of fruit consumers in dispersing sesfL. cymosa

Among the two monkey species found to feed ondraiL. cymosaan interesting
dichotomy emerged. Tamarins, on the one handgdisite trees frequently and harvested
few fruits per visit. They swallowed entire seedd ¢hereby dispersed seeds over long
distances. In Pergaguinus fuscicollisras observed to defecate seedk.aymosa86-

300 m away from the tree where it had consumedrtits (Knogge 1999). Seeds also
were unimpaired by the gut passage and geminatedains may defecate seeds
disproportionately often at sleeping and roostiibess like it was observed for seeds of
Parkia (Feldmann 2000). Yet, even this deposition patighresult in a much lower
density of dispersed seeds than of seeds remainitigr mother trees. Therefore, it is
unlikely that negative secondary density effectsralispersal by tamarins occur. Th8s,
nigricollis can be considered reliable dispersers sensu Howv&astabrook (1977),
because they swallow seeds and deposit seedglatiaely spread out manner throughout

the forest.

S. sciureuson the other hand, visited the trees in longirials and was able to harvest
large amounts of fruits per visit of fruiting cymosdrees.S. sciuereusvas the most
important frugivore in terms of the total numberfrofits removed throughout the fruiting
season 2000. Howeves, sciureustor most of the time, was not dispersing seedstdue
its habit of spitting out seeds while sitting irtinee after having sucked the fruit pulp. At
the most some seeds were dispersed at short nahge,individual squirrel monkeys took
fruits with them in order not to be attacked byastanimals from the group. Consequently,
S. sciureuss not an effective disperser. However, it is neead predator either, because
seeds that fall to the ground below the tree crafter treatment b$. sciureusre intact.
Seeds of.. cymosalo not need to be digested to germinate. ThentieyattS. sciureus
gives to the fruits ok .cymosacould be called “unpacking” seeds. By this actiBty
sciureussaves seeds from decomposition, because entite feunaining untreated on the
forest floor will rot. However, most of the seeds eemoved by acouchieSlyoprocta
pratti), the only animals that triggered the automatimers. As seeds bf cymosaare
lightweight they are in all probability not hoarddulit eaten directly (Hammond 1995;
Forget et al. 1998). Thus, “unpacking” of seedsSbgciureuseither promotes seed

dispersal, nor secondary seed dispersal.

Acouchis should as well eat entire fruits falleritie ground below.. cymosarees. | can

not rule out that they might also cache some efiies. However, | would expect buried
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fruits to decompose rapidly, including the seeddased, like many fruits | experimentally
deposited on the ground. Therefore, | do not belibat acouchies contribute to dispersal
of L. cymosaNeither do Brocket deeM@azamasp.) — another potential fruit users on the
ground — because as ruminants they chew and dessteals during digestion (Forget et al.
1998).

If bats did remove entire fruits &f cymosand were responsible for the “disappeared
fruits”, they would rank in degree of fruit remou@tweerSaimiriandSaguinusBats can
be reliable seed dispersers, as long as they aivedlow seeds or deposit intact seeds
evenly at a large number of feeding roosts as bas bhown for flying foxes ar@ola
cordifolia (Ebigbo 2004). Without knowing species and feedialits, | can not further

discuss the quality of this potential dispersalrage

The fate of ripe fruits was markedly different hettwo seasons covered by this study.
Monkeys removed only about 10% of the fruits frdma tree sample in 1999 as opposed to
50% in 2000. | have no indication for differencésh@ general fruit production in my
study area between 1999 and 2000 that would alésvpreting the lower removal bf
cymosafruits in 1999 in the light of potential compediti with other fruit offers. It is,
however, possible, that cymosaanked lower as a food resource $omigricollisand/or

S. sciureusn 1999 than in 2000. It is not unlikely that mog&emight have been deterred
by the nets used in 1999 for collecting fallingifsuHowever, monkeys had a long time to
get accustomed to the nets, because these hadistadled already two months before the
high ripening season. Therefore it is less prob#idéthe nets were the cause of a lower
fruit removal by monkeys in 1999. The lower frietmoval can in part be explained by a
pest of insect larvae that occurred during the Fiedf of the fruiting season of 1999, while
no such infestation of fruits was observed in 2008ect infestation caused many fruits to

be discharged before they could have been eatémidiyores.

Time patterns of use olL. cymosa by monkeys

The patterns of visits @. nigricollisandS. sciureusn my study plots and their harvest of
fruits of L. cymosastrongly reflect their home range size and grame. §. nigricollis,

with home ranges of 40-50 ha, visited the plotsaricequently thais. sciureustanging
through a twenty fold bigger area (of up to 100D figaveling through the study plots, the
small family groups o8. nigricollis(up to 9 individuals) visited and exploited onlgraall
number of trees per day and consumed not more2bhdmits per tree. As can be seen in

Figures 8 a) and b), fruit removal By nigricollisdid not markedly influence the standing
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crop of ripe fruits in the plots. Groups 9f sciureuswhich consist of 20-50 individuals,
exploited more trees when crossing a study plotveer@ able to harvest a large amount of
the ripe fruits olL. cymosaespecially when such a group met a large patth ofmosa-
trees. For example, two visits 8f sciureusn plotHL during a count interval of 6 days

were sufficient to remove 50% of the standing avbppe fruits ofL. cymosan this plot.

The time pattern of fruit removal of each of th@tmonkey species can also be related to
their different home range size and traveling rslbituit removal bys. sciureusvas very
pronounced at the times of highest standing craph®arvesting peaks seem to result
from groups of the squirrel monkeys traveling fa tight time” (= high standing crop)

“on the right line” (= taking a route on which thpgss by a high number bf cymosa
trees). Low fruit consumption despite of high frofifer coincided with longer periods of
absence 08. sciureusrom the plot, like in the interval before the geéa HL and the two
intervals after the peak i Fruit removal by the almost residéhtnigricolliswas more
distributed over the whole fruiting season, andrtharvesting activity showed an overall

upward tendency from the beginning towards theddrte fruiting season.

Other mechanisms than range and group size mighipddy a role in determining the time
pattern of exploitation of the fruit resource oédrbyL. cymosaln 1999, when the
monitoring of fruiting covered a longer period thar2000, and when fruit ripening spread
over a longer period than in 2000, | observedikisy rise of fruit consumption bg.
sciureusandsS. nigricollisin March. The monkeys did not show interest invhating fruits

of L. cymosébefore, although 50% of the total number of ripet$ in the respective
season had already been produced by the treesthiattdate. This kind of non-linear fruit
consumption pattern, restricted to times of higinding crops, might result from staggered
fruiting phenology of several important food tresed by the two monkey species,
includingL. cymosaStaggered fruiting phenologies can result frotarispecific
competition of plant species that share the saogvore species (or species assemblage),
like it seems to be the case in trees of the gbhicgniain Panama. These trees produce
moderate numbers of fruits and are mainly consunyddcally resident manakins (birds),
so inter-specific competition for frugivores is hig-ourteerMiconia species of this genus
show clearly segregated fruiting phenologies (Foetial. 1999). | did not study the

fruiting phenologies of other species tharcymosan detail, so | lack the information of
how exactly fruiting oL. cymosdits into the fruiting of other food species ®f sciureus
andS. nigricollis However, there is no indication of a “shortagebther fruit supply that

would makeS. sciureusindS. nigricollisshift abruptly toL. cymosaFruiting ofL. cymosa
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occurs during the main fruiting period of the fdresCuyabeno (Figure 9). | found another
8 species of trees which also belong to the di&. afigricollisandS. sciureusand fruit at
the same time like. cymosa (Appendix B).
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Figure 9: Fruiting phenology of the forest in the studyaa(bar chart from de Vries et al.
(1993) based on a 1800 m-transect close to my sitely).

The disperser system oL. cymosa

L. cymosdrees in Cuyabeno seem to depend for dispershkofseeds on a few
individuals of a small number of frugivorous spaci€he only reliable disperser that could
be identified so far in this study aguinus nigricollisThis species depends to a large
extent on fruit diet (Ulloa 1988; Emmons 1990; dd brre 1991; Garber 1993; Peres
1993; de la Torre et al. 1995; Lima et al. 2003)uq, the criteria of a “specialist dispersal
system” (Howe 1993) apply to cymosafor both the plant side and the frugivore. This

even holds true if one assumes that bats wereophartcymosa disperser assemblage.

S. nigricollisis obviously an important disperser tarcymosaHow important id..
cymosdor S. nigricollis on the other hand? Are there indications for tamsdeeding
preferentially orlL.. cymos& A variety of field observations support this ideaPeru,
fruits of the genu&. cymosaanked as no. 12 in terms of harvesting frequed@B fruit
species consumed IBaguinus fuscicolligKnogge 1999)In Brazil S. fuscicollisshowed
preference foL.eoniaspp. too, visiting trees of this species ten timese frequently than
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expected based on its abundance (Peres 198@ia glycicarpahaving bigger but
otherwise similar fruits th. cymosais mentioned by Terborgh (1983) as a fruit often
taken bySaguinusTamarins also seem to eat other large-seedédd.fiilhie size
distribution of seeds from fruits consumedSyfuscicollisvas shown to peak at a seed
size of 16-18 mm (see figure 7, from Knogge 198@cause it is a close relative and
similar in size, there is reason to assume $hatigricollisshows similar feeding habits.
The seeds df. cymosahaving a mean size of 13 mm would fit very wetbithis
distribution. It has been hypothesized by Garb887) that tamarins might indeed need to
ingest large seeds for mechanically dislodgingexpklling spiny-headed worms from
their intestine (tamarins are infested with wormgdeding on Orthopterans). A
preference for large-seeded fruits would m&8kguinusa more reliable disperser, and
might provide a basis for a co-evolution with fraitplant traits. Yet, tamarins might not
prefer large-seeded fruits but simply feed on théd available. In the mid storey of a
Venezuelan rain forest, for example, Schaefer (R@@ihd almost exclusively large fruits,
whereas small fruits were restricted to the groamd canopy level. If seed size is
positively correlated with fruit size (Niklas 1994¢eding on large-seeded fruits might
simply reflect the availability of fruits at therfiging height oBaguinusWhether
availability or preference, it seems clear thattlie) tamarin diet contains largely of large-
seeded plant species, (2) fruitdofcymosaare very attractive to tamarins, and (3)
tamarins give reliable dispersal servicé.t@ymosaTo conclude, there seems to exist a

close interaction betweeh nigricollisandL. cymosa

The feeding activity of squirrel monkeys, which @ra large quantities of fruits without
dispersing seeds, may have an impact on the fpahing regime of. cymosaExtended
ripening seasons in trees with small to middless@druit crop and a small assemblage of
reliable dispersers have been pointed out as giestéo avoid saturation of dispersers
(Howe et al. 1977, for bird-dispersed trees). Tlammmal-disperset. cymosahows

exactly such a ripening regime (see chapter 3bwever, its slow way of fruit ripening
over a prolonged period of time, as opposed tolsymous ripening, might also be
interpreted as a strategy to avoid “loosing” toasnfuits in just one visit by squirrel
monkeys. This strategy might improve chances teigeoas many fruits as possible to
reliable dispersers, limiting the loss to fruitiéhes”.
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4 Interaction of plant and monkeys

4.1  Does the quality of fruits ofLeonia cymosa (Violaceae)
influence fruit choice by its free ranging reliableseed

disperserSaguinus nigricollis (Callitrichidae)?

Abstract

The nutritional contents of the fruit pulp might &e important factor influencing
monkeys’ fruit choice and thus be a key factor aeieing the fruits removed from
individual trees by reliable seed disperserd.donia cymosgSaguinus nigricollisvas
identified as feeding on the fruits and being @aldé seed disperser. | investigated
whether fruit removal correlated with content afdirose, glucose, sucrose, total protein
(pulp does not contain lipids) or total metabolleadnergy, seed to pulp ratio, or water
content. No significant correlations were fountkatorrection for multiple tests.
However, the single test showed a positive infl@eoicpulp to seed ratio on fruit removal
by S. nigricollis Feeding preferences for single sugars deternbgexther laboratory
studies were not confirmed by this field studymight be possible that other compounds
in the fruit pulp not measured or other tree traitseighborhood conditions overlay the
effect of nutrients on fruit removal. The reliaBleed disperses. nigricollisdoes not seem

to exert selective pressure on nutrient conteth®fruits ofL. cymosa

4.1.1 Introduction

Animals should try to optimize food intake by séiec of food items that yield most
energy and/or essential nutrients per unit handimg. This fundamental prediction of the
optimal diet theory (ODT, Stephens et al. 1986)liapespecially to foragers of non
mobile prey (Sih et al. 2001). Among non mobileyatems, fruits have rarely been at the
focus of field studies deduced from ODT, whichusgpsising because fruits are a “non-
cryptic prey item that is meant to be eaten” (Sta2002, synopsis). Nevertheless, there
is evidence from a broad range of taxa that frugisdoehave in accordance with ODT:
fruits eaten by spider monkeyatéles geoffroyihad higher sugar contents than fruits
available at the same time, but not eaten (Ribax&tatez et al. 2003), intake of lipids
from fruits and leaves was exceptionally high intediaced sakisKithecia pithecia
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(Norconk et al. 2004), baboorBgpio anubi} preferred fruits high in protein content and
low in fiber and phenolics (Barton et al. 1994)pwnd storey frugivorous bats selected
fruits high in nutrient content (Bonaccorso etl&87), and fat-tailed dwarf lemurs
(Cheirogaleus medijselectively fed on sugar rich fruits during fedreng period before
hibernation (Fietz et al. 1999). Fruit removal ldb in a community of fruiting trees in
the rainforest of Venezuela was explained by macitotional contents (sugar, lipid,
protein), while phenols and water deterred rem@Sahaefer et al. 2003). This implies that
feeding preferences of dispersers should finalig @ differential recruitment of different
plant species as well as of different individuargb within a species according to their
fruit quality. In all examples cited above from fiterature, choices between different fruit
species were the study focus. To my knowledgejesuzh fruit selection within a plant
species are almost lacking, although they could givther insights into the question how

frugivores exert selective pressure on fruit traits

Within a fruiting plant species, selection of ptakile fruits by dispersers would have
implications for individual fitness. Individualsqoriding fruits with more nutrients —
especially those matching preferences of relialdpetsers — should gain a higher
dispersal success than those with less nutritioorilent because dispersers should harvest
larger amounts of the more profitable fruits. ORbster (1990) and Schaefer (2002,
chapter 5) related within-species variation oftfguality with fruit removal. While Foster
did not find correlations of nutritional contentfadiits with feeding rates of birds in a
subtropical tree, Schaefer (2002, chapter 5) celtnv that birds feeding ddoupia

glabra (Celastraceae) in a Venezuelan tropical forestimized their instantaneous rate of
energy gain and avoided unripe fruits. Howeves #tudy focused on the bird’s
perspective and did not address consequencesdomdsspersal from the perspective of the
individual plant. Here, I link an analysis of macutrients in the fruit pulp with individual
dispersal success, defined as fruits removed byelfable seed disperser from an

individual tree during an entire fruiting season.

My study object was the tréeeonia cymoséViolaceae) from the under storey of the east
Ecuadorian rain forest. Individual trees showeaudjedistinguishable compositions of the
readily assimilable sugars fructose, glucose aotbse in the fruit pulp, as well as
individual protein contents (see Chapter 3.1; fpuip does not contain lipids). In my
study area, fruits df. cymosavere mainly removed by Squirrel monkeggimiri

sciureu$ and by black mantle tamarinSgguinus nigricollis Among these onl§.

nigricollis dispersed the seeds by swallowing seeds togeittefruit pulp (see Chapter
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3.2). | therefore focus here & nigricollisbecause | expected feeding preferences of this
reliable disperser to have a stronger selectivecetin the nutritional content of fruit bf
cymosahan a non-disperser. Fruit choice based on rartal profitability of fruits should

be possible irs. nigricollis because it is very likely that it has a highlpsiéve sense of
taste for the sugars presentincymosdruits, and might be especially stimulated by
fructose and sucrose, like several other specigseojenusSaguinugGlaser 1986;

Simmen 1992; Simmen et al. 1998).

Considering nutrient discrimination capacities godl-oriented foraging iSaguinus
(Garber 1988; Garber 1993) | hypothesized that felection based on profitability
criteria would lead to differential fruit removay I$. nigricollisin L. cymosatrees of
comparable fruit crop size. | observed fruit remdmaS. nigricollisduring an entire

fruiting season in six trees with large seasonat @irop sizes that were located in one
study plot and visited by only one groupSfnigricollis This made it possible that
tamarins revisited a single tree several timeg &ftding out about its nutritional offer at
the first feeding visit. | tested if seasonal fm@moval correlated with the content of either
single nutritional components, or total energy eohtor water content, or the ratio of pulp
to seed mass. | expected fructose and sucroséuenne fruit removal bys. nigricollis

As the tamarins swallow seeds together with frulppl expected that they prefer fruits

with a large pulp to seed mass ratio.

4.1.2 Methods

Study site

L. cymosarees were studied in plBtin terra firme forest in the vicinity of the Lagan
Grande de Cuyabeno (0°2’'N 76°15'W, elevation 250latated within the Cuyabeno
Faunistic Reserve in north-eastern Ecuador (faxildet a description of the study area see

chapter 2).

Fruit production and harvest

Fruit production and fruit harvest by monkeys wer@nitored during 6 weeks from April
to May 2000 by weekly fruit counts and daily rewiss of trees for peels remaining under
the trees after feeding visits (for details of dingtechniques and accounting methods see

chapter 3.1.5 and 3.2.3). The complete fruiting pepulation of study pld® was
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included into the counts. Censuses of monkey dersiealed that each study plot formed
part of the home range of one grougBohigricollis(see chapter 3.2.2). | determined fruit
consumption bys. nigricollisby combining characteristics of peel fragments thedstate

of seeds found below trees with the daily spatigun of feeding events and the amount
of fruits removed per tree or patch (as describedktail in 3.2.3). The seasonal fruit crop
size of an individual tree is the sum of all ripeits produced by this tree during the
fruiting season. Likewise, the total number of tisuiemoved from each tree during the
fruiting season was determined by summing up aitfrconsumed in all single feeding

events.

Fruit sampling

| sampled fruits once per tree in early May (ievards the end of the fruiting period). |
picked 10 fruits per tree from different branchedrtbuted all over the tree crown in order
to take into account the within tree variation ifif quality. Fruits grow on younger twigs
in the outer tree crown layer. All fruits picked neeipe (= in the yellow colour state), of
medium size (approx. 2 cm in diameter) and of nsostlar condition (e.g. softness).
Fruits were taken to the field lab within 1- 2 h@uwvhere pulp samples were prepared

immediately.

It is known from intensive research in horticultared agriculture that most fruit
characteristics and the process of fruit ripeniaglf are quantitatively inherited (Grandillo
et al. 1999; Giovannoni 2001; Li et al. 2005). Tdfere the ripe fruits of an individual of

L. cymosashould constantly have a tree-specific qualitys ftossible that climatic
variation in the course of the fruiting season eaus variation in fruit quality, additional

to the genetically determined fruit quality. Howewdimatic conditions were the same for
all trees observed and any climatic effect on fripiening should be largely the same in all
trees observed. Thus, the fruit quality of a treeedmined at the moment of fruit sampling
is very likely representative for its fruit qualittyroughout the whole fruiting season

relative to other tree individuals.

Nutritional analysis of fruits

| measured the diameter of the fruits, separategbénicarp from the fruit pulp and seeds
and weighed the fruit pulp-seed-compound with atliePJ 300 balance (accuracy: 0.001
g). | separated fruit pulp from seeds and measitsdtesh weight. Total seed mass (fresh

weight) per fruit was calculated by subtractingtfpulp weight from the weight of the
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pulp-seed compound. Fruit pulp was conserved iti¢fedin approx. 5-7 ml ethanol
(98%) in 10 ml-scintillation bottles of known weigln the laboratory the ethanol was
volatilized. Samples were then further dried insd#rying closet at 35-40°C until weight
stayed constant. Dry weight of the fruit pulp sa@splas eventually determined by
subtracting the weight of the bottles. Subsequehtdgded a defined volume of double-
distilled water (between 5 and 15 ml, accordingutp weight) to the dry fruit pulp and
ethanol extract still in the scintillation bottld3ry ethanol extract was completely soluble
in water, thus indicating the absence of lipidshia fruit pulp. The pulp was homogenized
in this water using an ULTRA-TURRAX The homogenate was then used for further
analysis. Content of fructose, glucose and sucn@se analyzed by HPLC, and protein
content by a photometric BCA protein assay (foadletsee chapter 3.1.4.1). | calculated
total energy content of the fruit pulp (kJ / g dvgight) using the following conversion
factors: 17 kJ/g for carbohydrates and 17 kJ/gpfoteins (Karlson 1984).

Data analysis

| define dispersal success as the total of fr@itsaved by the reliable seed disperser
Saguinus nigricolligCallitrichidae) from the total seasonal produetad ripe fruits of a
tree. | think that this integration of fruit hartés a good estimate of tree preference
because it includes a potential learning of prbfegdood sources. The absolute amount of
fruits removed bys. nigricollisis a better estimate of a tree’s success of diapby
Saguinughan the proportion of the total seasonal frusfpcremoved because | attempted
to control for fruit crop size by observing onlgds with exceptionally large fruit crop
sizes (see figure 18, chapter 33)nigricollisremove only small numbers of fruits per
visit. Thus tamarins find ripe fruits “ad libitunii trees considered here, which had
maximum weekly standing crops of 65 to 226 ripéd$tut is therefore more reasonable to
look at the number of fruits consumed than to eetatit consumption with production by
forming proportions.

From the ten fruits sampled per tree, | calculatediian values of content of the respective
nutritional components, of total energy contentwater content, and of the ratio of pulp to
seed mass. To test for correlations between thesgamvalues and the total number of
fruits removed in a tree | used Spearman’s ranketairons calculated in Statistica 5.5
(StatSoft, Inc. 2000). Spearman’s rank correlatiwaee also used to detect co-variation of
single nutrient components and fruit charactecertected for multiple testing using the

Dunn-Sidak method (Sokal 1995) to adjustalues.S. nigricollisdid not remove fruits
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from one of the six trees at all (tree no. pO@xdluded this tree from the analysis because
it did not meet the condition that tamarins shdwdgle consumed fruits at least once during
my study to be able later to make a choice basddsia and profitability of the fruits.

None the less, | listed the nutrient content vahfesis tree together with the other trees in
the appendix C. It is still possible that not cangg fruits of this tree reflected a choice

based on previous experience of the monkeys.

4.1.3 Results

Fruit removal byS. nigricolliswas neither correlated with the content of sirsgigars, nor
with the total of soluble sugar (see Tablel fot tesults). Fruit removal did also not
correlate with total energy content of the fruiiscause the total energy content of the
fruits mainly resulted from sugar. Fruit removalsweot correlated with water content,
either. Applying the conservative method of conregfor multiple testing, fruit removal
by S. nigricollisdid not show a correlation with protein contentted fruit pulp, nor with

the ratio of pulp mass to seed mass.

Table 1 Summary of Spearman’s rank correlation testgdorelations of fruit
consumption bysaguinus nigricollisvith median nutrient contents and medians of other
profitability parameter of fruits of five trees béonia cymosa

n R t(n-2) p-level adjusted p-level*
Number of fruits consumed by
Saguinus nigricollisss.
Fructose 5 -0.3 545 0.6 n.s.
Glucose 5 -0.3 54b 0.6 n.s.
Sucrose 5 0.7 986 0.2 n.s.
Total soluble sugar 50.0 0.0 1.0 n.s.
Protein 5 -09 5& 0.04 n.s
Energy 5 -0.1 M1 0.9 n.s.
Water 5 0.7 1.6980.2 n.s.
Pulp mass / seed ma$s 0.9 3.576 0.04 n.s.

* Dunn-Sidak method (Sokal 1995)
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4.1.4 Discussion

In a set of trees dfeonia cymosavith distinct, individual fruit quality, fruit remmval by

the free ranging reliable seed dispeiSaguinus nigricollisvas not attributable to contents
of single nutrients or energy content of theirtsuAgainst my prediction, neither fructose
nor sucrose seemed to influence fruit choice ofarams and thus their preference for
individual trees of.eonia This is surprising, because in laboratory experita with other
species of the gen&aguinusoth sugars were very effective feeding stimulé&@iaser
1986; Simmen 1992). Taste thresholds of tf&sguinusspecies determined by two
solution choice tests against sugar-free wateraarigpm 0.18% to 1.2% solution
(weight/volume) fructose and from 0.55% to 4.3%rese (Glaser 1986, determined by a
two solution choice test against sugar free w&enmen 1992; Simmen et al. 1998). The
median fructose concentrations in fruits of alesesampled (see Appendix C) were way
over these taste threshold concentrations. Onbyentree the median sucrose
concentrations of its fruits was below the uppstedhreshold concentration of sucrose
known from the laboratory (with 3.7% sucrose solutin fruits vs. 4.3% taste threshold
sucrose solution in laboratory tests). Thus, iftdste thresholds &. nigricollisfall into

the actually known range of its gen&s,nigricollisshould be capable of tasting both

sugars in the fruits df. cymosa

It seems that despite of sufficiently high sugaraamtrations in the fruits af. cymosa
tamarins did not strongly diffentiate between treedifferent fruit quality.S. nigricollis
might either have preferences for different sugiaas other species of the genus, or free
ranging tamarins react differently on sugars theged tamarins. Such a discrepancy
between laboratory and field results has been natspider monkeysAteles geoffroyi
This species showed preference for sucrose richrdfeeding experiments (Laska et al.
1996; Laska et al. 1998). However, free rangingespimonkeys consumed fruit species
with significantly higher concentrations of glucas®d fructose than sucrose, and at the
intra-specific level, food-fruits had significanthyore fructose and glucose than non-food
fruits, but no difference was found for sucroseb@RHernandez et al. 2003). Thieles
optimized sugar intake, but not of the sugar pretém feeding trialsS. nigricollison the
other hand did not seem to optimize nutrient intakde feeding orL.. cymosaYet, it
cannot be ignored that the data show some cowglafifruit removal with pulp to seed
ratio (p=0.04 if not corrected for multiple testahd of protein, which covaries negatively
with the pulp to seed ratio (see Appendix D). Sadorrelation might possibly be
confirmed with a greater sample size. PossiBlypigricollismight try to get as much pulp
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as possible per unit food, without so much carorglie differences in content of the main
nutrient components of the fruits. It is possiliiattnutrients not measured, like for
example minerals play a role in feeding decisidnS.migricollisonL. cymosaHowever,

in this case tamarins would have to be able te tasherals and to distinguish mineral
contents at low concentrations. To date, the sehteste of tamarins concerning minerals

IS not yet investigated.

Field studies on primate feeding strategies witcggd respect to nutrient intake are rare
(e.g. Fietz et al. 1999; Riba-Hernandez et al. 208Ridies of free ranging tamarins from
the genusS. nigricollisat least show that the diet of free ranging prewatf tropical rain
forests is very diverse (Terborgh 1983; de la T@8®1; Peres 1993; Knogge 1999; Lima
et al. 2003). Consuming the fruitslofcymosaregardless of variation of individual trees,
could still reflect fruit choice in accordance wiiDT becauséeoniamight be rich in
sugar and protein relative to other fruit resouresslable at the same time. It is non the
less puzzling tha. nigricollisseemed not to forage according ODT as far thdesfiogd
specied.. cymosavas concerned, because they did not preferenfedly on those.
cymosatrees with high nutrient contents in their fruitsis possible that the within tree
variation in fruit quality might have hindered dleaut discrimination of trees, or other
chemical components like fruit acids, might consajar taste. However, for humans the

fruit pulp of L. cymosadoes not have a sour taste.

In the diet ofS. nigricollis,L. cymosamight also form a component that does not support
the energy budget but serves other purposes unktmwme. Also, other factors than
nutritional quality of the fruits might influencke tamarin’s choice of tree individuals. For
example, predation risk in a tree, spatial positiod accessibility of a tree as well as
growth traits might override the influence of natris on fruit removal. Trade-offs between
nutrient gain and effort to access fruits havessdten demonstrated experimentally in
captive Neotropical tanagers (Moermond et al. 198B&)p, neighborhood conditions
influenced fruit removal by birds (Sargent 1990) Mtent to reduce variation introduced
by such factors by choosing trees of comparabledrap size and growth might have
failed. | studied the effect of tree traits andgidéiorhood conditions on fruit harvest in a
separate approach using a larger tree samplel$izaesults are presented in the
following chapter 4.2.

In the interaction of zoochorous plants and frugggp one would expect mainly the

reliable disperser to exert selective pressureutritional content of the fruits, because
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their food choice has direct consequences fordgbriitment of the plants. Tamarins, the
reliable dispersers with high affinity towardscymosawere found to be less choosy than
expected. The data from a limited numbekL ofymosdrees studied here do not support
my hypothesis of a differential dispersal succdsadividual trees mediated through fruit
nutrient content. Energy content and /or other midecontents of.eoniafruits are
obviously sufficient to make them attractive to tams. The nutritional profile of the

fruits of Leoniamight be shaped rather by the whole assemblafjaibtisers than by a
single disperser species. My study also underlinesmportance of field studies to

separate between sensorial abilities of fruit uaadsthe realized behavior in the wild.
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4.2  Fruit removal by monkeys from a Neotropical tree: atest

of the fruit crop size hypothesis

Albrecht Pfrommer and K. Eduard Linsenmair

Abstract

The fruit crop size hypothesis (FCSH) predicts ge®d-dispersing frugivores exert
selective pressure on the fruit crop size of fleBhited plants. It has been developed
mainly with reference to bird-dispersed plants. &/eluated the FCSH for the monkey-
dispersed trekeonia cymoséViolaceae) in the rain forest of Amazonian Ecuado
Tamarins Saguinus nigricollisand squirrel monkeyS§aimiri sciureusconsumed fruits of
this tree, with only the former dispersing the sedithe probability of visits by tamarins,
and the number of fruits they removed throughoetfthiting season increased with
growing seasonal fruit crop size, while the projorof fruits they removed decreased.
Tamarins less likely harvested trees the more tipese stood in the under storey,
probably to avoid predation by forest raptors. Highspecific fruit offer in the
neighborhood of a tree reduced the proportionwtdremoved from it by tamarins,
indicating competition for seed dispersers. Ouultesuggest selection of the disperser on
fruit crop size ol.. cymosayet predation risk at a particular site, andtfafier in the
neighborhood may constrain selective pressured. femoval by tamarins followed the
FCSH. However, the mechanism favoring large frtopcsizes was different to that
assumed by the FCSH. Large fruit crops do not sgpriemore profitable fruit resources,
because of the tamarins’ very limited food upta&pacity per visit. Therefore, rather an
enhanced visual appearance and the possibilitgioflrepeatedly harvested favor large
fruit crop sizes. All aspects of fruit removal lyusrrel monkeys were positively linked to
growing seasonal fruit crop size. This render®ggible that the non-disperser as well
exerts selection pressure on fruit crop sizesisfttke. Opposed to the view that
contrasting responses of frugivores to fruit amit fisplay traits lead to inconsistent
selection, this study shows that in the same @aetl dispersers and other frugivores not
dispersing seeds may exert concordant selectiasyires.
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4.2.1 Introduction

Seed dispersal is crucial for plant fitness (Wamg &mith 2002). Dispersal success is
often directly linked to plant reproductive succdas to the prevalent density dependent
mortality of seeds and seedlings (Janzen 1970; €bh871; Harms et al. 2000). A large
proportion of trees in tropical rain forests aesfly fruited, and depend on fruit removal
by frugivorous animals and their reliably dispegsseeds away from the mother plant
(Howe and Smallwood 1982; Jordano 2000). Fruit nahby animals consists of two
steps: detection of a fruit resource and harvesti(idurray 1987). Both steps (and
subsequent seed dispersal) can only function pisoidruit and plant traits correspond to
the sensory and morphological capacities of thgivares. Contrasting fruit colors, for
example, make fruits detectable for birds but wotocturnal bats. In contrast, bats often

use smell for far-range detection of fruiting tr¢iésrine et al. 2000).

Despite the known mutual interdependence of plandsfrugivores, it is still controversial
if plant fruiting traits evolve under the selectimluence of dispersers. The assemblage of
fruit users often includes many species with vayygpecialization on frugivory and
different, sometimes contrasting feeding prefersenttdnas been proposed that the
diversity of frugivore preferences leads to an msistent overall selective influence of
frugivores on the expression of fruit traits (Whveeght and Orians 1982 ; Herrera 1985,
both reviewing criticism on species-to-speciesraatgon of plants and frugivores). Also,
neighborhood conditions may influence fruit remofdanasse and Howe 1983; Sargent
1990), and may lead to differential mother platriéss independent of individual traits.
However, a variety of studies suggests that preta® of seed dispersers may in fact
shape plant traits (Herrera 1981; Kalko et al. 19Gfine et al. 2000; Schaefer 2002;
Stanley et al. 2002; Schaefer et al. 2003; SchamdtSchaefer 2004; Schmidt et al. 2004).

In the field, selection pressures can be demoestrahere visitation probability and fruit
(or seed) removal by effective disperser specieg significantly with fruit traits and plant
fruit display traits. Studies on bird-dispersednpdaclearly dominate investigations of
plant-frugivore relationships (e.g. Pratt and Stil®83; Davidar and Morton 1986;
Denslow 1987; Foster 1990; Thébaud and Debussd@ Ehglund 1993; Willson and
Whelan 1993, and citations above; Traveset 199%dra1996; Herrera 1998), despite the
fact that bats and monkeys are also important ciepe in tropical plant communities

(Howe 1986; Jordano 2000). Here, we investigatiée femoval in a small, monkey-
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dispersed tred,eonia cymoséViolaceae), in the Amazonian rain forest of easte
Ecuador, focusing on the relationship of planttfdisplay traits and fruit removal. We had
identified tamarins as the main seed disperseks ofmosan previous observations (see
chapter 3.2). A separate analysis had revealedahstrins did not respond to variation in
fruit nutritional quality of focus trees (see chapd.1). The aims of this study were to
clarify (1) whether there is evidence for selectdmlispersers on fruit display traits lof
cymosa(2) whether neighborhood conditions of an indixbitree affect fruit removal,

and (3) whether the hypothesis on the relatiomwof €rop size and fruit removal,
developed with main reference to bird-dispersedtplads also valid for monkey-dispersed
plants.

An important trait with respect to fruit removalcaseed dispersal is the fruit crop size of a
plant. The fruit crop size hypothesis (FCSH) st#tes feeding from a large fruit crop is
more profitable than feeding from a small fruitgtoecause large crops allow frugivores
to feed more economically, i.e. with less searébreéind less moving (Howe and
Estabrook 1977; Martin 1985). Therefore the FCSétlfmts that plant individuals with
large fruit crops are more attractive to frugivoiiesluding dispersal agents, than those
producing smaller fruit crops, with the former cegaently having more seeds dispersed,
in absolute numbers and relative to the effort spefruit production. Both effects would
select for larger fruit crop sizes. However, sudbralency would be limited by the
availability of dispersal agents. The FCSH has lmroborated by several studies of
bird-dispersed plants (e.g. Davidar and Morton 1#8slow 1987; Sargent 1990). It has,
however, not explicitly been tested for monkey-dised plants, although few data are
available on how single monkey species exploit finges. For example, Russo (2003)
found that spider monkeys removed more fruits @t when more ripe fruits were
available inVirola trees, yet fruit crop size did not influence tmegortion of the seed

crop dispersed by spider monkeys during the efrtiieng season. Thus, fruit removal by
these monkeys only in part followed the predictiohthe FCSH. Here we evaluate the

FCSH forL. cymosaand the monkeys feeding on its fruits.

We also considered other fruit display traits, &4l ws neighborhood conditions that may
affect fruit removal. Tree size might influenceifroarvest by monkeys because rainforest
animals have mostly clearly defined foraging hesgletg. Ulloa 1988; Walther 2002).
Moreover, the fruit ripening regime of a tree mighdy a role in determining fruit
removal. As tamarins travel through their home esngixtensively (Boinski 1987; de la
Torre 1991) and have a limited capacity of removyngs during one visit (C. Knogge,
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personal communication and Knogge 1999) a conftaintisplay throughout a long
fruiting season may allow for a larger number @iitei of tamarins than a peaked one, and
should thus enhance dispersal. More fruits coulteb®ved in trees fruiting
desynchronized if intra-specific competition fosplersers exists. Furthermore, supply of
fruits of the same species in the close neighbatimay either enhance fruit removal in
trees forming part of tree groups, because frugwraving visited one tree might be
attracted by resources of the same species visttetheir current position. Yet,
neighboring conspecific fruit supply may also résulreduced fruit removal from
individual trees, because of competition for frugges (cf. Manasse and Howe 1983).
Finally, predation risk has to be integrated irgsaurce selection decisions of frugivores
(Martin 1985). Tamarins are prone to predationdrgst raptors (Izawa 1978; Peres 1993;
Vasquez and Heymann 2001), and may therefore d®eding in trees not well covered

by neighboring vegetation.

4.2.2 Methods

Study site

Fieldwork was conducted in the evergreen tropiaed forest bordering Laguna Grande de
Cuyabeno (0°2'N 76°15'W, elevation 250 m), locattiin the Cuyabeno Faunistic
Reserve in north-eastern Ecuador. This area of éfegtmazonia has an annual
precipitation of 3500 mm with a dry season from &aber to February and peak
precipitations from April to June. A second butiéodry period usually occurs in August
and September. Annual mean temperature is 26 °€fdrbst in the study area is
characterized by a rich mosaic of terra firme, aeaby flooded plains of river borders and
inner forest brooks, and swampy areas dominatatdognorete palmMauritia flexuosa.
Tree fall gaps are frequent. Forest canopy is pitaap 25 m. Old growth terra firme forest
was shown to have a record breaking plant dive(sigyencia et al. 1994), non the less it
is slightly disturbed by selective tree loggingloé native population for the construction
of large dugout canoes used locally. A forest-wadek of fruit production occurs in this

area from March to June (de Vries et al. 1993).
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Study species and its frugivores

Leoniacymosas an under storey tree occurring in the termadirain forest of western
Amazonia near the Andes and of the Guyana shields@ari Botanical Garden 2009). In
our study area, mean height of fruitihgcymosawvas 6.6 m (range: 2 mto 12.6 m, n =
306). It occurred at a density of 11.8 fruitingiiduals per hectare (median from four
plots of mapped trees with a total area of 21.6 Tiades tended to grow in clusters
consisting of trees of different heights.cymosabore fruits two times a year, in
August/September and between March and May. Rpghmg within trees expanded over
these respective seasons. Ripe fruitsemfniameasured 13 to (rarely) 40 mm in diameter.
Unripe Leoniafruits were green turning pale yellow when ripeuits contained 1 to 12
reniform seeds that range from 10 to 16 mm in lenghe fruit pulp was sticky and tightly

connected to the seed.

During the fruiting season of March to May 2000, menitored fruit production and
removal in 93.. cymosarees comprising the whole population of fruitingcymosarees

in two study plots of 5.5 hectare and of 6.5 hectdrold growth terra firme forest.

Black mantle tamarin§aguinus nigricolligCallitrichidae), and squirrel monkeySaimiri
sciureus(Cebidae), and possibly an unknown nocturnal froigi consumed the fruits bf
cymosaat our study site. Black mantle tamarins and sgumonkeys differed widely in
their effectiveness as seed dispersers. Black mtartiarins swallowed the seeds together
with the fruit pulp and defecated intact seedsafaay from the mother tree. Squirrel
monkeys opened the fruits while sitting in thecymosaree to suck and gnaw on the fruit
pulp, and then dropped seeds to the forest flonly Gccasionally they might have carried
fruits to neighboring trees. Thus, fruit removalthynarins almost completely accounted
for seed dispersal whereas Squirrel monkeys didlisperse seeds, or at best in minimal

numbers and small distances (see chapter 3.2).

Monkey sightings and observations in 2000 revetilatieach of our study plots fell into
the core home range of one group of tamarins (@&iduals per group)and of one
group of squirrel monkeys (ca. 30 individuals perup) (see chapter 3.2). These group
sizes as well as the spatial distribution of theugs were consistent with those from
surveys carried out in the years before this s{@95-1997 unpublished data, and
Mullner and Pfrommer 2001).
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Data collection
Measuring fruit production and fruit removal

From end of March to May of 2000, we counted theglete standing crop of green and
ripe fruits in the tree crowns weekly as well as fallen fruits and peels on the ground
below the trees, which allowed us to calculateetkect number of ripe fruits produced and
removed per counting interval per individual trBeginning with the first sign of fruit
removal by monkeys in any tree within the plotses were controlled every day from
April 3 of 2000 to May 18 of 2000. When peel remains indicated that fruitd heen
harvested by monkeys we counted the number ofmyits remaining in the crown.

We used different remains of feeding, and sightimfigs®ionkey groups shortly before tree
controls to distinguish fruit consumption by tanmmafrom that by squirrel monkeys.
Tamarins left behind large empty peel fragmentsreas squirrel monkeys left behind
numerous comparatively small peel fragments togetith many separated seeds
scattered over the ground below trees. Such séedges a rough-textured surface. Using
these traces, 93% of the feeding events (n = 20@yde unequivocally assigned to each
monkey species without direct observation. We hétulties only in categorizing 14
feeding events, with a total of 56 fruits consunfe@% of all fruits removed by
monkeys). These difficulties arose from finding Idfe@gments of only intermediate size,
or seeds without clear gnawing marks. In thesescaseassigned the fruits removed from
a tree to squirrel monkeys if the tree belongeal patch where thesad removed large
amounts of fruits. This is reasonable because grotipquirrel monkeys are much large
than tamarin groups and are usually distributed awghole patch of trees while traveling
and feeding. We assigned the fruits removed frare@awith ambiguous feeding remains
to tamaringf there were no traces of a visit of squirrel meykin the plot at that day, and
also if such a tree stood more than 30 m away fiqratch of trees with feeding traces of
squirrel monkeys. ArcView-maps of fruit consumption each control day were used

analyzing the spatial pattern of feeding events.

We calculated a seasonal fruit crop size for ewery by summing up the ripe fruits it
produced during all count intervals. Likewise, vedcalated the total number of fruits
removed from each tree gmarinsand squirrel monkeys, respectively, by summing up

the respective values from the count intervals.
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Measuring tree and fruit display traits and neighborhood conditions

Tree height at the highest point of the crown wassared by help of a relascope (FOB,
Salzburg, Austria). The synchrony of fruit matusatof a tree with conspecifics was
expressed as the time deviation of its peak of maturation from the median peak of fruit
maturation of all trees monitored (in days). Wemsd the individual peak of fruit
maturation of a tree as the date when the cumelatinmber of fruits that had matured in
the tree had reached or just exceeded half obtlaégeasonal fruit crop size. Thus, a
negative deviation from the sample median indicttata tree fruited earlier than the
population wide peak of fruiting, whereas a positalue of deviation indicates that its
fruit production peaked later. As a measure toattarize the evenness or constancy of
fruit production of an individual during the timé abservation we calculated the
coefficient of variation (CV = sd/mean) of the nugnlof fruits produced per counting
interval, including the first count. We only incledi trees in our analysis that produced a

number of fruits equal or bigger than the numberafnting intervals (6 fruits).

Predation risk was quantified by estimating thecprtage of the total peripheral area of
the tree crown remaining uncovered by neighborigetation. A value of 100% indicates
that a tree crown stood completely in an open spioe other extreme of 0% signifies that
a tree crown was embedded in foliage and brandhather trees or lianas coming close to
it from all sides. The conspecific fruit productionthe neighborhood ofla cymosavas
guantified as the sum of all ripe fruits producletighout the fruiting season within a
radius of 15 m. We defined “neighborhood” this wiagcause trials with 60 trees in 1999
had shown that we were able to locate conspecdestby sight from tree crown to tree
crown to a maximum distance of 15 m. We assumedhtbakeys are capable to do the

same.

Statistical analysis

We used Generalized Linear Models (GLMs) to idgrefffects of fruit display traits both
on the probability of &. cymosdree to be harvested by the respective monkeyapeci
(the first component of fruit removal), as wellasthe number of fruits removed, and the
percentage of fruits removed by the respective ragisipecies (the second component of

fruit removal). Subsequently, we tested for cotretes of the regression model residuals
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with the neighborhood variable “percent uncovereudit] we tested for spatial correlations
of the residuals in order to find competition ohancement effects of conspecific
neighboring fruit offer. Thus, we examined to whatent variation unexplained by tree
traits could be explained by neighborhood condgidy this two step technique we
avoided to overcharge regression models with veasaéind acknowledged the different
nature of the variables (tree fruit display trais spatial position).

All GLMs and correlations were calculated with ®iatistical package R 1.8.1 (R
Development Core Team 2003). We categorized thegithéal L. cymosdree as having
been found and harvested by monkeys if at leastweaet of fruit removal could be
observed in this tree throughout the fruiting sea¥de used GLMs with binomial errors
for the binary response variable (equivalent togastic regression) to analyze the
probability of harvest. Models were simplified khgpwise backward elimination of the

variable with the smallest AIC-Values (Crawley 2D02

Only trees harvested at least once by either ofwibespecies were included in the analysis
of the number and the percentage of fruits remoVedanalyze the number of fruits
removed we fitted GLMs with quasipoisson errorsdount data. The GLM-procedures
guasipoisson (log link function) was chosen to aotdor overdispersion. The percentage
of fruits removed was analyzed by means of a wetijnegression, using the individual
sample sizes (i.e. the total seasonal fruit pradogts weights, and the logit link function
to ensure linearity (Crawley 2002, p. 513 ff). Wmse a weighted regression to avoid that
a proportion from a tiny sample (e.g. 5 fruits rema out of 10 fruits produced) gave an
undue influence on the slope of the regressionefgited regression is performed in R by
a GLM with binomial errors that works with a respervector containing the number of
fruits taken away and the number of fruits lefe(ttumber of successes as well as the
number of failures) instead of the proportion val({). This GLM gives low weight to
estimates with small individual sample sizes (=lstviaomial denominators). The GLM —
procedure “quasibinomial” was chosen to accounof@rdispersion. Models of this part

of the analysis were simplified by manual stepviniaekward elimination of variables with
subsequent ANOVASs and F-tests as described in (€ya2002). As a measure of
variation explained by GLMs, equivalent to the ¢ioefnt of determination (r?) in a linear
model, we calculated the ratio deviance changdl feviance (deviance change = null
deviance — residual deviance). We used Spearmaércaarelations to test for correlations

of the regression model residuals with the varidpégcent uncovered”.
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For the purpose of examining the influence of cewsj fruit production in the
neighborhood on fruit removal, we analyzed theiappattern of the residuals from the
GLMs. If spatial dependence existed, residuals Ishioei locally alike. As negative
residuals mean that removal in trees was lower ¢éxgected by the model, clusters of
negative residuals are an indication for competifar frugivores within a group of trees,
or failure to attract visitors. Clusters of pos#tikesiduals, on the other hand, indicate an
enhancement of fruit harvest in fruit patches ofesal neighboring trees. Spatial
dependence of the residuals was examined by Masisl run with Euclidean distance
matrices of residuals and of Euclidean distanaddetree’s positions, derived from a GIS-
map. We used the extension “Distance matrix, v lod’ArcView GIS 3.2 (Jenness 2004)
to calculate distance matrices for respective deeeples, and the program PcOrd 4.0
(McCune and Mefford 1999) to run the Mantel te$tse significance of correlation was
determined by means of a Monte Carlo randomizagehwith the Mantel’'s (Z) values
from 9999 permutations. A positive correlation refet distances and residuals, indicated by
a positive Mantel’s (r), means that the closerdr&and to each other, the more similar are
the residuals from a regression model. Since tloailkedion of Euclidean distances results
in positive values only, the results of a Mantst @an not be directly interpreted in the
context of enhancement (positive residuals at cdpsdial position) versus competition
(negative residuals; see above). However, a snsdirtte of residuals in a tree pair can
only result from either two positive or two negatresiduals. Therefore, in case of a
significant, positive Mantel’s (r), the effect oighborhood conspecific fruit abundance
conditions can be visualized by plotting the realdwagainst the number bf cymosa

fruits within a radius of 15 m.

4.2.3 Results

Characterization of fruit production and consumption by monkeys

Median productivity of the trees was 36 ripe frafisoughout the whole fruiting season.
The maximum of ripe fruits produced per season biygle tree was 427. 75% of the trees
had standing crops of only up to 30 ripe fruitse Thaximum standing crop of fruits in a
tree was 324 fruits. Seasonal fruit production maissignificantly correlated with tree size
(Spearman R = 0.185, p = 0.08, n = 92).
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55% of all feeding visits recorded lin cymosdrees were by tamarins, whereas 45% were
by squirrel monkeys. Tamarins visited the studygtoore frequently than squirrel
monkeys (e.g. mean interval between harvests afidy8 versus 4.3 days in one plot). Per
visit in a plot, tamarins fed on fewer trees thgnisel monkeys (e.g. mean number of
trees exploited per visit of 3.2 versus 7.8 in plat). In a single tree, tamarins harvested
from 1 to 25 fruits per visit, while squirrel monjseharvested from 1 to 224 fruits per

visit. Both monkey species left ripe fruits behindhe tree crowns in 97% of all feeding

events.

Probability of fruit removal

The probability of fruit removal by tamarins, aslmaes by squirrel monkeys increased
significantly with the seasonal fruit crop sizelofcymosa trees (Table 1). Yet, with
increasing tree height, squirrel monkeys removaetsfwith a significantly lower
probability.

Tamarins harvestdd cymosdrees less likely the more open these stood in the
understorey, as indicated by the significantly niegacorrelation of the residuals from the
GLM for the probability of fruit removal by tamasiwith the variable “percent uncovered
by surrounding vegetation” (n = 86, Spearman R.27-0p = 0.013).

The smallest seasonal fruit crop sizes (of 6-1@dyinad a 45% chance to have fruits
removed by tamarins, a 50% chance to have fruit®ved by squirrel monkey¥he
probability of fruit removal by tamarins rose matewly with increasing fruit crop size
than that of fruit removal by squirrel monkeys (ftig 1), indicating that tamarins respond
differently to fruit crop size at the initial step fruit removal. The effect of seasonal fruit
crop size on the probability of fruit removal byrarins leveled off at 200 — 250 ripe

fruits. We did not find any spatial correlationsresiduals of the logistic regression models
(see statistics in Table 2). Therefore, the prdllaf fruit harvest by tamarins in a focus
tree was neither enhanced nor reduced by the anobtmiits offered by othelteonia

trees in its neighborhood.
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Figure 1. Logistic regression of the relationship betweeamsseal fruit crop size and the
probability of fruit removal irL. cymosdrees by a) black mantle tamari@gguinus
nigricollis, and b) squirrel monkeySaimiri sciureusat Laguna Grande de Cuyabeno,
Ecuador.
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Tablel. Influence of predictor variables on the probapitif fruit removal the number of
fruits removed, and the proportion of fruits remo¥em trees ot.. cymosaby black
mantle tamarinsSaguinus nigricollisand by squirrel monkeySaimiri sciureusat

Laguna Grande de Cuyabeno, Ecuador. Results frgraggion models with tree traits and
subsequent Spearman rank correlation of modelualsidvith tree covering: indicates
positive correlation; indicates negative correlation. For model sumnsaseee Appendix F.

GLM Probability of Probability of Number of Number of  Proportion Proportion
fruit removal fruit removal fruits removed fruits removed of fruits of fruits
by Saguinus by Saimiri by Saguinus by Saimiri removed removed
by Saguinus by Saimiri
N 86 86 49 57 49 57
Seasonal fruit crop size +* + ** + Fkk + Fkk -* + FEK
Tree height -*
Synchrony of fruiting Rk
(deviation from sample
median)

Individual fruiting pattern
(CV of fruit production)

Variation explained (%) 8 17 20 82 13 38

Variation explained by 10 79
crop size alone (%)

SPEARMANRANK Residuals
CORRELATION
Percent uncovered by 4

surrounding vegetation

Significance level of coefficients: * p<0.05, ** p<01, **p<0.001
Significance level of Spearman rank correlatiémp<0.05

92



Chapter 4.2 — Fruit removal by monkeys: a teshefftuit crop size hypothesis

Number of fruits removed

The number of fruits removed from an individuaktkey tamarins, as well as by squirrel
monkeys, increased significantly with increasingssmal fruit crop size (Table 1).
Moreover, squirrel monkeys removed significantiywée fruits in trees with an individual
fruiting peak later than the median fruiting pedlalbtrees observed. This effect of an
individual fruit production peak late in the frung season was small in small fruit crops
and prominent in large fruit crops (Figure 2 c;entitat GLMs for Poisson distributed
errors fit a logarithmic growth to the variablestioé model, and thus it is possible that the
predicted values exceed the range of the inpualbba). Still, including the synchrony of
fruiting into the model caused only a small, thogginificant change in deviance and thus

in variation explained by the model.

The residuals of the GLMs having the number oftéras dependent variable did not
correlate significantly with the degree of coverofgrees by surrounding vegetation. No
significant spatial correlations of model residuatse found (Table 2). Thus, the number
of fruits removed, too, was neither enhanced nduced by the amount of fruits offered

by otherL. cymosdrees in its neighborhood.

Proportion of fruits removed

With growing seasonal fruit crop sizelafcymosdrees, tamarins removed a significantly
decreasing proportion of fruits, while for squirnebnkeys the opposite was found (Table
1, Figures 2 b and d). All GLMs with the proportiohfruits removed as dependent
variable explained less of the variation than thegk the absolute number of fruits

removed.

For both monkeys, we found significant positivetegdaorrelations of the residuals of the
GLMs having the proportion of fruits removed as elegient variable (Table 2, and
statistics therein). These spatial correlationscete an effect of the abundance of
conspecific fruits in the neighborhood of a treetlos removal of its fruits (Figure 3).
Large numbers of conspecific fruits in the neighiomd of aL. cymosadree led to lower
proportions of fruits removed by tamarins than expe by the model, indicating that
increasing conspecific fruit abundance had thecefiereducing the proportion of fruits
removed from a tree by them. On the other handelaumbers of conspecific fruits in the

neighborhood led to higher proportions of fruitsoved by squirrel monkeys than
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expected by the model, indicating that increasmgspecific fruit supply in the

neighborhood enhanced the proportion of fruits nemddrom aL. cymosédree by squirrel

monkeys.

Figure 2. The relationship between seasonal fruit crop aimmethe number of fruits, as

well as the proportion of fruits harvested througfhthe fruiting season as predicted by
GLMs. a) Number of fruits, and b) proportion ofiteuharvested by black mantle tamarins,
Saguinus nigricollisc) Number of fruits, and d) proportion of frultarvested by squirrel

monkeysSaimiri sciureusat Laguna Grande de Cuyabeno, Ecuador.
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Table 2. Analysis of spatial dependence of residuals frognegsion models of the
probability of fruit removalthe number, and the proportion of fruits removeahitrees of

L. cymosaby black mantle tamarinSaguinus nigricollisand by squirrel monkeys,

Saimiri sciureusat Laguna Grande de Cuyabeno, Ecuador. ResufisNftantel tests for
association of tree position and residuals fromngggjon models, each test based on a tree
distance matrix and a Euclidean distance matrresiduals. r = standardized Mantel
statistic, Randomization test with 9999 permutaidize = matrix size, number of
cells/rows. Ir = logistic regression, mr = multipgression

Model Dependant variable Size r p

Ir Probability of fruit removal (0/1) by tamarins 68 0.024 0.085

Ir Probability of fruit removal (0/1) by squirrel 86 0.013 0.161
monkeys

mr Number of fruits removed by tamarins 51 0.063 120.

mr Number of fruits removed by squirrel monkeys 570.022 0.142

mr Proportion of fruits removed by tamarins 51 3.120.024

mr Proportion of fruits removed by squirrel monkeys 57 0.052 0.033
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Figure 3. Effect of conspecific fruit abundance in the néighirhood on the proportion of
fruits removed from trees &f cymosaat Laguna Grande de Cuyabeno. Residuals from the
respective GLMs with the proportion of fruits reneoM(a) by black mantle tamarins,
Saguinus nigricollisand (b) by squirrel monkeySaimiri sciureusplotted against the

total seasonal fruit production within a diametel® m around each tree. Based on
significant spatial correlations of residuals ($able 2 with results from Mantel tests).
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4.2.4 Discussion

Consequences of fruit removal by the disperser

L. cymosdarees with larger seasonal fruit crop size haarger number of fruits removed
by black mantle tamarins, the effective and rekadded dispersers, i.e. a higher dispersal
success. They also had a higher probability to fravis removed by the disperser than
those with small seasonal fruit crop sizes. Coeststith the fruit crop size hypothesis
(FCSH), these results show that tamarins exeregtsge pressure on seasonal fruit crop
sizes to increase. However, the proportion of $rceimoved by the disperser, i.e. the
dispersal efficiency of an individuél cymosdree, decreased with increasing seasonal
fruit crop size. Again in accordance with the FC8ts may limit fruit crop sizes, because
energy allocated into too many undispersed seealasted. Furthermore, the proportion of
fruits removed by tamarins is reduced.ircymosatrees with high conspecific fruit
abundance in their neighborhood. This finding sstgeompetition of individual trees for
the disperser (likewise in Manasse and Howe 19&B8islow 1987), and thus fulfils a basic
assumption of the FCSH (Howe and Estabrook 1977).

In our study site, the median seasonal fruit cps ofL. cymosawas only 36 ripe fruits
and productivity was not correlated with tree §eee chapter 3.1). The observed
relationship of fruit removal by tamarins with seaal fruit crop sizes suggests that the

latter may indeed result from selective pressuxested by the disperser.

Our findings provide new evidence that FCSH appise to a monkey-dispersed plant, as
far as the predicted relations of fruit productard fruit removal are concerned. Yet, in
the dispersal system bf cymosathe mechanisms leading to the selective pressufauit
crop size are different from those proposed ilRB&H. The FCSH assumes that feeding
profitability is the major factor that makes larfgeit crop sizes more attractive to
frugivores than small fruit crop sizes. This doeskmold true for the disperser bf cymosa
in our study site. Tamarins swallowed seeds togetita the fruit pulp and removed only
few fruits per visit. These observations are sufgabby studies of other species of
Saguinuswhere the food uptake per tree visit was alsatdidito few fruits, especially
when tamarins swallowed large seeds (C. Knoggsppal communication; Knogge 1999;
Knogge and Heymann 2003)hus, large fruit crops do not allow the individadigperser

to take up more food per visit in cymosaAlthough feeding in large fruit crops is not
more profitable for the individual tamarin, largeit crop sizes are still advantageous
because they should make the fruit display morbteisand thus should raise the
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probability to be detected by tamarins. Large foo@p sizes may be also attractive to
tamarins because they may offer more choice ofsfmithin the tree. Furthermore, large
fruit crops ofL. cymosaallow more individuals of the tamarin group todesuring the

same visit, and to remove more fruits at repeatisitsv Therefore, the dispersal success of
a tree increased with seasonal fruit crop size. él@n, the dispersal efficiency of a tree,
I.e. the proportion of fruits tamarins removed tigbout the season, did not increase with
fruit production, because of the low fruit remoeapacity and availability of the tamarins.
Considering the fact that the trees in our studysplvere regularly visited by only one
group of tamarins with 6-9 individuals, respectivehe dispersal system bf cymosa
presents a case of extremely limited dispersetahiaty.

Fruit removal by tamarins was neither significamthedicted by the synchrony of fruiting
of the individual tree with the population nor Inetfruit ripening pattern of individual
trees. All trees seemed to have offered ripe fifoits time sufficiently long to ensure fruit

harvest by tamarins.

Our findings are most comparable to the resuls stiidy of three bird-dispersed plant
species of the tropical cloud-forest understore§asta Rica, reported by Murray (1987).
Their fruits are removed by only three bird specsile in many other bird dispersed
plants the number of dispersing species is mudhehi(e.g. 24 species Wiburnum
dentatum(Caprifoliaceae), Sargent, 1990). Similar to asults inLeonia the probability
of visitation of the cloud forest under storey ptamcreased with increasing crop size.
Among visited individuals the number of fruits reved per day increased with crop size,
too, while the proportion of fruits removed deceshd-ailure of several other studies of
bird-dispersed plants with larger bird assemblagédmd full support for all components
of the FCSH (Davidar and Morton 1986; Denslow 198Mjson 1988; Carr 1992; French
et al. 1992; Willson and Whelan 1993) may havelteddrom not having sufficiently
differentiated between responses to fruit crop sfaée various bird species involved,
which may differ rather strongly from each othetheir foraging behavior and removal

capacities.

As hypothesized, black mantle tamarins harvekt@ymosarees less likely that were not
or less completely covered by surrounding vegetaatthough these trees and their fruits
should have been more visible from a distancea&it-wait hunting forest raptors
represent an important predatory threat to tamdtaasva 1978). Peres (1993) observed

one raptor attack every nine days on a mixed sp&eguinusgroup in the Urucu River,
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Central Amazonia, Brazil. In order to protect thehass, tamarins show complex vigilance
behavior (Heymann 1990), however, forest raptogsabile to overcome this by their
surprise hunting tactics, especially in the canapg in open spaces within the forest
(Vasquez and Heymann 2001). Tamarins might welidrgvoid predation by staying

away from hard-to-judge risk, likela cymosaree that allows free aerial access from the

surrounding sub canopy.

Although our results suggest selection of the digreon fruit display traits df. cymosa
they also show that some factors, such as predas@t a particular site, may constrain
selective pressures. Another constraint on selettyodispersers on fruit display traits is
the competition among individull cymosdrees for dispersal agents occurring in a
neighborhood of high conspecific tree density. Stmimpetition is a precondition for the
FCSH, but it may also limit selection because thigimborhood conditions that are out of

control of the individual may override the effe¢trmdividual fruit display traits.

Consequences of fruit removal by the non-disperser

The probability of fruit removal, the number ofitairemoved, and the proportion of fruits
removed by squirrel monkeys increased significawitih seasonal fruit crop sizes. Thus,
fruit removal by squirrel monkeys, the non-dispegdiruit users of.. cymosasupported
the assumptions of FCSH more strongly than fruttaeal by tamarins. The main reason
for this is the different way squirrel monkeys comed fruits olL. cymosaogether with
the large group size of squirrel monkeys of appr@tely 30 individuals. In contrast to
tamarins, squirrel monkeys spat out seeds, whiolwatl individuals to harvest larger
amounts of fruits per visit. Thus, these monkeyddtake advantage of large temporary
fruit offers going hand in hand with large seasdnat crop sizes, and therefore highly
productive trees may indeed be more attractivadovidual squirrel monkeys. This could
explain the faster response in the probabilityarf/est of squirrel monkeys to increasing
seasonal fruit crop size, as compared to tamaaitsthe disproportionately high fruit
removal from large seasonal fruit crops by thiscggse It is more difficult to explain the
enhanced proportion of fruits removed by squirrehikeys inL. cymosarees with high
conspecific fruit abundance in their neighborhodgk can only assume that squirrel
monkey groups suspend traveling when encounterpageh of trees with ripe fruits,

resulting in higher fruit consumption during theiyjias compared to the fruit consumption

99



Chapter 4.2 — Fruit removal by monkeys: a teshefftuit crop size hypothesis

in single trees exploited while the group is trawgl More behavioral observations of the
foraging behavior of squirrel monkeys would be rezetb verify this assumption.

The significant variation in fruit removal by sgquwl monkeys with seasonal fruit crop
sizes ofL. cymosaenders it possible that this non-disperser akaxelrts selection
pressure on fruit crop sizes of this tree. This fd@yhe case if squirrel monkeys remove
more than the surplus of fruits not used by tansaryet produced with respect to attract
visits of the disperser. This should result in les@n pressure against large seasonal fruit
crop sizes, to limit the attraction to squirrel rkeys. Furthermore, it should result in a
selection pressure on the fruit display to extewer donger periods of time, thus reducing
the risk to loose a large proportion of the friitshe non-disperser. Previous studies have
interpreted temporally expanded fruit displays agrategy to avoid rapid satiation of
relatively rare seed-dispersers (Howe and Estabt®@k). Likewise, the prolonged fruit
display observed ih. cymosanay be seen as a strategy to avoid losses of taugquirrel

monkeys.

Another potential way to reduce fruit losses toribe-disperser may be fruiting late, as
demonstrated by our finding that squirrel monkeyreaved significantly lower numbers of
fruits fromL. cymosdrees whose fruit production occurred later thanrttedian fruiting
peak of all trees observed. The effect of latdifigiwas stronger in large fruit crops,
compared to small fruit crops, because of the digmritionately high fruit removal by
squirrel monkeys in large seasonal fruit crops.alb'gerved that squirrel monkeys
harvested only few fruits df. cymosan the last third of its fruiting season (see dkap
3.2). At that time the general fruit availability the forest might have increased, because
at forest transects near our study plots de Viies. €1993) have determined a consistent
peak of fruiting tree species from May to Julywotconsecutive years. Therefore it is
possible that towards the end of thecymosdruiting season in 2000 other (fruit)

resources became available to squirrel monkeysanéed higher in their preference.

The finding that squirrel monkeys harvested ldrgeymosdrees less likely is difficult to
explain, given that Ulloa (1988) reported height8-d45 m as the most used forest stratum
by this species in our study area, which is thglitaiange all tree crowns bf cymosan

the current study fell into. Ulloa did not specififferent activities within this range. As we
have no own data on forest stratum use of squircglkeys, and as we could not find more

detailed data in the literature, we can only speeuthat squirrel monkeys might travel
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through the inner forest at low heights. As a cqgnsace, they might avoid large
cymosarees more frequently than small and mean sized.tre

In contrast to tamarins, squirrel monkeys weredsdérred by open spaces in the sub-
canopy, probably for two reasons: first, they azavier than tamarins, and thus are less
prone to predation by mid-sized raptors. Secorelr groups are larger, which may result
in a higher vigilance and a better ability to detaptors.

Conclusions

Our results indicate that the FCSH is applicabla bvoad range of dispersal systems, as
long as the specific foraging behavior of the refipe seed dispersers is being considered.
Different responses of frugivores to fruit offemsled on different foraging behavior,

morphology, and physiology may lead to the samectieh pressures on fruit crop size.

Opposed to the view that contrasting responsesigiviores to fruit and fruit display traits
lead to inconsistent selection, this study shoveadl in the same plant seed dispersers and
other frugivores not dispersing seeds may exert@aiant selection pressures. Factors
beyond the control of individual trees may consirget not impede selection on fruit

display traits.
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5 Synopsis

The dominance of trees with fleshy fruits that n&tua wide range of frugivorous animals
is one of the most prominent features of many tapiain forests all over the world
(Howe and Smallwood 1982; Jordano 2000). The inyoae of fruits as a food resource
becomes especially apparent upon observing thehivieigs of frugivores in times of fruit
scarcity (e.g. in Bornean orangutans, Knott 19B8)givores, on the other hand, are of
outstanding importance for seed dispersal. A lé$sigivore species diversity is expected
to result in reduced plant diversity (Chapman andé&donk 1998; Webb and Peart 2001).
The mutual interdependence of plants and “theutjiivores supposes a very close
interaction. van der Pijl (1969) was one of thetfto approach the interaction in a
systematic way. He defined so-called fruit syndreywenich describe constellations of
fruit traits matching with certain frugivores’ neednd capacities. Shortly thereafter, the
crucial role of seed dispersal in the plant repobdise cycle and the density-dependent
mortality of seeds as an ecological mechanism totaia species diversity were
recognized by Janzen (1970) and Connell (1971) éaedtually confirmed by Harms et
al. 2000).

As a fundamental process, animal seed dispersaivegtgreat attention, focusing on the
guestion of how the supposedly close fruit andifroig interactions may have evolved. At
first, the relationship between plants and frugegowas characterized as a result of co-
evolution (Snow 1971; McKey 1975). However, it sdmtame clear that the requirements
for a co-evolutionary process were not met in fingitplant-frugivore interactions: species
to species relationships could not be found andtplaave little control over the service of
frugivores, because they offer the reward for &pu&l dispersal in advance. Also, there
are often many different species of fruit userene tree that treat fruits and seeds
differently (Wheelwright and Orians 1982; Herre@8%). As a result, the interaction was
(and is currently) seen as a case of a more opéwmatram. Plants profit from the dispersal
service that some frugivores give them, while sugivores profit from the fruits as food.
However, in this mutualism single frugivore actoas be more easily replaced by other
species of the same ecological guild than in cogwglmatching pairs (of organisms). The
plant-frugivore mutualism also allows certain asyetmes in the relationships, e.g. a
disperser does not need to be specialized in ardyse or type of fruits, and a plant does
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not necessarily have to depend on only one dispasseler such circumstances, the
question is to what extent fruit users are ablexrt selection on fruit traits. The topic has
been put on hold, as the focus of research hagghdwards the dispersion patterns
created by animal seed dispersers and the consasgufan recruitment (see Nathan and
Muller-Landau 2000). Still, the question of possibklection pressures by frugivores
remains open. Neotropical strangler figs are amgia of a situation where fruit traits
may be shaped by a guild of consumers, ratherliiaingle frugivore species. Bird-
dispersed species have red figs (when ripe) thahrasynchronously over relatively long
periods and produce little scent, while bat-dispérspecies have “green(ish)” figs that are
larger, span a range of sizes, ripen relativelbyonously, and produce very distinctive
aromas (Kalko et al. 1996; Korine et al. 2000).sTiBj however, a special case of canopy
plants with very prominent and large fruit dispkyd many species of frugivores. Field
studies are needed for more and different planwtirdypes and different numbers of fruit

users.

A testable framework of the plant-frugivore intdrans in tropical forests has been
provided by Howe and coworkers with the “speciahstrsus the “generalist” dispersal
system (Howe and Estabrook 1977; Howe and Smallvi®8@; Howe 1993). These
authors contrasted “trees that produce scarcedpeiceally nutritious fruits that entrain
specialized and reliable dispersal agents and aitbeispecies that produce common but
less nutritious fruits and appeal to individuakgs$ reliable but collectively more common

species of opportunistic dispersal agents”.

In the Amazonian rain forest of eastern Ecuadooniducted a field study on the dispersal
ecology ofLeonia cymosé#Violaceae), an understorey tree that grew to amieight of 7
m and a maximum height of 13 m in my study platsligenous people of the study area
reported that tamarins feed on this tleecymos& size made it possible to quantify fruit
production and fruit removal by means of full caurfurthermore, | conducted
observations, nutritional analysis of fruits, andasurements of growth parameters and
neighborhood conditions of trees. | analyzed tha datained using multivariate statistical

tools.

Leonia cymosalearly groups into the specialist dispersal systieom the tree’s side as
well as from the frugivores’ sidé. cymosgroduced small median and maximum
seasonal fruit crop sizes of large fruits with Earsgeds. Its fruit pulp offered not only

sugar, but also a median content of proteins obatra0% dry weight (chapter 3.1). Fruit
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ripening was prolonged, which has been pointedssirategy to avoid saturation of
dispersers in bird-dispersed trees (Howe and Est&lik977). This way of fruit display
might indeed favor a better usage of the only bédizeed disperser bf cymosd

observed, the Black mantle tamar8aguinus nigricollis Tamarin groups visited study
plots every two days (mean interval: 1.8 days)J@kpg several yet not all trees. They
had a limited capacity of removing fruits from dmgrees, due to their small group sizes
and their way of treating the fruits bf cymosaTamarins opened up the outer woody fruit
peel and took out seeds surrounded by fruit pulpchvthey swallow all together (chapter

3.2). This behavior resulted in a series of fatagise dispersal events.

S. nigricollisis not purely, but consistently frugivorous. lpeads to a large extent on a
fruit diet (compiled from Ulloa 1988; Emmons 199@; la Torre 1991; Garber 1993; Peres
1993; de la Torre et al. 1995; Lima and Ferrari®0@s habit of seed swallowing is
consistent with similar behavior of other speciethe genus, e.@. fuscollisandS.

mystax Of these species it is also known that they dépesds either singly or in clumps
of only a small number of seeds (Knogge 1999; Keagggd Heymann 2003). Such seed
treatment makes tamarins almost “ideal” seed dégpey because it reduces sibling
competition of seedlings and saplings (Schupp 1888)may even reduce attacks of seed
predators compared with a seed deposition in larigenps (Howe 1989%. fuscicollis
andS. mystakave a remarkable capacity to swallow very laggs in relation to their
body size. Yet they do not disperse the seedd oligk they eat. Where possible, they
separate seeds from fruit pulp. Seeds are swall@ndwhen the fruit pulp is firmly
attached to the seeds (Knogge and Heymann 2008)isTéxactly the case In cymosa
which has an extremely sticky fruit pulp that iseparable from the single seed. It is the
key to the close interaction of the tamarins witltymosapaired withS. nigricolliss

ability to swallow large seeds, or even its sugegtsieed to swallow large seeds to

maintain gastrointestinal health (Heymann 1992 p@iaand Kitron 1997).

L. cymosas thus an example of a plant that can, in sorses;avoid giving the reward
before having secured the dispersal service. puljt firmly attached to the seed has not
yet been recognized as a way that plants can matéppotentially seed-dispersing
frugivores. Other means known so far of plantsiftuence fruit removal and seed
dispersal are substances in the fruit pulp of @nfipits acting as feeding deterrents
(Cipollini and Levey 1997; Schaefer et al. 2003)sw@&ing that fruits are removed only
when they are fully developed and bear viable sdadshermore, hard fruit peels and
large seed size may generally exclude a wide rahfjeit users. However, the adaptive
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value of e.g. large sized seeds may be a compensi#tioss of seed mass to invertebrate
attack during germination and seedling establishrfté@mmond and Brown 1998), rather

than allowing only few frugivores to use the fruits

Although some studies indicate that the speciesheusnand the abundance of frugivores
is lower in the under storey of rain forests thathie canopy (e. g. Murray 1987; Bernard
2001; Kalko and Handley 2001; Henry et al. 200é\as surprising to find a very small
number of species feeding on fruitsLofcymosaln addition to tamarins, only squirrel
monkeys $aimiri sciureuswere found to exploit. cymosaSquirrel monkeys visited my
study plots less frequently, yet removed large nensmbf fruits. They handldd cymos&
seeds in a completely different way than tamaiiihgy did not swallow the seeds, despite
the sticky fruit pulp, but spat them out after mysucked and gnawed the pulp (chapter
3.2), which is consistent with the observation thien researchers that squirrel monkeys
generally ingest only very small seeds (S. Boing&rsonal communication). Thus, this
fruit user dropped the seedslofcymosaunder the crown of the trees they visited. The
seeds stayed intact, yet most of them were constiyeadents. Only occasionally may
squirrel monkeys have taken entire fruits awayeigimboring trees. Therefore, compared
to the fruit removal by tamarins, fruit removal $guirrel monkeys did not contribute to
seed dispersal, but generally involved the losseefls.

My findings show that tamarins play a crucial rivléhe dispersal system bf cymosa

Fruits ofL. cymosaand ofL. glycicarparank high in the diet of tamarins throughout the
Amazonian rain forest (Terborgh 1983; Knogge 1998y are, for example, a preferred
food relative to occurrence B fuscicolligPeres 1993). | conclude that a close interaction
exists betweeh. cymosaandS. nigricollis,opening the possibility to observe selection by

the frugivore on traits of the tree in this dispésy/stem.

The question whether dispersers exert selectiogspres has several aspects. 1) Do they
choose according to the fruits’ nutrient content®@es this lead to differential fruit
removal from tree individuals and do preferred trekviduals gain a higher dispersal that
way? 3) How do dispersers react to other tree chemraand the conditions in the
neighborhood of a tree? And finally, 4) how do otfiagivores react to the same factors?

Do non-dispersing frugivores counteract selectibdispersers?

The relation between fruit removal and macronutgem the fruit pulp has been studied in
various taxa (e.g.Bonaccorso and Gush 1987; Bartdn/Vhiten 1994; Fietz and
Ganzhorn 1999; Riba-Hernandez et al. 2003; Schaefdr 2003; Norconk and Conklin-
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Brittain 2004), showing that frugivores often chedwuits in accordance with optimal diet
theory (Stephens and Krebs 1986). Yet most oftilndiess so far have considered only
choices between different fruit species. Fruitc@d® within a plant species has only
rarely been the focus of study (Foster 1990; Samnaefd Schmidt 2002), and frugivores’
fruit choice has so far not been linked with indival dispersal success. Tamarins, the
reliable seed disperserslafcymosahave a highly sensitive sense of taste for tigausu
present in the fruit pulp df. cymosaSeveral species of the germguinusare especially
stimulated by fructose and sucrose (Glaser 1986nfein 1992; Simmen and Hladik
1998). Individual trees df. cymosashowed a clearly distinguishable composition ef th
nutrient content of their fruits (chapter 3.1). Shthis dispersal system appeared very
suitable to test the influence of the nutritionaality on dispersal success. | did this with a
set of large trees with comparable, large seagwoduction of ripe fruits, defining
dispersal success as the total of fruits remove@imarins throughout the fruiting season.
Surprisingly, fruit removal by tamarins was notiatitable to contents of single nutrients
or energy content of the fruits (chapter 4.1.ould thus not confirm my hypothesis of a
differential dispersal success of individual tree=diated through fruit nutrient content —
as far as reflected by the nutritional componergasured — and consequently no selection
of the disperser on nutritional quality, at least a fine-tuned one. Dispersers could still
exert selection on fruit quality by exploiting orflyits with a minimum requirement of
nutrients. All trees included in my analysis digseto meet this requirement. Though not
differentiating between single sources of fruitd. o€ymosatamarins could still forage in
accordance with optimal diet theory becaluiseymosamight be rich in sugar and proteins

relative to other fruit resources available atghme time.

The effect of nutrients on food choice could alasséhbeen overlaid by growth traits and
differences in the regime of fruit display of theds, by predation risk in a tree, or by the
con-specific fruit supply in the neighborhood o th cymosatrees. The latter has been
demonstrated in studies of bird-dispersed plarmsekample, Sargent (1990) found
enhanced fruit removal rates, whereas Denslow (Lfé8ind inhibited fruit removal rates
at high neighborhood fruit density. Likewise, Mas@$1983) observed reduced fruit
removal by several bird species and one monkeyiespectclusters oYirola trees as
compared to stand-alone trees, and concludedrtest in tropical rain forests compete for
seed dispersers. | studied such potential detentsrad fruit removal in a separate

approach using a larger tree sample size that edabinultivariate analysis.
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Tamarins were less likely to harvéstoniatrees that were not or less completely covered
by surrounding vegetation, which probably reflextsehavior to avoid predation by forest
raptors. The con-specific fruit supply in the ndighhood of d_eoniatree neither

enhanced nor reduced the number of its fruits redakiroughout the fruiting season.
However, at high con-specific fruit abundance ia tieighborhood, the proportion of fruits
removed by tamarins was reduced (chapter 4.2).Stggests competition among trees for
the seed-dispersing monkey. Thus, neighborhoodittonsl indeed influenced fruit

removal inL. cymosaand may constrain the selective pressure of fargson traits of the

tree.

Concerning the regime of fruit display of the trelesonsidered in my models (a) the
synchrony of fruit ripening of an individual treetiwthe rest of the population in the plots,
and (b) the individual distribution of ripe frupgoduced over the entire fruiting season
(ranging from comparatively peaked to comparatiweagstant). Neither of the two
characters describing the individual fruiting pattevas related to fruit removal I8
nigricollis (chapter 4.2). Given small fruit removal capaatyamarins at a single visit,
fruiting was long enough in all trees under aliting patterns to enable repeated visits of
tamarins, and all trees seemed to fruit for a p&n long enough to avoid rapid saturation
of dispersers (cf. Howe and Estabrook 1977 for-tispersed trees).

As part of their theoretical models on tropicalpgissal systems, Howe and Estabrook
(1977) put forward a hypothesis on the selectifi@@mce of frugivores on fruit crop sizes
of plants, which was later termed fruit crop sigpdthesis (below: FCSH). It states that
both a larger dispersal success (no. of fruits keddy the effectively seed-dispersing
frugivores) and a higher dispersal efficiency (%rafts removed by the effectively seed-
dispersing frugivores) in large fruit crops woutdext for crops growing to large sizes, a
process being limited by the density of dispergainés. Some studies of bird dispersal
confirmed the predictions of the FCSH (Sargent 1@2@iz-Pulido and Rico-Gray 2000),
while others gave only partial support (relatiomzen no. of fruits removed and crop
size: Davidar and Morton 1986; Denslow 1987; Murt8§7; Willson 1988; Carr 1992;
French et al. 1992; Willson and Whelan 1993), osuapport (Thébaud and Debussche
1992; Laska and Stiles 1994; Traveset 1994). @algso (2003) studied the relation of
fruit crop size with fruit removal by seed-dispagmonkeys. In this study, spider
monkeys removed more seeds/oola calophylla(Myristicaceae) the more ripe fruits
were available in the tree crown at the momenbheirtvisit. Except for Russo (2003), and
(Murray 1987), none of the authors cited abovetébéhe effect of fruit crop size on
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visitation of fruiting plants, though it can be teed from FCSH that fruit crop size should
also have an effect on the initial step of frumeval, which is the detection of a fruit

resource and the decision of frugivores to feed.on

In my study system, comprisihg cymosaand its fruit consumers, fruit crop size was by
far the most important predictor of all aspectéroit removal, by the effective disperser,
Saguinus nigricollisas well as by the non-dispersBaimiri sciureugchapter 4.2). Trees
with larger seasonal fruit crop size had a highiebgbility to have fruits removed by the
disperser than those with small seasonal fruit sipes. They also had a higher number of
fruits removed by the seed disperser, i.e. a higrsgrersal success. However, the
proportion of fruits removed by the disperser, the dispersal efficiency of an individual
tree, decreased with increasing seasonal fruit sizg indicating a saturation of the
tamarins. In contrast, the probability of fruit remal by the non-disperser, as well as the
number of fruits and the proportion of fruits remnadvby it increased with seasonal fruit
crop sizes. The observed differences between dispand non-disperser are due to

differences in feeding capacity, group size anddorg behavior (chapter 3.2 and 4.2).

These findings reveal a selection of the dispevadhe seasonal fruit crop sizelof
cymosaand corroborate the fruit crop size hypothesisSRLfor a monkey-dispersed tree
species. Consistent with the FCSH, large seasamaktfop sizes were favored by the
increasing number of fruits removed by the dispeshich is a direct correlate of fitness
because of pervasive negatively density-depen@entitment in tropical forests (Harms
et al. 2000). Furthermore, the disperser prefaedsit (and harvest) large fruit crops.
The importance of large fruit crop sizes for thamte of visitation by the seed disperser
may, however, be case-specific, because e\grata calophyllavisitation by spider
monkeys did not depend on the (standing) crop(&uzsso 2003, yet visitation of spider
monkeys and several species of seed dispersing toiggther depended on the number of
fruits available). Ir.. cymosafruit removal capacity and availability of thesgerser are
low, and consequently, dispersal efficiency of udiial trees can only grow to a small
extent with fruit crop size. In accordance with FC $is may limit fruit crop sizes,

because energy allocated to too many fruits undsepeseeds may be wasted.

Trees ofL. cymosaalso lose a large portion of their fruit produatio fruit removal by
squirrel monkeys. My data suggest thatymos& fruit crop sizes may be stabilized not
only by disperser density, but also by fruit remlafanon-dispersing frugivores. Thus,

fruit removal by the non-dispersing frugivore woulot counteract selection of seed
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dispersers on the fruiting tree, but supports@SH appears a valid framework also in the
monkey-dispersetdeonia However, my results show that the probabilityisitation by

dispersers and the role of non-dispersers shouiddheded in this framework.
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6 Summary

Leonia cymosédViolaceae) is a small tree from the under stdrthe Amazonian rain
forest. As far as currently documented by botarscéections, it is distributed in the rain
forests of western Amazonia near the Andes an&Gth@ana shield. No details were
known on the ecology and life historylofcymosébefore this study. | investigated the
seed dispersal ecology bf cymosan plots of old growth terra firme forest locatethin
the Cuyabeno Faunistic Reserve in north-easteradeculocal indigenous people knew
that monkeys disperse the seedk.afymosaBecause of its size, relatively high
abundance, and the countable number of fruitsidyees, this species offered good
conditions to examine the variation of traits afiindual trees and the way they are linked
with fruit removal from each tree. With this stuidgimed to address the question whether
frugivores exert selection pressures on fruitsthedruiting regime of fleshy fruited

plants. Furthermore, by choosihgcymosd aimed to assess the applicability of the
hypotheses on frugivory, developed mainly for ldrgpersed plants, to monkey-dispersed

plant species.

From 1998 to 2001 | monitored the flowering andting activity of a population of trees

in the forest near the Laguna Grande de Cuyab&2tNT6°15'W, elevation 250 m). |

took tree measurements and mapped the spatiabdistn of fruiting trees. In two fruiting
seasons, one in 1999 and one in 2000, | deterntieefiuit production of a sample of
individual trees. | analyzed the nutritional cortehthe fruit pulp of fruits from a sub-
sample of trees in the fruiting season of 2000n&ans of direct observation, and assisted
by automatic cameras, | examined the assemblafyeibfisers ol.. cymosaas well as

their respective qualities as seed dispersersll€lamthe monitoring of fruit production |
determined fruit removal from the same trees, dpglyepeated full counts of fruits in the
tree crowns. | related fruit removal to variablesctibing tree traits and neighborhood

conditions, using univariate and multivariate stats.

The main findings of this study are:

« The mean height of a fruiting cymosawas 6.6 m (range: 2 - 12.6 m). The median
tree density was 11.8 trees per hectare. Treesigrelusters consisting of different

numbers of trees of different heights.
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« L. cymosdlowered two times a year, in late February to éhaand in October. The
respective fruiting seasons occurred in August/&aper and between March and
May. The reproductive pattern is in accordance withhypothesis that changes in

sunset times at the equinoxes trigger flower dgraknt at the Equator.

« The fruit pulp ofL. cymosacontained the sugars fructose, glucose, and seidios
total soluble sugar being the first important riidnal compound of the fruit pulp. The
second important compound was proteins. No lipideewound in the fruit pulp, and

amino acids occurred only in traces with concermnatclose to the detection limit.

e The variation of nutritional quality of the fruitgas high within trees. Nonetheless,
significant differences were found among treedlin@rient constituents studied.

« The maximum of ripe fruits produced per season biyngle tree was 427. Median
productivity of the trees was 45 ripe fruits thrbogt the fruiting season in 1999 and
36 ripe fruits in 2000. Seasonal fruit productioasweakly correlated with tree size in
1999, yet not significantly correlated with treeesin 2000. The maximum standing
crop of fruits in a tree was 324 fruits (counte@000). However, 75% of the trees had

standing crops of only up to 20 ripe fruits in 19898l up to 30 ripe fruits in 2000.

« Black mantle tamarin§aguinus nigricolligCallitrichidae), and squirrel monkeys,
Saimiri sciureugCebidae), and possibly an unknown nocturnal froigi consumed
the fruits ofL. cymosaat my study site. Green-rumped acoucMgdprocta prattj

Dasyproctidae) consumed fallen fruits and seedsmmecth the trees.

« Black mantle tamarins and squirrel monkeys diffesgdely in their effectiveness as
seed dispersers. Black mantle tamarins swallowedekds together with the fruit pulp
and defecated intact seeds far away from the matber Squirrel monkeys opened the
fruits to suck and gnaw on the fruit pulp, and theopped seeds to the forest floor
below the tree crowns. Squirrel monkeys might haseasionally carried fruits to
neighboring trees. Thus, fruit removal by tamadhmost completely accounted for
seed dispersal. Squirrel monkeys, on the other,fdiddhot disperse seeds, or at best in

minimal numbers.

« 55% of all feeding visits recorded in the fruitisgason of 2000 were visits by
tamarins, whereas 45% were visits by squirrel mgsk¥et squirrel monkeys in total
harvested almost three times more fruitk.ofymosahan tamarins due to their larger

group size (ca. 30 individuals versus 6-9 individud tamarins per group) and other
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feeding technique. Tamarins visited the study piodse frequently than squirrel
monkeys (in one plot e.g. mean interval betweerdsdrof 1.8 days versus 4.3 days),
and tamarins fed on fewer trees per visit in a filah squirrel monkeys (in one plot
e.g. mean number of trees exploited per visit &rsus 7.8). In a single tree,
tamarins harvested from 1 to 25 fruits per vistjlessquirrel monkeys harvested from
1 to 224 fruits per visit. Both monkey species tgfe fruits behind in the tree crowns
in 97% of all feeding events. Both monkey speagether consumed 9% of the ripe
fruits produced by all trees monitored during theting season of 1999, and roughly
50% of the ripe fruits produced by all trees maomtbin the fruiting season of 2000.
The conspicuous difference between the two yeassinvpart due to the fact that in
1999 30% of the overall number of fruits were inéelswith lepidopteran larvae and
were discarded by the trees prior to removal bgifrores, whereas no such infestation
could be found in 2000.

« Each of my study plots fell into the core home mnfone group each &. nigricollis
andS. sciureusThus, the frugivore assemblage is small and dispevailability is

limited for the individual tree df. cymosa

e The criteria of a “specialist dispersal systemSasimarized by Howe et al. (1977)
apply to the traits df. cymosaas well as to the frugivore side of its dispessaitem.
Black mantle tamarins are obviously important sdiegersers fotL. cymosaThe
interaction betweeB. nigricollisandL. cymosaeems close enough to expect a
potential for selective influences of the seed elispr on fruit or fruiting traits of the
tree.

« In asample of 6 trees of comparable and high énaip size, the total of ripe fruits
removed from a tree throughout the whole fruitiegson by the reliable seed disperser
S. nigricolliswas neither significantly correlated with the aritof any of the
nutrients measured in the fruit pulp (fructose cgke, sucrose, total protein; pulp does
not contain lipids), nor with total metabolisableeegy, seed to pulp weight ratio, or
water content of the fruit pulp. Feeding preferenice single sugars determined by
other laboratory studies were not confirmed by fielsl study. The reliable seed
dispersesS. nigricollisdoes not seem to exert selective pressure oruthem content
of the fruits ofL. cymosa

« Seasonal fruit crop size was the main predict@lladispects of fruit removal by the

effective disperser df. cymosaSaguinus nigricollisas well as by the non-disperser,
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Saimiri sciureusTrees with larger seasonal fruit crop size hadybaer probability to
have fruits removed by the disperser than thosle svitall seasonal fruit crop sizes.
They also had a higher number of fruits removethieyseed disperser, i.e. a higher
dispersal success. However, the proportion of¥mgmoved by the disperser, i.e. the
dispersal efficiency of an individual tree, decezhwiith increasing seasonal fruit crop
size. In contrast, probability of fruit removalgthumber of fruits removed, and the
proportion of fruits removed by the non-disperseréased with increasing seasonal
fruit crop sizes. The observed differences betwkgperser and non-disperser are due

to differences in feeding capacity, group size famdging behavior.

« Tamarins were less likely to harvésioniatrees that were not or less completely
covered by surrounding vegetation. This probabilgcés a behavior to avoid

predation by forest raptors.

« At high con-specific fruit abundance in the neigtitumd, the proportion of fruits
removed by tamarins was reduced. This suggestsetdiop of trees for the disperser.

« My study revealed selection of the disperser os@ea fruit crop size df. cymosa
Consistent with the “fruit crop size hypothesisCEH), large seasonal fruit crop sizes
were favored by the increasing number of fruitsaoeed by the disperser, as well as by
being preferably visited (and harvested) by theeliser. On the other hand, the
decreasing dispersal efficiency of large fruit ceiges seems to cause selection against

outstandingly high fruit crop sizes (stabilizindeszion).

« My data suggest that fruit removal by the non-dispeselects against large fruit crop

size via fruit waste in the same way.

« FCSH appears to constitute a valid framework aldgbhe monkey-disperséd cymosa
However, my results show that the probability afitation by dispersers and the role
of non-dispersers should be included in this framwMy findings also show that
factors beyond the tree’s control influenced frainoval fromLeoniatrees. Disperser-
mediated selection may be constrained (yet not degeby neighborhood conditions.
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Zusammenfassung

Leonia cymosé4Violaceae) ist ein Baum der unteren WaldschighAimazonischen
Regenwald. Soweit bisher durch botanische Sammiudgkumentiert, umfasst das
Verbreitungsgebiet voh. cymosaNest-Amazonien nahe den Anden und den
Guyanaschild. Vor dieser Studie waren keine Detdikr die Okologie und
Lebensgeschichte vdn cymoséaekannt. Ich habe die Samenausbreitungsokologié vo
cymosan einem alten Bestand von ,terra-firme“-Regenwatdersucht. Meine
Probenflachen befanden sich in der ,Reserva Facai€uyabeno” im nord-6stlichen
Ecuador. Den lokalen indigenen Bewohnern der Ressear bekannt, dass Affen die
Samen vorh.. cymosaausbreiten. Meine Untersuchung hatte das Zielydration von
Baummerkmalen zu beschreiben und zu klaren, owimdie Fruchtentnahme aus den
einzelnen Baumen durch Fruchtfresser mit den Baukmeden zusammenhangt. Aus den
Ergebnissen dieser Untersuchung lassen sich Rudksetziehen, ob Fruchtfresser
Selektionsdruck auf Fruchtmerkmale oder das MwgelFruchtreifung ausiben. Wegen
seiner relativ geringen Grof3e, seiner Haufigkett dar zahlbaren Anzahl an Friichten, die
der einzelne Baum produziert, bot der Bduncymosasehr gute Bedingungen fir eine
solche Untersuchung. Meine Wahl fiel auch desweggh. cymosaals Untersuchungs-
objekt, weil ich prifen wollte, ob sich Hypothesam Interaktion von Pflanzen und
Fruchtfressern, die am Beispiel von vogelverbreitd®flanzen entwickelt wurden, auch

bei Verbreitung durch Affen anwenden lassen.

Von 1998 bis 2001 wurden das Bluh- und die Frudisingsgeschehen einer
Baumpopulation in der Nahe der Laguna Grande delkkno (0°2'N 76°15'W, 250 m
Uber NN) Gberwacht. In zwei Fruchtsaisons, eine91@®d eine im Jahr 2000, wurde die
Fruchtproduktion einer Stichprobe von Baumen bestinDie Ba&ume wurden aul3erdem
vermessen und ihr Standort wurde kartiert. Mit Bestbungen, untersttitzt durch
automatische Kameras, wurden die FruchtnutzelLvaymosaerfasst, sowie ihre
jeweilige Qualitat als Samenausbreiter bestimmialRe zur Uberwachung der
Fruchtproduktion wurde in denselben Baumen die liierinahme quantifiziert, beides
durch Zahlungen aller jeweils vorhandenen Fruamen Baumkronen. Die

Fruchtentnahme wurde mit Variablen in Bezug gesdieteinzelne Baume und die
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Bedingungen in ihrer Nachbarschaft beschriebenniiiggliche Einfluss dieser Variablen

auf die Fruchtentnahme wurde mit univariaten undtigariaten Statistiken untersucht.

Die wesentlichen Ergebnisse meiner Arbeit sind:

Die mittlere H6he einer fruchttragendencymosawar 6,6 m (Min. 2 m, Max. 12,6 m).
Der Median der Individuendichte lag bei 11,8 BaurpemHektar. Die Baume

wuchsen tUberwiegend in Gruppen, die aus Baumeghiedener Hohe bestanden.

L. cymosablihte zwei Mal im Jahr, sowohl im spaten FebhiamMarz, als auch im
Oktober. Die daraus jeweils folgenden Fruchtsaigsageckten sich auf die Monate
August/September und Mérz bis Mai. Dieses MusteRéproduktionsaktivitat stimmt
mit der Hypothese Uberein, dass am Aquator Verbadhnigen der

Sonnenuntergangszeiten zu den Tagundnachtgleicadiidenbildung auslésen.

Das Fruchtfleisch voh. cymosaenthielt die Zucker Fruktose, Glucose und
Saccharose. Die gesamten I6slichen Zucker warewidigigste Nahrstoffkomponente
des Fruchtfleischs. Die zweitwichtigste Nahrstoffimnente waren Proteine. Lipide
waren im Fruchtfleisch nicht enthalten. Aminosautamen in Spuren am Rande der

Nachweisgrenze vor.

Innerhalb der Baume war die Variation des Nahrggdfalts der Frichte grol3.
Dennoch gab es signifikante Unterschiede zwischiamign bei allen untersuchten

Néahrstoffbestandteilen.

Die saisonale Produktivitat der tiberwachten Bawager der Fruchtsaison von 1999
im Median bei 45 reifen Frichten (Maximum: 363 edfriichte, Minium: 12 Reife
Frichte und in der Fruchtsaison von 2000 im Me8ir36 reifen Friichten (Maxium:
427 reife Frichte, Minium: 1 reife Friichte). Diessmale Fruchtproduktion war im
Jahr 1999 schwach korreliert mit der Baumgrof3eJahr 2000 bestand keine
signifikante Korrelation zwischen Fruchtproduktiand Baumgrof3e. Das maximale
Fruchtangebot eines Baumes zum Zeitpunkt eineEzéblung lag bei 324 reifen
Frichten (gezahlt in der Saison 2000). 75% allemB# hatten jedoch Fruchtangebote
von bis zu 20 reifen Frichten wahrend der Frucbtsal 999 und von bis zu 30 reifen

Frichten wahrend der Fruchtsaison 2000.

Schwarzrickentamarin&g@guinus nigricollisCallitrichidae) und Totenkopfaffchen

(Saimiri sciureusCebidae), sowie mdglicherweise eine unidentifizi@achtaktive
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Tierart, konsumierten die Friichte vbncymosan meinem Untersuchungsgebiet.
Frichte, die von den Baumen auf den Boden heraltgefaaren, wurden von Griinen

Zwergagutis fMyoprocta prattj Dasyproctidae) gefressen.

e Schwarzriickentamarine und Totenkopfaffchen unteedem sich stark in ihrer
Effektivitat als Samenausbreiter. Schwarzriickentaraaverschluckten die Samen
zusammen mit dem Fruchtfleisch und schieden int&ktaen in grol3er Entfernung
von den Mutterbdumen wieder aus. Totenkopfaffclaemgten und nagten am
Fruchtfleisch um die Samen, lie3en dann aber dieekandelten Samen auf den
Waldboden unter den Baum fallen. In wenigen Falimnten Totenkopfaffchen ganze
Friichte in benachbarte Baume mitgenommen habenténdlalso die
Fruchtentnahme durch Tamarine fast vollstindigSamenausbreitung beitrug,

breiteten die Totenkopfaffchen keine Samen aug, maiein sehr geringer Zahl.

» Von allen Fressbesuchen, die in der Fruchtsais0f 26rzeichnet wurden, waren 55%
Fressbesuche von Tamarinen und 45% FressbesuchHetenkopfaffchen. Die
Totenkopfaffchen ernteten insgesamt jedoch dreimeddr Frichte voh. cymosaals
die Tamarine, da sie in groReren Gruppen vorkammen3Q Individuen, gegeniber 6-9
Individuen bei den Tamarinen) und aufgrund ihreelte beschriebenen anderen
Fresstechnik. Tamarine besuchten die StudienflabBafger als Totenkopfaffchen
(z.B. mittleres Intervall zwischen Ernten in eilgtudienflache von 1,8 Tagen
gegenuber 4,3 Tagen). Tamarine fral3en pro Besuneh $tudienflache in weniger
Baumen Frichte als Totenkopfaffchen (z.B. mittléaél der ausgebeuteten Baume
pro Besuch von 3,2 gegeniber 7,8). In den einzéddemen ernteten die Tamarine
zwischen 1 und 25 Friichten pro Besuch, wahrend atienkopfaffchen zwischen 1
und 224 Frichten pro Besuch ernteten. Beide Aftendref3en in 97% aller
Ernteereignisse reife Frichte in der jeweiligenmkrone hangen. In der Fruchtsaison
von 1999 konsumierten beide Affenarten gemeinsand8f4eifen Friichte, die von
allen Uberwachten Baumen zusammengenommen protwzieten. In der
Fruchtsaison im Jahr 2000 konsumierten beide Affenagemeinsam etwa 50% der
von allen beobachteten Baumen produzierten reiféohfe. Der auffallige
Unterschied zwischen den beiden Jahren war zund@esluf zuriickzufiihren, dass in
der Fruchtsaison von 1999 30% der reifen FrichteSehmetterlingslarven befallen
waren und von den Baumen abgeworfen wurden, sostiasscht mehr fur die
baumlebenden Fruchtfresser zur Verfligung standage@en wurde im Jahr 2000 kein
Befall von Friichten beobachtet.
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Jede meiner Studienflachen war Teil des Kern-Wobieges von jeweils einer Gruppe
von Schwarzriickentamarinen, und fiel in das Stedifgt einer Gruppe von
Totenkopfaffchen. Die Fruchtfressergemeinschattiamelnen Baumen vdn cymosa

ist folglich klein und die Verfligbarkeit von Sameshreitern gering.

Die Kriterien eines ,spezialisierten Samenausbngigsystems®, wie von Howe et al.
(1977) definiert bzw. zusammengefasst, sind sodiotdie Eigenschaften vadn
cymoseerfullt als auch fur die Seite der Fruchtfresseidamenausbreitungssystem
dieses Baums. Schwarzrickentamarine sind wichtigeeBausbreiter van cymosa.
Die Interaktion zwischeB. nigricollisundL. cymosascheint eng genug, um ein
Potenzial fur selektive Einflisse des Samenaugssdtuf die Fruchtmerkmale und die

Merkmale der Fruchtreifung des Baums erwarten zun&d.

In einer Stichprobe von 6 Baumen vergleichbarerhwiter saisonaler
Fruchtproduktion war die Gesamtanzahl an reiferclten eines jeweiligen Baums,
die durch den zuverlassigen Samenausbr8itergricollisim Verlauf einer
Fruchtsaison geerntet wurden, mit keinem der geanessNahrstoffbestandteile des
Fruchtfleischs signifikant korreliert (gemessen eam: Fruktose, Glukose, Saccharose,
Gesamtprotein; das Fruchtfleisch enthalt keinedepi Sie war ebenso nicht korreliert
mit der Gesamtmenge metabolisierbarer Energiedemt Gewichtsverhaltnis von
Samen zu Fruchtfleisch und dem Wassergehalt desifflrischs. FralRpraferenzen fur
einzelne Zucker, wie sie von Laborstudien ermitteltden, konnten in dieser
Feldstudie nicht bestatigt werden. Der zuverlasSigmenausbreiter van cymosa
scheint keinen Selektionsdruck auf den Nahrstotigeter Friichte voh. cymosa

auszuiben.

Die saisonale Fruchtproduktion einescymosaBaums war die hauptsachliche
Vorhersagevariable fir alle Aspekte der Fruchtemmadurch den effektiven
Samenausbreitegaguinus nigricollissowie auch durch den Nicht-Samenausbreiter,
Saimiri sciureusBaume mit grof3erer saisonaler Fruchtproduktidtehaine hdohere
Wabhrscheinlichkeit der Fruchtentnahme durch denedamnmsbreiter als Baume mit
kleinerer saisonaler Fruchtproduktion. Von Baumeéingnd3erer saisonaler
Fruchtproduktion ernteten die Samenausbreiter elemhehr Frichte. Diese Baume
hatten also einen gréf3eren Ausbreitungserfolg.fdbezentuale Anteil der vom
Samenausbreiter entnommenen Frichte an der gessamenalen Fruchtproduktion

eines Baums, also die Samenausbreitungseffizieres @inzelnen Baums, sank jedoch
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mit wachsender Fruchtproduktion. Im Gegensatz déieg der prozentuale Anteil der
vom Nicht-Samenausbreiter abgeernteten Frichteagatamten saisonalen
Fruchtproduktion mit grél3er werdender saisonalaciproduktion. Ebenso stieg die
Wabhrscheinlichkeit der Fruchtentnahme durch demiNgamenausbreiter und die
Anzahl der von ihm geernteten Friichte mit gréRedeeder saisonaler
Fruchtproduktion. Die beobachteten Unterschiedesawn Samenausbreiter und
Nicht-Samenausbreiter sind auf Unterschiede irjeleeiligen
Nahrungsaufnahmekapazitat, der Gruppengrof3e undaleagierverhaltens

zuruckzufiuhren.

« Tamarine ernteten mit geringerer WahrscheinlichkettymosaBaume, die nicht oder
nur wenig von umgebender Vegetation gedeckt wdbas reflektiert wahrscheinlich

ein Verhalten der Tamarine zur Vermeidung von Afifgmivon Wald-Raubvégeln.

« Bei hoher Dichte voih. cymosaFrichten in der Nachbarschaft einzelner Baume
verringerte sich der Anteil der Frichte an deraaden Fruchtproduktion, die von
Tamarinen geerntet wurden. Dies spricht fir Kondmzrvon Baumen um

Samenausbreiter.

« Meine Studie hat Selektionsdrticke der Samenausbeeif die saisonale
Fruchtproduktion vori.. cymosaaufgedeckt. In Ubereinstimmung mit der ,fruit crop
size-Hypothese" wurden grofRe saisonale Fruchtpromtukladurch begunstigt, dass
der effektive Samenausbreiter hier mit héherer \&&einlichkeit Gberhaupt Frichte
erntete und dass er eine hdhere Zahl von Frichntexalem. Die sinkende Effizienz der
Samenausbreitung bei grof3er saisonaler Fruchtptiotuscheint andererseits
Selektion gegen hohe saisonale Fruchtproduktionudilen (stabilisierende
Selektion).

« Meine Daten deuten darauf hin, dass auch der NBeltenausbreiter Selektion gegen
hohe saisonale Fruchtproduktion ausubt, indem eshdeine Fruchtenthahme zu

.verschwendung“ von Frichten kommt.

« Die ,fruit crop size-Hypothese" scheint auch finddfenverbreiteten Bauiln cymosa
ein gultiger theoretischer Rahmen zu sein. MeingiSthat jedoch gezeigt, dass

sowohl die Wahrscheinlichkeit der Fruchtentnahmellden Samenausbreiter als
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auch die Rolle der nicht samenausbreitenden Frutzenin diesen theoretischen
Rahmen mit einbezogen werden sollten. Meine Ergskerieigen ebenfalls, dass es
auch Faktoren aul3erhalb der Kontrolle eine Baumiddums gibt, die die
Fruchtentnahme von. cymosaBaumen beeinflussen. Selektion durch Samenausgbreite

konnte durch Nachbarschaftsbedingungen begrenizichenicht verhindert werden.
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Appendices

Appendix A

Content of amino acids in 13 fruits loéonia cymosaollected from 10 different trees in
the forest near Laguna Grande de Cuyabeno, Ecuador.

Values given in the table are pmole/g dry weight.

Calculated only from peaks that could be reliabitified.

Sar:';p'e t;f)e ASP|THR | SER | ASN | GLU | AAAA | GLY |ALA|VAL| ILE |LEU|GABA| NH3
2 p24, 1.11 3.71 1.36 5.16
yellow
19 p24, 4.82 1.54 6.94
green
to
yellow
26 | p52al, 3.1 6.93 094 |7.17(1.87|1.28|2.42| 3.69 | 4.65
amar
39 | p52al, 1.11 | 3.44 7.3 3.38|1.52|1.49|2.89| 591 | 4.02
green
to
yellow
41 | pal 34 3.87 17.9
47 | pal53 3.02 6.2
63 | pal 23 1.21 |455|1.18 6.95 | 3.53
73 | hi63 | 5.1 271 | 258 | 5.16 | 8.42 3.13|1.91 12.8
88 | Jul 54 16
93 | julio6 12.1
108 | pal6 423 | 1.8 0.43
116 | sal7 |3.74|1.86 | 6.18 7.89 1.18 [1.962.49 12.8
130 na 123

Asparagine, Threonine, Serine, Aspartate, Glutamic acid, alpha-amino adipine acid, Glycine, Alanine, Valine,

Isoleucine, Leucine, Gamma-amino butyric acid, Ammoniac

131




Appendix B

Appendix B

Alternative fruit sources for monkeys during froiaturation ol_eonia cymos&om
March to May 2000 in the forest near Laguna Gratel€uyabeno, Ecuador.
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! determined by Gorky Villa, Herbarium (QCA) of tBatholic University of Quito
(PUCE). Leaf and fruit specimen were depositedhénhterbarium of the Pontificia
Universidad Catdlica in Quito (QCA, specimen NdL@,-2001, Albrecht Pfrommer).

2| searched the study plots for trees fruiting atshme time as. cymosaand producing
fruits that were either similar in morphology t@$e ofL. cymosaand/or were identified
by local indigenous assistants as attractive foo&aguinus nigricolliand/orSaimiri
sciureus(Victoriano Creollo, Tomas Creollo, personal conmication). | also searched for
trees that were named in the literature as a tog fesource oBaguinussp. orSaimiri sp.
(e.g. in Izawa 1978; Terborgh 1983; Roosmalen 1&&ber 1986; Ulloa 1988; de la
Torre 1991; Egler 1992; Peres 1993; Knogge 1998k, Réenry et al. 1999).

% species or genus
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VET
D xipuaddy

Fruit quality of six trees dfeonia cymosavith large fruit production, and fruit removaltimese trees by black mantle tamarins,
Saguinus nigricollisin the forest near Laguna Grande de Cuyaben@décuNutrient content values are medians fronfrigts

sampled per tree.

Tree  Seasonal Number of Proportion Number of Fructose Fructose Glucose  Sucrose  Sucrose Total Protein Water  Pulp fresh  Energy

size removed events weight) tration weight) weight) tration  (mg/gdry weight) (% fresh Seedfresh \yeight)
(%)* (%)* weight) weight) weight
p23 255 83 325 8 201.8 8.2 231.5 161.8 5.0 607.9 161.6 74.6 1.2 13.1
p24 289 22 7.6 3 193.6 6.7 230.3 183.6 6.2 586.3 177.1 74.4 1.1 13.0
p34 216 15 6.9 1 248.7 8.9 275.3 79.2 3.7 641.7 235.3 71.4 0.8 14.9
p52al 173 34 19.7 5 97.0 3.9 134.2 361.3 14.8 598.8 128.6 72.6 1.7 12.4
p53 107 17 15.9 5 165.5 5.7 193.5 132.1 3.9 481.4 193.2 73.2 1.1 11.5
p06 94 0 0 0 166.9 4.0 174.6 13.6 0.3 369.6 189.5 80.5 1.2 9.5

* 0% solution (weight/volume)
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Appendix D

Correlation matrix of median fruit nutrient contemtf five trees of.eonia cymosérom
the forest near Laguna Grande de Cuyabeno, Ecy&dearman’s R values, *p<0.05,

#*n<0.001)

Glucose Sucrose Total

Water Energy Pulp/se&easonal

sugar dratio fruit _
crop size

Fructose 1.0** -0.7 0.7 0.0 09* 0.6 0.5
Glucose -0.7 0.7 0.0 0.9* -0.6 5 0.
Sucrose -0.3 0.3 -0.4 09~ 0.2
Total sugar -0.3 0.9* -0.1 0.3
Protein -0.4 0.3 -1.0**-0.1
Water -0.1 0.4 0.5
Energy -0.3 0.6
Pu_lp/seed 0.1
ratio
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Appendix E

Significant single correlations of fruit consumptiby Saguinus nigricollisvith a) pulp
mass to seed mass ratio (R =-0.9; t(n-2) = -3.p7A8).04), and b) protein content of the
fruit pulp (R =0.9; t(n-2) = 3.576; p = 0.04),fime trees ofLeonia cymosan the forest
near Laguna Grande de Cuyabeno, Ecuador.
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Appendix F

GLM summaries and Spearman correlations summarizedah Table 1,

chapter 4.2:

Glossary of variable names:

Produktion
hoehe
synchro.abweich

proz.frei

ernt.tam.bin
Ernt.tam

left.tam
ernttam.perc

ernt.sai.bin
Ernt.sai

left.sali
erntsai.perc

resid or residuen

Seasonal fruit crop size (no. of ripet§)
Tree height (m)

Synchrony of fruit maturation watin-specifics trees;
deviation of the peak of fruit maturation from the
median peak of fruit maturation of all trees moretb
(in days)

Percent covering of the peripheral arethe tree
crown by surrounding vegetation

Harvest b$. nigricollis(0 / 1)

Number of ripe fruits remové&d nigricollisthroughout
the season

Number of ripe fruits not removed 8ynigricollis

Proportion of fruits removed®ynigricollis(obtained
by R-procedure “cbind ()”)

Harvest b$. sciureug0 / 1)

Number of fruits removed By sciureushroughout
the season

Number of ripe fruits not remov&d sciureus

Proportion of fruits removed®ysciureugobtained
by R-procedure “cbind ()”)

model residuals
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Probability of fruit removal by S. nigricollis

Model summary:

glm(formula = ernt.tam.bin ~ Produktion, family = b

Deviance Residuals:
Min  1Q Median 3Q Max
-1.976 -1.093 0.609 1.074 1.337

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.400035 0.356936 -1.121 0.2624
Produktion 0.016535 0.006793 2.434 0.0149 *

Signif. codes: 0 ***' 0.001 "** 0.01 "* 0.05 ".
(Dispersion parameter for binomial family taken to

Null deviance: 116.23 on 85 degrees of freedo
Residual deviance: 106.53 on 84 degrees of freedo
AIC: 110.53

Correlation of residuals:
Spearman's rank correlation rho

data: resid.tam.2 and proz.frei
S = 134289, p-value = 0.01319
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
-0.2669396
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Appendix F
Probability of fruit removal by S. sciureus

Model summary:
glm(formula = ernt.sai.bin ~ Produktion + hoehe, fa

Deviance Residuals:
Min 1Q Median 3Q Max
-2.2832 -0.9238 0.5548 0.8127 1.9262

Coefficients:

Estimate Std. Error z value Pr(>|z]|)
(Intercept) 1.971732 0.949680 2.076 0.03787 *
Produktion 0.026321 0.008713 3.021 0.00252 *
hoehe -0.380515 0.151256 -2.516 0.01188 *

Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05 ".
(Dispersion parameter for binomial family taken to

Null deviance: 109.937 on 85 degrees of freed
Residual deviance: 91.533 on 83 degrees of freed
AIC: 97.533

Correlation of residuals:
Spearman's rank correlation rho

data: resid.sai and proz.frei
S =113593, p-value = 0.5112
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
-0.07168406

mily = binomial)

'0.1°'1
be 1)

om
om
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Number of fruits removed by S. nigricollis
Model summary:

glm(formula = Ernt.tam ~ Produktion, family = quasi

Deviance Residuals:
Min 1Q Median 3Q Max
-5.1436 -3.1485 -1.2946 0.7958 8.8489

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 2.180018 0.197753 11.024 1.26e-14 **
Produktion 0.004241 0.001184 3.582 0.000806 **

Signif. codes: 0 *** 0.001 "**' 0.01 "*' 0.05 ".
(Dispersion parameter for quasipoisson family taken

Null deviance: 641.64 on 48 degrees of freedo
Residual deviance: 512.88 on 47 degrees of freedo
AIC: NA

Correlation of residuals:

Spearman's rank correlation rho

data: residuen and proz.frei
S = 22449, p-value = 0.3179
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
-0.1453407
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Appendix F
Number of fruits removed by S. sciureus

Model summary:

glm(formula = Ernt.sai ~ Produktion + synchro.abwei
quasipoisson)

Deviance Residuals:
Min 1Q Median 3Q Max
-6.8089 -2.7628 -0.8556 1.4898 7.2988

Coefficients:

Estimate Std. Error t value Pr(>|t
(Intercept)  2.341504 0.130277 17.973 < 2e-
Produktion 0.008841 0.000482 18.341 < 2e-
synchro.abweich -0.028845 0.009527 -3.028 0.003

Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05 ".
(Dispersion parameter for quasipoisson family taken

Null deviance: 3153.88 on 56 degrees of freed
Residual deviance: 573.91 on 54 degrees of freed
AIC: NA

Correlation of residuals:

Spearman's rank correlation rho

data: residuen and proz.frei
S = 31921, p-value = 0.7984
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
-0.03450686

ch, family =

)]
16 *kk

16 *%%
77 *%
‘0171

to be 10.18547)

om
om
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Proportion of fruits removed by S. nigricollis

Model summary:
> ernttam.perc<-cbind(Ernt.tam,left.tam)
glm(formula = ernttam.perc ~ Produktion, family = g

Deviance Residuals:
Min  1Q Median 3Q Max
-5.385 -2.836 -1.046 1.616 9.023

Coefficients:

Estimate Std. Error t value Pr(>[t])
(Intercept) -1.026679 0.247140 -4.154 0.000137 *
Produktion -0.003752 0.001540 -2.437 0.018649 *

Signif. codes: 0 ***' 0.001 "** 0.01 "* 0.05 ".
(Dispersion parameter for quasibinomial family take

Null deviance: 688.95 on 48 degrees of freedo
Residual deviance: 596.34 on 47 degrees of freedo
AIC: NA

Correlation of residuals:

Spearman's rank correlation rho

data: residuen and proz.frei
S = 20573, p-value = 0.7341
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
-0.04964417
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Proportion of fruits removed by S. sciureus
Model summary:

> erntsai.perc<-cbind(Ernt.sai,left.sai)
glm(formula = erntsai.perc ~ Produktion, family = g

Deviance Residuals:
Min 1Q Median 3Q Max
-10.2908 -2.7489 0.7411 2.7485 6.7495

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -1.061096 0.203953 -5.203 3.00e-06 *
Produktion 0.006388 0.001169 5.464 1.16e-06 *

Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05 ".
(Dispersion parameter for quasibinomial family take

Null deviance: 1390.46 on 56 degrees of freed
Residual deviance: 859.46 on 55 degrees of freed
AIC: NA

Correlation of residuals:

Spearman's rank correlation rho

data: residuen and proz.frei
S = 29608, p-value = 0.7644
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
0.04043722

uasibinomial)

*%

*%

‘0171

nto be 14.61273)
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