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Abstract. Recent reports show importance of pollinators to coffee and importance of ants as
pollinators or floral protectors in many systems. Arthropod and pollinator diversity, however,
declines with management intensification of coffee (Coffea arabica) agroecosystems. We investi-
gated influences of both flying pollinators and ants on coffee fruit set and fruit weight in one high-
shade (high-biodiversity) and one low-shade (low-biodiversity) coffee farm in Chiapas, Mexico
through exclusion experiments. Contradictory to previous reports, flying pollinators alone did not
affect coffee fruit set or fruit weight. Individual fruit weights, however, were higher on branches
with both ants and flying pollinators (1.78 g & 0.312 (SE)) compared to branches without ants
(1.03 £ 0.029) or branches without ants or flying pollinators (1.05 £ 0.049), but only in the high-
shade site. Although the mechanisms producing higher fruit weights are unknown, we discuss how
ants or ant-flying pollinator interactions under high-shade coffee management may contribute to
increased fruit weight and the implications of high-shade management for both sustainable coffee
production and biodiversity conservation.

Introduction

Pollinators provide ecosystem services (benefits to humans resulting from
ecological functions) in agricultural and natural ecosystems especially where
pollinator diversity or abundance is high. Studies highlight necessary or posi-
tive influences of particular pollinators (Pimentel et al. 1997; Allen-Wardell
et al. 1998; Kearns et al. 1998; Norberg 1999; Cunningham et al. 2002;
Kremen et al. 2002). Additionally, pollinator (specifically bee) diversity and
abundance can increase pollination rates and fruit or seed set (Rathcke and
Jules 1993; Aizen and Feinsinger 1994; Steffan-Dewenter and Tscharntke 1999;
Kremen et al. 2002; Klein et al. 2003b; Ricketts et al. 2004). Although some
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argue that pollinator biomass is alone sufficient to maintain pollination services
(Myers 1996), there is still much debate regarding the importance of pollinator
diversity (Balvanera et al. 2001).

Although ants are not often considered pollinators, and in fact sometimes
negatively affect plant reproduction, ants may enhance pollination in some
cases. Ants are nectar thieves (Galen 1999; Ghazoul 2001), flower predators
(Galen and Cuba 2001), and may reduce pollen viability via antibiotic secre-
tions (Beattie et al. 1984; Ramsey 1995; Wagner 2000). Some plants even have
chemical (Willmer and Stone 1997, Wagner and Kay 2002) or mechanical
defenses (Guerrant and Fiedler 1981) to deter ants. Many studies, however,
show either direct or indirect benefits to plants via their interactions with ants.
Ants do visit flowers and act as pollinators (Gomez and Zamora 1992; Garcia
et al. 1995; Gomez et al. 1996). Despite that ants are considered less efficient
pollinators, ants may pollinate plants as effectively as winged insects especially
when considering germination, seedling survival, and growth to reproductive
maturity in addition to seed set (Gomez 2000). Ants benefit plant reproduction
indirectly by limiting floral predators (Yano 1994; Oliveira 1997; Sporleder and
Rapp 1998; Oliveira et al. 1999). Ants also may augment pollination success by
attacking pollinators subsequently increasing their movement and thus pollen
transfer between flowers (Altshuler 1999).

Arthropod (including ant and flying pollinator) diversity generally declines
with increasing management intensification in coffee (Coffea arabica) agro-
ecosystems (Perfecto and Snelling 1995; Perfecto and Vandermeer 1996; Klein
et al. 2002). Intensified coffee systems are generally characterized by high use
of agrochemicals and fertilizers and a reduction or total elimination of shade
trees (Moguel and Toledo 1999) and shade composition or cover may affect
species richness (e.g. Perfecto and Vandermeer 1996; Calvo and Blake 1998).
It is not clear, however, what this decline in richness may mean for coffee
pollination.

Arabica coffee is a self-compatible species that may or may not benefit from
pollinators. High numbers of visits of one species of pollinator (Apis mellifera)
correlate to increased coffee fruit set and fruit weight (Raw and Free 1977;
Manrique and Thimann 2002; Roubik 2002). Furthermore, some studies have
shown the importance of a diverse suite of pollinators (including both social
and solitary bees) to coffee pollination (Klein et al. 2003a, b) and pollen
deposition (Ricketts 2004). Some researchers, in contrast, have found that
coffee does not significantly benefit from insect pollinators (Nogueira-Neto
et al. 1959; Sein 1959). No studies, however, specifically separate the effects of
bees from other pollinators, possibly including ants, which also visit coffee
flowers (Free 1993) and may be coffee pollinators (Klein et al. 2003b).

In order to study the importance of pollinators under two coffee manage-
ment systems, and the possible importance of ant as pollinators, we set up
pollinator exclusion experiments to test the following hypotheses: (1) If flying
insects pollinate coffee, and if coffee responds to these visits, fruit set or fruit
weight will increase on plants with flying pollinators compared with pollinator
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exclosures, (2) If ants directly or indirectly beneficially influence coffee polli-
nation, fruit set or fruit weight will be higher on plants with ants than on ant
exclosure plants, (3) If a diverse pollinator array benefits coffee, fruit set or
fruit weight will be higher where pollinator diversity is also higher. We
therefore performed flying pollinator and ant exclosure experiments in both a
high-shade farm and a low-shade farm. Previous studies in our study sites
confirm that the diversity of ants and some flying pollinators, such as bees, are
higher in the high-shade farm compared to the low-shade farm (Ibarra-Nunez
et al. 1995; Perfecto and Vandermeer 2002; Armbrecht and Perfecto 2003;
Philpott et al. in press).

Methods
Site description and flowering phenology

We conducted our study in two coffee farms in the Soconusco region of SW
Chiapas, Mexico: (1) Finca Irlanda (15°11" N, 92°20" W) and (2) Finca
Hamburgo (15°10” N, 92°19” W) located 40 km NE of Tapachula. Both farms
are located from 1000 to 1100 m a.s.l. To investigate differences with respect to
pollination between two coffee management systems, we chose two farms
differing in shade cover. Finca Irlanda, the high-shade site, has higher tree
richness, abundance, percent shade cover, and structural depth than Finca
Hamburgo, the low-shade site (Mas and Dietsch 2003; Philpott 2004).
Although both farms cultivate multiple varieties of C. arabica, all study areas
are dominated by var. Typica. According to Moguel and Toledo (1999), Ir-
landa corresponds to a ‘“‘commercial polyculture” whereas Hamburgo is a
“shaded monoculture”. Finca Irlanda is a certified organic farm, and no
fungicides or pesticides have been used in Finca Hamburgo for at least 4 years
(Perfecto and Vandermeer 2002). Although the two farms do not differ in terms
of soil classification or texture, Finca Hamburgo has higher concentrations of
some nutrients (Potassium, Phosphorous, and Nitrate) due to chemical fertil-
izer use and soil acidity is higher in Finca Irlanda (K. Avilés-Vazquez,
unpublished data).

In the study region, coffee flowers synchronously between February and
April and fruits are harvested from September to December of the same year
(personal observation). The main flowering event occurs in the dry season
immediately following a rain event, with sporadic flowering (~5-10% of
flowers) throughout the year. We conducted our study during the coffee
growing season of 2002. During this year, flowering occurred in the study sites
from 10 March to 25 April. In general, coffee flowers remain open for
approximately 2 days (Free 1993), however, if flowers are not pollinated, they
may remain open for at least 5 days (Jiménez-Castano and Castillo-Zapata
1976; Free 1993). Normally, coffee fruits contain two seeds, but occasionally
only one ovary develops, a condition known as peaberry (Free 1993).
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Pollinator exclosures and observations

To test for effects of flying pollinators and/or ants compared to the ability of
coffee to self pollinate, we established exclosure experiments in both farms. In
each farm, we established 15 replicate blocks, consisting of three coffee plants.
Plants were randomly assigned to one of three treatments: (1) open to flying
pollinators and ants (open), (2) open to flying pollinators without ants (no-
ant), or (3) without flying pollinators or ants (bagged). One branch per plant
approximately 1 m above ground was treated. In the no-ant and bagged
treatments, we eliminated ants by putting Tanglefoot® around the base of
branches and by removing other vegetation making a bridge for ants. Addi-
tionally, on bagged branches, we placed bags (0.5x0.5 mm mesh) around
entire coffee branches when flower buds were small (~1 month before flow-
ering), and removed bags only after all flowers had fallen. Mesh bags were
removed immediately after coffee flowering; however, Tanglefoot® was not
completely cleaned off branches until after the coffee harvest. Thus, bagged and
no-ant branches contained Tanglefoot®, but mesh bags were placed only on
the bagged treatment.

For each experimental branch, we recorded number of flower buds, number
of harvestable coffee fruits, weight per coffee fruit, and calculated the final fruit
set (# coffee fruits/# flower buds) per branch. We counted flower buds in Jan-
uary 2002 in the high-shade farm and in February 2002 in the low-shade farm,
due to slightly later development in the low-shade site. We harvested coffee
fruits when the actual harvest began in the high-shade farm (October 2002). We
tested for significant differences in numbers of coffee buds, fruits, fruit set, and
fruit weight using two-way ANOVA using treatment and site as main factors,
and block as a random factor. We used Tukey’s post-hoc tests to determine
significant differences between treatments in each site. We used raw data for
numbers of flower buds and natural logarithm transformed data for number of
fruits, fruit set, and fruit weight in all analyses to meet conditions of normality.

We made preliminary studies of flying pollinator and ant communities in
study areas. Between 8:00 am and 1:00 pm, we observed coffee plants for
10 min each, recording order or morphospecies of all flying insects visiting
coffee flowers during the observation period. We observed flying pollinators in
2002 only in the high-shade site (10 plants) during the height of the flowering
event (26 and 27 March) and observed pollinators in both high- (10 plants) and
low-shade sites (10 plants) during flowering events the following year (21 and
22 March 2003). Protocol for both years was the same. We conducted ant
surveys during July 2002. We placed small (2 g) tuna baits on each coffee plant
included in the experiment, and recorded both identity and activity level of
ants. We checked tuna baits 3045 min after they were placed and recorded ant
activity per species at each bait with the following index: (1) 1-2 ants, (2)
3-10 ants, (3) > 10 ants. To compare richness of flying pollinators and ants in
the two sites, we generated sample-based rarefaction curves (MaoTao esti-
mates) using EstimateS Version 7.5 (Colwell and Coddington 1994;
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http://www/viceroy/eeb/uconn/.edu/estimates). It is recommended to use
sample-based rarefaction curves rescaled as the number of individuals to best
compare richness between two sites (Gotelli and Colwell 2001). Yet, because of
the social nature of ants, it is advised to use presence/absence (or incidence)
data rather than abundance and correspondingly the number of species
occurrences rather than number of individuals should be used when graphing
species accumulation (Longino et al. 2002). Statistical comparisons of richness
are made possible using MaoTao estimates as the corresponding 95% confi-
dence intervals both produced using analytical formulas rather than re-sam-
pling techniques. Voucher specimens of all ants and flying pollinators were
collected and are stored at the University of Michigan.

Results
Pollination

There were no significant differences between treatments (open, no-ant, or
bagged) in terms of numbers of flower buds, total fruits per branch, or in final
fruit set (Table 1). In contrast, fruit weights were significantly higher on open
branches than on no-ant or bagged branches, but only in the high-shade site
(Table 1). In the high-shade site, fruits on open branches were significantly
heavier than fruits on bagged (p < 0.001) and no-ant branches (p < 0.001)
whereas, in the low-shade site, fruit weights on open branches did not differ
from bagged (p = 0.228) or no-ant (p = 0.107) branches. Furthermore, coffee
fruits were heavier in the high-shade site than in the low-shade site (p < 0.001,
F = 48.6, df=1).

Pollinator diversity and activity

Ant surveys revealed a total of 13 ant morphospecies (Table 2). We encoun-
tered 10 morphospecies in the high-shade site, and 8 in the low-shade site.
Observed sample-based rarefaction curves generated with EstimateS show that
we did not sample the majority of the ant community in either site (i.e. our
curves did not reach asymptotes) (Figure 1a). Comparing curves and 95%
confidence intervals for the high- and low-shade sites showed that although
richness is higher in high-shade sites, this is likely not a significant difference.
Ant activity did not significantly differ between the two sites (z-test, p = 0.660,
df=286), although mean activity was somewhat higher in the high-shade site
(2.11 £ 0.23 (SE)) than in the low-shade site (1.97 £ 0.19). Additionally,
although we did not formally collect data on ants visiting coffee flowers, we
saw several ant species (including Crematogaster spp., Myrmelachista spp.,
Pseudomyrmex spp., and Brachymyrmex spp.) on and around coffee flowers
(S. Philpott, personal observation).
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Table 1. Mean (£ SE) for numbers of flower buds and fruits, fruit set, and fruit weights in high-
(Irlanda) and low-shade (Hamburgo) sites. Statistics are for two-way ANOVA using treatment
(open, no-ant, or bagged) and site (high and low-shade) as main factors and block a random factor.
Sample sizes were: high-shade open (N = 15), no-ants (N = 15), bagged (N = 15); low-shade
open (N = 14), no-ants (N = 13), and bagged (N = 13). Superscripts indicate significant dif-
ferences between treatments within a site and bold print shows significant differences.

# Flower buds  # Fruits Fruit set Fruit weight (g)
High-shade Bagged 91.38 £ 13.25 40.92 +£3.12  0.57 + 0.096 1.05 + 0.049°
No-ants  86.15 + 13.14 46.38 £822  0.54 &+ 0.069 1.03 + 0.029°
Open 9735+ 11.41 45.07+6.70  0.51 £ 0.078 1.78 £ 0.312%
Low-shade Bagged 90.60 + 7.66  48.46 = 6.61  0.54 + 0.064 0.81 £+ 0.031
No-ants  131.86 = 17.65 61.87 £7.05  0.53 &+ 0.058 0.80 + 0.038
Open 83.87 +£ 12.01 39.80 £4.81  0.50 & 0.045 0.90 + 0.024
Treatment P 0.3 0.204 0.686 <0.001
F 1.255 1.683 0.382 13.543
df 2 2 2 2
Site P 0.289 0.144 0.613 <0.001
F 1.222 2416 0.269 48.6
df 1 1 1 1
Block p 0.738 0.428 0.762 0.942
F 0.693 1.142 0.661 0.397
df 14 14 14 14
Treatment X site p 0.054 0.313 0.742 0.035
F 3.294 1.218 0.302 3.866
df 2 24 2 1
Treatment x block p 0.652 0.489 0.574 0.321
F 0.86 1.015 0.933 1.208
df 28 28 28 28
Site x block p 0.138 0.121 0.215 0.329
F 1.654 1.72 1.433 1.212
df 13 13 13 13

We observed a total of 14 flying pollinator species visiting coffee flowers in
surveys; 14 species occurred in the high-shade site and 5 were seen in the low-
shade site (Table 3). Hymenoptera were the most frequent visitors accounting
for 76% of total visits, with Trigona spp. and Apis mellifera making up 43.7%
and 12.7% of visits, respectively. Dipterans accounted for 18.3% of visits. As
for ant surveys, sample-based rarefaction curves generated with EstimateS did
not reach asymptotes and also demonstrate that flying pollinator richness in
the high- and low-shade sites does not differ (Figure 1b). The number of visits
per plant in the high-shade site (3.39 + 0.61) was more than double that for the
low-shade site (1.25 £ 0.25) (t = —2.272, df=24, p = 0.032).

Discussion

Surprisingly, fruit set was not higher on open or no-ant branches (both with
flying pollinators) than on bagged branches. Nor were coffee fruit weights
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Table 2. Species list and activity levels for ants on tuna baits in the high-shade (Finca Irlanda) and
low-shade (Finca Hamburgo) sites. Activity levels were calculated using an index where 1 = 1 to
2 ants, 2 = 3 to 10 ants, and 3 = more than 10 ants. Total average activity levels were not sig-
nificantly different between farms.

Species High-shade Low-shade
Azteca instabilis 0 1
Azteca sp. 1 1 0
Brachymyrmex sp. 1 7 4
Brachymyrmex sp. 2 6 3
Camponotus senex textor 1 1
Crematogaster sp. 0 7
Dolichoderinae sp. 1 0 1
Pheidole sp. 1 4 0
Pheidole sp. 2 4 0
Pheidole sp. 3 1 0
Solenopsis geminata 2 2
Solenopsis sp. 1 2 27
Wasmannia auropunctata 1 0
Total species richness 10 8
Average activity level 2.17 1.9
Number of plants sampled 28 60
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Figure 1. Sample-based rarefaction curves for ants (a) and flying pollinators (b) in the high- and
low-shade sites. Curves were created using Mao-Tao estimates in EstimateS Version 7.5 using
incidence data for ants and abundance data for flying pollinators. Ants are plotted by # of indi-
vidual occurrences and bees against number of individuals to best compare richness between the
two management types (see text for full explanation). Error bars are analytically derived 95%
confidence intervals. Black diamonds represent the high-shade site and open triangles represent the
low-shade site.

higher on branches only with flying pollinators (no-ant) compared to bagged
branches in either site. We thus reject our first hypothesis that flying pollinators
alone positively influence coffee fruit set or weight, and do not further examine
the implications of flying pollinator diversity for coffee pollination thoroughly
addressed in other studies (Klein et al. 2003b).
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Table 3. Species list and activity levels for flying pollinators in the high-shade (Finca Irlanda) and
low-shade (Finca Hamburgo) sites. Pollinator observations were based on 10 min observations for
each of 20 and 10 coffee plants in the high- and low-shade sites, respectively.

Order Species High-shade Low-shade
Coleoptera Coleoptera sp. 1 1
Coleoptera sp. 2 1
Diptera Bombyliidae sp. 1 1
Diptera sp. 1 10 1
Dolichopodidae sp. 1 1
Hymenoptera Apis mellifera 7 2
Ceratina sp. 1 4
Ceratina sp. 2 3 3
Trigona sp. 1 28 2
Trigona sp. 2 1
Vespidae sp. 1 1
Vespidae sp. 2 1 2
Lepidoptera Lepidoptera sp. 1 1
Odonata Odonata sp. 1 1
Total species richness 14 5
Total number of visits 60 10
Number of plants observed 20 10

Coffee fruits on open branches (with flying pollinators and ants), however,
were significantly heavier than fruits on no-ant and bagged branches in only
the high-shade site. These results could stem from positive influences of ants on
coffee fruit weights or from an interaction between flying pollinators and ants.
Because fruit weights were higher on open branches only in the high-shade site
implies that some change in ants (diversity, activity, and/or species composi-
tion) may explain differences between high and low-shade sites. Especially
because we did not include a treatment with ants, but without flying pollina-
tors, we cannot rule out the likely possibility that some interaction between
ants and flying pollinators may have resulted in increased coffee fruit weights —
especially given that the number of flying pollinator visits was significantly
higher in the high-shade site. Using our current data, we cannot determine
which mechanisms are responsible for increased fruit weight, but suggest sev-
eral potentially testable mechanisms either resulting from (1) indirect effects of
ants via their interactions with flying pollinators and/or (2) direct effects of ants
on pollination or fruit maturation.

Indirect effects of ants

Given that ants are not often direct pollinators, it is more likely that coffee fruit
weights increased as a result of an interaction between ants and flying pollin-
ators. Most perplexing, perhaps, is determining how ants or ant-flying polli-
nator interactions may result in increased fruit weight without influencing fruit



495

set. In a self-compatible plant such as arabica coffee, fruit set is often not
reduced without pollinators (Free 1993). Pollen load, however, may affect size
and numbers of seeds or fruits (Winsor et al. 1987; Quesada et al. 1993) or
probability of seed and fruit abortion (Bawa and Webb 1984; Stephenson and
Winsor 1986; Casper 1988; Lee 1988; Nakamura 1988; Niesenbaum and Casper
1994; Niesenbaum 1999) even in self-fertile species (Morandin et al. 2001). High
pollen loads can also lead to faster pollen tube growth, earlier fertilization, and
thus a longer maturation period (Niesenbaum 1999). Pollen deposition on
coffee flowers is enhanced by pollinators (Ricketts 2004) and such increased
pollen loads may influence fruit weights. Given the short time coffee flowers are
open (up to 5 days) and relatively long maturation time of coffee fruits (up to
7 months), this explanation seems unlikely. Larger pollen loads may also pro-
vide plants with higher donor diversity and thus genetic diversity of pollen.
Thus, one possibility in coffee, as in other plants, is that increased pollen
diversity leads to more pollen competition, increased pollen vigor and sub-
sequent increases in fruit weight and overall quality (Bjorkman 1995; Paschke
et al. 2002). Ants may be aggressive towards flying pollinators (A. Klein, per-
sonal communication), and may increase relocation frequency of pollinators
thereby increasing pollen transfer, pollen load, and number of pollen donors
(Altshuler 1999). Thus, ant aggression may increase movement of flying pol-
linators increasing pollen diversity, and perhaps increasing fruit weights.

Direct effects of ants

Ants may also increase coffee fruit weights either by directly depositing pollen
on coffee stigmas or by influencing some aspect of fruit maturation. The coffee
berry borer (Hypothenemus hampei Ferrari) attacks coffee fruits significantly
reducing the weight of coffee beans (Damon 2000). We did not examine har-
vested fruits for berry borer attack, but ants prey on the berry borer (Velez
et al. 2000, 2001). Thus, higher rates of berry borer attack on no-ant branches
could account for lower fruit weights. Also, fruits on no-ant and bagged
branches were nearly two times lighter than fruits on open branches in the
high-shade site hinting to the pea-berry condition whereby only one of two
coffee ovaries mature to a seed. Raw and Free (1977) and Klein et al. (2003b)
reported pea-berry incidences of near 20% and 0.92%, respectively. We did not
count number of seeds per fruit to verify the number of pea-berries, but based
on previous numbers, this mechanism is an unlikely explanation for our results
of lighter fruits in approximately 5/6 of fruits weighed.

Differences between management systems

Average fruit weights were higher in the high-shade farm potentially resulting
from many factors. Muschler (2001) found that under high-shade conditions,
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coffee fruits (and beans) were significantly heavier (and thus of better quality)
than when grown in full sun. It is possible that smaller differences in shade, like
those between our high-shade and low-shade sites, may influence fruit weight
as well. Fruit weight effects may be due to pollination, but there are potentially
many differences between high-shade and low-shade sites, including edaphic
factors or nutrient availability, that may influence fruit weights. In fact,
availability of some nutrients is higher in our high-shade site (K. Avilés-
Vazquez, unpublished data). Fruit weights were significantly higher overall in
the high-shade site, potentially pointing to limitation in nutrients necessary for
fruit maturation in the low-shade site. These site differences may account for
higher fruit weights in the high-shade farm, and may potentially have also
affected increases in fruit weight specifically on the open branches compared
with bagged or no-ant branches.

Biological differences in the pollinator community between sites, however,
may also have played a role in increasing fruit weights. Ant species richness
was slightly higher the high-shade site, but for data presented here was not
significantly higher. Previous and more extensive ant sampling in the same
sites, however, has revealed significantly higher ant richness in the high-shade
site (Ibarra-Nufiez et al. 1995; Perfecto and Vandermeer 2002; Armbrecht and
Perfecto 2003). Ant activity was not significantly different between the two
sites. Here, we observed nearly three times as many species in the high-shade
site, and numbers of flying pollinator visits were twice as high in the high-shade
site. Additionally, Ibarra-Nufiez et al. (1995), working in the same sites,
sampled coffee plants on a monthly basis for a 3 year period and collected
twice as many ant individuals in the high-shade site (12,843) than in the low-
shade site (6097). Furthermore, they collected 19 bee species in the high-shade
site and 7 bee species in the low-shade site. Thus, there are potentially many
differences in the pollinator communities (i.e. higher ant richness, presence of a
particular ant species, increased visitation rates by flying pollinators) or par-
ticular interaction between ants and bees only in the high-shade site may
account for fruit weight differences between the two sites. Changes in ant
species composition may be especially important if ants function to directly
increase pollen loads or cause flying pollinators to relocate more frequently, or
prey on coffee berry borers.

Suggestions for future work

Several tests could be carried out to begin to determine if ant-pollinator
interactions or ants are responsible for increasing fruit weights via pollination
or influencing aspects of maturation. To study if site differences (i.e. nutrient
limitation or edaphic factors) or differences caused by pollination (i.e. pollen
load, pollen diversity) are responsible for differences in fruit weights, hand
pollination experiments could be conducted. If, for example, a lack of nutrients
or water in low-shade sites is limiting fruit weights, pollen addition to flowers
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would not be expected to influence fruit weights in these sights, but would in
high-shade sites where nutrients and water are not limiting. Furthermore, by
using multiple pollen addition treatments (increase in self pollen, increase in
outcross from only one plant, increase in outcross pollen from several plants),
factors relating to pollen load and pollen diversity and their respective influ-
ences on fruit set and/or fruit weights could be elucidated. To determine if, ants
may be responsible for increasing activity of flying pollinators, observations of
visitation rates (in terms of both number and length of visits) could be com-
pared for branches, or farm areas, with and without high ant activity. To
distinguish if ants affect pollination or aspects of fruit maturation Tanglefoot®
application could be applied only during flowering (pollination effect) and only
after flowering until the harvest (maturation effect). In order to determine if
ants affect fruit weights limiting berry borers, the number of attacked fruits,
and individual weights of attacked berries could be quantified for branches
with and without ants. Furthermore, to ensure that pea-berries do not account
for differences, berries could either be checked for deformities or opened to
check for presence of two seeds. Those differences potentially caused by dif-
ferences in the pollinator community between the two sites are clearly more
difficult to test. Nonetheless, by first clarifying some of the other potential
mechanisms would likely shed light on the role of ants and flying pollinators
under the two types of shade management system.

Conclusion

In conclusion, we observed increased fruit weights in the high-shade site likely
resulting from differences associated with management, including differences in
the pollinator community. Higher fruit weights provide advantages to plants in
terms of germination or seedling growth (Ngulube et al. 1997; Eriksson 1999)
or in other aspects of plant reproductive biology (Tremayne and Richards
2000; Mukasa and Ogata 2001; Schippers et al. 2001). Furthermore, increased
fruit weights confer obvious economic advantages to coffee farmers. Regard-
less of which mechanisms influence fruit weight on branches only with flying
pollinators and ants in high-shade farms, this finding will have important
implications for the maintenance of shaded coffee farms and biodiversity in
general (Moguel and Toledo 1999).
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