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In agricultural landscape in northern slope of Mount Slamet, diversity of wild bee
species as pollinator depend on forested habitats. This study aimed to assess the
effects of distance from the forest edge on the diversity of wild bees on strawberry
and tomato crops. This study was conducted from July 2014 to October 2014. The
experimental fields contained tomato and strawberry with a total area of 4 ha (2 ha
each) and divided into five plots based on distance from the forest edge (0, 50, 100,
150, and 200 m). Wild bee was catched with kite netting in 7.00 -9.00 in ten con-
secutive days. Wild bee diversity differed according to distance from the forest edge,
the highest value was at 0 m for strawberry plots (H’ = 2.008, E = 0.72 and Chaol=
16) and for tomato plots, the highest diversity was at 50 m from the forest edge (H' =
2.298, E = 0.95 and Chaol= 11) and the lowest was at 200 m in both plots. Wild bee
species richness and abundance decreased with distance, resulting in the minimum
diversity and abundance of wild bee at 200 m from forest edge in both crops.
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INTRODUCTION

Since 1998, the forest areas on the northern
slopes of Mount Slamet have been developed as
agricultural areas (Perhutani, 2000), which have
resulted in landscape fragmentation by reducing
the amount of natural and semi-natural habitats.
Natural and semi-natural habitats provide essen-
tial resources for wild bees, which act as crop
pollinators in agricultural areas. The major agri-
cultural commodities in this region are strawber-
ries and tomatoes; pollination of both crops is de-
pendent on the presence of wild bees in forested
habitats. Wild bees (Hymenoptera: Apoidea) are
considered the most important group of insect
pollinators in agricultural landscapes. Habitat
loss and fragmentation leads to changes in wild
bee abundance and species richness, which may
affect crop pollination.

Habitat loss and isolation due to agricul-
tural intensification represent major threats to
insect pollinator diversity because ecologically
valuable wild bee habitats remaining in agricultu-
ral landscapes tend to be confined to a relatively
small proportion of semi-natural habitats. Forest
edges, as the remaining semi-natural habitat in
these areas, provide essential resources for pol-
linators within agricultural landscapes and may
help to maintain pollination services in agroe-
cosystems. Recent research by Widhiono & Su-
diana (2015) found that forest edges have abun-
dant flowering wild plant species, which are food
sources for wild bees. Therefore, the forest areas
on the northern slopes of Mount Slamet play an
important role by harboring wild bees as polli-
nators for adjacent farmland. Forest edge areas
within agricultural landscapes often provide ha-
bitat for wild bee species, from which they forage
on flowering crops in agricultural fields. Several
studies have shown the importance of natural or
semi-natural habitats, such as forest edges, in sus-
taining pollinator populations close to fruit crops
(Carvalheiro et al., 2010).

The optimal foraging theory predicts that
the mean richness level of wild bee pollinators
decreases with distance from the forest edge
(Cresswell et al., 2000), because a majority of
wild bee pollinators are central place foragers
with fixed nest sites (such as in the soil, plant
stems, or trees) within the forest edges. In tropi-
cal ecosystems in Asia, wild bee abundance and
species richness are affected by distance from the
forest edge, and the abundance of insect pollina-
tors often declines with distance from the forest
edge (Klein et al., 2003). Wild bee abundance
and richness decreases with distance from the fo-

rest edge, resulting in a decline in the mean levels
of flower-visitor richness and visitation rate in
croplands around forest edges. In the study area,
strawberries and tomatoes are planted around
forest edges, so distance from the forest edge
affects the diversity and abundance of wild bee
pollinators. This study aimed to assess the effect
of distance from the forest edge on the diversity
and abundance of wild bees on strawberry and
tomato crops. The results will facilitate the deve-
lopment of a strategy for insect pollinator conser-
vation in agricultural areas.

METHODS

Study site

This study was conducted from July 2014
to October 2014 on the northern slope of Mount
Slamet, Central Java, in Serang village (altitude
+ 1100 m asl (above sea levels), which is loca-
ted at 7°14’21” S and 109°17°37.42”E. The ex-
perimental fields contained tomato (Lycopersicum
esculentum) and strawberry (Fragaria x annanasa)
crops adjacent to the forest edge, with a total area
of 4 ha (2 ha each). Each agricultural field was
divided into five plots based on distance from the
forest edge (0, 50, 100, 150, and 200 m).

Sampling Methods

Wild bee sampling was performed in every
40 plants in each plot using the scan method 1i.e.,
observing wild bees visiting and pollinating flo-
wers. Sampling was conducted in the morning
(7.00-9.00 AM) every week and replicate five
times periods. For identification, wild bees were
collected using kite netting. Furtehermore, all
wild bee specimens sned to LIPI Bogor to species
identification.

Data Analysis

The species richness and abundances of
wild bees recorded in the five plots were analy-
zed. A general linear model was applied using the
SPSS ver. 18.0 software. The dependent variables
were wild bee species number and abundance,
and the categorical variable was the distance from
the forest edge (0, 50, 100, 150, and 200 m). Raw
data from the field were used to reveal species
richness with estimators Chao 1, species diversity
(Shannon-Weiner index), Evenness (E), and rela-
tive abundance of different species in a sampling
site (Magurran, 2003). Comparisons of species
composition according to the distance from the
forest edge were performed using single linkage
cluster analysis based on Bray-Curtis similarity
(McAleece et al., 1997). All diversity parameters
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were analyzed using the Biodiversity Pro softwa-
re (McAleece et al., 1997).

RESULTS AND DISCUSSION

We recorded 680 wild bees representing 15
species or species groups in 12 genera in strawber-
ry plots, and 379 individuals representing 11 spe-
cies in tomato plots. The most abundant and wi-
despread bee species in the strawberry plots were
Trigona laeviceps (36.3%), Apis cerana (28.6%),
and Rophalidia romandi (12.4%) while the most
abundant species in tomato plots were A.cerana
(18.7%), Megachille relativa (12.95%), and Ame-
gilla cingulata (12.1%). (Tabel 1). The differences
of species dominance between two crops were
due to differences of flower characters. Flower
visitors of strawberries dominated by small bees,
while tomatoes flower dominated by buzzing
bees. One of the features of the tomatoes flowers
is the sporicidal opening of its anthers which re-
quires the agitation of the flowers by the presen-
ce of pollinators that vibrate their indirect flight
muscles for the release of pollen grains. Teppner
(2005), observed that Bombus and Lasioglos-
sum, can be good pollinators of the flowers by
vibrating their anthers easily. Harter et al., (2002)
note that some families of bees from that perform
buzz pollination and dominate at tomatoes fields
are Andrenidae, Apidae, Colletidae, Halictidae,
and Megachilidae.

Wild bee population and wild bee species
richness according to the distance from the forest
edge in strawberry and tomato plots, showed that
the highest species richness was at 0 m and the lo-
west at 200 m from the forest edge for both crops
(Figure 2).

The species diversity indices (H’, Evenness
E) and species estimator (Chao 1) differed ac-
cording to the distance from the forest edge. The
highest value was at 0 m in the strawberry plots
(H'=2.008, E = 0.72 and Chaol= 16) and the lo-
west at 200 m (H’ = 1.708, E = 0.77 and Chaol=
9). In tomato plots, the highest diversity was at
50 m from the forest edge (H’ = 2.298, E = 0.95
and Chaol= 11) and the lowest was at 200 m (H’
=2.156, E = 0.98 and Chaol= 9) (Table 2).From
data analysis showed that Chaol, (the simplest
nonparametric species richness estimator), not
significantly different with the result. This result
indicated that the sample in both plantations has
the full assemblage of species, including those
species not detected in the set of samples ( Nicho-
las and Chao, 2013).

The data suggest a relationship between the
distance from the forest edge and the likelihood
of thediversity of wild bees in strawberry and
tomato fields. A Kruskal-Wallis test showed that
between the distance from the forest has signifi-
cant differences (p<0.05) on wild bee populations
and wild bee species richness in both strawberry
and tomato plots. Bee species richness was sig-

A0 ERNE :

Figure 1. Wild bee species found in sampling area ie. A. Amegilla cingulata, B. Apis cerana, C. Ropalidia

romandi, D. Megachlie relativa
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Figure 2. Wild bee population (A) and wild bee species richness (B) according to the distance from the

forest edge in strawberry and tomato plots.

Table 1. Wild bee abundance in strawberry and tomato plots according to the distance from the forest

edge.
Strawberry Tomato
Insect species Diatance from forest edges
Om 50m 100m 150m 200m Om 50m 100m 150m 200m
A. cerana 46 48 29 41 31 22 7 30 5 7
A.dorsata 6 6 0 0 0 0 0 0 0 0
T. laeviceps 59 53 50 45 40 0 0 0 0 0
R.romandi 7 7 7 7 7 7 7 7 7 7
R. fasciata 5 5 5 5 5 5 5 5 5 5
M.relativa 10 7 8 4 6 11 11 11 10 6
A.cingulata 6 6 6 6 3 12 14 6 6 6
A.zonata 7 7 7 5 6 13 13 7 7 6
X latipes 1 0 0 0 0 13 5 1 1 0
X. virginica 1 0 0 0 0 0 0 0 0 0
Polistes sp 3 3 0 0 0 5 3 3 3 3
Nomia sp. 4 0 4 4 0 4 4 4 4 4
L.malachurum 3 3 3 3 3 7 5 3 3 0
D.campaniforme 9 6 7 4 4 1 9 6 9 9
Ppolitus 3 0 3 1 0 0 0 0 0 0
;;ie;;ance 170 151 129 125 105 100 8 8 60 53
Mean 11.33 10.07 860 833 7.00 9.09 755 1755 5.45 4.82
STDev 17.09 16.67 1346 14.29 1197 586 3.72 7.90 2.70 2.86

nificantly affected by distance to the main habi-
tat. Distance from the forest edge was associated
with decreased wild bee abundance and richness.
Distance also greatly affected assemblage compo-
sition. Our results suggest that distance strongly
determines the spatial distribution of bees in the
study area. Distance from the forest edge had a
significant effect; (Spearman’s correlation; 1

0.96, p<0.05 in strawberry plots with equations Y
=167.200-0.312 x and 1> = 0.75, p<0.05 in toma-
to plots with equations Y = 99.200-0.234 x), the
same effects has also showed on species richness
r? = 0.96, p<0.05 with equations Y = 13.800-
0.024 x in strawberry plots and 12 = 0.52, p<0.05
with equations Y = 11.400-0.008 x in tomatoes
plots), this mean that bee abundance declined
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Table 2. Species richness and diversity parameters in strawberry and tomato plots according to the

distance from the forest edge

Parameters Strawberry Tomato
Diatance from forest edges
Om 50m 100m 150m 200m Om 50m 100m 150m 200m
Species richness 15 11 11 11 9 11 11 11 11 9
STDev species 000 046 046 046 051 0.00 000 0.00 0.00 0.40
Shannon H’ 2.008 1.812 1.901 1.757 1.708 2.207 2.290 2.041 2.27 2.156
Evenness 0.742 0.756 0.793 0.733 0.777 0.921 00955 0.851 0.95 0.981
Chao-1 16 11 11 11 9 11 11 11 11 9
Bray Curtis Cluster Analysis (Single Link)
Bray Curtis Cluster Analysis (Single Link) 100 m
200m
200m
— 150 m
150 m
100 m
50m 50m
Om om
0 % simifarity 50 100 A 0 % similiarity 50 100 B

Figure 3. Species composition similarity between the distance from the forest in Strawberry (A) and

Tomato (B) using Bray-Curtis similarity index.

with increasing distance from forest edge. This
result is in agreement with that of Ricketts et al.
(2008), who reported that the native pollinator vi-
sitation rate drops to 50% of the maximum at a
location 668 m from natural habitat, and is con-
sistent with previous reports of the effect of forest
on bee visits and pollination services (De Marco
& Coelho 2004; Chacoff & Aizen 2006).

These results suggest that forest edges are
important sources of pollinators, likely because
they provide “partial habitats” ( Holland & Fah-
rig, 2000), such as mating, foraging, nesting, and
nesting materials sites, which bees need to comp-
lete their life cycle (Bailey et al., 2014). Klein et
al. (2003), in their study of coffee pollination in
agroforestry systems at Lore Lindu (Central Sula-
wesi), verified that the number of social bee spe-
cies diminished with the distance between frag-
ments. De Marco & Coelho (2004) verified that
cultivation near forest fragments (distance <lkm)
results in 14.6% greater production when com-
pared to distant systems. Ricketts et al., (2008)
reported a greater increase, 20%, in Costa Rica.
This effect of distance from semi-natural habi-
tats suggests that variables related to landscape
ecology, such as the permeability of the matrix
to the dispersion of pollinators, may be essential

(Jauker et al., 2009). Forest edges could provide
one or more important partial habitats for diverse
bee species in agricultural landscapes, in particu-
lar when associated with flowering agricultural
crops (Le Feon et al., 2011). Species composition
according to the distance from the forest edge
was evaluated using a single linkage cluster ana-
lysis based on Bray—Curtis similarity. The species
composition at forest edges exhibited the highest
similarity (92.8% in strawberry plots and 79.7%
in tomato plots, respectively) at the closest distan-
ce (50 m) and lowest similarity (76.3% in straw-
berry plots and 58.8% in tomato plots) at the fart-
hest distance (200 m) from forest edges in plots of
both crops. (Figure 3)

These research findings may be due to diffe-
rences in foraging distance among wild bee taxa.
Foraging distance has been shown to increase the
body size of bees (Greenleaf et al., 2007). Fora-
ging distance, therefore, determines the spatial
scale at which wild bees can provide pollination
services to crops (Greenleaf &Kremen 2006).
Many wild bees that pollinate crops nest in na-
tural habitats and forage on crops within their
daily travel distance (Schulke & Waser, 2001).
Foraging bees are likely to fly short distances,
recent investigations predicted maximum fora-
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ging distances of 100-200 m for small bee species
and up to 1100 m for very large species based on
mainly indirect methods (Zurbuchen et al., 2010)
and change directions between successive Visits
to high-reward patches and fly longer distan-
ces in the same direction to low-reward patches
(Ne’man et al., 2006). These studies suggest that
forest edges are likely to be a source of pollina-
tors of various crops. Indeed, forest edges exhibit
a complex vegetation structure and undisturbed
soil, offering shelter for bees and a wide range of
nesting sites for both cavity and ground-nesting
bees (Artz & Waddington, 2006). In addition,
they provide a diversity of flowering wild plants
throughout the bees’ activity period (Margrach
et al., 2013). Widhiono & Sudiana (2015) found
that forest edges in this study area harbor diverse
flowering wild plant species. Several studies have
shown the importance of natural or semi-natural
habitats for sustaining pollinator populations or
pollination services close to fruit crops (Chacoff
& Aizen, 2006; Ricketts et al., 2008; Carvalheiro
et al., 2010). Other studies have reported a ne-
gative impact of distance on forests on pollina-
tion services or bee abundance and richness in
tropical ecosystems (De Marco & Coelho 2004;
Chacoff et al., 2008). Finally, these studies also
suggest that the pollination of strawberry and to-
mato crops could be negatively affected by being
situated too far from the forest edge.

CONCLUSION

Forest edge habitats are important for
enhancing pollinator diversity in agricultural
landscapes. They harbor diverse wild bee com-
munities and can be considered classical source
habitats. Dispersal from these forest edge habitats
into the agricultural area, however, is strongly af-
fected by the distance from the forest edge.
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In agricultural landscape in northern slope of Mount Slamet, diversity of wild bee
ies as pollinator depend on forested habitats. This study aimed to assess the
effects of distance from the forest edge on the diversity of wild bees on strawberry
and tomato crops. This study was conducted from July 2014 to October 2014. The
experimental fields contained tomato and strawberry with a total area of 4 ha (2 ha
each) and divided into five plots based on distance from the forest edge (0, 50, 100,
150, and 200 m). Wild bee was catched with kite netting in 7.00 -9.00 in ten con-
secutive days. Wild bee diversity differed according to distance from the forest edge,
the highest value was at 0 m for strawberry plots (H' =2.008, E = 0.72 and Chaol=
16) and for tomato plots, the highest diversity was at 50 m from the forest edge (l-a=
2.298, E =0.95 and Chaol= 11) and the lowest was at 200 m in both plots. Wild bee
mcies richness and abundance decreased with distance, resulting in the minimum
diversity and abundance of wild bee at 200 m from forest edge in both crops.
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INTRODUCTION

Since 1998, the forest areas on the northern
slopes of Mount Slamet have been developed as
agricultural areas (Perhutani, 2000), which have
resulted in lan@3hpe fragmentation by reducing
the amount of natural and semi-natural habitats.
Natural and semi-natural habitats provide essen-
tial resources for wild bees, which act as crop
pollinators in agricultural areas. The major agri-
cultural commodities in this region are strawber-
ries and tonff&fes; pollination of both crops is de-
pendent on the presence of wild bees in forefid
habitats. Wild bees (Hymenoptera: Apoidea) are
considered the most important group offlhsect
pollinators in agricultural landscapes. Habitat
loss and fragmentation leads to changes in wild
bee abundance and species richness, which may
affect @hp pollination.

Habitat loss and isolation due to agricul-
tural intensification represent major threats to
insect pollinator diversity because ecologically
valuable wild bee habitats#maining in agricultu-
ral landscapes tend to be confined to a relatively
small proportion of semi-natural habitats. Forest
edges, as th@emaining semi-natural habitat in
these areas, provide essential resources for pol-
linators within agricultural landscapes and may
help to maintain pollination services in agroe-
cosystems. Recent research by Widhiono & Su-
diana (2015) found that forest edges have abun-
dant flowering wild plant species, which are food
sources for wild bees. Therefore, the forest areas
on the northern slopes of Mount Slamet play an
important role by harboring wild bees as polli-
nators for adjacent farmland. Forest edge areas
within agricultural landscapes often provide ha-
bitat for wild bee species, from which they forage
on flowering crops in agricultural ffls. Several
studies have shown the importance of natural or
semi-natural habitats, such as forest edges, in sus-
taining pollinator populations close to fruit crops
(Carvalheiro et al., 2010).

The optimal foraging theory predicts that
the mean richness level of wild bee pollinators
decreases with distance from thforest edge
(Cresswell et al., 2000), because a majority of
wild bee pollinators are central place foragers
with fixed nest sites (such as in the soil, plant
stems, or trees) within the forest edges. In tropi-
cal ecosystems in Asia, wild bee abund§i@e and
species richness are affected by distance from the
forest edge, and thdffjundance of insect pollina-
tors often declines with distance from the forest
edge (Klein et al., 2003). Wild bee abundance
and richness decreases with distance from the fo-

rest edge, resulting in a decline in the mean levels
of flower-visitor richness and visitation rate in
croplands around forest edges. In the study area,
strawberries and tomatoes are planted around
forest @des, so distance from the forest edge
affects the diversity and abundance of wild bee
polEdtors. This study aimed to assess the effect
of distance from the forest edge on the diversity
and abundance of wild bees on strawberry and
tomato crops. The results will facilitate the deve-
lopment of a strategy for insect pollinator conser-
vation in agricultural areas.

METHODS

Study site

This study was conducted from July 2014
to October 2014 on the northern slope of Mount
Slamet, Central Java, in Serang village (altitude
+ 1100 m asl (above sea levels), which is loca-
ted at 7°14'21" S and 109°17'37.427E. The ex-
perimental fields contained tomato (Lycopersicum
esculentum) and strawberry (Fragaria x annanasa)
crops adjacent to the forest edge, with a total area
of 4 ha (2 ha each). Each agricultural field was
divided into five plots based on distance from the
forest edge (0, 50, 100, 150, and 200 m).

Sampling Methods

Wild bee sampling was performed in every
40) plants in each plot using the scan method i.e.,
observing wild bees visiting and pollinating flo-
wers. Sampling was conducted in the moming
(7.00-9.00 AM) every week and replicate five
times periods. For identification, wild bees were
collected using kite netting, Furtehermore, all
wild bee specimens sned to LIPI Bogor to species
identification.

Data £Ralysis

The species richness and abundances of
wild bees recorded in the five plots were analy-
zed. A general linear model was applied using the
SPSS ver. 18.0 software. The dependent variables
were wild bee species number and abundance,
and the categorical variable was the distance bm
the forest edge (0, 50, 100, 150, and 200 m). Raw
data from the field were used to reveal species
richness with estimators Chao 1, species diversity
(ShfFon-Weiner index), Evenness (E), and rela-
tive abundance of differfZ species in a sampling
site (Magurran, 2003). Comparisons of species
compositiofffaccording to the distance from the
forest edge were performed using single linkage
cluster analysis based on BEfi}-Curtis similarity
(McAleece et al., 1997). All diversity parameters
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were analyzed using the Biodiversity Pro softwa-
re (McAleece et al., 1997).

RESULTS AND DISCUSSION

‘We recorded 680 wild bees representing 15
species or species groups in 12 genera in strawber-
ry plots, and 379 individuals representing 11 spe-
cies in tomato plots. The most abundant and wi-
despread bee species in the strawberry plots were
Trigona laeviceps (36.3%), Apis cerana (28.6%),
and Rophalidia romandi (12.4%) while the most
abundant species in tomato plots were A.cerana
(18.7%), Megachille relativa (12.95%), and Ame-
gilla cingulata (12.1%). (Tabel 1). The differences
of species dominance between two crops were
due to differences of flower characters. Flower
visitors of strawberries dominated by small bees,
while tomatoes flower dominated by buzzing
bees. One of the features of the tomatoes flowers
is the sporicidal opening of its anthers which re-
quires the agitation of the flowers by the presen-
ce of pollinators that vibrate their indirect flight
muscles for the release of pollen grains. Teppner
(2005), observed that Bombus and Lasioglos-
sum, can be good pollinators of the flowers by
vibrating their anthers easily. Harter et al., (2002)
note that some families of bees from that perform
buzz pollination and dominate at tomatoes fields
are Andrenidae, Apidae, Colletidae, Halictidae,
and Megachilidae.

Wild bee population and wild bee species
richness according to the distance from the forest
edge in strawberry and tomato plots, showed that
the highest species richness was at 0 m and the lo-
west at 200 m from the forest edge for both crops
(Figure 2).

The species diversity indices (H’, Evenness
E) and species estimator (Chao 1) differed ac-
cording to the distance from the forest edge. The
highest value was at 0 m in the strawberry plots
(H'=2.008, E =0.72 and Chaol= 16) and the lo-
west at 200 m(H' = 1.708, E = 0.77 and Chaol=
9). In tomato plots, the highest diversity was at
50 m from the forest edge (H' = 2.298, E = 0.95
and Chaol= 11) and the lowest was at 200 m (H’
=2.156, E = 0.98 and Chaol= 9) (Table 2).From
data analysis showed that Chaol, (the simplest
nonparametric species richness estimator), not
significantly different with the result. This result
indicated that the sample in both plantations has
the full assemblage of species, including those
species not detected in the set of samples ( Nicho-
las and Chao, 2013).

The data suggest a relationship between the
distance from the forest edge and the likelihood
of thediversity of wild bees in strawberry and
tomato fields. A Kruskal-Wallis test showed that
between the distance from the forest has signifi-
cant differences (p<0.05) on wild bee populations
and wild bee species richness in both strawberry
and tomato plots. Bee species richness was sig-

Figure 1. Wild bee species found in sampling area ie. A. Amegilla cingulata, B. Apis cerana, C. Ropalidia

romandi, D. Megachlie relativa
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Figure 2. Wild bee population (A) and wild bee species richness (B) according to the distance from the

forest edge in strawberry and tomato plots.

Table 1. Wild bee abundance in strawberry and tomato plots according to the distance from the forest

edge.
Strawberry Tomato
Insect species Diatance from forest edges
Om 50m 100m 150m 200m Om S50m 100m I50m 200m
A. cerana 46 48 29 41 31 22 7 30 5 7
A.dorsata 6 6 0 0 0 0 0 0 0 0
T laeviceps 59 53 50 45 40 0 0 0 0 0
R.romandi 7 7 7 7 7 7 7 7 7 7
R. fasciata 5 5 5 5 5 5 5 5 5 5
Mrelativa 10 7 8 4 6 11 11 11 10 6
A.cingulata 6 6 6 6 3 12 14 6 6 6
A.zonata 7 7 7 5 6 13 13 7 7 6
Xlatipes 1 0 0 0 0 13 5 1 1 0
X. virginica 1 0 0 0 0 0 0 0 0 0
Polistes sp 3 3 0 0 0 5 3 3 3 3
Nomia sp. 4 0 4 4 0 4 4 4 4 4
L.malachurum 3 3 3 3 3 7 5 3 3 0
D.campaniforme 9 6 7 4 4 1 9 6 9 9
Ppolitus 3 0 3 1 0 0 0 0 0 0
;T;ie;;me 170 151 129 125 105 100 83 83 60 53
Mean 11.33 10.07 8.60 8.33 7.00 9.09 755 755 5.45 4.82
STDev 17.09 16.67 1346 1429 1197 586 372 790 2.70 2.86

nificantly affected by distance to the main habi-
tat. Distance from the forest edge was associated
with decreased wild bee abundance and richness.
Distance also greatly affected assemblage compo-
sition. Our results suggest that distance strongly
determines the spatial distribution of bees in the
study area. Distance from the forest edge had a
significant effect; (Spearman’s correlation; r* =

0.96, p<0.05 in strawberry plots with equations Y
=167.200-0.312 x and r* = 0.75, p<0.05 in toma-
to plots with equations Y = 99.200-0.234 x), the
same effects has also showed on species richness
2 = 0.96, p<0.05 with equations Y = 13.800-
0.024 x in strawberry plots and r* = 0.52, p<0.05
with equations Y = 11.400-0.008 x in tomatoes
plots), this mean that bee abundance declined
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Table 2. Species richness and diversity parameters in strawberry and tomato plots according to the

distance from the forest edge

Parameters Strawberry Tomato
iatance from forest edges
Om 50m 100m I50m 200m Om 50m 100m 150m 200m
Species richness 15 11 11 11 9 11 11 11 11 9
STDev species  0.00 046 046 046 051 000 000 0.00 000 040
Shannon H' 2.008 1.812 1.901 1.757 1.708 2.207 2290 2.041 227 2156
Evenness 0.742 0.756 0.793 0.733 0.777 0921 0955 0.851 095 0.981
Chao-1 16 11 11 11 9 11 11 11 11 9
Bray Curts Cluster Analysis (Single Link)
R ——— ————
200m
200m
150m
50 m
100 m
50m 50m
om e
0 % simisarity S0 100 A 5% similiarity o 00 B

Figure 3. Species composition similarity between the distance from the forest in Strawberry (A) and

Tomato (B) using Bray-Curtis similarity index.

with increasing distance from forest edge. This
result is in agreement with that of Ricketts et al.
(2008), who reported that the native pollinator vi-
sitation rate drops to 50% of the maximum at a
location 668 m from natural habitffand is con-
sistent with previous reports of the effect of forest
on bee visits and pollination services (De Marco
& Coelho 2004; Chacoff & Aizen 2006).

These results suggest that forest edges are
important sources of pollinators, likely because
they provide “partial habitats” ( Holland & Fah-
rig, 2000), such as mating, foraging, nesting, and
nesting materials sites, which bees need to comp-
lete their life cycle (Bailey et al., 2014). Klein et
al. (2003), in their study of coffee pollination in
agroforestry systems at Lore Lindu (Central Sula-
wesi), verified that the number of social bee spe-
cies diminished with the distance between frag-
ments. De Marco & Coelho (2004) verified that
cultivation near forest fragments (distance <lkm)
results in 14.6% greater production when com-
pared to distant systems. Ricketts et al., (2008)
reported a greater increase, 20%, in Costa Rica.
This effect of distance from semi-natural habi-
tats suggests that variables related to landscape
ecology, such as the permeability of the matrix
to the dispersion of pollinators, may be essential

(Jauker et al., 2009). Forest edges could provide
one or more important partial habitats for diverse
bee species in agricultural landscapes, in particu-
lar when associated with flowering agricultural
crops (Le Feon et al., 2011). Species composition
according to the distff& from the forest edge
was evaluated using a single linkage cluster ana-
lysis based on Bray—Curtis similarity. The species
composition at forest edges exhibited the highest
similarity (92.8% in strawberry plots and 79.7%
in tomato plots, respectively) at the closest distan-
ce (50 m) and lowest similarity (76.3% in straw-
berry plots and 58.8% in tomato plots) at the fart-
hest distance (200 m) from forest edges in plots of
both crops. (Figure 3)

These research findings may be due to diffe-
EBnces in foraging distance among wild bee taxa.
Foraging distance has been shown to increase the
body [Elze of bees (Greenleaf et al., 2007). Fora-
ging distance, therefore, determines the spatial
scale at which wild bees can provide pollination
E3rvices to crops (Greenleaf &Kremen 2006).
Many wild bees that pollinate crops nest in na-
tural habitats and forage on crops within their
daily travel distance (Schulke & Waser, 2001).
ForagifJbees are likely to fly short distances,
recent investigations predicted maximum fora-
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ging distances of 100-200 m for small bee species
and up to 1100 m for very large species based on
Einly indirect methods (Zurbuchen et al., 2010)
and change directions between successive visits
to high-reward patches and fly longer distan-
ces in the same direction to low-reward patches
(Ne'man et al., 2006). These studies suggest that
forest edges are likely to be a source of pollina-
tors of various crops. Indeed, forest edges exhibit
a complex vegetation structure and undisturbed
ER. offering shelter for bees and a wide range of
nesting sites for both cavity and ground-nesting
bees (Artz & Waddington, 2006). In addition,
they provide a diversity of flowering wild plants
throughout the bees’ activity period (Margrach
et al., 2013). Widhiono & Sudiana (2015) found
that forest edges in this study area harbor diverse
flowering wild plant species. Several studies have
shown the importance of natural or semi-natural
habitats for sustaining pollinator populations or
pollination servid close to fruit crops (Chacoff
& Aizen, 2006; Ricketts et al., 2008; Carvalheiro
et al., 2010). Other studies have reported a ne-
gative impact of distance on forests on pollina-
tion services or bee abundance and richness in
tropical ecosystems (De Marco & Coelho 2004;
Chacoff et al., 2008). Finally, these studies also
suggest that the pollination of strawberry and to-
mato crops could be negatively affected by being
situated too far from the forest edge.

CONCLUSION

Forest edge habitats are important for
enhancing pollinator diversity in agricultural
landscapes. They harbor diverse wild bee com-
munities and can be considered classical source
habitats. Dispersal from these forest edge habitats
into the agricultural area, however, is strongly af-
fected by the distance from the forest edge.
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