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Abstract. Many biological production systems depend on regulating services performed by
insects for economic benefits, and coffee (Coffea arabica L.) production system is one of
them. On the other hand, coffee plantation makes a good habitat for insects communities,
especially direct and indirect pollinator insects. A study focused on the community structure
and the diversity of “direct and indirect”pollinator insects has been carried out in coffee
plantation located in West Bandung Regency, West Java. The main objectives of the study
were to elucidate pollinator insect community’s structure,diversity, and relationship between
insects distribution along some measured environmental factors. A field survey combining a
number of transects and sampling techniques were performed using netting, pan traps, and
Malaise traps. Fifty species of 30 families and four ordersofinsects directly and indirectly
involved in flower pollinationwere identified. The Diversity and Species Richness Indices
indicatedhigh value (H'= 3,30; R=8,18). Species Evenness Indexshowed an evenly distributed
species (E= 0,84);Species Similarity Index showed a moderate diversity (Cs=0,58). The
ordination analysis suggested that some abiotic parameters such as altitude, wind, air
temperature, air humidity, and light intensity were importantenvironmental factors affecting
the occurrence of pollinator insects in coffee plantation.

Keywords : coffea arabica, diversity, environmental factors, pollinator insects, regulating
services

1. Introduction

Agricultural landscapes in wet tropical area, as Indonesia, are highly depending on ecosystem services
to maintain their productivity. One of the common ecosystem services found in the agricultural
landscapes is pollination, which acting as the regulating service [1]. In pollination, the presence of
pollinators is considered as the main factor aside from flowers quantity and fertility. In this regard,
insects are the main pollinators compared to others, in most plants species across the globe [2,3]. They
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pollinated two third of the entire plant species, including 400 crop species. More than 100,000 species
of insect are identified as pollinators; bees, moths, butterflies, beetles, and flies are among them [4].

The insect communities are also important factor, aside from their diversity, to maintaining the
agricultural productivity, therefore, pollinators have major role from ecological and economic
perspectives. Many studies show that pollination done by insects could significantly increase the crop
fruits production [5]. They are also able to increase crop’s genetic diversity, adaptability, seedling
quality and quantity, and maintaining the nature of crop quality and its ability to regenerate. Thus,
pollinator conservation has becoming a need and consideration in many places [6].

Coffee (Coffea spp.) is one of the crops that require insect pollination. Pollination rate has a
positive correlation with pollinators diversity [7]. A natural pollination might increase the pollination
rate and leads to higher quality and quantity of coffee fruits produced. In Central Sulawesi, Indonesia,
showed that pollination efficiency carried out by bees on Robusta coffee (Coffea canephora), was
significantly increased the fruit sets and coffee beans production (86.5% sets by solitary bees and
70.4% sets by social bees)[8].

Today, coffee is the main agricultural product from many agriculture-based countries. In the global
trade, coffee is a valuable commodity after oils [9]. In Indonesia coffee is considered as one of the
main products, and merging as third largest coffee production country in the world [10]. The coffee
plantation spreads in main islands, such as Sumatera, Java, Bali, Nusa Tenggara, Sulawesi, Maluku,
and Papua. The Indonesian coffee becomes a well-known coffee because of its quality and distinctive
flavor.

Therefore, a study for the insect pollinator’s structure and diversity on coffee production is
prominent issue. This study is related, not only for maintaining the coffee productivity, but also
describing how the coffee production related to the biodiversity conservation. Biodiversity
conservation might also increase the coffee brand value, as more global issues persuade people to tend
their natural environments.

This paper aims to describe the community structure and diversity of insects that directly (pollen-
bearing insects) and indirectly (nectar-feeding insects) involved in pollination in coffee plantation
managed by local people in one of the production sites in West Java. Insect abundances, distribution,
andtheir relation with some measured environmental factors would also be elucidated.

2. Study sites and methods

2.1. Study sites

The study was conducted at one of the Arabica coffee production areas in West Bandung Regency
during flowering season. Geographically, the coffee plantation is located at Lembang District at
coordinate 6°45°30” - 6°51°59” S and 107°35°00” - 107°43°59” E. The coffee plantation is located
within the forest area of Perum Perhutani, at the foot of Mt. Tangkuban Perahu on 1000 meters above
sea level with sloping topography >15%. According to the forest area management, coffee plantation
at Resor Pemangkuan Hutan (Forest Management Resort) Lembang is part of Bagian Kesatuan
Pemangkuan Hutan (Forest Management Unit Division) spreading over 4,103.4 ha, which registered
under the management of Kesatuan Pemangkuan Hutan (Forest Management Unit) Bandung Utara.
The canopy of forest vegetation was not too dense, however the floor vegetation cover was quite
dense. Insect specimen identification was conducted at Laboratory of Entomology of Zoological
Museum -Indonesian Institute of Science (LIPI), Cibinong.

2.2. Data collection and analysis

The insect’s composition and community structure survey was acquired by netting, pan traps, and
Malaise traps [11,12]. These three techniques were conducted along 500 m transect with 20 m width
placed crossing the contour line [13,14] of coffee plantation. Transects were placed within 1-2 ha area
in order to maximize the catch rate possibility of flying insects [13].
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Netting method was conducted by exploring the area randomly within 10 meters width of transect
belt [14] around plot and transect line for 10 minutes [15]. Samples collected through netting, were
recorded based on species, number of individuals, time of presence, and the nearest plot location when
the sample was collected. The collected samples using pan traps and Malaise traps were recorded
based on species and number of individuals collected in each plot traps. For the pan traps method, the
minimum number of bowls set was 20 [12] with minimum distance 10 meters [15] and placed at about
1 meter above soil surface at for 24 hours [16]. For the Malaise trap, according to the preliminary
study of 500 m transect lines; the Malaise traps laid were three with 150 meter of gap from one
another. Every Malaise trap was expected to effectively trapping pollinator from two opposite
directions.

Dried specimens made from trapped insect for the identification based on its species, category
(pollinators and non-pollinators), and its feeding guilds. The specimen identification was conducted at
Laboratory of Entomology of Zoological Museum -Indonesian Institute of Science (LIPI), Cibinong.

The environmental factors measured and recorded were the biotic parameters including plant
species composition (other than coffee crops) found within the site study, phenology, and canopy
condition. Abiotic parameters measured were site altitude, wind speed, temperature and humidity, and
light intensity.

The data analysis was focused on the insect pollinators, while the non-pollinators were for
supplementary data. Data analysis conducted was based on the data collection during the coffee
flowering season, such as Relative Species Richness (KR); Relative Frequency (FR); Simpsons
Dominance Index (C); Shanon-Wiener Species Diversity Index (H’); Margalef species Richness Index
(R); Species Evenness Index (E’); and Sorenson Species Similarity Index (Cs). The ordination
analysis of Canonical Correspondence Analysis (CCA) was also conducted in order to synthesize a
hypothesis to reveal the distribution of pollinator species along a complex of measured environmental
factors [17,18]. The environmental factors analyzed by CCA were the abiotic parameters (site altitude,
wind speed, temperature and humidity, and light intensity).

The results of CCA are eigenvalues, raw correlation and interset correlation illustrated in an
ordination diagram. The eigen values suggest the species and plot distribution along the axis in
ordination diagram. This value ranged from 0 to 1; the eigenvalues larger than 0.5 is interpreted as
meaningful.

3. Results and discussion

3.1. Species composition and diversity

The total number of captured insects that directly and indirectly involved in flower pollination was 50
species of 30 families and 4 orders (Coleoptera, Diptera, Hymenoptera, and Lepidoptera). Figure 1
shows the number of orders, families, and species found in the study site. The highest species number
was Diptera, with total of 17 species (around 34% of total species found) of 11 Families. This order
has species members considered as the main pollinator and has a major role, second after
Hymenoptera order, particularly for agriculture crops and flowering plants subtropical area [19].

Table 1 shows the direct and indirect pollinator species found in coffee plantation based on each
insect collecting method. Table 1 shows that one of Diptera’s species was caught by the three
collecting methods, i.e., Homoneura (Homoneura) trispina (Lauxaniidaefamily) suggesting that this
species was commonly found in the coffee plantation. The genus of Homoneurais microspore eating
flies and also feed on nectar found on Gnetaceae family, which emits strong flower aroma [20]. The
pollen stuck on Homoneura flies mostly found at their antenna and tarsi. Homoneura (Homoneura)
trispina is one of the 350 species belongs to Lauxaniidae family and spreading over the East Asia
region [21].
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Figure 1. Number of families and species of direct and indirect pollinator
insects from four orders found in the study site.

There were 15 species of 8 families belong to order of Hymenoptera; about 30% of total species
found. Pollinators belong to this order consist of 5 species of bees community (family of Apidae and
Halictidae), 8 species of wasps (family of Mutillidae, Pompilidae, Scoliidae, Tenthredinidae, and
Vespidae), and 2 species of ants (family of Formicidae). Bees community is the most important
community based on its diversity and the plant pollinated [2]. The bees’ pollination services on
Arabica coffee crop contributes in increasing 12.3% of fruit set production in Central Sulawesi [22]
and 20-25% in Java (Ferwerda, 1948 cited in [23]).

The order of Coleoptera found consists of five families with 11 species or about 22% of the total
species found. Beetle (order of Coleoptera), is the third important pollinator, after bee and wasp,
which acting as pollen vector on some pollinated vegetation in rainforest [2]. The members belong to
Coleoptera order mostly feed on nectar and pollen, thus they were adapted themselves in terms of
behavior as in bees community [19].

The other order found during this study was the order of Lepidoptera that found as many as seven
species belongs to six Families or 14% of the total species found. The pollinators belong to this order
are five species of moths (Familyof Erebidae, Noctuidae, Pyralidae, and Roeslerstammiidae), and two
species of butterflies (Family Nymphalidae: Satyrinaec ann Pieridae). Butterflies and moths are the
common visitors for vegetation where species of Rubiaceae family are found because of the flower
morphology that has a bright color crown [2], and Arabica coffee has a bright white color.

The pollinators found by netting method were as many as 23 species from 18 families or 46% of
total pollinator found by all method (figure 2). The Species Diversity Index (H’) measured was 2.77
categorized as moderately diverse. The pollinators found by pan traps were as many as 19 species
from 13 families or 38% of total pollinators found, with Species Diversity Index (H’) value of 2.47,
which also fall into the category of moderately diverse. There were 29 species of pollinators belong to
23 Families caught by Malaise traps, equivalent to about 58% of the total pollinators found in the
study site, with Diversity Index (H’) of 2.99 or moderately diverse.
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Figure 2. Numbers of order, family, species, and species diversity index of direct and indirect
pollinators caught in the study site using three methods.

3.2. The abundance and presence of pollinator insects in coffee plantation
The highest individual abundance was shown by Distichona sp. (Diptera: Tachinidae), 55 individuals
were recorded with Relative Density of 13.75%; these flies (Famili Tachinidae) were one of the
important families of flies pollinator. They actively visit flowers to feed on nectar, thus, they are
considered as effective pollinator because of their hairy body morphology.

There was strong interaction between some flies belonging to Tachinidae family and some
flowering plants [24]. However, studies are lacking with regard to the relation of flowering pattern or
plant morphology that affects tachinid flies to visit flowering plants, therefore, the main host of these
flies is still unknown. This fact asserting that the tachinid flies is feeding from wide variety of flowers,
which make these flies as an effective pollinator.

The highest Relative Frequency was shown by Chymomyza sp. (Diptera: Drosophilidae) with
9.42%. The occurrence of Drosophilidae fly family might be due to the fact that this family is a
phytophagous fly, an insect groups that feed on almost every part of plant parts including root, branch,
leaves, flower and fruits. It even has the role as decomposer in the food chain [25]. Drosophilidae
family or the fruit flies, are included as pollinator for Arabica Coffee (C. arabica) [26]. Drosophilidae
family was able to actively increase the pollination and also the seedling and fruit formation on
Arabica coffee. Figure 3 illustrates the Relative Abundance and Frequencies of pollinators found in
the study site.
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Table 2 shows some insect pollinator community indices; the Dominance Species Index (C’) of
pollinator measured is considered low (0.06); Species Diversity Index (H’)shows a high diversity
index (3.30); the Species Richness Index (R) also shows a high richness level (8.18); and for the
Species Evenness Index (E”) suggests that all species tend to be evenly abundant (0.84).

As shown in table 2, there was not any dominant species found in the coffee plantation. This
suggests that the abundance of each species within the pollinator community occurred in almost
evenly numbers of individuals. The high score of species richness and diversity index indicate that
coffee plantation in the study site was able to provide suitable habitat for insect pollinator community,
because of the abundance of feeding resources.

The coffee plantation in the study site is located adjacent to the remnant natural forest, and this has
resulted in frequent visitation by bees and other pollinators. Such condition could eventually resulted
in higher productivity of fruit set by 20%, compared to coffee plantation located more than one km
from forest [7,8,22].

Table 2. Some indicesof direct and indirect pollinator insect community in
coffee plantation of the study site.

Index Score Category
Dominance (C) 0,06 Low
Diversity (H) 3,30 High
Richness (R) 8,18 High
Evenness (E’) 0,84 Spread evenly

3.3. Insect pollinator distribution along environmental gradient: Ordination Analysis
The presence and distribution of pollinator species is closely related to its biotic environmental factors
like feeding source (pollen and/or nectar) and also some physical environmental factors [27]. The
ordination analysis using CCA conducted in the present study resulted eigenvalues 0.459 and 0.336,
for axes 1 and 2, respectively. These eigenvalues suggest that axis 1 could explain to some extent the
distribution of insect pollinator along the measured environmental gradient. Although, this result also
indicates that not all abiotic parameters measured, giving a significant effect toward the pollinator
species distribution.

Table 3 shows the correlation between measured environmental parameters. This table indicates
that there is a positive correlation between wind velocity and air temperature, and a negative
correlation between air humidity and temperature.

Table 3. Raw correlation score among measured environmental parameters.

Altitude  Wind Speed Inlgéilslitty Temﬁelrrature Hul?llifiity
Altitude 1 -0,245 -0,352 -0,170 0,113
Wind Speed -0,245 1 0,393 0,872 -0,815
Light Intensity -0,352 0,393 1 0,640 -0,604
"T:eiinpera ture -0,170 0,872 0,640 1 -0,962
Air Humidity 0,113 -0,815 -0,604 -0,962 1
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Figure 3. Relative Abundance and Frequency of each pollinator species found in the study site.
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The correlations of the measured environmental parameters in ordination axis (interset correlation)
are shown in table 4. The highest interset correlation in axis 1 is light intensity followed by location
altitude, 0.628 and -0.522. In axis 2, the highest interset correlation score is shown by wind speed and
air humidity, i.e. 0.728 and -0.608. These results indicate that light intensity, location altitude, wind
speed, and humidity are the measured environmental factors affecting pollinator species distribution.

Table 4. Interset correlation score of environmental parameters.

Variable Axis 1 C()Ar)rgla;on Axis 3
Location altitude -0.522 0.027 0.569
Wind speed 0.416 0.728 -0.042
Light intensity 0.628 0.074 -0.184
Air temperature 0.236 0.530 -0.260
Air humidity 0.086 -0.608 0.264

Based on the line length and angle formed with the axes 1 and 2 in ordination diagram, the
environmental factors associated to axis 1 are light intensity and altitude (figure 4). Whereas the
environmental factors associated to axis 2 are wind speed and air humidity. Insect utilizes sunlight
during feeding time, molting, reproduction or events related to its lifetime. Sunlight affects local
distribution of an insect species, thus, this insect would do activity based on the signal response from
the sunlight [28]. The activity of insects with nocturnal, diurnal, matinal or krespuskular behaviour is
highly affected by light activity. Honey bees become more active during light intensity of 500 lux or
more, and their activity would diminish and then stop when the light intensity reach 10 lux. In the
morning, honey bees starttheir activity at lower light intersity as compare to when they stopat night.
The average score of measured light intensity is 10927 lux, which a suitable condition for pollinators
to do their activity and searching for food.

Wind affects particularly on feeding activity when insect is flying. Fast wind would make feeding
activity of pollinator decrease or even stop, particularly when the wind speed reaches 30 km/hour or
8.3 m/s (Chagnon, 2008 cited in [29]). The average of wind speed 0.35 m/s is still considered as
optimum speed for pollinator to do their activity and to search for a food. Wind speed and pressure in
forest area is much lower than in the grassy or bushes area, due to trees and vegetation resistance
against highwind current [30].

Pollinator activity is heavily affected by temperature change when they are searching for food. The
optimum temperature for pollinator to carry out feeding activity is between 16-32°C. There is no
activity conducted when the temperature dropped below 8°C, some activity might be performed
between 8-16°C, and feeding time will also be stopped when the temperature reaches above 32°C.
When the environment temperature drops, the reserved energy in insect would also decrease, which
lead to a more number of flowers are required and more calories derived from flower is needed. An
average temperature 24.79 °Cis still considered as optimum temperature for pollinators to search for
food.

Pollinator’s activity when searching for food would increase as the air temperature increases and
humidity decreases. Under dry environment or low air humidity, the sugar concentration in nectar will
increase (Beismeijer et al., 1999 cited by [29]). The average air humidity recorded at the study site
was 74.84% or high humidity area (above 60%). This might be caused by the altitude of study site,
which is located 1408-1554 above sea level.

The distribution of insect pollinator along the measured environmental gradient is shown in
ordination analysis (figure 4). Five parameters of abiotic parameters were identified as affecting
factors for pollinator distribution. These environmental factors show a varying effect on pollinator
distribution in coffee plantation. The species found on the first quadrant (top right side on the

10
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ordination diagram in figure 4) is the common species found in open vegetation where sunlight
penetrated the floor vegetation. These species tend to survive in high temperature and wind velocity.
Some of these species are Neoserica sp., Eugnamptus sp. and Ypthima pandocus.

Ordination diagram shows that species of Boettcheria dumogatend to be encountered in higher air
humidity and altitude. Other species like Vespa velutina, Drosophila (Drosophila) brachynephros, and
Lucilia silvarum were found in higher air humidity. The species of Lasioglossum pectinatum,
Distichona sp., and Drosophila immigrans were found in higher altitude.
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Figure 4. Distribution of direct and indirect pollinator insects along some
measured environmental gradient in the coffee plantation (using CCA
technique).

4. Conclusion

Based on the result described above, it can be concluded that: 1) coffee production system is able to
provide a suitable habitat for direct and indirect pollinator insect community indicated by high species
richness and diversity index, including the presence of diverse main pollinator species; there is no
dominant species found within the community, 2) the presence of diverse pollinator species in coffee
production system indicates that the regulating ecosystem services is underwent well, and 3) the
ordination analysis indicates that pollinator’s presence and distribution along environmental gradient
is affected by some environmental parameters, namely light intensity, altitude, wind velocity, air
temperature and humidity.

Acknowledgements

This research was supported by the Indonesian Ministry of Research Technology and Higher
Education, through Penelitian Unggulan Perguruan Tinggi (PUPT). We also thank Luthfan Awwal
and Jimy Kalther for their assistance during the manuscript preparation.

11



The 2nd International Conference on Biosciences (ICoBio) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 197 (2018) 012012  doi:10.1088/1755-1315/197/1/012012

References

[1]

Millenium Ecosystem Assessment (MA) 2005 Ecosystems and human well-being: biodiversity
synthesis (Washington, DC: World Resource Institute)

Bawa K S 1990 Annual Review of Ecology and Systematics 21 399-422

Patricio-Roberto and Campos 2014 Diversity 6 158-175.

NAPPC. North American Pollinator Protection Campaign. 2007. Nature’s Partners:
Pollinators, Plants, and You. [Online]. In: http://www.nappc.org/curriculum/intro.php (acces
on 5 Maret 2016)

Ricketts T H, Regetz J, Steffan-Dewenter I, Cunningham S A, Kremen C, Bogdanski A,
Gemmill-Herren B, Greenleaf S S, Klein A M, Mayfield M M, Morandin L A, Ochieng A
and Viana B F 2008 Ecology Letters 11(5) 499-515

Munyuli T M B 2011a Journal of Agricultural Sciences 2(3) 318-333

Klein A M, Steffan-Dewenter I and Tscharntke T 2003a. American Journal of Botany 90(1)
153-157

Klein A M, Steffan-Dewenter 1 and Tscharntke T 2003b Journal of Applied Ecology 40 837-
845

Philpott S M and Dietsch T 2003 Conservation Biology 17 1844-1846

Ministry of Trading of Republic Indonesia 2013 Pesona Kopi Luwak. Warta Ekspor (Edition
July 2013 Jakarta)

Zou Y, Jinchao F, Dayuan X, Weiguo S and Axmacher J C 2012 Journal of Resources and
Ecology 3(2) 174-182

Noyes J S 1989 Ecological Entomology 14 (2) 197-207

Lamarre G P A, Baratolo C, Fortunel C, Davila N, Mesones I, Grandez R J, Rios M,
Valderrama E, Vasquez P M and Fine P V A 2012 Ecology 93 S195-S210.

Soerianegara 1 and Indrawan A 2008 [Indonesian forest ecology (Bogor: Forest Ecology
Laboratory. Faculty of Forestry. Institut Pertanian Bogor)

Belavadi V V and Ganeshaiah K N 2013 /nsect pollination manual (New Delhi: Indian council
of Agricultural Research)

Goncalves R B and Oliveira P S 2013 Journal of Insect Biodiversity 1(2) 1-9

Kent M and Coker P 1992 Vegetation description and analysis: A practical approach (London:
Belhaven Press)

Ter Braak C J F 1986 Journal of Ecology 67 (5) 1167-1179

Widhiono I 2015 Biodiversitas 16(2) 196-204

Kato M, Inoue T, and Nagamitsu T 1995 American Journal of Botany 82(7) 862-868

Sasakawa M 1998 Sci Rep Kyoto Prefect Univ Human Environ & Agric 50 49-74

Klein A M., Steffan-Dewenter I and Tscharntke T 2003c Proc. The Royal Society Lond B 270
955-961

Krishnan S, Kushalappa C G, Shaanker R U and Ghazoul J 2012 Journal of Basic and Applied
Ecology 13: 277-285

Al-Dobai S, Reitz S and Silvinki J 2012 Biological Control, 61, 230-239

Borror D J, Triplehorn C A and Johnson N F 1992 An introduction to the study of insects 6rd
ed. (Orlando: Saunders Colege Publishing)

Purwantiningsih B, Leksono A S and Yanuwiadi B 2012 Jurnal Berk Penel Hayati 17 165-172.

Boulter S L, Kitching R L, Howlett B G and Goodall K 2005 Bot J Linn Soc 149 69-84

Leksono S 2007 Descriptif and quantitative approach of ecology (Malang: Bayu Media)

Benia B 2014 Diversity and effectiveness of insect pollinator’s and economic value of
pollination in cucumber (Cucumis sativus) at Cijedil Village, Cianjur, West Java. (Bandung:
Universitas Padjadjaran)

Sulistyani T H 2013 Diversity of butterfly species (Lepidoptera: Rhopalocera) Ulolanang
Kecubung Nature Reserve, Kabupaten Batang (Semarang: Universitas Negeri Semarang)

12



