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Abstract— Insect pollinators is one of the important factors in the cross-pollination of coffee flowers, which affects the coffee fruit set. 
However, there is still a limited understanding of how shade trees in the coffee ecosystem affect insect pollinators. The purpose of this 
study was to obtain information on the effect of climate variations at different shading levels in the coffee ecosystem to the population 
and diurnal activity of insect pollinators. The shade levels are categorized in three ways, namely high shade, low shade, and open 
shade. The observation was conducted at the time when the flower blooms with sample units a flower in two coffee branches. Insect 
pollinators that show feeding behavior in coffee flowers were recorded in the morning, while the diurnal activity of each species 
pollinator was observed in the morning, midday, and afternoon. The study showed five species of insects belonging to three families 
and two orders, Hymenoptera and Lepidoptera that showed feeding behavior on coffee flowers. Apis cerana and Apis mellifera were 
the dominant pollinators of coffee flowers. The difference in shade levels did not affect pollinator species to visit coffee flowers, but 
their population tends to decrease in the open shade, except Apis cerana. The peak of diurnal activity of insect pollinator recorded in 
the morning decreased at midday and showed an increase slightly in the afternoon until the end of the diurnal activity. An increase of 
temperature may significantly decrease the number of pollinators that visit coffee flowers, while humidity and light intensity showed 
no significant effect. 
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I. INTRODUCTION 

Coffee (Coffea sp.) is one of the essential trade 
commodities, which places Indonesia as the fourth largest 
coffee exporter in the world, after Brazil, Vietnam, and 
Colombia [1], [2]. However, coffee production and exports 
from Indonesia often fluctuate [2], [3], because coffee 
cultivation practices have not been carried out intensively. 
One aspect of agronomic practice that needs a concern in 
coffee cultivation is the management of shade trees. The 
shade trees in the coffee ecosystem play an essential role in 
establishing the climatic factors that influence the increase in 
coffee productivity [4]–[7] and even the quality of coffee 
beans, especially caffeine content [8], but still poor 
management in Indonesia. The high productivity of coffee 
needs to be supported by a favorable environment that 
protects it from light intensity [6] and extreme temperatures. 
The shade trees serve to reduce the maximum and minimum 
temperatures, humidity, as well as light intensity [9]. Thus, 
microclimate factors are more established and favorable for 
coffee growth. 

 On the other hand, the pollination of coffee flowers is 
also an important key to increase coffee productivity [10]. 
The number of coffee bean yields may increase in line with 

the higher diversity and abundance of insect pollinators that 
visit during the blooming flower season [11]–[14], even 
increased by more than 50% compared to if only pollinated 
by the wind [15]. Biodiversity pollinators improve yields by 
30% [14], those crop management strategies to conserve 
pollination services on a farm is needed. However, strategies 
to improve coffee flower pollination by encouraging 
environmentally friendly of insect pollinators on the coffee 
ecosystem in Indonesia are limited; meanwhile, the insect 
pollinators on a coffee flower may become very diverse. 
Insect pollinators belong to the order of Hymenoptera, 
Diptera, and  Coleoptera in Mexican coffee plantation [13]. 

The relationship between shade trees and pollinator 
insects has not been studied in detail. Coffee shade trees also 
play an essential role in the life quality of insect pollinators. 
The total nitrogen content in coffee flower pollens protected 
by the shade is higher than that in coffee pollens that are 
exposed to light intensities [16].  The Nitrogen content in 
pollen may increase the life quality of insect pollinators for 
the sufficiency of their feed nutrition. Despite these benefits, 
there is still a limited understanding of how shade trees 
affect climate factors, as well as insect pollinator behavior. 
The coffee shade trees influence the climate factors, i.e., 
temperature, humidity, and light intensity around coffee 
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[17], which may also influence the behavior and population 
of insect pollinators. 

Therefore, it is essential to study the lack of a clear 
understanding of how interactions between shade trees of the 
coffee ecosystem and the population of insect pollinators. It 
is also vital to study regular activities in tropical climates, 
such as in Indonesia, needs to be studied. The objective of 
this study was to obtain information how the effect of 
variations in climatic factors (temperature, relative humidity, 
and light intensity) on different levels of coffee shade to 
pollinator populations and diurnal activity. The information 
on the relationship between shade trees and insect 
pollinators is vital to manage shade trees in coffee 
plantations, which will provide benefits, both for the growth 
of coffee and insect pollinators to increase coffee bean yield. 
This research also support as suggest to anticipation related 
to adaptation in climate change [18], in order to establish of 
coffee productivity. 

II.  MATERIALS AND METHODS 

A. Study Sites 

The study was conducted at the Tlogo Plantation, 
Tuntang, Semarang Regency, Central Java, Indonesia, which 
is located 110° 28 '11" East and 7° 15 '56" South, with an 
altitude of 480–600 m above sea level. The minimum daily 
temperature was 28°C and maximum at 34°C, and the 
rainfall ranges from 1500–2800 mm/year. The coffee variety 
is Robusta (Coffea canephora Pierre ex A.Froehner) and the 
shade trees are white lead trees, Leucaena leucocephala 
(Lamk.) De Wit. and sunshine trees (Erythrina variegate L.).  

B. The Category of Coffee Shade and Weather Conditions 
Under Study 

Measured microclimatic factors, namely temperature, 
humidity, and light intensity for each coffee shade condition 
(high shade, low shade, and open shade) were conducted to 
identify each difference at the ground level. Measured 
temperature within the tree crown, relative humidity at 1 m 
above ground, and light intensity at the surface of coffee 
branches flowers (about 1.5). Data on temperature and 
relative humidity were collected by using a mobile digital 
thermo-hygrometer and light intensity was recorded by using 
a portable lux meter (HI 97 500; digital light-gauge range: 
0.1–199.9 Klux) at a distance of about 1,5 m from the 
ground [19].  

The weather conditions of coffee shade were categorized 
in three ways: 
• High Shade: (1) Maximum temperature 28.8°C, 

minimum 24.4°C, average 27.7°C; (2) Maximum 
humidity 75%, minimum 59%, and average 65% (3). 
Maximum light intensity 16,855 Lux, minimum 3,205 
Lux, and the average of 11,891 Lux. 

• Low Shade: (1) Maximum temperature 28.7°C, minimum 
24.5°C and average 28.6°C; (2) Maximum humidity 
71%, minimum 56%, and average 62% (3). Maximum 
Light Intensity 24,133 Lux, minimum 4,590 Lux and 
average 18,742 Lux. 

• Open Shade: (1) Maximum temperature 30.3°C, 
minimum 26.6°C and average of 29.1°C; (2). Maximum 
humidity 67%, minimum 58%, and average 63%; (3) 

Maximum light intensity 27,772 Lux, minimum 9,925 
Lux, and average 20,456 Lux. 

C. Insect Pollinator Population 

To assess the population of insect pollinators, 20 plants 
were randomly selected at each site of shade category, 
namely high shade, low shade, and open shade. Sample 
points were selected randomly of each site of shade category 
and selected the nearest plant for the next point. On each 
selected plant, the insect pollinators were recorded on two 
branches to perform observations of pollinator population, as 
well as the kinds of insect pollinator [20]. Observations of 
pollinators recorded visually in the morning, between at 
07.30–09.30 a.m., during the bloom of a coffee flower, in 
line with their activity. The population abundance of each 
pollinator species was recorded on two minutes per each two 
branches sample unit by adopting a scan sampling method. 
The pollinator only considered as insects those floral visitors 
that contacted the sexual parts of the coffee flower and 
showed feeding activities. All pollinators were identified by 
using the key determination of insects.  

D. Effect of Climate Factors 

Measured microclimatic variables specific, including 
temperature, humidity, and light intensity, were carried out 
at the ground level (see II B). Meanwhile, each species of 
insect pollinator population was observed visually, like the 
procedure of II C. The population abundance of each 
pollinator species was recorded on two minutes per each two 
branches sample units. The perform observations of the 
population were carried out sequentially on the same day at 
all condition levels of shade trees to identify their 
relationship to microclimatic variables of temperature, 
humidity, and light intensity. 

E. Diurnal Activities of Insect Pollinators 

Diurnal activity of each species insect pollinator was also 
recorded on 20 plants randomly selected at each site of 
shade category, namely high shade, low shade, and open 
shade. On each selected plant, two branches of coffee were 
selected as a sample unit, modification of branch number 
[20], to record the pollinator activity. The perform 
observations of pollinator activity were carried out 
sequentially on the same day, i.e., in the morning (07:30 
a.m. to 09:30 a.m.), midday (11:30 a.m. to 13:30) and 
afternoon (14:30 to 17:00), during the bloom of coffee 
flower to identify their diurnal activity of each species. Each 
species pollinator activity was recorded on 2 min per two 
branches sample. 

F. Data Analysis 

Data population of insect pollinators each at high shade, 
low shade and open shade were tested for normality and 
transformed as needed  [21], and presented as an arithmetic 
± standard deviation in histogram using Excel 2013 
(Window 10). Simple regression and simple correlation were 
estimated for the average population of insect pollinators 
and abiotic factors, viz. temperature, humidity, and light 
intensity, similarly the method [22], by using SPSS software 
(10.0J) for statistical analysis. Data on the diurnal activity of 
insect pollinators in high shade, low shade, and open shade 
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are presented in graphics using Excel 2013 (Window 10) to 
identify its effect. 

II. RESULTS AND DISCUSSION 

A. Species and Populations of Insect Pollinator 

The research identified that coffee flowers were visited by 
five species of insect pollinators belonging to six genera, 
three families, and two orders of Hymenoptera and 
Lepidoptera. The insect pollinator recorded show feeding 
behaviors on coffee flowers. Two families in the 
Hymenoptera are Apidae and Halictidae, while one of the 
Lepidoptera orders is Pieridae. There are three species of the 
Family of Apidae, namely Apis cerana, Apis mellifera and 
Xylocopa pubcens, while the Halictidae recorded one species 
of Lasioglossum spp. Meanwhile, Colias hyale from the 
Family Pieridae. The (Lepidoptera) also showed feeding 
activity on coffee flowers C. hyale (Pieridae: Lepidoptera) is 
an herbivorous insect but is not recorded as a coffee pest. 
The species and population of insect pollinators that visit 
coffee flowers are shown in Table I. 

The honey bees and wild bees (Hymenoptera) are known 
to play an important role in plant pollination [23] as well as 
on C. arabica and C. cenophora [20], [24]. Meanwhile, the 
butterfly (Pieridae: Lepidoptera), showed feeding behavior 
on coffee flowers, but their essential role as a coffee 
pollinator have not been reported in detail or may be a minor 
pollinator. 

This study showed that the level of shade conditions in 
coffee (high shade, low shade, and open shade) did not 
affect insect pollinator species to visit the coffee flowers. 
The differences in shade conditions, as well as climate 
factors in the coffee ecosystem at the case of study site, have 
not disturbed the insect pollinator species to visit coffee 
flowers. 

 The study also showed that the population of insect 
pollinators of coffee flowers tends to decrease in the more 
open shade. The population of A. mellifera, X. pubcens, 
Lasioglossum spp., and C. hyale decreases with the open 
shade condition, except for A. cerana, which is not affected 
by the differences in shade levels. Manyuli [20] also 
recorded that a high shade conditions lead to the increase in 
the number of bee visits to coffee flowers 

Vergara and  Badano [13] show that the diversity of insect 
pollinators may be influenced by the management system 
implemented in coffee plantations. The diversity of insect 
pollinators species in rustic or traditional shade coffee with a 
high diversity of shade trees are 12 species, higher than four 
species of pollinators in coffee plantations under individual 
shade trees. The two specialized of shaded tree species in 
this coffee plantation, namely L. eucocephala and E. 
variegate may lead to low diversity of insect pollinator 
species. Unfortunately, this study did not record the effect of 
shade trees to the species diversity of wasp parasitoid 
(minute Hymenopteran) group, which also frequently visit 
the flowers, but not reported yet as an important pollinator. 

 
TABLE I 

THE SPECIES, POPULATION OF INSECT POLLINATORS DURING BLOOM OF COFFEE FLOWERS 

 
Ordo 

 
Family 

 
Genera 

 
Species Coffee Shade Trees /Population per branch/2 min. 

High Shade Low Shade Open Shade 

Hymenoptera 
Apidae 

Apis 
Apis cerana F. 5.29 ± 1.43 5.00 ± 2.19 3.57 ± 0.95 

Apis mellifera K. 3.29 ± 1.03 1.50 ± 0.54 2.71 ± 0.93 

Xylocopa Xylocopa pubescens S. 0.14 ± 0.08 0.32 ± 0.17 0.29 ± 0.08 

Helictidae Lasioglossum Lasioglossum sp. 0.14 ± 0.08 0.71 ± 0.10 0.14 ± 0.14 

Lepidoptera Pieridae Colias Colias hyale L. 0.57 ± 0.25 0.26 ± 0.19 0.43 ± 0.43 

 

B. Proportions of Abundance of Each Species in Pollinator 
Assemblages 

The diversity of insect pollinator species in all shade tree 
conditions was not different, but their abundance may be 
affected by shade conditions. The Proportion of the 
abundance of insect pollinators on the bloom of coffee 
flowers under different shade tree conditions is shown in 
Fig.1. Overall, the proportion of abundance of insect 
pollinator assemblages in high shade is 38%, higher than 
abundance in low shade (31%), and an open shade (31%). 
This showed that shade trees tend to increase the visit of 
insect pollinators in coffee flowers than coffee without shade 
trees. Coffee shade trees, however, may provide a suitable 
environment for insect pollinators to visit. This shows how 
important shade trees to conserve the ecosystem of coffee to 
increase coffee pollination to establish the yield of coffee 
beans. This is due to the overall effect of the different 
interactions between shade trees which depend upon in site 
conditions (soil/climate), a component of species or 

varieties, below ground and above ground characteristics of 
the shade trees and coffee [13].  Studies related to this topic 
in Indonesia are limited, therefore more detailed studies 
related to the role of shade trees are needed. 

 

 
Fig.1. Proportions of the abundance of insect pollinators on bloom of coffee 
flowers under different shade tree conditions 

38%

31%

31%

  High shade

  Low shade

  Open shade
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Among the five pollinator species recorded on a coffee 
flower, honey bee A. cerana and A. mellifera are the 
dominant species in the high shade, low shade and open 
shade. The proportions of each species of pollinator 
assemblages on bloom of coffee flowers under different 
shade tree conditions is shown in Fig.2.  

The proportions of each species in pollinator assemblages 
in all three shade conditions was recorded: A. cerana (53% 
in high shade to 64% in low shade) and A. mellifera (21% in 
the open shade to 36% in high shade), while other species of 
X. pubescens, Lasioglossum sp. and C. hyale were less than 
10%. The higher proportion abundance of A. cerena in 
coffee plantations without shade trees due to the low of A. 
mellifera visiting coffee under the open shade. Similarly, 
Apis mellifera is recorded as the dominant species (more 
than 80% of pollinator assemblages) under the different 
shade trees management systems in Mexican coffee 
plantations [13].  

 

 
 

Fig. 2. Proportions of each species of pollinator assemblages on the bloom 
of coffee flowers under different shade tree conditions 
 
C. Effect of Climate Factors 

Based on simple linear regression and correlation analysis 
between the population of insect pollinators and 
temperature, showed a negative correlation and significant 
(y = −0.430x + 33.634 by value of R² = 0.609; r: −0.54; P < 

0.005). The regression analysis between the population of 
insect pollinators and the temperature is presented in Fig. 3.  

The negative (r: −0.54, P value < 0.05) of correlation 
coefficient showed that the average population of insect 
pollinators decreased by increasing temperatures in coffee 
ecosystem. The different results [22], recorded that 
Hymenopteran pollinators, viz. A. mellifera A. cerana, 
Lasioglossum sp., Xylocopa sp. were positively correlated 
with temperature. The geographical position of the study site 
which is located 34 ° 5 ′ 24 ″ N, due to the different 
responses of these pollinator insects. This shows that 
establishing the temperature of the coffee ecosystem need to 
consider the geographical position. 

The positive correlation between the population of insect 
pollinator and temperature (in the tropical ecosystem), 
indicates that the presence of shade trees is important for 
establishing favorable temperatures in the coffee ecosystem. 
The negative effect of temperature in the coffee ecosystem 

on insect pollinator populations is an important result related 
to management strategies the existence of a shade tree in the 
coffee ecosystem. Rasiska and Khairullah [26] also reported 
that shade trees in the coffee ecosystem establish the 
temperature and are beneficial to pollinator activities. 

 

 
Fig. 3. Relationship between population of insect pollinator on coffee 
flower and temperature 

 
Meanwhile, the simple linear regression and correlation 

analysis of   relative humidity to average populations of 
insect pollinators showed a tendency to increase but was not 
significant (y = 0.0145x   0.398 by value of R² = 0.757; r: 
0.32; P > 0.005). The regression analysis between the 
population of insect pollinators and relative humidity is 
presented in Fig. 4.  

 

 
 

Fig. 4. Relationship between the population of insect pollinator on the 
coffee flower and relative humidity. 

 
The positive correlation coefficient showed that the 

average population of insect pollinators increased but not 
significant by increasing relative humidity in the coffee 
ecosystem. The difference or variation of relative humidity 
at the study site ecosystem may not significantly affect the 
activity of insect pollinators. This relative humidity 
influences the flight activity of pollinator insects [29]. Altaf 
et al. [22] also noted that the activity of pollinators 
Hymenoptera and Lepidoptera was negatively correlated 
with relative humidity. Further research with more variation 
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in shade levels with different humidity levels is needed to 
confirm the results of this study to achieve a suitable 
humidity level for visits and pollination activities in coffee 
flowers. 

The regression and correlation analysis of the effect of 
light intensity showed that the population of insect 
pollinators slightly decrease by increasing light intensity, but 
the correlation was also not significant (y = −0.4297x + 
33.634, by the value of R² = 0.6089; r: −0.22; P > 0.005). 

The regression analysis result between the population of 
insect pollinators and light intensity is presented in Fig. 5.  

The difference and variation of light intensity at the study 
site may not significantly affect the activity of insect 
pollinators to visit the coffee flower. However, relative 
humidity and light intensity affect insects, although the 
intensity of light affects their flight activity [29]. Light 
intensity, however, may not be a good attribute factor for the 
community of insect pollinator on coffee plantations, and 
their activity was positively correlated with the light 
intensity [22]. The light intensity may directly affect on the 
temperature of the ecosystem, thus establishing the light 
intensity is as essential as establishing temperature in the 
coffee ecosystem. Overall, the shade trees may contribute to 
an increase in the population of insect pollinators by 
establishing climate factors in the coffee ecosystem. Studies 
of interactions between climate factors and insect pollinators 
are still needed for anticipation and adaptation to climate 
change [27].   

 

 
Fig.5. Relationship between the population of insect pollinator on a coffee 
flower and light intensity 

D. Diurnal Activities of Insect Pollinators in Coffee Flowers 

In general, the diurnal activity of insect pollinators, in 
coffee flowers during the blooming season, shows 
fluctuations, a rapid increase in the morning (07: 00-09: 00 
a.m.) as well as the peak diurnal activity. At midday (11:00 
a.m.–01:00 p.m.), the diurnal activity of insect pollinators 
decreased rapidly and then tended to increase slightly in the 
afternoon until the end of the diurnal activity. There is a 
difference in the diurnal activity of insect pollinators in 
coffee flowers. The diurnal activity of insect pollinators may 
increase by increasing the temperature and sunshine hours in 

the morning and decreasing due to an increase in high 
temperature and light intensity at midday, except X. 
pubescens, Lasioglossum sp. and C. hyale that slightly 
fluctuate due to low population. 

The abundance of insect pollinator populations may be 
related to the diurnal activity. Bee pollinators, both A. 
cerana and A. mellifera, which were recorded with high 
population abundance (Table 1.), showed higher fluctuations 
of diurnal activity than X. pubescens, Lasioglossum sp. and 
C. hyale which low population abundance. The increased 
diurnal activity of insect pollinator also follows an increase 
of light intensity as well as temperature in the morning; then 
its activity decreases at the peak of increased temperature 
and light intensity in middy. However, the decrease in 
temperature and light intensity in the afternoon only slightly 
increases the diurnal activity of insect pollinators and lower 
than in the morning. Whether the high activity of insect 
pollinator, especially bees (Hymenopteran) in the morning 
related to the temperature or nectar flow in flowers or other 
factors needs to be studied. The diurnal activity of insect 
pollinators on coffee flowers under the different levels of 
coffee shade are presented in Fig. 5, 6 and 7. 
 

 
Fig. 6. The diurnal activity of insect pollinators under the high shade in the 
coffee ecosystem 
 

 
Fig. 7. The diurnal activity of insect pollinators under the low shade in the 
coffee ecosystem 
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Fig. 8. The diurnal activity of insect pollinators under the open shade in the 
coffee ecosystem 

 
This study showed that the diurnal activity of pollinator 

bees, especially A. cerana is influenced by the condition of 
shade trees, namely the activity in midday (figure 6, 7, 8). 
The activity of A. cerena to visit coffee flower during the 
midday in the high shade is higher than at the same time in a 
more open place (open shade). The daily activity of bee 
pollinators, as social insects, is mainly related to activities 
such as the collection of pollen and nectar for their colonies. 
This is different from solitary pollinators such as 
Lepidopteran and Dipteran which only feed themselves. 

Each kind of insect pollinator may also have different 
responses to climate factors changes, viz. temperature, 
humidity, and light intensity during the morning to evening. 
The effect of climatic factors on insect pollinators have been 
reported by some scholars [22], [29]–[30],  which shows 
variations in the response patterns of activity and abundance 
of insect pollinators to temperature, light intensity, and 
relative humidity.  Altaf et al. [22], for instance,  reported 
that the peak of diurnal activity of Hymenopteran and 
Lepidopteran pollinators was recorded at noon between 
12:00–14:00 p.m., in contrast to this study. This difference 
may be due to geographical position or altitude, which 
causes differences in temperature and sunshine hours.  

Overall, the factors of geographical position, differences 
in sunshine hours, altitude, and shade trees may influence 
the time of temperature change, and the light intensity that 
are responded to insect pollinators. Therefore, studies related 
to the effect of microclimate factors in coffee ecosystems to 
diurnal activity may differ according to geographical 
position, altitude, including shade trees. This information is 
important to anticipate climate change to encourage the role 
of insect pollinators in the coffee production system in the 
future. 

IV.  CONCLUSION 

The differences of shade conditions in the coffee 
ecosystem did not affect species of insect pollinators that 
visit coffee flowers, but the population tends to decrease in 
the more open shade. Honey bees, A. cerana, and A. 
mellifera are the dominant species in all shade conditions. 
The study also recorded that the insect pollinator population 

decreased significantly by increasing temperatures, while the 
effects of relative humidity and light intensity were not 
significant. The shade trees may contribute to increasing the 
population of insect pollinators by establishing the climate 
factors in the coffee ecosystem. The diurnal activity of insect 
pollinators in coffee flowers showed an increase quickly in 
the morning, decreases rapidly at midday, and slightly 
increases in the afternoon until the end of the activity. The 
shade trees in the coffee ecosystem play important roles in 
encouraging the abundance and the diurnal activity of insect 
pollinators; thus, the existence in the coffee production 
system is needed. Management strategies related to the 
existence of shade trees in the coffee ecosystem are also an 
important part in anticipating climate change in the future 
coffee production system. 
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