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ABSTRACT

The Coffee Berry Borer (Hypothenemus hampei Ferarri, 1867) is a serious pest of coffee and
has a wide distribution worldwide, including in Sumatra, Indonesia. During our investigation
on the coffee plantations of Sumatra, we found that H. hampei infested three different species
of coffee (Coffea arabica, C. cenophora, and C. liberica). This study aimed to describe the
morphological variations of H. hampei that infested the three coffee species. The
morphological variations recorded in H. hampei infested on the three species of coffee were:
the number of denticles on the fore legs (procoxae) and hind legs (metacoxae). The result
showed that the number of denticles on procoxae and metacoxae, respectively: are six and four
(in C. arabica), seven and four (in C. cenophora), and seven and three (in C. liberica). The
highest result of the hardness and thickness test of coffee was in C. liberica (236,81 N/Cm2;
2.33 mm).
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ABSTRAK

Penebuk Biji Kopi (Hypothenemus hampei Ferarri, 1867) merupakan perosak kopi yang serius
dan mempunyai taburan yang meluas di dunia, termasuk Sumatera, Indonesia. Semasa kajian
di ladang kopi di Sumatera, kami mendapati H. hampei telah menginfestasi tiga spesies kopi
(Coffea arabica, C. cenophora, and C. liberica). Kajian ini bermatlamatkan untuk
memperihalkan variasi H. hampei yang menginfestasi tiga spesies kopi tersebut. Variasi
morfologi H. hampei telah direkodkan ke atas tiga spesies kopi merujuk ciri ini; bilangan
dentikal ada kaki hadapan (prekoksa) dan kaki belakang (metakoksa). Bilangan dentikal pada
prekoksa dan metakoksa masing-masing, enam dan empat (pada C. arabica), tujuh dan empat
(pada C. cenophora) dan tujuh dan tiga (pada C. liberica). Hasil kekerasan dan ketebalan
tertinggi adalah pada C. liberica (236.81 N/Cm2; 2.33 mm). Walaubagaimanapun, variasi
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morfologi prekoksa dan metakoksa pada tiga spesies kopi tidak berkorelasi dengan faktor
kekerasan dan ketebalan biji kopi.

Katakunci: Penebuk Biji Kopi, morfologi, prekoksa, metakoksa, kopi.
INTRODUCTION

The Coffee Berry Borer, Hypothenemus hampei Ferrari, 1867 (Coleoptera: Curculionidae:
Scolytinae), is a small bark beetle endemic to Africa and nowadays present in most coffee-
producing countries (Vega et al. 2015). Hypothenemus hampei is a well-known seed-feeding
bark beetle and one of the serious pests of coffee (Damon 2000; Vega et al. 2009). This species
is widely distributed worldwide, especially in every coffee-producing region (Vega et al. 2009),
including new records from China (Sun et al. 2020). Economically the most important Coffea
species are one of the most important global commodities, with over 10 million hectares
planted in 80 countries in tropical and subtropical regions (Aristiza bal et al. 2015; Escobar et
al. 2019; FAOSTAT 2015). This species causes serious economic losses affecting worldwide
more than 20 million rural households (Vega et al. 2003). Qualitative and quantitative losses
through larval feeding and oviposition gallery construction by the females (Damon 2000;
Decazy et al. 1989).

The ability of H. hampei to attack coffee berries is strongly influenced by
environmental conditions such as temperature, humidity, altitude, cultivation methods, and
plant varieties (Matiello et al. 2002; Sera et al. 2010). The optimum temperature for H. hampei
beetle development is 20-33°C. At temperatures <15°C or >35°C, female beetles are frequently
fail to broach the coffee cherries. Although able to brood, H. hampei cannot lay eggs (Jaramillo
et al. 2009; Mathieu et al. 2001; Silva et al. 2014). The humidity optimum for H. hampei
development ranges from 90%-95% (Sera et al. 2010). In Indonesia, the H. hampei was
reported for the first time attacking Liberika coffee on Lampegan plantations, West Java, in
1909 due to the entry of coffee from Uganda. The pest then spreads to coffee production centers
(Susilo 2008). Efforts to control H. hampei continue, the application of B. bassiana isolates
can reduce attacks and cause H. hampei death and reduce damage to coffee fruit (Apriyanto et
al. 2016).

This cryptic life history of Coffee Berry Borer inside the coffee berry makes the pest
extremely difficult to control (Brun et al. 1995). The multiple cryptic species were reported in
the name H. hampei by Gauthier (2010). However, the H. hampei complex is extremely
difficult to identify by its external features due to its limited morphological diversity and poorly
defined characters (Wood 1982).

The morphological characters of H. hampei analyzed were the eye, antennae, setae on
the elytra, mandible, pronotum, wings, legs (procoxae, mesocoxae, metacoxae), and the
number of protibial denticles (Bright & Torres 2006; Gomez et al. 2018; Johnson et al. 2022;
Vega et al. 2014). During our investigation on the coffee plantations of Sumatra, we found that
H. hampei infested three different species of coffee (Coffea arabica, C. cenophora, and C.
liberica). This research was conducted on three coffee types in Indonesia: Coffea arabica L.,
C. canephora Pierre ex A. Froehner, and C. liberica var. liberica. In the present study, the
objectives were to determine the morphological variation of H. hampei on three species of
coffee in Sumatra and to investigate the correlation between the morphological variation in H.
hampei with the thickness and hardiness of the coffee berries.
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MATERIALS AND METHODS

Insect Sampling

The study was conducted from June to November 2022. The samples of H. hampei were
collected using an exploratory survey method from Arabica, Robusta, and Liberica coffee
plantations in the following locations of Aceh Province: Bener Meriah district, Pintu Rime
Gayo, Alur Cicin (Arabica coffee plantation, N 04°53'38.8" E 096°44'25.8"); North Aceh
District, Negeri Antara, Alue Dua (Robusta coffee plantation, N 05° 00'07.0" E 096°57'01.8");
Pidie District, Tangse, Blang Malo (Liberica coffee plantation, N 05°05'29.9" E 095°54'06.6").
The specimens examined in this study were female H. hampei with a total of nine individuals.
Each sample is made of several parts of specimen preparations such as procoxae, metacoxae,
antennae, mandibles and wings.

Species Identification

The specimen was examined at the Invertebrate Taxonomy Laboratory, Biology Department,
Faculty of Mathematics and Natural Sciences, Andalas University, Padang, and the Ecology
Laboratory, Biology Department, Faculty of Mathematics and Natural Sciences, Universitas
Negeri Padang. Species determination of H. hampei was made by referring to the original
description by Ferrari (1867) and key to species level by ¢ and images of the type material
provided by the Database of the Bark and Ambrosia Beetles (Atkinson. 2022). Images were
taken by a Canon EOS KissX5 digital camera attached to a Nikon SMZ1270 stereomicroscope.

Measurement of Thickness and Hardiness of Coffee Berry

In this study, we also examined the hardness and thickness of the three types of arabica, robusta
and liberica. The analysis was carried out at the Central Instrument Laboratory of the Faculty
of Agricultural Technology, Andalas University. The tool used to test the hardness of coffee
fruit is Texture Analyzer CT3. The workings of this Teture Analyzer are by pressing or pulling
the fruit sample, through a probe that is in accordance with the desired application. The unit
used to express the hardness value is N/cm2. The tool used for the fruit thickness test is a
vernier caliper. The unit used to express the thickness value is mm.

Photograph of Specimens

Multi-focused montage images were produced using Helicon Focus Pro. (Helicon Soft Ltd.,
http://lwww.heliconsoft.com/) from a series of source images taken by a Canon EOS KissX5
digital camera attached to a Nikon SMZ1270 stereomicroscope. To get a focused image, it is
necessary to take pictures of each specimen generally five to ten times. Artifacts/ghosts and
unnecessary parts (unfocused appendages, insect pins, etc.) surrounding or covering target
objects were erased and cleaned up using the retouching function of Helicon Focus Pro. The
color balance, contrast, and sharpness were adjusted using Adobe Photoshop CS6.

Statistical Analysis

The Spearman-rho correlation is used to test the hypothesis of the relationship between the two
variables (species of coffee, procoxae, metacoxae, and exocarp) and to see the strength and
weaknesses of the relationship and the direction of the relationship between two variables that
are at least on an ordinal scale (de Winter et al. 2016). The Spearman-rho correlation coefficient
equation is stated as follows:
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Information:

Rho: Spearman Rank Correlation Coefficient
d2: Rank squared

n: Number of data (sample)

Determining the level of correlation strength of the calculated variables.
Category:

0.00 -0.25: very low relationship

0.26 -0.50: enough relationship

0.51 -0.75: strong relationship

0.76 - 0.99: very strong relationship

1.00: perfect relationship

RESULTS

The Coffee Berry Borer was collected from three species of coffee plants (C. arabica, C.
cenophora, C. liberica) and confirmed as H. hampei Ferarri, 1867 based on morphological
observation and fit with the identification key provided by Bright & Torres (2006); Vega et al.
(2014). Hypothenemus hampei is distinguished from other species of the genus Hypothenemus
by the following characteristics: frons broad, indistinct frontal groove, or no groove at all;
usually with four marginal asperities; mixed type of setae on pronotum, with some slightly
flattened; pronotum in dorsal view, slightly more narrowly rounded; elytral declivity more
broadly rounded, without a distinct transition from the elytral disc; elytral declivity in lateral
view, more than half of the length of the elytra; elytral disc takes up more than half of the
length; interstrial bristles prominent and in almost perfectly uniseriate rows; interstrial bristles
long, narrow, and slightly flattened; the tip of each bristle square, narrow than the rest of its
length; bristles on the elytral disc longer than those on the declivity (Johnson et al. 2022).

The morphological appearance of H. hampei from three species of coffee plants is
generally similar, including the antennae, mandible, and wings (Figure 1 & 3). However, in
our careful examination of the specimens, we found the following morphological variations
among the populations from three species of coffee plants: the number of denticles on the fore
legs (procoxae) and hind legs (metacoxae) (Figure 2).
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Figure 1. The Coffee Berry Borer, Hypothenemus hampei: A—C, collected in Coffea arabica;
D—F, collected in C. chenopora; G-I, collected in C. liberica. A, D, G, habitus in
lateral view; B, E, H, habitus in dorsal view; C, F, 1, habitus in frontal view

The number of denticles on procoxae and metacoxae is six and four in C. arabica
(A), Seven and four in C. cenophora, and seven and three in C. liberica (B). The characteristics
of the legs can be a rich source of taxonomic and phylogenetic characteristics in the genus
Hypothenemus, such as the protibiae. The Coffee Berry Borer and strong mandibles resistant
to abrasion are needed to construct galleries within the coffee seed, where the females oviposit,
and to feed on the seed. Andersen (2010) discovered heavy metal elements (Zn) in insect
mandibles, which offer hardness and abrasion resistance to the incisors, or the cutting edge of
the mandible.

Antenna identification in this study followed the description of Vega et al. (2014) and

Johnson et al. (2022). The antennae have three to five funicular segments. The antennal club
has sutures marked with setae and a partial septum, visible as a dark line.
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Figure 2. The legs of Hypothenemus hampei: A, B, C Procoxoae; D,E,F. Metacoxae; A, D,
collected in Coffea arabica: B, E, collected in C. cenophora; C, F, collected in C.
liberica (black arrows indicated the variation in numbers of denticles)

Although there are no antennae, mandibula, and wing differences of this species in
the three coffee varieties closest to Sumatra, further studies regarding the mandibular cuticular
elements are needed because each coffee type has different fruit characteristics.
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Figure 3. The Hypothenemus hampei: A, antenna; B, left mandible; C, hindwing

In the present study, the hardness and thickness of the fruits from three coffee species
also was analyzed. The fruits were reanalyzed based on the level of their maturity and colors:
Red (R) for ripe fruit, Yellow () for half-ripe fruit, and Green (G) for unripe fruit. The coffee
weevil, H. hampei, is commonly found in all three types of fruit maturity. However, the
hardness and thickness of the three types of coffee maturity are different (Table 1).
Hypothenemus hampei feeds on and reproduces in the endosperm of the seed of the coffee
berry, burrowing through the exocarp, mesocarp, and endocarp (Sponagel 1994).
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Table 1. The average of the hardness and thickness test of fruits of C. arabica, C. cenophora,
C. liberica based on color red, yellow, and green

Sample Hardness (N/cm?) Thickness (mm)
C. arabica (red) 111.51 1.41
C. arabica ((yellow) 49.97 1.17
C. arabica (green) 125.85 1.38
C. cenophora (red) 93.03 2.05
C. cenophora (yellow) 54.04 1.44
C. cenophora (green) 121.81 1.69
C. liberica (red) 156.07 2.09
C. liberica (yellow) 236.81 2.33
C. liberica (green) 221.1 2.13

The Coffea liberica is the highest result of hardness and thickness among the three
species of coffee fruits (236,81 N/cm?; 2.33 mm), while the lowest is C. arabica with (49.97
N/cm?; 1.17 mm (Table 1). Therefore, we assumed that the morphological variations found in
the Hypotnemus hampei were related to the hardness and thickness of the coffee berries. Suffers
more damage due to its continuous production of flowers and the constant availability of berries
in various stages of development throughout the year.

Based on Spearman's rho test, a correlation coefficient of 0.707* is obtained. This
score means that the number of denticles in procoxae strongly correlates with the type of coffee.
The Star sign (*) means that the correlation is significant at a significant number of 0.01. The
correlation coefficient number is positive, so the relationship between the two variables is
unidirectional; thus, increasing the effect of the number of procoxae denticles on the type of
coffee. The output above is known for its significance or Sig. (2-tailed) 0.03<0.05 means a
significant relationship between the variable number of procoxae denticles and the type of
coffee.

Table 2. Correlation of coffee fruit exocarp hardness against procoxae and metacoxae H.

hampei
Correlation Coffee  Procoxae Metacoxae Exocarp
Species Number  Number Hardness
Spearman's o troe species  CONrEIALON 1 707* 0.612 0.41
rho Coefficient
Sig. (2-tailed) : 0.033 0.08 0.273
N 9 9 9 9
Procoxae Correlation *
number Coefficient 107 . 0 0.369
Sig. (2-tailed) 0.033 1 0.329
N 9 9 9 9
Metacoxae Correlation
number Coefficient 0.612 0 ! 0.274
Sig. (2-tailed) 0.08 1 . 0.476
N 9 9 9 9
Exocarp Correlation
hardness Coefficient 0.41 0.369 0.274 1

ISSN 1394-5130 25



Serangga 2023, 28(3): 19-31. Sitompul et al.

Sig. (2-tailed) 0273 0.329 0.476 .
N 9 9 9 9
DISCUSSION

Hypothenemus hampei is widely considered to be the most devastating pest of coffee and
spread all over the world. The West Indies recorded from Jamaica and Puerto Rico also from
throughout the coffee-producing regions of Africa, Asia, Indonesia, Central America, and
South America (Vega et al. 2002). This species has also been analyzed morphologically and
molecularly by Gauthier (2010) based on specimens found in various locations worldwide, but
the analysis conducted does not include specimens scattered from Sumatra Island. In the
present study, we recorded the Hypothenemus hampei in Sumatera. Uniquely, the species
which is collected from Sumatra have morphological variations. Therefore, the morphological
variations of this species should be important characteristics to support the delimitation of
multiple cryptic species proposed.

The front of H. hampei may have a broad, indistinct frontal groove or no groove.
There are usually four marginal asperities. The setae on the pronotum are mixed, with some
slightly flattened. The shape of the pronotum, viewed from above, is slightly more narrowly
rounded (i.e., more triangular) than the similar Hypothenemus species. The elytral declivity of
H. hampei is much more broadly rounded than in similar species, without a distinct transition
from the elytral disc. When viewed laterally, the declivity takes up more than half of the length
of the elytra, whereas, in similar species, the elytral disc takes up more than half of the length.
As with most Hypothenemus, the interstrial bristles are prominent in almost perfectly uniseriate
rows. The shape of the interstrial bristles, however, is distinctive and differentiates the coffee
berry borer from most other Hypothenemus species. The bristles are long, narrow, and slightly
flattened. The tip of each bristle is square and not much wider than the rest of its length. The
bristles on the elytral disc are shorter than those on the slope. Males are smaller with reduced
eyes (Vega et al. 2014).

The legs, particularly the hind tibia, are useful for distinguishing Hypothenemus from
other genera. Hypothenemus have very few denticles (spine-like structures) on the tibia.
Denticles are only found at the apex (furthest from the body) in Hypothenemus. The shape is
also narrow and straight. Many other genera have denticles that are over one-third or more of
the length of the tibia or flattened with a semicircular margin. This study also supported, that
there are variations in the number of denticles in procoxae and metacoxae in the three types of
coffee in Sumatra. In the study by Johnson et al. (2022) antenna is an important character in H.
hampei. The shape of the antenna is characterized by the presence of a septum and partial suture
with three sutures and a dark-striped septum.

The previous study has visualized and identified the mandibles of H. hampei (Metcalf
et al. 1962; Vega et al. 2017). The mandibles of females were characterized by three denticles.
However, we found no difference in the mandible for this species in three different species of
coffee in Sumatra. In previous research by Metcalf et al. (1962), the shape of the mandible and
maxilla transverse from side to side. Several cuticular elements were detected in the mandible,
including Al, C, Ca, CI, Mg, Na, O, P, and Zn. Zinc, a heavy metal, is only detectable in the
incisors and can provide abrasion resistance. Hypothenemus hampei contains Zn in the
mandible (Vega et al. 2017). The incisors in H. hampei contain the Zn required to reduce
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abrasion, or it is an evolutionary relic of what may have been a previous life history involving
drilling into the bark, as was done by Hypothenemus species (Vega et al. 2015).

The berries of C. cenophora take longer to mature than those of C. arabica, tend to
be infested at an earlier stage of development, and are easier to penetrate, having a thinner and
softer exocarp and endocarp. The berries take longer to mature than those of C. arabica, tend
to be infested at an earlier stage of development, and are easier to penetrate, having a thinner
and softer exocarp and endocarp. The higher temperatures and humidity of the lower altitudes
where robusta coffee is grown also favor the pest (Klein-Koch et al. 1988). Damage caused by
the coffee berry borer commences after adult females bore a hole in the coffee berry and lay
their eggs in galleries built in the endosperm, followed by larval feeding within the galleries.
Consequences of infestation include the abscision of berries, loss in seed weight, and loss in
quality (Duque O. 2000; Duque Orrego et al. 2002; Duque O. & Baker 2003).

Based on the results of the hardness and fruit thickness test of the three coffees. The
results obtained with yellow arabica coffee showed a minimum hardness of 49.97 N/cm2 and
a thickness of 1.17 mm. The yellow liberika coffee showed a maximum hardness of 236.81
N/cm2 and a thickness of 2.33 mm. The values is following the endosperm of fruit infested
with H. hampei in arabica coffee which showed total damage compared to liberica coffee.

CONCLUSION

There was a difference in morphological variations among the populations from three species
of coffee plants: the number of denticles on the fore legs (procoxae) and hind legs (metacoxae).
There was no correlation between the coffee hardness and thickness test with the number of
denticles in the procoxae and metacoxae legs of H. hampei. The results of this study reveal the
diversity of morphological variation of H. hampei on coffee plants in Sumatra. This
information is the basis for determining the handling of H. hampei by stakeholders and other
researchers.
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