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ABSTRACT – Hypothenemus hampei is the main coff ee pest in the Amazon and worldwide. Although coff ee 
cultivation exists in the State of Amazonas, there is no information regarding the behavior of this species 
population in this region of Brazil. Since the Amazon region is a favorable environment for H. hampei, the 
present study aimed to investigate this insect population in the following cultivation systems implanted in 
the municipality of Humaitá, Southern Amazonas: i) coff ee in native forest (CNF), ii) coff ee intercropped 
with cupuaçu and açaí (native Brazilian fruits) (CCA) and iii) coff ee in monoculture (MC). Also, the climatic 
and phenological parameters of the plant were used in relation with the population dynamics of the insect. 
For that, ten baited traps were installed in each fi eld for the monthly sampling of the H. hampei population 
from July/2018 to June/2019. The highest population abundance of the insect was observed during the coff ee 
fl owering season, mainly in monoculture crops, when compared to the other intercropped fi elds. The total mean 
value of the insect population observed in the three environments evaluated was highest in August/2018, with a 
recorded value of 1749. The increase in rainfall indexes occurred simultaneously with a decrease in the insect 
population; this coincides with the end of the fl owering season (October/2018, 161.8 mm) and the beginning of 
grain formation (November/2018, 234.8 mm). The lowest abundance of the insect observed in the coff ee fi elds 
in native forest, with an abundance of 83 (CNF), indicates that the local biodiversity disfavors the population 
size of the pest in the environment. These results suggest that phenological phases of conilon coff ee and the 
infl uence of climatic conditions can result in changes in the population dynamics of the H. hampei. Coff ee 
agroforestry systems are more promising to maintain this population at low levels.                                    

Keywords: Coff ee berry borer; Bioecology; Baited traps.

DINÂMICA POPULACIONAL DE Hypothenemus hampei (COLEOPTERA: 
SCOLYTIDAE) SOB SISTEMA AGROFLORESTAL E MONOCULTIVO DE CAFÉ 

CONILON NO SUL DO ESTADO DO AMAZONAS, BRASIL.

RESUMO – A broca-do-café, Hypothenemus hampei, é a principal praga do cafeeiro na Amazônia e em todo 
mundo. Embora haja cultivo de café no estado do Amazonas, não há informações sobre o comportamento da 
população desta espécie nesta região do Brasil. Como a região amazônica é um ambiente propício para o 
H. hampei, o presente trabalho objetivou investigar a população do inseto em diferentes sistemas de cultivo 
implantadas no município de Humaitá, Sul do Amazonas: i) café em fl oresta nativa (CFN), ii) café consorciada 
com cupuaçu e açaí (CCA) e iii) café em monocultivo (MC). Também, utilizou-se os parâmetros climáticos 
e fenológico da planta para relacionar com a dinâmica populacional do inseto. Para isso, instalaram-se 
10 armadilhas iscadas em cada lavoura para amostragens mensais da população do H. hampei durante 
Julho/2018 a Junho/2019. A maior abundância populacional do inseto foi observada durante a fl oração do café, 
principalmente na lavoura de monocultivo, em relação às demais lavouras consorciadas. O valor médio total da 
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população do inseto observada nos três ambientes investigados é maior no mês de agosto/2018, registrando-
se o valor de 1749. O aumento dos índices pluviométricos ocorreu simultaneamente com a diminuição da 
população inseto, isso coincide com o fi nal da fl oração (outubro/2018, 161.8 mm) e início da granação dos 
frutos (novembro/2018, 234.8 mm). A menor abundância do inseto observada na lavoura sob fl oresta nativa, 
abundância de 83 (CFN), indica que a biodiversidade local desfavorece o tamanho populacional da praga 
no ambiente. As fases fenológicas do café conilon e a infl uência das condições climáticas podem resultar 
em mudanças na dinâmica populacional de H. hampei. Os cafeeiros em sistemas agrofl orestais são mais 
promissores para manter essa população em níveis baixos.

Palavras-Chave: Broca-do-café; Bioecologia; Armadilhas iscadas.

  1.INTRODUCTION 

Coff ee was introduced into Brazil starting with 
the Amazon region, where the fi rst seeds were planted 
in the State of Pará, originating from French Guiana 
(Homma, 2003). Currently, the largest coff ee producer 
in the Amazon region is the state of Rondônia, 
standing out as one of the country's main 'Conilon' 
coff ee producers (Coff ea canephora) (Marcolan 
and Espindula, 2015). Besides that, in some areas 
in southeastern Amazonas, planting coff ee in an 
agroforestry system, as occurs in the municipality of 
Apuí, is already underway (Figueiredo et al., 2016).

Hypothenemus hampei (Coleoptera: Scolytidae) 
remains one of the main problems hindering 
coff ee production, especially in regions with low 
technological standards, like the Brazilian Amazon. 
In addition to the technical aspects, environmental 
conditions that favor the susceptibility of coff ee 
to H. hampei attacks are prevalent (Marcolan and 
Espindula, 2015). These factors favor the progress 
of pest infestation, consequently increasing the 
percentage of infested grains, resulting in an inferior 
product, with a reduction in quality and commercial 
value (Souza et al., 2018).

Environmental conditions can infl uence the 
population density of this pest (Price, 1997). For 
example, borer infestations can be infl uenced by several 
factors such as climate, harvest, shading, spacing and 
altitude (Souza and Reis, 1997). Coincidentally, in the 
context of integrated pest management, knowing the 
distribution, abundance and behavior of this insect can 
be an important tool for designing insect pest control 
(Yadav and Chang, 2014).

Other studies demonstrate that an insect’s 
behavior is dependent on and determined by plant 
phenological stages (Posledovich et al., 2018; 
Gherlenda et al., 2016; Kapkoti et al., 2016; Nielsen 
et al., 2011; Masante-Roca et al., 2007). Likewise, the 

phenology of coff ee plants has implications for the 
H. hampei population, and some studies indicate that 
maximum reproduction and abundance of this species 
occur in specifi c stages of coff ee’s phenological cycle 
(Fernandes et al., 2015; Mathieu et al., 1997). 

There are no previous reports describing the 
population dynamics of H. hampei in the state of 
Amazonas. Highly compromising levels are reported 
in other states in the Amazon region, like Rondônia 
(Souza et al., 2020; Souza et al., 2018; Souza et al., 
2014; Costa et al., 2002). Thus, in order to better 
elucidate the population of this pest in the state of 
Amazonas, the objective of this study was to evaluate 
and report the population dynamics of H. hampei 
using climatic parameters, plant phenology and 
diff erent coff ee planting systems in the Amazonian 
environment. 

Crops in the region surrounding the municipality 
of Humaitá, Amazonas are found on family farms, 
without the application of agricultural inputs and 
adequate management practices. Therefore, the data 
revealed from this research study are important for 
generating information that helps in establishing 
appropriate criteria for integrated pest management, 
allowing for increased coff ee productivity, according 
to the peculiarities of the Amazon region.

Thereby, in this study, the population dynamics 
of H. hampei in the Amazon environment were 
evaluated considering the phenological cycle of coff ee 
(fl owering, grain formation, maturation and rest) and 
climatic variables (temperature, relative humidity and 
precipitation). 

2.MATERIAL AND METHODS

2.1 Study location and description

Monitoring was carried out on three 'Conilon' 
coff ee properties (C. canephora) in the municipality 
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of Humaitá-AM, Brazil. The municipality is located 
on the left bank of the Madeira River, a tributary of 
the right branch of the Amazon River, about 200 km 
from Porto Velho and 675 km from Manaus by the 
BR-319 Highway (Figure 1). 

In the rural area of the municipality, coff ee 
plantations are located in the adjacent area of 
Alto Crato at the coordinates 07°26'52.14”S and 
63º03'56.83” West (Property I, coff ee plantation and 
native forest – CNF), 07°28'14.70”S and 63º02'15.40” 
West (Property II, coff ee plantation and a consortium 
of Amazonian fruit trees (Cupuaçu and Açaí) - CCA) 
and 07° 28'40.62”S and 63º02'28.30” West (Property 
III, monoculture – MC).

The climate in the region is typical for Amazonas, 
that is, a humid or sub-humid tropical climate with, 

according to Köppen, annual rainfall ranging from 
2250 to 2750 mm and a short dry season. The annual 
average temperature varies from 24° C to 26° C; the 
relative humidity of the air, which is quite high, varies 
from 85 to 90%; and the average altitude is 90 meters 
above sea level.

2.2 Collection and experimental design

A sampling of adult insects was carried out 
monthly, on the last Saturday of every month, from 
July 2018 to June 2019. In order to capture the insects, 
impact traps made with two-liter polyethylene (PET) 
bottles were used, with a 12×9 cm rectangular side 
opening. The bottles were painted red; a glass bottle 
(20 ml) was fi xed inside each one with a rubber cap 
perforated with a plastic straw that served as a diff user 

Figure 1 – Location of the three Conilon coff ee plantation properties in the municipality of Humaitá, Amazonas studied during the period 
from July/2018 to June/2019. P1-CNF: coff ee intercropped with native forest; P2-CCA: coff ee combined with cupuaçu and açaí; 
P3-MC: coff ee in monoculture. 

Figura 1 – Localização das três propriedades de lavoura de café Conilon no município de Humaitá, Amazonas estudadas no período de 
julho / 2018 a junho / 2019. P1-CNF: café consorciado com fl oresta nativa; P2-CCA: café combinado com cupuaçu e açaí; 
P3-MC: café em monocultivo.
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for the attractants. The attractant used was ethanol and 
methanol mixed at a 1:1 ratio. At each collecting, the 
traps were washed and more attractants were added to 
the diff users for volume maintenance.

For each coff ee crop, ten (10) traps were 
distributed, totaling thirty (30) traps used in this study. 
The traps were attached to the side of each coff ee 
plant on wooden stakes that were 1.50 m high off  the 
ground. The distribution of the traps was performed 
using an equidistant radius of 15 m from one to the 
next.

Paper fi lters were used to collect the insects 
from the traps. For each collection, the samples were 
properly separated by property, arranged in properly 
labelled folders and transported to the Plant Health 
laboratory of the Institute of Education, Agriculture 
and Environment of the Federal University of 
Amazonas (IEAA/UFAM) for screening and counting.

The phenophases of the coff ee plant were based 
on the chronosequence of the second phenological 
year of C. canephora coff ee, of the varieties ‘Conilon’ 
and ‘Robusta’ (Marcolan et al., 2009).

The meteorological information used was 
obtained from the automatic surface observation of the 
meteorological station in the municipality of Humaitá, 
Amazonas, from the National Meteorological Institute 
– INMET.

2.3 Statistical analysis 

In this study, we consider H. hampei abundance 
to be the number of individuals collected. Point 
estimates and credible intervals of H. hampei 
abundance in each site or plant stage were obtained 
using a Bayesian model. Thus, in order to compute 
the posterior two chains with 10,000 samples, each 
was drawn using the NUTS algorithm. We used the 
fi rst 5,000 samples to fi ne-tune the model. Model 
convergence was inspected visually and using R-hat. 
All analyses and plots were performed using Python 
3.7 and the code were provided as a supplementary 
fi le (S1). 

3.RESULTS

In general, the greatest population abundance 
of H. hampei in the three environments, CCA, 
CNF and MC, occurs during the coff ee fl owering 

period, corresponding to the months of July through 
October/2018 (Figure 2). At the beginning of the 
grain formation period of the coff ee fruits, starting in 
November/2018, a decrease in populations was also 
observed in the three coff ee trees. The population 
increases again between April and May/2019, which 
includes the end of the fruit ripening period and the 
beginning of the rest period. Punctually, the largest 
population of the insect was observed in August/2018 
in the MC and CCA crops, with a monthly average 
of 3,178 and 1,526, respectively. In the CNF crop, 
although there is a population peak in August as 
well, the highest value is registered in the month of 
October/2018, with average of 599 insects. The lowest 
population abundance of H. hampei occurs during 
the months of March and April, which is the period 
when the greatest number of ripe fruits are found on 
the plant. In this phenological stage of the plant, the 
average insect population in the MC, CCA and CNF 
crops was 4.0, 7.4 and 3.5 in March and 4.0, 3.4 and 
5.5 in April, respectively.

The total insect population means in the three 
environments investigated were compared with 
climatic factors (Figure 3A, 3B and 3C). The average 
temperature (ºC) and relative humidity of the air (RH) 
did not vary much throughout the year (Figures 3B and 
3C); however, the rainfall increases sharply starting in 
November (the beginning of the fruit’s grain formation 

Figure 2 – Population dynamics of the coff ee berry borer (H. 
hampei) in the three properties of Conilon coff ee 
plantations: CNF – coff ee intercropped with native 
forest; CCA – coff ee intercropped with cupuaçu and 
açaí; MC –coff ee in monoculture. 

Figura 2 – Dinâmica populacional da broca do café (H. hampei) 
nas três propriedades de café Conilon: CNF: café 
consorciado com fl oresta nativa; CCA: café combinado 
com cupuaçu e açaí; MC: café em monocultivo.
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period) (Figure 3A). The insect population diminishes 
sharply when rainfall increases, coinciding with the 
beginning of fruit grain formation. In the months of 
December/2018, January and February/2019, the 
highest rates of rainfall were recorded in the region, at 
392, 388 and 314 mm respectively.

In general, the lowest averages of total insect 
population were found in March and April/2019, at 
5 and 4, respectively (Figure 3A, 3B and 3C). On the 
other hand, in the dry period, in the months of July, 
August and September/2018, the highest total average 
number of insects is observed, at 445, 1749 and 863, 
respectively. The rainfall index in those same months 
(July to September/2018) were 6.4, 39.8 and 62.4 
mm, respectively (Figure 3A); it can be noted that the 
defi ned dry and rainy periods are evident.

On the other hand, the lowest total population 
averages in the three environments are recorded at the 
end of the rainy season, which includes the months of 
March and April. During this period of the year, the 
total average population in the three coff ee planting 
systems evaluated is only 5 specimens in the month of 
March and 4 specimens in April (Figure 3A).

Figure 3 – Total population dynamics and climatic factors 
of the three coff ee systems: A = Precipitation; B = 
Temperature and C = Relative humidity. The sample 
period corresponds to July/2018 through June/2019, in 
the municipality of Humaitá.  

Figura 3 – Dinâmica populacional total e fatores climáticos 
dos três sistemas de café: A = Precipitação; B = 
Temperatura e C = Umidade relativa. A amostra do 
período corresponde a julho / 2018 a junho / 2019, no 
município de Humaitá.

Figure 4 – Mean abundance of the coff ee berry borer (H. hampei) 
from July/2018 to June/2019 at three Conilon coff ee 
plantations: CNF – coff ee intercropped with native 
forest; CCA – coff ee intercropped with cupuaçu and 
açaí; MC –coff ee in monoculture. (A) Flowering months 
(July, August, September and October); (B) Months of 
grain expansion (November, December and January); 
(C) Months of Maturation (February, March and April); 
(D) Months of rest (May and June), in the municipality 
of Humaitá, Amazonas. Bayesian inference using the 
no-U-turn (NUTS) algorithm. 

Figura 4 – Abundância média da broca do café (H. hampei) 
de julho / 2018 a junho / 2019 em três cafés Conilon 
plantios: CNF: café consorciado com fl oresta nativa; 
CCA: café combinado com cupuaçu e açaí; MC: café 
em monocultivo. ((A) Meses de fl oração (Julho, Agosto, 
Setembro e Outubro); (B) Meses de expansão dos 
grãos (Novembro, Dezembro e Janeiro); (C) Meses de 
Maturação (Fevereiro, Março e Abril); (D) Meses de 
repouso (Maio e Junho), no município de Humaitá, 
Amazonas. Inferência bayesiana usando o algoritmo 
no-U-turn (NUTS).



Botelho JFet al.

Revista Árvore 2021;45:e4524

6

The average temperature oscillation between 
July/2018 and June/2019 was from 25.6 ºC to 27.1 
ºC considering each month respectively, while the 
average humidity levels were between 71% and 79% 
during the fl owering period of the plant. The highest 
relative humidity averages are observed between 
February and April/2018, varying between 84.2 and 
84.4%, which corresponds to the plant’s phenological 
phases of the beginning of fruit maturation and the 
beginning of the rest period (Figures 3B and 3C).

According to the analyzes, the mean abundance of 
H. hampei varies among the plant stages no matter the 
type of system. The highest mean abundance occurs 
during the fl owering stage when the mean abundance 

reaches 1853.6 (Credible interval: 1806,04 – 1903.1) 
individuals in MC; 503.66 (Credible interval: 481.84 – 
525.57) in CCA and 241.91 (Credible interval: 227.18 
– 257.076) in CNF (Figure 4). With this, it was noted 
that at the time of fl owering, there was a signifi cant 
diff erence in the abundance of H. hampei in the coff ee 
monoculture (MC) compared to the other crops.

The abundance of the insect was also compared 
between the diff erent phenological stages of the 
plant for each coff ee crop investigated. The data 
revealed that there are signifi cant diff erences in insect 
populations in MC, CCA and CNF. No matter the 
phenological stage of the plant, MC had the highest 
mean abundance of H. hampei (Mean: 508.84; Cr: 
508.84 - 542.50), followed by CCA (Mean: 172.82; 
Cr: 164.63 - 181.04) and CNF (83.00; Cr: 77.65 - 
88.51) (Figure 5).

4.DISCUSSION

The population dynamics of H. hampei are directly 
related to the phenological stages of coff ee. In general, 
the fl owering period of coff ee is the main factor that 
infl uences an increase in the population abundance of 
this species in the crop. This observation in Amazonas 
is in line with another study that confi rms greater fl ight 
activity of this insect during the fl owering period of the 
plant (Fernandes et al., 2015). Although details about 
semiochemicals from coff ee fl owers that attract H. 
hampei are still unknown, the behavior of H. hampei 
is altered during the period of coff ee fl owering. In this 
context, studies on attractive substances are important 
for the agroecological management of this pest in 
coff ee plantations (Castro et al., 2017). Investigations 
into the interaction of this insect with its host plant are 
noteworthy, along with the emphasis that is given to 
the search for plant semiochemicals that are attractive 
to this pest (Jaramillo et al., 2013; Mendesil et al., 
2009). In summary, the greater fl ight activity of H. 
hampei during the coff ee fl owering period makes clear 
the importance of investigating the volatile attractants 
emanating from its fl owers, especially because the 
changes in the insect's behavior are also related to its 
reproduction and defi ne the population structure in the 
environment. 

In the months of maturation of coff ee fruits 
(March and April/2018), low insect abundance is 
observed, probably because the baited traps capture 

Figure 5 – Abundance of the coff ee berry borer (H. hampei) from 
July/2018 to June/2019 in the four diff erent phenological 
stages of coff ee: (A) Flowering months (July, August, 
September and October); (B) Months of grain expansion 
(November, December and January); (C) Months of 
Maturation (February, March and April); (D) Months 
of rest (May and June), in the municipality of Humaitá, 
Amazonas. CNF – coff ee intercropped with native 
forest; CCA – coff ee intercropped with cupuaçu and 
açaí; MC –coff ee in monoculture. Bayesian inference 
using the no-U-turn (NUTS) algorithm.  

Figura 5 – Abundância da broca do café (H. hampei) no período 
de Julho / 2018 a junho / 2019 nos quatro diferentes 
fenológicos estágios do café: (A) Meses de fl oração 
(Julho, Agosto, Setembro e Outubro); (B) Meses de 
expansão dos grãos (Novembro, Dezembro e Janeiro); 
(C) Meses de Maturação (Fevereiro, Março e Abril); 
(D) Meses de repouso (Maio e Junho), no município 
de Humaitá, Amazonas. CNF: café consorciado com 
fl oresta nativa; CCA: café combinado com cupuaçu e 
açaí; MC: café em monocultivo. Inferência bayesiana o 
algoritmo no-U-turn (NUTS).
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only adult colonizing females in fl ight activity. At 
that time, the fruits are suitable for the construction of 
galleries and oviposition (Mathieu et al., 1997). Thus, 
a large part of the H. hampei population is still in their 
immature form (egg, larva or pupa) within the fruits.

In relation to climatic factors, it was observed 
that the highest population density of H. hampei 
occurs during the months of low rainfall. The average 
temperature and relative humidity values do not have 
sudden variations throughout the year nor do they seem 
to exert much infl uence on the population dynamics of 
the insect in the Amazonian environment. A reduction 
in the H. hampei population was observed starting 
in the month of November when rainfall increases 
sharply. Thus, rainfall was the most relevant climatic 
factor in reducing the insect population in Amazonas. 
This observation is corroborated by other studies that 
demonstrate the interference of rainfall levels in the 
population development of this species (Ferreira et 
al., 2000; Laurentino and Costa, 2004; Oliveira et 
al., 2017; Souza and Reis, 1997). Therefore, rain can 
infl uence the intensity of pest infestation, decreasing 
the rate of infestation in years with precipitation during 
the periods of grain formation and fruit maturation 
(Laurentino and Costa, 2004). Besides that, the sharp 
reduction in the population at the beginning of the rainy 
season must also imply that there are physiological 
changes that occur with H. hampei that makes it enter 
the diapause phase during the fruit granulation period 
(off -season), thus reducing the population at this time 
(López-Guillén et al., 2011; Damon, 2000). 

It was observed that in the coff ee plantation 
implanted within the native forest (CNF) and in the 
coff ee plantation intercropped with cupuaçu and açaí 
(CCA), there is a lower abundance of the insect in the 
coff ee fl owering months and in the other phenological 
stages of coff ee when compared to the monoculture 
coff ee crop (MC), being signifi cantly higher in the 
monoculture system. Some studies have shown that 
environmental factors such as wind turbulence caused 
by the plant community in a given environment 
can aff ect the transport of volatile attractants to the 
receiving insects (Aartsma et al., 2017). Thus, the data 
suggest that the agroforestry system may infl uence the 
shape of the spatial dispersion of the odor of attractants 
to H. hampei from coff ee fl owers, aff ecting the fl ight 
activity of colonizing females, and consequently, the 
population size of the insect. Besides that, it is known 

that agroforestry systems favor ecosystem services. 
For example, this system off ers a greater diversity of 
natural enemies in the community which serve the 
purpose of biological pest control (Harterreiten-Souza 
et al., 2014). 

In all the phenological phases of coff ee, among 
the three coff ee plantations, the population abundance 
of H. hampei is signifi cantly lower in the CNF crop 
compared to the other two. It is noteworthy that the 
CNF crop (coff ee intercropped with native forest), is 
inserted in an environment with greater biodiversity 
in relation to the other two coff ee plantations, MC 
and CCA. Thus, due to the greater biodiversity of the 
environment, the presence of natural enemies favors 
low maintenance of the H. hampei population when 
compared to the other two coff ee planting systems. 
Studies show that the biodiversity of the environment 
enhances the action of several species of natural 
enemies that favor the suppression of the insect 
pest population. The diversity of natural enemies 
in the environment provides a greater food niche 
for this class of organism, resulting in a diversifi ed 
maximization of attacks such as places, moments 
and diff erent stages of life of the insect pest (Snyder, 
2019). This fact explains the signifi cant diff erence in 
the H. hampei population between the three coff ee 
cultivation systems, with a greater abundance of 
the pest in the monoculture system (MC) and the 
plantation system with native forest (CNF) showing 
less abundance of the pest.

As previously mentioned, never before has any 
type of study been done on H. hampei population 
dynamics and behavior in coff ee crops in this region 
of Brazil. This fact converges with strategic ideas 
that can be used as alternative ways of managing the 
species in this Brazilian Amazonian region.

5.CONCLUSION

The largest population peaks of H. hampei in 
coff ee plantations in the Amazon environment are 
recorded in the coff ee fl owering period and during 
the dry period of the year. The greater population 
abundance of the insect in monoculture (MC) 
demonstrates that this type of system favors the pest 
population. The high rainfall in the environment 
resulted in low population density of the coff ee berry 
borer. Studies on the bioecology of H. hampei in 
diff erent types of planting systems are important for 
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future implementations of integrated management 
programs for this important pest considering the 
peculiarities of the Amazonian environment.
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