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Abstract

The aim of this paper is to review the potential effect of climate change on dynamics of coffee berry
borer and to generate information for researches concerned on it. Coffee (Coffea arabica L.), which
is originated in Ethiopia, is the backbone of the country’s economy. It accounts for 70% of the for-
eign exchange earning, 10% of the government revenue and employs 25% of the domestic labor
force. There are four coffee production systems in Ethiopia such as modern plantation, gardens,
semi-forest and forest coffee. Among the major factors limiting increased Coffee production glo-
bally are losses due to pests and estimated to be 13% worldwide. Over 47 species of insect pests
are recorded on Coffee in Ethiopia. Among which Antestia bug, Antestiopsis intricate, A. facetoids
and Coffee blotch miner, Leucopteracaffeinia are the major ones inflicting considerable damage as
well as insect pests such as Coffee berry borer, Hypothenemus hampei, Coffee thrips, Diarthroth-
ripscoffeae, green scale, Coccusalpinus and Coffee cushion scale, Stictococcusformicarius, are po-
tentially important insect pests in Ethiopia. In addition to pest constraints, Africa are expected to
be placed under considerable additional stress by climate change. This is of particular importance
for crops such as coffee, which serves as the economic foundation for many countries in the trop-
ics. The Greater Horn of Africa is among the most vulnerable regions to the impacts of climate va-
riability and change. Smallholder coffee farmers are more vulnerable to it, because of various con-
straints negatively affecting their livelihoods. Climate-induced stress may render plants more
vulnerable to opportunistic herbivores. Before 1984, temperatures in the Ethiopian highland’s
coffee growing regions were cool enough to keep the coffee berry borer in check. However, rising
temperatures have enabled several generations of beetles per coffee season. While surveys in
1967 did not show any evidence of coffee berry borers, those conducted in 2003 found that the
beetle was widespread in Southwestern Ethiopia. The rise in temperatures and infestation of cof-
fee berry borers may already be affecting Ethiopian coffee crops. From 2002 to 2009, coffee yields
plunged by nearly 35 percent. Rising temperatures are threatening the nation’s coffee crops by
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enabling infestations of insect pests that decrease the quality and yield of coffee berries. Thus, the
frequency and severity of climatic extremes are increasing and making adaptation an absolute
necessity through using current information on climate variability to develop long term plans for
managing coffee berry borer via reducing the vulnerability of Ethiopian coffee growers.
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1. Introduction

Coffee (Coffea arabica L.), which is originated in Ethiopia, is the backbone of the country’s economy. It ac-
counts for 70% of the foreign exchange earning, 10% of the government revenue and employs 25% of the do-
mestic labor force [1]. The Ethiopian economy depends heavily on coffee production. Coffee exports accounted
for 21 percent of the country’s export income in coffee in 2010, compared with an average of 65 percent in the
1990s, before a global decline in coffee prices [2].

Seventy percent of the coffee is produced as garden coffee by small farmers, 25% is collected in forest and
semi-forest coffee systems, and merely 5% is plantation coffee [3]. Arabica Coffee grows under very diverse
environments including altitude (550 - 2600 m), annual rainfall (1000 - 2000 mm) [3]. Major and medium grow-
ing woredas contain an estimated 800,000 coffee farmers with approximately 520,000 ha under coffee, of which
63.3 percent is in Oromiya, 35.9 percent in SNPP and 0.8 percent in Gambela. Smallholder producers are re-
sponsible for about 95 percent of production, while state-owned plantations account for 4.4 percent and private
investor plantations 0.6 percent [4].

Among the major factors limiting increased Coffee production worldwide are losses due to pests (insects,
disease, nematodes and weeds), both indigenous and exotic. Insect pests are the most serious and the most nu-
merous, with over 900 species having been recorded [5]. Among which Antestia bug, Antestiopsis intricate, A.
facetoids and Coffee blotch miner, Leucopteracaffeinia are the major ones inflicting considerable damage. On
the other hand, insect pests such as Coffee berry borer, Hypothenemus hampei, Coffee thrips, Diarthrothrips-
coffeae, green scale, Coccusalpinus and Coffee cushion scale, Stictococcusformicarius, are potentially important
pests in Ethiopia [6].

According to FAO [7], agricultural production and the biophysical, political and social systems that determine
food security in Africa are expected to be placed under considerable additional stress by climate change. The
term global change embraces a range of natural and anthropogenic environmental changes. According to Inter-
governmental Panel on Climate Change, it is defined is as “Change in climate over time, either due to natural,
the aspect of population ecology dealing with factors variability or as a result of human activity”. A 10% - 20%
decline in overall global crop yields is predicted by 2050 IPCC [8]. This is of particular importance for crops such
as coffee, which serves as the economic foundation for many countries in the tropics. Smallholder coffee farmers
are vulnerable to climate change because of various constraints negatively affecting their livelihoods [9].

Warming temperatures, combined with past declines in world coffee prices, are threatening Ethiopia's coffee
industry—a serious concern, given its importance to the nation’s economy. From 1979 to 2005, the Ethiopian
highlands saw a warming of about 0.70°F - 1.17°F (0.39°C - 0.65°C) [10]. The Arabica coffee grown in Ethiopia
and Latin America is an especially climate-sensitive crop. It requires just the right amount of rain and an average
annual temperature between 64 degrees Fahrenheit and 70 degrees Fahrenheit to prosper. Besides affecting the
growth of coffee plants, warmer temperatures are also expanding the range of one of the world’s most significant
coffee pests: The coffee berry borer [11].

Before 1984, temperatures in the Ethiopian highland’s coffee growing regions were cool enough to keep the
coffee berry borer in check. Since 1984, however, rising temperatures have enabled several generations of beetles
per coffee season [11]. While surveys in 1967 did not show any evidence of coffee berry borers, those conducted
in 2003 found that the beetle was widespread in southwestern Ethiopia [12]. Now, there is evidence that a
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warming climate may be linked to one of the major threats facing the coffee industry in Ethiopia and elsewhere
[13].

The rise in temperatures and infestation of coffee berry borers may already be affecting Ethiopian coffee crops.
From 2002 to 2009, coffee yields plunged by nearly 35 percent [14]. Rising temperatures are threatening the na-
tion’s coffee crops by enabling infestations of insect pests that decrease the quality and yield of coffee berries [15].
Recent scientific evidence suggests that the frequency and severity of climatic extremes is increasing, making
adaptation an absolute necessity. Adaptations such as diversifying crops [16] and using recent information on
climate variability to develop long term plans for managing them may help reduce the vulnerability of Ethiopian
coffee growers to continued changes in temperature and rainfall. Therefore, this paper is prepared to review the
potential effect of climate change on dynamics of coffee berry borer and to generate information for researches
concerned on it.

2. Coffee Production Systems in Ethiopia

Ethiopia is the primary center of origin and genetic diversity of Coffee (C. Arabica L.). Arabica Coffee grows
under very diverse environments including altitude (550 - 2600 m) and annual rainfall (1000 - 2000 mm). There
are four types of coffee production systems in Ethiopia: forest coffee, semi-forest coffee, garden coffee and plan-
tation coffee. These four production system mainly due to varying level of plants associated with coffee, nature
of coffee tree regeneration and human intervention in coffee production system [3].

Forest with wild Arabica Coffee populations occur in the southeastern and southwestern highlands of Ethiopia
mainly at altitudes between 1000 and 2000 m.a.s.l. [17]. By far the greatest amount of coffee in Ethiopia is de-
rived from spontaneous forest coffee. Forest coffee accounts for about 10% of the total coffee production in
Ethiopia [18].

Semi-Forest Coffee production system is also found in the Southern and South-Western parts of the Country.
Farmers thin and select forest trees so as to let in adequate sunlight to the coffee trees and still provide adequate
shade. Farmers slash the weeds once a year to facilitate harvesting of the coffee beans. This system accounts for
about 35% of the coffee production [18]. Coffee trees under this category are managed with little cultural prac-
tices, such as weeding and shade regulation. These are found in Illubabor, Jimma, Kefa, Bench-maji and west
Welega zones. Garden coffee is found in the vicinity of farmers’ residences. It is found mainly in the Southern
and Eastern part of the country (Sidamo, Gedeo, South and North Omo, Hararghe, Wolega and Gurage Zones,
East and West). It accounts for about 50% of the total production. This production system is on the increase as it
is currently being introduced in South West Ethiopia (Kaficho,Shekicho and Bench-Maji) [19].

Plantation coffee is grown on plantations owned by the state (currently put up for sale/privatization) and on
some well managed smallholders coffee farms. In this production system, recommended agronomic practices
like improved seedlings, spacing, proper mulching, using manure, weeding, shade regulation and pruning are
practiced. It accounts for about 5% of the total production [18]. These large scale plantation (state coffee farms)
of about 21,000 hectares are distributed into seven different farms in Limu, Tepi and Bebeka areas [19].

3. Insect Pests of Coffee in Ethiopia

Although Ethiopia is the homeland for Arabica coffee and the environmental conditions are suitable for Coffee
production, the average national yield is very low. Insect pests are among the factors considered to limit coffee
production in both quality and quantity. Over 47 species of insect pests are recorded on Coffee [20]. Insect pest
problems are more pronounced in intensive coffee production system (plantation) compared to garden and semi
forest coffee production systems mainly due to changes in cultural practices associated with the newly planted
cultivars [6].

4. Key Insect Pests of Coffee in Ethiopia

Among totally forty-seven insect pests of coffee were reported only two insect pests Antestia bugs and Coffee
leaf minor are the major insect pests [20]. There are 3 species of Antestia bug, Antestiopsis spp. in Ethiopia,
namely A. intricate (Ghesquiere and Carayon), A. facetoides (Greated) and A.orbitalis Carayon. A. intricate is
the most common bug found in all coffee growing areas except Hararghe, where only A. facetoides is found. Wea-
ther factors, host plant, and natural enemies may be attributed for distribution and seasonal changes in popula-
tion of the insect [20]. There are two species of Coffee blotch miner, Leucoptera spp, attacking Coffee leaves,
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namely, L. meyricki (Ghesquier) and L. caffeine Wash bourn. The latter is the most important, commonly occur-
ring in shaded Coffee [6].

5. Potentially Important Insect Pests of Coffee in Ethiopia

Coffee berry borer, Hypothenemus hampei (Ferrari) population had a marked seasonal variation both on dry left
over and fallen berries. Moreover, weather factor showed a marked influence on its population dynamics. In
Ethiopia it attacks only dry left over and fallen berries. Damage on green berries was almost negligible (<1%)
[20]. Coffee scale insects, out of the seven species of scale insects recorded on Coffee in Ethiopia, Coffee cu-
shion scale, Stictococusformicarias New stead and green scale, Coccusalpinus De Lotto are potentially impor-
tant pests. Both species are also present in Jimma but at a low level of infestation [21].

6. Global History of Coffee Berry Borer (Hypothenemus hampei)

The coffee berry borer, Hypothenemus hampei Ferrari (Coleoptera: Scolytidae) is the most serious pest of com-
mercial coffee in virtually all producer countries of the world. Hypothenemus hampei was first recorded in cof-
fee seeds of unknown origin being traded in France in 1867 [22] and first reports of the pest in Africa were from
Gabon in 1901 and Zaire in 1903 [23]. However, the true origin of this pest remains unclear.

Evidence is that H. hampei is not found above 1500 m, which is the preferred altitude of Arabica coffee,
which originates from Ethiopia. Robusta coffee, from West and Central Africa, being found at lower altitudes, is
therefore more likely to be the original host of the pest [24]. However, differing opinions concerning the geo-
graphical origin of the pest have been presented. Murphy & Moore [23] who proposed two scenarios; that either
H. hampei itself originated from North East Africa, the original home of Arabica coffee, or, that Arabica coffee
was contaminated in Ethiopia or Saudi Arabia (where it was first imported for cultivation at some unknown
date before the 15th century) by the passage of infested berries of West African Robusta coffee through the
area.

The suggestion that the original host of H. hampei was C. canephora was initially strengthened by the report
from Davidson [25] who concluded that the pest was absent from Ethiopia, the home of Arabica coffee. Apart
from a few reports of characteristically damaged berries from the southwest of the country, there was no further
mention of H. hampei in Ethiopia until Abebe [26] reported the pest to be present at all but one of the sites studied.
The borer was found at all altitudes from below 1000 m to over 1900 m, in the major coffee-growing areas in
the south and south-west of the country, with relatively higher infestation at lower altitudes.

7. Biology and Ecology of Coffee Berry Borer (Hypothenemus hampei)

The family Scolytidae can be divided into two main subdivisions; the sub-cortical feeders or bark beetles and the
woodborers or ambrosia beetles, which include the genus Hypothenemus. Ambrosia beetles live in symbiotic
association with fungi that feed on wood and are then in turn fed upon by the beetle which may never directly
feed upon the wood itself [27].

The coffee berry borer is a small beetle measuring 2 mm in length [24]. Briefly, according to Barrera [28], the
synovogenic female lays between 31 and 119 eggs within a single coffee berry of suitable ripeness and the life
stages consist of the egg, larva, pupa (with a brief pre-pupal stage) and adult (Figure 1). The juvenile stages last
for an average of 4 (egg), 15 (larva) and 7 (pupa) days, respectively, at 27°C. The complete life cycle may take
from 28 to 34 days. Reports of the life expectancy of the adults are varied; males may live for 20 - 87 days and
females for an average of 157 days [28]. Where coffee is present all year round, as occurs in Uganda, H. hampei
may exceed eight generations a year. Hypothenemus hampei feeds on and reproduces in the endosperm of the
seed of the coffee berry, burrowing through exocarp, mesocarp and endocarp to reach it, which may take, under
optimum conditions, up to 8 hours [27].

In the inter-harvest or dry season, female H. hampei remain semi-inactive in old berries waiting for the first
rains which stimulate females to emerge and search for new berries in which to begin the next cycle [28]. The
rain itself is not the trigger, the coffee berries simply become waterlogged and uninhabitable. An extended dry
season can reduce H. hampei infestations due to the sensitivity of the scolytid to humidity levels up to 150 adults
may be found in a single berry during the inter-harvest period, as reproduction continues until the resources are to-
tally exhausted [24].
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Figure 1. Adult coffee berry borer beetle.

Waterhouse and Norris [22] stated that a female H. hampei can live for 81 days without food. The pest be-
comes inactive below 15°C, very close to the lower end of the temperature range of the coffee plant at 16°C [27].
Female H. hampei mate a few hours after emergence with sibling males, which have reduced degenerate wings
and do not leave the berry. Twelve days after hatching, the phototropism of the female inverts and the female
emerges from the berry during the hours of maximum sunlight. Dissemination of the pest is generally considered
to take place by long and short distance flight, passive transport (animals, vehicles, humans, wind, etc.) and the
coffee trade [27].

8. Damage Caused by Coffee Berry Borer (Hypothenemus hampei)

Hypothenemus hampei is a pest of immature and mature coffee berries, causing no damage to the leaves, branches
or stem. Hypothenemus hampei (Ferrari) is the only species that directly attacks the seed [29]. Adult female H.
hampei bore galleries into the endosperm of the coffee seed, causing three types of economic losses (Figure 2):
1) boring and feeding activities of adults and progeny cause a reduction in yield and quality of the final product
2) due to physical damage, attacked mature berries become vulnerable to infection and further pest attack and 3)
when insufficient mature berries are available, i.e. at the beginning of the season or where frequent harvesting is
practiced, the hard, green berries are attacked. Although unsuitable for breeding, the female beetle often makes
abortive attempts to bore into these berries causing premature fall, arrested development or decay [30]. The le-
sions caused by the activity of the scolytid create an entry site for secondary infection by bacteria and fungi.
Two species of bacteria, Erwiniastewartii (Smith) and E. salicis (Day) Chester (Enterobacteriaceae), have been
implicated as the agents responsible for wet rot in the mesocarp of immature berries superficially damaged by H.
hampei (which had then rejected and left the berries) [27].

9. History of Coffee Berry Borer (Hypothenemus hampei) Associated with
Climate Change

The coffee berry borer, Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae: Scolytinae), is the most
important biotic constrain for commercial coffee production worldwide [31]. The geographic centre of origin of
the coffee berry borer is unknown, but it is probably endemic to central Africa, becoming naturalized elsewhere
due to movement of coffee plants and beans through multiple, persistent introductions [32]. Until ten years ago,
there were no reports of H. hampei found attacking coffee plantations above 1500 m, which is within the preferred
altitude range of cultivated and naturally occurring C. arabica (1400 - 1600 and 1200 - 2000 m.a.s.l., respectively).

The original host of the coffee berry borer was probably C. canephora a species naturally occurring and cul-
tivated at lower altitudes (250 - 1500 m.a.s.l.). However, due to recent increasing temperatures in coffee growing
regions in the world, the insect can now be found also at higher altitudes, where it able to infest C. arabica. It is
unknown if C. arabica and C. canehora are the only host plants of H. hampei. Other Coffea species, or perhaps
even other genera of indigenous Rubiaceae, which both occur in large numbers in the understory of forests in
Africa, are also attacked by the coffee berry borer under natural conditions [11].

There are many reports of feeding, with occasional reproduction, in plants of the Fabaceae family and reports of
three Rubiaceae species where feeding and reproduction of the borer has taken place [31], but no detailed studies
on life table parameters of the borer on those plants have been conducted. The coffee berry borer attacks the beans,
which are the marketable product, causing losses exceeding US $500 million annually, and worldwide affects
many of the more than 25 million rural households involved in coffee production [29]. Under low pest pressure
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(a) (b)
Figure 2. Adult Beetle entering and attacks the coffee berry.

the conversion factor (i.e. after processing, the amount of parchment coffee obtained from a given amount of
freshly picked coffee berries) is 5:1; however, a serious H. hampei infestation can alter this ratio up to >17:1, with
devastating economic consequences for farmers [24]. Currently, H. hampei is present in all coffee producing areas
of the world, except China and Nepal, with the most recent introductions to Puerto Rico in 2007 and Hawaii in
2010.

Earlier predictions on the effects of climate change on coffee and the coffee berry-borer estimated that even a
small increase in temperature would have serious consequences for coffee production, including plantations in
Brazil, Mexico and Uganda, in some cases rendering production very difficult [33]. Particularly serious conse-
quences are predicted for the areas where high quality C. arabica is produced [11]. Jaramillo et al., [11] predicted
that a 1°C increase would lead to a considerably faster development, higher number of generations per fruiting
season and a shift in the geographical range for H. hampei. Furthermore, the model by Jaramillo et al., [11] pre-
dicts that even higher temperatures would result in shifts in the pest’s latitudinal and altitudinal range.

Yet, it seems that this erstwhile worst case scenario is already happening, as changes in the altitudinal range of
H. hampei have recently been observed in Indonesia and Uganda; moreover, on the slopes of Mt. Kilimanjaro in
Tanzania the coffee berry borer is now found at elevations 300 meters higher than those at which the insect was
present ten years ago [34]. Overall, the situation is forecasted to worsen in the current C. arabica producing areas
of Uganda, particularly around the eastern side of Lake Victoria and Mt. Elgon. Likewise, the climatic suitability
for coffee berry borer is predicted to increase in southwest Ethiopia, the most important core area for the natural
distribution of C. Arabica [35].

10. Climate Change and Its Potential Effects on Dynamics Coffee Berry Borer
(Hypothenemus hampei) and Coffee Production in Ethiopia

The Intergovernmental Panel on Climate Change IPCC [8] predicts an increase in the mean global temperature of
1.4° to 5.8°C by the end of the twenty-first century [36] future annual warming ranges from 0.2°C to >0.5°C per
decade in Africa according to B1 and A2 scenario [37]. Future changes in mean seasonal rainfall in Africa are less
well defined. However, in general, models forecast that parts of equatorial East Africa will likely experience 5% -
20% increase in rainfall from December to February and 5% - 10% decrease in rainfall from June to August by
2050. These changes in climatic conditions are also predicted to profoundly influence the population dynamics
and the status of agricultural insect pests [37].

Knowledge on thermal tolerance is essential to predict the effects of climate change in an organism [38]. Such
information has never been used to predict the effects of climate change, i.e., global warming on the coffee berry
borer Hypothenemus hampei Ferrari (Coleoptera: Curculionidae: Scolytinae) the most important pest of coffee
throughout the world [31]. For many years, there has been controversy in the literature about the geographic origin
of the pest and its original host plant(s) [38]. Based on researches estimate on the thermal tolerance of H. hampei it
is unlikely that the beetle is endemic to the area around Jimma (Ethiopia) due to the low annual minimum tem-
peratures prevalent there.

During an extensive survey, Davidson [25] did not find H. hampei in Ethiopia and Damon [31] later speculated
that the absence of the pest is due to either specialized natural enemies, resistant varieties of C. arabica or ex-
ceptionally clean harvest practices in Ethiopian plantations. However, analysis of 32 years of climatic data from
Jimma indicate that before 1984 it was too cold for the insect to complete even one generation per year, but the-
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reafter, because of rising temperatures in the area, the pest is now able to complete 1 - 2 generations per year/
coffee season. This may explain why in a more recent study Mendesil et al. [12] reported wide spread occurrence
of the coffee berry borer in southwestern Ethiopia.

Campbell et al. [39] emphasized the usefulness of the lower threshold of development and the thermal constant
of an insect to elucidate its potential distribution. Similar to C. arabica, C. canephora is an understory tree of
lowland forests. Climatological data from shaded coffee plantations in Central America [40] and East Africa
Kirkpatrick TW [41] indicate a reduction in temperature between 2°C - 6°C depending on the region, when
compared to coffee grown without shade. Since the two coffee species naturally occur in relative proximity in
Central and Eastern Africa [35] it could have been possible that the coffee berry borer actively or passively dis-
persed from its original host plant C. canephora to the closely related C. arabica. Moreover, in life table studies in
the laboratory H. hampei performed significantly better on Robusta compared to arabica coffee (J. Jaramillo,
unpublished data). Over the last three decades, the average daily temperature per year ranged between 17.3°C -
22.3°C for Ethiopia, 18.7°C - 24.5°C (data from 1989 to 2007, as H. hampei was introduced in 1988 into the
country). The potential number of H. hampei generations per year was in average 1.3 for Ethiopia.

The eco-physiology of both insect and plants will predict the future distribution of insect pests when both host
plant and herbivore are in close synchrony. Thus, in the case of a highly specialized herbivore like H. hampei, the
effects of climate change on the insect and the plant cannot be separated. Under a climate change scenario, species
like H. hampei, whose distribution are restricted by both temperature and the availability of their host plants will
follow plant distribution [42]. Findings indicate that H. hampei can survive and reproduce within a broad tem-
perature regime and that the potential number of generations as an indicator of the pest status varies profoundly
with daily seasonal temperature. The lower number of generations found in Ethiopia is probably a result of the
lower temperature prevalent in the sampling area. Thus the most appropriate way for coffee production systems to
cope with climate change is to come back to the origins of coffee as an understory tree in the forests of Africa.

The thermal tolerance of the coffee berry borer, Hypothenemus hampei, the most devastating pest of coffee
worldwide, and make inferences on the possible effects of climate change using climatic data from Colombia,
Kenya, Tanzania, and Ethiopia. For this, the effect of eight temperature regimes (15°C, 20°C, 23°C, 25°C, 27°C,
30°C, 33°C and 35°C) on the bionomics of H. hampei was studied. Successful egg to adult development occurred
between 20°C - 30°C. Using linear regression and a modified Logan model, the lower and upper thresholds for
development were estimated at 14.9°C and 32°C, respectively. Analyzing 32 years of climatic data from Jimma
(Ethiopia) revealed that before 1984 it was too cold for H. hampei to complete even one generation per year, but
thereafter, because of rising temperatures in the area, 1 - 2 generations per year/coffee season could be completed.
Calculated data on warming tolerance and thermal safety margins of H. hampei for the three East African loca-
tions showed considerably high variability compared to the Colombian site. The model indicates that for every 1
degrees centigrade rise in thermal optimum, the maximum intrinsic rate of increase will increase by an average of
8.5% [11].

The developmental time of H. hampei immature stages was significantly influenced by temperature. For egg to
adult, the lower developmental threshold was 14.9°C and the thermal requirement for completion of the pre-repro-
ductive phase was calculated as 262.47°C—days above the lower developmental threshold. Developmental rates
increased linearly between 15°C and 27°C for pre-pupa, pupa and adult, and between 15°C and 30°C for eggs and
L1 [11].

Based on the number of degree-days in the four sites in Colombia, Kenya, Ethiopia and Tanzania, the estimated
number of generations of H. hampei per year ranged from 0.0 to 4.71. The number of H. hampei generation per
year ranged between, 2.03 - 3.13 for Kisii, Kenya. With 0.0 - 2.02 the lowest number of beetle generations per
year was estimated for Jimma, Ethiopia. Calculated data on warming tolerance (WT) and thermal safety margins
(TSM) of the insect for the three East African locations showed considerably high variability compared to the
Colombian site [11]. A tiny insect that thrives in warmer temperatures, the coffee berry borer has been spreading
steadily, devastating coffee plants in Africa, Latin America, and around the world. The research, forecasts that, by
2050, the conditions in southwest Ethiopia, known for the highly valued Arabica coffee species, will be much
more suitable for the pest (Guardian.co.uk, 2010). Currently, the coffee berry borer is able to complete between 1 -
4.5 generations in East Africa Jaramillo et al. [11], under both climate change scenarios used in this study, by 2050
the number of generations will have increased to 5 - 10 and 11 - 16 in high (1400 - 1800 m.a.s.l.) and low to
middle elevation (900 - 1300 m.a.s.l.) coffee production regions of East Africa, respectively.

The coffee berry borer is already present in East Africa at altitudes > 1800 m.a.s.| Kyamanywa et al. [43] and
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recent reports from Tanzania indicate that the insect has moved up 300 m.a.s.l. during the last ten years Mangina et
al. [34]. The coffee berry borer could also be more difficult to control at higher altitudes since moving a pest into
a new ecosystem makes its behavior [13]. In addition, the present La Nifia event is causing unusually warm and
dry conditions throughout East Africa, leading to serious outbreaks of H. hampei in the region, for example in
Rwanda [44]. Consequently in these areas of East Africa, C. arabica production most certainly will need to be
moved to higher elevations. It has been estimated that Colombian C. arabica plantations would have to be moved
by 167 m in altitude for every 1°C of increase in temperature, in order to maintain the same productivity and
quality [45]. Although these figures cannot be directly extrapolated for East Africa, it gives an idea of the mag-
nitude of a potential distribution shift.

An assisted altitudinal migration of C. arabica coffee plantations in East Africa would most probably not be
feasible, because of a paucity of available and suitable high altitude habitats in East Africa, and due to rising
demographic pressure and issues related with food security that the region is likely to face in the future. Kenya,
Uganda, Tanzania, Rwanda and Ethiopia are predicted to experience population increases of 77% - 110% by 2050
(Population Reference Bureau, http://www.prb.org). The International Coffee Organization (ICO) predicts that
under the A2 and B2 climate change scenarios, coffee production will decrease by up to 10% compared to the
reference case without climate change [46].

Recent studies suggest that climate change will not only influence plant performance, but also its interactions
with other trophic levels, consequently affecting the abundance of the species [47]. For example, decoupling of the
coffee berry borer and its natural enemies could result in higher pest numbers or more serious outbreaks. Presently,
nothing is known about the effects of a warming climate on the natural enemies of the coffee berry borer, yet,
higher trophic levels are often disproportionately affected by drivers like climate change and habitat modification,
with specialist natural enemies (parasitoids) more hit than generalists (predators) [48]. Between 2009 and 2011, C.
arabica prices have increased by 160%, mainly due to dramatically reduced production levels in East Africa and
Latin America [49].

A study conducted by researchers from the Institute of Plant Diseases and Plant Protection and the International
Center of Insect Physiology and Ecology in Nairobi used climate models to predict the effects of climate change
on the Coffee Berry Borer. The Coffee Berry Borer is forecast to worsen in the current Arabica producing areas of
Ethiopia, the Ugandan part of Lake Victoria and Mount Elgon regions, Mount Kenya and the Kenyan side of
Mount Elgon and most of Rwanda and Burundi. The research also suggests that the number of Coffee Berry Borer
generations per year is set to increase in many Arabica producing areas, even in high altitude areas currently
unsuitable for the pest, with serious implications for Arabica production and livelihoods in East Africa. Climate
change and its forecasted impact on coffee production will have huge implications for livelihoods and poverty
levels throughout the tropics. Most studies agree that climate change will cause more harm to poor communities
[50] like small-scale coffee producers because they rely more heavily on natural resources for survival and have
little capital to invest in costly adaptation strategies and/or pest and disease management.

The Eastern Africa sub-region is the origin of Arabica coffee, Coffea arabica, and also represents, together
with the lowland forests of Western and Central Africa, the primary centre of genetic diversity for Coffea cane-
phora (Robusta coffee being the main sub-type). As would be expected, coffee production is the main-stay of
economies of most countries in the sub-region where it also represents a major source of cash income for mil-
lions of smallholder families not to mention the large number of workers directly employed in the industry. The
sub-region furthermore, produces some of the finest coffees in the world. Production of this coffee, however,
may face the greatest challenge from climate change given that both Arabica and Robusta coffee have rather
exacting agro-ecological requirements. Due to the impact of climate change, coffee cultivation in Ethiopia for
example would have to shift from the lowermost optimal cultivation areas how at 1000 m to 1800 m within the
next 70 or so years while the optimal coffee area in Oromya, the most important coffee growing region in the
country, could be reduced by as much as 30%; not to mention the threat to the already dwindling coffee genetic
resources in the country [11]. Coffee farmers need new strategies to combat threats such as the coffee berry borer
and require research. The coffee industry has two options, either they start investing in climate research, or they
educate the consumers to drink something else [13].

11. Conclusion

Although Ethiopia is the homeland for Arabica Coffee and the environmental conditions are suitable for Coffee
production, the average national yield is very low. Coffee insect pests constrain the production of expected high
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coffee yield and quality. Coffee berry borer, Hypothenemus hampei Ferrari (Coleoptera: Scolytidae) is one of
the major potential insect pest in coffee growing areas of Ethiopia and currently expanding its distribution and
attacks coffee plant in major coffee producing areas of Ethiopia. The spread of coffee berry borers to higher al-
titudes is very bad news for both the coffee farmers and for those of us who absolutely like high quality East
African, particularly Ethiopian coffee. Global warming is already affecting the bionomics of arthropods. Detailed
studies from the temperate zones on several species report mainly positive effects on insect fitness and distribution
range. On the other hand, surprisingly, the potential impact of global warming in tropical insects has only been
studied in a few insect pests. The impacts of climate change on coffee production are very specific for each geo-
graphic region. Climate change may also lead to a resurgence of certain insect pests on coffee, rising tempera-
tures will increase infestation by the Coffee berry borer (Hypothenemus hampei) particularly where coffee grows
without shade and the cropping is continuous throughout the year. Climate change will have an impact on the
suitability of Arabica coffee growing areas in Ethiopia. Generally, in the near future the impacts will include
traditional areas will no longer be suitable for growing coffee and new agricultural practices will be necessary to
adapt to climate change. These will impact negatively on yield, quality as well as change in insect pest patterns.
Avreas that are currently still suitable for Arabica coffee require adaptation strategies in order to sustain the live-
lihood of farmers depending on Arabica coffee. The coffee berry borer is already being favored by climate change
because the rising temperatures are allowing it to establish in higher altitudes where it was not found before.
These changes will likely add to the stresses already facing Ethiopian coffee growers. This paper is not yet con-
clusive and since there is little information on this important insect pest and its current status. There is a need to
investigate further information and researches on biology, host alternation, loss assessment, management ap-
proaches, coffee farming systems (practices) and their influences on coffee berry borer prevalence, awareness of
farmers about climate change and coffee berry borer, and other related issues. Thus, the frequency and severity
of climatic extremes are increasing and making adaptation an absolute necessity through using current informa-
tion on climate variability to develop long term plans for managing coffee berry borer via reducing the vulnera-
bility of Ethiopian coffee growers continued changes in temperature and rainfall.
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