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Chapter

Impact of Illegal Mining Activities
on Cocoa Pollinator Abundance in

Ghana

Sampson Addae, Savah Acquah and Samuel Nyarko Essuman

Abstract

Cacao (Theobroma cacao L.) is mainly pollinated by Ceratopogonid midges
(Forcipomyia spp.). Wild pollinators are important to both cocoa production and
natural ecosystems, and are threatened by land-use change, intensive agricultural
management, fragmentation from mining activities, and climate change. Despite
the massive expansion of cocoa production in Ghana, it may now be of secondary
economic importance to gold due to its increased environmental impact and the eco-
nomic importance exercised by cocoa communities. However, very little attention has
been paid to pollination management as a factor of production, as pollination is often
not considered an important process for crop yield. The Ghana Cocoa Board takes a
closer look at the impact of illegal mining on cocoa productivity and trusts farmers to
destroy their farmland for illegal gold mining. In this chapter we briefly describe the
cocoa sector, cocoa flower and pollinator biology and phenology as presented. What
follows is an overview of the current environmental threats and social issues posed
by unregulated mining affecting pollinator abundance and diversity in the context of
Ghana. Finally, we examine ways to improve pollination and deforestation in Ghana’s
small cocoa sector.

Keywords: pollinators, illegal mining, habitat fragmentation, deforestation, cocoa,
Ghana

1. Introduction

Pollination services are an essential element to maximize production in sustainable
agriculture [1-3]. They are critical to food production and human livelihood, directly
connecting wild ecosystems to agricultural production systems [4]. Wild pollinators
are important in both agricultural and natural ecosystems and are threatened by land-
use change [5], intensive agricultural management and pesticide use [6], pathogens
[7] and climate change. The most important cocoa pollinators are midges. In cocoa,
pollination occurs almost exclusively by ceratopogonid midges (order Diptera) of the
genus Forcipomyia [8, 9]. The midges species that pollinate cocoa belong to the genus
Forcipomyia. Most researchers studying cocoa pollination assume that Forcipomyia,
which is common in cocoa plantations in Ghana, is Forcipomyia squamipennis I.
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Demand for cocoa, the third largest trade commodity globally [10], is increasing in
China, Russia, India, and Brazil by 2.5% per year [11], while production has declined
by an average 1.5% annually for the past decade [12]. The three major cocoa producing
countries are Ivory Coast, Ghana, and Indonesia. In West Africa, it is predicted that
89.5% of current cocoa growing areas will experience a decline in cocoa suitability by
2050 [13]. Businesses and governments are advocating sustainable cocoa initiatives
to prevent deforestation and promote ecosystem services, biodiversity and sustain-
able livelihoods [14]. Cocoa production in Ghana is exclusively concentrated in the
country’s Ashanti, Brong, Ahafo, Central, Eastern, Western and Volta agroecological
forest areas where the climatic conditions are ideal for cocoa production. The first
cocoa farm was mostly established in south-east Ghana. Since then, the epicenter
of production has gradually shifted west. In the early 1980s, the Ashanti and Brong
Ahafo regions accounted for 35.5 and 18.5% of total production, respectively. Today,
the western region alone supplies 56.5% of the total annual cocoa harvest. The cocoa
industry generates about US$2 billion in foreign exchange annually and plays an
important role in the national economy. The sector employs around 800,000 farming
families in six of the country’s ten regions [15]. Ghana is the second highest cocoa
producing country in the world after Ivory Coast, with the sector producing approxi-
mately 970,000 tonnes of cocoa in 2017 [16].

Ghana’s cocoa sector continues to make a significant contribution to the country’s
economy. In 2014 it accounted for 21.5% of the country’s GDP and between 2009 and
2014 it averaged 25.6% [17], representing a large share (16.9%) of the agricultural
sector’s contribution to GDP. The environmental impacts of gold mining are wide-
ranging and severe. A recent USAID study found that despite the massive expansion
of cocoa production in the country, cocoa production may now be of secondary
economic importance to gold due to its increased environmental impact and economic
importance, even if mining is not practiced by all [15]. While Ghana has developed
action plans to end deforestation in the cocoa sector and restore forest lands, actions to
address the rapid expansion of artisanal and small-scale gold mining have so far been
quite limited, jeopardizing potential gains in reducing deforestation in the cocoa sector.

In this chapter, we examine how habitat loss, fragmentation, deforestation, and
climate effects affect the abundance and diversity of cocoa pollinators. We will first
introduce the global cocoa sector and then focus on Ghana, the second largest cocoa
producing country in the world. Next, we provide background on the biology and
phenology of cocoa flowers and pollinating midges (Forcipomyia spp.), followed by
a discussion of the impact of illegal mining on pollinator abundance and diversity
(environmental and management) in Ghana. Finally, we discuss some options for
easing restrictions on cocoa pollination.

2. The cocoa crop sector
2.1 Global cocoa production and economic value

Cocoa is a cash crop for many West African smallholder farmers. Although global
annual cocoa production quantities are below those of other tropical crops such as
sugar cane, rice, soybeans, oil palm, cassava or bananas, it is a unique crop as more
than 90% of its production comes from smallholder farmers [18]. Cocoa production
is estimated to be around 10 million hectares, which accounts for only 0.7% of the
total global arable land but 7% of the global permanent land [19]. Therefore, cocoa
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cultivation and especially cocoa agroforestry systems play an important role in carbon
sequestration and therefore have a significant mitigation potential [20]. Climate
change, deforestation, diseases and low world market prices threaten global cocoa
production. Global annual cocoa production has doubled in recent decades, reach-
ing 3.6 million tonnes in 2009-2010, increasingly being concentrated in a handful

of countries. Africa has established itself as a leading cocoa supplier over the past

10 years. According to the International Cocoa Organization, Africa’s production has
increased at an average annual rate of 2.7% since 2000. Farmers throughout the cocoa
belt of West and Central Africa account for more than two-thirds of the world’s cocoa
production. World annual production reached 4.5 million tons in 2013 and growth
came mainly from West Africa [18].

2.2 The cocoa sector in Ghana

Cacao is an important source of income for the provision of various public infra-
structures and a profession mostly loved by farmers in Ghana and other countries.
Cocoa dominates the agricultural sector and is an important source of income for
approximately 800,000 farmers and many others involved in the trade, transport
and processing of cocoa [21]. Ghana’s cocoa sector has seen an impressive recovery in
recent years. Ghana can boast of over 1,000,000 tons of cocoa in the 2010/2011 har-
vest year. Ghana is the second largest cocoa producer in the world [22, 23]. Together
with Ivory Coast, it produced almost 52% of the world’s total cocoa production in
2016. About 800,000 cocoa households produce 75 percent of all cocoa in Ghana [24].
The Ghanaian government generates most of its income from the export of cocoa
[19]. Cocoa provides resources for poverty alleviation as well as food, money, employ-
ment and industrial raw materials [25]. The small size of farms in Ghana may be due
to cocoa farm agreements where the farm is sometimes shared between the landowner
and the caretaker [26]. The inheritance system in Ghana often leads to fragmentation
of farmland when a farmer share his farm to several sons. Smaller farms result in
decreased yields as small farms are a disincentive to invest, leading to reduced use of
fertilizers and fungicides/pesticides [27]. The average cocoa acreage fell from 9.6 to
7.5 ha between 2008 and 2014 [28].

Ghana faces the problem of poor farm maintenance in terms of pest and disease
control and low soil fertility. This is due to the low adoption of improved agricultural
practices. For example, farmers only weed their farms twice a year on average, instead
of the recommended four times. In addition, control of capsids and black pod disease
occurs only twice a year instead of the recommended four or nine times a year [29].
Ghana has implemented the Hi-Tech program (fertilizer distribution via COCOBOD)
to increase fertilizer use as fertilizer use in Ghana is low compared to Ivory Coast
[30]. Timing of pesticide application is critical to maximize effectiveness in control-
ling mirids. The mirid population in West Africa begins to build up in July and peaks
between August and September, while black pod occurrence increases from June and
peaks in August and October. Therefore, it is recommended that cocoa plantations in
Ghana are sprayed between July and September. Tetteh Quershie is the oldest variety
still used in Ghana. It was named after the Ghanaian farmer who introduced cocoa to
Ghana. The pods introduced by Tetteh Quarshie are of the Amelonado variety, which
is a Forastero subspecies [31]. New introductions were made in 1944 from Forastero
materials collected by F. J. Pound from the upper Amazon at the West African Cocoa
Research Institute headquarters in Tafo, Ghana and Ibadan in Nigeria. Due to the ear-
liness of these materials, they were widely used for replanting deforested plantations
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and by the late 1950s about 11 select species of the upper Amazon were being used
to produce second and third generation Amazons, known as F3 Amazons or mixed
Amazons, which were distributed to farmers. Several hybrid varieties have also been
developed from these materials in Ghana, involving crosses with local Amelonado,
Trinitario and some Criollo materials [32].

3. Cocoa pollination

The intensity of pollination and fruit set largely determine the cocoa yield [33].
However, very little attention has been paid to pollination management as a factor of
production, as pollination is often not considered an important process for crop yield.
Even when pollination is acknowledged, its management is often not considered. This
is because most people believe that there are enough pollinators in the wild to carry
out pollination without active human intervention.

3.1 Biology and phenology of cocoa fruit set
3.1.1 Biology

Cocoa flowers are hermaphrodite (male and female parts). Group of flowers
(inflorescence) and pods are produced by the mature tree on the main stem and
branches. This type of flowering is called cauliflory. The flowers are produced at the
same defined areas on the tree and these swell with time to form flower cushions.
Every cushion bears up to 50 flowers per flowering season. There are two flowering
seasons per year, which thus yields 100 flowers per year. The pentamerous flower is
about 15 mm in diameter. Flowers that are well pollinated develop to form fruits called
pods. The main pod development stage is the cherelle or immature pod. A mature
cocoa tree can produce over 10,000 flowers every year of which 1-50% are pollinated
with 10-50 pods reaching maturity. The flowers first appear as small green or white
buds at the flower cushion. The buds reach maturity and open within 28 days. The
flower is small (0.5-1 cm), white, non-scented and borne on long pedicel or stalk.
The female part consists of stigma, style and ovary which contains ovules (female sex
cells) and the whole structure is surrounded by staminodes. The male part is made up
of long stalk (filament) and anther with pollen grains (male sex cells) at the tip. The
anther is hidden in a pocket- like structure called the petal sac or porch. Unlike most
flowers where only the stigma is receptive to pollen, both the stigma and style are
receptive to pollen. Most of the pollens are deposited on the style during pollination.
Open flowers may remain on the tree for 48 to over 72 hours depending on the season,
after which the unpollinated ones drop.

The sepals and petals of pollinated flowers start drying up giving it a brownish
appearance. Greenish cherelles then emerges from the swollen ovary at the base of the
female part. The presence of staminodes and petal porch prevent most insects from
effectively pollinating the cocoa flower. Unlike most insect pollinated flowers, the
color of the flower does not appear to attract its main pollinator, midges. However,
there are purple colored lines called guide lines on the inner surface of the staminodes
which guide them after landing on the flower. The midges upon landing on the stami-
node, move towards the base of the staminode as they feed along the guide lines and
finally enters the porch which contains the pollen. There are hairs on the upper part
of midges’ thorax which are designed to pick pollen as they move within the porch.
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Figure 1.
Stem of cocoa tree showing developed flower cushions with buds and flowers.

The insect then fly to another flower where the pollens are dropped on the stigma and
style. This is made possible by brushing the thorax against the style as it moves to the
base of the staminode (Figure1).

3.1.2 Bud development

Flower bud development from meristem to receptive flower takes at least 20 to
30 days [34]. Prolonged dry (<125 mm per month) or cold (temperature < 23°C) peri-
ods inhibit flowering [35]. Flowering is optimal during rainy days with high relative
humidity and moderate temperatures (100 mm per month, 70% RH, and 27°C). High
solar radiation incidence is linked with increased flower abscission [34]. Pollen grains
are only able to germinate on a receptive stigma [36]. The receptive period is at about
2-3 days after anthesis. Unsuccessful pollination leads to flower abscission. Reported
flower abscission rates vary from 63% on the main trunk and 81% on the fan branches
to over 90% for all flowers [34].

Anthesis starts around 2-4 pm. The process of sepal splitting continues overnight
and finishes at around 4-6 am. Complete anthesis (flower fully open) is quickly
followed by pollen release from the anthers (also between 4 and 6 am). Higher air
temperature, as well as low air humidity, facilitates anther dehiscence [37]. However,
pollen release is maximum between 8 am and 2 pm [38]. Styles and stigmas mature
later than anthers, and have maximum receptivity around 12 am-2 pm. Maximum
stigma and style receptivity does not concur with maximum anther dehiscence, thus
limiting the possibility of self-pollination (Figure 2).

3.1.3 Cherelle wilt and pod maturation

Not all young fruits (cherelles) will grow to mature cocoa fruits, even after cocoa
flowers are successfully pollinated and led to fruit set. Up to 80% of cherelles will
shrivel, turn black, and become rapidly colonized by pathogens, while the pod
remains on the tree. This so-called cherelle wilt is a physiological mechanism whereby
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Figure 2.
Flower buds about to open and fully open flowers.

the fruits are naturally thinned to balance nutrient allocation in the tree. Cherelles can
wilt up to day 100 after fruit set [39]. Poor soils and impeded photosynthesis result in
increased cherelle wilting [35]. Leguminous shade trees, which supply nitrogen to the
soil, can therefore lower cherelle wilt [40]. Wilting in an early stage saves energy that
can be invested in the development of the remaining fruits [37].

It takes 5-6 months for pollinated flowers to become ripe pods. Different sizes or
growth stages of flowers and pods can be found on the tree at any given time. Mature
pods grow up to 30 cm long and 10 cm wide, and contain 20-60 beans (seeds) [37].
The cocoa fruit is an indehiscent drupe. During the first 40 days after fertilization,
pod growth is slow. Afterward, growth accelerates. The first division of the zygote
only takes place between day 40 and 50. Pod and ovule growth decrease from day 85
onwards, when embryos start to develop. On day 140, the embryo has completed its
development and pod ripening starts [40].

3.1.4 Flower phenology

Cocoa bears fruits all year round, and the developmental stages start after pollina-
tion of the cocoa flowers occurs. However, only 1-5% of the flowers can successfully
produce as a cocoa bud [39]. Some authors [41, 42] argued that the spatial arrange-
ment of staminodes around the style of the cocoa flower affects pollination success and
hence may limit fruit set. Others [43-45] also believed that cocoa flowers are nectarless
and odorless. Young et al. [46] have demonstrated the presence of microscopic nectar-
ies on the pedicels, sepals, and guide lines of the petals and staminodes that produce
odor. These characteristics of the cocoa flower seem to make it unattractive to many
potential pollinators, and therefore only insects that have evolved with the plant will
successfully pollinate it. In most tropical countries, flowering occurs year-round.
Flowering peaks are often preceded by increased temperature and rainfall, and occur
at the onset of the rainy season, after which flower numbers gradually decline [47]. In
West Africa, the major rainy season commences in April and climaxes in June, a period
that is characterized by intense flowering (flowers on branches and trunks) [48].
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In the minor rainy season (September-November), flowering intensity is lower (flow-
ers on branches only). Few flowers are observed during the dry season (December—
March) [49]. When pods are developing and this sink for assimilates is increasing, new
flower production diminishes [26].

3.2 Biology and phenology of cocoa pollinators
3.2.1 Overview of cocoa pollinating species

Due to their viscosity, pollen grains form clumps and become too heavy to move
independently [49]. Pollination of cocoa has the potential to overcome yield deficits
in climate-resilient and sustainable production systems [12]. Pollination rates are gen-
erally poor for cacao and inconsistent throughout the year, so better pollination can
increase yield. Experiments have been conducted in Ghana to increase the produc-
tion of cocoa through hand pollination, which has been shown to increase fruit set,
matured pods and the number of seeds per pod [49]. The Cocoa Research Institute of
Ghana (CRIG) in Tafo used additional (artificial) hand pollination to increase yield
and also breed new cocoa varieties [16, 49]. This aims to achieve maximum pollina-
tion, which is crucial for optimal yield in crop production, allowing for a bountiful
harvest and increasing the export of cocoa beans, which will encourage farmers to
increase production in the country [16].

Insect pollinators play an essential functional role in supporting ecological
stability as well as food security worldwide [50]. Pollinating insects are vital to the
world’s food supply, pollinating more than 80% of the world’s wild plant species [51].
The cocoa crop requires cross-pollination, which is mainly carried out by midges
of the genera Ceratopogonidae and Cecidomyiidae [42]. Ceratopogonids are biting
midges with a length of 14 mm [52]. It is believed that the females visit cacao flowers
to feed on the protein-rich pollen grains necessary for egg maturation. Therefore,
insufficient midges population leads to insufficient pollination and this deficiency
has been reported as the main cause of low fruit set in some cocoa plantations
[33, 53, 54]. In addition to midges, there are also wild bees Lasioglossum sp. and
Hypotrigona sp., which visit cocoa flowers that bloom at tree canopy level to collect
pollen. Lasioglossum in particular has been found to be effective at pollinating cacao
flowers through its characteristic movement in and out of the petal porch. The role
of Hypotrigona sp., which has been regularly identified on cocoa flowers in Ghana,
has yet to be fully investigated. In general, more work needs to be done to fully
understand the mechanisms of cocoa pollination globally and particularly in tropical
Africa. In addition, other small Dipteran insects such as Cecidomyiidae (gall midges),
Chironomidae (non-biting midges), Drosophilidae (fruit flies), Psychodidae (moth
flies), and Sphaeroceridae (small dung flies) have been documented to visit cocoa
flowers. Other insects such as aphids, coccids and cicadellids (Hemiptera), thrips
(Thysanoptera) and ants (Hymenoptera) also occasionally visit cocoa flowers.
However, their contribution to pollination is most likely very small. So far, pollen
grains have been collected from insects other than Forcipomyia spp. not detected by
microscopic observation. In some cases, observations suggest that cecidomyiids (in
Cameroon) and drosophilids (in Ghana) may contribute to pollination to some extent
[8]. Only Diptera and in particular the genus Forcipomyia (Fam. Ceratopogonidae)
are morphologically capable of pollinating cocoa. Forcipomyia hosts the largest num-
ber of cocoa pollinators. Within this genus, the most commonly reported pollinators
belong to the subgenera Euprojoannisia, Thyridomyia, and Forcipomyia [8].
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These small midges, 2-3 mm long, prove to be excellent pollinators due to their
frequency of visits and the massive deposition of pollen grains on the stigma [55].
Therefore, in order to maintain their population, pollinator abundance can be
synchronized through environmental manipulation by providing suitable breeding
sites in the cocoa field [56]. Providing breeding media in portable breeding containers
can contribute to population increase in cocoa cultivation. Choices of growth media
include cocoa pod husk (CPH), banana stumps; and combining cocoa pod shells
with the availability of insect-infested pods in the cocoa field. Additional substrates
provided must be easy to find in the cocoa field and will increase the population of
Forcipomyia sp. increase [57]. However, the substrate must be replaced regularly as
the moisture content decreases over time. Declining trends in pollinator populations
can occur on various spatial and temporal scales [58], including reductions in floral
resources. A lack of floral diversity, particularly in monoculture ecosystems, can limit
the provision of resources needed by these midges [59].

3.2.2 Biology and phenology of Forcipomyia spp.

Adult midges can be found between the buttresses of large shade trees, in cracks of
decayed old tree trunks, in hollow tree stumps and in piles of cocoa husks. Swarming
occurs at any time of the day or in the late afternoon. Midges are present on cocoa
plantations year-round, but the largest population occurs during the rainy season. Adult
females lay eggs in batches of 40 to 90 on damp, rotting wood, cocoa husk, and other
plant debris. The larvae hatch in 2-3 days and pupate after four molts when they are
about 12 days old. The pupal stage lasts 2-3 days. Adult females require liquid plant food
for survival and oviposition, although ovum maturation occurs independently of adult
feeding or mating. Unfertilized eggs do not develop. The maximum life expectancy for
either sex in captivity is eight days. Forcipomyia goes through at least 12 generations
per year. Due to its abundance and continuous reproduction on cocoa plantations,
Forcipomyia is probably the most important ceratopogonid cocoa pollinator in Ghana.
According to [42], midges are attracted by the vertically aligned staminodes and use
them to land. The fact that style pollination generally leads to greater fruit set than
stigma pollination makes the ceratopogonid midges efficient pollination candidates [60].

The insect may then proceed into the petal hood along the purple colored guide
lines where curved bristles on the thorax press against the anther, thereby picking up
pollen grains. Both sexes visit cocoa flowers, but males appear to be more efficient
pollinators. High numbers of Forcipomyia in the farm result in increased pod set.
However, the number of pollinators depends on the availability of good breeding sub-
strate such as cocoa pod husks, decaying plantain and/or banana stems in the farm.
Ceratopogonid midge flights might cover long distances, but it is not known how far
exactly [8]. Distance traveled during one foraging event, and consequently during
which pollination is performed, can reach up to 50 m. It has been shown that there are
5-7 times more Forcipomyia species above the cocoa canopy than below the canopy
[8]. Since wind speed above the canopy is higher than below, it can be expected that
wind could play an important role in horizontal cocoa pollinator distribution over
the cocoa field. Ceratopogonid pollinator populations can be abundant and exceed
one million individuals per ha [9]. Moist environments favor ceratopogonid midge
abundance. In fact, there is a positive correlation between soil moisture and cerato-
pogonid population levels [8]. Stable moist conditions are indispensable for successful
development of eggs and larvae [61]. Pollinator populations thus increase with each
rainy period, and decrease with the onset of a drier period [62].
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4. Impact of illegal mining on pollinator abundance
4.111llegal mining activities and cocoa production in Ghana

The Ghanaian government generates most of its income from the export of cocoa
[63]. Threats considered that lead to low cocoa yields include old aged trees (cocoa
plantations over 30 years old), predominance of low-yielding traditional cultivars,
smaller farm sizes due to fragmentation of land tenure agreements, illegal mining
activities, and non-compliance with good agricultural practices [64, 65]. Artisanal
and small-scale mining is understood to mean mining operations by individuals,
groups, families or cooperatives with minimal or no mechanization, often carried
out in the informal sector. The Ghanaian government recognized the potential of
the sector for job creation and legalized artisanal mining in 1989 [66]. The Minerals
and Mining Act 2006 (Act 703) further defines artisanal and small-scale mining as
mining operations in an area corresponding to the prescribed number of blocks. In
addition, small-scale mining was legalized as the exclusive domain of Ghanaians [66].

However, foreigners with sophisticated machinery found their way into the sector,
accelerating the rate of extraction in the mining communities [66]. As a result, illegal
small-scale mining activities increased after legalization aimed at regulating mining
activities to protect the environment [66]. Small-scale illegal gold mining is referred
to as Galamsey, which derives from the jumbling Ghanaian local jargon “gather-am-
and-sell” [67]. Although illegal small-scale mining has drawn criticism from several
quarters, the Ghana Cocoa Board takes a closer look at its impact on cocoa productiv-
ity and trusts farmers are destroying their farmland for illegal gold mining activities
[68, 69]. In fact, the Ghana Cocoa Board has been one of the major complainers about
the Galamsey threat [69-72], as Galamsey creates factors that discourage or adversely
affect cocoa cultivation. First, Galamsey presents pull factors as a more attractive
investment. Some people are drawn to informal mining because they believe mining
offers them a get-rich-quick opportunity [73]. The farmers who have their cocoa
farms close to the mining areas observe early dropping of immature pods, wilting and
yellowing of leaves because the galamsey activities deplete the topsoil which supports
the healthy growth of plants [74, 75]. The damaging environmental impacts associ-
ated with the unregulated mining activities include effluent damping, unrehabilitated
excavations, improperly stored waste, dust emissions, deforestation, acid mine, river
siltation and the release of chemicals such as cyanide and mercury [76, 77] asserted
that between 1 and 20 hectares of cocoa lands are been taken over by galamsey activi-
ties in numerous Ghanaian cocoa-producing districts annually. According to GSS
(Ghana Statistical Service) (2018), the GDP contribution of cocoa decreased from
3.6% in 2011 to 1.8% in 2017. The rife mining activities in the nation have been partly
blamed for the reduction in cocoa production and economic contribution.

4.1.1 Landscape degradation

Habitat destruction from land-use changes such as habitat loss, fragmentation,
deforestation and conversion of natural habitats to cropland is the most important
driver of biodiversity loss in terrestrial ecosystems [78]. From an ecological perspec-
tive, changes in land cover involve shifts in land cover composition and variations
in their spatial arrangement [79], which directly affect the composition of biologi-
cal communities and pollinator-flowering plant relationships [80, 81]. Species
that survive in such environments need to adapt to changing habitats and periodic
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disturbances. The integration of shade trees into cocoa agroforests can bring numer-
ous economic and environmental benefits [82, 83], such as Increased Diptera visita-
tion rates with increased canopy closure found in Indonesia [84].

Therefore, the long-term conversion of forests to mining sites in Ghana could
result in agroecological disadvantages such as forest degradation, biodiversity loss,
soil quality disruption associated with low yields and food insecurity [83-85]. A
recent report estimates that the annual cost to the global economy of habitat loss will
reach $10 trillion by 2050, making ongoing biodiversity loss as much an economic
crisis as an environmental crisis. For more sustainable agriculture, three complemen-
tary strategies are envisaged that address several key drivers of pollinator decline:
ecological intensification, strengthening existing diverse farming systems, and
investing in ecological infrastructure [83]. These three strategies simultaneously
address several key drivers of pollinator decline by mitigating the impacts of land-use
change from illegal mining, pesticide use and climate change. Protecting large areas
of semi-natural or natural habitat (tens of hectares or more) helps conserve pollinator
habitats at a regional or national scale [84].

4.1.2 Habitat fragmentation

Habitat destruction, fragmentation and degradation, combined with conventional
intensive farming practices, often result in reduced or altered pollinator food and
nesting resources. It is well known that habitat destruction can reduce the popula-
tion size, composition and species richness of pollinator communities [85, 86], and
thereby affecting evolutionary processes at the species level. Significant declines have
already been observed for some pollinator groups (e.g. Hymenoptera, Lepidoptera),
which may be due in part to a history of habitat conversion [87] as well as the loss
of certain habitat elements such as nesting or foraging sites [81, 88]. Differences in
ecological and morphological traits (feeding adaptation, mobility, body size, behav-
ior) can affect the response of pollinator species to changing environments and their
ability to survive in poor quality environments [86]. Pollinator species that are more
specialized for habitat or food requirements tend to be more vulnerable to land cover
changes that alter the availability of food or nesting resources [87], leading to homog-
enization of pollinator communities dominated by common generalist species [89].
Gene flow has a major impact on genetic variation within populations, as it offsets
the detrimental effects of genetic drift, determines effective population size, and has
important implications for the management and conservation of genetic resources
[82]. Since pollen movement is a key component of gene flow, density effects can be
expected to alter genetic structure and, especially in small populations, increase the
likelihood of extinction [86]. Therefore, given that tropical forests experience high
rates of deforestation [90], knowledge of gene flow is fundamental to understanding
reproductive success and management of tropical tree species.

4.1.3 Deforestation

Crop loss occur when the Galamsey operations are done directly on the farm.
Cocoa crops are being destroyed by large machines such as bulldozers used to clear
land on Galamsey farms. Loss of crop yield and income usually occurs when the
Galamsey operators forcibly take part of the farmland from the farmers. This has sev-
eral negative impacts on the environment, including water and air pollution, defor-
estation and land degradation. Tropical forests are the most biodiverse ecosystems
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and species-rich habitats in the world, but are significantly threatened by widespread
ongoing deforestation [84]. Primary forests are of vital importance for the conserva-
tion of biological diversity due to their unprecedented diversity of species and habi-
tats [82, 91]. Deforestation of primary and secondary forests can result in biodiversity
loss and forest fragmentation, reducing previously uninterrupted habitat to smaller
fragments [87]. This can result in forest-dependent species being isolated in small
patches of forest that are not large enough to support a healthy population. However,
secondary forests play a key role in providing habitat for a wide variety of species and
in establishing connections between primary forest areas. Protection and restoration
of primary and secondary forests are critical to improving tropical forest health [92].
Beyond habitat loss, land-use change can lead to deterioration in habitat quality,
known as habitat degradation. In these cases, the species are able to survive, but their
populations may decline [89]. For example, a recent study suggested that agricultural

expansion has reduced the richness and composition of pollinators of bees and wasps
in the UK [83].

5. Conclusions

Since cocoa production is largely dependent on pollination by insects, any threat
to pollinators will negatively impact cocoa production. There is evidence that cocoa
pollination is currently below optimal levels in Ghana and that increasing pollinator
populations in cocoa fields could increase cocoa production [85]. This was demon-
strated by the Cocoa Research Institute of Ghana (CRIG) in Tafo using additional
(artificial) hand pollination to increase yield and also to breed new cocoa varieties
[16]. It is noted that illegal small-scale mining (Galamsey) has actually been the major
factor affecting cocoa production due to land degradation, water and air pollution,
diversion of water bodies, damage to farms and farmhouses, etc. The findings from
this suggest that Ceratopogonidae midges alone were probably too rare to act as the
main or even sole pollinator of cocoa in Ghana, since the relative abundance observed
on cocoa flowers in Ghana are low due to the operations of illegal mining activities
done right in the cocoa farms [84].

The study identified the need for protection of extensive natural forest areas to
protect the genetic identity of wild cacao pollinators in Ghana and, in addition, to
promote genetic exchange between wild populations to maintain genetic variability of
viable populations [22]. Evidence has shown that areas of secondary forest surround-
ing cocoa farms may provide pollinator resources similar to natural forests, and that
deforestation and habitat fragmentation reduce the population size, composition and
species richness of pollinator communities in cocoa farms to increase production [93].
Different pollinator species respond differently to changing environmental conditions
caused by illegal small-scale mining due to their physiological, behavioral or other
mechanisms [85].

6. Recommendation

6.1 Ecological intensification

Management of nature’s ecological functions is needed to improve cocoa produc-
tion and livelihoods while minimizing environmental damage.
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6.2 Strengthening existing diverse farming systems

This includes the management of systems such as forest gardens and agroforestry
to promote pollinators through scientifically and local knowledge validated practices,
for example, Crop rotation, cultivation of sunflowers and edge crops to provide
alternative food resources to increase pollinator abundance and diversity necessary
for cocoa production in Ghana.
6.3 Policies and laws concerning Galamsey

Existing legislation should be strengthened by involving farmers in stakeholder
decision-making on Galamsey, so that offenders are punished and others are deterred.
To achieve this, the government should provide COCOBOD with structures that enable
it to effectively and efficiently impose sanctions against illegal small-scale mining.
6.4 Strategies to conserve pollinators and biodiversity

Mining activities should be structured to strike a balance between economically
driven extraction of mineral resources and the strategies needed to conserve natural
resources and maintain ecosystem integrity and species viability.
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