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ABSTRACT 

We investigated the abundance and diversity of entomofauna in two citrus orchards in the semi-deciduous rainforest and the coastal savannah 
agroecological zones of Ghana. In Ghana, research of this nature serving as a baseline data for future studies is generally lacking in citrus 
plantations. Malaise traps, flight interception traps, pitfall traps, chemical ʽʽknock down’’ and visual observation were used for our data collection. 
We recorded a total of 20, 285 individual insects belonging to 387 species from 107 families and 13 orders. Several species of insects were 
common to both agroecological zones, however, some were more specific to an orchard of a particular agroecological zone. Diversity indices such 
as Shannon-Wiener index, Pielou’s evenness and Margalef index were higher in the coastal savannah zone than the semi-deciduous rainforest 
zone during both the wet and the dry seasons. Oecophylla longinoda Latreille was the most dominant insect species in each agroecological zone, 
however, they were more abundant in the semi-deciduous rainforest than the coastal savannah zone. Our study shows that only 9% out of all the 
387 insects were citrus pests. This indicates that citrus orchard could be a potential habitat for insect conservation. We therefore recommend that 
management tactics which have less or no negative effects on natural enemies, pollinators among others but can effectively suppress insect pest 
populations (such as the use of biological control agents, restriction of herbicides and pesticides) should be adopted. Our study has also provided 
the first comprehensive inventory of insect species associated with citrus agroecosystems serving as a baseline data for further studies and 
explore economically sound integrated pest management approach for citrus production in Ghana.  
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1. INTRODUCTION 
Insects constitute the most dominant component of terrestrial and freshwater biodiversity in terms of species richness, animal biomass and critical 
ecological functions [1]. They have invaded every niche, except the oceanic benthic zone [2]. Estimates of species richness of insects have been 
reported to vary from 2 million to as many as 50 million [3]. Insects are very sensitive to human-mediated disturbances, habitat loss, pollution and 
climate change, and because of their sensitivity several insect taxa are used as indicators of global change [4]. The majority of insects on earth 
are important to humans: a few are harmful such as agriculture pests and disease vectors whereas others are beneficial such as decomposers, 
seed dispersers, pollinators and natural enemies of pests [5].                                                                                       

Pesticides are used in conventional farming to suppress pest populations below economic threshold levels and research has shown that more 
arthropod taxa were found in non-sprayed fields together with greater numbers of predators such as Coccinellids than in fields treated with broad-
spectrum insecticides and herbicides [6]. Reduction in bumblebees and butterflies has been observed in farms with higher pesticides application 
than those with no or lower pesticide application [7]. In Ghana, control of major pests of citrus relies on pesticide application [8] and herbicide 
application is one of the weed management practices adopted by farmers [9]. These herbicides do not only deprive insects of their source of food 
but also directly kill them.                     

After citrus establishment, insect species colonize and over time progressively increase in diversity and abundance. Insects which were 
previously considered as minor pests are emerging as key pests in many agroecosystems. There is also evidence that honeybees and other 
pollinators, such as flies, butterflies and major bioindicators such as ants and beetles are in decline across the globe [10]. Anthropogenic climate 
change threats to insect biodiversity are global. The quickened rate of environmental deterioration could lead to a loss of whole taxonomic groups. 
In Ghana, [11] reported an annotated list of insects associated with citrus plantations at Kade in the semi-deciduous rainforest zone, however, 
knowledge of diversity and abundance of insects associated with citrus agroecosystems in different agroecological zones is poorly understood.  



To manage natural resources, restore disturbed habitats or conserve valuable species of concern, the biodiversity of insects of specific areas 
or target habitats needs to be assessed and this requires a comprehensive but efficient inventory of the organisms and perhaps their role in the 
ecosystem [12]. This underscores the critical necessity of this biodiversity study to gain an in-depth knowledge of diversity and abundance of 
insects associated with citrus agroecosystems to help implement measures that ensure the conservation of biodiversity and the maintenance of 
agricultural lands to enhance agricultural productivity and sustainability in Ghana.  

The aim of this study was to determine the diversity and abundance of entomofauna associated with citrus plantations in two different 
agroecological zones of Ghana. 

 
2. MATERIALS AND METHODS 
 
2.1 Sampling zone 

We conducted our study in citrus orchards (monoculture) in the semi-deciduous rainforest and coastal savannah agroecological zones. In both 
orchards, weed management was by the use of machetes, and both farms were wholly organic with the citrus variety being Late Valencia. In the 
semi-deciduous rainforest zone, the research was carried out in a citrus plantation (CI. 25) of the Forest and Horticultural Crops Research Centre 
(FOHCREC) at Okumaning, Kade in the Kwaebibirem District of the Eastern Region of Ghana. This area experiences an annual bimodal rainfall 
pattern ranging between 1200-1300mm, temperature range of 25-380C [13]. The coordinates of the site were N 06o 09.473ꞌ, W 000 54.550ꞌ and E: 
552ft. The orchard was established 20 years ago with a triangular planting distance of 6m x 6m. The vegetation in the study site consisted mainly 
of Panicum maximum and Pueraria phaseoloides. In the coastal savannah zone, the research was carried out in a farmer’s plot at Asuansi 
Agriculture Research Station in the Abura/Aseibu/Kwamankesse District of the Central Region of Ghana. The area experiences a mean annual 
rainfall of 980mm and the rainfall pattern follows the bimodal distribution. Mean monthly temperature is about 26.90oC [14] and the coordinates of 
the study site were N 05 0 18.654ꞌ, W 0010 15.667 ꞌ and E: 363ft. The citrus orchard was established 15 years ago with a triangular planting 
distance of 7m x 7m. The predominant vegetation of the study area consisted mainly of Chromolaena odorata and Panicum maximum.  

 

2.2 Insect collection  

Our study was carried out from September 2013 to March 2014. There were eleven main sampling methods used for the insect collection. Sweep 
net to Sample the topmost part of the vegetation of the understory to collect vegetation-dwelling insects; Aerial nets were used for flying insects 
such as dragonflies, butterflies and members belonging to the family Cetoniidae; in each agro-ecological zone, 10 pitfall traps were randomly set 
to collect ground crawling insects;10 coloured pan traps (yellow, blue and orange) were randomly set to collect insects which are attracted to a 
particular colour; and 5 yellow sticky traps were set up to collect flying insects. One malaise trap was set in each zone to collect mainly flying 
nocturnal insects; one flight interception trap was used for both ground crawling insects and flying insects by intercepting their flights. Hand picking 
was used for collecting specifically slow moving insects and those which play dead when the vegetation is disturbed. Chemical knockdown was 
used to collect insects in the canopy of the citrus trees: 10 trees were randomly selected during each sampling period and sprayed with CYDIM 
super (an emulsifiable concentrate containing 36g cypermethrin and 400g dimethoate active ingredient/L) at a rate of 120ml insecticide/ha using a 
motorized mist blower early in the morning between 6:00-10:00 am. Pieces of vinyl sheets measuring 2.8m × 8m were placed beneath the 
selected trees to collect any insects that fell from the trees during and after spraying. 



 

2.3 Identification of insects  

Insects we preserved in 70% ethanol, sorted, identified to the lowest taxonomic rank possible and counted. Identification of insects was done with 
reference to collection in the museum of the Department of Animal Biology and Conservation Science (DBCS), University of Ghana, as well as 
with reference to Gullan and Cranston [15],[16];[17];[18]; [19]; [20]; [21]. Dr. Maxwell K. Billah of DABCS helped in the identification of the fruit flies. 
The voucher specimens were deposited at the African Regional Postgraduate Programme in Insect Science (ARPPIS), West African Sub-
Regional Centre.  

 

2.4 Data analysis 

Shannon-Wiener diversity index (H’) was calculated according to the equation: H’=-Σ(ni/N)log(ni/N), where ni= number of individuals in the ith 
species and N= total number of individuals sampled. Margalef (d=S-1)/Log (N), is a measure of the number of species present, making some 
allowance for the number of individuals whiles Pielou’s Evenness measures how evenly the individuals are distributed among the different 
species, both were computed using Past 3.01. To check the completeness of inventory in the orchards, EstimateS (version 9.1.0) was used. The 
insects were put into two different functional groups; pests and others (pollinators, predators, parasitoids and unknown) based on the authors’ long 
term experience of citrus pests in Ghana. 
 
3. RESULTS 
A total of 20,285 individual insects belonging to 387 species from 107 families and 13 orders were collected and identified (Table 1). The total 
number of entomofauna in the Semi-Deciduous Rain Forest zone was higher than that in the Coastal Savannah zone. 11646 individual insects 
belonging to 265 species were recorded in the Semi-Deciduous Rain Forest zone compared to 8639 insects from 246 species in the Coastal 
Savannah zone. The number of citrus pests form both orchards were 35 representing 9% of the total insects collected during the study period. 
Figure 1 shows some insects sampled during the study period. 
 

The percentage relative abundance of the entomofaunal families collected from citrus orchards in both zones is given in Figure 2. In the Semi-
Deciduous Rain Forest zone, the four most dominant orders were Hymenoptera (86.34%), Hemiptera (3.48%), Orthoptera (3.12%) and Coleoptera 
(2.34%) whereas Hymenoptera (77.12%), Hemiptera (5.96%), Diptera (5.56%) and Coleoptera (3.15%) were the four most dominant orders in the 
Coastal Savannah zone (Figure 1). O. longinoda was the most abundant species recorded in both agro-ecological zones, recording 7598 (65%) 
and 4996 (58%) individuals for the Semi-Deciduous Rain Forest and Coastal Savannah zones respectively. 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Relative abundance of insect orders  recorded
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Table 2: Diversity indices of the entomofauna for the wet (September-November) and dry (January-March) seasons in the Semi-Deciduous Rain 
Forest and the Coastal Savannah agro-ecological zones of Ghana. 

 

Diversity indices 
Semi-Deciduous 
Rain Forest/Wet 

    Coastal           

 Savannah/Wet 

Semi-
Deciduous 
Rain         
Forest/ Dry 

Coastal     
Savannah/Dry 

Shannon, Hꞌ 0.6086    1.011 0.6309      0.8613 

Evenness 0.1671    0.229 0.1566      0.182 

Margalef, d       1.184    1.341 1.28      1.429 
 

    

 

 

Table 3: Diversity indices of the entomofauna in the Semi-Deciduous Rain Forest  
and Coastal Savannah agro-ecological zones of Ghana.   

Diversity indices 

         Semi-Deciduous Rain     

               Forest 

          Coastal         

         Savannah 

Shannon, Hꞌ 0.651 0.987 

Evenness 0.160 0.204 

Margalef, d 1.175 1.327 

     
 

Estimated species richness of insects captured using Incidence-based estimator (Chao 1), Abundance-based estimator (Chao 2), First-order 
jackknife estimator (Jack 1), Second-order jackknife estimator (Jack 2), Abundance-based coverage Estimator (ACE) and Incidence-based 
coverage Estimator (ICE) per zone are shown in the species accumulation curves for the Semi-Deciduous Rain Forest zone and Coastal 
Savannah zone respectively. In both Semi-Deciduous Rain Forest and Coastal Savannah zones, the species accumulation curves were clearly 
approaching an asymptote showing that species saturation had been reached and sampling effort was adequate (Figures 3 and 4).   

 



 
Figure 3. Species accumulation curve for entomofauna associated with the citrus orchard in the Semi-Deciduous Rain Forest zone and its species 
richness estimators. Average species richness is based on 50 randomizations [22]. 
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Figure 4. Species accumulation curve for entomofauna associated with the citrus orchard in the Coastal Savannah zone and its species richness 
estimators. Average species richness is based on 50 randomizations [22].  
 

   

4. DISCUSSION 
Our study reports 387 insects compared to 123 insect species that was earlier reported by [12]. The number of insect species found in this present 
study shows that citrus agroecosystems provide refugium for a plethora of many insect species in Ghana. Our results show that citrus plantations 
have high diversity and abundance of entomofauna. Most of the insects collected from each agroecological zone were hymenoptera, probably due 
to the large number of insects belonging to the family formicidae. They were more in the semi-deciduous rainforest zone than the coastal 
savannah zone because the trees in the latter were comparatively younger. This observation could also probably be attributed to the number of 
sampling locations, management regimes, sampling techniques and sampling effort in the different studies. This, however, provides the first 
comprehensive inventory of insects associated with citrus plantations with increasing sampling effort in Ghana.  
     We found O. longinoda to be the most abundant insect species in each agro-ecological zone. This confirms earlier findings of [23] who reported 
that Weaver ants O. longinoda tend to be common over most of their ranges. He further noted that in many localities they are among the most 
abundant and ecologically dominant elements of the arboreal ant fauna. They were, however, more abundant in the semi-deciduous rain forest 
zone than in the coastal savannah zone, probably due to the age differences in the two orchards, citrus trees in the semi-deciduous rain forest 
zone being older than those in the coastal savannah zone. O. longinoda prefers older trees and trees with close canopies [24], [25]. Results in the 
present study are consistent with this earlier observation. The dominance of O. longinoda over other insect species could also be attributed to the 
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abundance of honeydew-producing insect species such as citrus aphids (Toxoptera aurantii, Toxoptera citricidus, and Aphis gossypii), citrus scale 
insects Lepidosaphes beckii and citrus mealy bugs Planococcus citri [26], [27]. The higher number of O. longinoda in the semi-deciduous 
rainforest zone indicates that citrus trees in this agroecological zone may be better protected from insect pests of citrus than those in the coastal 
cavannah zone. It has been earlier noted by [28] that O. longinoda protects crops against insect pests, however, the abundance of O. longinoda 
could trigger an outbreak of honeydew-producing hemipterans [29] which are not only pests but also transmit plant pathogens [30]. It was also 
earlier reported that the association between ants and pests such as aphids and scale insects favours the latter by protecting them from their 
natural enemies [31], hence could lead to an outbreak of these pests by increasing their abundance and damage.   

Our results show that the diversity indices in the semi-deciduous rainforest zone were lower than those in the Coastal Savannah zone. Even 
though each citrus orchard had several common weeds, some weeds were specific to a particular citrus orchard. The differences could be 
responsible for variations in abundance and diversity of insect species in each orchard. Variation in the vegetation structure and richness of 
undergrowth indirectly influence the entomofaunal abundance and diversity [32]. This also confirms the findings of [33] who earlier reported that 
the structure of vegetation in different zones may influence the diversity of insects in a particular habitat. Similarly, all the diversity indices were 
higher in the dry season compared to the wet season. During the wet season, from September-November there were no matured citrus fruits, 
therefore there were few insects in the orchards but during the dry season, from January to March, the fruits were matured and ripened, hence the 
higher number of insects in the orchards. This could account for the higher diversity in the dry season than the wet season.  

In the Semi-deciduous Rain Forest zone, we observed that the abundance of predatory insects belonging to Formicidae (Crematogaster sp., 
O. longinoda, Tetramorium sp.) and Asilidae (Promachus sp., Laphria sp., Stichnopogon sp, Machimus sp.,) was more than those in the Coastal 
Savannah zone. This could also account for the low diversity of insects in the Semi-Deciduous Rain Forest zone. This had earlier been reported in 
several studies where the abundance of predators, parasitoids, and the prevalence of diseases are all involved in insect population control [34], 
[35]. We observed that most of the insects associated with citrus orchards in Ghana are not pest. The majority of the insects found in our study 
were categorized under “others” (predators, pollinators, parasitoids and unknown species). 

 

5. CONCLUSION 
The study has provided a species list of insects in citrus plantations in Ghana. The study shows that citrus orchards have diverse and numerous 
entomofauna with a small proportion being insect pests of citrus. Our study presents the first comprehensive inventory of insects associated with 
citrus orchards. This may provide a useful foundation for exploring the integrated production and pest management for citrus production. We 
recommend that to conserve insect species in citrus orchards, management tactics which have less or no negative effects on natural enemies, 
pollinators and other insects but can effectively suppress insect pest populations (use of biological control agents, restriction of herbicides and 
pesticides use) should be adopted.   
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