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Abstract 

Background:  Knowledge of the relative abundance and biting rates of riverine blackflies (vectors of onchocerciasis) 
is essential as these entomological indices affect transmission of the disease. However, transmission patterns vary 
from one ecological zone to another and this may be due to differences in species of blackfly vectors and the climatic 
conditions in the area. This study investigated the effects of climate variability on the relative abundance and biting 
rates of blackflies in the Tanfiano community (Nkoranza North District, Bono East Region, Ghana). Such information 
will help to direct policy on effective timing of the annual mass drug administration of ivermectin in the area.

Methods:  The study employed human landing collections and locally built Esperanza window traps to collect black‑
flies from March 2018 to February 2019. The relative abundance and biting rates of the Simulium vectors as well as the 
monthly climatic conditions of the study area were monitored. Correlation analysis and Poisson regression were used 
to establish the relationships between the variables.

Results:  The relative abundance and biting rates of the Simulium vectors were highest in the drier months of March, 
April and August, characterized by high temperatures, low humidity, longer hours of sunshine and stronger winds. 
The rainy months of May, June and July, characterized by low temperatures, high humidity, few hours of sunshine and 
weaker winds, had relatively low blackfly abundance and biting activity. Correlation analysis showed that only tem‑
perature was significantly, positively correlated with the relative abundance of blackflies (r = 0.617, n = 12, P = 0.033) 
and monthly biting rates (r = 0.612, n = 12, P = 0.034). A model to predict relative abundance and monthly biting 
rates using climatological variables was developed.

Conclusions:  This study demonstrated that Simulium species in the study area preferred higher temperature, lower 
humidity and rainfall, more hours of sunshine and relatively stronger winds for survival. It is thus recommended that 
for the study district and others with similar climatological characteristics, mass drug administration of ivermectin 
should take place in April and September when the abundance of vectors has begun to decline after peaking.
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Background
Onchocerciasis is a neglected tropical disease caused 
by the nematode Onchocerca volvulus and transmitted 
by riverine Simulium (blackfly) vectors [1]. The disease 
manifests either as ocular or dermal onchocerciasis with 
several symptoms including itching, nodules, skin thick-
ening, visual impairment and blindness [1]. Onchocer-
ciasis causes great morbidity and is the second leading 
cause of blindness due to infectious disease globally [2]. 
Worldwide, it is estimated that there are 37 million peo-
ple suffering from river blindness and the population at 
risk is about 120 million [3]. While not deadly, the dis-
ease has a global burden of about 1.5 million disability 
adjusted life years (DALYs) [4]. The severe pruritis (itch-
ing) alone accounts for 60% of the DALYs [4]. Meanwhile, 
these estimates are known to underrepresent the true 
burden of the disease in endemic regions [5]. Control of 
onchocerciasis has relied heavily on vector control and 
mass drug administration using ivermectin, an efficient 
microfilaricide, which has been effective in interrupting 
transmission and eliminating the disease in some previ-
ously endemic foci [6].

The nature and severity of onchocerciasis in a particu-
lar area depends on the type of Simulium vector species 
occurring within a specific ecological zone [7]. In Africa, 
the Simulium damnosum (sensu lato) species complex, 
with about 60 cytoforms, is the main vector responsi-
ble for more than 95% of onchocerciasis cases. In West 
Africa, the vectors are various cytoforms of the Simu-
lium damnosum complex, which differ in their ecolo-
gies [8] and vectorial roles [9]. Of the principal vectors 
in West Africa, S. sanctipauli, S. soubrense and S. yahense 
are found mostly in forests, S. squamosum principally 
occurs in highland zones, while S. damnosum (sensu 
stricto) and S. sirbanum are more widespread, but the lat-
ter two are the only common species found in northern 
savannah zones [10]. The most important West African 
sibling species found in Ghana are S. damnosum Vajime 
& Dunbar (s.s.), S. sirbanum Vajime & Dunbar, S. sancti-
pauli Vajime & Dunbar, S. yahense Vajime & Dunbar, S. 
soubrense Beffa form, S. squamosum Enderlein (of which 
both C and E forms occur) and S. yahense [11]. The abun-
dant diversity of the species and cytoforms of blackflies 
in Ghana (and Africa in general) implies that generaliza-
tions about effects of climatic variations on onchocer-
ciasis transmission require caution unless the particular 
vector(s) involved are specified, with similar caveats nec-
essary for different river sizes and bioclimatic zones [12].

Previous studies have demonstrated that transmission 
of onchocerciasis in an endemic community is related 
to the relative abundance of the Simulium vectors and 
their biting activities [11, 12]. Meanwhile, the relative 
abundance and distribution of the vector S. damnosum 

complex (prevalent in Ghana) may be affected by climatic 
conditions [13]. Studies have reported that climatic vari-
ables such as wind speed/direction, temperature, atmos-
pheric pressure, altitude, rainfall, drought, flooding, etc. 
affect the relative abundance, species habitat and trans-
mission potentials of various diseases especially those 
transmitted by vectors [10, 13, 14]. The Disease Reference 
Group for Helminth Infections of the UNICEF/UNDP/
World Bank/WHO Special Programme for Research 
and Training in Tropical Diseases, identified the need to 
investigate the effects of climate change on helminthi-
ases and their control as well as interactions between the 
biology of the infections and climate-driven environmen-
tal variables [15]. Several studies have investigated the 
effects of certain environmental variables on the entomo-
logical indices of onchocerciasis, but results have been 
conflicting [13]. However, the general consensus is that 
different (and sometimes the same) species of Simulium 
in different ecological zones, respond differently to vari-
ations in climatic conditions [13]. The need for studies in 
the different endemic areas to understand the behaviour 
of the local blackfly vectors is therefore warranted. The 
aim of this study was to investigate the effects of tem-
perature, rainfall, humidity, hours of sunshine and wind 
speed on the relative abundance and biting rates of the 
Simulium species in the study community.

Methods
Study area
The study took place in Tanfiano in the Nkoranza North 
District of the Bono East Region of Ghana, West Africa. 
The community has an ongoing mass drug administra-
tion programme for more than a decade (2002–2020), but 
effective monitoring of the post-control disease dynamics 
has not been carried out [16]. The community has been 
shown to be hypoendemic for onchocerciasis [16]. The 
Nkoranza North district lies within longitudes 1°10″W 
and 1°55″W and latitudes 7°20″N and 7°55″N [17]. Nota-
ble rivers in the district include Tanko, Fanku, Fia and 
Tanfi. The rivers in the area are fast flowing and provide 
suitable breeding grounds for the vectors of onchocercia-
sis [17]. The district lies in the forest-savannah transition 
zone, hence the predominant blackfly species are S. dam-
nosum (s.s.), but S. sirbanum may also be found in this 
area [11]. The major rainy season is between April and 
July and the minor rainy season occurs between Septem-
ber and November [17]. The temperature in the district 
is generally high with an annual average temperature of 
26 °C, with an average maximum temperature of 30.9 °C 
and average minimum of 21.2 °C. The hottest months are 
February, March and April [17].
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Vector collection
A longitudinal study was conducted where human land-
ing catches (HLC) and Esperanza window traps were uti-
lized to collect blackflies from March 2018 to February 
2019. The period was chosen to cover one major rainy 
season, one minor rainy season and two dry seasons. This 
allowed for the evaluation of changes in relative abun-
dance and monthly biting rates of blackflies over different 
periods with variable climatic conditions. Five different 
versions of the recently developed Esperanza Window 
Traps (EWTs) [18] were built and used for the collection 
of blackflies. The basic design of the trap was made up of 
a metallic frame with coloured fabrics, CO2 sources and 
host odours source (worn socks) as previously described 
[19]. Human landing collections were performed along 
with collections by EWTs. This was because human land-
ing collection is the gold standard for blackfly collection 
in onchocerciasis programmes, hence it was needed as a 
control for the relatively new EWTs.

The EWTs and human volunteers were stationed close 
to the banks of the community river where the blackflies 
are known to breed. The distance between traps and the 
river ranged from 2–20  meters following already estab-
lished protocols [18]. The traps were set at a distance of 
at least 5 m from each other [18, 20]. These distances 
have been reported to be adequate to stop interference 
among trapping methods whilst still permitting the sam-
pling of the same local blackfly populations [18]. Human 
landing collections were conducted by two well-trained 
and experienced community volunteers working simulta-
neously during the period of the trap testing [20]. The fly 
collectors sat with their legs exposed and any fly perching 
on the exposed parts were caught before it fed by invert-
ing a small tube over it [20]. Each fly was caught in a dif-
ferent tube and hourly captures were pooled and labelled.

The number of flies caught by the various methods over 
a period of 12 months were pooled to determine the rela-
tive abundance of blackflies. Pooling was necessary due 
to the low density of blackflies within the community 
with the resultant low vector catches from all trapping 
methods over the 12 months period. The pooled data was 
also used to determine the monthly biting rates (MBR) 
following previously published procedures [14] using the 
formula:

Climatological data
The monthly average rainfall, humidity, temperature, 
sunshine hours and wind speed were acquired from the 
international water management institute [21]. The GPS 

MBR =(Number of flies caught × Days in themonth)/

Number of catching days

coordinates of Tanfiano are 7°46′60″N, 1°46′0″W [22] 
and this was used to generate the climatic data for the 
months of March 2018 through to February 2019 from 
the institute.

Statistical analysis
The data gathered were recorded in Microsoft Excel and 
analyzed in GraphPad Prism (version 8; GraphPad Soft-
ware, San Diego, CA, USA) and R Package for Statistical 
Computing (version 3.6.1) [23]. The Shapiro-Wilk test 
was used to determine if the variables were normally dis-
tributed (normal distribution was assumed if P > 0.05). 
The Pearson correlation test was then used to determine 
the association between the monthly biting rates, the 
relative abundance and the individual climate variables. 
The correlation was considered statistically significant at 
the 95% confidence interval if P < 0.05. The dependent 
variable (relative abundance of blackflies) was count data, 
hence Poisson regression was employed to model the 
relationship between relative abundance, monthly biting 
rates and the climatological variables.

Results
The correlation between selected climatic variables 
and the relative abundance and the MBR of the Simu-
lium vectors over the study period are presented in the 
figures below. The climatic conditions observed dur-
ing the study period were typical for the study area [17]. 
To calculate the MBR and relative abundance for this 
study, the blackflies captured by the EWTs and HLCs 
were pooled together. The highest number of captured 
blackflies (n = 81) was recorded in March followed by 
April (n = 61) (Fig. 1). In May, the number of blackflies 
reduced drastically as only 3 blackflies were caught by 
EWTs and HLCs combined. The months of June and July 
recorded no catches and the blackflies seemed to disap-
pear completely. In August, the Simulium vectors started 
re-appearing and 7 were caught by EWTs and HLCs 
combined. However, in September and November no 
blackflies were caught, and in October just 2 were caught. 
Some blackflies were caught in December (n = 6), Janu-
ary (n = 6) and February (n = 3).

The study investigated the effects of variation in tem-
perature on the MBR and the relative abundance of Sim-
ulium vectors (Fig.  1). The mean monthly temperature 
was highest in March (29.4 °C) reducing steadily until 
July (25.6 °C). The mean temperature of August (25.5 °C) 
was only slightly lower than that of July (25.6 °C). From 
September to November the mean temperature steadily 
increased until December when it dropped to 26.4 °C. 
Generally, both the relative abundance and the MBR of 
blackflies decreased with decreasing temperature (Fig. 1). 
The MBR and relative abundance of the blackflies were 
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highest in March (837 and 81 flies/man/month, respec-
tively) when the temperature was highest (29.4 °C).

The mean monthly temperature was normally distrib-
uted (Shapiro-Wilk test, W = 0.915, P = 0.246) hence the 
Pearson correlation test was used to determine the rela-
tionship between temperature and relative abundance of 
the blackflies. The correlation was moderately positive 
and statistically significant (Pearsonʼs correlation coef-
ficient, r = 0.617, n =12, P = 0.033). There was also a 
moderately positive correlation between the temperature 
and the MBR and this correlation was statistically signifi-
cant (r = 0.612, n = 12, P = 0.034).

The study also investigated the mean monthly rainfall 
and its relationship with the MBR and relative abun-
dance of the blackflies (Fig. 2). The analysis showed that 
as rainfall increased the relative abundance and MBR 
also decreased. For instance, the MBR and relative abun-
dance of the blackflies were highest in March (837 and 81 
flies/man/month, respectively) when the rainfall was low 
(83.49 mm/month). As the rainfall increased to 113.19 
mm/month, the MBR and relative abundance decreased 
to 610 and 61 flies/man/month, respectively. In May, as 
the rainfall further increased to 144.67 mm/month, the 
MBR and relative abundance declined further to 31 and 3 
flies/man/month, respectively. In June, as the rain peaked 
at 165.16 mm/month, both MBR and relative abundance 
of the blackflies declined to zero. It is worth noting that 
as the rains reduced in July, the reappearance of the 
blackflies was not immediate, and it was not until August 
that they started to reappear.

The mean monthly rainfall was normally distributed 
(Shapiro-Wilk test, W = 0.918, P = 0.260) hence the 
Pearson correlation test was used to determine the rela-
tionship between rainfall and relative abundance of the 
blackflies. The correlation was weakly negative and not 
statistically significant (r = − 0.041, n = 12, P = 0.899). 
Meanwhile, there was also a weak negative correlation 
between the mean monthly rainfall and the MBR of the 
Simulium vector and this correlation was not statistically 
significant (r = -0.073, n = 12, P = 0.822).

The relationship between the relative humidity, MBR 
and the relative abundance of Simulium vectors is pre-
sented in Fig. 3. The humidity of the study area continu-
ously increased from low (64%) at the onset of the study 
in March to very high (83%) at the end of August. Gen-
erally, as humidity increased, the MBR and the relative 
abundance decreased until the month of June and July, 
when in spite of the increasing humidity, there was no 
appreciable change in the MBR and relative abundance.

The relative humidity was normally distributed (Shap-
iro-Wilk Test, W = 0.866, P = 0.057) hence the Pearson 
correlation test was used to determine the relationship 
between humidity and relative abundance of the black-
flies. The correlation was mildly negative and not sta-
tistically significant (r = − 0.237, n = 12, P = 0.459). 
Furthermore, there was a mild, negative correlation 
between the humidity and the MBR but this was also not 
statitstically significant (r = − 0.260, n = 12, P = 0.415).

The effect of hours of sunshine in the month on the 
MBR and the relative abundance of the blackflies was 
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from March 2018 to February 2019
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also evaluated (Fig.  4). The hours of sunshine for the 
study duration slightly increased from March until May. 
Between June and July, there was a decline in sunshine 
hours as the rains were heavy until September when it 
began to increase again.

The distribution of the monthly sunshine hours was 
normalized by log-transformation (Shapiro-Wilk test, 
W = 0.839, P = 0.057) and the Pearson correlation test 
was used to determine the relationship between sunshine 
hours and relative abundance of the blackflies. The cor-
relations were mildly positive for both the relative abun-
dance (r = 0.230, n = 12, P = 0.472) and the MBR (r = 
0.227, n = 12, P = 0.478) but the relationships were not 
statistically significant.

The relationship between the monthly average wind 
speed (m/s), the MBR and the relative abundance was 
also interesting (Fig. 5). In March, when the average wind 
speed was very high (1.4 m/s), both the MBR and relative 
abundance were also correspondently very high (837 and 
81 flies/man/month, respectively). The months of April 
and June, with decreasing wind speed, had reductions 
in the relative abundance and the MBR of the blackflies. 
The general trend demonstrated in this study is that with 
decreasing wind speed, the relative abundance and the 
MBR also decreased.

The wind speed was normally distributed (Shapiro-
Wilk test, W = 0.873, P = 0.071) hence the Pearson 
correlation test was used to determine the relation-
ship between wind speed and relative abundance of the 
blackflies. Analysis of the correlation showed that wind 

speed was moderately, positively correlated with both 
the relative abundance (r = 0.515, n = 12, P = 0.087) 
and the MBR (r = 0.506, n = 12, P = 0.093) of the vec-
tors as shown in Fig.  5. However, both relationships 
were not statistically significant.

The study further modelled the relationship between 
the MBR, relative abundance, temperature, rainfall, 
humidity, sunshine and wind speed. The results showed 
that MBR can accurately be predicted using a model 
that incorporates relative abundance and all climate 
variables except for humidity. Humidity was excluded 
from the final model because it was not a significant 
predictor (P = 0.596). The results of the analysis are 
presented in Table 1.

In the final model, all coefficients of the model were 
highly significant even at 99% confidence interval (Table 1). 
This final model explained 95.52% variability in the 
monthly biting rate (MBR) of blackflies in the community. 
This means that the final fit can predict with 95.52% accu-
racy. The mathematical representation of the final model is 
given in equation 1 as:

To check for the accuracy of the model, a plot of the 
observed data over the fitted model was made and is pre-
sented in Fig.  6. The plot demonstrated that the model 

(1)

LogeMBR = 12.419122+ 0.054997× RA

− 1.928488× Temperature − 0.017507

× Rainfall + 18.570692× Sunshine

+ 11.008602× Wind speed
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fits the data accurately as there were only a few observed 
variations between the observed data points and the fit-
ted model.

The study also developed a model to predict the rela-
tive abundance of blackflies using only the climatologi-
cal variables and the results of the model are presented 
in Table  2. Due to the fact that wind speed was not a 

significant predictor (P = 0.3326), it was dropped in the 
final model fitted for the relative abundance.

In the final model, all the coefficients of the climate 
variables were highly significant at 95% confidence level. 
This new fit explained 74.34% of the variability in the 
relative abundance of blackflies in the community. The 
model is given in Equation 2 as:
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In order to test the accuracy of the final model, a plot of 
the observed data over the fitted model was made (Fig. 7). 
The results demonstrated that the model provided a good 
fit for the data.

Discussion
The study observed that the monthly biting rates and 
relative abundance of the Simulium vectors were high-
est in the drier months of March, April and August in the 

(2)

LogeRA = 0.150918×Humidity− 47.326379

+ 2.026700× Temperature

− 0.013825× Rainfall − 9.374448

× Sunshine

study area (Figs 1, 2, 3, 4 and 5). The drier months were 
conspicuously marked by higher temperature, lower rain-
fall, lower humidity, more hours of sunshine and stronger 
winds. The findings in this study are consistent with 
that of Eyo et al. [24] who demonstrated that high tem-
perature and low humidity correlated with a high relative 
abundance of S. damnosum. Additionally, Ikpeama et al. 
[25] reported that blackflies preferred higher tempera-
tures, as is the case with other hematophagous insects. 
Nevertheless, extremely high temperatures have also 
been shown to negatively affect the biting rates of certain 
Simulium vectors [26].

The rainy months of May to July had relatively lower 
temperatures with fewer hours of sunshine, high humid-
ity and weaker winds. For these months, the study 
observed relatively low fly abundance and biting activity. 
This could be an advantage for a predominantly farm-
ing community such as in the study area, where farming 
activities intensify in the rainy seasons. This means that 
inhabitants may be at a reduced risk of being exposed to 
bites of the Simulium vectors when they go to work on 
the farm. This might also explain why there was a rela-
tively low prevalence of onchocerciasis in the study area 
as reported by Otabil et al. [16]. The findings of the pre-
sent study are similar to that of Zarroug et al. [14] carried 
out in Sudan and Ubachukwu & Anya [26] carried out 
in Nigeria, and demonstrated that a surge in the amount 
of rainfall correlated with a decrease in the relative 
abundance of the Simulium vectors. The reason for the 
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Table 1  Poisson model of the relationship between MBR, RA 
and climate variables

Notes: Null deviance: 3946.33 on 11 degrees of freedom, residual deviance: 
176.93 on 6, AIC: 241.16

Abbreviation: SE, standard error

Variable Estimate SE Z-value P-value

Intercept 12.419122 1.291834 9.614 < 0.0001

Relative abundance 0.054997 0.002275 24.16 < 0.0001

Temperature − 1.928488 0.134700 − 14.317 < 0.0001

Rainfall − 0.017507 0.001488 − 11.762 < 0.0001

Sunshine 18.570692 1.343811 13.819 < 0.0001

Wind speed 11.008602 0.810060 13.590 < 0.0001
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seeming disappearance of the Simulium vectors may be 
due to heavy downpours, as it is possible that rivers could 
overflow their banks and sweep away larvae and adult 

flies [24]. Indeed, a study by Nwoke [27] showed that 
rainfall increases relative humidity leading to lower tem-
peratures and this has the potential to negatively affect 
the blackfly biting activity [27]. The low temperatures 
during rainy periods might also impede the development 
of the Simulium larvae. However, results from this study 
are divergent to findings by Atting et al. [28] and Opara 
et al. [29] in Nigeria reporting that the number of S. dam-
nosum increased during periods when rainfall was at its 
peak. Opara et al. [29] suggested that the increase in fly 
abundance may be due to the increase in oxygen in the 
breeding habitats, rivers and streams [29]. Likewise, an 
increase in the oxygen content of breeding sites may be 
attended by an increase in the amount of nutrients and 
availability of pre-imaginal sites [24]. This could lead to 
an enhanced pre-imaginal growth, which could result in a 
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Fig. 6  Plot of observed MBR data over fitted model at 95% confidence interval

Table 2  Poisson model of the relationship between RA and 
climate variables

Notes: Null deviance: 405.621 on 11 degrees of freedom, residual deviance: 
104.08 on 7 degrees of freedom, AIC: 45.99

Abbreviation: SE, standard error

Variable Estimate SE Z-value P-value

Intercept − 47.326379 6.762367 − 6.998 < 0.0001

Temperature 2.026700 0.200949 10.086 < 0.0001

Sunshine − 9.374448 1.837439 − 5.102 < 0.0001

Humidity 0.150918 0.038089 3.962 < 0.0001

Rainfall − 0.013825 0.005554 − 2.489 < 0.0128
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rise of the adult blackfly population [24] during the rainy 
season (May to July).

However, for the present study, the rainy months had 
lower temperatures, higher humidity, fewer hours of 
sunshine and relatively weaker winds. The climatic con-
ditions observed in the study period were typical for the 
study area and its surroundings [17]. All the climatic con-
ditions seemed to have interplayed to bring about the 
observed reduction in fly abundance and biting rates. The 
disparity in ecological and climatic requirements of dif-
ferent species of Simulium is a widely known fact, and 
the published data indicates that it is always essential to 
conduct area-specific entomological studies in the dif-
ferent endemic communities [13] in order to know what 
pertains in the particular area.

One of the key implications of the findings of this 
study is that onchocerciasis control programmes must 
carry out epidemiological surveys in control areas before 
scheduling mass drug administration of ivermectin. This 
is because the biting rates and relative abundance of 
blackflies are very high in some periods of the year and 
low in others. It will therefore be best to consider admin-
istering ivermectin during periods when these entomo-
logical indices are high as individuals would have been 
highly exposed to blackfly bites. For the present study 
community, our results indicate that it would be best to 
administer ivermectin in April and September immedi-
ately following the peak periods of exposure to blackflies.

Our study further developed models to predict the 
MBR and RA using climate variables. The findings from 
the study showed that for the study area, the models 
(Equations 1 and 2) can accurately predict these key indi-
ces of transmission of onchocerciasis if the climatological 
variables are known. The need for such models has been 
underscored by previous authors [13, 15]. However, there 
is a need for external validation of the models developed 
in this study in order to increase their utility in current 
onchocerciasis control programmes in the area.

Conclusions
The present study established that entomological indices 
of onchocerciasis are affected by the climatic conditions 
in an area. It has also shown that temperature, rainfall, 
wind, sunshine and humidity have varied effects on the 
S. damnosum vectors in the study area and their vecto-
rial capacity. Juxtaposing the findings of this research 
to several others in other endemic areas, it is evident 
that different ecological forms of the Simulium vectors 
react differently to climatic variability. In light of con-
cerns about the rapidly changing global climate, there 
is a need to constantly monitor entomological indices 
of onchocerciasis in order to ensure that onchocerciasis 

elimination targets are not adversely affected by the 
changing climate. This study demonstrated that Simu-
lium species in the study area preferred higher tempera-
ture, lower humidity and rainfall, more hours of sunshine 
and relatively strong winds for survival. It is thus recom-
mended that for the study district and others with similar 
characteristics, mass drug administration of ivermectin 
should be administered in April and September (biannual 
administration), when the number of vectors have begun 
to decline after the peak of exposure to blackflies.
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