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and animal excrement, garbage, and human food (Ngoen-
Klan, et al., 2011, Badenhorst and Villet, 2018). In Africa, 
it exists in almost all sub-Saharan African countries where 
it causes a public health problem, in particular through its 
role as a mechanical vector of pathogenic germs (Bohart 
and Gressitt, 1951, Wells 1991, Irish et al. 2014, Alikhan et 
al., 2018). The spectrum of germs transmitted mechanically 
by this insect includes bacteria such as enterohemorrhagic 
Escherichia coli (Migula, 1895) (Castellani and Chalmers, 
1919), Klebsiella pneumoniae (Trevisan, 1887), Salmonella 
typhi (Schroeter, 1886) (Warren and Scott, 1930), Staphy-
lococcus aureus (Rosenbach, 1884), Pseudomonas aeru-
ginosa (Schroeter, 1872) (Migula, 1900) and Aeromonas 
hydrophila (Chester, 1901) (Stanier, 1943), that can cause 
symptoms ranging from watery diarrhea to dysentery or 
bloody diarrhea in humans (Sukontason, et al., 2007, Chai-
wong, et al., 2012, Srivoramas, et al., 2012, Sulaiman et al., 
2017). Studies conducted in Argentina by Battan-Horenstein 
and Gleiser (2018) have suggested that the effective control 

Introduction

Chrysomya megacephala is a Diptera widely distributed in 
tropical and subtropical regions of the world, particularly 
in Africa and the New World (Yasmeen and Amir, 2022). It 
plays a leading role in the mechanical transmission of fecal-
oral diseases, in particular through its feeding on human 
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Abstract
The distribution pattern of the fly Chrysomya megacephala in the city of Yaoundé in Cameroon is poorly known despite 
its medical relevance. Following three types of standing (urbanization level) (medium standing, spontaneous standing, 
and peri-urban standing), we conducted monthly catches of adult flies on three types of waste (organic, inorganic, and 
animal paddock). The occurrence, distribution pattern, and seasonal abundance associated with abiotic factors (tempera-
ture, relative humidity, and precipitation) of C. megacephala were studied. In total, 656 fly individuals were sampled 
across all sites, with the highest abundance observed in mixed organic waste in spontaneous standings. Seasonal fluctua-
tions revealed two peaks of C. megacephala abundance, one during the long dry season and the other during the short 
rainy season. Spearman’s correlation test showed that fly’s abundance is not significantly linked to temperature, relative 
humidity and rainfall. The occurrences data revealed that C. megacephala in the urban area of Yaoundé, C. megacephala 
was constant, incidental or accidental species. Chrysomya megacephala was constant only in mixed organic matter of 
spontaneous standings. The Fisher, Neyman and Morisita indices show that the mode of distribution of C. megacephala 
was aggregative. Current vector control strategies should also target sarcophagus insects like C. megacephala to reduce 
its abundance and the burden of hydric diseases in Yaoundé neighborhoods.
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of this species in urban environments can drastically reduce 
the number of pathological cases linked to infection with 
fecal-oral diseases especially in very precarious hygiene 
and sanitation conditions. An optimal control requires a bet-
ter knowledge of the distribution of this fly species in urban 
areas as well as the biotic and abiotic parameters that can 
affect its distribution (Ngoen-Klan et al., 2011). For exam-
ple, Battan-Horenstein and Gleiser (2018) highlighted the 
influence of seasonality on the structuring of populations of 
this species. According to Ngambi (2015), accelerated and 
poorly controlled urbanization, combined with the growth 
of human populations in urban areas, complicate the urban 
waste management in developing countries. The existing 
equipment for improving the hygiene and sanitation condi-
tions has not kept up with the development of the cities. In 
some cases, more than half of the urban populations live 
in neighborhoods not served by the public waste service. 
Problems are recurrent, especially in spontaneous neighbor-
hoods, with epidemics such as fecal-oral diseases as a result 
of permanent unsanitary conditions.

In Cameroon, although there are services for the manage-
ment and treatment of urban waste, the level of transmis-
sion of fecal-oral diseases remains alarming. Chrysomya 
megacephala living in urban environments is known to 
play an important role in this transmission (Feugang, et al., 
2012). The distribution of this insect and the factors affect-
ing it remains unknown in our environment. These data are 
important in the development of effective control strategies 
against C. megacephala. This study aimed to assess (1) the 
spatial and temporal distribution of occurrence and abun-
dance of C. megacephala, (2) the mode of distribution of 
C. megacephala, as well as (3) the effects of some abiotic 
factors on the population structure of this species in the city 
of Yaoundé.

Materials and methods

Study sites

This study was carried out in the city of Yaoundé (3°52’N 
11°31’E) (Fig.  1), Centre Region, Mfoundi Department. 
Yaoundé, the capital of Cameroon, is subdivided into seven 
districts and covers an area of 304 km². It has an estimated 
population of 2,440,462 as of the year 2011, with an aver-
age density of 13,558 inhabitants per km². Yaoundé and its 
surroundings are characterized by the presence of some 
mountain ranges whose altitude fluctuates between 600 
and 1200 m. Yaoundé has a climate with a bimodal rainfall 
where four seasons are distinguished (Sighomnou, 2004): 
a long dry season (from mid-November to mid-March), a 
short rainy season (from mid-March to the end of June), a 

short dry season (from July to the end of August) and a long 
rainy season (from September to mid-November).

The city of Yaoundé is subdivided into standings (level 
of urbanization) that depend on the living standards of the 
residents. Thus, we have medium standings with medium or 
middle incomes, poor or spontaneous standings, and peri-
urban standings located at the boundaries of urbanized areas 
(Ngambi, 2015). For this study, 13 neighborhoods were ran-
domly selected following the districts covered by different 
types of waste. Thus, we selected four neighborhoods of 
medium standings (Biyemassi, Nsymeyong, Madagascar, 
Essos), five spontaneous standings (Nsam, Mokolo, Carri-
ère, Mvog-Ada, Nkoldongo), and four peri-urban standings 
(Etoug-Ebe, Nkolbisson, Etoudi, Emana).

Fly sampling and identification

In each selected district, we conducted the catches in three 
sites: (1) an organic waste bin (containing plant materials, 
detritus, papers, woods), (2) an inorganic waste bin (con-
taining waste plastics, bottles, irons, clothes, shoes, bags, 
etc.) and (3) animal paddock (containing animals, and fecal 
materials).

At each site, catches were realized using a sweep net, 
once every four weeks for 12 months, from May 2019 to 
April 2020. Thirty minutes collection time period was 
achieved at each site from 8-11am by a well-trained person-
nel. All collected specimens were stored in labeled pillboxes 
containing 70% ethanol and transported to the Zoology 
Laboratory of the University of Yaoundé I for morphologi-
cal identification and taxonomy classification.

Chrysomya megacephala was identified under a binocu-
lar magnifying glass using the published identification keys 
(Kurahashi and Kirk-Spriggs, 2006, Irish et al., 2014, Lutz, 
et al., 2018).

Recording of climate parameters

During field investigations, the values of temperature, rela-
tive humidity, and daily rainfall from May 2019 to April 
2020 were obtained from the Nkolbisson meteorological 
station of the International Institute for Tropical Agriculture 
(IITA) (Fig. 2).

Statistical analysis

The statistical analyses were conducted using Excel, PAST 
(version 3.12), and R version 4.0.2 (packages “FactoMiner” 
and “Factoextra””). The PAST software allowed us to run: 
(1) the chi-square test (χ2) for frequencies comparison 
between different standings (level of urbanization) and dif-
ferent seasons; (2) Spearman correlation coefficient (rs) to 
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assess the linear relationship between temperature, relative 
humidity, rainfall, and the abundance of C. megacephala; 
(3) the Kruskal-Wallis H-test and the Mann-Whitney U-test 
to compare the relative abundance of C. megacephala 
between different collection sites and seasons.

The R software version 4.0.2 (packages “FactoMiner” 
and “Factoextra”) allowed us to carry out an PCA(expand) 
to evaluate the multiple relationships between the average 
temperature, relative humidity, daily precipitation, and the 
abundance of C. megacephala to determine the main cli-
matic factors that govern the distribution of this species of 
fly.

The Excel software allowed us to calculate the frequency 
of occurrence (Fr) or the constancy of C. megacephala 
by the formula: Fr = f/F x100; with f = number of catches 
where the fly is present and F = the total number of catches 
made during the study. To characterize the fidelity of C. 

megacephala to the different habitats, we followed the clas-
sification of Dajoz (1982) (Fr > 50%, the species is said to be 
constant in the environment; 25% ≤ Fr ≤ 50%, the species is 
said to be incidental in the environment; Fr < 25%, the spe-
cies is said to be accidental in the environment).To assess 
the distribution of the species in the environment, several 
aggregation indices were used. These are:

	● The Fisher distribution index, I = s2/m (Fisher et al., 
1922;). With s2 = variance and m = mean of fly individu-
als per catch. I <, = or > 1, correspond respectively to 
regular, random or aggregative spatial distributions. The 
test of χ2 = (n-1) I was used to testing the meaning of I 
when n˂30. n = number of sampling units. For n ≥ 30, 
we calculate Z=

√
2X2 −

√
2n − 3 and if |Z| > 1,96, the 

Ho hypothesis “distribution is random” at risk α = 0,05 
is rejected (Canard and Poinsot, 2004).

Fig. 1  Map of the districts of the city of Yaoundé
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regular; if b = 1, the distribution is random; if b > 1, the 
distribution is aggregate (Taylor, 1984).

	● The QGIS software (version 3.4) allowed us to make the 
map of the city of Yaoundé showing the spatial distribu-
tion of the species according to the collection points.

For all comparisons made, all differences were assessed at 
the threshold value of P < 0.05.

Results and discussion

Occurrence of Chrysomya megacephala in the city 
of Yaoundé

Spatial occurrence of Chrysomya megacephala

In the urban area of Yaoundé, C. megacephala was con-
stant, incidental or accidental species (Fig. 3). It was inci-
dental in spontaneous standings (25% ≤ Fr ≤ 50%) and 
accidental in medium (Fr < 25%) and peri-urban standings 
(Fr < 25%) (Table  1). Chrysomya megacephala was inci-
dental in organic waste (25% ≤ Fr ≤ 50%) and accidental in 
inorganic waste (Fr < 25%), as well as in animal paddock 
(Fr < 25%). Chrysomya megacephala was constant only in 
mixed organic matter of spontaneous standings (Fr > 50%) 
(Table 1). This fidelity of C. megacephala to organic waste 
was also reported by Leong and Grace (2009) in urban 

	● The Lexis index, λ= s√
−
x

 = 
√

I with s= standard devia-
tion and −x = mean of individuals per catch. λ <, = or > 1 
correspond respectively to regular, random, or aggrega-
tive spatial distributions.

	● The Morisita distribution index, Id = nx
∑

x2−Σx
(
∑

x)2−Σx
 

with n = number and x = number of individuals per sam-
ple. Id < 1, = or > 1 correspond to regular, random, or 
aggregative spatial distributions, respectively (Morisita, 
1962).

	● The Lefkovitch index, L = tan-1
(

s2
−
x

)
− 1 with s2 = vari-

ance and −x = mean fly individuals per catch. This index 
varies from − 1 to + 1. For L = 0, the distribution is Pois-
son; if L < 0, the distribution tends towards regularity; 
and L > 0 means the distribution tends towards aggrega-
tion (Lefkovitch, 1965).

	● The Neyman index, given by the formula 
−
x
k

ou k=
−
x

2

s2−−
x

 
with x = sum of the statistical values. The lower the 
value of K is, the more the population of the species 
has an aggregative distribution; when k tends towards 
infinity, the distribution tends to approximate a random 
distribution (Neyman, 1939).

	● Taylor index. Taylor showed that, for each species, 
there exists between the mean and the variance calcu-
lated from a series of samples of the same size a rela-
tionship of the form s2 = a

(
−
x

b
)

. b =
∑

(X−
−

X)(Y−
−

Y )
∑

(X−
−

X)
2 ,  

with Y= log s2 and X= log−
x . If b < 1, the distribution is 

Fig. 2  Umbrothermal diagram of the city of Yaoundé and its surroundings from May 2019 to April 2020.(source: Nkolbisson weather station in 
Yaoundé)
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more towards the urban center, it exhibited higher occur-
rences than other types of waste. In addition, the occur-
rences of C. megacephala appear to begeographically more 
observed in the southern and eastern areas of the city com-
pared to the western and northern areas where it was less 
present (Fig. 3).

Temporal occurrence of Chrysomya megacephala in 
urban and peri-urban areas of Yaoundé

In general, C. megacephala was present throughout the 
year in the city of Yaoundé. This general trend was mainly 
observed in mixed organic waste and spontaneous standings. 
However, the presence of this species was discontinuous in 
the medium standings with a notable absence in the periods 
June – August, and September – November; and in peri-
urban standings with an absence during April only (Fig. 4b). 
Similarly, the presence of C. megacephala was discontinu-
ous on inorganic waste with absences in the periods of May, 
June – November, and January – April, while it appeared 
only once in January in the animal paddock (Fig. 4a).

areas of Oahu Island, Hawaii, but with lower occurrences 
(10.0%). According to these authors, garbage containers 
remain an important source of fly production, particularly in 
garbage cans and dumpsters in apartment buildings. These 
results are explained by the fact that C. megacephala is 
closely associated with decaying organic matter in human 
environments (Badenhorst and Villet, 2018).

Chrysomya megacephala was more present in urban cen-
ters where the population is denser than in the suburbs of 
the city (Fig. 3). Since mixed organic matter is encountered 

Table 1  Occurrence of Chrysomya megacephala depending on the 
level of urbanization (standing) and the type of waste

Standing (level of urbanization) Total
Type of 
waste

Medium Peri-urban Spontaneous

Mixed 
organic 
waste

8 
(16,66%)

12 (33,33%) 25 (69,44%) 45 
(40,83%)

Inorganic 
waste

5 
(10,41%)

2 (5,55%) 2 (5,55%) 9 
(8,67%)

Animal 
paddock

0 (0,0%) 0 (0,0%) 1 (2,77%) 1 
(0,83%)

Total 13 
(18,42%)

14 (17,56%) 28 (29,78%) 55 
(45,83%)

NB: The values represent absolute occurrences and the values in 
parentheses represent the frequency of occurrence

Fig. 3  Spatial occurrence of 
Chrysomya megacephala in 
urban and peri-urban areas of 
Yaoundé
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The method of distribution of C. megacephala is gener-
ally of the aggregate type. These results corroborate those 
of Linsenmaier (1973), Keiding (1986), and Charabidzé 
(2008) which showed that flies have a gregarious instinct. 
The gregarious behavior of C. megacephala would be due 
to its ways of feeding, reproducing, and its females’ looking 
for spawning sites. This aggregation is also specific to the 
level of urbanization and the type of waste encountered in 
the waste bin.

The abundance of Chrysomya megacephala in the 
city of Yaoundé

We captured an average of 2.4 individuals at all collec-
tion sites for 30  min. This average abundance was sig-
nificantly high in spontaneous standings (32.85 ± 7.80) 
and organic waste (45.62 ± 10.25). It was low in inorganic 
waste (4.78 ± 3.37), animal paddock (0.08 ± 0.08), medium 
standing (5.61 ± 3.46), and peri-urban standing (12 ± 3.58) 
(Table 3). These results are different to those obtained by 
Battan-Horenstein and Gleiser (2018) in Brazil. They 
described no difference between insect abundances in urban 
and peri-urban sites. In the work achieved by Sulaiman et al. 
(1988) in Malaysia on the role of certain Diptera as human 
helminth carriers, the authors showed that C. megacephala 
was the dominant species on waste dumps. The high abun-
dance of C. megacephala in spontaneous standings and 

Distribution pattern of Chrysomya megacephala in 
the city of Yaoundé

The various dispersal indices used to describe the distribu-
tion pattern of Chrysomya megacephala in the urban area 
of Yaoundé showed an overall aggregative distribution 
(Table  2). This aggregate distribution model was better 
described by the Fisher (27.8), Neyman (26.8), and Morisita 
(12.1) indices, compared to the other indices. This mode 
of distribution was also better described by the indices of 
Fisher, Lexis, Lefkovitch, and Neyman in the spontaneous 
standing, compared to the peri-urban standing where the 
aggregation was the lowest. The Taylor index better high-
lighted this mode of distribution in the peri-urban stand-
ing than in the medium standing; while the Morisita index 
showed the highest aggregation in the medium standing and 
lowest aggregation in the spontaneous standing.

Concerning the type of waste, mixed and inorganic 
waste showed an aggregative distribution while animal 
paddock showed either a random (Fisher and Lexis) or uni-
form (Lefkovitch) distribution. Comparison of the levels of 
aggregation between mixed and inorganic-organic waste 
showed that aggregation was higher in mixed organic waste 
according to the Fisher, Lexis, Lefkovitch, and Neyman 
indices. In inorganic matter, the Taylor and Morisita indices 
supported a high level of aggregation of C. megacephala.

Table 2  Method of distribution of Chrysomya megacephala in the city of Yaoundé according to the level of standing and the type of waste
Type of standing Type of waste

Repartition index General Medium Peri-Urban Spontaneous Mixed organic waste Inorganic waste Animal paddock
I de Fischer 27,854** 26,721** 23,206** 31,627** 168,282** 43,269** 1,000
Lexis 5,277 5,169 4,817 5,624 12,972 6,578 1,000
 L de Lefkovitch 0,534 0,533 0,528 0,539 0,565 0,548 -0,215
k de Neyman 26,854 25,721 22,206 30,627 167,282 42,269 --
b de Taylor 2,03 1,902 1,990 1,940 1,870 2,050 --
Id de Morisita 12,152 98,168 39,968 20,555 92,208 195,619 --
The vaues with two asterisks (**) mean that the Ho hypothesis is accepted by excess of heterogeneity (strong aggregate distribution)

Fig. 4  Temporal occurrence of Chrysomya megacephala at sites from May 2019 to April 2020 by waste type (a) and standing level (b)
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(2018) have found that C. megacephala is closely associ-
ated with decaying organic matter in human environments. 
Indeed, the abundance of C. megacephala is affected by 
seasonality as our results showed. The high abundances 
were during the large dry season and the short rainy sea-
son. Similar results were reported in Thailand by Sontigun 
et al. (2018) who found out that the highest abundance of 
C. megacephala was in summer. In contrast, Phasuk et al. 
(2013) observed that C. megacephala had three statistical 
peaks with the highest abundance was in January followed 
by September and June. Thaddeus et al. (2005) suggested 
that the outbreaks and cases of diarrheal diseases of food 
origin in urban and rural areas are closely related to the sea-
sonal increase in the abundance of garbage flies.

Influence of climatic factors on the fly abundance

We noted that peaks in abundance appeared either before 
or after heavy precipitation (Fig.  6). In addition, the 
increase in relative humidity coupled with the decrease in 
temperature was associated with a significant decrease in 
the population of C. megacephala (Fig.  6). However, the 
Spearman correlation test showed that the linear relation-
ship is non-significant between: abundance and tempera-
ture (rs = 0.53; p = 0.07), abundance and relative humidity 
(rs = -0.55; p = 0.06) and abundance and precipitation (rs = 
-0.29; p = 0.35)., These results concur with findings of Bong 
and Zairi (2010) who found as us no significant correlation 
between the abundance of flies and climatic factors. Those 
findings contrast with those of Guimarães and Papavero 
(1999), Pujol-Luz et al. (2008), Ngoen-Klan et al. (2011), 
Azevedo and Krüger (2013) and Sontigun et al. (2018) for 
which species of the genus Chrysomya tend to increase their 
abundance with the temperature. Considering the seasonal 
variation of C. megacephala in the different types of waste, 
we find that variation in temperature, relative humidity, and 
precipitation did not have a significant effect on the abun-
dance and seasonal fluctuations of the species. This shows 
that climate is not the only limiting factor. Waste types may 
consist of deep microhabitats, thus favoring the prolifera-
tion of C. megacephala.

Based on principal component analysis, the main compo-
nent showed that temperature, relative humidity, and rainfall 
strongly influenced C. megacephala populations according 

organic wastes could be related to the high distribution of 
spontaneous standings and organic waste bins which are 
rich in detritus or decayed organic materials, and the strong 
attractiveness of decaying organic matter for diptera. This 
result simply confirms the strong attractiveness of decaying 
organic matter for C. megacephala. In fact, in calliphorid 
Diptera, the larvae feed mainly on decaying organic matter 
Charabidzé (2008). Laurence (1988) observed the immature 
development of C. megacephala in large numbers in the 
garbage. According to Williams and Villet (2019), the abun-
dance of C. megacephala could be due to the proximity of 
the city’s landfill, insufficient sanitary conditions and health 
education could also favor the development and increase 
abundance of C. megacephala in spontaneous standings, 
favoring the transmission of fecal-oral diseases. Indeed, the 
fact that C. megacephala is more present in the spontaneous 
standings of the city of Yaoundé could be due to the level 
of sanitation of the city neighborhoods. Indeed, in the spon-
taneous standings, the standard of living of the population 
is very low and most of the inhabitants would meet strong 
economic difficulties. This will have an impact on the level 
of sanitation in this area.

Overall, Chrysomya megacephala was significantly 
abundant during the long dry season in mixed organic waste 
(57.20) and during the long rainy season in inorganic waste 
(14.66) (Fig. 5a). This effect of seasonality was not signifi-
cant in animal husbandry sites (on animal paddock). This 
seasonal fluctuation in the abundance of C. megacephala 
was also significant in the different types of standings (level 
of urbanization). The peak of abundance was observed 
during the short rainy season in the spontaneous standing 
(37.50), during the long rainy season in the medium stand-
ing, and during the long dry season in the peri-urban stand-
ing. (Fig. 5b). Although the study did not assess the biomass 
or the waste size at each study point, this work could be 
achieved to establish the link between insect relative abun-
dance and waste quantity or biomass.

In general, Chrysomya megacephala was present 
throughout the year in the urban areas of Yaoundé. These 
results are similar to those obtained by Sontigun et al. 
(2018), Ngoen-Klan et al. (2011), in Thailand, and Kavazos 
and Wallman (2012) in Australia. This general trend was 
observed in waste consisting mainly of organic matter and 
in spontaneous standings. Similarly, Badenhorst and Villet 

Table 3  Abundance of Chrysomya megacephala depending on the types of standing and waste
Type of waste Type of standing Total
Mixed organic waste Inorganic waste Animal paddock Medium standings Peri-urban Spontaneous

Population size 593 (90.4%) 62 (9.45%) 1 (0.15%) 73 (11.12%) 156 (23.8%) 427 (65.1%) 656
Mean ± SE 45,62 ± 10,25a 4,78 ± 3,37b 0,08 ± 0,08c 5,61 ± 3,46a 12 ± 3,58a 32,85 ± 7,80b 2,4 ± 0,49
Range 0–278 0–52 0–1 0–43 0–44 0–65 0–65
Values in parentheses indicate the values of relative abundances. Identical letters indicate non-significant differences
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Conclusion

The accumulation areas of organic waste in the city of 
Yaoundé are suitable sites for the multiplication of C. mega-
cephala. The presence of C. megacephala would represent 
a risk of mechanical transmission of infective diseases in all 
sites except in the high places of the city of Yaounde where 
it would be seasonal. The indices of Fisher, Neyman, and 
Morisita are those that best described the aggregative distri-
bution of this insect. C. megacephala is present throughout 
the year in spontaneous standings and organic waste with a 
maximum abundance during the short rainy season. Better 

to the different seasons, but the populations of the standings 
(level of urbanization) remained relatively homogeneous 
(Fig. 7a and b). Populations in the long dry season had the 
highest and lowest abundances (high variance of the data) 
and were strongly affected by temperature. Populations in 
the great rainy season were more affected by rainfall. Popu-
lations in the small rainy season had medium abundances 
but were strongly influenced by temperature while popula-
tions in the small dry season had a high affinity with relative 
humidity.

Fig. 5  Seasonal fluctuations of Chrysomya megacephala depending on the type of waste (a) and the level of standing (b)

 

1 3

624



International Journal of Tropical Insect Science (2023) 43:617–627

and writing of the article.

Funding  No funding was received for this study.

Declarations

Competing interests  The authors have no relevant financial or non-
financial interests to disclose.

Conflict of Interest  The authors declare that they have no conflict of 
interest.
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Fig. 7  Principal analysis biplot of Chrysomya megacephala abundance 
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