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Abstract: In tropical countries some non-biting flies alone or in combination cause myiasis infections. Nowaday, myiasis
cases are increasing in urban and rural areas but nothing is known concerning the composition and structure of the
responsible flies’ assemblages. Our study aimed to establish a baseline of information on the distribution of non-biting flies
in the urban quarters of Douala (Littoral-Cameroon), as a first step in evaluating their status. Ecological surveys were
conducted in 2020 during the rainy season (July to November) in four quarters of Douala (populous residential quarter
Bilongué, Ndakat market, Ndogbong university campus, and Souboum health center). Flies were captured and stored in
vials containing 70° alcohol, identified and the community stucture was characterized. A total of 7,379 flies belonged to
four families, five subfamilies, seven genera and 14 species. Calliphoridae was the most represented family (86.2%)
followed by Muscidae (13.0%) and Sarcophagidae (0.7%) while Fanniidae was rare (0.1%). These flies were facultative
myiasigenic species. We identified three Afrotropical species (21.4%), nine exotic species (64.3%) and two unknown-origin
species (14.3%). Flies of high abundances were the Afrotropical-origin fly Chrysomyia putoria Wiedemann, 1830
(Calliphoridae: Chrysomyiinae; 36.8% of the total collection), the Australasian-origin fly Ch. rufifacies Macquart, 1842
(Calliphoridae: Chrysomyiinae; 21.8%), the unknown origin fly Lucilia spp. (Calliphoridae: Calliphorinae; 18.2%), the
Holarctic-origin fly Phormia regina Meigen, 1826 (Calliphoridae: Chrysomyiinae; 8.2%), the Paleartic-origin fly Musca
(Musca) domestica Linnaeus, 1758 (Muscidae: Muscinae; 7.6%), the Paleartic-origin fly Muscina. pabulorum Fallen, 1817
[=Muscina prolapsa Harris, 1780] (Muscidae: Muscinae; 3.0%) and the Palearctic-origin fly Musca autumnalis De Geer,
1776 (Muscidae: Muscinae; 1.8%). Seven rare species were represented each by less than 1.0% of the overall collection.
Overall, species exhibited a positive asociation (Schluter’s ratio: VR = 1.913, Statistic: W = 397.90, df = 14, p < 0.001).
Assemblages exhibited high evenness, low species richness and diversity and moderate dominance by a few species, suggesting a
moderate interspecies competition influence and/or disturbance by human activities. GM model fitted SAD from Ndogbong, Bilongué,
Souboum and the global assemblage, confirming these assemblages are dominated by a few species (pioneer assemblages) and
operated according to niche partitioning strategy. LN model fitted the SAD from Ndakat market, suggesting a community where
the majority of species showed moderate abundances, close to the model of little disturbed environments. The high
occurence of myiasigenic flies necessitates the reaction of the public health control service to reduce myiasis occurrence in
the city.
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1. Introduction

Flies are the most diverse insects present in all ecosystems.
In terrestrial ecosystems they are particularly abundant in
antropized environments such as inside homes [1-4],
hospitals, food centers and breeding farms [4-7], gardens and
plantations [8-10], markets and factories [4, 11]. Most
synanthropic flies belong to the order Diptera Linnaeus, 1758
and the sub-order Brachycera Schiner, 1862. Adults of
Brachycera flies present short three-segmented antennae, the
last segment bearing a long bristle (arista), or a
multisegmented style. Among the Brachycera flies, the infra-
order Cyclorrhapha Brauer, 1863 recruits the most evolved
species, with maggot-like larvae and the pupae (nymphal
stage) often barrel-shaped. The diet of Cyclorrhapha flies is
diversified including pollinators [12], predators [13-17],
parasitoids in their larval stage of other insects including
agricultural and forestry pests [18, 19], phytophagous species
are those damaging fruits and responsible of yield loss [20],
saprophytic species feed mainly on rotting fruits and remains
and decaying organic mater including household waste,
human and animal faeces [21, 22], necrophagous species are
of forensic importance since they feed mainly on food scraps
and remains [23]. Saprophytic and necrophagous species
(also called decomposers) play an important ecological role
in the recycling of plant and animal organic matter in the
ecosystems [24]. Other species could transmit human and
livestock diseases agents such as protozoa [Entamoeba coli
Grassi, 1879, E. histolytica Schaudinn, 1903], fungi
(Candida Berkhout 1923, Aspergillus P. Micheli ex Link
1809, and Penicillium Link 1809), viruses (Senecavirus A
and Ebola virus), bacteria [Escherichia coli Escherich 1885
and Pseudomonas aeruginosa Schroeter, 1872], as well as
helminths (A4scaris lumbricoides Linnaeus 1758 and Taenia
Linnaeus, 1758), behaving as mechanical vectors [25-27].

1.1. Literature Review

Among important species in public and veterinary health,
larvae of obligatory myiasigenic species do develop
exclusively in the live flesh of humans and cattle, causing
furuncular infections [23, 28, 29]. This is the case of the
Calliphoridae  Hough, 1899 [the New-world screwworm
Cochliomyia hominivorax Coquerel, 1858 and the old-world
screwworm Chrysomya bezziana Villeneuve, 1914], the case
of botflies Oestridae Leach, 1815 [Human bot flies
Dermatobia hominis Linnaeus, 1781, Horse bot flies
Gasterophilus intestinalis De Geer, 1776, Warble flies
Hypoderma bovis Linnaeus, 1758, northern cattle grub H.
lineatum Villers, 1789 and sheep botflies Oestrus ovis
Linnaeus, 1758] and Sarcophagidae Haliday, 1853 [case of
the flesh flies Wohlfartia magnifica Schiner, 1862] [30-33].
Facultative myiasigenic species occasionally cause semi-
specific myiasis in which fly larvae develop either in living

tissue or in decaying organic matters [34]. These
opportunistic myiasigenic flies attack filthy infected wounds,
stimulated by the odour and do not attack clean wounds or
intact skin. Examples of these flies are the Bluebottle flies
Calliphora spp., Greenbottle flies Lucilia spp., flesh flies
Sarcophaga spp., cheese skipper fly Piophila casei and rat-
tailed maggot flies Tubifera tenax [31, 33]. The pseudo- or
accidental myiasis producers are flies with free-living non-
parasitic larvae accidentally swallowed by humans or
livestock or even in direct contact with them, causing
characteristic myiasis (false myiasis) [28]. Nowadays,
Diptera includes more than 167,584 described species among
which 146,206 living species and 3,793 extinct species,
making a total of 149,999 species belonging to 235 families,
494 subfamilies and 10,650 genera [35]. According to the
same source of information, approximately 17,585 specimens
are in the process of confirmation of identification. About 14
families of the Diptera order compress all obligatory,
facultative and accidental myiasigenic species [29-31, 33, 36-
49]. These families are Calliphoridac Hough, 1899,
Cuterebridae Brauer, 1887, Drosophilidae Loew, 1862,
Dryomyzidae Schiner, 1862, Gasterophilidae Girschner,
1896, Muscidae Latreille, 1802, Oestridae Leach, 1815,
Phoridae Curtis, 1833, Piophilidaec Macquart, 1835,
Psychodidae Newman, 1834, Sarcophagidae Haliday, 1853,
Scenopinidae Burmeister, 1835, Stratiomydae Latreille 1802
and Syrphidae Latreille, 1802. Flies of the Muscidae family
are mostly cited in false myiasis. To these 14 myiasigenic
families, Bhagat [38] added three families that larvae live as
scavengers in various kinds of decaying organic matter
[Acroceridae Leach, 1815, Anisopodidac Knab, 1912 and
Fanniidae Schnabl & Dziedzicki, 1911]. Among these
myiasigenic flies, four families are the most important:
Calliphoridae, Oestridae (all species in their larval stages),
Sarcophagidac and Muscidae [28, 50]. Sarcophagidae and
Calliphoridae both recruit about 80 myiasigenic species [29].
Human myiasis is a tropical and subtropical neglected
disease, rare in developed countries, possibly under-reported,
where it appears mostly in cattle and tourists returning from
the tropics and subtropics of the world [51-54]. It is
commonly recorded in domestic and wild animals but occurs
rarely in humans [36, 55].

1.2. Problem and Objectives

Common risk factors for myiasis among humans are
increasing fly populations, advanced age, poor nutrition,
social isolation, poor hygienic conditions, open neglected
wounds, smelling discharge from natural body openings and
the presence of domestic animals in the close vicinity [36]. In
Africa, the community structure of flies important to humans
and livestock health, is largely reported in Mediterranean
regions such as mountain region and Kabylia region (North-
central Algeria) and Egypt [5, 56, 57]. But it is under-
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reported in African sub-Saharan countries [58]. In Central
African countries, available published reports are focused on
the occurrence of few myiasigenic flies in rural localities and
livestock farms as is the case at the Jos Museum Zoological
Garden and at the Old Oyo National Park (Nigeria) [59, 60].
But no information is available concerning the global flies’
community structure. In Cameroon, recent studies conducted
in rural areas of the western highlands have shown that the
Calliphoridae Cordylobia anthropophaga (Blanchard &
Berenger-Feraud, 1872) was the main parasites occurring in
domestic cavies, the prevalence of myiasis in animals being
2.8%, myiasis were recorded in 2.0% and 4.3% animals in
Menoua and Bamboutos divisions, respectively [61, 62].
According to the same authors 11 farms (8:95%) were
infested with Co. anthropophaga with 6.4% and 13.3% of
farms in the Menoua and Bamboutos divisions, respectively.
The investigations of Sevidzem et al. [63, 64] showed that
the rangelands of the Adamawa Plateau (North-Cameroon)
are densely infested with five species of Stomoxyinae
(Stomoxys niger niger Macquart 1851, St. calcitrans
(Linnaeus, 1758), St. niger bilineatus Griinberg 1906, St.
omega Newstead, Dutton & Todd 1907, and St. xanthomelas
Roubaud, 1937), the highest apparent density being recorded
in Galim locality (30 stomoxyines/trap/day) but little is
known about the community structure of medically or
veterinary important flies in urban areas except the report
from Yaoundé where cases of Co. rodhaini Gedoelst 1910
myiasis have been declared [65]. Non-biting flies colonize
almost all rural and urban localities in Cameroon and among
them myiasigenic species are present, as is the case in all
topical and subtropical countries. However the control of pest
flies is one of the major constraints to be overcome in public
health. In the populous quarters of Douala, cases of myiasis
are on the rise due to the accumulation of household waste in
the streets, the derisory environmental hygiene, the incivility
and the promiscuity of the populations, producing a situation
favourable to the explosion of myiasigenic fly species. The
aim of our study is to determine the biodiversity of flies in
the urban areas of Douala (Littoral-Cameroon) and identify
potential species of medical or veterinary importance. This
information is essential for the preventive fight against
myiasis occurrence in humans and domestic animals.

2. Materials and Methods
2.1. Study Sites

Field collections were conducted in 2020 during the rainy
season (July to November). Collection sessions were carried
out in four urban quarters of the Douala city (Littoral-
Cameroon) (5°30'04"N, 10°14'30"E; altitude: 1,442 meter
a.s.l). These localities were: the very populous residential
quarter named Bilongué (4°01'20.35"N, 9°44'11.91"E) where
there is a strong promiscuity of the population, Ndakat
market located in Ndokoti (4°02'39.60"N, 9°44'43.31"E)
where incivility and anarchy reign in the occupation of space
and waste management, Ndogbong university campus

(4°0328.72"N, 9°44'31.37"E) where we checked the risk of
infection of students with myiasis knowing that the campus is
surrounded by unsanitary areas of the city, and the Souboum
health center (4°01'3.53"N, 9°44’1.60"E) also surrounded by
populous unsanitary areas, where we checked the risk of
nosocomial myiasis occurrence (Figure 1).

In Bilongué, four collection sites were selected after
permission from local residents: the neighbourhood of a
garbage bin positioned not far from the "German bridge",
the surroundings of Bamena Cultural Center, Bansoa
Cultural Center and the garden of the Catholic Church. At
Ndakat market located in Ndokoti locality, we were
authorized to carry out our collections only at a single site
not far from the pig slaughterhouse. At Ndogbong
university campus, we deployed our traps at four sampling
sites (near the handball stadium, behind “George Ngango”
amphitheater, behind the buildings of the Higher Normal
School of Technical Education (ENSET) and behind the
cafeteria of the Faculty of Sciences. In Souboum, four
collection sites were randomly selected in the green space
of the health center.

The climate in Douala is tropical [66], characterized by
rainfall most months, with a short dry season (mid-November
to mid-March of the following year) and a long rainy season
(mid-March to mid-November). The average annual rainfall
is 3,174 mm in October and the hottest month is February is
(26.9°C). The range of monthly rainfall variation is high (5.6
mm in January to 383.3 mm in October) and the average
annual precipitation reaches 3,702 mm. A roughly constant
annual temperature (average: 25.7°C) and a high level of air
humidity (71% in January to 82% in July and August) are
reported. A variation of 2.5°C is recorded, the average being
24.4°C in August (coldest month of the year) [67]. December
is the driest month (39 mm of rains). Precipitation reaches
the peak in August (average: 681 mm) [67]. Between the
driest and the wettest of the months, the amplitude of
precipitation is 295 mm. October is the month with the
highest relative humidity (89.6%) while January presents the
lowest relative humidity (84.2%).

2.2. Sample Design

At each sampling site, flies were caught every hour from 6
a.m. to 6 p.m. using traps reinforced with fresh meat as bait.
The trapping device consisted of a compact traps made of
white cloth in a conical shape (50x50 cm square trap; depth:
20 cm), two forked sticks of 2.5 m each planted vertically on
the ground (2 m apart from each other), a stick (2.5 m long)
placed transversely above the forks of the vertical sticks and
a plywood (50x50 cm) placed on the ground in the middle of
the 2 vertical sticks. A 7 m rope tied at one end to the top of
the conical trap passed over the transverse stick and the other
end was tied to a fixed support 5 m from the device. The rope
allowed the conical trap to be suspended 0.5 m from the
ground above the plywood and to allow remote release at will.
The baits (200 g of fresh muscle and guts pieces collected
from butchers) were placed in the center of the plywood. For
each session of the day, after 45 min. of waiting, the conical
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trap was released by detaching the rope from the support.
The trap landed and covered the flies on the bait. Through an
opening provided at the top of the trap, we sprayed into the
trap an aerosol pyretrinoid synergist insecticide [750 ml
spray can of Permethrin (0.25%), Tetramethrin (0.25%), d-
Fenotrin (0.01%) and Piperonyl Butoxide (0.34%)], knocking
out the flies in captivity. After five minutes, captured flies
were picked up using soft forceps and stored in labeled tubes
containing 70° alcohol. The plywood was cleaned with 70°
alcohol to eliminate odors left behind. Baits were renewed
and the conical traps replaced for the next session. In
Ndogbong and Souboum where four traps were
simultaneously installed, each hour captures were pooled in a
same labeled tube. To evaluate the relationship between the
daily occurrence of flies and the environmental conditions,
air temperature and relative humidity were recorded each
hour using a thermo-hygrometer suspended one meter above
the ground surface.
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2.3. Identification of Fly Specimens

Collected flies were first identified to the family,
subfamily and genus levels using appropriate keys [68-70]
and then identified to the species level by referring to
descriptions and figures available. We used keys for
Calliphoridae [71-81], Fanniidae [82], Muscidae [79] and
Sarcophagidae [83]. Identifications were confirmed by
referring to illustrated catalog and check lists [81, 84-87]. In
order to consider recent developments in the taxonomy of
identified species and their native range, we consulted old
and recent reports available [28, 79, 84, 85, 87-103].

2.4. Statistical Analysis

Data were stored in a digital database format using Excel
version 2003 spreadsheet. A species data matrix (abundance or
presence/absence of the recorded species) and an environmental
data matrix were constructed for each study locality.
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Figure 1. Location of the study localities in urban areas of Douala (Littoral-Cameroon). A = location of the Littoral region in Cameroon; B = map of the
littoral region of Cameroon, C = Location of the study quarters in the Douala city. The maps A and B were adapted from previous reports [104, 105].
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Descriptors (species names or variables) were entered in
columns and objects (sampling site code and the collection
code) were entered in line. Descriptive analysis of qualitative
variables was given in terms of absolute or relative
frequencies of occurrences while that of quantitative
variables (abundance counts) was given in terms of mean +
standard error (se). Two independents percentages were
compared using the Fisher exact test while two mean values
were compared using the Student t-test when the conditions
of normality and equality variance passed. Otherwise we
used the nonparametric Mann-Whitney rang sum test.
Simultaneous comparison of several abundance series was
set up using Kruskal-Wallis non-parametric test from
SigmaStat software 2.0® and pairwise comparisons were set
up when relevant using Dunn’s procedure because when
considering the number of fly species as a metric/response
variable, sample units being different, uneven variability
could occur between sampling localities.

The simultaneous comparison of several percentages was
set up using the independent Pearson’s chi-square exact test
or the Fisher-Freeman-Halton exact-test from StatXact
software 3.1, which are best procedures recommended for
nonparametric analysis of unordered contingency tables (our
situation). When the difference was significant, the pairwise
comparison was conducted. Regression equation was set up
when necessary and tested using ANOVA procedure and the
coefficient of determination was calculated. Statistical
analyses were carried out using StatXact software version 3.1
and SigmaStat for MicroSoft Windows version 2.03 (SPSS,
Inc., Chicago, IL). Analysis of the species abundance matrix
data allowed the determination of 15 indexes using PAST
3.05 software [106]: (1) absolute abundance of the i™ species
n;, (2) sample size n (sum of all absolute abundances), (3)
relative abundance of the i™ species p; = ny/n, (4) species
richness S (Hill's zero-order diversity number Ny), (5) the
maximum abundance np., (6) Margalef’s index Mg = (S-
1)/In(n) with 0<Mg<+co, (7) richness ratio d = S/n with
0<d<+1 knowing that Mg and d indexes are close to zero for
low-rich communities while high values of Mg and d suggest
very species-rich communities [107, 108], (8) Shannon-
Weaver’s index H’ with O0<H’<H’,., (9) maximum
Shannon-Weaver’s index H’,.x = In(S) knowing that H> = 0

2.5. Abbreviations

Y%: percentage
A. ornata:

for a single-species community while H> = H’ ., when all
species S are represented by the same number of individuals
(i.e. perfect specific regularity of abundances), (10)
Simpson’s index D with 0<D<+1 (D close to one suggests
that two individuals taken at random belong to the same
species for low diversity and D close to zero for communities
of high diversities), (11) Hill's first-order diversity number
N, = &% with 1<N|<N, (estimated number of simply
abundant species), (12) Hill's second-order diversity number
N,=1/D (estimated number of co-dominant species) with
1<N,<N; [109], (13) Hill diversity ratio Hill = N,/N; with
O0<Hill<+1 (Hill’s evenness index), (14) Pielou’s evenness
index J = H’/In(S), and (15) Berger-parker dominance index
Igp = np,/n which expresses the importance of the most
dominant species (low value reflects a high species diversity).
The Pi¢lou’s index varies from zero (complete heterogeneity
or absence of regularity) to one (complete regularity or
perfect homogeneity of the community) [110-112].
Comparison of the species richness was performed using the
individual rarefaction procedure [113]. The non parametric
estimation Chaol was used to estimate the theoretical species
richness T [114] and the sampling effort was estimated as
(S/T)x100. The overall species covariance was evaluated
using Schluter’s procedure [108, 111]. Between species
correlation was evaluated using Kendall’s fau (1) coefficient.
The dissimilarity between the study localities was evaluated
using Bray-Cutis index [115]. The rank abundance plotting
was used to illustrate the shape of the species abundance
distribution (SAD). For the present study, we used six
commonly used theoretical SAD models to fit our curves
[116-124]: Fisher’s log-series model (LS), MacArthur’s
Broken-Stick model (BS), Log-linear (LL) or Geometric
model (GM), Lognormal model (LN), Zipf model (Z) and
Zipf-Mandelbroot model (ZM). The best fitted model was
selected using AIC procedure [125, 126]. The package vegan
of R 3.4.1 software [127] helped us to adjust the SADs.
Parameters of the best fitted theoretical models were
determined. The maximum abundance n; of the first-rang
species, the Motomura’s environment constant m (decay rate
of abundance per rank) and the Preston’s environmental
constant m’ were determined for GM and LN models
respectively.

Anthomyia ornata (Bigot 1885)

a.s.l: above sea level

AIC: Akaike Information Criteria

BC: Bray-Curtis dissimilarity index

BIC: Bayesian Information Criteria

Ca. vicina: Calliphora vicina Robineau-Desvoidy 1830

Ca. vomitoria:
Ch. bezziana:

Ch. megacephala:
Ch. putoria:

Ch. rufifacies:

Calliphora vomitoria (Linnaeus 1758)
Chrysomya bezziana (Villeneuve 1914)
Chrysomya megacephala (Fabricius 1794)
Chrysomya putoria (Wiedemann 1830)
Chrysomya rufifacies (Macquart 1842)
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Co. anthropophaga:
Co. rodhaini:
Chaol:

cm:

d:

D:

df:

E. histolytica:
E(S,):

F. canicularis:
F ornata:

g:

GM:

IBP:

I

H. lineatum:
H’:

. ampullaceal:
. caesar:

. bufonivora:
. cuprina:

. elongata:
eximia:

. illustris:

. Sericata:

. silvarum:
L:

lnlvleleolelolole el

LN:

LS:

m’:

mc:

Mg:

ml:

Mu. autumnalis:
Mu. conducens:

Mu. crassirostris:

Mu. (Musca) domestica:

Mu. sorbens:
Ms. levida:

Ms. assimilis:
Ms. pabulorum:
Ms. prolapsa:
n:

n;:

N():

NIZ

N2:

p:

P, regina:

Po. regina:

S:

Sa. (Bercaea) africa:
Sa. carnaria:
SAD:

SE:

spp-:

Cordylobia anthropophaga (Blanchard & Berenger-Feraud 1872)
Cordylobia rodhaini Gedoelst 1910

Chao’s Abundance based non-parametric estimators of the species richness

centimeter

Richness ratio

Simpson’s index

degree of freedom

Entamoeba histolytica

expected species richness for a theoretical sample of n individuals
Fannia canicularis (Linnaeus 1761)
Fannia ornata (Meigen 1826)

gram

Geometric series theoretical model
Berger-parker dominance index
Pielou’s evenness index
Hypoderma lineatum (Villers 1789)
Shannon-Weaver diversity index
Lucilia ampullaceal Villeneuve 1922
Lucilia caesar (Linnaeus 1758)
Lucilia bufonivora Moniez 1876
Lucilia cuprina (Wiedemann 1830)
Lucilia elongata Shannon 1924
Lucilia eximia (Wiedemann 1819)
Lucilia illustris Meigen 1826
Lucilia sericata (Meigen 1826)
Lucilia silvarum (Meigen)
Motomura’s log-linear model

meter

Preston’s lognormal model

Fisher’s log-series model

Preston’s environmental constant
Motomura’s environmental constant
Margalef richness index

milliliter

Musca autumnalis De Geer 1776
Musca conducens Walker 1859
Musca crassirostris Stein 1903
Musca (Musca) domestica Linnaeus 1758
Musca sorbens Wiedemann 1830
Muscina levida (Harris 1780)
Muscina assimilis (Fallén 1823)
Muscina pabulorum (Fallén 1817)
Muscina prolapsa (Harris 1780)

sample seize or the sum of absolute abundances of all recorded species

absolute abundance of i™ species

Hill's zero-order diversity number also called species richness S
Hill’s first-order diversity number

Hill’s second-order diversity number

statistical probability value

Phormia regina (Meigen 1826)

Phormia regina (Meigen 1826)

species richness (total number of species)
Sarcophaga (Bercaea) africa Wiedemann 1824
Sarcophaga carnaria (Linnaeus 1758)

Species Abundance Distribution

sampling effort

species plurimae
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St. calcitrans:

St. niger bilineatus:
St. omega:

St. xanthomelas:

Stomoxys calcitrans (Linnaeus 1758)

Stomoxys niger bilineatus Griinberg 1906
Stomoxys omega Newstead Dutton & Todd 1907
Stomoxys xanthomelas Roubaud 1937

I Pearson’s correlation coefficient

% linear regression’s coefficient of determination

se: standard error

T Kendall’s tau correlation

T: Theoretical species richness determined using Chaol index

T*: lognormal theoretical number of species avaible for observation

VR: Schluter’s Variance ratio

x2 chi-square statistic

Z: Zipf’s model

ZM: Zipf-Mandelbrot’s model.

1817) (=Muscina prolapsa (Harris, 1780)] and one

3. Results Sarcophaginae (Sarcophaga (Bercaea) africa Wiedemann,

3.1. Species Richness and Diversity of Flies

Collected flies (order Diptera Linnaeus, 1758; suborder
Brachycera Macquart, 1834), belonged to four families
[Calliphoridae Brauer & Bergenstamm, 1889; Fanniidae
Schnabl & Dziedzicki, 1911; Muscidae Latreille, 1802 and
Sarcophagidae Haliday, 1853], five subfamilies [Calliphorinae
Brauer and Bergenstamm, 1889, Chrysomyiinae Malloch,
1927, Fanniinae Malloch 1917, Muscinae Latreille, 1802 and
Sarcophaginae Macquart, 1835], seven genera [Chrysomya
Robineau-Desvoidy, 1830, Fannia Robineau-Desvoidy, 1830
(=Anthomyia Meigen, 1803), Lucilia Robineau-Desvoidy,
1830, Musca Linnaeus, 1758, Muscina Robineau-Desvoidy,
1830, Phormia Robineau-Desvoidy, 1830 and Sarcophaga
Meigen, 1826] and 14 species (Table 1). The flies collected
came mostly from Souboum locality (39.5%), followed by
those from Ndogbong (31.8%), Bilongué (23.6%) and rarely
from Ndakat (5.1%). Three species were collected only in
Ndogbong locality, divided into two Calliphorinae [Lucilia
elongata Shannon, 1924 and L. eximia Wiedemann, 1819] and
one Faniinae [Fannia ornata Meigen, 1826 (=Anthomyia
ornata Bigot, 1885]. The Muscinae Musca autumnalis De
Geer, 1776 was recorded in two localities (Ndogbong and
Souboum). The Chrysomiinae Chrysomya megacephala
(Fabricius, 1794) was recorded in three localities (Bilongué,
Ndogbong and Souboum Health Center). The Calliphorinae L.
illustris Meigen, 1826 was recorded in three localities
(Bilongué, Ndakat market and Ndongbong University
Campus). The Muscinae Muscina levida (Harris, 1780) [=Ms.
assimilis Fallén, 1823] was recorded in three localities (Ndakat
market, Ndogbong University Campus and Souboum Health
Center). Seven species occurred in the four study localities,
and were divided into three Chrysomyiinae [Chrysomya
putoria (Wiedemann, 1830), Ch. rufifacies (Macquart, 1842)
and Phormia regina (Meigen, 1826)], one Calliphorinae
(Lucilia spp. Robineau-Desvoidy, 1830), two Muscinae [Mu.
(Musca) domestica Linnaeus, 1758 and Ms. pabulorum (Fallén,

1824) (Table 1). All identified species are known as public
and/or livestock health pests. L. elongata is known as an
obligate myiasigenic fly in anurans. Thirteen synanthropic
species (92.9%) were divided into nine accidental human
myiasigenic species (64.3%) and four species of veterinary
importance (28.6%). Accidental human myiasigenic flies were
Ch. megacephala (Chrysomiinae), Ch. putoria, Ch. rufifacies,
F. ornata (=A. ornata), Lucilia spp., L. eximia, L. illustris, Ms.
pabulorum (= Ms. Prolapsa) and P. regina (Table 1) while
veterinary important flies were Mu. autumnalis, Mu. (Musca)
domestica (Muscinae), Ms. levida (=Ms. assimilis) and Sa.
africa. Seven species are important in public and veterinary
health because they disseminate many pathogens by phoresy
[Ch. megacephala, Ch. rufifacies, F. ornata (=A. ornata),
Lucilia spp., L. eximia, L. illustris (Calliphorinae) and Po.
regina). Thirteen species of flies (92.9%) are known as
phoresical vectors of agents responsible for parasitic diseases
in humans and livestock. These species are Ch. megacephala,
Ch. putoria, Ch. rufifacies, F. ornata (=A. ornata), Mu.
autumnalis, Mu. (Musca) domestica, Ms. levida (=Ms.
assimilis), Ms. pabulorum (=Ms. prolapsa), Lucilia spp., L.
eximia, L. illustris, Po. regina and Sa. (Bercaea) africa (Table
1). Ten species are of phorensic importance: C. megacephala,
Ch. putoria, Ch. rufifacies (Chrysomiinae), F. ornata [=A.
ornatal, Lucilia spp., L. illustris, Ms. levida (=Ms. assimilis),
Ms. pabulorum (=Ms. prolapsa), Po. regina, and Sa. (Bercaea)
africa. Identified species are worldwide distributed. Three
species (21.4%) (Ch. putoria, F. ornata (=A. ornata) and Sa.
(Bercaea) africa) are of Afrotropical origin while 12 exotic
species (85.7%) are divided into two species (14.3%) of
Australasian origin (Ch. megacephala and Ch. rufifacies), five
species of Nearctic origin [Lucilia spp., L. elongata, L. illustris,
Ms. pabulorum (=Ms. Prolapsa) and Po. regina), one species
(7.1%) of Neotropical origin (L. eximia) and three species of
Palearctic origin [Mu. autumnalis, Mu. (Musca) domestica and
Ms. levida (=Ms. assimilis)] (Table 1). All collected specimens
belonged to the facultative myiasigenic fly species.
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Table 1. Absolute and relative abundance and pest status of the collected flies.

Familly / . Localities (%) Global
Subfamilly Species name Status References I I m v (%)
Calliphoridae
. . . 30 30
Calliphorinae Lucilia elongata Shannon, 1924 P,S,A,NE [72,76,129] - - (0.41) - (0.41)
- . P, S, * #,3§, 16 16
L. eximia (Wiedemann, 1819) NT [72] - - (0.22) - (0.22)
. . . P, S, * #,§, 9 3 23 35
L. illustris Meigen, 1826 EW [73] (0.12) 0.04)  (0.31) ) (0.47)
Lucilia spp. Robineau-Desvoidy, P, S, * #,8, (74,76, 77] 430 36 363 516 1345
1830 F, W T (5.83) 0.49) (4.92) (6.99)  (18.23)
Chrysomyiinac Chrysomya megacephala (Fabricius, P, S, * #,§, [28,71,73-75,78, 2 ) 41 1 44
rysomy 1794) F, W(AU) 81, 84, 89,90-92,98] (0.03) (0.56) (0.01)  (0.60)
. . P, S, * #§, [71,73-75, 81,88, 678 58 418 1563 2717
Ch. putoria (Wiedemann, 1830) F, TA 89, 94] (9.19)  (0.79)  (5.66) (21.18) (36.82)
. P, S, * #,§, 346 156 663 404 1569
Ch. rufifacies (Macquart, 1842) F. AU [73, 74, 128], (4.69) @211)  (8.98) (547)  (21.26)
. . . P, S, * #,3§, 144 45 210 207 606
Phormia regina (Meigen, 1826) F, W (HO) [72-74, 78, 130] (1.95) ©.61)  (2.85) .81 8.21)
Fanniidae
.. Fannia ornata (Meigen, 1826) P, S, * #,8, 8 8
Fanniinae =Anthomyia ornata (Bigot, 1885)  F, TA 2, 51 . . (0.11) . (0.11)
MUSCIDAE
. . P,S,V,§ W 133 2 135
Muscinae Musca autumnalis De Geer, 1776 (PA) [79, 80, 102] - - (1.80) (0.03) (1.83)
Mu. (Musca) domestica Linnaeus, P,S,V,§, W 93 36 258 170 557
1758 (PA) [79, 80,97, 100, 101] (1.26) (0.49) (3.50) (2.30)  (7.55)
Mouscina levida (Harris, 1780) =Ms. P, S, V, §, F, [79. 80, 103] ) 6 20 21 47
assimilis (Fallén, 1823) W (PA) T (0.08) (0.27) (0.28)  (0.64)
A = *
Ms. pflbulorum (Fallén, '1817) P, S, % 3§, F, [79, 80, 87, 95, 96] 24 24 141 31 220
Muscina prolapsa (Harris, 1780) PA (0.33) (0.33) (1.91) (0.42) (2.98)
Sarcophagidae
B I f{lllr;dogrﬁz}glﬁ (ﬁgiaea) e %’%‘X’) P 28,83,93,99) (I(f 16) (I(f 16) ?(f 34) (10 01) ?(? 68)
Total 1738 376 2349 2916 7379
(23.55)  (5.10) (31.83) (39.52)  (100.00)

I: Bilongué; 1I: Ndakat; III: Ndogbong; IV: Souboum; *: accidental myiasigenic species in man; §: Human disease vector; #: Species of medical importance; A:
obligate anuran myiasis; AU: Australasian origin; F: species of forensic importance; HO: holarctic distributed species; NE: nearctic origin; NT: neotropical
origin; P: pest species; PA: Palaearctic origin; S: synantropic species; TA: Tropical Africa origin; V: species of veterinary importance; W: worldwide

distribution.

3.2. Species Abundance

A total of 7,379 specimens were collected (8 specimens of
F. ornata to 2,717 specimens of Ch. putoria; mean =+ se: 527
+ 216 specimens, 14 species) divided into 1,738 specimens
(23.6%) in Bilongué (2 to 678 specimens; 193 + 80
specimens, 9 species), 376 specimen (5.1%) in Ndakat (3 to
156 specimens; 42 + 16 specimens, 9 species), 2,349
specimens (31.8%) in Ndogbong (8 to 663 specimens; 168 +
53 specimens, 14 species) and 2916 specimens (39.5%) in
Souboum (1 to 1563 specimens; 292 + 153 specimens, 10
species). At each locality and between the different localities,
overall the variation in the percentages of occurrence of flies
was significant (global test using Pearson’s asymptotic chi-
square: ¥*> = 1,555.7, df = 39, p = 0; pairwise comparisons:
Bilongué vs. Ndakat: x> = 235.69, df = 9, p = 0: Bilongué vs.
Ndogbong: y* = 51295, df = 13, p = 0; Bilongué vs.
Souboum: ¥* = 149.60, df = 10, p = 0; Ndakat vs. Ndogbong:

2 = 80.81, df = 13, p = 0; Ndakat vs. Souboum: x> = 80.81,
df =13, p = 0; Ndogbong vs. Souboum: y*> = 446.22, df = 10,

p = 0). Ch. putoria was the most collected fly (36.8%)
followed by Ch. rufifacies (21.3%), Lucilia spp. (18.2%), Po.
regina (8.2%), Mu. (Musca) domestica (7.5%), Ms.
pabulorum (=Ms. Prolapsa) (3.0%) and Mu. autumnalis
(1.8%). Seven species were rarely collected, the percentage
being in each case less than 1.0% [0.6% for Ch. megacephala,
0.4% for L. elongata, 0.2% for L. eximia, 0.5% for L. illustris,
0.1% for Po. regina, 0.6% for Ms. levida (= Ms. assimilis)
and 0.7% for Sa. (Bercaea) afiica) (Table 1).

3.3. Community Structure

The species richness and the species diversity were
statistically low because the richness ratio was close to zero
(14 species, Margalef index: Mg = 1.460, Shannon-Weaver
index: H’ = 1.751, Maximum value of the Shannon-Weaver
index: H’ ., = 2.640, richness ratio; d = 0.002). A similar
observation was recorded in each of the four localities of the
study [Bilongué: 9 species (64.3% of the total collected
species), Mg = 1.072, H* = 1.526, H’,,5x = 2.197, d = 0.005;
Ndakat: 9 species (64.3%), Mg = 1.349, H’> = 1.747, H’ux =
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2.197, d = 0.024; Ndogbong: 14 species (100.0%), Mg =
1.675, H> = 2.057, H’pax = 2.639, d = 0.006; Souboum: 10
species (71.4%), Mg = 1.128, H> = 1.362, H’,,x = 2.303,d =
0.003] (Table 2). Pairwise comparisons of Shannon-Weaver
indexes showed in each case, a significant difference. The
same was true for Simpson indexes except between Bilongué
and Ndakat (Table 2). Based on the Chaol nonparametric
estimator of the ‘TRUE” species richness, the sampling
success was very high (100.0%) with the exception of
Souboum locality where a low score (90.9%) was recorded
and where one species had not been collected (Table 2).
Differences in the Shannon-Weaver indexes were significant
between all localities. It was the same for Simpson indexes
except between Bilongué and Ndakat (Table 2).

We noted a high even assemblage of flies (Hill ratio and
Pi¢lou’s indexes closed to one) except in Souboum locality

where Pielou’s index was close to the median value (Table 2).

All the assemblages were moderately dominated by a few
species because values of the Berger-Parker index were
closed to the median value, except in the locality of
Ndogbong where it was quite low.

The individual rarefaction analysis made it possible to note
that for a standard sample of 361 specimens, flies appeared
most diverse in Ndogbong locality [E(S;=361) = 14 = 1

species], followed by those from Ndakat [E(S,=361) = 9 £ 0
species], from Bilongué [E(S,=361) = 8 = 1 species] and flies
from Souboum locality appeared less diverse [E(S,=3¢1) =7 £
1 species]. The rank-abundance plotting of the pooled data
presented a concave appearance significantly typical of
Fisher's log-series model, suggesting the presence of co-
dominant species within the assemblage of flies (Figure 2).
The same shape of the graphs was observed in each locality
(Figure 3).

Based on the Hill’s N, index, within the global assemblage,
six species (42.9%) were simply abundant (F. ornata, Lucilia
spp., Mu. autumnalis, Ms. pabulorum (=Ms. prolapsa), P.
regina and Sa. (Bercaea) africa) and therefore eight species
(57.1%) were rare. At Bilongué five species (35.7%) were
simply abundant (Ch. putoria, Ch. rufifacies, Lucilia spp.,
Mu. (Musca) domestica and Po. regina) and therefore nine
species (64.3%) were rare. In Ndakat, six species (42.9%)
were simply abundant (Ch. putoria, Ch. rufifacies, Lucilia
spp., Mu. (Musca) domestica, Ms. pabulorum and Po. regina)
and eight species (57.1%) were rare. In Ndogbong, eight
species (57.1%) were simply abundant (Ch. megacephala, Ch.
putoria, Ch. rufifacies, Lucilia spp., Mu. autumnalis, Mu.
(Musca) domestica, Ms. pabulorum and P. regina) and six
species (42.9%) were rare.

Table 2. Matrix of the species richness, diversity, evenness and dominance indices.

Localities

Indexes I I I v Total
n 1,738 376 2,349 2,916 7,379
S 9 9 14 10 14
i 678 156 663 1,563 2,717
Mg 1.072 1.349 1.675 1.128 1.460
Ratio: d 0.005 0.024 0.006 0.003 0.002
Chao 1 9 9 14 11 14
SE (%) 100.0 100.0 100.0 90.9 100.0
H’ 1.526 1.747 2.057 1.362 1.751
g 2.197 2.197 2.639 2.303 2.640
D 0.263 0.234 0.163 0.346 0.228
Hill’s N, 5 6 8 4 6
Hill’s N, 4 4 6 3 4
No/N; 0.827 0.745 0.785 0.739 0.762
Pielou: J 0.694 0.795 0.779 0.592 0.663
Igp 0.390 0.415 0.282 0.536 0.368

t-test pairwise comparison of species diversity indexes: p-value
Shannon index H’

Tvs. 1T p=52x10°*

Tvs. III p=06.8x10"*
Ivs. IV p=1.7x10""*
II vs. 11 p=1.8x10""*
Mvs. IV p=4.1x10" *
I vs. IV p=6.4x10"% *

Simpson index D
p =0.089 ns
p=2.7x10"* *
p=3.0x10"% *
p=2.0x10" *
p=5.5x10""*
p=16x10"*

[ to IV see Table 1; * = significant difference, n = sample size; ny.x = maximum abundance; S = observed species richness; Mg = Margalef’s richness index; D
= Simpson’s diversity index; d = richness ratio; H> = Shannon-Weaver’s diversity index; Huax = Shannon-Weaver’s maximum diversity index; J = Pielou’s
evenness index; SE = sampling effort; N; = Hill’s diversity number one = ¢"; N, = Hill’s diversity number two; Hill = Hill’s diversity ratio; Isp = Berger-

Parker’s dominance index.

Finally in Souboum, four species (28.6%) were simply
abundant (Ch. putoria, Ch. rufifacies, Lucilia spp. and Po.
regina) and ten species (71.4%) were rare (Table 2). Based
on the Hill’s N, index, four species (28.6%) [F. ornata,

Lucilia spp., Po. regina, and Sa. (Bercaea) africa] co-
dominated the overall assemblage (Table 2 and Figure 2).
Assemblages of flies from Bilongué and Ndakat were co-
dominated by four species (Ch. putoria, Ch. rufifacies,
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Lucilia spp. and Po. regina) (Table 2, Figure 3A and 3B).
The aseemblage of flies from Ndongbong was co-dominated
by six species [Ch. putoria, Ch. rufifacies, Lucilia spp., Mu.
(Musca) domestica, Ms. pabulorum and Po. regina] (Table 2
and Figure 3C). Finally the assemblage from Souboum was
co-dominated by three species (Ch. putoria, Ch. rufifacies
and Lucilia spp.) (Table 2 and Figure 3D).

Based on the species composition and the Bray-Curtis
index, although a few cosmopolitan species were sampled, a
low level of dissimilarity was noted when we compared
Ndakat to Bilongué (BC = 0.350), Ndogbong (BC = 0.276)
and Souboum (BC = 0.220). A rather high level of
dissimilarity was noted when comparing assemblages from
three localities (Bilongué vs. Ndogbong: BC = 0.690;
Bilongué vs. Souboum: BC = 0.738; Ndogbong vs. Souboum:
BC=0.614).

The cluster analysis maked possible to recognize three
groups at a Jaccard similarity index equal to 0.76. The first
group consisted of assemblages from Bilongué¢ and Ndakat
while Ndogbong and Souboum assemblages represented two
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separated groups (Figure 4).

Adjustment of the species abundance distributions (SADs)
to the five commonly known theoretical models showed that
the fit was of approximate quality in Ndakat locality (Pearson
correlation: r = -0.967; p = 2.1x107) and of satisfactory
quality in other localities (Bilongué: r = -0.985, p = 1.3x10°;
Ndogbong: r =-0.985, p = 1.7x10'10; Souboum: r = -0.977, p
= 1.2x10°) and the same observation was valid for the
overall assemblage (r = -0.984, p = 2.1x10™"°).

On the base of AIC values (Table 3) and the SAD
plottings (Figures 3), the Motomura’s log-linear model (LM)
fitted the global assemblage of flies [deviance =, 192.06,
maximum abundance: n; = 2717, Motomura’s
environmental constant: mc = 0.646, regression equation:
Log(n;) = (-0.19 £ 0.01)i + (3.56 + 0.08), S = 14 species,
coefficient of determination: 1 = 0.969, regression ANOVA:
Fq:12 =372.17, p<0.001), GM’s model n; = nl(mc)(i'l)i se:
n; = [2717(0.646)%D + 25] where “i” was the rank of the
species whith abundances ranked in descending order
(1=i<S)].

Absolute Global assemblage (7379 adult flies)
abondance —e— Fisher's log-series model
4000 -
3500 - Parameters of the log-series model
3000 - o =1.661; x =0.9998; > = 1340.0;
2500 1 p=11x102"*
2000 -
1500 -
1000 -
500 1 e I
0 - %%-;:;::-___ ey ——
Q
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Figure 2. Rank-frequency diagram of the total collected adult flies showing species in decreasing order of numerical dominance.

The same observation was noted in the assemblage from
Bilongué [deviance = 78.267, n; = 678, mc = 0.485, Log(n;)
=(-0.31 £ 0.02)i + (3.33 £ 0.12), S = 9 species, 1> = 0.971,
F.7) = 231.601, p<0.001, GM's model: n; = [678(0.485)""
+ 25]. A similar situation was noted in Ndogbong [deviance
=54.814, n; = 663, mc = 0.715, Log(n;) = (-0.146 + 0.007)i
+(2.97 £ 0.06), S = 14 species, r> = 0.970, F. 15y = 385.50,
p<0.001, GM's model: n; = [663(0.715)"" + 7] and
Souboum [deviance = 162.67, n; = 1563, mc = 0.415,
Log(n;) = (-0.38 £ 0.03)i + (3.72 £ 0.18), S = 10 species, 1?
= 0.954, F(, 5y = 167.32, p<0.001, GM's model + se: n; =
[1563(0.415)0D + 25].

The assemblage from Ndakat market fitted the Preston’s
log-normal model (LN) [deviance = 12.484, 376 specimens,
nine species, lognormal mean: 1.381, lognormal variance:

0.279, Preston’s environmental constant: m’ = 3.587, LN’s
parameter: a = 0.294, number of species in the modal octave:
Sy = 4, lognormal theoretical number of species available for
observation: T* = 24 which suggests that in this locality, 15
species were not collected during our capture sessions,
sampling effort for LN species distribution: 37.5%, LN’s
model + se: S(R) = [4eM*?Y®) 1 1] with S(R) being the
number of species in the R™ octave].

3.4. Daily Occurrence of Flies

During 16 days (four days per localities and 13 sessions
per day from 6 a.m. to 6 p.m.), the air temperature recorded
varied from 25.2 to 51.5°C (mean + se: 29.5 + 0.2°C, 208
records). The air humidity ranged from 33.0 to 72.0% (61.6 =
0.4%, 208 records).
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Ch. megacephala was recorded only in two localities (rarely
in Bilongué¢ and simply abundant in Ndogbong). It was
collected at 8 a.m., 10 a.m., intensely between 12 p.m. and 2

During the day, a significant positive correlation was noted
p.m. and weakly at 4 p.m. (Figure 5A).

between the air temperature and the rhythm of activity of F.
ornata, L. illustris and Mu. domestica. As for air humidity,

the significant negative correlation was noted for Ch.
puttoria. The other correlations were not significant (Table 4).
a:ll:lgr::e al@:ublslglitcee EZ=3) Observed assemblage
—eo— Fisher's log-series model
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Figure 3. Rank-frequency diagrams of absolute abundances of flies collected from four localities. For each locality, percentages were calculated on the total

number of individuals collected.
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Figure 4. Hierarchical Cluster Analysis based on Jaccard index using the
“Unweighted Pair Group Method with Arithmetic mean” algorithm
(UPGMA) and showing similarity in assemblages of flies among four
sampling localities (Cophenetic correlation: 0.899). 1 = Bilongué; Il =
Ndakat; 11l = Ndogbong; IV = Souboum.

Ch. putoria was dominant in Bilongué, Ndogbong and
Souboum, and was recorded at all hours of the day with three
occurrence peaks at 10 a.m., 1 p.m. and 5 p.m. (Figure 5B).
Ch. rufifacies was a dominant species recorded in Bilongué,
Ndakat, Ndogbong and Souboum, at all hours of the day with
an occurrence peak between 1 p.m. and 3 p.m. (Figure 5C). F.

ornata was rarely collected only in Ndogbong between 11
am. and 1 p.m. (Figure 5D). Lucilia spp. was also a
dominant species recorded in the four localities, at all hours
of the day with two occurrence peaks at 9 a.m. and 1 p.m.
(Figure 5E). L. elongata was found in Ndogbong, more
intensely at 8 a.m. and rarely at 12 p.m. and 4 p.m. (Figure
5F). L. eximia was found in Ndogbong, more intensely at 1
p-m. and rarely at 9 a.m. and 2 p.m. (Figure 5G).

L. illustris was also a rare species found in Bilongué,
Ndakat and Ndogbong, more intensely at 10 a.m. and rarely
at7am., 9am, 11 am., 2 pm. and 4 p.m. (Figure SH). Mu.
autumnalis was found in Ndogbong between 2 p.m. and 5
p-m. (Figure 51). Mu. (Musca) domestica was recorded in
three localities (Bilongué, Ndakat and Ndogbong) where it
was collected at every hour of the day with peaks of
occurrence at 8 a.m., 11 am. and 2 p.m. (Figure 5J). Ms.
levida (=Ms. assimilis) was a rare species found in three
localities (Ndakat, Ndogbong and Souboum) at 7 a.m., 10
am. to 12 pm., at 2 p.m. and 5 p.m. (Figure 5K). Ms.
pabulorum (=Ms. prolapsa) found in the four localities
(simply abundant in Ndakat, dominant in Ndogbong, rare in
Bilongué and Souboum), was collected from 7 a.m. to 6 p.m.
with a large occurrence peak between 8 a.m. and 9 a.m. and a
weak one between 2 p.m. and 3 p.m. (Figure 5L).

Table 3. Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC) values for the adjusted theoretical models.

AIC (BIC) values and the best fitted theoretical model

SAD theoretical models Bilongué Ndakat Ndogbong Souboum Global
S=9,n=1738 S=9;n=376 S=14;n=2349 S=10;n=2916 S=14;n="7379
Broken-stick (Null) 404.309 (404.309) 68.266 (68.266) 324.857 (324.857) 1303.07 (1303.07) 2667.76 (2667.76)

Log-linear (Pre-emption) 133.419 (133.617) *
245.206 (245.601)
443.478 (443.873

NA

73.881 (74.078)
61.783 (62.178) *
74.487 (74.882)
74.166 (74.758)

Log-normal (Preston)
Zipf
Zipf-Mandelbrot

143.096 (143.735) *
258.534 (259.812)
474.495 (475.773)
146.835 (148.752)

22071 (221.01) *
233.54 (234.15)
459.44 (460.05)
22471 (225.61)

288.70 (289.34) *
874.82 (876.10)
1571.15 (1572.43)
292.68 (294.60)

SAD: Species Abundance Distribution, BIC: Bayesian Information Criteria, S: species richness, n = sample size or total number of collected specimens, * the

best fitted theoretical model of the SAD, NA: Not available.

Table 4. Correlation between the flies’ rhythm of activity and two climatic conditions recorded during four days in each locality.

Pearson correlation: 208 essais (p-value)

Species . e
Temerature Air humidity

Chrysomya puttoria 0.104 (0.136) ns -0.243 (4.1x10™) *

C. megacephala 0.085 (0.222) ns 0.059 (0.400) ns

C. ruffifacies
Fannia ornata

0.007 (0.919) ns
0.191 (0.006) *

0.028 (0.690) ns
0.077 (0.272) ns
0.102 (0.144) ns
0.157 (0.023) *

0.050 (0.470) ns
0.033 (0.638) ns
0.161 (0.020) *

0.129 (0.062) ns
0.025 (0.723) ns
0.088 (0.207) ns

Lucilia spp.

L. elongata

L. eximia

L. illustris

Phormia regina
Musca automnalis
Mu. domestica
Muscina pabulorum
Ms. assimilis

Sarcophaga africa

0.092 (0.185) ns
-0.071 (0.312) ns
0.004 (0.953) ns
0.010 (0.888) ns
0.010 (0.886) ns
-0.022 (0.750) ns
-0.050 (0.474) ns
0.087 (0.214) ns
-0.012 (0.865) ns
0.023 (0.740) ns
-0.020 (0.772) ns
0.043 (0.536) ns

ns: not significant correlation (p>0.05), *: significant correlation (p<0.05), Signicant correlations are in bolt.
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Figure 5. Rhythm of occurrence during the day of the flies collected. A: Chrysomya megacephala (Fabricius, 1794), B: Ch. putoria Wiedemann, 1830, C: Ch.
rufifacies Macquart, 1842, D: Fannia ornata (Meigen, 1826) (=Anthomyia ornata) Bigot, 1885, E: Lucilia spp. Robineau-Desvoidy, 1830, F: L. elongata
Shannon, 1924, G: L. eximia Wiedemann, 1819, H: L. illustris Meigen, 1826, I: Musca autumnalis De Geer, 1776, J: Mu. (Musca) domestica Linnaeus, 1758,
K: Muscina levida (Harris, 1780) = Ms. assimilis Fallén, 1823, L: Ms. pabulorum (Fallén, 1817) (=Muscina prolapsa Harris, 1780, M: Phormia regina
Meigen, 1826, N: Sarcophaga (Bercaea) africa Wiedemann, 1824.
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Table 5. Kendall tau correlation between flies collected in four sampling localities (208 sampling units: 52 sampling units from Bilongué, Ndakat, Ndogbong

and Sobum respectively).

Species 1/species 2 Tau Species 1/species 2 Tau Species 1/species 2 Tau Species 1/species 2 Tau
Chrysomya puttoria / Ch. ruffifacies / Lucilia spp. / L. illustris /

Ch. megacephala -0.321 * F. ornata 0.158 * Po. regina 0.188 * Mu. domestica 0.227 *
Ch. ruffifacies -0.304 * Lucilia spp. 0.056 ns Mu. automnalis 0.225 * Ms. pabulorum -0.199 *
Fannia ornata -0.197 * ..L. elongata -0.112 ns Mu. domestica 0.007 ns Ms. assimilis 0,378 *
Lucilia spp. 0.238 * L. eximia 0.403 * Ms. pabulorum 0.248 * Sa. africa -0,031 ns
..L. elongata -0.222 * L. illustris 0.109 ns Ms. assimilis 0.034 ns Po. regina /

L. eximia -0.181 * Po. regina 0.098 ns Sa. africa 0.244 * Mu. automnalis 0.068 ns
L. illustris -0.100 ns Mu. automnalis 0.485 * L. elongata/ Mu. domestica 0317 *
Phormia regina 0.202 * Mu. domestica 0.117 ns L. eximia -0.091 ns Ms. pabulorum 0.184 *
Musca automnalis -0.026 ns Ms. pabulorum 0.280 * L. illustris -0.078 ns Ms. assimilis -0.152 *
Mu. domestica -0.059 ns Ms. assimilis 0.032 ns Po. regina 0.065 ns Sa. Africa 0.233 *
Muscina pabulorum 0.025 ns Sa. africa 0.328 * Mu. automnalis -0.112 ns Mu. automnalis /

Ms. assimilis 0.121 ns F. ornata/ Mu. domestica 0.282 * Mu. domestica 0.118 ns
Sarcophaga africa -0.278 * Lucilia spp. 0.132 ns Ms. pabulorum 0.348 * Ms. pabulorum 0.427 *
Ch. megacephala / ..L. elongata 0.060 ns Ms. assimilis -0.153 * Ms. assimilis 0.154 *
Ch. ruffifacies 0.262 * L. eximia 0.239 * Sa. africa 0417 * Sa. africa 0.289 *
F. ornata 0.143 * L. illustris 0,104 ns L. eximia/ Mu. domestica /

Lucilia spp. 0.033 ns Po. regina 0.089 ns L. illustris -0,074 ns Mu. pabulorum 0.199 *
..L. elongata 0.358 * Mu. automnalis -0.092 ns Po. regina 0.234 * Ms. assimilis -0.014 ns
L. eximia 0.502 * Mu. domestica 0.269 * Mu. automnalis 0.120 ns Sa. africa 0.242 *
L. illustris 0.107 ns Ms. pabulorum 0.042 ns Mu. domestica 0.098 ns Ms. pabulorum /

Po. regina 0.211 * Ms. assimilis -0.027 ns Ms. pabulorum 0.277 * Ms. assimilis -0.023 ns
Mu. automnalis 0.118 ns Sa. africa 0.286 * Ms. assimilis -0.144 * S. africa 0.391 *
Mu. domestica 0.319 * Lucilia spp. / Sa. africa 0.237 * Ms. assimilis /

Ms. pabulorum 0.203 * ..L. elongata -0.123 ns L. illustris / Sa. africa -0.134 ns
Ms. assimilis -0.075 ns L. eximia 0.191 * Po. regina -0.096 ns

Sa. africa 0.447 * L. illustris -0.189 * Mu. automnalis -0.091 ns

ns: not significant correlation (p-value>0.05), *: significant correlation (p-value<0.05), significant correlations are in bold.

Po. regina was dominant in Bilongué, Ndakat and
Ndogbong and was simply abundant in Souboum. It was
collected each hour of the day, with two daily activity peaks
at 8 am. and 1 p.m. (Figure SM). Sa. (Bercaea) africa was
rare in Bilongué, Ndakat market and Ndogbong but dominant
within the global assemblage. It was collected at 7 a.m., from
10 a.m. to 4 p.m. and at 6 p.m. (Figure 5N).

3.5. Between Species Association and Correlations

Overall, the species from the four localities, exhibited a
global positive net asociation in presence/absence data (208
sample units, 5166 specimens belonging to 14 species, six to
1876 specimens collected, mean + se: 369 + 149 specimens,
Schluter’s Variance ratio: VR = 1.913, Statistic: W = 397.90,
df =14, p <0.001).

Based on the correlation results between the 14 species
(Table 5) it was found that the accidental human myiasigenic
fly Ch. putoria (Chrysomyiinae) was positively correlated
with two species [Lucilia spp. (Calliphorinae) (t = 0.238, p =
4.7x10™* and Po. regina (Chrysomyiinae) (t = 0.202, p =
3.0x107)] and negatively correlated with six species [Ch.
megacephala (Chrysomyiinae) (Kendall correlation: © = -
0.321, p = 2.5x10%), Ch. ruffifacies (Chrysomyiinae) (t = -
0.304, p = 8.1x10°), F. ornata (Fanniinae) (t = -0.197, p =
3.9x107), L. elongata (Calliphorinae) (t =-0.222, p = 1.1x10°
%), L. eximia (Calliphorinae) (t = -0.181, p = 7.9x107) and Sa.
(Bercaea) afiica (Sarcophaginae) (t = -0.278, p = 4.7x107).

The accidental human myiasigenic fly Ch. megacephala
was positively correlated with eight species [Ch. ruffifacies (t

=0.262, p = 1.2x10™), F. ornata (t = 0.143, p = 0.035), L.
elongata (t = 0.358, p = 1.5x107), L. eximia (t = 0.502, p =
1.9x10"%), Po. regina (t=0.211, p = 2.0x10”), Mu. (Musca)
domestica (t = 0319, p = 2.8x10°), Ms. pabulorum (v =
0.203, p = 2.9x107) and Sa. (Bercaea) africa (t = 0.447, p =
5.6x10"")]. The accidental human myiasigenic fly Ch.
ruffifacies was positively correlated with five species. These
species fly were F. ornata (1= 0.158, p = 0.021), L. eximia (t
=0.403, p = 3.5x10”), Mu. autumnalis (Muscinae) (t = 0.485,
p = 1.2x10™"%), Ms. pabulorum (Muscinae) (t = 0.280, p =
3.9x107) and Sa. (Bercaea) africa (t = 0.328, p = 1.5x10°).
The accidental human myiasigenic fly F. ornata was
positively associated with three species [L. eximia (t = 0.239,
p = 4.6x10™), Mu. (Musca) domestica (t = 0.269, p = 8.0x107)
and Sa. (Bercaea) africa (v = 0.286, p = 2.8x107)]. The
accidental human myiasigenic fly Lucilia spp. was negatively
correlated with L. illustris (t = -0.189, p = 5.5x10”) and
positively correlated with five species [L. eximia (t = 0.191, p
= 5.0x107), Mu. autumnalis (t = 0.225, p = 9.8x10™), Ms.
pabulorum (t=0.248, p = 2.8x10™), Po. regina (t=0.188, p =
5.8x107) and Sa. (Bercaea) africa (t = 0.244, p = 3.5x10™)].
The obligate myiasigenic fly in anurans L. elongata was
negatively correlated with Ms. levida (= Ms. assimilis) (1 = -
0.153, p = 0.025) and positively correlated with three species
[Mu. (Musca) domestica (t = 0.282, p = 3.5x107), Ms.
pabulorum (t=0.348, p = 3.3x107) and Sa. (Bercaea) africa
(t = 0417, p = 9.7x10"%)]. The accidental human
myiasigenic fly L. eximia was negatively correlated with Ms.
levida (= Ms. assimilis) (1 =-0.144, p = 0.035) and positively
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correlated with three species [P. regina (t = 0.234, p =
5.9x10™), Ms. pabulorum (t = 0.277, p = 4.8x10”) and Sa.
(Bercaea) africa (t = 0.237, p = 5.0x10™)]. The accidental
human myiasigenic fly L. illustris was negatively correlated
with Ms. pabulorum (t = -0.199, p = 3.5x10) and positively
correlated with two species [Mu. (Musca) domestica (t =
0.227, p = 8.8x10™) and Ms. levida (=Ms. assimilis) (t =
0.378, p = 2.9x10®)]. The accidental human myiasigenic fly
Po. regina was negatively correlated with Ms. levida (=Ms.
assimilis) (t =-0.152, p = 0.026). It was positively correlated
with three species [Mu. (Musca) domestica (t = 0.317, p =
3.4x10°), Ms. pabulorum (t = 0.184, p = 7.0x107) and S.
africa (1= 0.233, p = 6.2x10™)]. The veterinary important fly
Mu. autumnalis was positively correlated with three species
[Ms. pabulorum (t = 0.427, p = 3.8x10™'%), Ms. levida (= Ms.
assimilis) (1 = 0.154, p = 0.024) and S. africa (1= 0.289, p =
2.3x107)]. The veterinary important fly Mu. (Musca)
domestica was positively correlated with two species [Ms.
pabulorum (t=0.199, p = 3.6x107) and S. africa (t = 0.242,
p = 3.9x10™%)]. The veterinary important fly Ms. pabulorum
was positively correlated with Sa. (Bercaea) africa (1= 0.391,
p = 1.0x10"®). The other correlations were not significant.

4. Discussion
4.1. Species Richness, Abundance and Dominance

Our studies revealed the presence in Douala city of 14
species of non-biting flies, eight genera, five subfamilies, and
four families of Brachycera (Diptera). Based on the
collection, Calliphoridae family represented more than 86.2%
of the total collection devided into two subfamilies:
Chrysomiinae (66.9%) and Calliphorinae (19.3%). This
family was followed by Muscidae family (Muscinae
subfamily) (13.3%) while Fanniidae family (Fanniinae
subfamily) and Sarcophagidae family (Sarcophaginae
subfamily) were rarely represented respectively 0.1% and
0.7% of the total collection. These flies were all facultative
myiasigenic species [28, 71-79, 81-85, 87-99, 100-103, 128,].
Despite the permanent and abundant decaying household
waste in the study localities, the presence of roaming
domestic animals (dogs, cats and goats), pig farms and
chicken coops next to or even inside houses (pers. obs.), only
six species were recorded active at any time of the day. These
flies were the Calliphorinae Lucilia spp., three
Chrysomyiinae [Ch. putoria, Ch. rufifacies and Po. regina],
and two Muscinae [Mu. (Musca) domestica and Ms.
pabulorum (=Ms. prolapsa)]. Lucilia flies (Green Flies) are
worldwide distributed, relatively small in sized, metallic
green-blue colour, mainly saprophagous and necrophagous
[72-74, 76, 77]. Amongst them less numerous optional
ectoparasite species are repported [case of the Holarctic
origin common green bottle fly L. sericata (Meigen, 1826) as
common visitor to carrion, feces, and garbage and important
species in forensic, medical and veterinary science [72, 131]
and the Australian sheep blow fly L. cuprina (Diptera:
Calliphoridae) known to induce primary ovine cutaneous

myiasis in many parts of the world [28] and to a lesser extent,
the Paleartic origin green bottle fly L. caesar and the
cosmopolitan green bottle fly L. illustris both known to be of
forensic, medical and veterinary importance since they affect
mammals (mainly sheep and rarely other wild and domestic
animals and even humans) [132]. Other species, very rare,
are highly specialized obligate ectoparasites (case of the toat
fly L. bufonivora Moniez, 1876 causing myiasis in toads)
[133]. The adults of Lucilia species are flower-dwellers and
then good pollinator species [134]. Their abundant presence
in the localities of the study is therefore not surprising given
that the favorable conditions are met for their multiplication.
The tropical African latrine blowfly Ch. putoria pose
significant health risks, especially due to their close
association with human settlements since adults can carry
pathogens while larvae cause myiasis of domestic animals
and humans [71, 94]. Due to the appearance of the Australian
hairy maggot blowfly Ch. rufifacies and the holarctic black
blowfly Po. regina in cadaveric remains, they play a
fundamental role in forensic entomology [130, 135-137]. In
subsaharan African countries, the worldwide synanthropic
housefly Mu. (Musca) domestica is known involved in the
transmission of diseases of the faecal danger, behaving as a
mechanical vector of pathogens (bacteria, fungi, viruses, and
parasites), some of which cause serious diseases in humans
and domestic animals [100, 101, 138-140]. Ms. pabulorum
(=Ms. prolapsa) is a cosmopolitan species found in far north
Europe as well as tropical countries, sometimes recovered
from human remains [95, 96; 141] but their potential as
indicators of the post-mortem interval has been exploited
only occasionally [142]. These particularly abundant flies,
very active throughout the day, could have a similar impact
in the city of Douala. In addition eight species were rarely
recorded only for a few hours during the day. These species
were three Calliphorinae (Calliphoridae) (L. elongata, L.
eximia and L. illustris), the Chrysomyiinae (Calliphoridae)
Ch. megacephala, the Fanniinae (Fanniidae) F. ornata (=A.
ornata), two Muscinae (Muscidae) (Mu. autumnalis and Ms.
levida  (=Ms. assimilis) and the  Sarcophaginae
(Sarcophagidae) Sa. (Bercaea) afirica. Each of them behaves
like the species of the same genus or the same subfamily
presented above. In North America, all cases of anuran
myiasis were attributed to L. silvarum (Meigen) or L.
elongata [72, 76, 129]. The latter species is exceedingly rare
and its life history is unknown [129]. The Brazilian native fly
L. eximia is a forensically important blow fly usually found
on carrion during the fresh and bloated stages of
decomposition rather than resources in advanced decay stage
[143]. The Australasian origin species Ch. megacephala
occurs on every continent and is closely associated with
carrion and decaying material in human environments. Its
abilities to find dead bodies and carry pathogens give it a
prominence in human affairs that may involve prosecution or
litigation, and therefore forensic entomologists [144]. The
European house fly F. ornata (=A. ornata) behaves like the
other Fannidae species presented above [145]. The Paleactic
face fly or autumn housefly Mu. autumnalis is a pest of cattle
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and horses, feeding at the eyes and faces of host animals in
the temperate regions of the northern hemisphere [102].
Three representatives of the Muscina genus (Ms. levida, Ms.
prolapsa and Ms. stabulans) are well known for their medical
and veterinary importance demonstrated by the occurrence of
myiasis in humans and animals [28]. Larvae of Muscina are
facultative carnivores and adults are vectors of pathogens
[146]. Ms. levida is a wordwide species reported in dead
snails but it’s native range is still unknown [147]. The flesh
fly Sa. (Bercaea) africa is an other forensically important
dominant fly in Europe [148-151]. We did not capture any
obligate human myiasigenic species. But in two veterinary
clinics located in two localities in Douala (Mbopi and
Bonabéri), we found two sick female dog from whom we
extracted one to six larvae (4 £ 3 larvae per boil) of
Cordylobia anthropophaga Blanchard & Berenger-Feraud,
1872 (Diptera: Calliphoridae), for a prevalence of 2.0%
(unpublised data), suggesting that this species was rare and
have escaped our collection campaigns.

The low diversity of the non-biting flies was associated
with low abundance in native species (three species i.e. 21.4%
of the total species richness and 37.6% of the total flies
abundance), suggesting the weak exploitation of resources by
the afrotropical species. These native species were Ch.
putoria (Calliphoridae: Chrysomyiinae), F. ornata (=A.
ornata) (Fanniidae: Fanniinae) and Sa. (Bercaea) africa
(Sarcophagidae: Sarcophaginae). The exploitation of both
food and nest sites was mostly achieved by non-native
species (neine non-native species i.e. 64.3% of the total
species richness and 43.7% of the total abundance). Exotic
species were devided into two Australasian Chrysomyiinae
(Calliphoridae) (14.3%) [Ch. megacephala and Ch.
rufifacies], the Holearctic Chrysomyiinae (Calliphoridae) Po.
regina (7.1%), the Nearctic Calliphorinae (Calliphoridae) L.
elongata (7.1%), the  Neotropical  Calliphorinae
(Calliphoridae) L. eximia (7.1%), four Palearctic Muscinae
(Muscidae) [Mu. autumnalis, Mu. (Musca) domestica, Ms.
(=Ms. assimilis) and Ms. pabulorum (=Ms. prolapsa)].
Finally two Calliphorinae (Calliphoridae) (14.3% of the total
species richness and 18.7% of the total abundance) were only
known as wordwide distributed. These species were Lucilia
spp. and L. illustris. The high abundance level of the invasive
alien species in their introduced range is well known in insect
communities [152, 153]. The recorded native and alien
species are frequently reported as pests damaging the health
of humans and livestock. The low representation of native
species could be the result either of the regulation of their
populations by local natural enemies, or of a negative force
of introduced species. The role of synanthropic non-biting
flies in the epidemiology of human infectious diseases is well
known not only in their native range but also in areas of
introduction, since their feeding and reproductive habits
make them mechanical vectors of pathogens. They are major
epidemiologic factors responsible for the spread of acute
gastroenteritis and trachoma among infants and young
children in (predominantly) developing countries and they
are involved in mechanical transmission of nosocomial

infections with multiple antibiotic-resistant bacteria in
hospital environments [154]. Based on the reports concerning
the harmful activity of exotic non-biting flies in the localities
of introduction, they would carry out a similar activity in
Douala.

Our results were contrary to those reported in the Jos
Museum Zoological Garden, north central Nigeria [59] where
the worldwide medical and veterinary importance obligate
blood feeder (stable fly) Stomoxys calcitrans (Linnaeus, 1758)
(Muscidae: Muscinae) was the most abundant and there were
significantly more flies in the Lion, Bovidae (Donkey,
Carmel and Horse) and Ostrich sites compared to Human
routes, in Woreta northwestern Ethiopia [155]. Non-biting
flies identified by these last authors were the house fly Mu.
domestica (Muscidae: Muscinae) (32.9%), Ch. rufifacies
(Calliphoridae: Chrysomyiinae) (32.6%), the bazaar fly Mu.
sorbens Wiedemann, 1830 (Muscidae: Muscinae) (23%), the
Australian sheep blowfly L. cuprina (Wiedemann, 1830)
(Calliphoridae: Calliphorinae) formerly named Phaenicia
cuprina Wiedemann, 1830 (Calliphoridae: Calliphorinae)
(4.7%), the forensically important blue bottle fly Calliphora
vicina Robineau-Desvoidy, 1830 (Calliphoridae:
Calliphorinae) (2.8%), the obligate parasitic screwworm Ch.
bezziana (Villeneuve, 1914) (Calliphoridae: Chrysomyiinae)
(2.3%) and the obligate parasitic spotted flesh fly
Wohlfahrtia magnifica (Schiner, 1862) (Sarcophagidae:
Paramacronychiinae) (1.7%). In Malaysia a similar study
carried out in wet markets [156] showed that of 1,158
specimens of collected flies belonging to 15 species, the
highest number of species was found from the family
Muscidae, while individuals of the family Calliphoridae were
the highest in number, of which the most prominent was the
Chrysomiinae species Ch. megacephala, the highest number
of flies (52% and 12 species) being sampled in garbage piles.
Acording to the same authors, fresh markets in Malysia were
potential places for breeding of disease spreading flies if
proper sanitation practices were not applied. A detailed
historical compendium of the different fly control methods
was developped [134] but we cannot encourage the
inappropiate use of synthetic chemical pesticides because of
many unwanted effects such as environmental pollution, non-
target effect and human health hazards and the development
of resistance. A similar situation would arise in Douala city if
the phytosanitary authorities do not take adequate measures
to educate populations and protect the environment.

In Douala city (Littoral-Cameroon), the non-biting fly
species richness (7,379 specimens, 14 species, seven genera,
five subfamilies and four families) is closed to the above
presented results from Malaysia [155], those from Bufalo
farms in Beranang, Selangor, Malaysia where from 2,775 fly
specimens collected 11 species of muscids were identified
and three of them were haematophagic namely Mu.
conducens Walker, 1859, Mu. crassirostris Stein, 1903, and
Stomoxys calcitrans (Linnaeus) [157]. Our results were
closed to the above presented results from Ethiopia [156] and
lower than that reported in the Kabylia region of Algeria,
where 631 captured flies belonged to 26 species, 15 genera
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and 8 families. Of them, eight species [Ca. vicina, Ca.
vomitoria Linnaeus, 1758, L. sericata, L. ampullaceal
Villeneuve, 1922, Sa. (Bercaea) africa, Sa. carnaria
Linnaeus, 1758, Mu. (Musca) domestica and F. canicularis
Linnaeus, 1761] were pathogenic agents of various animal
and human myiasis [5, 21, 22, 158]. The non-biting fly
assemblage recorded in Douala was certainly underestimated.

4.2. Community Structure

On the base of the AIC values, non-biting flies assemblage
from Bilongué, Ndogbong and Souboum localities and the
global assemblage best fitted the GM nomocenose model,
with the the Motomura’s environmental constant reaching
high values (0.485, 0.715, 0.415 and 0.646 respectively). The
GM’s model (niche pre-emption) corresponds to a
community in which a reduced number of species largely
dominante the assemblage (pioneer assemblages) [159]. This
model is reported fitting SADs from several insect
communities as the case of sandflies in Mayombe region
(Congo) [160], ground-nesting ants in Douala (Cameroon)
[104], Carabids and Heteroptera inhabiting roadsides and
managed grassland pairs in central Finland [161], insects
associated with the African eggplant Solanum aethiopicum L.,
1756 (Solanales: Solanaceae) [162], insects associated with
the potato Solanum tuberosun L., 1753 (Solanales:
Solanaceae) [163], and grasshoppers in different vegetation
types in the Littoral of Cameroon [164]. This model therefore
seems to characterize the stands of open forests and disturbed
environments (case of urban areas), where there is strong
competition between pioneer species for the exploitation of
available resources.

In Ndakat market (Ndokoti), non-biting fly community
exhibited the Preston’s lognormal nomocenosis model
(Preston’s niche partitioning model) with a very high
environmental constant (m’ = 3.587). Unlike the Motomura’s
model, the Preston’s model describes the relationship
between the logarithm of abundance and the probit of species
rank and reflects a community where the majority of species
show moderate abundances. Through literature, the
lognormal is reported fitting the abundance distribution of
several invertebrate communities including snails [165-167]
and insects inhabiting climax and paraclimax environments
[161, 164, 168]. This model therefore characterizes the
stands of open or less disturbed environments. Human
activities in general resulting in urbanization and growing
cities have been reported to to affect ecosystem functioning
and to contribute to the loss of biodiversity [169]. Our results
therefore show that the community of non-biting flies
sampled at the Ndakat market (Ndokoti) has, despite the
intense human disturbance characterized by notorious
insalubrity, developed, as is the case of the above
documented communities of invertebrates, a model close to
that of little disturbed environments.

5. Conclusion

The disadvantaged neighborhoods of Douala (Littoral

Cameroon) are largely invaded by alien non-biting medically,
veterinary and forensically important flies. In these localities,
all the conditions combine to soar. Due to the numerical and
behavioral dominance of alien flies, a significant number of
resources are potentially exploitable. In due course, once the
invaders would completely monopolize available resources
and saturate the locality, they would not allow native species
the niche opportunities to re-establish themselves. This would
expose the population and livestock to myiasigenic attacks and
therefore the increase in the prevalence of this neglected
tropical pathology. The consequences of loosing native species,
which may well interact with the endemic fauna, will be of
extreme concern. The high occurence of pest flies necessitates
the reaction of the national public health control service to
reduce myiasis occurrence in the city.
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