
https://dx.doi.org/10.4314/dujopas.v12i2c.25 
ISSN (Print): 2476-8316  

ISSN (Online): 2635-3490  
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol.12 No. 2c June 2026 

 

*Author for Correspondence    

D. I. Azeez et al, DUJOPAS 12 (2c): 255-269, 2026                                                                       255 

 

Cytotaxonomic Characterization and Seasonal 
Distribution of Simulium damnosum s.l. (Diptera: 

Simuliidae) along the Osun–Oyo Border, Southwestern 
Nigeria: Implications for Onchocerciasis Control 

 

Dauda Ishola Azeez1&2*, Olabanji Ahmed Surakat1&2, Kamilu Ayo Fasasi3,  
Quadri Olusegun Adeshina1&2, Lateef Oluwatoyin Busari1, Fatimah Oluwakemi 

Abdussalam7, Oluwadamilare Ganiu Dauda1&5, Kehinde Olutoyin Ademolu7,  
Daniel Boakye6 and Monsuru Adebayo Adeleke4&5 

 
1Parasitology and Vector Biology Unit,  

Department of Animal and Environmental Biology,  
Faculty of Basic and Applied Sciences, 

 College of Science,  
Engineering and Technology, 

 Osun State University,  
P.M.B. 4494, Osogbo,  

Osun State,  
Nigeria 

 

2Molecular Epidemiology and Vector Biology Laboratory, 
Department of Animal and Environmental Biology, 

 Osun State University, 
 Osogbo, 

 Osun State, 
 Nigeria. 

 

3Applied Entomology and Pest Management Unit,  
Department of Animal and Environmental Biology,  

Faculty of Basic and Applied Sciences,  
College of Science, Engineering and Technology,  

Osun State University,  
P.M.B. 4494, Osogbo,  

Osun State,  
Nigeria. 

 

4Department of Biotechnology and Molecular Biology, 
 Federal University of Health Sciences, 

 Ila-orangun,  
Osun State,  

Nigeria.  
 

5Centro de Biotecnología Genómica,  
Instituto Politécnico Nacional (IPN), 

 Reynosa,  
Tamaulipas, 

 México. 
 

6 ENDFUND New York, USA 
 

7Department of Pure and Applied Zoology,  
College of Biosciences,  

Federal University of Agriculture,  
Abeokuta, P.M.B. 2240,  

Alabata Road,  
Abeokuta,  

Ogun State, 
 Nigeria. 

 

Email: dauda.azeez@pgc.uniosun.edu.ng 

 

mailto:dauda.azeez@pgc.uniosun.edu.ng


Cytotaxonomic Characterization and Seasonal Distribution of Simulium damnosum s.l. (Diptera: Simuliidae) 

along the Osun–Oyo Border, Southwestern Nigeria: Implications for Onchocerciasis Control  

 

D. I. Azeez et al, DUJOPAS 12 (2c): 255-269, 2026                                                                       256 

 

 
Abstract  
The public health menace of black flies in the transmission of onchocerciasis remains alarming, 
particularly in sub-Saharan Africa. The present study was conducted to investigate the blackflies 
species using the cytotaxonomical method within communities along the border of Osun and Oyo 
States. Four border-line communities: Aro, Molosun, Olukeye and Jago were prospected for Simulium 
damnosum s.l larvae between November, 2024 to October, 2025. Larvae prospection was done 
bimonthly, and collected larvae were preserved in cold Carnoy’s fixative for laboratory identification 
using cytotaxonomic keys. Blackfly larvae were attached to both floating and submerged substrates, 
including the natural and artificial junks, creating obstructions in the river course.  Seasonal patterns 
showed that prospections were most efficient at the onset of the dry season, when receding water levels 
exposed breeding and reduced risks to field entomologists, whereas prospections during peak rains or 
late dry seasons could underestimate breeding sites due to inaccessible or dried-up sites. Cytotaxonomic 
analysis of larvae demonstrated the presence of Simulium damnosum s.s. and Simulium sirbanum 
across all the locations. Out of 339 larvae collected, 258 larvae were confirmed to be S. damnosum s.l. 
A total of 106 larvae were randomly selected from the sampled locations for cytological examinations. 
The chromosomal inversions observed for S. damnosum s.s, were IL 1.3/1.2.3, IL 1.3/1.3.2, IIL C/C, 
IIIL 2/2 and IS 3/3 accounting for 63.20% (67) of the identified larvae, while 19 larvae with 
chromosomal inversios IS 3/3 and IIIL 2/2 were also observed for S. sirbanum (17.92%), others with 
poor chromosomes were unidentified. Thus, no new inversions were recorded. These findings highlight 
the ecological flexibility and genetic composition of vector populations along the Osun–Oyo border, 
emphasizing the need for seasonally timed entomological surveillance and evidence-based policy 
interventions for effective onchocerciasis control in both states. 
 
Keywords: Cytotaxonomy, Simulium damnosum, Simulium sirbanum, Onchocerciasis, blackfly.  
 
 
INTRODUCTION  
One of the most important neglected tropical diseases globally and in Nigeria is 
Onchocerciasis (Otache et al., 2023). Blackflies of the members of the Simulium damnosum 
complex are the primary vectors of Onchocerca volvulus, which is the causative agent of the 
disease (Onchocerciasis).  Nigeria harbours a large proportion of the global onchocerciasis 
burden, and at least six of the nine principal West African members of the S. damnosum  
complex have been documented in the country(Olanrewaju et al., 2025). The reported 
cytospecies include S. damnosum  s.s., S. sirbanum, S. sanctipauli, S. soubrense, S. squamosum and 
S. yahense (Post et al., 2011). These sibling species differ in their ecology, vector competence 
and the clinical profile of the parasite strains they transmit (Lamberton et al., 2016). Savannah 

cytospecies such as S. damnosum  s.s. and S. sirbanum are associated with the highly blinding 
savannah strain of O. volvulus, whereas forest cytospecies like S. squamosum, S. soubrense, and 
S. yahense are predominantly linked to skin disease (Busari et al., 2022). Accurate identification 
of the cytospecies present in any disease focus is, therefore, essential for assessing the risk of 
blinding disease and for tailoring control strategies. 
 
The morphology of black flies is similar, and thus morphotaxonomy is not reliable in 
identifying the black flies breeding in a particular location (Hernandez-Triana et al., 2015). 
This limitation of simple morphotaxonomy shows that many vector populations can only be 
reliably distinguished using cytotaxonomic methods based on polytene chromosomal 
banding patterns (Ochu et al., 2021). Cytotaxonomic studies in Nigeria have revealed multiple 
sibling species within the S. damnosum  complex at individual river systems and demonstrated 
that what appears to be a single taxon morphologically may represent several distinct 
cytospecies with different epidemiological roles (Ajayi & Olusi, 2018). For example, 
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cytogenetic analysis of larvae from River Ose in nearby Ondo State identified S. squamosum, 
S. damnosum  s.s. and S. sirbanum within the S. damnosum  complex, alongside a complex of S. 
alcocki sibling species (Ajayi & Olusi, 2018). Similar work in eastern Nigeria has shown 
sympatric breeding of S. squamosum, S. yahense, S. damnosum  s.s. and S. sirbanum across 
breeding sites, all recognized vectors of O. volvulus (Josephine et al., 2021). These and many 
others showed that cytotaxonomy is not a purely academic exercise but a prerequisite for a 
robust vector incrimination and risk mapping. 
 
In Osun State, studies of black flies and onchocerciasis have so far relied largely on 
morphotaxonomy and entomological indices. Sympatric occurrence of both forest and 
savannah morphotypes of the S. damnosum  complex has been demonstrated across rainforest, 
derived savannah and Guinea savannah zones, with savannah morphotypes present even in 
forested areas (Oforka et al., 2021). At the community level, Osun is classified as mesoendemic 
for onchocerciasis, with historical nodule and microfilarial prevalences of ≥20% and 40%, 
respectively (Busari et al., 2022). However, knowledge, attitudes and practices studies reveal 
profound community unawareness of the disease’s cause, prevention and treatment, and 
limited understanding of black-fly ecology (Busari et al., 2022). Together, these data point to 
ongoing exposure to potentially competent vectors and gaps in both entomological and social 
information for effective public health planning. 
 
Neighbouring Oyo State faces similar challenges. In Ibarapa communities, residents readily 
recognize black flies and perceive them as harmful, yet most knowledge is experiential rather 
than informed by public-health messaging, and indigenous, non-validated methods dominate 
prevention practices (Akande et al., 2025). Such reliance on local measures without integration 
of entomological risk data can lead to misaligned priorities and underestimation of 
onchocerciasis transmission potential. Moreover, evidence from other Nigerian states and 
West African border areas shows that changes in land use, hydrology and climate can alter 
the spatio-temporal distribution of forest and savannah cytospecies, with shifts in species 
composition sustaining or re-establishing transmission even after prolonged mass drug 
administration with ivermectin (Ayisi et al., 2025; Yang et al., 2024). In Ghana and Cameroon, 
cytotaxonomic surveys have documented unexpected presence or influx of forest or savannah 
cytospecies into new ecological zones, contributing to persistent transmission above WHO 
elimination thresholds(Ayisi et al., 2024; Post et al., 2013). 
 
The Osun–Oyo border is characterized by shared river systems, agricultural expansion and 
human mobility, conditions that can support black-fly breeding and facilitate movement of 
vector populations between states. Yet, there is currently no record of S. damnosum  complex 
cytospecies along this frontier, and in Osun, previous work has already highlighted the 
limitations of morphotaxonomic characters (such as wing tuft colour) for distinguishing forest 
from savannah vectors, with a real risk of misclassification in the absence of chromosomal 
analysis (Busari et al., 2021; Hedtke et al., 2024). Given that savannah cytospecies introduce a 
higher risk of blinding onchocerciasis, failure to resolve cytospecies composition along the 
Osun–Oyo interface hampers accurate stratification of ocular versus dermal disease risk, 
complicates decisions on the intensity and duration of ivermectin distribution, and weakens 
the evidence base for vector-control interventions. 
 
Cytotaxonomic characterization of black flies along the Osun–Oyo border will therefore 
provide critical, high-resolution data to inform state-level and cross-border policymaking. 
Specifically, it can delineate foci dominated by forest versus savannah cytospecies and 
identify mixed zones requiring intensified ophthalmologic surveillance and community-
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directed treatment with ivermectin (CDTI) (Ayisi et al., 2025). It can also support prioritization 
and design of larval source management or environmental management strategies against 
high-risk breeding sites (Zhou et al., 2024). In addition, strengthen joint Osun–Oyo 
frameworks for onchocerciasis elimination by aligning health-education messages with 
demonstrated local vector ecology and by integrating community knowledge gaps identified 
in both states (Akande et al., 2025; Busari et al., 2022). By combining cytotaxonomic evidence 
with biting-rate, infectivity and community-perception data, policymakers can move from 
generic neglected tropical diseases (NTD) programming to evidence-based, spatially targeted 
interventions tailored to the specific vector complexes that sustain transmission in this border 
region. 
 
Against this background, the present study investigated the cytotaxonomy of black flies along 
the Osun–Oyo border to clarify the composition and distribution of S. damnosum complex 
cytospecies and articulate how these findings can directly guide onchocerciasis control and 
elimination policy in Osun and Oyo States. 
 
MATERIALS AND METHODS  
Ethical approval and community mobilization 
Ethical clearance for this study was obtained from the Ministry of Health of Oyo State 
(Reference Number AD 13/479/624) and Osun State ministry of health 
(OSHREC/PRS/569T/740). The research team led by each of the Local Neglected Tropical 
Disease (LNTD) coordinator visited the village heads. The purpose of the research was 
explained in details in their local language and were allowed to ask questions to avoid 
ambiguity.  Thereafter, informed consent was verbally obtained from the study communities 
due to low literacy level in the study communities and minimal risk nature of the field work. 
 
Study Area  
A cytotaxonomic study of the larvae of blackflies was undertaken at four breeding sites, Aro, 
Molosun, Olukeye and Jago Which are located along the Osun and Oba Rivers bordering the 
Osun and Oyo State, Nigeria. The rivers were characterized by the presence of rocks, trees, 
trailing vegetations, and sections where rocky substrates and submerged logs obstruct the 
flow of water thus creating rapids. These rapids make the river a suitable environment for the 
development and survival of the aquatic larval stages of blackflies.  
 
Sample Collection  
The four breeding sites were visited every two months for larval collection between the period 
of November, 2024 and October, 2025 during which Simulium larvae were collected. The 
larvae were collected from submerged stones, trailing vegetation, twigs, and leaves, where 
the water flows rapidly, by using a pair of forceps. The larvae collected were fixed in freshly 
prepared cold Carnoy’s fixative which contained 1:3 acetic acid and ethanol mixture, and 
brought to the Molecular Epidemiology and Vector Biology (MOVEB) laboratory, at Osun 
State University, Osogbo, Osun State, Nigeria for cytotaxonomic processes. Hydrological 
parameters were not recorded on the field or at the breeding spots due to equipment and 
accessibility constraints during the field work. As water velocity and substrate are known 
determinants of Simulium breeding. This limits the interpretation of environmental factors 
influencing vector distribution in the study area.   
 
Sorting of specimens  
The larvae collected were sorted into different species under the objective lens of a dissecting 
microscope. The main key used in sorting the larvae are presence of tubercles at the dorsal 
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part of the larvae and the presence of scales at the posterior end of the larvae. Other 
parameters used for sorting included nature of the post-genal cleft, head pigmentation 
patterns, pattern of gill spot, shape and length of larvae as described by Boakye (1993). 
However, only identified L4 and L5 larvae were examined cytotaxonomically in the lab, while 
the L1-L3 larvae were not processed as their chromosomes may not spread clearly thus, they 
were discarded.  
 
Cytological studies  
The larvae fixed inside Carnoy’s solution were poured into a petri dish, removed, and blotted 
using filter paper. Larval abdomens were opened slightly and stained with lacto-Acetic orcein 
stain. Stained salivary glands were extracted under a dissecting microscope. Stained salivary 
gland cells were then gently tapped and pressed between a glass slide and cover slip. The 
scattered chromosomes showing the banding patterns of the resulting spread were examined 
for inversions. 
 
The procedure used was fully described in (Boakye, 1993) and the examined inversions and 
cytospecies identification were compared with standard cytotaxonomic record (Boakye, 1993; 
Post et al., 2007). 
 
RESULTS  
Prospection  
Breeding sites of Simulium spp. were observed in fast flowing rivers where the velocity of the 
river is high, which presented occupational hazards including drowning, waterborne diseases 
exposure and limited emergency access.  It was observed that any floating objects that find 
themselves attached while water is running through it can serve as a substrate where Simulium 
larva can be found. The floating objects may be vegetations like the leaves, tree stem 
submerged slightly in water or junks as observed in nylons, plastics, and leathers.  It was also 
observed that larvae attachments are not limited to the floating objects only as larvae was also 
observed in objects fully immersed in water like rocks or any other heavy objects that can 
obstruct the flow and create rapids. This was a very common one to the entomologist, as 
objects creating obstructions in the river courses are applicable in this case. The objects 
observed are root hairs of trees that grow in river pathways, rocks in the river course and 
some other submerged junk like glass bottles as shown in plate 1(a and b). The above list of 
substrates is found both at the river banks, in the middle of the water or at the deepest and 
most dangerous part of the white water where high rapids are found.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Plate 1a: Prospection of Simulium 

larvae in fast flowing river. 

Plate 1b: Collection of larvae from nylon substrate 

from the river 
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It was observed that larvae prospection is easier in the onset of dry season than at any other 
time of the year. Prospection at this time poses logistical accessibility to the field entomologist 
as the breeding site has been well established and the river system is gradually decreasing 
thus exposing the breeding spots. This will assist the entomologist during prospection to 
easily access the breeding sites. However, prospection during onset of wet season or during 
dry season may give a wrong result as the breeding site may have dried up or may not be 
accessible as the case may be, and this may give a negative result. The total number of larvae 
collected, and the number processed and identified are shown in Table 1 below. 
 
Table 1: Distribution and identified cytospecies across the study sites from November, 2024 to 
October, 2025. 
     Species identified 

Months Location 
Larvae 
collected 

Simulium 
damnosum   
complex 

No 
examined 

S. 
damnosum 
s.s. 

S. 
sirbanum 

Unidentified/ 
poor quality 
of 
chromosomes 

November, 2024 Aro 20 15 10 7 2 1 

 Molosun  12 7 7 7 0 0 

 Olukeye 22 12 10 8 0 2 

 Jago 10 0 0 0 0 0 

January, 2025 Aro 50 45 10 6 1 3 

 Molosun  35 32 10 7 2 1 

 Olukeye 75 68 10 9 0 1 

 Jago 40 37 10 2 5 3 

March, 2025 Aro 7 3 3 2 0 1 

 Molosun  10 5 5 3 0 2 

 Olukeye 11 5 5 3 0 2 

 Jago 10 8 8 5 1 2 

May, 2025 Aro 0 0 0 0 0 0 

 Molosun  0 0 0 0 0 0 

 Olukeye 2 1 1 0 1 0 

 Jago 3 1 1 0 1 0 

June, 2025 Aro N/A 0 0 0 0 0 

 Molosun  N/A 0 0 0 0 0 

 Olukeye 5 3 3 2 1 0 

 Jago 7 3 3 1 1 1 

August, 2025 Aro N/A 0 0 0 0 0 

 Molosun  N/A 0 0 0 0 0 

 Olukeye N/A 0 0 0 0 0 

 Jago 20 13 10 5 4 1 

October, 2025 Aro N/A 0 0 0 0 0 

 Molosun  N/A 0 0 0 0 0 

 Olukeye N/A 0 0 0 0 0 

 Jago N/A 0 0 0 0 0 

TOTAL   339 258 106 67 19 20 

NOTE: N/A means Not Accessible while 0 means accessible but no larvae  

 
Cytotaxonomic Identifications 
The total larvae collected along the Osun-Oyo border was 339, out of which 258 were 
identified as S. damnosum s.l, and 63.20% of the processed larvae revealed that they are 
Simulium damnosum s.s and 17.92% were Simulium sirbanum while others were unidentified. 
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The two species identified were present in each of the locations along the border. The 
chromosomal inversions observed are IIL C/C (Plate 2a, 2e and 2d), IL 1.3/1.2.3, IL1.3/1.3.2 
(Plate 2c), IIIL 2/2  (Plate 2d) and IS 3/3 (for S. damnosum s.s.), while IS 3/3, IIIL 2/2 is also 
observed for S. sirbanum (Plate 2b and 2d). Presence of Simulium damnosum s.s. in these 
locations may be attributed to the changes in habitat or deforestation that has taken place over 
time. Some of the inversions observed and identified are shown in Plate 2 below.   
 
 
 
 
  

Plate 2: Cytotaxomic pictures showing inversions along the Oyo-Osun border. (a) Chromosome IIL C/C   

(b) chromosome III for S. sirbanum    (c) chromosome IL1.3/1.2.3 (d) chromosome IIL 2/2   

(e) chromosome IIL C/C  (f) Chromosome IIL C/C 

a 

b 

c d 

f 
e 
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DISCUSSION  
Seasonal timing and reliability of larval prospection 
The described result highlights that Simulium damnosum   larvae were found in fast-flowing 
river stretches with high water velocity and a wide variety of natural and artificial substrates. 
This pattern is consistent with the known ecology of the complex across West and Central 
Africa, and has direct implications for breeding-site mapping, risk assessment and vector 
control (Domche et al., 2024). 
 
The observation that larval prospection is easier at the onset of the dry season reflects how 
river dynamics shape accessibility. As water levels fall, established breeding sites in rapids 
and riffles remain, but the receding river exposes substrates and reduces current speed, 
allowing safer access to previously dangerous wet season. Similar work in Cameroon and 
northern Nigeria shows that in perennial or semi-perennial rivers, S. damnosum  s.l. larvae 
persist in dry season, and some sites are actually more easily sampled in this period because 
rapids and attached substrates are exposed and wading is less hazardous (Ayisi et al., 2022, 
2025). 
 
By contrast, prospection at the onset of the rainy season can be misleading. In many systems, 
larval abundance increases with rising discharge up to an optimum, but very high flows can 
scrub substrates and wash larvae away (Ayisi et al., 2022). Thus, early rains may also make 
sites inaccessible without establishing a stable breeding sites (Ayisi et al., 2022; Ochu et al., 
2021). In late dry season, smaller streams may have dried out, so previously productive sites 
appear “negative” despite suitable conditions at other times as it was observed in previous 
studies (Ochu et al., 2021). Studies in Nigerian, Cameroonian and Ethiopian rivers show strong 
seasonal variation in the number of positive sites and larval abundance, with some foci 
positive only in wet season, others only in dry season, and some in both (Abdullahi, 2025; 
Olkeba et al., 2022). Thus, the result correctly highlights that single-season sampling can give 
false negatives, and that ease of prospection does not necessarily coincide with peak larval 
abundance. 
 
For practical entomology, this means that onset of dry-season surveys is operationally 
attractive, safer access, exposed substrates, but must be interpreted as a minimum estimate of 
breeding, complemented by rainy-season surveys where possible(Ayisi et al., 2022). This is 
important for mapping Operational Transmission Zones and for decisions on vector control 
and post-treatment surveillance (Ayisi et al., 2025).  
 
 Role of fast flow and river hydraulics 
Members of the S. damnosum  complex characteristically breed in well-oxygenated, rapidly 
flowing water, typically rapids, riffles, cataracts or waterfalls(Ibeh et al., 2007; Ochu et al., 
2021). Studies in Nigeria, Liberia, Togo, Benin, Ghana and Cameroon show that current speed, 
discharge, slope and the presence of rapids are key determinants of breeding sites (Ibeh et al., 
2007; Zarroug et al., 2019). Quantitative work in Nigeria indicates that S. damnosum  larvae 
occur within a preferred velocity range, often between about 0.4 and 2.8 m/s, and are 
associated with high dissolved oxygen levels (Ibeh et al., 2007). Similar findings from Osun 
River and other Nigerian systems report S. damnosum  breeding only in fast-running sections 
with rocky substrata and submerged vegetation (Adeleke et al., 2011) and in Cameroon (Ayisi 
et al., 2022). 
 
The observation that breeding occurs from the banks to the deepest “white-water” zones with 
strong turbulence matches reports from Sudan, Cameroon and the Democratic Republic of 
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Congo, where larvae concentrate in rapids and high-energy reaches of major rivers (Bof et al., 
2021). These hydraulically complex zones provide continuous aeration and suspended 
organic particles required for larval filter-feeding (Bof et al., 2021; Olkeba et al., 2022). 
 
Substrate diversity: natural and artificial supports 
The result notes larval attachment on both floating/trailed objects (leaves, stems, nylon, 
plastic, leather) and fully submerged structures (rocks, tree roots, glass bottles). The detection 
of larvae on the anthropogenic waste shows that human generated debris can also serve as 
alternative breeding substrates in the fast-flowing river system and this may facilitate peri-
domestic breeding sites, potentially increasing human-vector contact. In turn, this may 
complicate vector control strategies like “slash and clear” that target natural substrate.   
Blackfly larvae are well known to attach to a wide range of supports: trailing vegetation, grass, 
leaves, twigs, roots, stones, rocks and artificial materials (Abong et al., 2025; Bof et al., 2021). 
In Cameroon and Nigeria, larval searches routinely target trailing plants, submerged grasses, 
leaves and rocks in fast water  (Ayisi et al., 2022; Ochu et al., 2021). 
 
A survey along Ogun River found larvae on multiple substrates, with a clear preference for 
plant attachments (≈35%), followed by submerged twigs, rock crevices and decaying leaf 
matter (Adeleke, 2014). In southeastern and eastern Nigeria, S. damnosum larvae have been 
recorded on submerged leaves, submerged rocks and “other objects,” confirming that both 
natural and incidental substrates can sustain breeding (Ibeh et al., 2007; Usip et al., 2003). 
The inclusion of anthropogenic waste such as plastics, nylon, clothing and glass as larval 
supports is increasingly documented. In Kinshasa, pre-imaginal stages were commonly 
attached to plastic bags, artificial waste and plant remains wedged among rocks in river rapids 
(Bof et al., 2021). In Sudan and Cameroon, larvae are collected from submerged plant stems 
acquire larvae, underscoring that almost any stable object in fast flow can function as a 
support (Abong et al., 2025; Zarroug et al., 2014).  
 
Spatial distribution within the river channel 
Finding larvae on substrates at the banks, mid-channel and deepest parts of the rapids reflects 
the three-dimensional nature of suitable microhabitats. Microhabitat studies in Nigeria and 
Ethiopia show that larvae occupy a mosaic of sites across the river width, especially where 
boulders, cobbles and other structures create local accelerations and turbulence (Ibeh et al., 
2007; Olkeba et al., 2022). In the Omo Gibe basin, habitats with boulders and cobbles supported 
abundant larvae, and occurrence was linked to hydrological and water-quality conditions 
rather than position alone (Olkeba et al., 2022). 
 
In Galabat (Sudan), anthropophilic S. damnosum s.l. were concentrated upstream of a dam 
complex where the speed of water and number of rapids were highest, with larvae attached 
to rocks and vegetation, while zoophilic species dominated slower downstream reaches 
(Zarroug et al., 2019). This mirrors the current observation that any object creating obstructions 
and micro-rapids, tree roots in the channel, rock outcrops, or embedded junk, can act as focal 
breeding points. 
 
Identification of S. damnosum s.s. and S. sirbanum 
The cytotaxonomic analysis shows that larvae from all sampled locations along the Osun–Oyo 
border belong to S. damnosum s.s. and S. sirbanum. These are classic savannah cytospecies, 
widely distributed from Nigeria westwards and strongly associated with savannah and mixed 
savannah and forest zones (Boakye, 1993; Mafuyai et al., 1996). Large-scale Nigerian surveys 
across four bioclimatic zones similarly found S. damnosum s.s. and S. sirbanum as the dominant 
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savannah taxa, often sympatric and recorded from multiple river basins, including border 
rivers with Benin (Mafuyai et al., 1996) 
 
Cytotaxonomically, both species are defined by specific, largely fixed chromosomal inversions 
in the polytene chromosomes of larval silk glands. Boakye’s pictorial guide and later 
inventories summarize the diagnostic inversion sets for each West African cytospecies 
(Boakye, 1993; Post et al., 2007). The inversion combinations reported in the Osun–Oyo border 
are IL 1.3/1.2.3, 1L1.3/1.3.2, IIL C/C, IIIL 2/2, IS 3/3 for S. damnosum s.s. and IS 3/3, IIIL 2/2 
for S. sirbanum are consistent with established diagnostic patterns for these taxa in West 
Africa, particularly the use of arm IS-3 as a key sex-linked inversion in S. sirbanum and related 
“Sirba” forms ( Boakye, 1993; Post, Mustapha and Krueger, 2007). 
 
No new inversions are reported, in line with other Nigerian river systems where standard S. 
damnosum s.s. and S. sirbanum karyotypes predominate and novel inversions, when present, 
tend to be of uncertain taxonomic status (Mafuyai et al., 1996; Post et al., 2007; Surakat et al., 
2016). This supports the conclusion that the Osun–Oyo populations fit within the known West 
African cytospecies framework and are comparable to populations elsewhere in Nigeria, 
Cameroon, Ghana and Togo–Benin (Boakye, 1993; Cheke et al., 2023; Mafuyai et al., 1996; Post 
et al., 2013; Surakat et al., 2016). 
 
Epidemiological significance 
Both S. damnosum s.s. and S. sirbanum are proven vectors of Onchocerca volvulus and are 
strongly associated with transmission of the blinding savannah strain (Boakye et al., 1998; 
Cheke et al., 2023). Regional distribution analyses show that these two are among the most 
widely distributed cytospecies in the Onchocerciasis Control Programme area and dominate 
savannah river basins (Boakye et al., 1998; Post et al., 2013). Their presence as the only 
cytospecies detected along the Osun–Oyo border implies that this corridor lies firmly within 
a savannah-vector transmission zone, with a higher potential for ocular onchocerciasis than 
in purely forest-vector foci (Boakye et al., 1998; Cheke et al., 2023; Post et al., 2013). 
 
This pattern resembles other Nigerian meso- and hyperendemic foci where S. damnosum s.s. 
and S. sirbanum sympathetically breed, sometimes with forest species further downstream or 
upstream (Mafuyai et al., 1996; Ochu et al., 2021; Surakat et al., 2016). In such mixed ecological 
zones, changes in land use and climate can shift the relative abundance of savannah and forest 
cytospecies over time, with implications for disease profile and elimination timelines (Ayisi et 
al., 2025; Cheke et al., 2023; Post et al., 2013). 
 
Implications for surveillance and policy 
The fact that the Osun–Oyo axis shows no new inversions but matches established patterns 
suggests that the populations belong to well-recognized West African forms of S. damnosum 
s.s. and S. sirbanum rather than novel cytoforms. The result emphasizes the need for bi-
seasonal or multi-season sampling to avoid false negatives and to capture possible seasonal 
shifts in cytospecies composition  (Ayisi et al., 2022, 2025; Ochu et al., 2021; Ugwuanyi et al., 
2015). It also support emphasis that prospection must systematically inspect all submerged 
and trailing materials in fast water, including human-derived waste, across the full channel 
width (Abong et al., 2025; Adeleke, 2014) because environmental change and pollution 
introduce new substrate. Rivers affected by human activity may actually gain additional 
larval attachment surfaces(Meredith et al., 2017; Zarroug et al., 2019). The dominance of S. 
damnosum s.s. and S. sirbanum aligns along the Osun–Oyo border with other savannah foci 
where blinding onchocerciasis is a major concern, justifying sustained community-directed 
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treatment with ivermectin and careful entomological evaluation before any stop-treatment 
decisions (Boakye et al., 1998; Cheke et al., 2023; Mafuyai et al., 1996; Post et al., 2013). In 
addition, onset-of-dry-season surveys are logistically advantageous and can be 
institutionalized as a standard window for routine cytotaxonomic monitoring, complemented 
by targeted rainy-season checks at key rivers (Ayisi et al., 2022, 2025). The Osun–Oyo pattern 
is consistent with national and regional data showing widespread savannah cytospecies 
across Nigerian savannah or mixed zones, but it also fills an important gap by documenting 
this explicitly for a border area where coordinated interventions between states are required 
(Boakye, 1993; Boakye et al., 1998; Mafuyai et al., 1996; Post et al., 2011; Surakat et al., 2016). For 
Osun and Oyo health authorities, this cytotaxonomy result provides evidence-based 
stratification of risk, justifying: continued community-directed treatment with ivermectin, 
targeted health education on blinding risk, and prioritization of vector-breeding rivers along 
the study locations (Adeleke et al., 2010; Mafuyai et al., 1996; Post et al., 2011; Ugwuanyi et al., 
2015). The result further imply that dry-season-weighted sampling may under-represent 
forest cytospecies if present at low levels or more abundant in rains, so multi-season surveys 
are needed to exclude them (Cheke et al., 2023; Mafuyai et al., 1996; Ochu et al., 2021). It also 
confirmed that the border is dominated by S. damnosum s.s.and  S. sirbanum aligns with other 
Nigerian savannah foci, where dry-season breeding persists and supports year-round or 
extended transmission (Josephine et al., 2021; Mafuyai et al., 1996; Ugwuanyi et al., 2015).  
 
CONCLUSION 
The result combines two key findings. The seasonal differences in how easily larvae can be 
prospected, and cytotaxonomic identification of all larvae as Simulium damnosum   s.s. and S. 
sirbanum, based on characteristic chromosomal inversions. Together, these have 
methodological and epidemiological implications for onchocerciasis surveillance along the 
Osun–Oyo border. This cytotaxonomic result also shows that strategically timed larval 
prospection at the onset of the dry season provides safer, more accessible sampling of 
established breeding sites along the Osun–Oyo border, but also highlights the risk of seasonal 
false negatives if wet-season sampling is omitted. Chromosome analysis confirms that the 
breeding populations are exclusively S. damnosum s.s. and S. sirbanum, using inversion 
patterns that match classic West African diagnostic criteria. These are efficient savannah 
vectors of O. volvulus, suggesting that the Osun–Oyo waterways may be treated as a savannah 
-strain risk based on the vector breeding in the communities.  
 
While this study provides data on Simulium breeding dynamics during the dry season across 
the study locations, breeding activity of forest cytospecies in the wet season was not well 
established. Inaccessibility of some breeding sites during the wet season limited spatial 
coverage at most locations, and forest cytospecies breeding along the river systems may 
therefore have been underrepresented in the collections. Future studies are highly 
recommended to confirm the parasite strain along the borderline. 
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