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ABSTRACT

A survey of Simulium breeding sites was undertaken in Kaduna State between
September 1990 and July 1995. Immature and adult simuliids were collected
from rivers and streams across four bioclimatic zones (the Sudan Savanna,
Montane Savanna, Northern Guinea Savanna and Southern Guinea Savanna)
comprising 65 stations in 20 sites. It was designed to obtain pre-control base-
line data for the control of onchocerciasis in the Kaduna endemic foci and
adjacent areas. The breeding site distribution of simuliid fauna is, to a large
extent, influenced by the bioc1imatic zonation and hydro-physicochemical
characteristics of a particular area. Variation of water current velocity with the
rivers and between the rivers and months were also highly significant (P <
0.01). The three anthropophilic species namely Simulium damnosum s.s, S.
sirbanum and S. squamosum were the most abundant at very high velocities
(2.0-2.6 m!s), and at higher temperatures (24-28.8 DC), and preferred a pH
range of 6.0-7.8. The immature stages of non-anthropophilic black flies such as
S. hargreavesi and S adersi occurred in both moderate (1.0-1.9 m/s) and
higher (2.0-2.5 m!s) water velocities with a temperature range of 20-27 °c and
pH 6.0-7.2. Simulium ruficorne and S. alcocki preferred sluggish, slow water
velocities (0.1-l.4 m/s), temperatures 2l.5-27 °c and pH range 6.0-7.2. Slight
variations in one or more of the hydrochemical parameters within the breeding
sites enabled simuliids breed communally and could limit the occurrence of
each species in the rnicroniche.
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INTRODUCTION
Onchocerciasis (River blindness) is a parasitic disease caused by Onchocerca

volvulus transmitted by the bite of adult female blackfly, Simulium spp. (Diptera:
Simuliidae). All developmental stages of the blackfly except the adult, occur in fast-
flowing water. Their habitats include special kinds of niches such as cascades, lake
outlets and springs (Davies and Crooskey, 1991). In such special habitats one species
often occurs alone, but in rivers or stream habitats several species may breed
together. Breeding sites of the S. damnosum sensu lata (s.l.) in West Africa are
found mainly in large rivers; very little breeding occurs in small streams and
tributaries. Since the early 1970s, there have been proliferation of large dams in
Nigeria to provide water for irrigation and to combat drought. The impoundment of
many river systems to create dams has encouraged more breeding sites of S.
damnosum complex especially on the dam spillways Kaduna State has been
recognized since 1952 as breeding ground of Simuliun species (Crosskey, 1954).
Since this pioneering work, more investigations have been carried out with Kaduna as
part or main focus of the study of onchocerciasis and backf1y distribution. Some of
these investigations include Crosskey (1955, 1979, 1981; Nock, 1985; Mbah and
Vajime, 1989; Vajime et al.,1992; Mafuyai et al ..1994, 1996; Offer, 1997; Bassey,
1998; and Mbah, 2001). Crosskey (1981} described Kaduna as the largest and the
most complex of the northern endemic zones because of the numerous rivers most of
which are perennial and provide suitable Simulium breeding sites.

However, because of the large geog.aphical size of Nigeria and the
inaccessibility of some breeding sites, gaps still exist II', OLd,' knowledge of blackfly
distribution. These gaps need to be filled in order to obtain a more cornprenensive
picture required for effective irnplernentarion of the Nigerian National Onchocerciasis
Control Programme (NOCP). The Onchocerciasis C Programme (OCP) area in
West Africa has been well surveyed and the control 1:1' successful (WHO, 1985)
with the interruption of vector transmission in c;1.<1 River Basin and the
reclamation of fertile river valleys and deserted "ilh1i:e<; frGITI the ravages of river
blindness. Nigeria is, however. not a bencficinrv <., ()CP project, probably
because her inclusion would have stretched the l>uk'~::-,,:/:.)nd what could have been
conveniently handled in the first phase. It is essential i'.) obtain base-line data against
which the effectiveness of blackfly control ii·, j'"i~;(;i ::,;,.F be evaluated. This
investigation was therefore, designed to C8.iTYOUt entomological prospection
of breeding sites, together with confirmation or h·.d{·obgical status of rivers before
choice of points for larviciding intervention, chemotherapy application or a
ombination of the two, for the control of onchocerciasis vectors.
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?viATERIALS AND METHODS

The study area covered four major vegetation zones in Kaduna State, namely:
the Sudan Savanna (SS), Montane Savanna (MS), Northern Guinea Savanna (NGS)
and Southern Guinea Savanna (SGS), (Table 1).

The locality, vegetation zones, dates of simuliid prospection and hydrological
status of the rivers are presented in Table 2.

Fifth instar larvae were fixed in Carney's fluid (3 parts alcohol: 1 part glacial
acetic acid) for cytotaxonomy. Larvae of S. damnosum were distinguished from
other larval simuliids by the presence of dorsal tubercles (Crosskey, 1960). Giant
polytene chromosomes were prepared according to Boakye (1993) and identified
using published keys by Yajime and Dunbar (1975) with amendments by Post (1986),
Fiasogbor and Cheke (1992) and Boakye (1993).

Pupae were distinguished by their characteristic body shape and the presence
of respiratory filaments (Freeman and de Meillon, 1953). The adult female blackflies
were identified using the published keys by Crosskey (1969), and Dang and Peterson
(1980). Water temperature was measured with Brannan mercury thermometer (-lOoC
to 100°C) and pH with portable Hanna electronic meter (0.0 to 14). These were
inserted into the water at the breeding site for about 1 minute before readings were
taken.

Water current velocity was measured with an L-shaped pitot tube constructed
locally of glass tubing, the vertical length being about 40cm and the horizontal limb
about 10cm. It was immersed in the water with the horizontal limb pointing
upstream. The height of the column in the vertical limb was determined by means of
a graduated scale on the vertical section. The faster the current, the greater the
pressure it will exert at the mouth of the tube and hence the higher the column will
rise (Dowdeswell, 1959).

The water velocity at a particular depth is calculated from the formula of
Dowdeswell (1959):

v
where v

g
h

~2hg
speed of the current
acceleration due to gravity (9.8cm/sec2)
height of the column.

Summary statistics and factor ANOY A were used for detailed comparison of
results. System Analysis Statistics (S.A.S.) 6.12, 1998 Edition was used to compute
the results. In the present study, correlation analysis was performed to determine
the relationship between temperature, pH and water current velocity. The essence
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was to find out whether these variables in a river have any effect on the prevalence c
any of the identified species in a particular water body.

RESULTS
The four vegetation zones the Sudan Savanna (SS), Montane Savanna Uv'lS:

Northern Guinea Savanna (NGS) and Southern Guinea Savanna (SGS) differed i
their hydrological status (Table 1). The Southern Guinea Savanna Zone dominate
by S. squamosum (Table 2) had the highest water velocity mean of 1.9m1s (range 1.(

2.6m/s) while the lowest, 1.6mJs (1.2-2mJs)was recorded in the Sudan Savanna wher
..)'. sirbanum was predominant.

Water temperature were highest (25.3 ± 3°C) in the Northern Guinea Savann
with co-dominance of S~damnosum and S. sirbanum, and the least, in the Montan
23 3 ± 3°C where pure populations of S. squamosum breed.

In Sudan Savanna the pH measurements showed breeding sites in most ofth
zones to be slightly alkaline, 7.2-7.9 and slightly acidic in other zones - Northern an
Southern Guinea Savanna zones (60-7.6), where, most of the non-anthropophili
simuliids were recorded (Table 2). There was poor correlation between pH and ~
damnosum s.s. larvae (P>O.O1) but positive correlation between pH and bitin
females (Table 3).

A general linear model was used to test the occurrence of the different specie
in the rivers examined in the study This was also applied to the different months i
which observations were made. A highly significant difference (P<O.Ol) of wate
velocity was found between the rivers or months. The variation of pH between river
and between months was also higi.ly significant (P<O.Ol).

Table 1 - Hydrologlcai characteristics of vegetation zones
-

ZONE I VELOCITY TEMP. DC pH
I (m/s)

_--L- ~ _J __ ~~----~

Sudan Savanna 1.)-2..0

Northern Guinea Savanna

(16)
0.8-1.8
(l.5)

0.1-2.6

( 1.8)
1.0-2.6
(1. 9)

22-26 7.2-7.9

(24.3) (7.5)

20-26 6.2-7.8

(23.3) (72)

20-28.8 6.0-7.6

(25.3) (6.7)

21-26 6.0-7.8

(238) (6.9)

Montane Savanna.

! Southern Guinea Savanna

Footnote: Figures in parenthesis are mean values.

,/
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Table 2: Hydrophysico-chemical characteristics of Simulium breeding sites.

- .-
Locality Zone Date Temp, Velo Simuliids
RIVER Lat.Long. NE. °e city (lH

rufi I liarg I sirba. J sq/la I dam I ader. I lillie I cerv. I alco. Iaure.m/s

MASK.t\ Dam 11°25'/07°18' SS 23.8.90 24.5 1.2 7.2 82 115

T1GA Dam (A) 11°32/08"27' SS 20.8.90 25 1.7 7.9 21
Hadeija Jama'ore
(8) 20.8.90 26 1.9 7.4 70
(A) 31.1.91 24 1.5 7.6 64
(B) 31.1.91 22 2.0 7.3 55

JAMA'A 09°38'/08°45' SGS /6.7.90 22 1.4 7.5 4
Dido

KOGUM DaDe ViUage
09°25/08"13 ' SGS 2.9.90 21 1.7 7.8 52

17.1.91 21 1.7 7.7 2

GURARA 09°18'/07"01' SGS 22.5.91 23.5 1.5 6.5 18 15
at Gantan 24.2.93 25 1.0 6.5 18 24 10 I 4

21.4.93 25 2.4 7.1 4
14.6.94 26 2.6 7.2 9 17

FADANWATE
09°15' /08°48' SGS 6.2.93 21.5 1.7 6.5 131

15.6.94 26 2.3 6.0 83
16.6.94 26 2.4 6.4 60
17.6.94 25 2.0 6.2 50

I

JARWAN 10°04'/09°22' M 19.1.91 21 0.8 7.1 20
KOGI (Federe)

ASSOB 09°31'08"37
M 31.8.90 22 1.6 7.8 121

19.1.91 20 1.7 7.7 58 14
10.6.94 24 2.1 7.4 11
12.6.94 22 1.8 7.2 4
30.5.95 24.5 1.2 7.1 35
13.6.95 25 1.6 7.4 12 en

V1
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KAGORO 09'35'/08°31' M 6.3.93 25 1.2 6.5 '13
14.3.93 26 1.4 6.2 15

KADUNA 10°29'/07°27' NGS 7.10.92 28.8 1.3 6.5 6 260 12 2
(River) 14.10.92 27.5 1.2 6.0 15 10

28.10.92 26 1.6 6.0
31.10.92 25 1.8 6.5
5.11.92 26 1.6 6.0
15.2.93 24 1.1 6.5 8
2.8.94 26 1.8 7.0

ZARIA Dam 11°08'/07°45' NGS 22.10.92 28.5 2.5 6.5 42
(Spillway) 23.10.92 28 2.4 6.5 55

26.10.92 23 2.5 6.9 52
6.11.92 28 2.2 6.5 62
3.2.93 27 2.4 7.1 6
9.6.94 26.5 2.5 7.4 10
27.9.94 28 2.1 7.0 14
28.9.94 27 2.6 7.2 10 18
3.10.94 27.5 2.0 7.0 12 26
18.10.94 23.5 2.2 6.4 63 8
22.10.94 24 2.5 6.5 25 47
3.11.94 26.5 2.1 6.0 58 4

ZARIA 11°06'/07°45'
(GaIma) NGS 6.11.92 25.5 1.4 7.0 25 67 5 15

3.2.93 27 1.2 6.9 5 3 30
9.6.94 28 1.0 6.5 6 44

" '\

0\
0\
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SAMARU 11°04'07°44' NGS 9.11.92 23.5 0.3 7.0 8
2.2.93 21.5 0.8 7.0 330

KUBANNII1°06'/07844' NGS 10.11.92 22 0.1 7.1 22

A.B.U Dam 11°06'/07"44' NGS 19.1094 21.5 2.4 7.0 9 11
20.10.94 23 2.5 6.8 16
21.10.94 24 2.0 6.0 18
3.11.94 22 2.5 6.2 6 52

UNGWAN 11°06'/07"44' NGS 2.11.92 26 1.1 6.0 110
JABU 4.11.92 27 1.4 6.5 270

KUDARU 10°39'/08"30' NGS 3.9.90 23 2.2 6.5 17 10
GALMA 18.1.91 26.5 1.2 7.0 10 25

11.11.92 20 1.0 6.8 8 58
9.6.94 26 2.3 7.0 25 15
25.6.94 25 2.0 7.1 46 19
26.9.94 i26 1.8 7.2 110 32
28.9.94 '27 2.0 7.0 48 11

BIRNIN 11°19'/06"47 NGS 9.7.94 27 2.5 7.6 12
GWARI (Bagoma Dam) 12.9.94 23 2.2 7.2 15

SS = Sudan Savanna, NGS = Northern Guinea Savanna, SGS = Southern Guinea Savanna, M = Montane Savanna, rufi = S. ruficome,
harg = S. hargreavesi, sirba = S. Sirbanum, squa = S, squamosum, dam = S. damnosum, ader = S. adersi, unic = S. unicornutum, cerv = S.
cervicornutum, a/co = S. alcockl, aure = S. aureosimile .

~- ..-'..-\ y~
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Table 3: Correlation analysis of variables in sample sites

VI V2 V3 V4 V5 V6 V7 V8 V9 VIO VB V12
VI 1.0000

0.0000
V2 0.86181 . 1.0000

0.0001 0.0000
V3 0.53368 0.58808 1,0000

0.0001 0.0001 0.0000
V4 0.3068 0.0761 0.03666 1.0000

0.8038 0.5374 0.7666 0.0000
V5 0.02066 0.4339 017377 0.08821 0.0000

0.8672 0.7253 0.1564 0.8821 0.0000
V6 0.09779 0.1248 0.22464 -0.07387 -0.06237 1.0000

0.4276 0.2731 0.0655 0.5494 0.6164 0.0000
V7 0.11244 0.25801 0.31125 -0.08759 -0.04782 0.34589 1.0000

0.3613 0.0336 0.0098 0.4776 0.6986 0.0039 0.0000
V8 0.08558 0.00036 0.08905 -0.7408 -0.06788 -0.12605 -0.14945 1.0000

0.4878 0.9976 0.4702 0.5483 0.5823 0.3057 0.2238 0.0000
V9 0.02561 0.01615 0.03933 -0.05079 -0.04654 -0.08642 -0.10246 0.42898 1.0000

0.8358 0.8960 0.7502 0.6808 0.7063 0.4835 0.4057 0.0003 0.0000
VIO 0.04286 -0.00309 -Q.26917 -0.02798 -0.04041 -0.07503 -0.D708 -0.07523 -0.6761 0.0000

0.7286 0.9801 0.0264 0.8214 0.7435 0.5431 0.4801 0.5420 0.6761 0.0000
Vll 0.7386 0.4855 0.3141 0.9079 0.7699 0.5868 0.9741 06002 0.8042 0.7868 0.000
V12 0.04579 0.528 -0.18332 -0.01252 -0.05518 -0.10245 -0.10689 -0.09287 -0.06250 0.15262 -0.05302 1.0000

0.7108 0.6689 0.1346 0.9193 0:655 0.4058 0.3856 0.4513 0.6127 0.2140 0.6676 0.000

VI = pH, V2 = Temperature, V3=Velocity, V4 = S. damnosum s.s. larvae, Vs = S. damnosum s.s. biting females, V6= S. Ssrbanum larvae, V1=
;\A '\ S. sirbanum biting females.V, = S. squamosum larvae, V9= S. squamosum biting females, VIO =s. ruficorne larvae, VII = S. adersi larvae, VI2=

S. hargreavesi larvae
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DISCUSSION
In this study, it was observed that the distribution of blackflies across the

bioclimatic zones was not uniform. There was considerable overlap of hydrological
characteristics across the vegetation zones. The general observation with regard to
water current velocity measurements in the present study indicated a range of
0.Im1s-2.6m1s in Northern and Southern Guinea Savanna. The three anthropophilic
species recorded in large rivers, S. damnosum s.s., S. sirbanum and Sisquamosum
were mostly breeding in rapids with a mean velocity of 2.0mls. This does not differ
markedly from previous observations by Mafuyai et al., (1996) who recorded 0.9-
2.12 mls in Guinea Savanna breeding sites.

The positive significant correlation (P=0.0098) observed between water
velocity and S. sirbanum biting females (Table, 3) confirms the fact that among the
major ecological factors governing the distribution of breeding sites are adequate
water velocity (unusual range 0.70-1.20 mls), which is linked with food supply, and
the presence of suitable substrates (Anon, 1976). High water velocity is also
associated with increased turbulence, which enhances aeration and increases the
oxygen content of the water, making itsuitable as breeding site for blackflies. The
flies depend upon particular water velocity for their feeding activity and to prevent
. the accumulation of waste around them in consequence of their metabolism (Ruttner,
1926).

For the non-anthropophilic species, S. hargreavesi and S. adersi were
recorded in water velocities with a range of 1.0-1. 9 mls. This may explain their
abundance in both large and small rivers. S. alcocki and S. rujicorne tolerate polluted
streams with low water velocities of 0.1-1.4 mls and were mostly confined to small
streams and tributaries of large rivers.

There is variation of water velocities at the same breeding site with the result
that species which prefer high velocities colonize the rapids while areas of low
velocities were colonized by morphospecies such as S. rujicorne and S. adersi.
Because most of the developmental stages of Simulium species occur in a wide range
of different water velocities varying from the sluggish to the fastest available, many
species breed together at any given site with each species exhibiting a velocity
preference suitable for its survival. The niche separation of these species is likely to
be the result of differences in their microdistribution within the river, which is
probably determined by substrate availability for larval attachment and water current
velocity.

Generally, water temperature is one of the major hydrological factors that
affect the distribution of immature stages of Simulium species at the breeding sites.
In the savannah and tropical rain forest zones of West Africa, S. damnosum s.s and S.
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sirbanum have been found to develop at water temperatures ranging from 24°C to
33°C, with a mean value of 27 °c (Grunewald, 1981). The three sibling species
recorded in this study, namely, S. damnosum s.s, S. sirbanum and S. squamosum
occur mostly at higher temperatures (240C-28.8 °C), while non-anthropophilic species
occur in habitats with temperature range of 20-27 "C.

Although there is a wide range of temperatures, the breeding sites in the
Sudan and Northern Guinea Savannah zones where the river courses were sparsely
shaded tended to have higher temperatures (27 °C-28.8 °C) than the Montane (20°_
26°C) and the Southern Guinea Savanna zones (21 0-26 °C) which are heavily shaded
by tall trees with expanded canopies. The fact that different blackfly species were
found breeding communally suggests that each species had its own preferred
temperature range within the same breeding site. Such slight variations in
temperature limit the distribution of each species in the microniche. This is probably
because water temperature influences hatching of simuliid egg-masses and larval
development (Kyorku and Raybould, 1987)

Breeding site characteristics of S. damnosum complex in West Africa
(Grunewald, 1981) and in Nigeria (Mafuyai et aI., 1996) have been shown to oscillate
between weak acid (pH 6.5) and weak alkaline (pH7.9). Mafuyai et al., (1996)
observed a pH of6.9-7.7 for Savanna, 7.1-7.9 (Montane) and 6.5-6.9 for forest sites
in Nigeria. The three sibling species preferred a range of pH 6.0-7.9 while the non-
authropophilic species colonized more acidic breeding sites (pH 6.0-6.5). Individual
preferences. of pH were recorded for each species. Thus, S. rujicorne occurred
mainly in urban rivers receiving domestic effiuents, which make the water more
acidic. This type of habitat hinders the development of sibling species such as S.
damnosum s.s and S. sirbanum due largely to the depletion of dissolved oxygen in the
water and the presence of pollutants.

S. hargreavesi and S. adersi on the other hand, were found to tolerate a wider
range of pH 6.5-7.7 and thus could colonize the breeding sites in all the four
vegetation zones of the Kaduna endemic foci of onchocerciasis. Communal breeding
couid be interpreted as an adaptation of simuliid fauna to the slight variations in pH,
water velocity and temperature within the same ecological niche.
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