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Abstract

The population dynamics of aquatic insects in a heterogeneous environment has been attributed to their
patterned spatial distribution and cues. These two factors have been reported to determine the distribution
of invertebrate propagules and ultimately influence the survivorship and spatial distribution of their
progeny. Aquatic insects are frequently understood to have non-selective oviposition habits, but
experimental data are scarce and selective oviposition may be quite common. Previous observations
indicated that water velocity current such as sequential stream seeps of shallow and fast flowing rivers and
streams to large rivers, tree trunks, physico-chemical parameters, submerged objects substrates available
in streams such as fallen leaves, rock surfaces, log of woods or tree roots, aquatic vegetations, mud, stones
and seasonal variations and type of species were important determinants of the mass distribution of black
flies and oviposition sites. We quantitatively surveyed five micro habitats on three different dates to
determine the community composition and the species of invertebrates at sites and to ascertain if
oviposition or survival is thriving at each successful level of collections of larvae of Assop Falls. In
consideration of the instars stages that were measured, it was recorded that more late instars were collected
as compared to the early instars. This indicates oviposition is at an anti-climax as compared to the survival
of the larval stages. In conclusion, it could be inferred that there is a great invasion of black flies in the
human community which calls for a serious concern for governmental and non-governmental organizations
to increase more funding to curtail health hazards that could come from black flies bites. This study
provides a framework for more sophisticated questions relating to the influence of oviposition site selection
on structuring populations of microinvertebrates.
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1. Introduction

Black flies are known to be important medical and veterinary group of blood sucking insects
that feeds on vertebrates (birds, mammals and humans), playing a major role in running water
food web M. They have been reported to inhabit sequential stream seeps to large rivers,
substrates available in streams such as fallen leaves, rock surfaces, tree roots and mud and also
breed in them -4 ovipositing their eggs, especially during dry season on submerged objects
such as rocks, leaves, aquatic vegetation, log of wood, stones, vegetation etc. 9. With an
appropriate physical and chemical characteristic and also depending on temperature, the eggs
which are from inception creamy white (later brown) usually hatch to the larval stage developing
into seven instars stages before becoming the pupa 5. A key point in understanding disease
transmission in different kinds of environment which could aid in appropriate planning for an
effective vector control strategies is to understand the association of the various habitat gradients
with populations and community composition of black flies.

In insects which spend first part of their lifecycle in aquatic habitats, the choice of an appropriate
oviposition sites has significant impact on the fitness of progeny, distribution of larvae,
population dynamics, impacting offspring survival, juvenile development and growth, intra- and
inter-specific interactions, predator avoidance and, ultimately, offspring phenotype and fitness
and the overall maternal reproductive fitness and success 112, whereas for herbivorous insects,
choosing a plant for oviposition could be a challenging task for female herbivors since site and
plant selection are crucial for the successful development of her progeny [*3 4l and thus the need
to employ external stimuli (e.g. visual and olfactory cues), their own internal physiological
stimuli, and a series of environmental constraints (e.g. availability of host plants) 15171
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which is a serious factor. For the phytophagous insects, the
selection of sites for oviposition is a critical factor for the
survival of the offspring of an individual since these behaviours
plays an important role in host specificity, the origins of host
shifts, sympatric speciation and co-evolution [8l. Moreover, as
noted by Clutton-Brock [*°, offspring survival is one of the
most important components of lifetime reproductive success.
In organisms with rudimentary forms of parental care or with
no parental care, oviposition site selection is considered to have
an impact on parental fitness since it often determines a great
extent the chances of survival of the offspring 2%,

It has been observed that in certain female species of insects for
e.g Aedes aegypti, they exhibit the “skip oviposition”
behaviour, which comprises the distribution of the eggs at
several breeding sites as observed under both laboratory [21-24]
and field conditions 25281 which is probably a strategy to avoid
high densities of immature forms at breeding sites where food
can be limited or to minimise the risks that are associated with

temporary breeding sites 1. Importantly, this behaviour has
not been reported among black flies. According to Gimnig et.
al. B9 understanding the patterns of larval production from
aquatic habitats is critical for understanding processes affecting
adult populations.

Forearmed with the knowledge that the population dynamics of
aquatic insects could be affected by spatial distribution and
cues, we undertook a survey on Black flies eggs and on larvae
in a habitat once reported to have a continuous decline in the
number of larval species at each successive period of
collections (Figure 1 from Goselle et. al.) B3, with the aim of
collecting egg masses of black flies; identifying the species of
black flies immature stages after three decades of previous
studies; determine species composition and abundance and to
determine/measure the length of the black flies larvae as
indication of cues or larval survival for accurate prediction of
Black flies occurrence at the generic levels at Assop falls in
Plateau state Nigeria.
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Fig 1: A schematic representation of the decline in number of the larvae species of black flies at Assop fall, Nigeria (Goselle et. al., 2017)

2. Materials and Methods

2.1 Study Area

The study site was Assop fall in Hawan Kibo Village located
in Riyom Local Government Area of Jos Plateau State, North
Central Nigeria where previous studies by Roberts and Okafor
(321 had reported nineteen species of the immature stages of
black flies (Figure 1). It is located 57 km South-West of Jos,
naturally endowed with a rocky bed and is a fast flowing
perennial River (10 m wide), descends the western edge of Jos
Plateau in Central Nigeria from a height of 1000 m to 7000 m
over a distance of 4 km and projects a cool serene atmosphere.
The site is a Guinea- Savannah on the slope and top of a mid-
altitude of ridge of Jos Plateau beside the Jos-Kagoro road
about 70km from Jos City. The area has vegetation comprising
of gallery forests surrounded by grasslands. Assop River which
feeds the picturesque rapids and falls drains point of the Jos
Plateaus Nigeria. Its headquarters are in the town of Riyom to
the north of the Area at 9°38'00"N 8°46'00"E / 9.63333°N
8.76667°E / 9.63333; 8.76667. Riyom has an area of 807 km?2
and a population of 131,557 as at the 2006 census, and is
predominantly dominated by the Berom. The LGA has
boundaries with Kaduna and Nasarawa State. It is the gateway
to the State when coming from the East and from Abuja (Figure
2). Usually, two dry seasons are recorded in the area, i.e. the
raining season from May to October while the dry season from
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October to April.

Fig 2: Map of Plateau State with Jos as headquarters with a star while
the study site Assop falls has double stars, with attached top picture
showing settlements surrounding Assop Falls

2.2 Duration of Study

The study was carried out on three different dates within three
(3) different months i.e. from November 2015 to January 2016.
The dates were staggered in other to ensure the period of
breeding and emergence of new larval species is completed and
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most importantly to ascertain the abundance of larvae which
would enable the relating of their output to the adult stage. A
Global Positioning System (GPS) was used to mark each
micro-niches for collection of juveniles.

2.3 Oviposition sites, collection of eggs and counting of eggs
From the different areas and breeding sites white matrix places
observed were combed for eggs and the Eggs were found to be
covered by an external filamentous or lamellar matrix
(exochorion) that promotes adhesion to the substrate, protects
the eggs, and provides food for newly hatched larvae [ 3,
Beneath the matrix is a waxy layer that prevents desiccation,
followed by a tough envelope, the endochorion 3, The matrix
were then collected, preserved and counted according to the
method described by Goldie (1982).

2.4 Sampling of larvae and measurements of water
temperature

Based on phenology of the insects, sampling was conducted
when the water level was low enough to allow safe access to
the larvae. Five different points or micro niches were
demarcated (Figure 2) and the Larvae were collected from all
the available submerged substrates in the river such as fallen
leaves, rock surfaces, mud and trailing grasses submerged in
the river. 45 minutes exactly were spent at each area of
collection sites with the depth of the river at each area recorded.
The collection of larvae was done using a stainless steel plated
entomological forceps. They were detached from the
vegetation and placed into five separate conical flasks
containing a freshly prepared carnoys fixative used for
preservation of the larvae. After collecting enough larvae in
each conical flask from the five different sites, they five conical
flasks were transferred into a cool box containing some ice
pads. This was to provide a good condition for effective
preservation of the larvae.

The depths of the five micro niches were recorded. The boxes
containing the collected samples were then transported to the
University of Jos Undergraduate Laboratory, were they were
removed from the box and 10 different Petri dishes were used
in the separation of larvae and pupae for easy identification
under the microscope. The same procedure was adopted for
each of the dates of collections i.e. from the months of
November 2015 to January 2016. The temperature of the water
body was also measured.

2.5 Laboratory Work on the Larvae

Using the key for species identification by Crosskey 34 and
Freeman and de Meillon %1, Larvae were picked from the
sampling containers and placed on a glass slide with at least 4-
6 larvae at a time with larvae continuously wetted using the
fixative to prevent desiccation. The identification and
separation of the larvae and pupae was done by separating S.
damnosum complex from non S. damnosum using a dissecting
microscope. Simulium damnosum sl differs from other species
by the possession of dorsal abdominal tubercles which are
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triangular in shape and by a row of hooklets on the proleg 34,
The best identification of S. damnosum sl larvae was a
Simulium damnosum done covering dark setae. In this way, the
initial separation of Simulium damnosum from the other
Simuliid was achieved.

Different head pattern and plasteron gills otherwise known as
the respiratory filaments which have 2 large horizontal tubes
from which 3 bifid and 3 simple inner tubes arise were used as
a differentiating factor. Also, the gill lie relatively flat while all
the other species which are non damnosum had different head
pattern and all gill arrangement. Morphological characteristics
of the last instar larvae (matured) were identified by using the
standard key of Takaoka and Chochole 3% and Crosskey [34 37-
381, Measurements of the various instar stages were also done
with the aid of a graticule placed under microscope and
confirmation with a ruler and all measurements for the larvae
were estimated to the nearest whole digit using the fitted eyes
piece. Thereafter, each species identified were placed into
separate eppendorf tubes containing 70% ethanol.

2.6 Limitation in Sampling and Identification

Inherent problem in the sampling of fresh water habitat is that
of ensuring random sampling. This is consistent with the fact
that velocity alone may not account for the distribution of black
fly larvae. The bed rock geology of the river, the amount of
submerged natural substrate and required nutrient may limit the
distribution of a particular species despite appropriate water
velocity.

Morphological identification of the Simulium species is not
without its own limitations. The use of size, head pigmentation,
post-genial cleft and body markings are influenced by the
larvae instars stages ecological adaptation by the particular
species. These markings may be bleached by the fixative before
they are carried to the laboratory for identification; which may
lead to mistakes in species identification.

2.7 Precautions

Care was taken to ensure that the larvae were not damaged
during the process of detachment from the tip of submerged
vegetation or rock particle. Fine entomological forceps, were
used to hold it at the posterior end and not the anterior part to
prevent damaging of the plasteron gills while detaching them
from the substrates. The larvae were always kept in a cool
condition. Extra care was also taken by the researchers who
wore protective clothing while sampling, care was taken while
stepping on surfaces during sampling.

2.8 Data Analysis

Data analysis was analyzed using the Univariate analysis for
differences between subject factors i.e. species and areas, Post
hoc test for least significant difference of areas and the
Multivariate analysis of variance (MANOVA, PROC GLM,
SAS Institute Inc.) B9 for difference in temperature at different
site and to summarize invertebrate community structure in
ponds/streams across all sampling dates for all sites.
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Fig 3: Pictures of various microniches/microhabitats where eggs/juveniles were collected

3. Results

3.1 Black flies oviposition sites, dates and areas

The proportion of eggs collected on various substrates base on
areas, dates and breeding sites are as shown in Table 1. A
univariate analysis of variance to test the significant difference
of collected eggs based on areas and sites showed no significant
difference (Table 2) with an adjusted r-squared values at 0.441.
This prompted a Post-hoc test on individual indices and a
significant difference was established based on areas (Table 3)
and a high significant difference based on sites (Table 4). The
estimated marginal means is as shown on Figure 4.

A univariate analysis of variance based on months and sites
was also conducted (Table 5). Base on individual indices of
months and sites, a significant difference was established, but
based on test of between subject effects between months and
sites, no significant difference was established despite an
adjusted r-squared value of 0.687 (Table 5). This prompted a
Post-hoc test for homogeneous subsets of months and sites
(Tables 6 and 7) where a high signofocant difference was
established. The estimated marginal means based on substrates
and months is as shown on Figure 5.

Table 1: Propotion Of Egss on Substrates Based On Areas, Dates And Breeding Sites

Areas Dates i BREEDING SITES
Leaves (fallen/ standing) | Rock surfaces | Tree trunks/roots | Log of woods | Total
20/11/15 10 3 4 8
Area | 4/12/15 13 7 6 10
4/1/16 15 10 11 14
38 20 21 32 111
20/11/15 8 3 4 7
Area ll 4/12/15 12 8 10 8
4/1/16 16 8 4 11
36 19 18 26 99
20/11/15 8 5 4 7
Area lll 4/12/15 11 6 8 10
4/1/16 14 8 7 10
33 19 19 27 98
20/11/15 8 4 3 6
4/12/15 9 4 3 7
Area IV e 10 5 6 8
27 13 12 21 73
20/11/15 8 5 3 7
4/12/15 10 4 5 12
Area Ve 13 6 5 10
31 15 13 29 88
165 86 83 135 469

Table 2: Univariate Analysis of Variance (Tests of Between-Subjects Effects)

Dependent Variable: Value
Source Type 111 Sum of Squares | df | Mean Square F Sig.
Corrected Model 395.650° 19 20.824 3.451 | .000
Intercept 3666.017 1 3666.017 607.627 | .000
AREAS 67.233 4 16.808 2.786 | .039
SITES 316.317 3 105.439 17.476 | .000
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AREAS * SITES 12.100 12 1.008 167 .999
Error 241.333 40 6.033
Total 4303.000 60
Corrected Total 636.983 59
a. R Squared =,621 (Adjusted R Squared =,441)

Table 3: Post Hoc Tests: AREAS (Homogeneous Subsets)

Value
Duncan?P
Subset
AREAS N 1 5
AREA 4 12 6.0833
AREA5 12 7.3333 7.3333
AREA 3 12 8.1667 8.1667
AREA 2 12 8.2500 8.2500
AREA 1 12 9.2500
Sig. .053 .087
Means for groups in homogeneous subsets are displayed. Based on observed means:
The error term is Mean Square (Error) = 6.033.
a. Uses Harmonic Mean Sample Size = 12.000.
b. Alpha =,05.

Table 4: SITES (Homogeneous Subsets)

Value
Duncan?P
. Subset
Sites N 1 > 3
Tree Trunks/Roots 15 5.5333
Rock Surfaces 15 5.7333
Log Of Woods 15 9.0000
Leaves (Fallen/ Standing) 15 11.0000
Sig. .825 1.000 1.000
Means for groups in homogeneous subsets are displayed.
Based on observed means: The error term is Mean Square (Error) = 6.033.
a. Uses Harmonic Mean Sample Size = 15.000.
b. Alpha =,05.

Estimated Marginal Means

Estimated Marginal Means of VALUE
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Fig 4: Estimated marginal means of eggs on substrates and breeding sites in various areas
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Table 5: Univariate Analysis of Variance

Tests of Between-Subjects Effects
Dependent Variable: Values
Source Type 111 Sum of Squares df Mean Square F Sig.
Corrected Model 4745832 11 43.144 12.752 .000
Intercept 3666.017 1 3666.017 1083.552 .000
MONTHS 147.733 2 73.867 21.833 .000
SITES 316.317 3 105.439 31.164 .000
MONTHS * SITES 10.533 6 1.756 519 791
Error 162.400 48 3.383
Total 4303.000 60
Corrected Total 636.983 59
a. R Squared =,745 (Adjusted R Squared =,687)
Table 6: Post Hoc Tests: MONTHS (Homogeneous Subsets)
Values
Duncan®?
Subset
MONTHS N 1 5 3
NOV 20 5.7500
DEC 20 8.1500
JAN 20 9.5500
Sig. 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
Based on observed means: The error term is Mean Square(Error) = 3.383.
a. Uses Harmonic Mean Sample Size = 20.000.
b. Alpha =,05.
Table 7: SITES: Homogeneous Subsets
Values
Duncan®P
Subset
SITES N 1 > 3
Tree Trunks/Roots 15 5.5333
Rock Surfaces 15 5.7333
Log Of Woods 15 9.0000
Leaves (Fallen/ Standing) 15 11.0000
Sig. 767 1.000 1.000
Means for groups in homogeneous subsets are displayed.
Based on observed means: The error term is Mean Square (Error) = 3.383.
a. Uses Harmonic Mean Sample Size = 15.000.
b. Alpha =,05.
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Fig 5: Estimated marginal means of eggs on substrates and breeding sites in various months
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3.2 Identified Black flies larvae species with relation to sites
and dates

The Simulium larvae species collected from the different sites
of the river Assop were analyzed separately as shown in table
8. The separation of the different species was based on the
difference observed on the larval stages. This table shows the
different date of collection of black fly species and number of
black fly species collected from the five sites. In site I, total
numbers of 194 larvae were collected; site Il, total number of
116 larvae were collected; site 111, total number of 93 larvae
were collected; site IV total of 54 larvae were collected and site
V, total of 59 species were collected. The larvae collected from
five sites were identified to species level to include Simulium

damnosum, Simulium vorax and Simulium hargreavesi.
Simulium damnosum have the highest number in sites I, I11, IV
and V whereas Simulium hargreavesi was highest in site II.
Surprisingly, S. vorax were absent in site I11.

A multivariate statistical analysis for the area with Pillar’s
trace, Wilk’s lamda and Roy’s trace all showed significant
difference whereas Hotelling’s trace never showed a significant
difference (Table 9). Levene test for significant difference
carried on the species indicates a significant difference with an
adjusted R squared values of 0.490, 0.358 and -0.069 (Table
10). Estimated marginal means of the various larvae species
and the dates/sites of collection are shown on Figure 6.

Table 8: Species of Black flies larvae collected from five sites with dates

Area Date Temp °C | S.damnosum | S.vorax | S. hargreavesi | Total
20/11/15 24 40 19 39 94
Area | 4/12/15 22 24 15 15 54
4/1/16 16 20 9 13 42
Total 16-24 84 43 67 194
20/11/15 24 15 13 20 48
Areall | 4/12/15 22 5 8 27 40
4/1/16 16 10 12 6 28
Total 16-24 30 33 53 116
20/11/15 24 17 14 31
Arealll | 4/12/15 22 20 17 37
4/1/16 16 10 i 15 25
Total 16-24 47 - 46 93
20/11/15 24 11 14 - 25
ArealV | 4/12/15 22 9% 8 - 17
4/1/16 16 2 4 12
Total 16-24 26 24 4 54
20/11/15 24 6 12 13 31
AreaV | 4/12/15 22 8 7 6 21
4/1/16 16 6 1 - 7
Total 16-24 20 20 19 59
G/Total 16-24 207 120 189 516
Table 9: Multivariate Tests
Effect Value | F Hypothesis df | Error df P Partial Eta Squared
Pillai's Trace 1392 | 21 12 30 0.043 0.46
AREA Wilks_' Lambda 0.13 | 2.08 12 21.458 | 0.067 0.49
Hotelling's Trace 3.244 | 1.8 12 20 0.118 0.52
Roy's Largest Root | 1.777 | 4.4 4 10 0.025 0.64
Table 10: Tests of Between-Subjects Effects
Source D\?gﬁgﬁgt Sum of Squares | df F P Partial Eta Squared | Noncent. Parameter
SPECIE 1 5529.6 1 | 945 |0.012 0.5 9.5
Intercept SPECIE 2 960.0 1 | 48.65 | 0.000 0.8 48.6
SPECIE 3 23814 1 | 31.87 | 0.000 0.8 31.9
SPECIE 1 1808.4 4 | 0.77 | 0.567 0.2 3.1
AREA SPECIE 2 344.7 4 4.37 | 0.027 0.6 17.5
SPECIE 3 882.3 4 | 295 | 0.075 0.5 11.8
SPECIE 1 5850.0 10
Error SPECIE 2 197.3 10
SPECIE 3 747.3 10
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Fig 6: Estimated marginal means of the various larvae species and the dates/sites of collection

3.3 Measurements of early and late instars larval stages
Intable 11, the early larval stages were assumed to be the instar
stages from L1 to L3, while the late instar stages from L4 to
L7. The late instar larvae stage shows high survival rate and
much in number than the oviposition in all the five microniches
(areas) in Assop falls. An indication that environmental factors
such as temperature does not really affect the survival rate of
the Simulium species. Simulium hargreavesi having higher
survival rate of early and late instar larvae age in Area I, 11l
while S. damnosum have high rate of larvae survival in area Il,
IV and V. The estimated marginal means is as shown on Figure
7.

A multivariate analysis to test between subject effects between
the various instars lengths measure and species shows no
significant difference (Table 12). A multiple comparison
conducted showed a significant difference between the various
larvae (at P<0.001) and especially between between S. vorax
and other species (hargreavesis and damnosum), but not
between S. hargreavesi and S. damnosum (Table 13). This
prompted a multivariate test (Table 14) based on individual
instar stages and the various species where a significant
difference was established between the other instars stages and
those of instars stages 6 and 7 (Table 14).

Table 11: showing early and late instars larval stages collected at various micro- niches

EARLY INSTAR (L1- L3) mm LATE INSTAR (L4— L7) mm (El+ Lhmm
Species L1 | 12 | L3 | total Mnea SD | L4 | L5 | L6 | L7 | total Mnea sD TOLTA Mnea
Area | No.
S.v43 457 554 63 | 165 | 55 | 0.63 751 785 | 835 | 91 | 3245 | 812 017 4895 | 13.61
S.h 67 55 | 65 753 1935 | 645 | 076 | 83 | 9.45 1%'2 112 | 392 | 98 160 5855 | 16.25
S.dsd 559 6.1 658 189 | 63 | 039 | 78 | 88 | 965 1%5 368 | 9.2 1é° 557 | 155
Total 194 54.75 1058.4
Area ll
S.v33 458 650 659 1785 | 595 | 086 | 76 | 84 | 94 | 102 | 356 | 89 Oég 5345 | 14.85
S.h53 551 652 751 1855 | 6.18 0'781 82 | 93 | 104 1%5'4 3935 | 9.83 1i2 579 | 160
S.d30 62 | 73 | 82 | 218 | 727 | 081 | 96 | 105 | 101 | 117 | 43.05 | 1076 | 0.7 | 6485 | 18.02
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5 5 7 5 5 5 9
Total 116 58.2 118
Area lll
S.v
S.h 46 553 652 751 1875 | 6.25 | 0.73 758 875 | 9.75 | 107 | 37.05 | 9.26 1%0 558 | 1551
S.d 47 5.3 650 7 18.35 6.12 0.69 8 8.75 9.9 11.3 37.95 9.49 142 56.3 15.60
Total 93 37.1 75
Area IV
S.v 24 5.1 858 6.7 | 2065 | 688 | 154 | 75 | 83 | 89 | 955 | 3425 | 8.56 057 549 | 15.45
S.h4 553 6.3 7.2 18.85 6.28 0.75 85'31 9.15 1%'1 11.2 38.65 9.66 131 575 15.95
S.d26 5.6 657 753 197 | 657 | 073 | 81 | 89 1%'1 1%.)'2 384 | 96 1(')2 581 | 16.17
Total 54 592 1113
Area V
S.v20 551 558 656 1765 | 588 | 0.61 754 81 | 88 | 955 | 339 | 848 °é7 5155 | 14.36
S.h19 553 63 | 72 | 1885 | 628 | 076 851 8.9 1%'1 112 | 384 | 96 161 5725 | 15.88
S.d 20 55 | 6.4 752 1915 | 638 | 071 | 82 | 91 1%'0 111 | 3845 | 9.61 1%0 576 | 15.99
Total 59 55.65 1150'7
G/TOTAL 264.9 631.9
516 0 5 788.40
Based on the observed means from the Least significant term mean square is 4.080 and the mean difference is
difference and 95 % confidence intervals calculated, the error significant at the 0.05 level
Estimated Marginal Means of VALUES
1200 Species
— 5. varax
£ 5. hangreavesi
5. damnosum
10.00]
E 8009 5
-] =4
T eood /
o
E = €
] /
4.00- C
2007
LI‘I LIZ LI3 LI4 LIS LIG L|?
LENGTHS
Fig 7: Estimated marginal means of lengths of larvae
Table 12: Tests of Between-Subjects Effects
Source Sum of Squares df Mean Square F P
Intercept 5919.7 1 5919.7 1450.7 | 0.000
LENGTHS 280.8 6 46.8 114 0.000
Species 125.1 2 62.5 15.3 0.000
LENGTHS * Species 13.6 12 1.1 0.2 0.991
Error 342.7 84 4.0
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Table 13: Multiple Comparisons

(1) Species (J) Species Mean Difference (95% Confidence interval) P
S. hangreavesi -2.2 (-3.2;-1.3) <0.0001
S. vorax :
S. damnosum -2.4 (-34;-1.4) <0.0001
. hangreavesi S. vorax 2.2(1.3;3.2) <0.0001
' S. damnosum -0.2 (-1.1;0.8) 0.743
S damnosum S. vorax 2.4 (1.4;3.4) 0.000
' S. hangreavesi 0.2 (-0.8;1.1) 0.743
Effect Value | F | Hypothesis df | Error df P Partial Eta Squared
Pillai's Trace 121 |15 14 14 0.222 0.60
Wilks' Lambda 013 |15 14 12 0.248 0.64
SPECIES Hotelling's Trace 394 | 14 14 10 0.297 0.66
Roy's Largest Root | 3.13 | 3.1 7 7 0.078 0.76
Table 14: Multivariate Tests
Dependent Sum of Mean Partial Eta Noncent. Observed
Source Variable Squares df Square F P Squared Parameter Power
LENGTH 1 376.5 1 376.5 221.0 | <0.0001 0.9 221.0 1.0
LENGTH 2 544.8 1 544.8 153.2 | <0.0001 0.9 153.2 1.0
LENGTH 3 658.0 1 658.0 214.5 | <0.0001 0.9 2145 1.0
Intercept LENGTH 4 837.0 1 837.0 216.5 | <0.0001 0.9 216.5 1.0
LENGTH 5 1030.0 1 1030.0 220.4 | <0.0001 0.9 220.4 1.0
LENGTH 6 1252.2 1 1252.2 231.4 | <0.0001 1.0 231.4 1.0
LENGTH 7 1502.0 1 1502.0 239.1 | <0.0001 1.0 239.1 1.0
LENGTH 1 8.5 2 4.2 2.5 0.125 0.3 5.0 0.4
LENGTH 2 4.7 2 2.4 0.7 0.531 0.1 1.3 0.1
LENGTH 3 12.8 2 6.4 2.1 0.167 0.3 4.2 0.3
SPECIES LENGTH 4 17.7 2 8.8 2.3 0.144 0.3 4.6 0.3
LENGTH5 23.2 2 11.6 2.5 0.126 0.3 5.0 0.4
LENGTH 6 314 2 15.7 2.9 0.094 0.3 5.8 0.4
LENGTH 7 40.6 2 20.3 3.2 0.075 0.4 6.5 0.5
LENGTH 1 20.4 12 1.7
LENGTH 2 42.7 12 3.6
LENGTH 3 36.8 12 3.1
Error LENGTH 4 46.4 12 3.9
LENGTH5 56.1 12 4.7
LENGTH 6 64.9 12 5.4
LENGTH 7 75.4 12 6.3
4. Discussion cycle duration and oviposition preference to a specific

4.1 Oviposition Sites

It has been postulated that lack of information can lead to
inefficient forms of immature control for e.g. the indiscriminate
use of insecticide usually applied to aquatic forms which makes
it difficult evaluating the efficiency of a product and
environmental impacts. In this study, egg masses which cannot
be specifically linked to any black fly species were collected
from four different sites with the highest being the leaf, which
probably have high dissolved organic matter, followed by log
of woods then rock surfaces and finally tree trunks with a
significant difference established at P< 0.05 level of
significance. Several factors have been adduced to the choice
of oviposition sites by female insects which may include
habitat characteristics like temperature, shape, orientation and
size of substrate (>3l and humidity [*41. Importantly, black flies
which are non-social insects have a conspecific aggregation
which is believed to confer a variety of fitness benefits and
selection of oviposition sites is crucial for survival and for
minimizing egg mortality from predation >4/, Moreover, as
put by Bunn and Hughes 8], although several species could
share the same breeding sites, each could present a different life

120

substrate, but as noted by Coupland **5%; Golini and Davies
154: Muirhead-Thompson B2, many black fly species in the
genus Simulium, including members of the Simulium
damnosum sensu lato species complex exhibit such a behavior
as well, ovipositing in aggregations on a single substrate,
producing clumped masses of fertile eggs.

The question of how females find a proper egg-laying site has
been raised by Crosskey [, although Greiner 5% and Crosskey’
hypothesized that they are able to locate suitable oviposition
sites visually and anemotactically. In response to such possible
questions, Freedeen et al. 1 have reported that oviposition
may vary from eggs while females fly over water or as noted
by Peterson 1, the complete submergence of the fly for egg
deposition on a substrate. The incubation time may range from
a few days for species without egg diapauses 1 to many
months for Simuliids which over-winter in that stage 7.
Higashiura ™9 reported that some insects oviposit in places
protected from snow cover, while Juliano et al. 8 noted that
others avoid habitats with high probability of dessication.
Carlsson B reported in their findings on egg laying pattern of
S. venustum, Odagmia and Eusimimlium aureum that they all
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display similar patterns of oviposition behaviour laying eggs
on objects at water surfaces, climbed down in search of suitable
stones, sometimes depths of 20 cm. Some black fly species
such as S. vulgare and S. articum are believed to deposit their
eggs loosely and singly by flying low over water surfaces 5% 59,
The question has also been raised as to whether gravid flies
oviposit at their natal water ways? Rothfels %, was able to
show from cytological evidence that some species of black flies
do point to site-specific oviposition preferences, but this was
refuted by F.F.H. (unpublished) from a preliminary cytological
work on S. venustum and S. verecundum complex from the
Davies Bog and North Madawaska river sites that this may not
be true as the study reveal there was no any site-specific
chromosomal polymorphisms for any of the species in the
complex. But the debate still rages on as to how these flies are
able to lay their eggs in bactches within aggregation. A possible
suggestion was premised on pheromones i.e. substances
produced by members of either or both sexes 63, This has been
confirmed from number of insects like the Coleoptera [62-631,
Hemiptera (6% ¢4 Drosophilid %61, haematophagous Diptera
1671 culicine mosquitoes 8, phlebotomine sandflies ©%7%, and
active components of a pheromone eliciting larval aggregation
identified in the viviparous tsetse (Glossinidae) ["l. Within the
Simuliidae, a number of species other than S. damnosum s.1. are
also known to oviposit in large aggregations [ 7274 The
attraction of gravid black flies to a particular oviposition site is
likely to depend on a combination of visual, tactile or non-
volatile chemical stimuli which indicate the quality of the site,
in addition to any semiochemical cues emanating from eggs
already present, as is thought to occur in S. damnosum s.1. [7°,
Pheromones involved in such attraction might not elicit
species-specific responses, and it may even be that different
species produce the same aggregation pheromone, as occurs in
a number of Culex spp mosquitoes [ 771, Consequently, we
were unable to establish if the gravid flies oviposit at their natal
ways.

Regardless of the existence of site-specific genetic markers for
other populations, it has been suggested that returning to the
natal waterway to oviposit may be a common behavior for
simuliids in general, yet there has not been an experimental test
of this behavioral hypothesis until now. Either females return
to the natal waterway (i.e., they exhibit site fidelity) or they do
not (i.e., there is no site fidelity). Since we were unable to test
the hypothesis, we could not for certain conclude either site
fidelity or no site infidelity were in play to enable field
experiments to distinguish between these possibilities, but from
the collections of larvae from the same designated areas, we
could for certain infer that these behaviours were learned
during the larval stage where close proximities to where they
were initially hatched could probably be thought to be safer
sites to avoid flooding and predation. In addition, since in all
areas more eggs were collected on leaves which have high
decay of organic materials and are not control substrates, it
agrees with the findings of McCall "™ that the smell of
decaying organic material attracts gravid females and induces
oviposition, probably because these substrates may be suitable
food sources for the larvae. In conclusion, this study calls for
understanding of the oviposition behaviour and structure of
eggs for the 64 species of simuliids documented in Colombia
[78-80] and other species in other parts of the world.
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4.2 Oviposition Cues and Survival Strategy

The present study revealed that, the late instars have longer
durations than the early instars which have a shorter duration.
This confirmation in the recent findings is in consonance with
the findings of Crosskey and Howard ! that early instars have
a shorter duration than the late instars, when the larvae reaches
its final instars, it will spin itself in a cocoon out of silk, forming
a pupae. The growth rate of black fly larvae depends greatly on
the quality and abundance of food and on water temperature.

5. Conclusion

The collection of eggs from the various substratum and most
especially on leaf which have dissolved oxygen could be a
target for application of control strategies. Moreover, the
reduction in the number of species caught at Assop could be as
a result of changes or increase in either abiotic or biotic factor
which would have been non-conducive for others species or
probably just an act of the survival of the fittest that would have
caused migration. Although it has been noted that S. damnosum
and S. sirbanum are savannah species while others like S.
yahense, S. santipauli, S. soubrense, S. sqgaumosum are forest
dwelling, and since Assop fall is in the savannah region and
gradually adapting to climate change, the possibility could be
for the migration of other species to suitable sites that could
best support their rate of water evaporation. Lastly, the
collections of more late stages could be a pointer to the
population of the immediate community with black flies which
could portend great danger in the transmission of
onchocerciasis to the available mammals or birds.

6. Recommendation

It is recommended that further research work could be carried
out in the same vicinity after some months or years to ascertain
if the same species are still available, gone on migration to
other areas and/or reinvasion of the area by species formally
reported by Roberts and Irving-Bell B and Egwumah®,
Importantly, based on the site of collection of eggs, a further
study could be carried out to link the specific type of Simuliids
that oviposit on a particular type of substrate.
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