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A B S T R A C T

In this study, mouthpart deformities in Chironomid larvae (Diptera) were investigated in relation to sediment
contamination in the Shiroro Lake in Nigeria. Metals and chironomids were sampled monthly at three stations
(A–C) between August 2013 and January 2014. Across the stations, zinc ranged (3.9–75 mg/g), manganese
(1.29–1.65 mg/g), lead (0.00–0.10 mg/g), iron (101–168 mg/g) and copper (0.13–0.17 mg/g). The metal ions
did not differ significantly (P>0.05) between the sampling stations. However, zinc and iron ions were sig-
nificantly different between the sampling seasons (P<0.05). Thirteen chironomid species were recorded, with
Chironomus sp., Polypedilum sp. and Ablabesmyia sp. dominating the assemblage structure. Mouthpart deformities
were significantly higher at Station A compared with Station C, and seasonally significantly higher during dry
season compared with wet season. Elevated incidences of deformity were recorded in Chironomus spp larvae as
compared to other genera therefore for further studies in this region assessments should be based solely on
Chironomus species and ignoring the rest. Strategies need to be developed to reduce the contaminations and the
biological effects.

1. Introduction

The growing human activities on the catchment of the Shiroro Lake
are threatening the functionality of the lake's ecosystem (Kolo and
Oladimeji, 2004). In particular, the expanding industrial activities on
the catchment have increased the likelihood of entry of toxic metals
into the lake, with potential to cause ecological and human health
impairments (Mugidde, 1993; Scheren et al., 2000). Bioaccumulation,
bioconcentration and biomagnification can amplify the negative effects
of metals contamination on ecosystem function and structure. There-
fore, appropriate tools for monitoring the health of aquatic ecosystems
are needed to inform decision-making.

In Nigeria, similar to the majority of African countries, aquatic
ecosystem health monitoring relies chiefly on the measurements of
physico-chemical variables alone. Physico-chemical analyses can in-
dicate the quantities of materials in the environment at specific points
and time, but they cannot be used to evaluate effects, either acute or
chronic, of contaminants on aquatic organisms. Furthermore, physico-
chemical methods are often restricted by limits of detection and yet,
exposure to even low concentrations of metals may elicit biological
effects such as deformities in individual organisms (Ochieng et al.,

2008; Arimoro, 2011; Arimoro et al., 2015).
The sustainable management of aquatic ecosystem health requires

biologically-based methods and approaches that are sensitive to chronic
effects of pollutants. The frequencies and patterns of morphological
deformities in chironomid larvae have been used to indicate the effects
of pollutants such as low concentrations of metal ions (Nazarova al,
2004). Although chironomid deformities have been used to evaluate
environmental quality in Europe (Planello et al., 2015), North America
(Martinez et al., 2002) and elsewhere in Africa e.g. South Africa and
Uganda (Ochieng et al., 2008; Odume et al., 2012); its application in
Nigeria has not been fully explored. Given the growing human popu-
lation and associated activities on the catchment of the Shiroro Lake
which may lead to influx of toxic metals into the lake, coupled with the
absence of appropriate biomonitoring tools applied for regular en-
vironmental monitoring programmes in Nigeria, this study aimed at
creating a baseline for using mouthpart deformities in chironomid
larvae for evaluating contaminant effect in the Shiroro Lake. This is
particularly important because deformities have been used inter-
nationally as a means of evaluating in-stream toxic effects occasioned
by pollutants including metals (Martinez et al., 2002; Odume et al.,
2012).
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2. Materials and methods

The Shiroro Lake is located on latitude 9° 59′7′′ North and
Longitude 6 ° 54′58′'East. Of the 15 tributaries on the Shiroro wa-
tershed, the major ones are Rivers Dinya, Sarkin Pawa, Guni, Erina, and
Munyi. The majority of the tributaries flow southwards but a few of
them flow from north to west, and south to east. The Shiroro Lake is of
the rock-fill type and stands 115 m high above the original riverbed
elevation. The climate is hot and tropical, and rainfall usually exceeds
evapo-transpiration. The maximum annual rainfall is usually about
195 mm. The mean maximum and minimum temperatures are about
38 °C and 26 °C, respectively. Subsistence fishing activities are a daily
affair in the lake. Organic pollution comes mostly from activities of
market women and nomadic herdsmen and metal contaminations come
mainly from the surrounding industries, including battery, fertilizers,
pesticides and boat engines. Three sampling stations (A–C) were se-
lected within the lake for the collection of chironomid larvae and
physico-chemical analysis (Fig. 1). The stations were selected on the
basis of the intensity of human activities (visual observations) likely to
impact water quality, and based on this criteria, more human activities
were taking place at Station A, followed by Station B and then Station
C. Although none of these stations could meet the requirements of a
reference station, Station C was selected as the less-impacted of the
three stations.

Chironomid larvae were collected monthly between August 2013
and January 2014 (months August–October, wet season;
November–January, dry season) using a D-frame net with mesh size
110 µm. Nine sub-samples were collected per station per sampling oc-
casion. Collected larvae were preserved in 70% ethanol, transported to
the laboratory for sorting, species identification and screening for de-
formities. Larvae were mounted according to Odume and Muller (2011)
and identified according to the keys described by Wiederhilm (1983),
Cranston (1996) and Harrison (2003). Deformities in the mouthparts
were screened under an Olympus compound microscope at magnifica-
tions of either X10 or X40. Photos were taken using the software
AnalySIS® FIVE soft imaging systems. Only specimens showing clear
deformity types including missing teeth, extra teeth, fused teeth and

asymmetry were considered deformed (Odume et al., 2012).
Sediments samples per station per sampling event were analysed for

zinc, manganese, lead, copper, and iron according to APHA (1992) and
Kruis (2005). Sediments were collected using the Ekman sampler, six
(6) total for each site with three (3) at each site in each season. To avoid
cross-contamination between the stations, the sampler was thoroughly
washed with deionised water before it was used for another station.
Briefly, the collected sediments were dried to a constant weight in an
oven at 65 °C, and digested using strong hydrochloric acid, perchloric
acid and nitric acid. The absorbance of the specific metals in a clear
supernatant from digested materials was measured using an atomic
absorption spectrophotometer (ALPHA Model). The concentrations of
the specific metals in sediments were calculated using regression
equations derived from standard solutions. All chemical reagents were
of analytical grade, sourced from BDH Chemicals, Nigeria.

A two-way ANOVA and the Tukey's post-hoc test were used to as-
certain spatio-temporal significant differences (P<0.05) in the con-
centrations of the metal ions. Incidences of mouthpart deformities
calculated separately for each chironomid genus were expressed as the
percent deformed individuals compared with the total number of larvae
observed for deformities for the genus. Overall percent incidences of
deformities was calculated as the percent number of larvae deformed
compared with the total number of larvae screened for per station and
season. One-way ANOVA followed by Bonferroni post-hoc test was used
to ascertain spatio-temporal differences in the incidences of deformities
between the stations, and the seasons. Deformities were arc-sine
transformed prior to ANOVA analysis. Statistical analyses were per-
formed using Statistica version 12.0.

3. Results and discussion

The concentrations of zinc and iron were significantly different
between the sampling months, but no significant difference was ob-
served between the stations in terms of the analysed metals (Table 1).

Trace metals are essential for the optimal functioning of organisms,
but elevated concentrations in both sediment and water could be det-
rimental to biota (Golovanova, 2008) and some metals could be very

Fig. 1. Map of Shiroro Lake showing the location of the sampling stations: Stations A –C and the positions of Nigeria within Africa and that of the lake within Nigeria.
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