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Article

Trophic Level Variations of Heavy Metals in Feathers
of Birds from the Awotan Landfill, in Ibadan, Nigeria

Abdulsalam R. Rotimi, Adeola A. Oni and Aina O. Adeogun

Department of Biology, Federal University Otuoke, Otuoke, Bayelsa, Nigeria
Department of Zoology, University of Ibadan, Ibadan, Oyo, Nigeria

Abstract: Pollution, urbanization and technological advancements have posed stress on the ecosystem and its
matrices. Globally, pollutants are observed in all compartments of ecological communities which affect the
integrity of the atmosphere, hydrosphere, lithosphere and biosphere. Xenobiotics bioaccumulate and
biomagnify across trophic levels or webs. Heavy metals have been implicated in impacts towards biodiversity
and environmental declination. In Nigeria, wastes issues are a cause of concern and landfilling or are waste
disposal approaches that cause deleterious effects such as depauperation of diversity and species decline,
prompting the non-invasive ecotoxicological hazard assessments. Feathers were used to assess concentration
levels of 13 metals (Fe, Mn, Zn, Cu, Co, Cr, Cd, Pb, Ni, Al, B, Se and Hg) using fast atomic absorption
spectrophotometer (FAAS), one-way ANOV A was used in comparing variations in mean concentrations across
trophic levels, diversity indices and point count methods were used to estimate diversity and abundance. Four
avian species were assessed Hirundo aethiopica (insectivore), Streptoptelia senegalensis (granivore), Turdus pelios
(omnivore), and Anthus leucophrys. (insectivore). Observed concentrations of important metals like iron were
high with the insectivores having the highest concentrations of iron (2.6985 + 0.1975 ppm) and granivores
having the lowest (2.0100 + 0.3172 ppm). The insectivores had the highest concentrations for cadmium, cobalt
and chromium (0.0005 + 0.0005ppm), nickel (at 00.0012 + 0.0017 ppm) and least was observed in the granivores
(0.0003 + 0.0006 ppm). Selenium concentrations were quite high in insectivores (0.0775 + 0.0035 ppm) and
lowest in granivores (0.0433 + 0.0015 ppm) likewise mercury for insectivores (0.0280 + 0.0010 ppm) and
granivores (0.0213 + 0.0015 ppm). From the study, it is apparent that landfills are sources of pollution and poor
management of wastes can affect biota (causing effects such as asymmetry and bioaccumulation) and
ecosystem balance. The observation of heavy metals in the feathers serve as good sentinels due to their trophic
levels and could be signs for what could be yet to occur. The heavy metal concentrations were significantly
different at p <0.05.

Keywords: bioaccumulation and biomagnification; non-invasive ecological hazard assessment;
heavy metals; avian feathers; ecological declination and stress

1. Introduction

Environmental pollutants are observed in various matrices stressing organisms at various
ecological levels. Various studies have shown that human borne pollution can cause morbidity and
death in organisms and destabilize physiological processes such as reproduction and development
(Ahmed et al., 2012). A number of prominent environmental issues exist of which poor solid waste
management is one (Christensen ef al., 2001; Ikem et al., 2002; Alimba et al., 2006; Oshode et al., 2008).
Waste disposal management are ecologically genuine issues because of the deleterious effects
associated with contamination like heavy metals and its encompassing conditions (Bakare et al., 2012).
Solid waste generation is on the increase due to fast paced development and rising population growth
and waste disposal sites are capable of releasing large amounts of harmful pollutants such as heavy
metals into water sources, air via leachate and landfill gas respectively (Christensen et al., 2001; Ikem
et al., 2002; Alimba et al., 2006; Oshode et al., 2008). In spite of the fact that a few pollutants could later
degrade, some such as heavy metals are exceptionally toxic and could accumulate in the environment
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over a long period of time. Heavy metals are an overall term that includes most prominent transition
and post transition metals in the periodic table (Nkwunonwo et al., 2020), lanthanides and actinides
(Adepoju-Bello et al., 2009) and metalloids (Igwe et al., 2005) with relatively high density (Tchounwou
et al., 2012). Natural sources include metal bearing mineral or rocks while anthropogenic sources
include agriculture (composts, fertilizer, pesticides applications), metallurgy (mining, smelting
activities), energy production (power plant, leaded gasoline), airborne sources, wastes (solid wastes,
mechanical wastes) and sewage disposal (Navratil and Minarik, 2005; Wuana and Okieimen, 2011;
Odika et al., 2020).

Various studies have shown that some metals are essential nutrients for several physiological
and biochemical functions in minute concentrations (WHO, 1996), while some are non-essential and
some are toxic (Jarup, 2003; Ayeni, 2014). Heavy metals have certain characteristics that make them
readily Available in environmental matrices. They are affected by pH, adsorption levels as well as
soil type and could be toxic at minute or high concentrations inducing metabolically deleterious
effects (Volesky, 1990; Ali et al., 2013; Sartoti and Vidrio, 2018; Lai et al., 2020). Other factors include
speciation and temperature all of which influence their solubility, mobility, availability and
accessibility. The fate and transport of heavy metals also depends on various routes or sources such
as soil, water, rock and sediment. These heavy metals could affect ecological balance in biota through
bioaccumulation and biomagnification in the food chain or trophic levels (Aycicek et al., 2018; Ali et
al., 2019). They are non-biodegradable environmental contaminants that may accumulate in the
higher levels of the food chains (Boncompagni et al., 2003) and are known to have high biomagnifying
potential particularly to apex predators which are subject to the most deleterious exposure (Borga et
al., 2001). They accumulate in living organisms when ingestion surpasses detoxification (Eagles-
Smith et al., 2016). These metals are of specific concern for prominent avian species that bioaccumulate
contaminants and are considered vital to ecotoxicological hazard assessment or monitoring (Heys ef
al., 2016).

Ecological studies are concerned on assessing the connection between the biotic and abiotic
matrices (Saint-Beat et al., 2015). Contaminant concentrations in living organisms could be a reflection
of the concentration in the environment. High concentrations could affect living organisms across
trophic levels (Mackay et al., 2018). It is therefore important to assess the impacts of metal
concentrations, their mixtures in biotic or abiotic matrices, their fate and transport, their
bioaccumulative potential across trophic levels (Mussali-Galante et al., 2013), bioconcentration in
regulatory frameworks, which are all important in contaminant exposure and risk assessment
(Mackay et al., 2018). Two types of environmental monitoring strategies exist which include the
biological (biomonitoring) and traditional monitoring. Traditional monitoring assesses the
accumulation, possible changes in sources and factors linked with the general impacts in the
environment. It aims to monitor and assess the actual state of the environment, and predict the
vulnerability of future outcomes (Pyagay et al., 2020). It is usually carried out by chemical assessment
of diverse environmental compartments like soil, air and water. However, the investigation of
contaminants within the abiotic environment is in any case inadequate as it does not give sufficient
data on the concentration of contaminants in biota and its impact on them (Swaileh and Sansur, 2006).
The use of various of biological markers to assess environmental changes is known as bioindication
or biomonitoring and it is one of the fundamental strategies utilized in environmental contamination
(Rutkowska, 2018).

Species or ecological communities can be used as monitors of environmental pollution. Some
characteristics that drive the utilization of biomonitors include: (a) assessment of ecological health
(Martinez et al., 2012; Markowski et al., 2013) (b) responsiveness to anthropogenic stress (c) makes
assessment of levels of environmental pollution easy (d) the assessment of contamination in the food
and (e) to mirror the temporary and longer durational trend of contaminant exposure and
environmental availability (Gomez-Ramirez et al., 2014; Pollack ef al., 2017). Birds have largely been
utilized as sentinels for environmental pollution Gomez-Ramirez et al., 2014; Smits and Fernie, 2013)
and are exposed to contamination through contaminated rain, contaminate soil, wastes and water
(Jasper et al., 2004). They have been used as bioindicators for various ecological contaminants
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(Gragniello et al., 2001) especially heavy metals (Mochizuki et al., 2002). This is because they are
readily available, ubiquitous, sensitive to toxicants and tagged as sentinels of ecological concern
(Furness, 1996). Estimating the accumulation of contaminants in birds was frequently done through
invasive or destructive testing, where birds were discarded after tissue extraction and analysis
(Acampora et al., 2017).

Pollution studies conducted using the internal tissues (liver, muscle, adipose tissues, kidney) of
birds have however caused adverse effects in avian populations (Monclus et al., 2018). In general,
fauna populations are affected due to ecological degradation, reduced function and stress. These has
driven ecotoxicologists to using non-invasive assessments and methods to protect biodiversity
(Adeogun et al.,, 2022). This pressure on the use of birds in research called for ethical and non-
destructive (non-invasive) methods (Espin et al., 2010). Amongst biomonitoring choices, feather
assessment stands out and offers many benefits (Garcia-Fernandez and Martinez-Lopez, 2018). The
appraisal of environmental contaminants in feathers is a prominent method that has been
progressively utilized in ecotoxicological considerations (Abbasi ef al., 2016a; Pollack et al., 2017).
Feathers can reflect the inner state of contamination, giving an important tool for biomonitoring
pollution (Monclus et al., 2018) and contaminants in feathers also reflect that in organs or tissues
(Jaspers et al., 2007a).

The use of feathers in assessment of accumulation particularly heavy metal accumulation has a
number of advantages over other non-invasive matrices which include: removing the feather can
occur irrespective of time, age (young or adult) or gender and collected feathers can be stored and
later utilized in future studies (Rutkowska et al., 2018), it also provides important data on endangered
and protected species in relation to the avian contaminant cycle (Kopec et al., 2018), reflect internal
conditions in tissues or organs (Jaspers et al., 2011), reflect substantial concentration or accumulation
which could be higher in feathers than in other tissues (Malik and Zeb, 2009; Zamani-Ahmad et al.,
2010). Many bird species living in close proximity to anthropogenic activities are predisposed to
ecological foreign substances and they may experience the deleterious effects of the subsequent
harmful impacts of such substances (Malik and Zeb, 2009). Birds accumulate metals in feathers and
the extent of physiological anomalies (like bilateral asymmetry and developmental instability etc.
(Debat and David, 2001) in feathers is precise for each metal. A moderately high concentration
specific to metals in relation to body weight is deposited in feathers (Burger, 1993), and there is a
strong relationship between concentration of foreign substances in feeding habits of birds and
concentration levels in feathers (Malik and Zeb, 2009; Zamani-Ahmad Mahmoodi ef al., 2010). The
aim of the study was to determine metals and toxic heavy metals (THMs) concentrations in avian
feathers, thereby assessing bioaccumulation across avian trophic levels.

2. Materials and Methods

2.1. Study Area

Ibadan, the Oyo state capital is estimated to be one of the largest cities in Nigeria with an
approximate total area of 3,080 sq. kilometres and it generates over 996, 102 tons of solid waste
annually (Amuda et al., 2014). The landfill is located 200-250 metres above sea level and on latitude
07027 .59N and Longitude 03°50.93E, along Apete-Awotan-Akufo road, Apete, Ido local Government
Area, Ibadan, Oyo state (Ipeaiyeda and Falusi, 2018). It receives municipal wastes from commercial,
domestic, educational and industrial sources from many other locations around Ibadan metropolis
(Ogunseiju et al., 2015).
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Figure 1. Map showing the location of the Awotan landfill in Ido local government area of Oyo
state.

2.2. Sampling Stations and Sampling Procedure

2.2.1. Point Count Method and Species Identification

Following the guidelines and procedures laid down by Ralph et al. (1993), Bibby et al. (1992),
Bibby et al. (2000), Sutherland et al. (2004) and Edegbene (2018), the birds of the Awotan landfill were
assessed through area and point count methods once a week between the months of June and October
2021. Effective sampling was carried out 3 times in June and August, 4 times in July and once in
September and October respectively. Area count was carried out for the general study area while
point count was carried out for strategic sampling stations on the landfill (Ralph et al. 1993;
Sutherland et al., 2004, 2005). Three sampling points were assessed and sampling points were spaced
about 150 metres apart. The three points sampled were: Point A (an area where wastes were largely
dumped), Point B (area with vegetation) and Point C (an area within the site devoid of human and
scavenger activities). The Birds were observed for a duration of 5-20 minutes and thereafter identified
to species level using keys provided by Nik and Demey (2014) and Sutherland et al. (2004). Sampling
and point count were done between 6:30 hrs. to 11:00 hrs. in the morning between 13:00 hrs. to 16:00
hrs. in the afternoon and in the evening between 16:00 hrs. to 18:00 hrs. birds set out for their daily
activities in the morning and were active throughout the day. Avian census was done by observing,
moving through the landfill and standing at specific locations like high altitudes within the landfill
for easy assessment (Ralph et al., 1993: Sutherland et al., 2005). The birds were identified using
catalogues, identification and reference guides (Adeyanju ef al., 2012: Borrow and Demey, 2014).

2.2.2. Mist Net Setup

Based on the procedure adopted by Adeyanju (2013), sampling points were surveyed and
selected at random based on the characteristics and habits of the avian species and thereafter
sampling was carried out. Mist net set up and procedure was carried out using modified methods of
Ralph et al. (1993) and Sutherland et al. (2004). Sampling was done using mist nets, improvised
wooden poles which were mounted firmly using support on the base from end to the other. The mist
nets were arranged very early in the morning around 6:30 am and the nets were set up throughout
the day. The mist nets and points were checked every 10-20 minutes for possible bird capture. Three
mist nets of dimensions 20m by 10m, and 30m by 10m with respective mesh sizes of 25mm, 25mm
and 45mm were placed to possible bird paths or where bird activities were high.

2.2.3. Diversity Indices Analysis for Point Count Data

d0i:10.20944/preprints202407.0528.v1
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Margalef index (d)

It was used to measure the number of species richness of Awotan landfill using the formula
below:

(d)=5-1

LnN

Where d- Margalef index, S- total number of species, N- total number of individuals and Ln- Natural
log.

Shannon Weiner diversity indices (H)

The point count data of the avian fauna encountered in Awotan was analyzed using the Shannon
Weiner diversity indices state below:

H=-}*Pllnpi
Where, PI- proportion of individual species, s- total number of species in the community, In- natural
logarithm, i- it species and H- Shannon Weiner diversity

Pielou evenness index

It measures the evenness or equitability of the community and was determined using the
formula below:

Evenness = H

log s

Where, H- Shannon Weiner index, s- number of species/taxa and Log- Naperian log

Simpson’s Diversity index (D)

It was used in comparing the diversity between avian fauna obtained from the point count data
and takes into account species richness and evenness. It was calculated using the formula below:

D=)n(n-1)

N-1

Where, D-Dominance, n- total number of individuals per species and N- the total number of
organisms of all species counted in a point or station.

2.2.4. Avian Sampling, Avian Tagging, Feather Collection and Storage

Birds were tagged using lightweight plastic avian leg rings to note the sampled birds and avoid
capturing (Ralph ef al., 1993; Sutherland et al., 2004; Bergan et al., 2011). The captured birds (n=50)
were weighed using precision electronic weighing balance (electronic sf-400) and thereafter
morphometric measurements were taken based on methods prescribed by Ralph et al. (1993). The
total head length, beak/bill length, digit length, wing length, tail length and weight were taken on
two individuals (n=2) of the Ethiopian swallow species (Hirundo aethiopica) to ascertain symmetry or
asymmetry in relation to avian flight and morphometry. Two to four moulting flight feathers were
carefully removed from both the right and left wings to avoid stressing or injuring the caught birds
(Rutkowska et al., 2018). Specific factors such as: collection time, feather type, or the foraging pattern
of birds was also noted (Garcia-Fernandez and Martinez-Lopez, 2018). The sampling process and
intended analysis was non-invasive, so birds were released after sampling and feather gathering. The
collected feather samples were stored in labelled Ziploc bags.

2.2.5. Sample Analysis: Feather Digestion and Metal Assay

Feathers were washed with distilled water thrice to remove dirt and particles, and then oven
dried (using IHVP-16246927 model oven) at 80%. thereafter, feather samples were cut into small
pieces, grinded (with a ceramic mortar and pestle) and weighed. 0.1mg of grounded feather sample
was weighed using analytical electronic weighing balance (analytical balance, BA-T series). Weighed
samples were treated with 2ml of 70% nitric acid and heated in a water bath at 120°C for 24hrs after
which they were left to cool. The samples were then filtered using a 0.4 micrometer filter paper and
then diluted to a final volume of 25ml in a volumetric flask with deionized water. Fast-Sequential
Atomic Absorption Spectrophotometer (FAAS, Buck Scientific model 210).

2.2.6. Statistical Analysis
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One-way ANOVA was used in comparing the differences in the means of heavy metal
concentrations in the feathers of birds across species and trophic levels at a significance level of p <
0.05.

3. Results

The biodiversity indices of bird species sampled in the Awotan landfill were the Margalef,
Shannon Weiner, Simpson and Pieolou indices to assess the abundance and diversity on the landfill
(Table 5a and 5b). The result for the heavy metal concentrations in feathers of birds encountered at
the Awotan landfill were analyzed in the observed four avian species. 12 metals were observed which
included Fe, Mn, Zn, Cu, Co, Cr, Cd, Ni, Al, B, Se and Hg while lead was not detected (Table 6 and
7; Figure 4a, Figure 4b, and 4c.

A total number of 702 birds belonging to 4 families were observed at the Awotan landfill over
the study period, of which 2 were resident-migrant, (Turdus pelios and Anthus leucophrys) and 2 were
resident (Hirundo aethiopica and Streptoptelia senegalensis). H. aethiopica was the most abundant
resident species and the most abundant species (Table 1a and 1b). A total of 50 birds, belonging to 4
families and 4 species were trapped by the mist nets. H. aethiopica (n=36, 74%) had the highest capture,
followed by S. senegalensis (n=12, 24%) while T. pelios and A. leucophrys had the lowest capture (n=1,
2%) respectively (Table 2). Bird species captured per point we’re also documented in Table 3.

Table 1a. Area point count checklist of avian species from Awotan landfill.

Month Common Family Scientific Name Number %
Name Observed Occurrence
June Ethiopian Hirundinidae Hirundo aethiopica 150 69.12%
Swallow
Laughing Columbidae  Streptopelia 65 29.95%
Dove senegalensis
African Turdidae Turdus pelios 1 0.46%
Thrush
Plain-Backed- Motacillidae  Anthus leucophrys 1 0.46%
Pipit
Total 217 100%
July Ethiopian Hirundinidae Hirundo aethiopica 120 58.25%
Swallow
Laughing Columbidae  Streptopelia 85 41.26%
Dove senegalensis
African Turdidae Turdus pelios 1 0.49%
Thrush
Total 206 100%
August Ethiopian Hirundinidae Hirundo aethiopica 135 62.5%
Swallow
Laughing Columbidae  Streptopelia 80 37.04%
Dove senegalensis


https://doi.org/10.20944/preprints202407.0528.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 July 2024 doi:10.20944/preprints202407.0528.v1

African Turdidae Turdus pelios 1 0.46%
Thrush
Total 216 100%
September Ethiopian Hirundinidae Hirundo aethiopica 8 50%
Swallow
Laughing Columbidae  Streptopelia 7 43.75%
Dove senegalensis
African Turdidae Turdus pelios 1 6.25%
Thrush
Total 16 100%
October Ethiopian Hirundinidae Hirundo aethiopica 35 74.47%
Swallow
Laughing Columbidae Anthus leucophrys 12 25.53%
Dove
Total 47 100%
Values showing the Area point count data of various observed avian species.
Table 1b. Summary table for the point count data.
Common name Family Species Name Number %
observed Occurrence
Laughing dove Columbidae Streptopelia senegalensis 249 35.47%
Ethiopian swallow | Hirundinidae Hirundo aethiopica 448 63.82%
Plain-Backed-Pipit | Motacillidae Anthus leucophrys 3 0.43%
African Thrush Turdidae Turdus pelios 2 0.29%
Total 702 100%

Values showing the point count data of various observed avian species.

Table 2. Mist net data of avian species encountered at the Awotan landfill.

Foraging Common Family Species Name Number % Occurrence

behavior name observed

Granivore Laughing Columbidae Streptopelia 12 24%
dove senegalensis

Insectivores  Ethiopian Hirundinidae Hirundo aethiopica 36 72%
swallow
Plain- Motacillidae Anthus leucophrys 1 2%
Backed-Pipit

Omnivore African Turdidae Turdus pelios 1 2%
Thrush

Total 50 100%
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Values showing the numbers of various trophic levels and avian species trapped in respective mist nets and
points.

Table 3. Avian species trapped in various sections of the Awotan landfill.

Points Ethiopian Laughing African Plain- Total (point)
Swallow dove thrush backed-Pipit
A 8 2 0 0 10
B 9 8 0 1 18
C 20 1 1 0 22
Total (species) 37 11 1 1 50

Values showing the numbers of avian species trapped in respective mist nets of various points.

Morphometric measurements were taken for the total head length, beak length, full tarsus
length, digit length, wing length and weight which were all taken in centimeters and grams. Bilateral
symmetric morphometry was also taken for two representatives of the H. aethiopica species. The
asymmetric and symmetric measurements of the right and left wing, centrum, right and left outer
tail feathers were all taken. The morphometric indices were specifically taken to assess symmetry by
measuring and comparing the right and left wing lengths, right and left outer tail and the inner tail
(centrum) (Table 4a and 4b).

Table 4a. Morphometric measurements of Avian species captured.

Species Weight Head Beak Full Digit Wing

N Length Tarsus

Ethiopia 3 12.610+2.678 3.831+0.32 0.600+0.20 0.273+0.43 1.247+0.25 9.600+0.498
n 6 2 9 1 8

Swallow

Laughin 1 96.000+11.07 5.217+1.21 1.450+0.24 3.967+0.33 2.517+0.24 10.900+2.67

g dove 2 8 1 3 8 4
Plain- 1 32.000+0 4.600+0 1.200+0 5.000+0 2.000+0 9.100+0
Backed-

Pipit

African 1  68.000+0 5.600+0 1.700+0 5.100+0 2.700+0 10.500+0
Thrush

Values are given as mean + standard deviation showing significance difference (p <0.05) between morphometric
measurements.

Table 4b. Asymmetric measurements of the two Ethiopian Swallow representatives.
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Morphometric Right  Left Symmetry Left Right Symmetry Centrum

wing  wing first  first (inner
length length outer outer tail
Species tail tail feather)
Ethiopian 9.9 9.9 Symmetric 5.8 59 Asymmetric 3.6
Swallow 1
Ethiopian 10.4 10.5 Asymmetric 5.0 5.1 Asymmetric 3.9
Swallow 2

Values showing the asymmetric morphometric measurements (cm) of the two Ethiopian Swallow
representatives.

Table 5a. Monthly biodiversity indices during the sampling period.

Biodiversity indices June July August
Margalef Index 0.668 0.379 0.758
(Species richness)
Shannon Weiner Index 0.357 0.164 0.330
(Diversity)
Simpson index 0.179 0.767 0.527
(Dominance)
Pielou Index 0.357 0.136 0.288
(Evenness)

Values showing the monthly biodiversity indices observed during the sampling period.

Table 5b. Biodiversity indices for respective sampling points at the Awotan landfill.

Biodiversity indices Point A Point B Point C

Margalef Index 0.435 0.692 0.647

(Species richness)

Shannon Weiner Index 0.217 0.377 0.211
(Diversity)
Simpson index 0.644 0.418 0.745

(Dominance)


https://doi.org/10.20944/preprints202407.0528.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 July 2024

d0i:10.20944/preprints202407.0528.v1

10
Pielou Index 0.217 0.300 0.157
(Evenness)
Values showing biodiversity indices for respective sampling points observed during the sampling period.
Table 6. Mean concentration of heavy metals in analyzed feather samples from Awotan landfill.
Metals Species Laughing Dove Ethiopian Plain-Backed- African
(w/g-ppm) Swallow Pipit Thrush
Trophic Granivore Insectivore Insectivore Omnivore
level
Status Resident Resident Resident- Resident-
migrant migrant
N 3 3 2 2
Manganese 0.633+0.0096 0.0643+0.0143 0.0900+0.0100  0.0585+0.0015
Iron 2.0100+0.3172 NA 2.6985+0.1975 NA
Zinc 0.1687+0.0110 0.1587+0.0195 0.1970+0.110  0.1350+0.0010
Cobalt 0.0007+0.0012 0.0003+0.0006 0.0005+0.0005  0.0015+0.0015
Chromium 0.00030.0006 NA 0.0005:0.0005 NA
Cadmium 0.00030.0006 NA 0.0005+0.0005 NA
Copper 0.0010+0.0010 NA 0.0010+0.0010 NA
Lead
e ND NA ND NA
Nickel
0.0003+0.0006 0.0007+0.0012 0.0005+£0.0005  0.0010+0.0010
Aluminum
0.0357+0.0025 0.0287+0.0025 0.0240+0.0010  0.0495+0.0015
Boron
0.0137+0.0015 0.0180+0.0010 0.0185+0.0005  0.0245+0.0015
Selenium
0.0433+0.0015 0.0480+0.0017 0.0310+0.0020  0.0615+0.0035
Mercury
0.0213+0.0015 0.0270+0.0000 0.0120+0.0010  0.0330+0.0114

Values are given as mean + standard deviation showing significance difference (p < 0.05) of heavy metal

concentrations in analyzed feathers. NA- Not analyzed and ND-Not detected.

Table 7. Mean concentration of heavy metals across trophic levels in Awotan landfill.

Metals Trophic Granivore Insectivore Omnivore

level

(W/g-ppm)
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Status Resident Resident-migrant Resident-migrant
N 3 5 2

Manganese 0.6330.0096 0.0772+0.0122 0.0585+0.0015
Iron 2.0100+0.3172 2.6985+0.1975 NA
Zinc 0.1687+0.0110 0.1779+0.0153 0.1350+0.0010
Cobalt 0.0007+0.0012 0.0006+0.0009 0.0015+0.0015
Chromium 0.0003+0.0006 0.0005+0.0005 NA
Cadmium 0.00030.0006 0.0005+0.0005 NA
Copper 0.0010+0.0010 0.0010+0.0010 NA
Lead ND ND NA
Nickel

0.0003+0.0006 0.0006+0.0015 0.0010+0.0010
Aluminum

0.0357+0.0025 0.0383+0.0023 0.0495+0.0015
Boron

0.0137+0.0015 0.0275+0.001 0.0245+0.0015
Selenium

0.0433+0.0015 0.0395+0.0027 0.0615+0.0035
Mercury

0.0213+0.0015 0.0125+0.0005 0.0330+0.0114
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Values are given as mean + standard deviation showing significance difference (p < 0.05) of heavy metal
concentrations in birds feathers across trophic levels (granivore, insectivore and omnivore) from Awotan
landfill. NA- Not analyzed and ND-Not detected.

4. Discussion

4.1. Abundance and Diversity

Point count method takes into consideration the relative abundance of birds available in a given
area (Edegbene, 2018). Avian and point count assessment was carried out on the Awotan landfill
(Ralph et al., 1998; Sutherland et al., 2004). From the study, the point count showed that the Ethiopian
swallows (63.82%, n=448) were observed in most locations around the landfill, followed by the
laughing Dove (35.47%, n=249), African Thrush (0.43%, n=3) and the least observations were the
plain-backed —pipit (0.28%, n=2) (Table 1,2). There were changes in the monthly observation in the
dynamics of the availability of the birds (Table 1). Landfills have been identified as good sources of
food for bird species and species abundance, due to the waste food that is disposed continually and
it could be a reason for the availability of bird species in the Awotan landfill (Oro et al., 2013;
Osterback et al., 2015; Oka, 2016; Plaza and Lambertucci, 2017). Certain urban or landfill birds (such
as the Ethiopian Swallow) are known to have omnivorous or scavenging tendencies (Marasinghe et
al., 2018). Also, anthropogenic activities (intense or liberal) like scavenging or landfill activities could
determine the availability of bird species at various points. Where there is high stability, biotic
(competition, dominance between one or two species, ecological succession) and physical
environmental factors (Ward, 2001), it could affect diversity. These factors do not function differently
but diversity reduces when there is depauperation, lack of resources, perturbation and reduced
environmental heterogeneity. Similarly, resource abundance or its reduced availability stability,
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minimal perturbation and heterogeneity might not always create favourable grounds for increased
diversity (Protasov et al., 2009).

The study observed changes in abundance and diversity of species in the Awotan landfill. There
was change in species diversity and abundance throughout the sampling period. In addition to the
previously slated factors that could affect diversity and abundance in avian species (biota), urban
development such as the conversion to landfill could be a factor for the change in the diversity and
abundance in the study area (Issakson, 2018). A decline in sentinels in relation to indices of
communities is directly linked to pollution of the environment (Alimov et al., 2013; Barinova, 2017).
The biological indices carried out on the sampled avian species and sampling areas of the Awotan
landfill all varied for each point. They included the Margalef, Shannon Weiner, Simpson diversity
and Pieolou (Evenness) indices. A total 50 birds from four families were trapped in the sampling site
and three points A to C were assessed. Point A is an active dump on the landfill characterized with
anthropogenic scavenging and landfill activities, point B is a vegetative area devoid of land fill and
anthropogenic activities and point C is an inactive dump also devoid of anthropogenic scavenging
and landfill activities. The Margalef diversity index assessed on the Awotan landfill had varied
indices. Point B had the highest species richness index, followed by point C and point A which had
the least index (Table 5a and 5b).

Maryam et al. (2010) suggests that the diversity index of a healthy ecological community
increases with the population of species and the Awotan landfill was lacking in species diversity. The
use of such indices is useful in showing pollution as diversity of communities decreases (Alimov et
al., 2013). The Shannon Weiner indices during the sampling period was observed in the month of
June, followed by August and the least diverse was observed July. The highest sampling point index
was observed in point B, followed by point A and the least sampling point index was observed in
point C (Table 5a and 5b). Dominance is used in the assessment of pollution and an increase in
dominance (D) brings about a decrease in diversity (Faiz and Fakhar, 2016). The Simpson dominance
indices were computed for both month and sampling points. Point C was the most dominated during
the sampling period, followed by point A and point B had the least dominance. The month of July
was the most dominant, followed by the month of August and the month of June which had the least
dominance index (Table 5a and 5b). When an ecological community is polluted, less resilient species
are affected and resilient species eventually become the dominant species as well as the dominant
population. A decline in the data and the resulting population of a species in a community could be
linked to a change in the dominance of certain species that differ taxonomically (Desrochers and
Anand, 2003). Hence when species are exposed to pollution stress, the population may act differently
from the community (Khan, 2016) and dominating species present in large numbers in particular
communities are taxonomically more distinct compared to smaller populations (Desrochers and
Anand, 2003).

Pielou’s evenness is termed as the distribution of individuals over taxon, like species in their
ecological habitat (Heip et al., 1998). The evenness of a community shows the even distribution of
some species or living organisms in a community over a specific duration. Throughout the sampling
period, the month of July had the highest even distribution, followed by the month of August, and
the month of June had the least index. The evenness index was also computed for the various
sampling points. Point B had the highest index. The evenness index was also computed for the
various sampling points. Point B had the highest index, followed by point A and point C had the least
evenness (5a and 5b). with increased environmental stress brings about variability in evenness (the
lower the evenness, the higher the probabilistic perturbation from pollution) which could be used to
study environmental degradation (Faiz and Fakhar, 2016)

4.2. Heavy Metal Concentrations in Species

Globally, various studies have been carried out on heavy metal toxicity and concentration,
trophic level variations in toxicity, and landfills (Malik and Zeb, 2009; Hammed et al., 2017;
Marasinghe et al., 2018; Kinuthia et al., 2020). These studies prove landfills are polluted, and toxic
concentrations of heavy metals could go up trophic levels and food chains. Studies on the Awotan
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landfill have also shown that it is polluted leaving biota (like birds) vulnerable to contamination and
biotoxicity (Ogunseiju et al., 2015; Hammed et al., 2017; Ipeaiyeda and Falusi, 2018; Olagunju ef al.,
2020; Oladejo et al., 2020; Adesogan and Omonigho, 2021).

A total of 10 birds were analyzed, belonging to four families respectively. The accumulation of
metals varied in all species and there were significant differences at p <0.05 across species and trophic
levels. The analyzed species included the Ethiopian swallow (n=3), Laughing dove (n=3), Plain-
Backed-Pipit (n=2) and African thrush (n=2). The concentration of heavy metals analyzed in Ethiopian
swallows varied in the increasing array of Zn > Mn >Se > Al > Hg >B > Ni > Co (Table 6). The laughing
dove (granivore) had a high concentration for iron but below the level for the Plain-Backed-Pipit.
They had zinc, manganese, chromium, cadmium, boron and nickel concentrations just below that of
the Plain-Backed-Pipit and lead concentrations (0.000 ug/g) were not detected. They had the lowest
concentrations for nickel, cobalt, chromium and cadmium. The metals analyzed in laughing doves
varied in the order: Fe > Zn> Mn > Se> Al > Hg > B > Cu > Co > Cr/Cd/NI > Pb (Table 6).

The African thrush (Omnivore) had the highest concentrations for aluminum, boron, selenium,
nickel and mercury. The analyzed metals varied in the order: Zn > Se > Mn > Al > Hg > B > Co > Ni
(Table 6). The Plain-Backed-Pipit (insectivore) had the highest concentrations of zinc, iron,
manganese and the lowest concentrations for mercury, cobalt, nickel, chromium, cadmium, cobalt
also had low concentrations. Lead concentrations were not detectable (0.000ug/g). The heavy metal
accumulation in the feathers of the Plain-Backed-Pipit varied in the reducing order of Fe > Zn > Mn
>Se > Al > B > Hg > Cu > Cr/Cd/Co/Ni > Pb (not detected) (Table 6). The observed differences in the
large gap in metal contamination and accumulation among species from the landfill could be factor
of variations in the interspecific food chain (Jayakumar and Muralidharam, 2011)

4.3. Heavy Metal Concentrations across Various Avian Trophic Levels

Iron

Iron was observed in high concentrations amongst the metals analyzed but it was low compared
to levels (0.15-7.68ppm) observed by Einoder et al. (2018) but fell into the range observed. The
insectivores (Hirundo aethiopica and Anthus leucophrys) accumulated the highest concentrations of iron
in their feathers and the granivores (Streptoptelia senegalensis) had a high a concentration just below
the insectivores (Table 7). There was significant difference in iron concentration across trophic levels
at p< 0.05. The high iron accumulation in the feathers show the feeding and stored concentrations
during feather development (Dauwe et al., 2000; Rattner et al., 2008). The granivores could have
accumulated iron through ingestion of food, soil particles, from plant that have accumulated iron.
The accumulation of iron could be due to the dumping of metal scraps, electronic, electrical and
industrial wastes which could introduce iron to the soil of landfills. The concentrations observed in
the birds were above the limits of 50-80ppm (Adesakin, 2021). Lethal accumulation of iron could
induce hepatic storage in many vertebrates leading to haemosiderisis and physiological changes in
reproduction and moulting (Tobias et al., 1997).

Zinc

The presence of zinc in landfills is expected (Ngole and Ekosse, 2012). Sources of zinc in the
landfill could be from deteriorated roofing sheets, packaging materials, paint, metal and steel
materials and vehicular parts and food or cleaning materials (Alloway, 2005; Ngole and Ekosse, 2012).
The zinc concentration observed was above the standard threshold at 1200 ug/g or 800-4000ppm
(Abdullah et al., 2015; Adesakin, 2021) which means that the birds have accumulated zinc above the
safe limit and could be prone to harmful effects of zinc toxicity. The concentration was below the
observed concentrations of Janaydeh et al. (2015). There was significant difference in zinc
concentration across trophic levels at p < 0.05. the insectivores had a higher accumulation of zinc and
the omnivores had the least accumulation of zinc. The omnivores and granivores could have
accumulated through the ingestion of contaminated soil particles, contaminated food or
contaminated soil along with food which have absorbed or adsorbed zinc and leachates (Table 7).
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Zinc is an essential metal in the metabolic activities organisms especially in birds and excess
6accumulated zinc could be deleterious.

Mercury

Several studies carried out on heavy metal accumulation pointed to the fact that mercury
increases with rise in trophic level (Burger and Gochfield, 1997; 2000a; Borga et al., 2006). Mercury is
a toxic metal found everywhere in the environment which induces lethal deformations in tissues and
cause several health effects (Sarkar, 2005). Humans or animals alike are vulnerable to mercury
contamination in the environment (Zahir, 2005). Accumulated mercury in feathers show the
contamination of mercury in blood and tissues ( Bearhop et al., 2000). Based on the trophic levels birds
occupy, they are at high risk and are prone to hereditary and neurological effects from mercury
contamination (Burger, 1993; Evers et al., 2005). The insectivores (Ethiopian swallow and Plain-
Backed-Pipit) had the highest level of mercury contamination and the granivores (Laughing dove)
had the lowest concentration (Table 6). The concentrations were below (0.09ppm-0.97ppm) observed
in Keller et al. (2014) and there was significant difference in mercury concentration across trophic
levels at p < 0.05.

The presence of mercury in the landfill could be as a result of the waste and various sources into
the environment. The utilization and source of mercury is numerous. It is used in electronic industries
in the production of various electronic industries in the production of various electrical appliances,
other industrial processes could find their way into the landfill. The granivores could have
accumulated mercury through ingestion of contaminated soil particles, seeds or plants while the
insectivores could have accumulated mercury from the ingestion of contaminated insects (Ab-Latif
et al., 2015). The concentration observed was low and below the standard threshold for some
individuals while some the concentrations of some other individuals were close or above the
threshold (Evers et al., 2008) (Table 7).

Cadmium

Cadmium is a non-essential toxic metal found in birds mostly of granivorous origin (Manjula et
al., 2015). Cadmium was observed in very low concentrations below the standard limit of 2 ug/g
(Abdullah et al., 2015). There was no significant difference in cadmium concentration across trophic
levels at p < 0.05. the low concentrations observed shows that these metals are present in the
environment in small concentrations but were below levels (0.021ppm-2.65ppm) observed by
Boncompagni et al. (2003). The insectivores accumulated above the granivores (Table 7). Further
accumulation in feathers could lead to lethal effects (Burger, 1993). Accumulation of cadmium (Cd)
can induce retardation in growth, reduction in egg production (Burger, 2008), eggshell thinning,
kidney damage (Furness and Greenwood, 1993). At sub-lethal toxicity, cadmium could induce:
behavioural effects, endocrine disruption, haemoglobin anomalies, moulting anomalies, formation
and growth anomalies (Burger and Gochfeld, 2009), damage, oviduct and testicular anomalies (Malik
and Zeb, 2009; Birge et al., 2000; Burger, 2008) and higher concentrations can induce physiological
activities by replacing essential nutrients or causing nutrition anomalies (Furness, 1996). Cadmium
is often used in several industrial processes which include the industrial use of cadmium in alloy
production, pigments, And batteries (Mcdowell, 2003).

Cobalt and Chromium

Cobalt is an essential microelement (Plant, 2000; Vinodhini and Narayanan, 2009). It has
bioaccumulative and radioactive tendencies. High concentrations of cobalt in biota could be lethal,
inducing harmful effects such as pneumonia, thyroid damage, pulmonary anomalies, permanent
disability and mortality (Atashi et al., 2009). It could be found adsorbed to organic particles in soil
(Plant, 2000). The concentrations observed were low, as the omnivore had a higher concentration than
the granivores (Table 7). The source of chromium in the environment is varied. It is used broadly in
the plating of metals, paint manufacturing, preservatives, paper and pulp industries (Jaishanjar et al.,
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2014), sewage and fertilizer application. Landfills could get polluted when chromium containing
wastes get disposed. Toxic effects of Chromium (VI) can induce DNA damage or chromosomal
anomalies (Patlolla et al., 2008) and reproductive anomalies in avian species (Malik and Zeb, 2009).
There was significant difference in cobalt and none was observed in chromium concentrations across
trophic levels at p < 0.05. the concentration observed were lower than the standard limit of Cr at 2.8
ug/g (Abdullah et al., 2015).

Nickel

Nickel is toxic non-essential metal that causes deleterious impacts to living organisms especially
birds in which it is likely to affect metabolic activities relating to feathers (Eeva et al., 1998). At high
concentrations, nickel affects feather moulting in avian species (Malik and Zeb, 2009) and reduces
liver weight, induces liver damage, causes immunotoxicity, anaemia and protein degradation
(Zivkov et al., 2017). Nickel was also observed in low concentrations below the standard threshold of
5 pg/g (ppm) (Abdullah et al.,, 2015). There was nos significant difference in nickel and the least
concentration was observed in the granivores (Chiroma ef al., 2014; Ayeni et al., 2016). It is utilized in
the production of stainless steel, electronics, electroplating and coins (Ngole and Ekosse, 2012).
Deposition of nickel into the environment ranges from about 150,000 to 180,000 metric tons annually
(Kazprazak et al., 2003) and the presence of nickel in such materials detects its fate in the environment
and in landfills.

Manganese

Manganese is abundant in the environment mostly found in the soil and adsorbed to acidic soils.
Living organisms that are sensitive to manganese could be exposed to its toxicity via acidic soils
polluted with manganese. The disposal of wastes containing manganese could also be a prominent
source of manganese (Osuala et al, 2020). There was significant difference in manganese
concentration across trophic levels at p < 0.05. the insectivores had the highest accumulation of
manganese and the omnivores had the least accumulation (Table 7). Adverse effects of manganese
could occur from both deficiency and overexposure which could cause harmful effects (Hubbs-Tait
et al., 2005). Accumulation of manganese could occur through ingestion of contaminated food and
inhalation of manganese adsorbed dust (Qadir et al., 2018). At toxic concentrations manganese could
induce harmful effects such as anaemia, haemorrhage, micromelia, limb twisting, stunted growth
and behavioural disorders (Summer ef al., 2011). Improperly disposed wastes and other industrial
wastes and waste combustion also induce manganese stress in the environment and could be sources
of manganese pollution (Zayed et al., 1999) and diesel fuels (leaded gasoline) treated with manganese.
Disposed wastes containing manganese treated lead gasoline and diesel fuels could also be a likely
source of manganese in landfills (Qadir et al., 2008).

Copper and Boron

Ngole and Ekosse (2012) who carried out a similar study on landfills mentioned the availability
of metals such as copper in landfills and dumps. Copper is an essential metal which becomes toxic at
high concentrations (McDowell, 2003; McDowell, 2013). It should be noted that the threshold for the
effects of copper in the gastrointestinal tract still leaves some uncertainty regarding the long term
effects of Cu on sensitive organisms (Nkwuninwo et al., 2020). There was no significant difference in
copper concentrations below standard threshold of Cu at 20 mg/g (Jaynadeeh et al., 2016) (Table 7).
The accumulation route by which the granivores and insectivores accumulated copper would have
been via ingestion of contaminated food or soil particles, and insects. Resulting Cu toxicity could
induce growth anomalies, respiratory anomalies, carcinogenesis, haematolysis, endocrine disruption,
reproductive disorders, gastro-intestinal and hepatic disorders (Stern, 2010, anaemia and poor
feathering in birds (De, 2019). The insectivores had the highest concentration of boron while the
omnivores had the lowest concentration (Table 7). The accumulation of boron could be as a result of
various industrial wastes like detergents their packaging, flame retardants and agricultural chemicals
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(WHO, 1998). Accumulation could have occurred through ingestion of contaminated soil particles
and food particle that have adsorbed or absorbed boron. There was significant difference of boron
across trophic levels at p < 0.05.

Aluminum

Aluminum is utilized in various industrial processes like pharmaceuticals, cosmetics, dyes and
packaging for consumables, in construction and vehicle manufacturing. Aluminum could find its
way to the landfill through wastes from various aluminum industries and utilizations. There was
significant difference in aluminum concentration across trophic levels at p < 0.05. the omnivores had
the highest concentration of aluminum and the granivores had the lowest concentrations (Table 7). It
can contaminate soils and bioaccumulate in birds through consumption of contaminated materials.
The granivore could have ingested contaminated soil particles along with food while the insectivores
could have ingested insects which have bioaccumulated aluminum. Al causes toxicity in living
organisms by inducing cytological stress by reactive oxygen species (ROS), peroxidation of lipids and
destabilization of antioxidant enzymatic functions (Slaninova et al., 2014).

Selenium

The environmental sources of selenium are varied. It is utilized in electrical and electronics
industries, paint industries, glass industries, mechanical and clinical applications (Mehdi et al., 2013),
ceramics (20%) for staining and pigmentation, used in metallurgy in metal treatment, vulcanization
of rubber, pharmaceuticals and for the oxidation of some processes. Selenium could find its way into
landfills by aerial deposition or by waste disposal originating from the prior listed sources. Selenium
concentrations was highest in the omnivores and lowest in the insectivores (Table 7). There was
significant difference in selenium concentration across trophic levels at p < 0.05. The selenium
concentrations observed was close to the standards set by the WHO at 5020ppm (Adesakin, 2021)
with a few having below the threshold, close to the threshold and above the threshold limits.
Concentrations were not in the range observed by Gushit et al. (2016). The accumulation of selenium
could have been as a result of ingestion of contaminated soil particles, plants and plant materials
which bioaccumulated selenium or landfill leachates. Signs of selenium toxicity could include
musculoskeletal anomalies, weak digits, fast growth and baldness (Meschy, 2010). Feather
concentrations depicting selenium toxicity could reach 800 to 26,000 ppb which could cause mortality
in species (Burger, 1993), and concentrations at 1,800 ppb could result in sub-lethal adverse effects
(Heinz, 1996).

Lead

Lead was not detected in the feathers of the analyzed birds but the standard threshold for lead
in feathers is 4 mg/kg or 4,000 ppm. At 4 ppm, lead concentrations can cause harmful effects in birds
(Burger and Gochfeld, 2000). Exposure of birds to lead can occur through inhalation of lead adsorbed
particles, aerosols or by ingestion of contaminated food or water (Ab-Latif ef al., 2015: Kinuthia et al.,
2020). Lead poisoning may induce haemoglobin synthesis, anemia, also accumulate in bone of living
organisms (Plant, 2000), stunted growth, behavioural anomalies (Burger, 1993), decreased plasma
calcium, reproductive anomalies, impaired thermoregulation, locomotion, depth perception, feeding
behaviour, lowered chick survival (Burger and Gochfeld, 2000) and in some cases cause mortality in
birds (Einoder et al., 2018). Sources of lead into the environment could be through mining activities,
metal products, weapons and lead-acid batteries. It could also occur from cosmetics, paints, industrial
sources, crystals and ceramic containers and food (Tchounwou et al., 2003). Constant disposal of lead
containing wastes materials could increase the pollution and cause the potential contamination of
avian species in landfills.

4.4. Asymmetry and Asymmetric Morphometry of Birds
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Knowledge about the balance of the ecosystem and its matrices is akin to understanding the
pernicious effects that could impact biota or the ecosystem, which helps in foreseeing environmental
exacerbations (Lajus et al., 2015). The effects on biodiversity can be understood in various patterns,
which depends on the aim of the study, the study itself, and the subject of study (Newman, 2014).
Naturally, even in minute considerations, change in developmental stability (change in symmetry)
affects the bilateral symmetry of organisms. These changes are called fluctual asymmetry and it
occurs when an organism develops under extrinsic or intrinsic situations which are unfavourable
(Daloso, 2014). Environmental stressors such as pollution can induce poor developmental stability in
living organisms which may affect biological activities (Clarke 1995; Moller and Swiddle, 1997). Laith
et al. (2020) demonstrated that persistent organic pollutants (POP) and toxic heavy metals (THM)
have strong affinity with bilateral asymmetry (developmental instability).

Asymmetric assessment (also known as fluctual asymmetry) has become a famous tool and an
area of debate presently utilized by ecologists in biomonitoring (Leung et al., 2003). It is termed a
dynamic deviation from symmetry that occurs in specific parts of an organisms’ body which is a
result of intrinsic and extrinsic factors (Nass et al., 2008). Developmental stability could be estimated
by levels of asymmetry which occurs when the bilateral characteristics show differences in bilateral
symmetry. The degree of asymmetry (fluctual asymmetry) could show the inability of living
organisms like birds to carry out their biological or metabolic activities when faced with extrinsic and
intrinsic factors (Almeida ef al., 2007). Works relating to the effect of stress in fluctual asymmetry has
been carried out on birds (Minias ef al., 2013; Herring et al., 2016)

Amongst the popular avian structures utilized in symmetry are the wings and tail feathers. The
feathers, tails and wings function in a coordinated manner providing lift and reduce drag. These
shows the importance of both the wing and tail feathers in the maintenance, stability,
maneuverability, agility and speed of flight in avian species. Birds vary in their morphology and in
the morphology of their wings or tails. To a certain level, asymmetry is needed in the feathers of birds
(primary wing feathers are asymmetrical and secondary are mostly symmetrical) to balance their
aerodynamics (Thomas and Balmford, 1993).

Birds utilize feathers of the wings and tails for aerodynamic flight, any distortion in the
orientation of their wings would cause imbalance or asymmetry which could affect the aerodynamics
of their flight. When the feathers of the tails and wings of birds are disoriented or become negatively
asymmetric (unlike natural asymmetry like that of primary feathers), the dynamics of the flight could
be affected (Thomas and Balmford, 1993). While sampling birds on the study site, it was observed
during feather sampling that flight of birds were distorted immediately birds were released after
feather culling.

Specific morphometric measurements were taken to assess possible asymmetry in two
individuals representing the Hirundo aethiopica species from the study area. The estimated
measurements were the right and left wing length, the right and left outer tail length, the centrum
(innermost tail feathers) and the type of tail (Table 4b). For Ethiopian swallow 1, no asymmetry was
observed in the right and left wing length but asymmetry was observed between the left and right
outer tail feather. For Ethiopian swallow 2, asymmetry was observed between the right and left wing
length and between the left and right outer tail feather (Table 4b.).

Asymmetry was observed in the feathers of the wings and tails of the representative Ethiopian
swallows, although Ethiopian swallow 1 had symmetry in the length between its left and right wings.
Based on previous studies carried out, increased morphological asymmetry could be as a result of
environmental factors (contamination, parasitism, low food availability) or intrinsic factors like
genetic stressors (hybridization, high inbreeding, small population size) and the combined effect of
both extrinsic and intrinsic factors could be high (Parson, 1992).no matter the source of asymmetry,
it is still important to environmental sustainability and developmental activities of biota affected
could reflect the problem at community level (Callaway et al., 2003; Werner and Peacor, 2003). This
means that degraded environments can affect developmental activities of living organisms thereby
producing traits (different phenotypes) and consequently affecting interspecific and intraspecific
links which impact the dynamics of communities (Cuervo and Retrespo, 2007).
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Parra et al. (2010) suggested that changes in environmental stability affects avian species giving
way to asymmetry. Increasing asymmetry in degraded environments like landfills are believed to
reflect the effects at avian community level making the estimation of asymmetry a sensitive indicator
of environmental degradation and also acting as flag for conservation measures (Clarke, 1995).
Previous works point to toxic heavy metal contamination as causes of increased asymmetry in
primary feathers of birds (Eeva ef al., 2003). A good example of heavy metal prone asymmetry is the
high bioaccumulation of mercury which could affect the asymmetry of the wing and tail feathers of
birds as seen in wild birds of some studies carried out (Evers et al., 2008; Clarkson et al., 2012), which
could affect flight by increasing the energy utilized (Hambly et al., 2004), affect long distance
migration of birds, and prolong migratory stops.

Conclusion

The continuous pollution of the environment is gaining awareness globally and environmental
degradation and pollution are not negligible in the strive for environmental sustainability. Landfills
are prominent sources of biological and environmental contamination and from the study, it was
observed that the Awotan landfill is polluted with heavy metals. The resident avian fauna has
bioaccumulated considerable amounts of heavy metals in their tissues and feathers across observed
trophic levels which could affect the aves and ecosystem balance. Birds serve as good sentinels due
to their trophic positions and it is a red flag for what is yet to occur. Therefore, the assessment of biota
such as birds, using non-invasive techniques like feather assessment is a relevant and guided path in
the knowledge of contaminants’ fate and pattern of contamination in biota and the environment.

The use of feathers serves as an effective non-invasive biomonitoring approach for assessment
of heavy metal concentrations in avian species and trophic levels. Observations of heavy metals in
feathers of the granivores and insectivores especially, indicate that bioaccumulation occurred up the
trophic levels. The ingestion of soil particles and contaminated food by granivores, insectivores and
omnivores show that the landfill is polluted. From the study, the assessed Ethiopian Swallow species
were found to have bioaccumulated heavy metals (HMs) and toxic heavy metals (THMs)
concentrations. Hence, the representative species are also affected by stress and could reflect the
effects in their phenotype (fluctual asymmetry or developmental instability), plumage and other
physiological anomalies. These could depict intrinsic reactions to environmental pollution or stress.

The availability of any xenobiotic is deleterious to biota and ecosystem health, and so the
research gives an insight to the availability of these contaminants in the lithosphere, hydrosphere and
atmosphere, their toxicity or carcinogenicity and also their availability in biological matrices.
Adeogun et al. (2022) did an extensive overall review on the researches done in relation to
bioaccumulants and xenobiotics in the feathers of birds. This has shown a great deal of exposure to
such research and the importance of feather assay and non invasive methods.
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