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Metals are major toxic elements and cause various diseases and damage shorebirds. The study envisaged
the heavy metals content in the feathers of shorebirds, prey, water, and sediment from Pichavaram
Mangrove Forest (PMF). Primary feathers of shorebirds species such as Curlew Sandpiper, Eurasian
Curlew, and Painted Stork were collected and analyzed the following metals viz., Cd, Cu, Cr, Co, Pb, Hg,
Ni, and Zn. The levels of Hg, Cr, Pb and Ni varied significantly among the metals studied (p < 0.05). The
metal contamination pattern of shorebirds followed in the following order: Painted stork > Eurasian
Curlew > Curlew sandpiper. However, in the habitat, Cd, Co, Pb, Hg, Ni and Zi varied significantly between
water and sediment (p < 0.05) and Cd, Cu, Hg, Pb, Ni, and Zi differed significantly among the prey species
(p < 0.05). Overall, except for Cd, whereas, other seven metals showed significant differences between the
feathers of shorebirds and the environment such as water, sediment, polychaetes, mollusc, crabs, prawns
and fishes (p < 0.05). Nevertheless, the resident bird (Painted stork) had a higher level of metal accumu-
lation than migratory species, showing that PMF is under threat and requires proper monitoring, manage-
ment and conservation strategies to sustain organisms that depend on it.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Heavy metals are major toxic elements and cause various dis-
eases and damage wildlife when their load exceeds normal levels.
Higher content of Cd in feathers of birds can wreck their flying
mechanism and lead to poor development of bones (Spahn and
Sherry, 1999). Pb mainly deposits in the tissues of feathers of birds
(Jayakumar and Muralidharan, 2011), and a higher content of it
could destroy their thermoregulation, growth of nestlings, and
recognition of their siblings (Burger and Gochfeld, 2000). The tox-
icity of Cr had several impacts on birds, such as the development of
embryo and hatching success of eggs in Mallard (Kertész and
Fáncsi, 2003). Even in lower concentrations, Ni can affect pigment
colouring of feathers during moulting (Honda et al., 1990). Zn at
higher concentrations can affect reproduction and increase kidney
toxicity (Carpenter et al., 2004). Rising Hg levels in birds can affect
their breeding success (Gochfeld, 1997), and above 5 ppm
adversely affects reproduction (Evers et al., 2007). Co is considered
as a significant element necessary for metabolism but can nega-
tively affect it in excessive concentrations (Roginski and Mertz,
1977). The role of metals in benthic organisms is also significant
since they are involved in littoral trophic mechanisms and benthic
organisms, including fishes, are essential prey for the majority of
shorebirds (Wilson, 1989).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2020.08.014&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2020.08.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dunlinpandiyan@gmail.com
mailto:drgovind1979@gmail.com
mailto:drgovind1979@gmail.com
https://doi.org/10.1016/j.jksus.2020.08.014
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


3066 J. Pandiyan et al. / Journal of King Saud University – Science 32 (2020) 3065–3071
The Pichavaram Mangrove Forest (PMF) is a significant wetland
(latitude 11�230 to 11�300N, longitude 79�450 to 79�500E), Cud-
dalore District, Tamil Nadu, Southern India, which supports several
shorebirds seasonally. The density and diversity of the shorebird
population have declined at PMF, probably due to pollution
(Jagadheesan and Pandiyan, 2015). Toxic pollution threatens the
migratory shorebirds due to severe damage to it, including the bur-
geoning number of tanneries, aquaculture industries, and con-
struction of a port adjacent to the mangrove forest
(Agoramoorthy and Pandiyan, 2016).

In the present study, we analyze the various metals in the feath-
ers of three different species of shorebirds such as Curlew sand-
piper, Eurasian Curlew and Painted stork. This research also
assessed the habitat, including water, sediment and prey species
of shorebirds to understand the current levels of pollution in the
wetland as the PMF supports several species of migratory and res-
ident shorebirds seasonally.
2. Materials and methods

2.1. Study area

The Pichavaram Mangrove Forest (PMF) is located between lat-
itude at 11�230 to 11�300N, longitude 79�450 to 79�500E, Tamil
Fig 1. Map showing the Pichavaram Mangrove Forest, Cuddalore District, Tamil Nadu, In
software is purchased by the Department of Zoology and Wildlife Biology, AVC Colleg
webpage: https://www.arcgis.com/index.html.
Nadu, India (Fig. 1). The Cauvery River provides water to the Picha-
varam Mangrove Forest through its tributary Coleroon River which
runs through highly populated and fertile farmland areas and car-
ries with it fertilizers, insecticides, weedicides and polluting metals
(Ramanathan et al., 1999). The PMF covers an area of 11 km2, 50%
of which is tidally dominated, 40% has urban waterways and 10% is
covered by mud and sand flats, and its annual temperatures range
between 18 and 36 �C (Ramanathan et al., 1999).
2.2. Collection and processing of samples

2.2.1. Water samples
Water samples (1000 ml each) were collected from three sam-

pling sites in clean polypropylene bottles at about 2–3 feet below
the surface at PMF and filtered. The filtered water samples were
preserved in 5 ml of HNO3 (55%)/1000 ml of water to prevent con-
tamination and kept in the lab at 4 �C till analysis. To 100 ml of
water from the sample, 5 ml of concentrated H2SO4 was taken in
a conical flask and then heated on the hot plate for two hours at
105 �C to 25 ml and later transferred to a 100 ml volumetric flask.
Distilled H2O was then added to the volumetric flask until 100 ml
upper meniscus mark in the container and it was used for the
metal analysis (Adebayo, 2017).
dia.The map is generated by using ArcGIS 10.0; ENVI + IDL License No.239509; The
e (Autonomous), Mannampandal, Mayiladuthurai, Tamil Nadu, India; The ArcGIS
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2.2.2. Soil sediment samples
Soil sediment samples (500 g) were collected from three differ-

ent sites using a core sampler at a depth of 20 cm from the surface
of the PMF (Boncompagni et al., 2003). The samples were pre-
served in Ziploc bags at � 20 �C in the lab. The preserved sample
was dried and it was ground to a fine powder and sieved with a
2 mm sieve. In a beaker, 2 g of the sample, along with 5 ml of nitric
acid was added together with 2 ml of HClO4. HF (5 ml) and the
sample solution was heated for 1 h on a water heater at 160 �C;
it was allowed to cool and then filtered. The filtered sample was
transferred into a 100 ml volumetric flask and made up to
100 ml with distilled H2O. The sample solutions were subjected
to metal analysis (Adebayo, 2017).

2.2.3. Benthic prey species
The mud samples (2 kg) were collected from three different

sites at a depth of 10-cm diameter (78.5 cm2), and the samples
were sieved by using 0.5, 1.0 and 1.5 mm sieves and polychaetes,
molluscs and crustaceans (crabs) were collected from mud sam-
ples and preserved at � 20 �C in the lab. 25 g of pooled tissue sam-
ples of each prey item was taken into a polystyrene tube, dried at
50 �C and cooled at 25 �C. Subsequently, 1 ml of HNO3 was added
to each polystyrene tube, and the samples were kept for 24 h at
room temperature and again for 4 h at 50 �C for proper digestion.
100 ml of hydrogen peroxide (H2O2) was added to each tube and
the samples were heated at 50 �C for 1 h duration to complete
the digestion as described by Newman and McIntosh (1983). The
samples were diluted with deionized water and made into 7 ml
as the final volume of each tube and it was used for the metal
analysis.

2.2.4. Fishes and prawns
Fishes and prawns were captured using a small gill net from

three different sites and the samples were carried to the lab in
an icebox and kept at �30 �C until metal analysis. The tissue sam-
ples of fishes and prawns were washed with deionized water; the
samples were dehydrated for about 24 h at 105 �C in a hot air oven.
Sample tissues weighing 0.5–1.0 g were transferred into a 100 ml
beaker, and 10 ml of concentrated HNO3 was added to the sample.
The sample was placed on the hot plate for 1 h at 40 �C, then
heated at 140 �C for about 3 more hours. Later, the samples were
cooled at room temperature. 40 ml of ultra-purified distilled H2O
was added to the sample and the samples were filtered using filter
papers. The filtrates were used for metal analysis (Raja et al., 2009).

2.2.5. Bird feather samples
The primary feathers from the dead carcasses of Curlew Sand-

piper (N = 3), Eurasian Curlew (N = 4) and Painted Stork (N = 4)
were collected from the PMF during fieldwork. The feather samples
were washed in deionized water and then dried for 24 h in an oven
at 60 �C. Indeed, the samples were digested in a 4:1 mixture of 65%
nitrogenous acid and 70% perchloric acid. Subsequently, the sam-
ples were diluted by adding double-distilled water up to 10 ml
and stored in metal-free polypropylene vials at 20 �C until further
analysis (Jayakumar and Muralidharan, 2011).

2.3. Quality control and analytical procedures

Assessment and quality of the instrument’s stability a quality
control (QC) sample were injected for every fifteen samples.
Besides, for better accuracy blank, standard and sample were run
in a set of three (triplicate) for each analytical course. For each
metal, separate calibration curves were prepared at 05, 1.0, 2.0,
5.0 and 10 ppm. For every set of samples, the instrument was set
to zero concentration by using a blank solution. The results of each
metal arrived from (triplicate) samples. Analyses were performed
by using Double Beam Atomic Absorption Spectrophotometer
(AAS). The results are expressed as ppm (Adebayo, 2017).

2.4. Statistical analysis

The results of the data are expressed as Mean ± SE. One-Way
ANOVA was used to understand the level of variations of different
metals among the feathers of shorebirds, water, sediment and ben-
thic prey organisms. The inter-correlational analysis was per-
formed to understand the relationship of metals in the feathers
of three different species of shorebird. The hierarchical cluster
method was performed using the Pearson correlation matrix as
the distance measure to understand the patterns of metals in the
bird’s feathers. Statistical analyses were done using SPSS 16.0
and the results were interpreted using standard statistical proce-
dures by adapting the method prescribed by Sokal and Rohlf
(2012).

3. Results

3.1. Heavy metals in feathers of shorebirds

Heavy metals such as Cd, Cr, Co, Cu, Pb, Hg, Ni, and Zn were
analysed from the feathers of shorebirds such as Curlew Sandpiper
(Calidris ferruginea), Eurasian Curlew (Numenius arquata) and
Painted Stork (Mycteria leucocephala) and water, sediment, prey
items at PMF during 2015–16. The Curlew Sandpiper and Eurasian
Curlew are migrant species and the Painted Stork is a resident spe-
cies and belongs to the Near-Threatened (NT) category as per IUCN,
Red Data Book (2020). Pb was the highest in Curlew sandpiper (12.
05 ± 0.92 ppm), but in the Eurasian Curlew and Painted Stork Hg
content was the highest at 7.7 ± 0.46 and 8.6 ± 0.60 ppm, respec-
tively. The concentration of Hg, Cr, Pb and Ni varied significantly
(P < 0.05) (Table 1 and Fig. 2). Pb and Ni showed negative correla-
tion with Hg (r = –0.815, r = –0.815) and Cr (r = –0.719, –0.837),
respectively, but Zn correlated positively with Cu (r = 0.696)
(Table 2). The pattern of metal contamination among the three
shorebirds followed the order Painted stork > Eurasian
curlew > Curlew sandpiper. The pattern of metals in their feathers
is as follows: Pb > Hg > Zi > Cr > Ni > Co > Cu > Cd. The metals in
feathers of shorebirds belonged to two different groups based on
Ward’s distance method, in which Hg and Pb belonged to one
group and the other six metals such as Zi, Cr, Ni, Co, Cu and Cd
to the second group. However, within-group 2, two subgroups
were identified, i.e. Cr and Zi one group and the Cd, Co, Cu and
Ni were assembled as another group (Fig. 2).

3.2. Heavy metals in water, sediment and prey species

Cr was the highest in water (1.8 ± 0.25 ppm) than the other
metals (Table 2). In sediment, polychaetes and molluscs, Hg con-
tent was the highest at 34.3 ± 9.17, 5.1 ± 0.30 and 21.7 ± 4.43
(ppm), respectively. Pb was the highest in crabs, fishes and prawns
at 8.2 ± 0.98, 8.8 ± 0.63 and 8.4 ± 0.75 ppm, respectively. The Cd, Co,
Pb, Hg, Ni and Zi varied significantly between water and sediment
(p < 0.05). Metals such as Cd, Cu, Hg, Pb, Ni, and Zi showed signif-
icant differences (p < 0.05) among the prey items (Table 3). Overall,
except for Cd, the other seven metals showed significant differ-
ences between the feathers of shorebirds and in water, sediment,
polychaetes, mollusc, crabs, prawns and fishes (p < 0.05).

4. Discussion

PMF is a crucial stopover site for migratory birds as it is in the
path of the Central Asian Flyway. It needs assessment concerning



Table 1
The concentration of heavy metals recorded from the feathers of migratory shorebirds, Pichavaram Mangrove Forest, Pichavaram, Cuddalore District, Tamil Nadu, India.

Metals Name of the shorebirds

Curlew Sandpiper Eurasian Curlew Painted Stork Overall differences

Mean ± SE (ppm)

Hg 5.6 ± 0.44 7.7 ± 0.46 8.6 ± 0.60 0.013a

Cd 0.2 ± 0.10 0.4 ± 0.14 0.4 ± 0.11 0.735
Cu 0.5 ± 0.22 0.2 ± 0.05 0.6 ± 0.18 0.641
Cr 0.2 ± 0.13 2.5 ± 0.34 1.4 ± 0.26 0.002 a

Co 0.5 ± 0.14 0.5 ± 0.05 0.7 ± 0.07 0.273
pb 12.0 ± 0.92 6.3 ± 1.04 8.1 ± 0.85 0.014 a

Ni 2.5 ± 0.31 0.3 ± 0.16 0.6 ± 0.11 0.001 a

Zn 1.6 ± 0.47 1.5 ± 0.17 1.6 ± 0.17 0.962

a Overall significant differences among the shorebirds are shown in bold text and were tested by one-way ANOVA.

Fig. 2. The concentration of Cd, Cr, Co. Cu, Pb, Hg, Ni and Zn evaluated from the feathers in the Curlew Sandpiper, Eurasian Curlew and Painted stork, Pichavaram Mangrove
Forest, Cuddalore District, Tamil Nadu, India.

Table 2
Correlational analysis of metals in the feathers of three species of shorebirds (data were pooled for the three shorebirds species).

Metals Hg Cd Cu Cr Co pb Ni Zi

Hg 1
Cd 0.061 1
Cu �0.447 0.532 1
Cr 0.488 0.207 �0.305 1
Co 0.553 �0.037 �0.378 �0.015 1
pb �0.671a �0.331 0.257 �0.719a �0.330 1
Ni �0.815a �0.146 0.332 �0.837a �0.265 0.777 1
Zn �0.267 0.351 0.696 a 0.112 �0.541 0.332 0.061 1

a the bold letters showed significant differences (P < 0.05).

Table 3
The concentration of metals evaluated from the water, sediment and prey items of shorebirds, Pichavaram Mangrove Forest, Pichavaram, Cuddalore District, Tamil Nadu, India.

Metals Prey species Over all differences
water Sediment Polychaetes Molluscs Crab Fish Prawn

Mean ± SE (ppm)

Hg 0.9 ± 0.25 34.3 ± 9.17 5.1 ± 0.30 21.7 ± 4.43 7.6 ± 0.58 6.7 ± 2.08 8.1 ± 1.77 0.001a

Cd 0.1 ± 0.02 0.4 ± 0.07 0.5 ± 0.10 0.7 ± 0.03 0.6 ± 0.18 0.7 ± 0.22 0.4 ± 0.17 0.002 a

Cu 0.2 ± 0.04 0.30.03 0.5 ± 0.15 2.0 ± 0.28 1.9 ± 0.28 0.5 ± 0.15 1.6 ± 0.20 0.023 a

Cr 1.8 ± 0.25 1.5 ± 0.64 1.7 ± 0.18 2.1 ± 0.38 1.6 ± 0.07 1.5 ± 0.13 0.9 ± 0.18 0.468
Co 0.1 ± 0.05 2.1 ± 0.52 0.5 ± 0.16 1.1 ± 0.22 0.6 ± 0.07 0.7 ± 0.23 0.5 ± 0.16 0.455
pb 0.3 ± 0.16 2.9 ± 0.86 4.5 ± 0.23 6.0 ± 2.38 8.2 ± 0.98 8.8 ± 0.63 8.4 ± 0.75 0.000 a

Ni 0.4 ± 0.03 2.1 ± 0.02 0.7 ± 0.16 3.0 ± 0.89 1.4 ± 0.29 1.5 ± 0.19 1.8 ± 0.11 0.002 a

Zn 0.06 ± 0.01 0.2 ± 0.02 0.58 ± 0.25 2.0 ± 0.30 1.8 ± 0.10 1.6 ± 0.06 1.1 ± 0.17 0.000 a

a Overall significant differences among the prey species of shorebirds are shown in bold text and were tested by one-way ANOVA
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its quality as it attracts many species of migratory and resident
migratory shorebirds annually, including near-threatened and
endangered ones (Jagadheesan and Pandiyan, 2015). The present
investigation has significance as it is the first of its kind at PMF
and shows the level of metals in its water system as seen by its
heavy presence in the feathers of shorebirds, water, sediment
and their prey species. The metal accumulation showed significant
differences among the feathers of shorebirds, water, sediment, and
prey species, except for Cd, perhaps due to the uniqueness of the
bird species, their metal-detoxifying mechanisms, diet selection,
foraging style.

4.1. Lead (Pb)

The present study showed that Pb showed significant differ-
ences among the shorebirds, and water, sediment and prey species
(p < 0.05). Several species of shorebirds showed higher ranges of
Pb, particularly for Red knot (484 ppm), Sanderling (367 ppm)
and Semipalmated sandpiper (411 ppm) than the present study
(Burger et al., 2015). However, Kim and Koo (2008) reported a
low level of Pb in the feathers of different species of birds com-
pared with the present study. Studies found higher Pb in benthic
invertebrates in coastal mudflats since they are filter feeders
(Mado-Filho et al., 2008) and the same was found in the current
study. Pb is higher in Painted stork as it predominantly feeds on
fishes than the other species of prey items, and studies have shown
that Pb is higher in fishes as they are secondary predator and are a
rich magnification of a trophic structure of an aquatic ecosystem
(Kumar et al., 2012). The impact of Pb level in the feathers (4 lg/
g) is on thermoregulation impairment, daily movement pattern,
affecting the survival of gull nestlings, and delayed recognition of
siblings (Burger and Gochfeld, 2000).

4.2. Mercury (Hg)

Mercury (Hg) was the highest in Painted stork and Eurasian
Curlew than Curlew Sandpiper and it was also higher in prey spe-
cies (Tables 1 and 3). The painted stork mainly feeds on fishes, but
it could also feed on molluscs, insects and crustaceans (Prabhakar
and Dudhmal, 2016). The present study showed that Hg was the
highest in molluscs, followed by crab, prawn and fishes. Studies
have shown that it is higher in fishes, molluscs and crustaceans
in coastal and mangrove wetlands (Kumar et al., 2012). Therefore,
the higher residue of Hg in Painted stork suggests that the bird
might have consumed not only fishes but also could be feeding
on other prey in the foraging ground. Higher-level Hg recorded
from various species such as Red knot, Sanderling, Semipalmated
Sandpiper and Canada Goose than the current study (Burger
et al. 2015). Benthic or mud-dwelling organisms are exposed more
to metals and these metals directly settle in the benthic organisms
through their diet in sediment and water (Wyn et al., 2009). This
study shows that the higher level of Hg (5 ppm) at PMF in the
feathers of shorebirds and the higher Hg levels in birds can affect
their behaviour, physiology and reproductive rates (Wolfe et al.,
1998).

4.3. Chromium (Cr)

The Cr differed significantly among the shorebirds studied
(p < 0.05). Eurasian Curlew had higher level of Cr than the other
two species of shorebirds. However, it is lower than the previous
reports (Abdullah et al., 2015) in the feathers of various species
of water birds. On the other hand, a comparatively higher level
of Cr was reported in different species of shorebirds (Burger
et al., 2015) compared to the present study. Studies show that Cr
is rich in sediment and benthic organisms and fishes and prawns
(Kumar et al., 2012) the same results also found in the current
study. The Eurasian curlew mainly feeds on molluscs and other
benthic organisms, and hence it might be a reason for its more sig-
nificant level of Cr than the other two species (Jagadheesan and
Pandiyan, 2015). Cr at and above 4 ppm level is harmful and the
other biological reductants will damage their DNA and protein
(Stohs and Bagchi, 1995). However, the current study not showed
any harmful level of Cr.

4.4. Nickel (Ni)

The Ni varied significantly among the three shorebirds studied
(p < 0.05). The present study found comparatively higher levels
of Ni in the feathers Little egret and Cattle egret (Abdullah et al.,
2015) compared to the current study. The study also found a more
considerable amount of Ni in the prey species, primarily molluscs
and sediment, suggesting that it might be the reason behind the
higher level of Ni in Curlew Sandpiper since the bird predomi-
nantly forages on molluscs. Painted stork showed a higher level
of Ni than the Eurasian Curlew. The present study showed that a
higher level of Ni in its prey items be a source of Ni in Pained stork.
Studies show that fishes and prawns in the coastal ecosystem have
a higher level of Ni (Kumar et al., 2012). Ni is not a vital trace ele-
ment in organisms, but at high levels, it can have serious health
issues. If nickel accumulation is beyond a specific limit in the envi-
ronment causes severe damage in feather pigmentation and other
physiological defects in birds (Honda et al., 1990).

4.5. Zinc (Zn)

The levels of Zn did not vary significantly (p > 0.05) among the
three species of shorebirds studied (Table 1 and Fig. 2), but com-
paratively higher than the feathers of several species of shorebirds
(Kim and Koo, 2008). Similarly, the feathers of great tit and green-
finch from China showed lower concentrations compared with
those from the present study (Deng et al., 2007). Studies show that
zinc is one of the metals with the highest concentrations in benthic
invertebrates. The present study also showed that the level of Zn is
higher in their prey species, and explains its accumulation in the
feathers of the three species of shorebirds through their prey spe-
cies. Beyond the normal range, zinc could affect the biota (Abdullah
et al., 2015; Solgi et al., 2020).

4.6. Cobalt (Co)

The present study did not show significant differences among
the species of shorebirds and also water, sediment and prey species
(p > 0.05). Studies indicate that benthic invertebrates, particularly
molluscan forms, have a relatively higher range of Co in their body
since they feed on detritus matters (Youssef et al., 2017). Mollus-
can forms are densely available at PMF and studies also show that
molluscans and fishes have a larger amount of Co (Kumar et al.,
2012). This could also be another reason for the accumulation of
Co in Painted stork and the other two species of shorebirds studied.
Nevertheless, comparatively higher levels of Co were reported
from Chukar partridge (1.2 ppm), See-see partridge (5.4 ppm)
and Common pigeon (1.3 ppm) (Norouzi et al., 2012) than the pre-
sent study. Co is also an essential element necessary for metabo-
lism, but in excess harms the organism, including certain
enzymes in animal physiology (Roginski and Mertz, 1977).

4.7. Copper (Cu)

The Cu did not vary significantly among the shorebirds studied
(p > 0.05). Painted stork showed a higher level of Cu than the other
two species. Molluscs, crabs and prawns showed a higher level of



Fig 3. Dendrogram of metals in feathers of three species of shorebirds obtained
using Ward’s method as a linkage method and linkage distance matrix (distances
reflect the degree of association between different metals).
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Cu than water, sediment and other prey species (Table 2). Cu level
could be higher in Painted stork as it predominantly feeds on mol-
luscs, crab and prawn if fishes are not in sufficient number in their
foraging ground (Urfi, 2011). However, globally, Buff-breasted
sandpiper (Scherer et al., 2015) and Semipalmated Sandpiper
(Burger, 2008) showed a higher level of Cu than the present study.
A higher concentration of copper and its impact can damage the
kidney and impair reproduction (Carpenter et al., 2004).

4.8. Cadmium (Cd)

The Cd in the shorebirds did not vary significantly (p > 0.05), but
there were significant differences among water, sediment and prey
species of shorebirds (p < 0.05). Painted stork and Eurasian Curlew
showed a similar level of Cd than the Curlew Sandpiper (Table 1).
Cd in fishes and molluscs showed a higher level than in the other
prey species and that could be a reason for the Eurasian Curlew
and the Painted stork to have Cd in their feathers. Studies on ben-
thic organisms and fishes show a significant level of Cd in coastal
ecosystems (Everaarts et al., 1989). Comparatively, the Terek Sand-
piper and the Great tits (Kim and Koo, 2008) showed a greater level
of Cd than the present study. Studies reveal that Cd accumulation
can cause toxicity of kidney, thinning of eggshells, nutritional defi-
ciencies, disruption of calcium metabolism, and intestinal tissue
damage in birds (Burger, 2008).

4.9. Metals in feathers: Inter-correlational and assemblage patterns of
metals

The inter-correlational analysis of metals in feathers shown that
Pb and Ni had negative correlation with Hg (r = -0.815, r = -0.815)
and Cr (r = -0.719, �0.837), respectively. On the other hand, Zn cor-
related positively with Cu (r = 0.696). Pb and Ni have correlation
but negative relationships, which indicates that if Pb and Ni level
is increased, the level of Hg and Cr could be decreased. However,
Zn correlated positively with Cu (r = 0.696). The other metals, par-
ticularly Cd and Co, did not show correlation with any other metals
studied from the feathers of the three species of shorebirds at PMF.
Cluster analysis (dendrogram) demonstrated that metals are
assembled into two different major groups, in which Hg and Pb
belong to one group and the other six metals to another group
(Fig. 3). This kind of unique variation of metals in the shorebird
species might be based on the uniqueness of the birds about their
physiology, detoxification mechanism, foraging strategy, abun-
dance and distribution of their prey matters, selection of diets,
the consumption rate of their diets, size and weight of the prey
species, quality of the habitat. Studies show that the removals of
toxic substances, including metals from their body by various
means such as through excrement, deposition in preen or oil
glands and salt glands, or elimination into growing feathers or egg-
shells (Costa and Vonesh, 2013).
5. Conclusion

Overall, the results of the present study revealed that PMF is
highly contaminated and polluted. Of the three shorebirds studied,
Painted Stork is a resident bird, and the other two species, such as
Curlew Sandpiper and Eurasian Curlew, are migratory. There is a
higher load of metals in the resident species than those of the other
two migratory species. Scientists working in avian ecology and
conservation argue that bird populations are drastically declining
globally due to climate change, habitat degradation, inter- and
intra-species competition, predation, various pollutions. Therefore,
an intensive study of the birds with comprehensive knowledge on
various elements of their environment, food and prey items,
different organs and tissues, excreta and reproductive toxicology
could provide clues to lacunae in toxicological studies for better
management and conservation of shorebirds.
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