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Abstract
The purpose of the present study was to investigate levels of nickel in
feathers of the Western Reef Heron Egretta gularis (N=15) and Siberian
Gull Larus heuglini (N=15). Bird samples were collected from November to
December 2010 in Hara Biosphere Reserve. Assaying nickel by using
Shimadzu AA 680 flame atomic absorption spectrophotometer, the results
were given as micrograms per gram of dry weight. The results of the current
study showed that the amount of nickel in feathers of the Siberian Gull (a
migratory species) was higher than in feathers of the Western Reef Heron (a
resident species). The concentration of nickel was found to follow the order
of female/juvenile> female/adult> male/adult in Western Reef Heron and
male/adult> female/juvenile> female/adult> male/juvenile in Siberian Gull.
The results also indicated that the nickel concentration level in female
Western Reef Herons was higher than in males while in Siberian Gull the
reverse was the case.

1. Introduction

Contamination of aquatic ecosystems by metals is
a worldwide cause of concern because of their
toxicity, bioaccumulation, long persistence, and
bio-magnification in the food chain (Baramaki et
al. 2012). The degree of toxic metal uptake,
translocation and eventual detoxification within
an organism depends on metal speciation, but
also differs strongly among organisms
(Mukherjee & Nuorteva 1994, Doyle & Otte
1997). Assessing ecosystem health by means of
biomonitoring requires the selection of indicator
species which are representative. Birds are
particularly
useful
as
bioindicators
of
anthropogenic pollutants in the environment
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(Furness & Camphuysen 1997, Barbieri et al.
2009) because they are exposed to a wide range
of chemicals and occupy high trophic levels, and
therefore can provide information on the extent of
contamination in the whole food chain (Furness
& Camphuysen 1997; Burger & Gochfeld 2000).
According to Burger & Gochfeld (2000),
feathers are useful for measuring metal
contamination in birds because birds sequester
metals in their feathers, and the proportion of the
body burden that is in feathers is relatively
constant for each metal. In general, metals in the
breast feathers are representative of circulating
concentrations in the blood stream only during
the very limited period of feather formation,
which in turn represents both local exposure and
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mobilization from internal tissues
(Lewis & Furness 1991, Monteiro
1996).
Numerous
studies
have
recommended herons as bioindicators
of metals in aquatic systems and local
pollution around breeding sites (Kim &
Koo 2007, Boncompagni et al. 2003).
Because herons and gulls are at the top
of their food pyramid, they can yield
information over a large area around
each sampling site, not only on
bioavailability of contaminants but also
on how, where, and when they are
transferred within the food web. Few
studies have examined the effect of Fig. 1. Location of sampling site in Hara Biosphere Reserve in
southern Iran.
gender on the accumulation of metals in
feathers and other tissues (Mansouri et
the plumage and are less influenced by the molt
al. 2012a; Hoshyari et al. 2012). Therefore, the
than flight feathers. The feather samples were
purpose of this study was to survey the level of
digested in a mixture of nitric acid (HNO3) and
nickel in the feathers of two bird species, Western
perchloric acid (HClO4) (Mansouri et al. 2012a).
Reef Heron Egretta gularis and Siberian Gull
The feathers were accurately weighed into 150Larus heuglini, in order to compare the metal
ml Erlenmeyer flasks, then 10 ml nitric acid
concentrations in these species with different
(65%) was added to each sample, and the samples
trophic-levels and life strategies, and also to
were left overnight to be slowly digested. Five ml
determine the species and gender-related
perchloric acid (70%) was then added to each
variations in nickel accumulation in Hara
sample. Digestion was performed on a hot plate
Biosphere Reserve, southern Iran.
(sand bath) at 200°C. The digested samples were
diluted with 25 ml deionized water. The
2. Study Areas and Methods
concentration of nickel was estimated using
Hara Biosphere Reserve is located in the south of
Shimadzu AA 680 flame atomic absorption
Iran (36°40′ to 37°00’N and 55°21′ to 55°52′ E;
spectrophotometer. The detection limit for nickel
Fig. 1). This area was listed in the Man &
was (0.039). The results for nickel gave a mean
Biosphere Program (MAB) of UNESCO in 1977
recovery of 98.6%.
(UNESCO 2010), and is one of the protected
Data analyses were performed using the
areas of Iran designated by the Department of the
statistical
package SPSS (version 16; SPSS,
Environment. The whole region was designated
Chicago,
IL).
We used a three-way ANOVA for
as a Wetland of International Importance under
nickel (sex, age, species, interaction [sex× age ×
the terms of the Ramsar Convention in 1975, and
species]). The data were log transformed to
has also been identified as an Important Bird
obtain normal distributions that satisfied the
Area by Bird Life International (Evans 1994,
homogeneity of variance required by the
Scott 1995, Neinavaz et al. 2010).
ANOVA (Custer et al. 2003, Kim et al. 2009a).
Bird samples (from Western Reef Herons and
Nickel concentrations in feathers were tested for
Siberian Gulls) were collected during November
mean differences between the species using the tand December 2010 in the Hara Biosphere
student test. The concentrations of nickel in the
Reserve. A total of 30 samples from two bird
feathers were expressed as micrograms per gram
species (15 from each species) were analyzed for
of dry weight (dw). Values are given as means ±
nickel concentrations in their feathers. We chose
standard error (SE).
breast feathers because they are representative of
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Table 1. Statistical analysis (three-way ANOVA) of
nickel concentration in feathers of the Western Reef
Heron and Siberian Gull from Hara Biosphere Reserve
in southern Iran.
Parameter

Species

Mean
Squar
e
78.23

Gender
9.56
Age
7.57
Intercept (species × gender
572.5
× age)
5
a
b
P-value for 3-way ANOVA. NS = not
> 0.05
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F

P
a

0.0
1
b
1.04
NS
0.82
NS
62.6 0.00
6
1
significant at P
8.56

8
Ni concentration (µg/g)

7
6
5
4
3
2
1
0
Male/adult

Female/adult

Female/Juvenile

Fig. 2. Nickel concentrations (mean ± SE) in feathers
of the Western Reef Heron.
14
12
Ni concentration (µg/g)

3. Results
The mean concentrations of nickel in the feathers
of Western Reef Heron and Siberian Gull
collected from Hara Biosphere Reserve in
southern Iran are presented in Figs. 2 and 3. In
general, the average nickel concentrations in the
feathers of the Western Reef Heron, from highest
to lowest, were as follows: female/juvenile>
female/adult> male/adult (Fig. 2). In the Siberian
Gull, the nickel levels were as follows:
male/adult> female/juvenile> female/adult>
male/juvenile (Fig. 3). The results showed that
there was a significant difference between the
mean nickel concentrations in the two bird
species, while there was no evidence of
significant differential accumulation between
genders and ages (Table 1). Also, the results
indicated that the nickel concentration level in the
Western Reef Heron was higher in females than
in males. On the other hand, the nickel
concentration level in the Siberian Gull was
higher in males than in females.

10
8
6
4
2
0
Male/adult

Male/Juvenile

Female/adult

Female/Juvenile

Fig. 3. Nickel concentrations (mean ± SE) in feathers
of the Siberian Gull.

4. Discussion
Nickel is an important trace element in
organisms, but at high levels it can also cause
adverse health effects. Sources of the metal vary
considerably. It is emitted into the environment
from both natural and man-made sources. Once
released into the environment, nickel readily
forms complexes with many ligands, making it
more mobile than most heavy metals
(Palaniappan & Karthikeyan 2009; Mansouri et
al. 2011). Nickel concentrations in this study
were higher than those in the Eurasian Coot
Fulica atra, Great Cormorant Phalacrocorax
carbo, and Black-crowned Night Heron
Nycticorax nycticorax from Russia (Lebedeva
1997) and in the American Black Duck Anas
rubripes from Ontario (Ranta et al. 1978), but
were similar to those in the Kelp Gull Larus
dominicanus from Brazil (Barbieri et al. 2009).
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Several studies have reported no significant
differences in the metal content of feathers
between male and female birds (Hutton 1981,
Norouzi et al. 2012). Similarly, in this study there
was no evidence of significant differential
accumulation between males and females. This
may show that both sexes utilise similar foraging
strategies in both species (Hindell et al. 1999).
Studying metals in the feathers of the Kelp Gull,
Barbieri et al. (2009) showed that the level of
nickel concentration was higher in adults than in
juveniles. Similar levels of nickel have been
detected in other seabird species in different parts
of the world (Norheim 1987). Adults have had
several years to accumulate metals in their
internal tissues, and these could be mobilized into
the blood and deposited in feathers during their
formation (Burger 1994). On the one hand, as
Burger & Gochfeld (1991) pointed out, metal
concentrations in feathers of adult birds may
reflect exposure obtained at other times of the
year, including exposure in non-breeding areas.
On the other hand, while they were studying the
concentration of metals in the feathers of Herring
Gulls Larus argentatus in Captree, Long Island,
these authors showed that the concentration of
cadmium was higher in juveniles than in adults,
but that of lead was higher in adults than in
juveniles. Differences in metal levels in adults
and fledglings might also occur if adults and
young eat different food resources during the
breeding season, or different sizes of food items
(Burger 1996).
Research has indicated that the concentration
of metals in the tissues of migratory birds is
higher than that in the tissues of resident birds
(Pacyna et al. 2006, Mansouri et al. 2012b). The
Siberian Gull is a migratory species wintering in
southern Iran while the Western Reef Heron is a
resident. The results of the present study have
shown that the amount of nickel in Siberian Gull
feathers is higher than in Western Reef Heron
feathers, as expected.
Trophic-level differences in metal levels have
been reported for a number of contaminants
(Burger et al. 2002). The results of three-way
ANOVA showed that there were significant
differences between a carnivorous bird species
(Western Reef Heron) and an omnivorous bird

species (Siberian Gull) (P<0.01). The Siberian
Gull (omnivore) showed higher nickel
concentrations than the Western Reef Heron
(carnivore). Birds that are at a higher level in the
food chain and eat more or larger fish accumulate
higher levels than those that eat a range of
different foods or eat smaller fish. Furthermore,
these levels also reflect the levels in the body of
the fish that they eat (Burger 2002). In general,
larger carnivores have higher levels than smaller
carnivores (Lacerda et al. 1994). Siberian Gulls
eat more invertebrates than Western Reef Herons,
catch some larger fish (sizes between 20 cm and
25 cm), eat fish discarded by fishing boats, and
eat dead fish that they find along the shore, while
Western Reef Herons eat smaller fish, amphibians
and insects.
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