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INTRODUCTION  

 

 The greater flamingo Phoenicopterus roseus belongs to the family 

Phoenicopteridae. It is one of the immigrant wading birds (Al-Robaae, 2006; Habeeb et 

al., 2018). The mesopotamian Iraqi marshes are located on the migration route in the 

winter season (Jawad et al., 2021). At the same time, the nutrient availability and plant 

canopy in the Iraqi marshes would sustain a very rich diversity of living species of 

invertebrates and fish that support the immigrant birds (FAO, 2008; Habeeb et al., 

2019). Al-Robaae (2006) reported the breeding of some species of water birds in the 

Iraqi marshes, emphasizing  their importannce as a habitat for species conservation 
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The marshlands in the south and middle of Iraq are located along the 

migration route of immigrant birds. These marshes, characterized by warm 

weather and nutrition availability, provide an important habitat for these 

birds. The greater flamingo (Phoenicopterus roseus) (Aves: 

Phoenicopteridae) migrates between Eurasia and Africa. The flamingo 

population annually reaches the marshes of Iraq in winter. Due to 

morphological similarities between the Greater Flamingo P. roseus and 

another flamingo species, misidentification can occur. To identify the 

flamingo species and detect its migration route, the genetic barcode was 

used. The mitochondrial Cytochrome C Oxidase subunit1 (COI) gene was 

amplified using universal primers. The amplification product was sequenced 

and analyzed as a DNA barcode. The sequence was checked on the Blast 

website of NCBI with the recorded the flamingo species from the 

surrounding area. Clustal Omega was utilized for sequence alignment. The 

study results confirmed that the population reaching the Iraqi marshes 

matches that of the European P. roseus population. The COI sequence of 

675bp was deposited in the NCBI with the accession number of OM669759. 

The flamingo bird, which annually visits the Iraqi marshes, has been 

confirmed as P. roseus. The mitochondrial Cytochrome C Oxidase subunit1 

(COI) gene was proven as an efficient tool to discriminate among bird 

species. In addition, the Iraqi marshes are an important site for sustaining 

the migratory route of the greater flamingo and other aquatic birds.   
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(Kubba & Salim, 2010). Firstly, the avifauna checklist in Iraq was reported by Allouse 

(1953). After that, many revisions and additions were published (Allouse, 1960, 1961, 

1962; Habeeb, 2008). The wading birds of the Iraqi marshes are redescribed and the 

ecology was studied by Habeeb et al. (2018). The greater flamingo (Phoenicopterus 

roseus) annually migrates from Eurasia to North Africa (Boucheker et al., 2011). The 

immigration route of this bird is crossing the marshes of southern Iraq. The greater 

flamingo visits for several weeks of the winter season investing in areas and shallow 

wetlands immersed with salt and fresh water (Salim et al., 2009). The flamingo 

population feeds on a wide range of food items. They filter out small shrimp, seeds, 

algae, microorganisms, invertebrates, and tiny insects (Stanford University, 2023). All 

studies on immigrant birds were descriptive using traditional methods for identification. 

The traditional protocol for knowing the immigration route is the tag rings (Balkiz et al., 

2015). While, the best method used for investigating the migration track of the migratory 

bird was the satellite telemetry (Koppen et al., 2010; Guo-Gang et al., 2014). This 

method is expensive and needs transmitters loading on birds and satellite service. For the 

same purpose, the genetic barcoding can be useful. The DNA barcoding method is cheap, 

reliable, and accurate (Hebert et al., 2004). Recently, DNA barcoding has become a 

useful tool for species identification. In the last decades, DNA barcoding of selected 

genes particularly of mitochondrial DNA genes were used as genetic markers for 

biodiversity studies. For animals, the Cytochrome C Oxidase (CO1) gene was the 

standard barcode (Hebert et al., 2003). Whereas, COI is the preferred for DNA barcodes. 

An informative segment of the COI gene sequence was chosen to solve the ambiguous or 

confused taxonomy (Saitoh et al., 2015). Using COI as a differentiation tool reveals high 

interspecies genetic variation and low intraspecies differences (Stoeckle & Thaler, 

2014). It is often used in biodiversity to detect living species accurately in a certain 

ecosystem (Folmer et al., 1994). COI would be amplified, sequenced, and compared with 

the reference database of the National Center of Biotechnology Information (NCBI, 

2023). It is important to join DNA barcoding studies on biodiversity with conventional 

field observation and identification. Geraci et al. (2012a) reported the greater flamingo 

breeding locations around the Mediterranean Sea. In biodiversity studies, it is important 

to join DNA barcoding with conventional field observation and identification methods 

(DeSalle et al., 2005; Farooq et al., 2020). The present study aimed to confirm the 

identification of the greater flamingo (Phoenicopterus roseus) and other common 

flamingo species such as the lesser flamingo (P. minor) and the chilean flamingo (P. 

chilensis), document the DNA barcode of the greater flamingo that crosses the marshes in 

southern Iraq, and detect the immigration route according to the DNA barcode similarity 

in NCBI. 
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MATERIALS AND METHODS  

 Three bird samples of the greater flamingo were obtained from the market of 

Chibayish town, near the central marshes in the province of ThiQar. Genomic DNA was 

extracted from the liver pieces using a DNA extraction Kit (Genomic DNA Mini Kit, 

Geneaid Biotech. Ltd Kit). They were stored at -20°C until amplification experiments. 

Amplification of Cytochrome C. Oxidase subunit 1 (CO1) was done using a couple of 

primers [16] Bird F1 5' TTCTCCAACCACAAAGACATTGGCAC 3', and Bird R1 5' 

ACGTGGGAGATAATTCCAAATCCTG 3'. The PCR program consisted of the 

following steps: initial denaturation for 5min at 95°C, followed by 30 cycles of 

denaturation for 1 min at 95°C,  annealing for 1min at 58°C, and elongation for 1min at 

72°C. The program concluded with a final elongation for 6min at 72°C. The 

amplification products were analyzed for COI sequence. Chromas software was used to 

process the bird sequences, then they were checked in the National Center for 

Biotechnology Information /Blast [20]. Clustal W was used for the multiple sequence 

alignment (McWilliam et al., 2013). 

 

 
Fig. 1. Map of marshes in southern Iraq, bird hunting area is assigned 

 

RESULTS  

 

 The result of the sequencing was a 675bp segment of the COI gene. When 

compared with NCBI BLAST data, this segment was found to match with the P. roseus 

(Scheme 1). The phylogenetic tree of COI gene sequences of the greater flamingo (P. 

roseus) from the Iraqi marshes (accession number OM669759.1), along with sequences 

from the European and African countries, and other species, P. ruber (NC_027934.1) and 

P. chilensis (FJ028028.1), was constructed using Clustal Omega. The analysis revealed 
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that the Iraqi flamingos clustered with the European and African greater flamingo 

sequences obtained from NCBI. At the same time, the lesser flamingo (P. ruber) 

correlated with the chilean flamingo (P. Chilensis) (Fig. 2). 

 

 
NC_027934.1     CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

JF824506.1         CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

JF824507.1         CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

KT962872.1        CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

OM669759.1      CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

KJ400311.1         CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

JF824492.1         CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

NC_010089.1     CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

KT962873.1        CAACCTGGAACTCTCCTAGGAGACGACCAAATCTATAACGTAATCGTTACCGCCCATGCC 

                               ************************************************************ 

 

FJ028028.1         TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

NC_027934.1     TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

JF824506.1         TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

JF824507.1         TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

KT962872.1        TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

OM669759.1      TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

KJ400311.1         TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

JF824492.1         TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

NC_010089.1     TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

KT962873.1        TTCGTAATAATCTTCTTCATAGTTATACCAATCATAATTGGAGGTTTCGGAAACTGACTG 

                               ************************************************************ 

 

FJ028028.1         GTTCCTCTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

NC_027934.1     GTTCCACTCATAATTGGTGCTCCTGACATAGCATTCCCCCGCATAAACAACATAAGCTTC 

JF824506.1         GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

JF824507.1         GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

KT962872.1        GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

OM669759.1      GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

KJ400311.1         GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

JF824492.1         GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

NC_010089.1     GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

KT962873.1          GTTCCACTCATAATTGGTGCTCCTGACATAGCATTTCCCCGCATAAACAACATAAGCTTC 

                                  ***** ***************************** ************************ 

 

FJ028028.1         TGACTACTACCCCCATCCTTCTTACTCCTCCTAGCCTCCTCCACAGTAGAAGCTGGAGCA 

NC_027934.1     TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

JF824506.1         TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

JF824507.1         TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

KT962872.1        TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

OM669759.1      TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

KJ400311.1         TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

JF824492.1         TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

NC_010089.1      TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

KT962873.1         TGACTACTACCCCCATCCTTCTTACTCCTCCTGGCCTCCTCCACAGTAGAAGCTGGAGCA 

                                ******************************** *************************** 

 

FJ028028.1      GGCACAGGATGAACTGTATACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

NC_027934.1  GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

JF824506.1      GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

JF824507.1      GGTACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

KT962872.1    GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

OM669759.1   GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

KJ400311.1     GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 
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JF824492.1      GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

NC_010089.1  GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

KT962873.1     GGCACAGGATGAACTGTGTACCCACCACTAGCTGGCAACATAGCCCATGCCGGAGCCTCA 

                               ** ************** ****************************************** 

 

FJ028028.1         GTAGACCTAGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

NC_027934.1     GTAGACCTGGCTATCTTCTCCCTTCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

JF824506.1         GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

JF824507.1         GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

KT962872.1        GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

OM669759.1      GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

KJ400311.1         GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

JF824492.1         GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

NC_010089.1     GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

KT962873.1        GTAGACCTGGCTATCTTCTCCCTCCACCTAGCAGGTGTATCATCTATTCTCGGAGCAATC 

                              ******** ************** ************************************ 

 

FJ028028.1         AACTTTATCACTACTGCTATCAACATAAAACCACCCGCCCTCTCACAATACCAAACCCCC 

NC_027934.1     AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

JF824506.1         AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

JF824507.1         AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

KT962872.1        AACTTTATCACCACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

OM669759.1      AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

KJ400311.1         AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

JF824492.1         AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

NC_010089.1     AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

KT962873.1        AACTTTATCACTACTGCTATCAACATAAAACCACCTGCCCTCTCACAATACCAAACCCCC 

                               *********** *********************** ************************ 

 

FJ028028.1         CTATTCGTATGATCCGTCCTCATCACCGCCGTCCTATTGCTACTCTCACTTCCAGTCCTT 

NC_027934.1     CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTGCTACTCTCACTTCCAGTCCTT 

JF824506.1         CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

JF824507.1         CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

KT962872.1        CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

OM669759.1      CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

KJ400311.1         CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

JF824492.1         CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

NC_010089.1     CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

KT962873.1        CTATTCGTATGATCTGTCCTCATCACCGCTGTCCTATTACTACTCTCACTTCCAGTCCTT 

                             ************** ************** ******** ********************* 

 

FJ028028.1         GCCGCCGGCATTACCATATTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCG 

NC_027934.1     GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCG 

JF824506.1         GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

JF824507.1         GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

KT962872.1        GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

OM669759.1      GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

KJ400311.1         GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

JF824492.1         GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

NC_010089.1     GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

KT962873.1        GCCGCCGGCATTACCATACTACTAACAGACCGAAACCTAAACACCACATTCTTCGATCCA 

                              ****************** *****************************************  

 

FJ028028.1         GCCGGAGGAGGCGACCCAGTCCTATACCAACACCTCTTCTGATTCTTCGGTCACCCAGAA 

NC_027934.1     GCCGGAGGAGGCGACCCAGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

JF824506.1         GCCGGAGGAGGCGACCCGGTTCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

JF824507.1         GCCGGAGGAGGCGACCCGGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

KT962872.1        GCCGGAGGAGGCGACCCGGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

OM669759.1      GCCGGAGGAGGCGACCCGGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

KJ400311.1         GCCGGAGGAGGCGACCCGGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

JF824492.1         GCCGGAGGAGGCGACCCGGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

NC_010089.1     GCCGGAGGAGGCGACCCGGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 
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KT962873.1        GCCGGAGGAGGCGACCCGGTCCTATACCAGCACCTCTTCTGATTCTTCGGTCACCCAGAA 

                              ***************** ** ******** ****************************** 

 

FJ028028.1          GTCTACATCCTAATC 

NC_027934.1      GTCTACATCCTAATC 

JF824506.1          GTCTACATCCTAATC 

JF824507.1          GTCTACATCCTAATC 

KT962872.1         GTCTACATCCTAATC 

OM669759.1      GTCTACATCCTAATC 

KJ400311.1         GTCTACATCCTAATC 

JF824492.1         GTCTACATCCTAATC 

NC_010089.1     GTCTACATCCTAATC 

KT962873.1        GTCTACATCCTAATC 

                              *************** 

Scheme 1. Sequence alignment of the greater flamingos (Phoenicopterus roseus) 

OM669759.1 from Iraq, along seven Mediterranean regions, P. ruber NC_027934.1, P. 

chilian FJ028028.1. [created by Clustal Omega] 

 
 

Fig. 2. Phylogenetic tree of the greater flamingo's (P. roseus) COI gene sequences from 

the Iraqi marshes OM669759.1, along the European and African countries, with P. ruber 

NC_027934.1 and P. chilensis FJ028028.1 created by Clustal Omega 

 

 On the other hand, the diversity is shown in Table (1). The intra-species similarity 

among P. roseus COI sequences was 99.852- 100%. At the same time, the inter-species 

variation among the three species: P. roseus, P. ruber, and P. Chilensis was 98.963- 

97.778%. Simultaneously,, the sequence alignment of the greater flamingos 

(Phoenicopterus roseus) OM669759.1 from Iraq, along seven Mediterranean regions, P. 

ruber NC_027934.1, and P. chilensis FJ028028.1 created by Clustal Omega (Fig. 2). This 

alignment highlights the variant nucleotides among these species. 

 

Table 1. Alignment comparison among Phoenicopterus roseus COI gene sequence and 

chosen sequences from various Mediterranean Sea basin countries, along with P. ruber 

and P. chilensis 

No. 
subject acc. 

Ver. 

% 

identity 

alignment 

length 
mismatches 

Scientific 

name 

s. 

start 

s. 

end 

e- 

value 

bit 

score 
Country 

1 OM669759.1 100.000 675 0 P. roseus 1 675 0.0 1247 This study 

2 KJ400311.1 100.000 675 0 P. roseus 19 693 0.0 1247 
(Torres et 
al, 2014) 

3 JF824492.1 100.000 675 0 P. roseus 29 703 0.0 1247 
(Geraci et 

al, 2012a) 

4 NC_010089.1 100.000 675 0 P. roseus 5469 6143 0.0 1247 
Morgan-

Richards et 

al., 2008) 

5 KT962873.1 99.852 675 1 P. roseus 29 703 0.0 1242 
Wattier et 
al., 2015 
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6 KT962872.1 99.852 675 1 P. roseus 29 703 0.0 1242 
Wattier et 

al., 2015 

7 JF824507.1 99.852 675 1 P. roseus 29 703 0.0 1242 
(Geraci et 
al, 2012a) 

8 JF824506.1 99.852 675 1 P. roseus 29 703 0.0 1242 
(Geraci et 

al, 2012a) 

9 NC_027934.1 98.963 675 7 P. ruber 5470 6144 0.0 1208 
(Luo et al., 

2016) 

10 FJ028028.1 97.778 675 15 P. chilensis 17 691 0.0 1164 
(Kerr et al., 

2009) 

DISCUSSION 

 

 DNA barcoding provides more specific information that confirms the initial 

morphological identification. Correctly, the flamingo population in the Iraqi marshes 

consists of the greater flamingo (Phoenicopterus roseus). Indeed, the flamingo population 

inhabiting the Iraqi marshes comprises the greater flamingo species, Phoenicopterus 

roseus. The migration route of this large bird was revealed by checking the COI sequence 

of different records recovered from the Genbank which were recorded from many 

Mediterranean regions. The results showed that this species visiting Iraqi marshes match 

that of Southwest Europe, mainly France, Spain, Italy, and Anatolia (Scheme 1). 

Mesopotamia is one of the important sites for immigrant birds to reach the South bank of 

the Mediterranean Sea, such as Algeria and Libya, and return to the same habitat (Geraci 

et al., 2012b). At the same time, the greater flamingo was recorded in Mauritania 

(Diawara et al., 2009) and Tunisia (Smart et al., 2009). The analysis of the sequences of 

different specimens was around the Mediterranean Sea region (Scheme 1). Studies using 

DNA coding have shown that the greater flamingos have a high level of genetic diversity 

among their populations, with individuals from different regions showing significant 

genetic differences (Geraci et al., 2012a). This suggests that the greater flamingos may 

have multiple variant breeding groups that are geographically separated (Boucheker et 

al., 2011). The phylogenetic tree, constructed using the Iraqi flamingo sequence and 

seven selected sequences via Clustal Omega, provides confirmation that the population 

from North-West Europe migrates to the marshes located in southern Iraq (Fig. 2). 

Description statistics among the five populations revealed the similarity of P. roseus 

sequences and the genetic distance with the P. ruber and P. chilensis species (Table 1). 

The DNA barcoding strand might be used to identify the birds and follow their 

migrations in Iraq and other parts of the world in the instance of the great flamingo 

sequenced. Geraci et al. (2012a) stated that the greater flamingo population started 

migrating from the south-western of Europe to the southern areas of the Mediterranean 

Sea. They identified the biodiversity and the location within the monitoring 

region. Boucheker et al. (2011) indicated the connectivity of the Algerian flamingos with 

the population in the surrounding Mediterranean countries. They have been observed 

nesting in North Africa, specifically in Mauritania (Diawara et al., 2009; Samraoui et 

al., 2009) and Tunisia (Smart et al., 2009). In Eurasia, nesting locations include Turkey 

(Balkiz et al., 2007), Italy (Baccetti et al., 2008), France (Béchet & Johnson, 2008; 

Béchet et al., 2009), and Spain (Curcó et al., 2009).The phylogenetic tree (Fig. 2) of 
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COI gene sequences of the greater flamingos (P. roseus) from the Iraqi marshes 

OM669759.1, which is mating with the European and African countries, means that the 

P. roseus migrates from the Eurasian region throughout the cold season for wintering. 

While it is not clustered with P. ruber NC_027934.1 and P. chilensis. That confirms that 

the flamingos of Iraq did not match those from other regions. This result proves the 

immigrant flamingo reached the Iraqi wetlands from the Mediterranean Sea region to 

conduct its manual trip to North-West Africa for breeding (Boucheker et al., 2011). The 

intraspecific similarity and interspecific variation in Table (1) correctly prove that P. 

roseus of the Iraqi marshes manually migrated from the Eurasian cold regions to the 

African coastlands. Therefore, the results confirm that the Iraqi flamingo is not P. ruber 

or P. Chilensis. The mtDNA COI sequence of the greater flamingo (Phoenicopterus 

roseus) caught in the central marshes in the province of ThiQar was recorded in NCBI. 

The existence of the Iraqi marshes on the route of the immigrant birds from Europe to 

North Africa represents a resting, feeding, and reproduction time. Therefore, the 

sustainability of marshes is significant for the immigrant bird life (Cherkaoui et al., 

2018). 

 

CONCLUSION 

 

 The study accurately resolves the identification of the greater flamingo crossing 

the Iraqi marshlands as Phoenicopterus roseus. It also proved that the greater flamingo 

visits the Iraqi marshes annually from the Eurasia regions to reach North-west Africa. 

Additionally, the COI gene is suitable to utilize as a DNA barcode for the immigration 

routes of the Iraqi avifauna. The findings underscore the significance of the Iraqi marshes 

as wintering sites not only for the immigrant greater flamingo (P. roseus) but also for 

other visiting and domestic water birds. 

 

ACKNOWLEDGMENTS 

 

The authors would like to thank the Marine Science Center for its support and facilitation. 

 

REFERENCES  

 

Allouse, B. (1953). The Avifauna of Iraq. Iraq Natural History Museum, Baghdad. 

178pp. 

Allouse, B. (1960, 1961, 1962). [Birds of Iraq]. Vols I, II, III. Al-Rabitta Press, Baghdad. 

[In Arabic]. 

Al-Robaae, K. (2006). The Breeding of water birds in the marshland of Mesopotamia. 

Marsh Bulletin, 1(1): 40-46. https://www.iasj.net/iasj/download/a6f4818c23eb9616. 

Baccetti, N.; Panzarin, L.; Cianchi, F.; Puglisi, L.; Basso, M. and Arcamone, E. 

(2008). Two new Greater Flamingo (Phoenicopterus roseus) breeding sites in Italy. In 

https://www.iasj.net/iasj/download/a6f4818c23eb9616


Migratory Greater Flamingo of Iraqi Marshes Revealed by COI Gene Barcode 
 
 

 

1081 

Childress, B., Arengo, F., Bechet, A. (eds), Flamingo, Bulletin of IUCN-SSC/Wetlands 

International Flamingo Specialist Group, No. 16, December 2008. Slimbridge: Wildfowl 

and Wetlands Trust. pp 24-27. 

Balkız, Ö.; Onmuş, O.; Siki, M.; Döndürenc, Ö.; Gul, O.; Arnaud A.; Germain, C.; 

İsfendiyaroğlu, S.; Özbek, M.; Çağlayan, E.; Araç, N.; Parmak, B.; Özesmi, U. and 

Béchet, A. (2015). Turkey as a crossroad for Great er Flamingos Phoenicopterus roseus: 

evidence from population trends and ring-resightings (Aves: Phoenicopteridae). Zoology 

in the Middle East, 61(3): 201-214.  

Balkız, Ö.; Özesmi, U.; Pradel, R.; Germain, C.; Ziki, M.; Amat, A.J.; Rendón-

Martos, M.; Baccetti, N. and Béchet, A. (2007). Range of the Greater Flamingo 

(Phoenicopterus roseus) metapopulation in the Mediterranean: New insights from 

Turkey. Journal of Ornithology, 148(3): 347-355. 

Béchet, A. and Johnson, A.R. (2008). Anthropogenic and environmental determinants 

of greater flamingo Phoenicopterus roseus breeding numbers and productivity in the 

Camargue (Rhone delta, southern France). International Journal of Avian Science, 

150: 69–79. 

Béchet, A.; Germain, C.; Sandoz, A.; Hirons, G.J. M.; Green, R.E.; Walmsley, J.G. 

and Johnson,  A.R. (2009). Assessment of the impacts of hydrological fluctuations and 

salt pans abandonment on greater flamingos in the Camargue, south of France. 

Biodiversity and Conservation, 18: 1575–1588. 

Boucheker, A.; Samraoui, B.; Prodon, R.; Amat, J.A.; Rendón-Martos, M.; Baccetti, 

N.; Esquerre, V.I; Nissardi, S.; Balkiz, Ö.; Germain, C.; Boulkhssaim, M. and 

Béchet, A. (2011). Connectivity between the Algerian Population of Greater Flamingo 

(Phoenicopterus roseus) and those of the Mediterranean basin. Journal of African 

Ornithology, 82(3): 167-174. 

Cherkaoui, S.I.; Selmi, S.; Amhaouch, Z. and Hanane, S. (2018). Assessment of the 

effectiveness of wetland protection in improving water bird diversity in a Moroccan 

wetland system. Environmental monitoring and assessment, 190(12), article No. 699. 

Curcó, A.; Vidal, F. and Piccardo J. (2009). Conservation and management of the 

Greater Flamingo Phoenicopterus roseus at the Ebre delta. In: Bechet, A.; Rendón-

Martos, M.; Amat, J.A.; Baccetti, N. and Childress, B. (eds.). (2009). Flamingo, Bulletin 

of the IUCN-SSC/Wetlands International Flamingo Specialist Group, Special Publication 

1: Proceedings of the IVth International Workshop on the Greater Flamingo in the 

Mediterranean region and northwest Africa, Antequera, Spain, 5-6 November 2007. 

Wildfowl & Wetlands Trust, Slimbridge, UK. 

DeSalle, R.; Egan, M.G. and Siddall, M. (2005). The unholy trinity: taxonomy, species 

delimitation, and DNA barcoding. Philosophical Transactions of the Royal Society B, 

360 (1462): 1905-1916. 

Diawara, Y.; Arnaud, A.; Mohamed, C. and Béchet, A. (2009). Monitoring of the 

Greater flamingo Phoenicopterus roseus in Mauritania. Flamingo, 1, p.34. 



Ziyadi et al., 2024 1082 

FAO (Food and Agriculture Organization) (2008). Preliminary report on the water 

quality, hydrology, fish ecology, and socioeconomic of some regions in the southern Iraqi 

marshes. FAO and College of Agriculture/ Basrah University published in 

Amman/Jordan (2010), OSRO /IRQ/ 503/UDG. 

Farooq, Q.; Shakir, M.; Ejaz, F.; Zafar, T.; Durrani, K. and Ullah, A. (2020). Role 

of DNA barcoding in Plant Biodiversity Conservation. Scholars International Journal of 

Biochemistry, 3(3):48–52. 

Folmer, O.; Black, M.; Hoeh, W.; Lutz, R. and Vrijenhoek, R. (1994). DNA primers 

for amplification of mitochondrial cytochrome c oxidase subunit I from diverse metazoan 

invertebrates. Molecular Marine Biology and Biotechnology, 3, 294–299. 

Geraci, J.; Bechet, A.; Cezilly, F.; Ficheux, S.; Bacetti, N.; Samraoui, B.  and 

Wattier, R. (2012a). Greater Flamingo colonies around the Mediterranean form a single 

interbreeding population and share a common history. Journal of Avian 

Biology, 43(4):341-354. 

Geraci, J.T.; Ramirez, J.M. and Figuerola, J. (2012b). Greater Flamingo 

Phoenicopterus roseus dispersal and breeding in Mediterranean wetlands: new evidence 

from Algeria, Tunisia and Libya. Ostrich, 83(1-2): 31-37. 

Guo-Gang, Z.; Dong-Ping, L.; Yun-Qiu, H.; Hong-Xing, J.; Ming, D.; Fa-Wen, Q.; 

Jun, L.; Tian, M.; Li-Xia, C.; Zhi, X. and Feng-Shan, L. (2014). Migration routes and 

stopover sites of Pallas’s Gulls Larus ichthyaetus breeding at Qinghai Lake, China, 

determined by satellite tracking. Forktail, 30: 104–108. 

Habeeb, M. (2008). Study of the nature of waterfowl assemblage in some marshes of 

Southern Iraq. (in Arabic) MSc. Thesis introduced to College of Science- University of 

Basrah. 115 pp.  

 Habeeb, M.K.; Hussain, N.A. and Abdul Jaleel, S.A. (2018). Assessment of the 

diversity of wading birds and shorebirds in East Hammar marsh – Basrah / Iraq.  Marsh 

Bulletin, 13(2 ):1–15. 

Habeeb, M.K.; Hussain, N.A. and Abdul Jaleel, S.A. (2019). Effect of biotic and 

abiotic factors on the composition of wader bird’s assemblage (Charadriiformes and 

Ciconiiformes) at Shatt Al-Arab estuary, Iraq North West Arabian Gulf. Plant Archives, 

19( 2): 1123-1130. 

Hebert, PD.N.; Cywinska, A. and Ball, S.L. (2003). Biological identifications through 

DNA barcodes. Proceedings of the Royal Society B, 270 (1512): 313-321. 

Hebert, PD.N.; Stoeckle, M.Y.; Zemlak, T.S. and Francis, C.M. (2004). Identification 

of Birds through DNA Barcodes. PLoS Biology, 2(10): 1657-1668. 

 Jawad, L. (2021). Southern Iraq's Marshes: Their Environment and Conservation 

(Coastal Research Library, 36), 1st ed., Cham: Springer. 

Kerr, K.C.R.; Lijtmaer, D.A.; Barreira, A.S.; Hebert, PD.N. and Tubaro, P.L. 

(2009). Probing Evolutionary Patterns in Neotropical Birds through DNA Barcodes. 

PLOS One, 4(2).  

https://www.researchgate.net/scientific-contributions/Julia-Geraci-84313945?_sg%5B0%5D=A3j5RIlAwwduUnVWzcJmbtaBO41OcdOOMAh256uOEk5fWA9gTzF7QfUXdEnKxSi-gFanUeU.2PHNZV6xtCw1vsp9RKdweqftiVT_5WZgbrWlHWoAQYPmiR7bCwqkZNt7VOZfpkY0MerprU0wsKI7uExFtXaOXw&_sg%5B1%5D=E7bXl_TJNH7WH6NHrUNNouoyVwbYjYmvlAK55TNB9ndUBMyaGmPW0sev125CW8DwNr2HhZg.PG-birkJwxoreCQNLcnGeR8TXHf1Sv73jETuiOQLpO8x4fhwl17fFjB8jAyUz3wNlzxPUG7PmW6zx7myYEQK7Q
https://www.researchgate.net/profile/Arnaud-Bechet?_sg%5B0%5D=A3j5RIlAwwduUnVWzcJmbtaBO41OcdOOMAh256uOEk5fWA9gTzF7QfUXdEnKxSi-gFanUeU.2PHNZV6xtCw1vsp9RKdweqftiVT_5WZgbrWlHWoAQYPmiR7bCwqkZNt7VOZfpkY0MerprU0wsKI7uExFtXaOXw&_sg%5B1%5D=E7bXl_TJNH7WH6NHrUNNouoyVwbYjYmvlAK55TNB9ndUBMyaGmPW0sev125CW8DwNr2HhZg.PG-birkJwxoreCQNLcnGeR8TXHf1Sv73jETuiOQLpO8x4fhwl17fFjB8jAyUz3wNlzxPUG7PmW6zx7myYEQK7Q
https://www.researchgate.net/journal/Journal-of-Avian-Biology-1600-048X
https://www.researchgate.net/journal/Journal-of-Avian-Biology-1600-048X


Migratory Greater Flamingo of Iraqi Marshes Revealed by COI Gene Barcode 
 
 

 

1083 

Koppen, U.; Yakovlev, P.A.; Barth, R.; Kaatz, K. and Berthold, P. (2010). Seasonal 

migrations of four individual bar-headed geese from Kyrgyzstan followed by satellite 

telemetry. Journal of Ornithology, 151(3): 703-712.  

Kubba, A.A. and Salim, M. (2010). The wetlands wildlife and ecosystem. The Iraqi 

Marshes and the Marsh Arabs: Their Culture and Environment.  Ithaca Press, 300 pp.  

Luo. X.; Kang, X. and Zhang, D. (2016). Complete mitochondrial genome of the 

American flamingo, Phoenicopterus ruber (Phoenicopteriformes, Phoenicopteridae). 

Mitochondrial DNA A DNA Mapp Seq Anal, 27(5):3519-20. 

McWilliam, H.; Li, W.; Uludag, M.; Squizzato, S.; Park, Y.M.; Buso, N.; Cowley, 

A.P. and Lopez, R. (2013).  Analysis Tool Web Services from the EMBL-EBI. Nucleic 

acids research, 41, (Web Server issue).   

Morgan-Richards, M.; Trewick, S.A.; Bartosch-Härlid, A.; Kardailsky, O.; Phillips, 

M.J.; McLenachan, P.A. and Penny, D. (2008). Bird evolution: testing the Metaves 

clade with six new mitochondrial genomes. BMC Ecology and Evolution, 8:20.  

National Center for Biotechnology Information. (2023). Available from: 

https://blast.ncbi.nlm.nih.gov/Blast.cgi. 

Saitoh, T.; Sugita, N.; Someya, S.; Iwami, Y.; Kobayashi, S.; Kamigaichi, H.; 

Higuchi, A.; Asai, S.; Yamamoto, Y. and Nishiumi, I. (2015). DNA barcoding reveals 

24 distinct lineages as cryptic bird species candidates in and around the Japanese 

Archipelago. Molecular Ecology Resources, 15(1): 177-86. doi: 10.1111/1755-

0998.12282. Epub 2014 Jun 11.  

Salim, M.; Porter, R. and Rubec, C. (2009). A summary of birds recorded in the 

marshes of southern Iraq, 2005–2008. In: Krupp F, Musselman LJ, Kotb MMA, Weidig I 

(Eds) Environment, Biodiversity and Conservation in the Middle East. Proceedings of the 

First Middle Eastern Biodiversity Congress, Aqaba, Jordan, 20–23 October 2008. Bio 

Risk 3: 205–219. doi: 10.3897/biorisk.3.14. 

Samraoui, B.; Boulkhssaïm, M.; Bouzid, A.; Bensaci, E.; Germain, C.; Bechet, A. 

and Samraoui, F. (2009). Current research and conservation of the Greater Flamingo 

Phoenicopterus roseus in Algeria. Flamingo, Special Publication 1, pp. 20-25. 

Smart, M.; Azafzaf, H. and Dlensi, H. (2009). Analysis of the mass of raw data on 

Greater Flamingos Phoenicopterus roseus on their wintering grounds, particularly in 

North Africa. Flamingo, Special Publication 1, pp. 58-61.  

Stanford University. (2023). Flamingo feeding, (https://web.stanford.edu/group/ 

stanfordbirds/ text/essays/Flamingo_Feeding.html), Retrieved 11 March 2013 (24 Oct. 

2023). 

Stoeckle, M.Y.; Thaler, D.S. (2014). DNA Barcoding Works in Practice but Not in 

(Neutral) Theory. PLOS ONE, 9(7): e100755, doi: 10.1371/journal.pone.0100755. 

 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://web.stanford.edu/group/%20stanfordbirds/
https://web.stanford.edu/group/%20stanfordbirds/

