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Abstract 

Anatidae is an attractive family of waterfowl including ducks, geese and swans. Anatidae appears stable at the family 

level, but the systematics of subfamilies and many tribes within it are a matter of debate. Current taxonomy studies are 

carried out using morpho-ecological and molecular characters to organize many species within Anatidae. In the 

presented study, three mitochondrial COI, Cytb and ND2 genes sequences were used for the first time to test the Anatidae 

family with a large number of taxa using Bayesian inference and Maximum Likelihood algorithms. According to the 

results of the phylogenetic analysis of the Anatidae members, the Anatini, Athyini, Anserini, Cygnini, Oxyurini and 

Dendrocygnini tribes are monophyletic taxa while the Mergini, and Tadornini tribes are not monophyletic taxa. In 

addition, our study shows that the Anas, Mergus and Tadorna genera are non-monophyletic.  
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1. Introduction 

The order Anseriformes consists of three families, containing more than 150 modern species of waterfowl, widely 

distributed in a variety of aquatic habitats. These families are Anhimidae (three species of screamers), Anseranatidae 

(Anseranas semipalmata is only one species in its family), and Anatidae (ducks, geese, and swans), which contains the 

largest number of waterfowl species, including almost the entire family. The taxonomic status of members of the 

Anatidae is often problematic and open to debate (Sun et al. 2017).  The traditional classification of Anatidae based on 

morpho-ecological characters is generally similar to each other, although a few status changes have been proposed, and 

there are many taxa whose hierarchical place cannot be determined (Zhiheng and Clarke, 2016). While there is consensus 

on the number of species and their delimitation, there are taxa whose taxonomic status is uncertain within subfamilies 

and tribes. Studies based on DNA hybridization led to the elevation of the tribe Dendrocygnini to the level of family; 

there are also notable revisions, such as the division of Anatidae into four subfamilies: Oxyurinae (formerly Oxyurini), 

Stictonettinae (monotypic), Cygninae (swans) and Anatinae; and the division of the traditional tribe Cairinini into two 

tribes, Anserini and Cygnini (Carboneras, 1992). 
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In recent decades, there have been many studies investigating the molecular taxonomy and phylogenetic relationships 

of this family. In particular, in these studies, mitochondrial DNA sequences are used as important molecular markers 

with their high mutation and substitution rates, rare gene recombination, maternal origin, and high copy number 

(Gonzalez et al., 1999; Sorenson et al., 1999). In particular, three mitochondrial gene regions play a major role in 

comparing taxa and revealing their evolutionary relationships (Donne-Gouss et al., 2002). The mitochondrial 

cytochrome c oxidase subunit I (COI) gene is an important barcode region used for species delimitation and accepted 

by the DNA Barcoding Consortium (Hebert et al., 2003). Variations in the cytochrome b gene (Cytb) are also very 

useful, especially in testing species in the same genus or even the same family and in revealing phylogenetic 

relationships. In results obtained using NADH dehydrogenase subunit 2 gene (ND2), the fact that more significant 

genetic distances are revealed both within and between species and that the constructed clades are statistically more 

stable, have led to its use as an additional genetic marker (Johnson and Sorenson, 1998; Kevin et al., 2007; Kerr et al., 

2007; Gonzalez et al., 2009). 

In the presented study, these three mitochondrial gene region (COI, Cytb and ND2) sequences taken from Genbank 

records belonging to members of the Anatidae family were compared for the first time with Bayesian inference (BI) and 

Maximum Likelihood (ML) algorithms, and the taxonomic status and phylogeny of waterfowl were estimated.   

2. Materials and Methods 

Three mitochondrial genes of each available species in the family Anatidae and of Anseranas semipalmata 

(Anseranatidae) selected as an out-group were downloaded from the GenBank database for use in phylogenetic analyses 

(Anonymous, 2024). Multiple sequence alignments were performed using ClustalW in the MEGA 6.06 program 

(Tamura et al., 2013), yielding matrices of 658 characters for the COI gene from 91 taxa, 947 characters for the Cytb 

gene from 66 taxa, and 1010 characters for the ND2 gene from 94 taxa. Maximum Likelihood (ML) analysis was 

accomplished with RAxML-HPC BlackBox XSEDE v.8.2.12 (Stamatakis et al., 2008) was selected the GTRGAMMA 

model in the CIPRES Science Gateway (Miller et al., 2010). The best tree was obtained used supported with 1000 rapid 

bootstrap algorithm. Prior to Bayesian inference (BI) analysis, the best evolutionary model GTR+I+G of nucleotide 

substitution was selected by Akaike Information Criterion (AIC) for COI, Cytb and ND2 mitochondrial datasets in the 

jModeltest v.2.1.10 program (Posada, 2008). Markov chain Monte Carlo (MCMC) simulations were created with two 

sets of four chains for 3 000 000 generations, sampled every 100 generations. After burning the first 7500 trees from the 

sampled trees, all remaining trees were used to calculate the posterior probability using the majority rule consensus 

(Ronquist and Huelsenbeck, 2003). Figtree v.1.4.2  was used to visualize the topology of the trees constructed by both 

analyses. 

3. Results 

The topologies of Maximum Likelihood (ML) and Bayesian Inference (BI) trees for all three gene regions were quite 

consistent; therefore, they are shown on the ML tree with bootstrap and posterior probability support values from both 

algorithms, respectively (Figure 1,2,3). In the phylogeny trees constructed with each of the COI, Cytb and ND2 gene 

sequences, the tribes of the family generally formed stable clades. The phylogenetic tree based on COI gene sequences 

consisted of two main clades and the taxa basally connected to them (Figure 1). The first main clade content is shown 

by coloring on the tree. The genera Marmaronetta, Chenonetta, Hymenolaimus, Sarkidiornis were in sister positions to 

Aythini tribe. Tadornini tribe members (Tadorna spp. and Alopochen) were placed as sister groups to this clade, which 
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was connected by polytomy to an inner clade (some Chloephaga spp. and Neochen jubata). Similarly, Mergini tribe 

members were connected to Aythini and Tadornini clades by two subclades, one polytomy and the other monophyletic. 

Cairina moschata and Histrionicus histrionicus are sisters to this cluster. This large cluster is comprised by sister taxa 

of Anathini clade Anas spp., Mareca spp., Lophonetta specularoides and Tachyeres pteneres and an outer clade Oxyurini 

clade (Oxyura spp. and Nomonyx). Heteronetta atricapilla is a sister basally placed in the Oxyurini clade. The second 

main clade is composed of Anserini and Cygnini members, which are sister to each other. In the Cygnini clade, some 

Cygnus species are placed more closely related to Coscoroba coscoroba than to their own congeners. A clade consisting 

of Dendrocygna spp. is basally connected to these main clades. The composition of trees based on Cytb gene sequence 

and ND2 gene sequence was largely consistent with each other (Figure 2, 3). In both gene sequence trees, the first part 

of the main clade, members of Anatini in the first clade, only Anas spp for Cytb tree and Anas spp, Speculanas specularis 

and Amazonetta brasiliensis species for ND2 tree were clustered. In both gene trees, Sarkidiornis melanotos was 

connected in a sister position to the Anatini clade. In the ND2 tree, Clangula hyemalis was connected basally to the 

clade consisting of members of Anatinii and Sarkidiornis melanotos, while in the Cytb tree, it was placed in the Mergini 

clade.  

4. Discussion and Conclusion 

In the Cytb tree (Figure 2), Cyanochen cyanopterus, which was connected basally to the clade including members of 

Anatinii and Sarkidiornis melanotos, was in a sister position to the Athyini clade. Callonetta leucophrys was 

polytomically connected to this cluster. In this tree, the clades Mergini and Tadornini, which are sister to the clades 

Anatini and Athyini, are clustered as sister groups. For the Cytb tree, the second part of the main clade is composed of 

the clades Anserini, Cygnini and Oxyurini. Coscoroba coscoroba is sister to the clade Cygnini, Biziura lobata and 

Malacorhynchus membranaceus, which is sister to it, are sister to the clade Oxyurini. In the ND2 tree (Figure 3), the 

subclades of the first internal clade are polytomically connected to the clade Anatini, the clade Aythini is sister to these 

clades and the clade Mergini is sister to the clade formed by the three. Merganetta armata is connected as a sister to the 

clade where these members are clustered. In the second inner clade, Coscoroba coscoroba and Cereopsis 

novaehollandiae, which are sister groups to the Anserini and Cygnini clades, and Malacorhynchus membranaceus, 

which is basally connected to them, were clustered. Biziura lobata was a sister to these two inner clades and was sister 

to the Oxyurini clade, which consists of Oxyura spp. and Nomoxy dominicus. The Dendrocygnini clade was sister to the 

main clade. The Anatidae were divided into six subfamilies as proposed by Weller (1964) until the 1980s and nine 

subfamilies organized according to detailed anatomical characters by Livezey (1986) in the following decade, which is 

quite explanatory from a systematic point of view. However, the taxa in the tribes and genera are paraphyletic and the 

problems are great for taxa with uncertain status. The cladistic approach of the phylogeny of Anatidae in the presented 

study is based on tribes according to the mitochondrial three-gene sequences. This is mainly because in all three trees 

the taxa mostly form clades in accordance with the tribes separated in classical systematics (Anatini, Aythini, Tadornini, 

Oxyurini, Anserini, Cygnini and Dendrocygnini). In all three trees, the Aythini clade was closely related to 

Marmaronetta angustirostris, Chenonetta jubata, Hymenolaimus malacorhynchos (Figure 1, 3), Cyanochen 

cyanopterus, Callonetta leucophrys (Figure 2, 3), and Pteronetta hartlaubi (Figure 3). In the Tadornini clade, the genus 

Tadorna was determined to be a paraphyletic taxon due to its closer phylogenetic relationships to Alopochen aegyptiacus 

than to Tadorna radjah congeners. Similarly, in the Mergini clade, the genus Mergus was determined to be a paraphyletic 

taxon because Mergus serrator was more closely related to Lophodytes cucullatus than to Mergus squamatus (Figure 

1). The genus Anas was also not monophyletic (Figures 1, 3). In the phylogenetic tree based on COI gene sequence, it 
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is not understood whether the members of a clade sister to the Mergini clade (red asteriks clade) should be considered 

members of the Mergini tribe or the Somaterini tribe due to the polytomy. Another problematic taxon, Clangula hyemalis 

was placed in clades closely related to the Mergini clade (Figures 1, 2), while it was closely related to the Anatini clade 

in the ND2 phylogenetic tree (Figure 3). A remarkable taxon, Sarkidiornis melanotos, appears close to the Aythini clade 

in the COI tree, while it appears close to the Anatini clade in the Cytb and ND2 trees (Figure 2,3). The phylogenetic 

“mixed signal” of this species may derive from prehistoric events deep in the evolution of the Anatidae. Coscoroba 

coscoroba, which appears close to the Cygnini clade in the first trees (Figures 1, 2), appears more closely related to the 

Cereopsis novaehollandiae taxon in the ND2 tree (Figure 3). Therefore, it may be correct to propose a sister tribe for 

these two taxa. Because it is clear that Coscoroba coscoroba represents a more ancestral lineage. Biziura lobata and 

Malacorhynchus membranaceus were sisters in the cytb tree (Figure 2) and were close to the Oxyurini clade, while in 

the ND2 tree, the inner basal Malacorhynchus membranaceus and the outer basal Biziura lobata were close to the 

Anserini+Cygnini+Coscoroba+Cereopsis clade (Figure 3). The most important reason why these species remain 

unresolved is that although they are prehistoric taxa, they are each the only members of their genus today. 

In the presented study, it was aimed to reveal insufficient and missing phylogeny signals in terms of cladistics by testing 

three mitochondrial gene sequences of all recorded taxa of the Anatidae using evolutionary algorithms. However, since 

the taxa are members of an ancient prehistoric family, have deep phylogenies and follow a wide distribution, there are 

some taxon positions whose phylogenetic relationships cannot be explained as a result of parallel evolution, phenotypic 

plasticity and common habitats or a similar ecological pressure. The correct phylogeny of Anatidae also depends on the 

phylogeny of extinct and endangered species and unresolved taxa. Although efforts were made to contribute with limited 

information from fossil or museum specimens, much more research is needed for the evolutionary journey of waterfowl. 

Therefore, this study provides the foundation for more comprehensive studies in the future. 
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Figure 1. Phylogenetic tree obtained by ML and BI algorithms based on mtCOI gene sequences of members of Anatidae. Numbers 

at nodes indicate ML bootstrap values and BI posterior probability (BI/ML). Asterisks indicate values less than 50% (ML) or 0.50 

(BI). Bars represent 4 substitutions per 100 nucleotide positions. Asterix above the clade may be the representative Somaterini clade 



Kızıldağ, S. and Durmuş, A. (2024). 

31 

 

Figure 2. Phylogenetic tree obtained by ML and BI algorithms based on mtCytb gene sequences of members of Anatidae. Numbers 

at nodes indicate ML bootstrap values and BI posterior probability (BI/ML). Asterisks indicate values less than 50% (ML) or 0.50 

(BI). Bars represent 4 substitutions per 100 nucleotide positions 
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Figure 3. Phylogenetic tree obtained by ML and BI algorithms based on mtND2 gene sequences of members of Anatidae. Numbers 

at nodes indicate ML bootstrap values and BI posterior probability (BI/ML). Asterisks indicate values less than 50% (ML) or 0.50 

(BI). Bars represent 4 substitutions per 100 nucleotide positions 
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