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Absttractt: DNA  barcodfing  fis  exttensfively  used  as  a  specfies  fidenfificafion  and  delfineafion  ttool.    The  afim  of  tthfis  sttudy  was  tto  generatte  a 
barcode  profile  for  mfittochondrfial  cyttochrome  c  oxfidase  subunfitt  1  (COI)  fin  tthe  Phfilfippfine  Duck Anas luzonfica, a  dabblfing  duck  specfies 
endemfic tto tthe Phfilfippfines tthatt fis classfified as ‘Vulnerable’ by tthe Intternafional Unfion for Conservafion of Natture (BfirdLfife Intternafional 
2016).  COI barcodes were successfully obttafined usfing muscle fissue samples from 46 A. luzonfica findfivfiduals confiscatted from fillegal huntters 
fin Panttabangan, Nueva Ecfija.  Analysfis of TrN+Γ+I dfisttances among tthe Anas luzonfica COI sequences and tthose of 25 otther Anas specfies 
revealed tthatt COI barcodes cannott generally delfineatte hybrfidfizfing specfies.  Whfile Anas luzonfica was dfiferenfiatted from otther specfies fitt 
fis known tto hybrfidfize wfitth and formed a monophylefic group fin tthe nefighbor-jofinfing ttree generatted, samplfing from areas of sympattry fis 
needed sfince findfivfiduals were obttafined from only one samplfing sfitte.  The populafion sttructture of tthe Anas luzonfica populafion was also 
examfined usfing mfittochondrfial DNA conttrol regfion and COI sequences.  The populafion had hfigh haplottype dfiversfitty and low nucleofide 
dfiversfitty, an findficafion tthatt a bottleneck eventt had occurred, whfich fis lfikely due tto exttreme hunfing pressures and habfittatt desttrucfion.  The 
populafion under sttudy exhfibfitted hfigh genefic dfiversfitty.  Gfiven tthatt tthe samples for tthfis sttudy came from a sfingle localfitty, samplfing from 
otther localfifies fis requfired tto dettermfine whetther otther populafions are facfing tthe rfisk of reduced fittness (finbreedfing depressfion).
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INTRODUCTION

Bird taxonomy during the greater part of the 20th 
century was the subject of much debate.  Although 
several morphology-based phylogenetic studies investi-
gated the evolutionary relationships of taxa within class 
Aves, findings were constantly challenged (Livezey & 
Zusi 2007).  The application of molecular biology tech-
niques to avian systematics finally gave way to the wide 
acceptance of hypotheses regarding divergences at the 
base of the avian tree (Meyer & Zardoya 2003; Hackett 
et al. 2008).  Higher-order relationships remain largely 
unresolved, however (Livezey & Zusi 2007).

It was only recently that a robust genus-level phylog-
eny for order Anseriformes (screamers and waterfowl) 
was generated.  The robust tree was constructed based 
on the analysis of sequences of the complete mitochon-
drial DNA control region (Donne-Gousse et al. 2002).  
Resolving relationships deeper within this order, espe-
cially those among the dabbling ducks (Anatidae: Anas) 
requires more complicated methods.  This is because al-
lele sharing likely occurs among the dabbling ducks due 
to the relatively recent emergence of this lineage and 
frequent hybridization among its members (Johnson & 
Sorenson 1999; Lavretsky et al. 2014).  To address these 
complications, Lavretsky et al. (2014) generated species 
trees based on 20 nuclear loci using multilocus coales-
cent methods.  The nuclear topologies were compared 
to mitochondrial and morphometric topologies.  Gener-
ally, the major clades were composed of the same taxa 
across all topologies, resolving the relationships among 
the said taxa.  The only taxa whose placement within 
the different trees varied were the Hawaiian Duck, the 
Indian and Chinese Spot-billed Ducks, and the Philippine 
Duck (Lavretsky et al. 2014).

The Philippine Duck Anas luzonica is the only en-
demic duck found in the Philippines (Kennedy et al. 
2000).  It is listed as ‘Vulnerable’ by the International 
Union for Conservation of Nature (IUCN) mainly due to 
rapid population declines caused by continuous hunting 
pressures.  In 2002, the total population of Anas luzo-
nica was estimated to be fewer than 10,000 individuals 
(BirdLife International 2012).  Despite being protected 
by law, Philippine Ducks continue to be hunted for sport 
and for their meat (Galang 2014).  Since duck meat can 
easily be missed by authorities when labeled by illegal 
hunters or smugglers as domestic meat, there is a need 
for a method of identification which does not rely on 
the morphological characters of the Philippine Duck.  
DNA barcoding may fill this need.  Determining the DNA 
sequence from a standard part of the genome of the 

unknown specimen and comparing it to other existing 
‘barcodes’ provides a means of species identification 
(Hajibabaei et al. 2007).  The mitochondrial cytochrome 
c oxidase subunit I (COI) gene is the most commonly 
used marker for barcoding animals, since it possesses 
a relatively strong phylogenetic signal and its primers 
are effective in recovering the gene in almost all animal 
phyla (Hebert et al. 2003).

Using muscle tissue samples obtained from illegally 
hunted and confiscated Philippine Ducks from Panta-
bangan, Nueva Ecija, the present study aimed to gener-
ate a COI barcode profile for Anas luzonica.  The study 
also aimed to examine the population genetics of Phil-
ippine Ducks using mitochondrial DNA control region 
and COI sequences.  Finally, given the lack of certainty 
regarding the relationship of Anas luzonica with other 
dabbling ducks, the study aimed to generate a phyloge-
netic tree for Anas spp. based on the COI gene. 

MATERIALS AND METHODS

Sampling
Muscle and liver tissue samples were obtained from 

46 individuals of Philippine Duck from the town of Pan-
tabangan, Nueva Ecija (15.81670N & 121.15000E).  The 
ducks were confiscated by staff of the Department of 
Environment and Natural Resources Region III Office on 
12 February 2014 from illegal hunters who targeted the 
IUCN Red Listed Vulnerable species.

DNA extraction
The modified NaOH-lysis method (Fontanilla 2010) 

was employed to extract DNA from muscle tissue sam-
ples of 46 individuals of Anas luzonica.  The tissues were 
sliced using sterile glass slides, then transferred to 1.5-
ml microcentrifuge tubes.  The slices were then ground 
in 400μl of 0.1 N NaOH using glass beads and a plastic 
pestle. When pieces of tissue were no longer visible, 
the samples were heated at 95–100°C for 20 min in a 
dry bath.  Afterwards, 200μl of sterile distilled water 
and 600μl of chloroform-isoamyl alchohol (24:1) were 
added.  The tubes were inverted 100 times, then cen-
trifuged at 13,000 rpm for 10 min.  The upper phase 
was transferred to new tubes, and an equal volume of 
isopropanol was added.  The tubes were inverted sev-
eral times before being stored at -80°C for one hour.  
The samples were spun at 13,000 rpm for 15 min, after 
which the isopropanol was discarded, leaving the pellets 
in the tubes.  These were washed with 500μl of cold 70% 
ethanol, then spun at 13,000 rpm for five minutes.  The 
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ethanol was decanted out.  To ensure that the pellets 
were dry, the tubes were heated at 450C for 15 min at 
most.  The pellets were then suspended in 150μl of ul-
trapure water.  The resulting DNA extracts were stored 
at -200C until use.

PCR amplification 
The COI gene was amplified via the polymerase chain 

reaction (PCR) using primers BirdF1 (5’-TTCTCCAACCA-
CAAAGACATTGGCAC-3’) and BirdR1 (5’-ACGTGGGAGA-
TAATTCCAAATCCTG-3’) (Hebert et al. 2004).  Fifty μl 
reactions were prepared in 0.2-ml PCR tubes.  The com-
ponents of each reaction were as follows: five μl of 10X 
PCR buffer, one μl of 1.25mM dNTPs, 10 μl of QIAGENTM 
Q solution, two μl of 25mM MgCl2, 2.5μl of each primer 
(10μM), 22.75 μl of ultrapure water, 0.25μl of RocheTM 

5 units/μl Taq polymerase, and four μl of the DNA tem-
plate (0.5-142.9 ng/µl).  PCR reactions were carried out 
in a Labnet MultiGeneTM thermocycler under the follow-
ing conditions: 60 sec of initial denaturation at 940C, fol-
lowed by six cycles of 60 sec at 940C, 90 sec at 450C, and 
90 sec at 72°C, then 35 cycles of 60 sec at 940C, 90 sec 
at 550C and 90 sec at 720C, and a final extension of five 
minutes at 720C (Kerr et al. 2007).

To study the population genetic structure of the Anas 
luzonica population, the 5’ half of the mitochondrial 
DNA control region (bp 78–774) was also amplified (Des-
jardins & Morais 1990).  The primers used to amplify this 
region are L78 (5’- GTTATTTGGTTATGCATATCGTG-3’) 
and H774 (5’-CCATATACGCCAACCGTCTC-3’) (Sorenson 
& Fleischer 1996; Sorenson et al. 1999).  Fifty μl reac-
tions, composed of five μl of 10X PCR buffer, one μl of 
1.25mM dNTPs, 2.5μl of each primer (10 μM), 34.75μl 
of ultrapure water, 0.25μl of RocheTM5 units/μl Taq 
polymerase, and four μl of the DNA template (0.5–142.9 
ng/µl), were prepared.  Thermocycling was conducted 
under the following conditions: seven minutes of initial 
denaturation at 940C, 38 cycles of 20 sec at 940C, 20 sec 
at 520C, 60 sec at 720C, and a final extension of seven 
minutes at 720C (McCracken et al. 2001). 

PCR product purification and sequencing
To ensure the absence of contamination, the PCR 

products were electrophoresed in 1% agarose gel at 100 
volts for 30 min, with 0.5X TBE (Tris base, boric acid, and 
ethylene diamine tetra-acetic acid) as the running buf-
fer.  The in-gel staining method, using 1% ethidium bro-
mide, was used for visualization under ultraviolet illumi-
nation.  The resulting bands were excised and placed in 
2-ml microcentrifuge tubes.  These were stored at -200C 
until further processing.

The QIAGENTM QIAquick Gel Extraction Kit (Germany) 
was used following the manufacturer’s protocol to pu-
rify the PCR products from the excised gels.  The prod-
ucts were then sent to 1st Base in Singapore for Sanger 
dideoxy sequencing using the same forward and reverse 
primers used in PCR amplification to sequence both 
strands of each region. 

Sequence assembly and alignment 
The Anas luzonica DNA sequences were assembled 

using the STADEN package (Staden et al. 2000).  The 
COI gene sequences of other Anas species along with 
those of outgroup taxa in the subfamily Anatidae (Aix 
galericulata, Aix sponsa, Aythya affinis, Aythya ameri-
cana, Aythya collaris, Aythya marila, Aythya valisineria, 
Callonetta leucophrys, Chenonetta jubata, Sarkidiornis 
melanotos, Tadorna ferruginea, and Tadorna tadorna) 
were obtained from GenBank (www.ncbi.nlm.nih.gov/
genbank/), available as of 10 June 2014 (see Table 1).  A 
total of 264 COI sequences, including the 46 Anas luzo-
nica COI sequences from this study, were aligned using 
Clustal W in the BioEdit Sequence Alignment Editor (Hall 
1999) and adjusted manually by eye.  The same soft-
ware was used to align 45 Anas luzonica control region 
sequences. Sequences were trimmed to limit nucleo-
tide positions to only those common to all sequences.  
The COI sequences were trimmed to a length of 610 bp, 
while the control region sequences were trimmed to 
622 bp.

All A. luzonica sequences were submitted to Gen-
Bank with the following accession numbers: KT151676 
- KT151721 for COI and KT151722 - KT151766 for the 
mitochondrial control region.

Sequence analysis
The optimal model of DNA substitution was de-

termined using the Bayesian Inference Criterion (BIC) 
method under the jModelTest ver. 2.1.7 program (Posa-
da & Crandall 2001). Using PAUP* version 4.0b10 (Swof-
ford 2002), pairwise genetic distances based on the op-
timal model were estimated.  The maximum likelihood 
method (Cavalli-Sforza & Edwards 1967) was applied to 
construct a COI gene tree using MEGA version 7 (Kumar 
et al. 2016).  Bootstrap resampling (Felsenstein 1985) 
was performed to quantify the support for the branches 
of the generated tree. 

Analysis of population genetic structure 
Both COI and control region sequences were used 

for population genetic analysis. DnaSP version 5.10 (Lib-
rado & Rozas 2009) was used to estimate the haplotype 
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Table 1. Accession numbers of COI gene sequences downloaded 
from GenBank. The sequences were those of Anas species and 
outgroup taxa in the subfamily Anatidae.

Category in 
analysis Species Accession No.

Ingroup Anas acuta
JN703169-83, GU571235, 
DQ434260-64, KC439302, 
GQ481317, EF515735

Anas americana DQ434265-DQ434269, DQ433309-
10, DQ432718

Anas bahamensis JQ174013-14, FJ027081

Anas carolinensis DQ432720, DQ434275-76, 80-81

Anas clypeata
JF499082-85, GU571236, 
DQ434270-74, AY666352, 
AY666360, EF515737

Anas crecca
JF499086, JN703184-96, GU571237-
8, GQ481318-21, FJ808622, 
EF515738

Anas cyanoptera FJ027082-6

Anas discors DQ434282-3, AY666323, AY666325

Anas falcata JN703209, GQ481322

Anas flavirostris FJ027087-91, JN801487

Anas formosa JN703249-50, FJ808623, EF515741

Anas fulvigula DQ432723

Anas georgica FJ027092-7

Anas gibberifrons JQ174015

Anas penelope JF499087, JN703197-208, 
GU571239, GQ481323-4, FJ808624

Anas platalea FJ027098-100

Anas platyrhynchos

KF992022, JF499088, JN703211-
26, GU571240-1, JN703242-8, 
DQ434287-91, GQ481325, 
AY666490, AY666496

Anas poecilorhyncha FJ661089, JF499089-91, JN03227-
41, AB843352

Anas puna FJ027101-2

Anas querquedula GQ481326

Anas rubripes AY666211, AY666221, DQ434292-6

Anas sibilatrix FJ027103-7

Anas strepera JN703210, DQ434297-299, 
DQ434301, GQ481327, AB843355

Anas superciliosa JN801396

Anas versicolor FJ027114-21

Outgroup Aix galericulata JN703260

Aix sponsa AY666569

Aythya affinis DQ434308

Aythya americana DQ434316

Aythya collaris DQ434324

Aythya marila DQ434334

Aythya valisineria DQ434338

Callonetta leucophrys FJ027277

Chenonetta jubata JN801436

Sarkidiornis 
melanotos FJ028237

Tadorna ferruginea GQ482749

Tadorna tadorna GU571651

diversity (h) and nucleotide diversity (p) of the Anas lu-
zonica population based on Nei & Li’s (1979) formulas.

Haplotype diversity (h) is commonly used as a mea-
sure of population variation. It is the probability of two 
haplotypes, randomly drawn from the population, being 
different (Nei 1987). Nucleotide diversity (p) is the aver-
age number of nucleotide differences per site between 
two DNA sequences selected at random. 

RESULTS AND DISCUSSION

This study successfully generated 46 COI sequenc-
es from Anas luzonica, with three distinct haplotypes 
found. The division of the 46 COI sequences into the 
three haplotypes are as follows: 27 for haplotype 1, 18 
for haplotype 2, and one for haplotype 3.  Haplotypes 2 
and 3 differ from haplotype 1 in only one nucleotide po-
sition.  Haplotype 2 differs from haplotype 3 in two po-
sitions. The nucleotide positions where the haplotypes 
vary are shown in Table 2.

For the genetic distance and neighbor joining anal-
yses, a total of 26 Anas species (including A. luzonica) 
were evaluated based on the availability of their COI 
sequences in Genbank.  In the species considered, the 
number of sequences analyzed and the number of 
unique sequences varied (Table 3).  Overall, 80 unique 
sequences were identified from the 264 sequences 
used. 

Genetic divergences were determined using the 
TrN+Γ+I model of DNA evolution, which was determined 
to be the optimal model based on the BIC criterion in 
jModelTest. Genetic divergences, measured as the aver-
age TrN+Γ+I distance, increased as the taxonomic level 
of the comparisons became more inclusive (Table 4).  
The mean TrN+Γ+I distance between genera (17.33%) 
was more than double that between species (8.24%), 
while the latter was nearly 55 times higher than the 
mean conspecific TrN+Γ+I distance value (0.15%).

The effectivity of barcoding in species delineation is 
dependent upon the presence of a barcode gap, i.e. the 
separation between the range of intra- and interspecific 
variations (Meyer & Paulay 2005).  In the COI sequenc-
es analyzed, the highest intraspecific TrN+Γ+I distance 
(7.24%) exceeded the smallest interspecific TrN+Γ+I dis-
tance (0.16%), indicating the absence of the gap.  Figure 
1 illustrates the degree of overlap between intra- and 
interspecies variation.  Majority (99.73%) of variation 
within species was found to occur within the 1.3% dis-
tance based on the TrN+Γ+I model, which is less than 
the value derived by Hebert et al. (2004) for birds (2.7%) 
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Table 2. Nucleotide differences between the three haplotypes of the 
Anas luzonica cytochrome c oxidase I gene sequences.

Nucleotide position

Haplotype 142 316

1 C A

2 C G

3 T A

Table 3. The number of sequences used and number of haplotypes 
found in each Anas species considered in the study. Asterisks mark 
species with at least one haplotype shared with another species.  
The 12 outgroup species (not shown here) were represented by one 
cytochrome c oxidase I sequence each.

Species # of sequences evaluated # of haplotypes

Anas acuta 23 3

Anas americana 8 5*

Anas bahamensis 3 1

Anas carolinensis 5 1

Anas clypeata 13 5

Anas crecca 22 6

Anas cyanoptera 5 2*

Anas discors 4 1*

Anas falcata 2 1

Anas flavirostris 6 3*

Anas formosa 4 2

Anas fulvigula 1 1

Anas georgica 6 5

Anas gibberifrons 1 1

Anas luzonica 46 3

Anas penelope 17 5

Anas platalea 3 2

Anas platyrhynchos 35 9*

Anas poecilorhyncha 20 5*

Anas puna 2 1

Anas querquedula 1 1

Anas rubripes 6 3*

Anas sibilatrix 5 2*

Anas strepera 7 1

Anas superciliosa 1 1

Anas versicolor 6 3

based on the less realistic K2P model.  Some (10.44%) 
of the comparisons between species however also fell 
within this distance, with 2.33% of interspecies compari-
sons showing very little genetic divergence. 

The utility of DNA barcoding for distinguishing Anas 
luzonica from other Anas species was supported by the 
maximum likelihood tree constructed based on COI 
gene sequences (Fig. 2).  All three Anas luzonica hap-
lotypes clustered into a monophyletic group supported 
by a bootstrap value of 96%.  This monophyly may be 
considered significant since Anas luzonica is known to 
hybridize with Anas platyrhynchos and Anas supercili-
osa (Pacific Black Duck), both of which also belong to 
the mallard clade (McCarthy 2006).  Sampling of Anas 
luzonica from geographically widespread locations, es-
pecially areas of sympatry with the Mallard and Pacific 
Black Duck, may provide further insight into the utility 
of DNA barcoding for Anas luzonica species delineation.

Based on the COI sequences and the NJ tree, this 
study noted Anas species with identical haplotypes such 
as A. cyanoptera and A. discors; A. americana, A. flavi-
rostris and A. sibilatrix; A. platyrhynchos and A. poecilo-
rhyncha; and A. platyrhynchos, A. poecilorhyncha and A. 
rubripes.  Sharing of haplotypes may explain why some 
species lump together in the COI maximum likelihood 
tree (Fig. 2).  Haplotype sharing between Anas species is 
not an uncommon occurrence.  Such has been observed 
between the mitochondrial control region sequences 
of A. penelope and A. americana, and those of A. pe-
nelope and A. strepera.  Each of these pairings is known 
to hybridize and produce viable offspring.  Haplotype 
sharing between these species has been attributed to 
the introgression of mitochondrial DNA into previously 
genomically distinct species (Peters et al. 2005).  Inter-
species hybridization may also be the cause of the lack 
of genetic divergence between some species in the pres-
ent study.  Cases of hybridization in the wild have been 
reported for Anas cyanoptera (Cinnamon Teal) and Anas 
discors (Blue-winged Teal), which exhibit paraphyly with 
respect to each other within the clade of blue-winged 
ducks (Cockrum 1952; Kessler & Avise 1984; Johnson & 

Sorenson 1999); however, the paraphyly of these two 
species may have also been a result of a relatively re-
cent divergence, meaning A. cyanoptera and A. discors 
are young lineages and ancestral haplotypes are still re-
tained.  The cause of low divergence and paraphyly in A. 
cyanoptera and A. discors warrants further study (John-
son & Sorenson 1999).

Following its widespread geographic distribution, 
the Mallard (A. platyrhynchos) has been well known to 
hybridize and produce 100% viable offspring with other 
species, including the American Black Duck (A. rubripes) 
(Avise et al. 1990).  Before the European settlement in 
North America, A. platyrhynchos and A. rubripes popu-
lations were allopatrically separated.  The latter was 
considered an isolated offshoot of the former. Habitat 
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alteration and game-farm mallard releases during the 
20th century resulted in sympatry between the species. 
Increased secondary contact has led to extensive hy-
bridization between A. platyrhynchos and A. rubripes 
(Mank et al. 2004).  Mank et al. (2004) speculated that 
hybridization brought about the significant reduction in 
genetic differentiation for Mallards and Black Ducks.  A 
later study which examined the effect of the exclusion/
inclusion of introgressing taxa on relationships among 
the Mallards and allies revealed that at least for New 
World taxa (which includes A. rubripes), hybridization 
plays a significant role in confounding phylogenetic re-

lationships (Lavretsky et al. 2014).
In the present study, the other species which shared 

COI haplotypes with the Mallard was the Indian Spot-
billed Duck A. poecilorhyncha.  Although there is a lack 
of documentation for fertile hybrids formed between 
A. platyrhynchos and A. poecilorhyncha individuals, A. 
platyrhynchos is known to hybridize with the Chinese 
Spot-billed Duck A. zonorhyncha, the Indian Spot-billed 
Duck’s eastern counterpart (Kulikova et al. 2004).  Upon 
Random Amplified Polymorphic DNA analysis, a study by 
Kulikova et al. (2003) reported low genetic differentia-
tion between A. platyrhynchos and A. poecilorhyncha.  
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Figure 1. Frequency distribution of corrected pairwise TrN+Γ+I distances for the cytochrome c oxidase I gene to show overlaps. Pairwise 
comparisons between sequences are divided into intraspecific (within species), interspecific (between species), and intergeneric (between 
genera) comparisons. The X-axis values refer to the maximum genetic distance value within each interval. Percentages above the bars 
indicate estimations of how much of the comparisons per category fall under each distance interval. Majority (93.43%) of within species 
comparisons have genetic distances within 0.7%.

Table 4. Summary of genetic divergences (corrected TrN+Γ +I pairwise values) between genera, between species, and within species.

Comparisons # of comparisons Minimum Maximum Mean Standard deviation

Intergeneric 3078 0.0967 0.2962 0.1733 0.0285

Interspecific 28670 0.0016 0.1762 0.0609 0.0402

Intraspecific 2677 0 0.0724 0.0015 0.0037

Table 5. Measures of the extent of DNA polymorphism within the Anas luzonica population.

Gene Haplotype diversity (h) Standard deviation of h Nucleotide diversity (p) Standard deviation of p

Cytochrome c oxidase I 0.513 0.038 0.00087 0.00008

Control region 0.778 0.049 0.00413 0.00087
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Figure 2. Neighbor-joining tree of cytochrome c oxidase I gene sequences (610 bp) from Anas species and outgroup taxa within the subfamily 
Anatidae based on the GTR+Γ+I model of DNA evolution. The outgroup taxa consisted of representatives from the following genera: Aix, 
Aythya, Callonetta, Chenonetta, Sarkidiornis, and Tadorna. Bootstrap support values greater than 50% are indicated on branch nodes. Scale 
bar represents two nucleotide changes for every 100 nucleotides. The compositions of the clades are according to Johnson & Sorenson 
(1999).

The geographic range of Spot-billed Duck described in 
the study, which covered northern and western China, 
as well as Korea and Japan, indicates that the species is 
likely to be A. zonorhyncha rather than A. poecilorhyn-
cha (Kulikova et al. 2003).

Cross accounts of A. americana American Wigeon 
with A. sibilatrix Chiloé Wigeon have been documented; 
however, these hybridization events have occurred in 
captivity as A. americana is primarily restricted to North 
and Central America, while A. sibilatrix mainly inhabits 
the southern cone of South America (McCarthy 2006; 
Kerr et al. 2009).  Despite differences in plumage charac-
teristics and behavioral displays, COI sequence overlaps 
between the two species have been recorded (Kerr et al. 
2009).  Peters et al. (2005) explained that the rapid accu-
mulation of phenotypic differences is a probable result 
of differing selective pressures between the northern 
and southern hemispheres (Kerr et al. 2009).

Haplotype sharing of A. flavirostris Speckled Teal 
with both A. americana and A. sibilatrix is difficult to ex-
plain because the taxa belong to different clades (Fig. 

2).  Moreover, there are no documented hybridization 
events between the species. 

With the exception of one haplotype of A. flaviros-
tris, all species analyzed grouped in accordance to their 
respective clades (Johnson & Sorenson 1999).  Mono-
phyly was exhibited by mallards, pintails, Baikal teals, 
and blue-winged ducks.  Some of the phylogenetic rela-
tionships between clades were similar to those elucidat-
ed by Johnson & Sorenson (1999) using cytochrome-b 
and NADH dehydrogenase subunit 2 (ND2) mitochon-
drial DNA sequences, with some notable exceptions.  In 
the current study, for example, the silver teals were not 
monophyletic, with A. quercedula falling at the base of 
the blue-winged ducks with 82% bootstrap support. 

Results obtained by Johnson & Sorenson (1999) and 
the present study agree that for the wigeon/pintail/
teal/mallard clade, the lineage of wigeons branched out 
early (100% bootstrap support in the cyt b and ND2 con-
sensus tree and 52% in the current COI maximum like-
lihood tree).  The sister clade of the mallards differed 
however; for the cyt b and ND2 consensus tree, this was 
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the green-winged teals, while in the current COI maxi-
mum likelihood tree, it was the grey teal (90% bootstrap 
support). 

The discrepancies between the COI NJ tree gener-
ated in the study and trees constructed based on other 
genes support the argument made by Lavretsky et al. 
(2014) that multiple genes need to be considered in 
resolving relationships among dabbling ducks, since ex-
tensive allele sharing occurs within this taxon.

Haplotype and nucleotide diversities for COI and 
control region sequences of the A. luzonica population 
are listed in Table 5.  Diversities for the COI gene are 
based on 46 sequences while those for the control re-
gion are based on 45 sequences. One control region se-
quence was poor in quality and was deemed unusable 
for analysis.

Haplotype diversities of both gene sequences are 
high (h>0.5), while the nucleotide diversities are low 
(p<0.005).  According to Grant & Bowen (1998), stable 
populations with large population sizes are character-
ized by high haplotype and nucleotide diversities (h>0.5, 
p>0.005). High h and low p may be a consequence of the 
rapid expansion of a population after the occurrence of 
a bottleneck event in which the effective population size 
is significantly reduced.  The high haplotype diversity 
is explained by the enhancement in retention and ac-
cumulation of new mutations when population growth 
following the bottleneck event is rapid (Grant& Bowen 
1998).

Following the interpretation proposed by Grant & 
Bowen (1998) on high haplotype diversity and low nu-
cleotide diversity, the A. luzonica population investigat-
ed appears to be undergoing a population bottleneck.  
The bottleneck effect, the drastic reduction in size of 
a population, may occur when a considerable number 
of individuals are killed by a natural calamity (e.g., fire, 
earthquake, flood, etc.) or by human activities (Camp-
bell et al. 2008).  Human activities are the likely causes 
of the bottleneck effects experienced by the population 
under study. Utilizing other markers, particularly those 
from the nuclear genome, may confirm the bottleneck 
phenomenon in the Philippine Duck.

Major threats to populations of the Philippine Duck 
include hunting and trapping.  The excessive practice of 
these activities, which first became evident in the 1960s, 
persists to this day, as evidenced by the fact that the tis-
sue samples used in the present study were confiscated 
from illegal hunters (BirdLife International 2012).  Popu-
lations are also impacted indirectly when their wetland 
habitats are disturbed. For example, draining wetland 
ecosystems for irrigation and agricultural reclamation 

leaves little habitat for waterfowl (Department of Envi-
ronment and Natural Resources & United Nations En-
vironment Programme 1997; Crosby 2003).  The use of 
wetlands for aquaculture, i.e., the conversion of these 
ecosystems to shrimp and fish ponds, has caused near-
extirpations of local populations of the Philippine Duck.  
The destruction of mangrove areas, which Philippine 
Ducks also inhabit, is associated with reduced popula-
tion sizes as well.  Lastly, runoff rich in pesticides from 
rice fields is also considered a major threat to popula-
tions of the Philippine Duck (BirdLife International 2012).

Although its range covers at least 30 localities in 
the Philippines extending from Luzon to Mindanao, 
the Philippine Duck is legally protected only in five lo-
calities, namely Mounts Iglit-Baco and Naujan Lake Na-
tional Parks in Mindoro, Aurora Memorial National Park, 
Bataan Natural Park and Subic Bay Forest Reserve, and 
Olango Island (BirdLife International 2012).  Technically, 
the Philippine Duck is protected by the Wildlife Resourc-
es Conservation and Protection Act or Republic Act No. 
9147 (Department of Environment and Natural Resourc-
es 2015).  However, since the passage of the Act on July 
2001, the population trend of the Philippine Duck has 
continued to decrease.  In 2004, the Asian Waterbird 
Census counted 4,632 individuals. The following year, 
4,428 were counted (BirdLife International 2012).

Considering the number of threats A. luzonica fac-
es, and the ineffective protection it has been given, it 
is likely that other populations of the Philippine Duck 
are experiencing bottleneck effects.  Populations that 
have undergone bottleneck events may have very low 
levels of genetic variation for long periods of time as a 
consequence of reduced effective population size and 
inbreeding (Campbell et al. 2008).  Low genetic varia-
tion does not bode well for the fitness of a population 
as it reduces fertility and increases embryonic mortality 
(Keller & Waller 2002).

The high haplotype diversities calculated in this 
study suggest that low genetic variation is not an issue 
for the A. luzonica population assessed. However, this 
population may not be representative of all populations 
of A. luzonica in the Philippines.  Extensive sampling 
from several localities must be conducted to ascertain 
whether other Philippine Duck populations are at risk 
for inbreeding depression (Keller & Waller 2002). 
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