
side  from  “Ludong”  or  President’s  fish 
(probably  Cestraeus plicatilis), “Pigek” is also 
known in the Philippines as a delectable, highly 
priced  and  rare  freshwater  fish.  Early  reports 
indicate  that  “Pigek”  is  of  the  species 

Mesopristes cancellatus and popularly believed to only be found 
in  Rio  Grande  de  Mindanao,  Tamontaka  River,  and  Pulangi 
River in Cotabato. However,  there have also been reports that 
“Bulidao”, a fish caught in Abra River, is of the same species as 
“Pigek” because of their resemblance. Here, we confirmed the 
identities of “Pigek” and “Bulidao” collected from Rio Grande 
de  Mindanao  and  Abra  River  respectively,  using  morpho-
meristics  and  genetics.  Morphological  comparison  using 
principal  component  analysis  and  three  genetic  markers: 

A cytochrome oxidase subunit 1 (COI), Control Region, and large 
subunit  ribosomal  DNA (16S),  revealed  that  “Bulidao”  and 
“Pigek” are indeed  M. cancellatus species and are one and the 
same.  Results  also  suggest  that  M.  cancellatus is  widely 
distributed  throughout  the  Philippines  contrary  to  what  was 
previously  thought.  This  bodes  well  for  its  management  and 
conservation and calls for further studies to determine whether 
this fish species originate from or constitute a single stock. 
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INTRODUCTION

Mesopristes  cancellatus is  a  freshwater  fish  known  as 
tapiroid grunter  under class  Actinopterygii, order  Perciformes, 
and  family  Terapontidae.  Its  frequent  synonym  is  Terapon 
cancellatus (Vari 2001). The fish is generally distributed from 
Sumatra eastward through the rest  of Indonesia,  New Guinea, 
and  Vanuatu  to  the  Solomon  Islands;  in  the  north  to  the 
Philippines and Taiwan Province of China (Vari  2001).  In  the 
Philippines, M. cancellatus is locally called as “Pigek.” Next to 
“Ludong”  or  President’s  fish  (popularly  known  as  Cestraeus 
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plicatilis),  the  “Pigek”  is  famous  for  its  delectable  taste, 
towering  price,  alarming  conservation  status  and  confusing 
taxonomic identity. 

The  current  status  of  the  fish  is  quite  alarming as  local 
fishermen  and  Regional  Bureau  of  Fisheries  and  Aquatic 
Resources (BFAR) data revealed that the average catch over the 
years has greatly decreased.  Actually, “Pigek” is now in danger 
of  becoming extinct  because  of  uncontrolled  and  unregulated 
harvesting  (Fresco  2002).  Presently,  efforts  are  underway  to 
conserve and protect the remaining population because rearing 
techniques and culture of the fish are difficult to develop. 

According to anecdotal reports “Pigek” samples which are 
found to be Tapiroid terapon of the lone species M. cancellatus 
believed  to  be  found  only  in  the  waters  of  the  Southern 
Philippines, specifically in Rio Grande de Mindanao, Tamontaka 
River,  and  Pulangi  River  in  Cotabato  (Macabalang  1984). 

Recently,  there have been claims that  “Bulidao” being caught 
downstream of Abra river,  located in the Northern part  of the 
Philippines,  is  the  same  species  as  “Pigek”  because  of  their 
resemblance. 

Species identification is almost always efficiently solved by 
the  use  of  a  standardized  molecular  approach  such  as  DNA 
barcoding in conjunction with a comprehensive morphological 
analysis (Hebert et al. 2004; Ward et al. 2005; Hubert et al. 2008; 
Meyer and Paulay 2005; Barrett and Hebert 2005; Hajibabaei et 
al. 2006). Actually,  barcoding particularly oversees the problem 
caused by intraspecific phenotypic variation which overlaps that 
of  sister  taxa  in  nature  leading  to  incorrect  identifications  if 
based  on  phenotype  only (Pfenninger  et  al.  2006).  Since  the 
inception  of  DNA  barcoding,  cryptic  variation  and  often 
spectacular  levels  of  taxonomic  diversity  have  been  detected 
(Hebert  et  al.  2004).  The  cytochrome  c  oxidase  subunit  1 
mitochondrial  region (COI) is  the most popular DNA barcode 
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Figure 1. A.  Sampling sites on the Philippine Map. One located in  Brgy. Tamurong, Puro, Caoayan, Ilocos Sur (Region 1) and 
another in Rio Grande de Mindanao in Sultan Kudarat, Maguindanao (ARMM). B. “Bulidao” captured from the mouth of Abra River. 
(Inset: Determination of eye diameter for morphometric data).  C. “Pigek” caught  from the river bank of Rio Grande de Mindanao. 
(Inset: Determination of dorsal fin soft rays for meristic data)



for animals because COI possesses a great range of phylogenetic 
signal  and  evolution  to  allow  the  discrimination  of  not  only 
closely allied species, but also phylogeographic groups within a 
single species (Hebert et al. 2003; Cox & Hebert 2001; Wares & 
Cunningham  2001).  Numerous  studies  have  established  the 
usefulness of COI barcoding in several large groups of animals, 
such as birds (Hebert et al. 2004), fish (Ward et al. 2005; Hubert 
et al. 2008), cowries (Meyer and Paulay 2005), spiders (Barrett 
and Hebert 2005), and Lepidoptera (Hajibabaei et al. 2006).  In 
cases where the COI marker is  not sufficiently informative or 
suitable for a certain taxon (Moritz and Cicero 2004; Will et al. 
2005),  identified  conserved  sequences  of  putative  functional 
importance in the control region of the mitochondrial DNA have 
provided  valuable  information  on  phylogeny,  phylogeography 
and population genetics (Brown et al.1986; Saccone et al.1987; 
Sbisa` et al.1997; Matson and Baker 2001; Larizza et al. 2002; 
Reyes et al. 2003; Ketmaier and Bernardini 2005; Iyengar et al. 
2006).  Other  phylogenetic  work  has  also  focused  on 
mitochondrial  genes  encoding  ribosomal 
(12S,  16S)  DNA,  although  broad 
taxonomic analyses is constrained by the 
prevalence  of  insertions  and  deletions 
(indels)  that  greatly complicate  sequence 
alignments  (Doyle  & Gaut  2000).  In  the 
past  two decades,  the  mitochondrial  16S 
rRNA gene has not only been widely used 
to  explore  the  phylogenetic  relationships 
of  lizards  at  varying  taxonomic  levels 
(Guo et al. 2011) but also in fish (Pondella 
et al. 2003), sea cucumbers (Byrne et al. 
2010) and other organisms.

In  this  study,  we  confirmed,  using 
morphological,  meristic  and  genetic 
analyses,  that  a)  “Pigek”  found  in  Rio 
Grande de Mindanao and “Bulidao” found 
in Abra River are M. cancellatus.

MATERIALS AND METHODS

Sample collections
A total of 16 samples were gathered 

from the sampling sites (Figure 1a). Eight 
“Bulidao” (Figure 1b) were collected from 
the  mouth  of  Abra  River  at  Brgy. 
Tamurong,  Puro,  Caoayan,  Ilocos  Sur 
while   eight  “Pigek”  (Figure  1c)  were 
obtained  from  the  river  bank  of  Rio 
Grande  de  Mindanao  in  Sultan  Kudarat, 
Maguindanao. Whole fish samples where 
chilled on ice until reaching the laboratory 
for  sorting,  initial  identification, 
morphological  examination,  tissue 
sampling  and  archival  storage.  Tissue 
extraction involved cutting a small  piece 

of muscle tissue from the left dorsal anterior side of the fish. 

Morphometric, Meristic and Principal Component Analyses
Documentation  involved  taking  photos  of  whole  fish 

samples beside a metric ruler. Morphometric characteristics like 
standard length (SL), head length (HL), length of the dorsal fin 
with spines (DSL), length of the dorsal fin with soft rays (SRL), 
eye  diameter  (ED),  length  of  the  anal  fin  (AFL),  pelvic  fin 
(PvFL),  pectoral  fin  (PcFL),  caudal  fin  (CFL)  etc.  were 
measured using a 12 inch ruler. Meristics, on the other hand, was 
determined  by  counting  the  spines  (NDFS)  and  soft  rays 
(NDFSR) on the dorsal fin, rays on the anal fin (NAFSR), pelvic 
fin (NPvFSR), and pectoral fin (NPcFSR), scales along (NLS), 
above (NRSLL)  and  below the  lateral  line,  number  of  cheek 
scales (NCS) etc.  These morphometric and meristic characters 
(Table 2) were recorded and log transformed before imported to 
PC-ORD  software  for  Principal  Component  Analysis.  The 
correlation option was selected in generating the cross products 
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Figure 2. Scatter plot of 16 “Pigek” samples using 19 morphometric and meristic data 
for Principal Component Analysis. Abra samples in darkened circles while Rio Grande 
samples in light circles. No significant loadings on Axis 1 while Axis 2 was primarily 
based on the “caudal fin length and number of cheek scales”



matrix  until  the  ordination  graph  was  produced.  Variables 
without variance were discarded from the analysis. 

Genetic Analysis
DNA was extracted according to Santos et al. (2010) with 

minor modifications. Ethanol preserved tissues were rinsed with 
de-ionized H2O. After which approximately 150 mg were sliced 
off with an uncontaminated disposable razor. The tissues were 
then minced and placed in a properly marked 1.5 mL Eppendorf 
tubes containing Cetyl Trimethyl Ammonium Bromide (CTAB) 
Extraction  buffer  (600  uL 2%  CTAB  pH  8.5,  30  uL of  1% 
Proteinase K) and incubated overnight in a water bath at 55 °C 
with occasional shaking. After incubation, 600 uL of chloroform: 
isoamyl (3:1) solution was added to each of the sample, shaken 
by hand for about 3 min. and then centrifuged for 5 min. at 8,000 
rpm.  The  upper  aqueous  supernatant  was  then  transferred  in 

newly marked 1.5 mL tubes, avoiding inclusion of the organic 
phase.  The  described  steps  of  clean-up  after  incubation  were 
done twice. DNA precipitation was then carried out by mixing 
50 uL of 3M Sodium Acetate (NaOAc) and 900 uL 95 % ethanol 
to  the  tubes  containing  the  supernate.  These  were  then  hand 
shaken for 3 min. and placed overnight in a –20 °C freezer. After 
precipitation, the tubes are spun in a microcentrifuge at 13,000 
rpm  for  30  min  and  then  the  aqueous  phase  was  carefully 
pipetted out leaving the DNA pellet at the bottom of the tube. 
The pellet was then rinsed by adding 500 uL 70% ethanol and 
spun for 13,000 rpm for 3 min. before removal of ethanol.  The 
previously  described  rinsing  step  was  done  twice.  The  DNA 
pellet was air dried for 10 minutes and rehydrated in 300 uL of 
1X  TE  buffer  (1  mM  EDTA,  10  mM  Tris-HCl,  pH  8.0). 
Resulting stock DNA extracts were stored in cryo vials at -20 
°C. 

Three  primers  pairs  (Table  1)  were 
used  for  amplification  of  the  genetic 
markers.  A 25  uL reaction  mixture  was 
prepared containing water, 1x PCR Buffer, 
0.2  mM  dNTP’s,  0.5  uM  primers  (for 
control region and 16S) or 0.8 uM primers 
(for  CO1),  2  mM  MgCl,  1  unit  Taq 
polymerase  and  1  ul  of  DNA template. 
They were  run on a thermal  cycler  with 
the  following  PCR  cycling  parameters: 
Initial denaturation at 94 °C for 10 min; 36 
cycles  of  94 °C for  30 s,  50 °C for  45 s, 
72 °C for 45 s; and a final extension of 72 
°C  for  10  min  (for  16S  and  Control 
Region  amplification)  or  94  °C  initial 
denaturation  for  1  min  followed  by  5 
cycles of 94 °C for 1 min, 45 °C for 1 min 
and 30 secs, 72 °C for 1 min and 30 secs; 
another 35 cycles of 94 °C 1 min, 50 °C 
for 1 min and 30 secs, 72 °C  for 1 min; 
and  a  final  extension  of  72  °C   for  5 
minutes (for CO1 amplification). After the 
reaction, amplicons were electrophoresed 
through  a  1  % agarose  gel  stained  with 
Ethidium Bromide and submerged in TAE 
buffer. Bi-directional capillary sequencing 
using  Big  Dye  Terminator  method 
followed.

DNA  sequences  were  edited  and 
aligned  using  alignment  explorer 
packaged in MEGA version 4.0 (Tamura 
et  al.  2007).  A  comprehensive 
phylogenetic  analysis  of  the  genus 
Mesopristes is  beyond  the  scope  of  this 
study.  We  do,  however,  present  the 
phylogenetic  positions  of  our  M. 
cancellatus samples relative to each other.
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Figure 3.  Scatter plot of 16 “Pigek” samples using 19 morphometric and meristic 
data for Principal Component Analysis. Abra samples in darkened triangles while Rio 
Grande samples in light  triangles.  Axis 2 was primarily based on the “caudal  fin 
length and number of cheek scales” while axis 3 was based on variations of “the 
number of soft rays on the dorsal fin and anal fin.”



In  conjunction  with  the  morpho-meristic  analysis,  a 
cladogram  for  each  marker  was  inferred.  Rhynchopelates 
oxyrhynchus marker  sequences  from  GenBank  were  used  as 
outgroup  sequences  for  the  genetic  analyses. The  bootstrap 
consensus tree inferred from 500 replicates and 64238 seeds was 
taken to represent the evolutionary history of the taxa analyzed 
and branches corresponding to partitions reproduced in less than 
50%  bootstrap  replicates  were  collapsed.  The  percentage  of 
replicate trees in which the associated taxa clustered together in 
the bootstrap test (500 replicates) is shown next to the branches 
(Felsenstein  1985).  The  tree  is  drawn  to  scale,  with  branch 
lengths in the same units as those of the evolutionary distances 
used to infer the phylogenetic tree. The evolutionary distances 
were computed using the Tamura-Nei method (Tamura and Nei 
1993). All phylogenetic analyses were done in MEGA version 
4.0 (Tamura et al. 2007). 

RESULTS AND DISCUSSION

Gross Morphology and Meristics
Eight  “Pigek”  and  “Bulidao” 

samples  each  were  analyzed.  In 
accordance with the descriptions made 
by Vari (2001), they closely resembled 
characteristics in published descriptions 
of  Mesopristes  cancellatus.  The 
observed  parameters  in  all  of  the 
samples fall well within the range of the 
different  diagnostic  characters  of  M. 
cancellatus. The dorsal part of the body 
was mainly gray to grayish brown and 
silvery white on the ventral side when 
fresh. Likewise, 5 dark oblique vertical 
bars  were  seen  dorsally  above  the 
uppermost  stripe  of  the  3  horizontal 
stripes which were found longitudinally. 
These coloration or markings, however, 
were  mostly  prominent  on  small 
individuals  and  less  prominent  fading 
into  the  background  on  larger 
individuals.  Length  and  weight  of  all 
the  samples  ranged  from  192mm  to 
310mm and  80g to  515g respectively. 
Head length (HL) ranged from 46mm to 
80mm  while  eye  diameter  (ED)  was 
from 12mm to 20mm. Likewise, all of 
the fish samples had 12 spines (NDFS) 
and either 10 or 11 soft rays (NDFSR) 
on  the  dorsal  fin.  Three  prominent 
spines  and  8  or  9  soft  rays  (AFSR) 
could also be observed on the anal fin. 
Five soft rays were found on the pelvic 
fin  (NPvFSR)  while  12  or  13  on  the 
pectoral fin (NPcSR). Number of scales 

on the lateral  line (NLS) ranged from 49 to 58, cheek scales 
(NCS)  from 4  to  7  and  number  of  rows  of  scales  above the 
lateral  line  is  either  8  or  9.   The  fish  also  had  a  very 
distinguishable  basal  blotch  on  the  anal  fin.  It  could  also  be 
noted that the post temporal bone is expanded, serrate and not 
covered  with  skin  and  scales.  The  opercular  spine  does  not 
extend  beyond the  margin  of  the  opercle  lobe  with  a  similar 
serrate  preopercle.  Average  measurements  for  “Pigek”  and 
“Bulidao” samples were determined and listed in Table 2.

Morphological Identity
For Principal Component Analysis, “Pigek” and “Bulidao” 

samples were analyzed using 19 characters (Table 2). All values 
obtained  from metrics  and  meristics  were  log  transformed  to 
minimize the effect of extremely high and low values; and more 
or  less equalize the distance units between measurements and 
frequencies used in the dataset. It is for the same reason for the 
use of correlation option in generating the cross products matrix. 
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Figure 4.  Figure 3. Evolutionary relationships of 17 taxa inferred using the Neighbor-
Joining method (Saitou and Nei 1987). The bootstrap consensus tree inferred from 500 
replicates  is  taken  to  represent  the  evolutionary  history  of  the  taxa  analyzed 
(Felsenstein  1985).  The percentage  of  replicate  trees  in  which  the  associated  taxa 
clustered together in the bootstrap test (500 replicates) are shown next to the branches 
(Felsenstein 1985). The tree is drawn to scale, with branch lengths in the same units as 
those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary 
distances were computed using the Tamura-Nei method (Tamura and Nei 1993) and are 
in the units of the number of base substitutions per site. Gaps and missing data in 467 
positions were eliminated from the dataset  (Complete deletion option).  Phylogenetic 
analyses were conducted in MEGA4 (Tamura et al. 2007). 



No other rotation was used.

The first 5 components displayed eigenvalues greater than 
1. However,  only the first three components, which accounted 
for  approximately  71.87%  of  the  total  meaningful  variance 
(Supplementary  Table  A),  were  retained  for  the  analysis.  For 
interpretation, an item was said to load on a given component if 
the absolute value of its factor loading was .40 or greater for that 
component, and was less than .40 for others. Using these criteria, 
no  items  were  found  to  load  on  the  first  component,  thus, 
indicating  the  homogeneity  of  the  analyzed  characteristics 
among the samples on this axis. No specific character defined 
the relationship of any of the samples on axis or component 1 
(Supplementary Table B). This is a preliminary indication that 
no specific morpho-meristic pattern in axis I may be observed in 
the samples in relation to the sampling sites.   Meanwhile, two 
items loaded on the second component, thus, any correlation on 

this axis would primarily be based on the “caudal fin length and 
number of cheek scales.” On the third component, however, any 
correlation, based on 9.29% meaningful variance, between the 
characters  on this axis would be mainly on variations of “the 
number  of  soft  rays  on  the  dorsal  fin  and  anal  fin” 
(Supplementary  Table  B).  When  the  resulting  ordination  was 
graphed on scatter plots using components one vs two and two 
vs  three,  no clustering related to  the geographic origin of the 
samples could be observed (Figure 2 and 3). In the context of 
species differentiation, it can be inferred that the samples do not 
differ  exclusively  from  one  another  based  on  the  principal 
component analysis of the examined morphometric and meristic 
characters.

Genetic Identities
Using BLASTn, DNA sequences of the samples using the 

three markers are approximately 87% identical with the blotched 
terapon,  Rhynchopelates oxyrhynchus 
(accession: AP011064.1). The value of the 
identity does not, however, suggest that the 
samples  are  indeed  Rhynchopelates. 
Instead,  this indicates that  the among the 
terapontid  sequences  in  GenBank,  the 
nearest genetic sister group of the samples 
is  Rynchopelates.  Examination  of  the 
samples  and  comparison  with  published 
descriptions reveal  that  they are different 
from  Rhynchopelates and are most  likely 
Mesopristes. The average genetic distance 
over  all  sequence  pairs  using  Kimura  2-
parameter  model  is  0.020 for  CO1,  .033 
for the control region and 0.004 for 16S, 
indicating homogeneity in  the  sequences. 
This  is  further  supported  when  pairwise 
sequence  alignment  is  done  and  high 
identity  scores  of  96  to  99%  within 
datasets  are  observed.  Based  on  these 
observations  of  the  DNA  sequence 
characteristics  presented  by  the  markers, 
there is a high probability,  therefore,  that 
the samples are identical to each other and 
no  difference  can  be  seen  in  relation  to 
geographic  origin.  The  Genbank  voucher 
sequence  of  Rhynchopelates oxyrhynchus 
was  used  as  outgroup  to  determine  the 
interrelatedness the samples and construct 
a  neighbor  joining  tree  for  each  of  the 
markers. Primarily, cladogram construction 
to  describe  phylogenetic  relationships  in 
the  study  was  based  on  mtDNA  CO1 
(Folmer  et  al.  1994) because  there  is  a 
preliminary assumption that it possesses a 
great  range  of  phylogenetic  signal  and 
evolution  to  allow  the  discrimination  of 
not  only  closely  allied  species,  but  also 
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Figure 5. Evolutionary relationships of  17 taxa based on CR marker and inferred 
using the Neighbor-Joining method (Saitou and Nei 1987). The bootstrap consensus 
tree inferred from 500 replicates is taken to represent the evolutionary history of the 
taxa analyzed (Felsenstein  1985).  The percentage of  replicate trees in which the 
associated taxa clustered together in the bootstrap test (500 replicates) are shown 
next to the branches (Felsenstein 1985). The tree is drawn to scale,  with branch 
lengths in the same units as those of the evolutionary distances used to infer the 
phylogenetic tree. The evolutionary distances were computed using the Tamura-Nei 
method  (Tamura  and  Nei  1993)  and  are  in  the  units  of  the  number  of  base 
substitutions per site. Gaps and missing data in 224 positions were eliminated from 
the dataset  (Complete  deletion option).  Phylogenetic  analyses were conducted  in 
MEGA4 (Tamura et al. 2007). 



phylogeographic groups  within a  single species  (Hebert  et  al. 
2003;  Cox  &  Hebert  2001;  Wares  &  Cunningham  2001). 
Although, as shown, no geographic based grouping or a highly 
supported genetic pattern was observed (Figure 4). Proven to be 
highly  conserved  for  this  particular  species  with  only  4 
parsimony informative sites  and 6 unique haplotypes,  mtDNA 
CO1 strongly suggests conspecificity in all the samples. 

On the other hand, it is widely accepted that mitochondrial 
DNA  (mtDNA)  control  region  evolves  faster  than  protein 
encoding genes, (with few exceptions) and thus, are frequently 
utilized for population genetic and phylogenetic studies of fishes 
(Tang et al. 2006). It is in this context that the control region was 
also  used  in  the  analysis  to  confirm  the  previous  results.  In 
agreement, the analysis also produced an NJ Tree showing no 
distinct genetic pattern (Figure 5). This can be accounted to the 
very low number of parsimony informative characters (2) and 
having  only  4  unique  haplotypes  in  the 
dataset, as also found in the CO1 marker. 
Although a slower rate of substitution in 
CR  was  previously  found  in  salmonid 
fishes  (Bernatchez  and Danzmann 1993; 
Shedlock et al. 1992), this may not be the 
case  as  the  K2P genetic  distance  of  the 
marker in this study is comparably higher 
than  that  of  the  CO1.  This  supports  the 
previous result that the samples generally 
belong  to  one  species  for  having  a 
popularly  believed  variable  CR  marker 
(Lee et al. 1995) to be highly conserved 
among the samples.

Further  phylogenetic  analysis 
proceeded with 16S as marker because the 
mitochondrial  gene  for  16S  ribosomal 
RNA was also proven to be as useful as 
the CO1 and CR markers in phylogenetic 
studies,  providing  information  on  the 
systematics  of  terrestrial  and  marine 
vertebrates  (Allard  et  al.  1992; 
Milinkovitch  et  al.  1993).  These  genes 
have  also  been  successfully  used  in 
reconstructing  phylogenies  for  marine 
fishes,  such  as  Centropomidae  (snooks) 
and Epinephilnae (groupers) (Craig et al. 
2001; Tringali et al. 1999). Actually, it is 
believed to be powerful for phylogenetic 
questions since its secondary structures of 
loop  and  stem  regions  allows  both 
conservative  and  relatively  variable 
regions of the mitochondrial genome to be 
analyzed with a potential to resolve both 
deep  and  shallow  clades  (Pondella  II 
2003). With agreement to previous results, 
however,  the  NJ  tree  showed  no 

geographic  based  grouping  or  any  particular  genetic  pattern 
(Figure 6). This 16S marker (Meyer et al. 1994) also proved to 
be  conserved  among  the  samples,  with  only  one  parsimony 
informative  character  and  three  unique  haplotypes;  thus, 
resulting  again  to  low  bootstrap  support.  With  these  three 
markers, the overall result leads to the conclusion that samples 
are  very  much  genetically  identical  to  each  other.  It  may be 
noted that  the  outgroup,  which is  presumed to be  the  nearest 
sister  group  as  it  has  the  highest  identity  match  among  all 
available  sequences  in  GenBank  through  BLAST,  is  seen  as 
genetically distant from the group indicating that there may still 
be  a  missing  stem  taxon in  its  evolution.  This  is,  however, 
beyond the scope of this study but nevertheless warrants a more 
comprehensive phylogenetic study of the genus and the family 
Terapontidae. 
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Figure 6. Evolutionary relationships of 17 taxa based on 16S marker and inferred 
using the Neighbor-Joining method (Saitou and Nei 1987). The bootstrap consensus 
tree inferred from 500 replicates is taken to represent the evolutionary history of the 
taxa analyzed (Felsenstein 1985).  The percentage of  replicate trees in which the 
associated taxa clustered together in the bootstrap test (500 replicates) are shown 
next to the branches (Felsenstein 1985). The tree is drawn to scale,  with branch 
lengths in the same units as those of the evolutionary distances used to infer the 
phylogenetic tree. The evolutionary distances were computed using the Tamura-Nei 
method  (Tamura  and  Nei  1993)  and  are  in  the  units  of  the  number  of  base 
substitutions per site. Gaps and missing data in 506 positions were eliminated from 
the dataset (Complete deletion option).  Phylogenetic  analyses were conducted in 
MEGA4 (Tamura et al. 2007). 



CONCLUSION

The  study  now  suggests  that 
“Pigek” is not only found in Mindanao 
but also in Abra River in Luzon. Since 
published reports from a lot of sources 
suggest that  M. cancellatus is widely 
distributed in the Philippines and the 
Asia  Pacific  Region,  there  is  high 
possibility that the fish species can be 
found in other freshwater bodies in the 
country as reported (Vari 2001). This 
bodes well for the management of this 
threatened  species  in  the  Southern 
Philippines as new sources and habitat 
are found in other parts of the country. 
It would then be interesting to note in 
the future whether  the Abra and Rio 
Grande samples constitute / originated 
from  a  single  stock  and  determine 
their  true  evolutionary  history  and 
phylogeography. Voucer sequences of 
“Pigek”  (JN704357  and  JN704358) 
and  Bulidao  (JN704355  and 
JN704356)  are  now  available  in 
BOLD. 
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Table 3. Extracted Variances from Different Axes using PCA of morpho-meristic data set

Table 4. First Six Eigenvectors and the Corresponding factor loadings of each morphomeristic 
character


