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DNA barcoding of Philippine freshwater eels of families

Anguillidae and Synbranchidae

Ariana Gabrielle B. Melgarl’z, Robert S. Guino-o IT', and Persie Mark Q. Sienes'

Abstract

Philippines.

Introduction

Freshwater anguillid eels are economically important
species in the Philippines and worldwide (Feunteun, 2002; Han
et al., 2010; Piper et al., 2012; Jacobsen et al., 2017).
According to the Fisheries Statistics of the Philippines, the
production volume of anguillid eels in 2001 was 201 MT and
increased ten-folds by 2013 when the country produced 2,489
MT of anguillid eels. Owing to their economic importance,
there is a persistent call for a revision of the systematics of
freshwater anguillid eels.

In the Philippines, DNA barcoding of freshwater anguillid
eels have been studied but are limited to sites in Luzon
(Jamandre et al., 2007; Teng et al., 2009). Although a study on
freshwater eels was conducted in Mindanao, it focused mainly
on the recruitment, and species composition in the area
(Shirotori et al., 2016). No studies have been done in the
Visayas on anguillid eels. Thus, there is a need for a
countrywide study on the DNA barcoding of freshwater
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The study used morphological and genetic approach for the DNA barcoding analysis of the inter- and intra-species
relationships among catadromous Philippine freshwater eels. Past DNA barcoding studies on Philippine anguillid eels
came from Northern Luzon. This study aimed to determine the DNA barcodes of the freshwater eels of the Philippines
using the cytochrome ¢ oxidase 1 (CO1) gene of the mitochondrial DNA. Specimens were collected from six sites in the
Philippines. Four Anguilla species - Anguilla bicolor pacifica Schmidt, 1928, A. celebesensis Kaup, 1856, A. interioris
Whitney, 1938 and A. marmorata Quoy & Gaimard, 1824 and one Monopterus species— Monopterus javanensis
Lacepéde, 1800 were collected and identified. Morphological features varied from the taxonomic guides for Anguilla
celebesensis and A. interioris with their body color and fin length. Genetic divergence estimates using Kimura 2-
parameter substitution model showed an intraspecific variation of 0-0.4% and interspecific variation of 4.1— 27.6%. The
ML tree generated was similar to the previous studies and indicated the monophyly of the Indo—Pacific freshwater
anguillid eel lineage. This study also reports the first genetic record of M. javanensis sampled from Batac, Ilocos Norte,

Keywords: Anguilla, catadromous, ichthyology, Monopterus, systematics

anguillid eels in the Philippines.

This study aims to DNA barcode and determine the
phylogenetic relationships among the freshwater eels of the
Philippines using the cytochrome ¢ oxidase 1 (CO1) gene of the
mitochondrial DNA.

Freshwater, tropical eels in the genus Anguilla are
catadromous migratory fishes with a multi-stage life cycle.
When eels mature, they migrate to the open ocean to spawn. The
leptocephali or eel larvae are carried by the ocean currents into
estuaries where they develop into elvers. These elvers move
upstream to mature (Han et al., 2001).

There are 11 reported species and sub-species of anguillid
eels in the Philippines. Ten of these are reported from other Indo
-Pacific countries: Anguilla bicolor bicolor McClelland, A.
bicolor pacifica Schmidt, A. borneensis Popta, A. bengalensis
(Gray), A. celebesensis Kaup, A. huangi Teng, Lin & Tzeng, A.
japonica Temminck & Schlegel, 4. malgumora Kaup, A.
marmorata Quoy & Gaimard. One species is endemic to the
Philippines: A. luzonensis Watanabe, Aoyama & Tsukamoto
(Arai et al., 2003; Minegishi et al., 2005; Jamandre et al., 2007,
Briones et al., 2007; Watanabe et al., 2009; Teng et al., 2009;
Yoshinaga et al., 2014; Aoyama et al., 2014; Shirotori et al.,
2016; Froese & Pauly, 2019).

Recent studies on freshwater anguillid eels in the
Philippines tackled questions ranging from species compositions
and biology (Aoyama et al., 2014; Yoshinaga et al., 2014;
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Shirotori ef al., 2016), to growth and migration patterns (Arai et
al., 1999; Arai et al., 2003; Briones et al., 2007) to molecular
phylogeny (Jamandre ef al., 2007; Teng et al., 2009).

Shirotori et al. (2016) examined the recruitment and
species composition of freshwater glass eels in Buayan River,
southern Mindanao, to provide information for the development
of management strategies for these commercially exploited
stocks. A total of seven species were recorded, the most
dominant being Anguilla marmorata making up 76.1% of all
samples, followed by A. bicolor pacifica Schmidt (19.5%). A.
Whitney, 4.
borneensis, and A. japonica all occurred at 0.02-3% frequency.

The study by Yoshinaga ef al. (2014) on the occurrence and
biology of 4. japonica in Cagayan River found that Japanese
glass eels found in Northern Luzon were, on average, 147.2 +
21.3 d old. Among a total of 767 specimens, only 52 were 4.
japonica. These eels spawn in the Northern Equatorial Current

celebesensis, A. interioris luzonensis, A.

in the Philippines, thereafter, dispersing to freshwater habitats
in East and Southeast Asia (Yoshinaga et al., 2014). With the
increasing commercial demand for freshwater eels (Jacobsen et
al., 2017), there is a need for further understanding of the
biology and distribution of these fishes for
management.

resource

Another study conducted a comparative investigation on
the otolith microstructure of 4. celebesensis from Indonesia and
the Philippines. The mean duration of metamorphosis was
similar among sites, at 15-17 d, while mean ages at
metamorphosis varied through 98 + 7.2 d, 122 = 7.2 d, 90 +
13.6 d, and 112 + 14.2 d from Indonesia, and 124 + 12 d and
157 £ 13.7 d from the Philippines. A positive relationship was
also seen between age at metamorphosis from leptocephalus to
glass eel and recruitment (Arai ef al., 2003).

Using otoliths of Anguilla marmorata, A. bicolor bicolor
and A. bicolor pacifica, migratory patterns of freshwater
tropical eels past the elver stage were also studied in Northern
Luzon. With the use of an electron probe microanalyzer,
changes in the Strontium:Calcium ratio were analyzed in the
otoliths of 22 specimens collected from Kalinga and Cagayan
Provinces. Four types of patterns were found: Type 1 or
freshwater type; Type 2 or the marine type; Type 3a or the
estuarine but favors freshwater type and; Type 3b or estuarine
but favors marine type. These results showed the wide
distribution of tropical eels in the different aquatic
environments in the Philippines. As larvae, Philippine eels
exhibit survival from high salinity to low salinity environments
(Briones et al., 2007).

Jamandre ef al. (2007) conducted a study on the phylogeny
of Philippine eels using the mitochondrial 16s rRNA and
cytochrome b genes. Specimens were collected from four sites
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in Northern Luzon— Abulog, Buguey, and Chico Rivers, and
Casili Creek. One species and two subspecies were identified: 4.
marmorata, A. bicolor bicolor, and A. bicolor pacifica with A.
marmorata as the most basal species. The study concluded that
Philippine freshwater eels came from the Indo-Pacific lineage
originating from the Indo—Malayan region.

Another study on the phylogeny of Philippine freshwater
eels was conducted by Teng et al. (2009) in the same sites using
cythb. Evidence of a new species of freshwater eel, 4. huangi,
was found. Anguilla huangi is morphologically similar to A.
celebesensis, and clusters using the Minimum Network method.
In contrast, Kottelat (2013) classifies A. huangi as a synonym of
A. luzonensis. Nevertheless, molecular analyses using the
Neighbor-Joining, and Maximum Likelihood methods showed
strong support for it clustering with A. interioris (bootstrap
value 99). The phylogenetic analyses showed that different
species of freshwater eels diversified through several speciation
events as well as expansion of their distributions (Teng et al.,
2009).

Methods

Sample Collection, Preservation, Identification, and
Morphometrics

There were six collection sites (Figure 1) for this study,
namely, Batac in Ilocos Norte, Gasan in Marinduque, two sites
in Valencia in Negros Oriental, Sibutad in Zamboanga del
Norte, and Davao City. The study considered these six sites
because of the presence of freshwater eels as reported by
colleagues in the field. Samples were either bought directly from
local fishermen at the site or caught from the wild using
indigenous fish traps and hook and line, from October 2018 to
January 2020.

Samples from each site were photographed and preserved in
95% ethanol. Morphometric measurements were made using
Imagel (Abramoff et al., 2004). Features included were (Figure
2.A) total length (TL), standard length (SL), pre—dorsal length
(PDL), head length (HL), pre—anal length (PAL), pre-orbital
length (POL), eye diameter (ED), and length of the lower jaw
(LJ). Fin length, and mouth size were described using the
criteria of Silfvergrip (2009). Anterior fin margin > 5% of the
total length in advance of the anus is considered long (Figure
2.B). For the mouth size, lower jaw length about a third of HL is
large while about a quarter of HL is small (Figure 2.C). The
frequency of individuals per species in each site was noted and

summarized as mean and standard deviation. Recorded
characteristics also included body color and significant
colorations.

Specimens were initially identified using Silfvergrip (2009)
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and Carpenter and Niem (2001). Identification was verified
using the CO1 gene sequences that were matched using the
Basic Local Alignment of Sequence Test or BLAST (Altschul
et al, 1990) to GenBank at the National Center for
Biotechnology Information (NCBI).

Three to five representatives per species were used for
DNA analysis. Muscle tissue samples of 1 to 2 cm2 were
aseptically excised from the dorsal right side of the specimen
(Jamandre et al., 2007). Voucher specimens have been
deposited at the RB Gonzales Museum of Natural History of
Silliman University.

Molecular Analysis
DNA extraction was performed according to the protocol
for the Wizard® SV Genomic DNA Purification System of
Promega. DNA extracts were verified using 1% agarose gel
electrophoresis, and then subjected to Polymerase Chain
Reaction (PCR) using the following forward, and reverse
primers (Ward et al., 2005).
FishF1 5>’TCAACCAACCACAAAGACATTGGCAC3’
FishR1 S"TAGACTTCTGGGTGGCCAAAGAATCA3’
The PCR Master Mix for every 25 pL reaction was as
follows: 2.5 pL 10x My Taq Master Mix, 0.75 uL 10 uM
forward primer, 0.75 pL 10 uM reverse primer, 0.5 L. dNTPs,
1 uL MgCl2, 0.125 pL Taq Polymerase, 5 L. DNA template,
and double-distilled water (Ward et al., 2005). GoTaq Green
Master mix was used as an alternative to the PCR Master Mix.
PCR products verified using 1.5% agarose gel
electrophoresis. PCR purification and single-pass sequencing
was outsourced to 1stBase, a DNA sequencing company based
in Malaysia. Single-pass sequencing was used to generate a

were

forward and reverse sequence.

Consensus sequences were generated using the Staden
package (Staden et al., 2000). The generated consensus
sequences were aligned using the ClustalW function of the
Molecular Evolutionary Genetic Analysis version 7 program
(MEGA7) (Kumar et al., 2016). Meanwhile, the phylogenetic
tree topologies were generated using Maximum Likelihood and
Neighbor-Joining methods (Felsenstein, 1981; Saitou & Nei,
1987) at 1000 bootstrap replicates with Kimura 2-parameter
substitution model (Kimura, 1980). Monopterus javanensis was
included in the phylogenetic analysis as a relative of the genus
Anguilla belonging to the same class Actinopterygii. The
pairwise comparison (Coté ef al., 2013) and genetic divergence
values were computed using MEGA 10 (Kumar et al., 2018).

All the sequences generated from the study was submitted
to NCBI GenBank with the following accession numbers: A.
bicolor pacifica MT647227, A. celebesensis MT647217,
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Figure 1. Location of the collection sites of Philippine freshwater eels.

MT647218, MT647222, MT647219, MT647220, MT647221,
MT647235 and MT647238, A. interioris MT647232,
MT647233, MT647234, MT647236 and MT647239, A.
marmorata MT647225, MT647226, MT647223 and MT647224,
and M. javanensis MT647228, MT647229, MT647230 and
MT647231.

The following reference sequences were retrieved from
NCBI and BOLD and used in the generation of the tree topology
specifically A. australis (KJ669387.1 and EF609282.1), A.
bengalensis bengalensis (KM875501.1, KP897130.1 and
KT728353.1), A. celebesensis (GBMNA14377-19, and
LC588374.1), A japonica (KU942732.1), A. marmorata
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Figure 2. Morphometric measurements made on each specimen (modified from Google Images, 2020). Features included are (A)
total length, standard length, pre—dorsal length, head length, pre—anal length, pre-orbital length, eye diameter, and length of the
lower jaw. (B) Criteria for fin length and, (C) Criteria for the mouth size (Silfvergrip, 2009).
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GBMNA14390-19 Anguilla bicolor pacifica Malaysia — —
LC588373.1 Anguilla bicolor pacifica Camarines Sur
MT647227 A bic pac DAV 03
KM875505.1 Anguilla bicolor bicolor
KMB875503.1 Anguilla bicolor bicolor
KM875501.1 Anguilla bengalensis bengalensis
59|, KP897130.1 Anguilla bengalensis bengalensis
870 KT728353.1 Anguilla bengalensis bengalensis
L.C588369.1 Anguilla luzonensis Albay
MT647239 A int VAL 08
MT647236 A mt VAL 05
99|\ MT647232 A int ZAM 01
MT647234 A int ZAM 03
MT647233 A int ZAM 02
GBMNA14379-19 Anguilla interioris Papua New Guinea
LC588365.1 Anguilla marmorata Albay
KU692252.1 Anguilla marmorata Indonesia
MT647223 A mar MAR 01 A A
| MT647224 A mar VAL 02 Indo-Pacific Lineage
MT647225 A mar DAV 01
M MT647226 A mar DAV 02 11
KU692250.1 Anguilla marmorata Indonesia Angu llhdae
MT647235 A cel VAL 04
MT647238 A cel VAL 07
MT647221 A cel BAN 06
LC588374.1 Anguilla celebesensis Albay
GBMNA14377-19 Anguilla celebesensis Indonesia
MT647217 A cel BAN 01
191 MT647218 A cel BAN 02
MT647222 A cel BAN 03
87 88| MT647219 A cel BAN 04
MT647220 A cel BAN 05
MT647237 A cel VAL 06
L KU942732.1 Anguilla japonica
EF609283.1 Anguilla reinhardtii
100l HM006952.1 Anguilla reinhardtii
95 JN024802.1 Anguilla rostrata
KX459333.1 Anguilla rostrata A A
KC500211.1 Anguilla anguilla Atlantic Lieage
HQ600683.1 Anguilla anguilla —
KJ669387.1 Anguilla australis j . .
7 EF609282.1 Anguilla australis Oceania Lineage —
KP976283.1 Monopterus albus China —
LC190174.1 Monopterus javanensis Indonesia
100 MT647228 M jav ILO 01 .
MT647229 M jav ILO 02 Synbranchldae
MT647230 M jav ILO 03
MT647231 M jav ILO 04 —

87

98

Figure 3. Evolutionary analysis by Maximum Likelihood method using Kimura 2-parameter model. The analysis involved 48 sequences with 552
bp length.
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(KU692252.1 and LC588365.1), A. interioris (AP007241), A.
bicolor bicolor (KM875505.1 and KM875503.1), A. bicolor
pacifica (GBMNA14390 and LC588373.1), Anguilla luzonensis
(LC588369.1), A. reinhardtii (HM006952.1 and EF609283.1),
A. rostrata (KX459333.1 and JN024802.1), A. anguilla
(HQ600683.1 and KC500211.1), M. albus (KP976283.1), and
M. javanensis (LC190174.1).

Results
A. Morphometric Descriptions of Eel Specimens

Indonesian Shortfin Eel subspecies Pacifica Anguilla bicolor
pacifica Schmidt, 1928

GenBank Accession Number: MT647227

Collection Site: Talomo River, Davao City, Philippines; 7°
2'59.94"N 125°33'12.78"E

Examined Specimen: One adult specimen (Figure 4. A)
was examined. Long, thin body (BD Proportion to TL= 6.1%).
Isocercal Tail is undifferentiated with a rounded tip. Small head
(HL Proportion to TL= 11.46%) tapering towards the snout.
Relatively large eyes (ED Proportion to HL= 11.2%) and set a
little farther from the snout (POL Proportion to HL= 26.13%)
with a large mouth (LJ Proportion to HL~= 40.92%). It is short-
finned (PDL~ 20.62 cm and PAL~= 20.3 cm) with a dark brown
body and yellow to cream underside.

Remarks: Previous studies have recorded this species in
the Cagayan River, Buayan River, and Cebu (Shirotori et al.,
2016; Aoyama ef al., 2014; Yoshinaga et al., 2014; Briones et
al., 2007; Jamandre et al., 2007; Minegishi et al., 2005).

Celebes Longfin Eel Anguilla celebesensis Kaup, 1856

GenBank Accession Numbers: MT647217, MT647218,
MT647222, MT647219, MT647220, MT647221, MT647235
and MT647238

Collection Sites: Banica River, Valencia, Negros Oriental,
Philippines; 9°1628"N 123°11'41.86"E; Ocoy River, Valencia,
Negros Oriental, Philippines; 9°16'37"N 123° 8'41.02"E

Examined Specimens: A total of nine specimens (four
adults and five juveniles) were collected; six from Valencia—
Banica River, Negros Oriental and two from Valencia—Ocoy
River, Negros Oriental (Figure 4. B). It had a long slim body
(BD Proportion to TL=6.46%). Isocercal tail is undifferentiated
with a rounded tip. Small head (HL Proportion to TL=12.76%)
with a narrowed snout. Small eyes (ED Proportion to HL=
8.75%) relatively close to the snout (POL Proportion to HL~=
18.06%). Mouth is large (LJ Proportion to HL~ 34.64%). Long
finned with solid dark brown body with lighter areas under
lower jaw and belly (PDL~ 13.35 + 6.44 cm, and PAL~= 17.61 +
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6.63 cm).

Remarks: The specimen body coloration (solid dark
brown) differed from Silfvergrip (2009) and Carpenter and
Niem (2001) (marbled or wvariegated). This species was
previously recorded in Cagayan and Buayan Rivers (Arai et al.,
2003; Watanabe et al., 2009; Yoshinaga ef al., 2014; Aoyama et
al., 2014; Shirotori et al., 2016).

Highlands Longfin Eel Anguilla interioris Whitney, 1938

GenBank Accession Numbers: MT647232, MT647233,
MT647234, MT647236 and MT647239

Collection Sites: Sebrero Creek, Sibutad, Zamboanga del
Norte, Philippines; 8°35'31' N 123°30'44" E; Ocoy River,
Valencia, Negros Oriental, Philippines; 9°16'37.41"N 123°
8'41.02"E

Examined Specimens: A total of five samples (one adult,
three juveniles, and one elver) were examined (Figure 4. C).
There were three from Sibutad, Zamboanga del Norte, and two
from Valencia— Ocoy River, Negros Oriental. Long, slim body
(BD Proportion to TL= 5.82%). Tail is
undifferentiated with a rounded tip. Small head (HL Proportion
to TL= 12.18%) tapering to a slightly rounded snout. Small eyes
(ED Proportion to HL~ 5.12%) are set close to the snout (POL
Proportion to HL= 6.04%). Small mouth (LJ Proportion to HL~=
18.76%) compared to other species. Long-finned (PDL~ 12.00 +
4.95 cm, PAL~ 15.57 £ 6.60 cm) with varied body coloration
from a solid dark brown with a white to yellow underside to a
dark brown body with yellow marbling and a lighter underside
of yellow to white.

Remarks:  There differences between the
morphological description of the sample and the guide (variation
in body coloration and fin length). This species was previously

Isocercal

WEre

recorded in the Buayan River (Shirotori ef al., 2016).

Giant Mottled Eel Anguilla marmorata Quoy & Gaimard, 1824

GenBank Accession Numbers: MT647225, MT647226,
MT647223 and MT647224

Collection Sites: Talomo River, Davao City, Philippines;
7°2'59.94"N 125°33'12.78"E; Dawis River, Gasan, Marinduque,
Philippines; 13°17'46.44"N  121°53'10.55"E; Ocoy River,
Valencia, Negros Oriental, Philippines; 9°16'37.41"N 123°
8'41.02"E

Examined Specimens: Four samples (two adults and two
juveniles) were observed (Figure 4. D). — two from Davao City,
one from Valencia—Ocoy River, and one from Gasan. Thin (BD
Proportion to TL= 7.08%), elongated body with
undifferentiated isocercal tail with a rounded point. Small head
(HL Proportion to TL=12.58%) with a tapered snout. Relatively
large eyes (ED Proportion to HL=11.39%) set close to snout

an
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(POL Proportion to HL=22.45%). Mouth is large (LJ Proportion
to HL~38.5%). Long finned (PDL~13.80 + 3.16 cm;
PAL~19.87 £+ 6.82 cm) marbled body pattern of a dark brown to
dark green body with green to yellow marbling with lighter
underside from yellow to white from the base of the pelvic fin
and posterior to the anus.

Remarks: This species is common and widespread, and
was previously recorded in Cagayan and Buayan Rivers (Arai et
al., 2003; Yoshinaga et al., 2014; Aoyama et al., 2014;
Shirotori et al., 2016)

Common Asian Swamp Eel Monopterus javanensis Lacepéde,
1800

GenBank Accession Numbers: MT647228, MT647229,
MT647230 and MT647231

Collection Site: Batac, Ilocos Norte, Philippines; 18°
2'45.71"N 120°35'38.68"E

Examined Specimens: A total of four juvenile specimens
were collected from Batac, Ilocos Norte (Figure 4. E). Long,
slim (BD Proportion to TL=4.15%) body. Isocercal tail is
undifferentiated with a rounded tip. Small head (HL Proportion
to TL=8.31%) with a tapered snout. Small eyes (ED Proportion
to HL~4.88%) relatively close to the snout (POL Proportion to
HL~22.36%). Mouth is large (LJ Proportion to HL~30.08%).
Short finned (PDL~20.27 + 0.87 cm; PAL~21.16 + 0.61 cm)
with solid brown in color with a lighter brown to yellow part
under the lateral line but not reaching the underside. This lighter
area begins posterior to the gills and ends anterior to the caudal
fin. Pectoral fins absent.

Remarks: This species has not been previously recorded in
the Philippines but can be found in Indonesia, China, Myanmar,
and India (Arisuyanti, 2016)

B. Molecular analysis

A total of 23 COI sequences were generated with a final
sequence length of 552 bp after trimming of primer regions and
alignment. No gaps were present and no stop codons identified
after translation using the Vertebrate Mitochondrial Genetic
Code in MEGA 7. NCBI BLAST results revealed 5 species.
Four of which belongs to the Family Anguillidae namely
Anguilla bicolor pacifica, A. celebesensis, A. interioris and A.
marmorata and one species Monopterus javanensis belonging
to the family Synbranchidae (Table 1).

Pairwise = comparison using Kimura 2-parameter
substitution model showed very little intraspecific genetic
divergence within each species ranging from 0.0% to 0.4%.
Inter-specific genetic divergence between the four species of the
genus Anguilla ranged from 4.1% to 8.5%. Meanwhile,
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interspecific genetic divergence between Monopterus javanensis
(family Synbranchidae) and the four species of the genus
Anguilla (family Anguillidae) ranges from 25.2% to 27.6%
(Table 2). Genetic divergence values in this study were observed
to be similar with previous studies on eels (Muchlisin et al.
2017, Rahman et al. 2015) as well as other freshwater fishes
(Aquino et al. 2011).

Phylogenetic tree construction used 48 eel CO1 sequences:
23 from this study and 25 reference sequences from NCBI and
B.O.L.D. Tree topology revealed all Anguillid species of the
Family Anguillidae formed a single big cluster while
Monopterus eels belonging to Family Synbranchidae formed
another cluster with a 100% bootstrap support.

Discussion
A. Morphological and Genetic Variations

Variation (0.0% to 0.4%) among samples of the same
species using Kimura 2-Parameter substitution model all fell
within the standard of intra—species variation of 0-2%
(Salomon, 2008). Inter—specific variation among the sequences
ranged from 4.1% to 27.6%. The lowest was between A.
interioris and A. marmorata— while the highest was between M.
Jjavanensis and A. celebesensis.

Genetic variation within each species among sampled
specimens and verified sequences from repositories showed
minimal. Most of the individuals collected had overlapping
characters (e.g., body color, and significant patterns) making
identification difficult especially in their non-mature stage. No
definitive shared characters were observed in their morphology
aside from those in the description.

B. Distribution of Freshwater Eels in the Philippines

Previous studies on the Philippine freshwater anguillid eels
were mostly limited to the rivers in Northern Luzon (Aoyama et
al., 2014; Yoshinaga et al., 2014). They found four species, and
two subspecies, Anguilla marmorata, A. celebesensis, A.
luzonensis, A. japonica, A. bicolor bicolor, and A. bicolor
pacifica. Shirotori et al. (2016) studied the species composition
of freshwater eels in Southern Mindanao and found six anguillid
species and one subspecies, A. borneensis, A. celebesensis, A.
interioris, A. japonica, A. luzonensis, A. marmorata, and A.
bicolor pacifica.

The current study provides additional information on the
distribution of anguillids in the Philippines (Figure 5). Anguilla
marmorata was found in Ocoy river in Valencia, Gassan, and
Davao City. 4. celebesensis was found in Ocoy and Banica
rivers in Valencia. A.interioris was encountered in Sibutad,
Zamboanga del Norte, while the subspecies 4. bicolor pacifica
was caught in Davao City. In addition to the published
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Figure 4. Examined specimens of (A) Indonesian shortfin eel subspecies pacifica Anguilla bicolor pacifica from Davao City,

Philippines. (B) Celebes longfin eel, Anguilla celebesensis from Banica River, Valencia, Negros Oriental, Philippines. (C) Highlands
longfin eel Anguilla interioris from Sibutad, Zamboanga del Norte, Philippines. (D) Giant mottled eel Anguilla marmorata from Gasan,
Marinduque, Philippines. (E) Asian swamp eel Monopterus javanensis from Batac, Illocos Norte, Philippines.
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Table 1. BLAST identification results of the 23 CO1 sequences.

Sequence Code GenBank Accession  Sequence Length (bp) BLAST Identification Percent Identity (%) Variable
Code Sites
A cel BAN 01 MT647217 634 Anguilla celebesensis 98.88 6
A cel BAN 02 MT647218 634 Anguilla celebesensis 99.24 6
A _cel BAN 03 MT647222 600 Anguilla celebesensis 99.09 6
A cel BAN 04 MT647219 634 Anguilla celebesensis 98.98 6
A _cel BAN 05 MT647220 634 Anguilla celebesensis 98.70 6
A _cel BAN 06 MTo647221 634 Anguilla celebesensis 98.99 6
A _mar DAV _01 MT647225 634 Anguilla marmorata 99.85 2
A mar DAV_02 MT647226 634 Anguilla marmorata 99.70 2
A bic_ pac DAV 03 MT647227 634 Anguilla bicolor pacifica 99.97 0
M _jav ILO 01 MT647228 634 Monopterus javanensis 99.82 1
M_jav ILO 02 MT647229 634 Monopterus javanensis 99.82 1
M_jav ILO 03 MT647230 634 Monopterus javanensis 99.82 1
M _jav ILO 04 MT647231 634 Monopterus javanensis 99.82
A _mar MAR 01 MT647223 634 Anguilla marmorata 100.00 2
A _int ZAM 01 MT647232 634 Anguilla interioris 99.56 4
A _int ZAM 02 MT647233 634 Anguilla interioris 99.86 4
A _int ZAM 03 MT647234 634 Anguilla interioris 99.42 4
A mar VAL 02 MT647224 634 Anguilla marmorata 100.00 2
A cel VAL 04 MT647235 634 Anguilla celebesensis 99.13 6
A int VAL 05 MT647236 634 Anguilla interioris 99.56 4
A cel VAL 06 MT647237 634 Anguilla celebesensis 98.70 6
A cel VAL 07 MT647238 634 Anguilla celebesensis 98.99 6
A int VAL 08 MT647239 634 Anguilla interioris 99.13 4
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Table 2. Inter- and intra-specific genetic divergence estimates, and standard error () obtained using Kimura 2-parameter substation model with
1000 bootstrap replicates.

A. celebesensis A. marmorata A. bicolor pacifica A. interioris M. javanensis
A. celebesensis
A. marmorata 0.061 (0.011)
A. bicolor pacifica 0.085 (0.014) 0.057 (0.11)
A. interioris 0.066 (0.012) 0.041 (0.009) 0.071 (0.012)
M. javanensis 0.276 (0.026) 0.257 (0.25) 0.252 (0.024) 0.263 (0.025)

Distribution of Freshwater Eel Species in the Philippines

B Legend
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Figure 5. Examined specimens of (A) Indonesian shortfin eel subspecies pacifica Anguilla bicolor pacifica from Davao City, Philippines. (B)
Celebes longfin eel, Anguilla celebesensis from Banica River, Valencia, Negros Oriental, Philippines. (C) Highlands longfin eel Anguilla interioris
from Sibutad, Zamboanga del Norte, Philippines. (D) Giant mottled eel Anguilla marmorata from Gasan, Marinduque, Philippines. (E) Asian
swamp eel Monopterus javanensis from Batac, [locos Norte, Philippines.
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distribution and the information from the present study, other
species of anguillid eels that were reportedly caught in the
Philippines include 4. bengalensis in lakes Taal, Lanao, Mainit,
and Naujan, 4. australis in Cavite and Camarines Sur, and 4.
malgumora in Leyte (Froese & Pauly, 2019).

C. New Philippine Record, Monopterus javanensis

A new genetic record of the swamp eel Monopterus
javanensis was documented in the Philippines. The samples
were four juvenile specimen which would make identification
difficult based on morphological characters. This makes the use
of genetic tool, such as the CO1 gene, very appropriate to
enable species identification. NCBI BLAST results indicated a
99.82% identity match with M. javanensis in Myanmar.
Currently, search for COl DNA sequences of Philippine M.
Jjavanensis in GenBank and BOLD repositories, generated no
data making this the first reported COl record in the
Philippines.

D. Importance of DNA Barcoding in Fisheries Management

With the advent of DNA barcoding, identification of many
cryptic and/or similar species even in its early developmental
stages. Species identification is vital in fisheries management
and, conservation (Piper et al., 2015; Feunteun, 2002). It will
help determine fish habitats, and migration swim ways that need
protection. (Valdez- Moreno ef al., 2010; Ferette et al., 2019).
On the economic side, it will help identify economically
important species even those that are market processed (Valdez-
Moreno et al., 2010). DNA barcoding can identify critical
species, which can determine species specific impacts of
fisheries and address them.

Conclusions

This study confirms the presence of the four anguillid eel
species in the Philippines— Anguilla bicolor pacifica, A.
celebesensis, A. interioris, and A. marmorata that belong to the
Indo—Pacific lineage. CO1 mitochondrial gene was able to
detect intra—species and inter-specific variation between
Anguillid species making DNA barcoding as viable tool for
species identification in the Philippines. Phylogenetic tree
topology and estimates of evolutionary divergence supported
the monophyly of the Philippine freshwater anguillid eels.
Monopterus javanensis was also collected from Batac, Ilocos
Norte which is the first genetic record in the Philippines.

Recommendations

1. This study recommends increasing the number of collection

© Association of Systematic Biologists of the Philippines

sites to represent the other areas of the Philippines that have
yet to be sampled.

2. It is recommended to characterize the different collection
sites using the Modified Stream Visual Assessment
Protocol (MSVAP) for wadeable rivers and streams (Hauer
& Lamberti, 2007; Magbanua et al., 2013) to identify
possible environmental influences on the distribution of
Anguillid eels in the Philippines.
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