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1. Introduction

The Philippines can be considered a species-rich hab-
itat for Anguillid eels, with the total of six species (4.
luzonensis, A. marmorata, A. bicolor pacifica, A. bicolor
bicolor, A. japonica, and A. celebesensis) among the 19
species/subspecies of the genus Anguilla "7, Anguillids

from the Philippines are a commercially important com-
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Anguillids are a valuable fish commodity worldwide. Although Anguilla
luzonensis have been abundantly found in the northern Philippines and
collected for trade, no available records show that it recruited in the mid-
part where Lagonoy Gulf, Bicol is situated. In this study, we investigated
the occurrence of A. luzonensis in the tributaries along the Lagonoy Gulf,
Philippines using molecular tools. Glass eel specimens were collected in
2018-2019 from the Comun river, Albay; the Lagonoy river, Camarines
Sur; and the Bato river, Catanduanes. Anguilla luzonensis was first reported
in Lagonoy Gulf using molecular analysis. A. luzonensis was the second
most abundant species in the Comun and Lagonoy rivers (9.5 and 22.4 %,
respectively). Anguilla luzonensis collected from the Comun and Lagonoy
rivers did not show a significant difference (FST= 0.00825, p>0.05). An-
guilla marmorata was the most dominant species in all tributaries (71.1-98.0
%). In the Comun and Lagonoy rivers, A. bicolor pacifica was the third
most abundant species (7.7 and 6.5 %, respectively). In addition, Anguilla
celebesensis was only found rarely in the Comun river (0.9 %). This study
provides important information for sustainable resource management and
effective utilization of the eel species in these regions.

modity for export ™. Anguilla luzonensis was discovered
in Cagayan and described as a new species in 2009 using
adult specimens (244-682 mm) . Anguilla luzonensis has
potential as a fishery product since trade to eel-consum-
ing countries in the East Asia has been reported " """,
Information on its population dynamics, stock status, and
utilization is limited "*. Due to the limited known range
of A. luzonensis, it was recently assessed by CITES as a
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“Vulnerable’ (VU) species under category D2 "' There-
fore, resource management strategies in support of effec-
tive utilization, economic potentials, and sustainability of
A. luzonensis bioresources are needed.

Anguilla luzonensis may be widely distributed in the
Western Pacific with reports of its occurrence in Cagayan
51 Mindanao >, Taiwan *”, and Okinawa, Ryuku
archipelago . Abundance of 4. luzonensis was report-
ed in Cagayan "’ Anguilla luzonensis is presumed to
have spawned in the North Equatorial Current (NEC) ™
1 One of the NEC bifurcates, the Kuroshio Current ",
transported A. luzonensis to Eastern and Northern Luzon
and Taiwan "\ As the Bicol region faces the Kuroshio
Current, it is highly possible that these species may also
occur in the Lagonoy Gulf in the same region. The Bicol
region ranked 2" for highest municipal fish production
"1 Therefore, the A. luzonensis glass eel might be one of
the important target species for fishermen, but no fishery
data are available. For resource management, the precise
occurrence of 4. luzonensis and its species composition
must be clarified.

In our recent study, the species of freshwater eels re-
cruited in the tributaries along the Lagonoy Gulf, Bicol
were investigated ", Freshwater eel species were identi-
fied based on pigmentation patterns using an illustration
%1 Although the illustrations for A. marmorata, A. bicol-
or pacifica, and A. luzonensis showed that these species
have pigmentation, they were difficult to identify. Con-
sequently, among more than 4,000 identified pigmented
glass eels, 89.8 % were grouped as A. marmorata, 10.1 %
as A. bicolor pacifica, and none as A. luzonensis. No A.
luzonensis individuals were found to recruit in the Lago-
noy Gulf. The use of morphological identification alone
was not enough to distinguish the pigmented Anguillid
species; hence, molecular identification may be used for
precise species identification and confirmation of species
composition.

Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP), a fast and reliable technique,
could identify 14 known Anguilla species ! among the
18 known species and subspecies. Although A. bicolor
subspecies cannot be distinguished, PCR-RFLP technique
was suggested to be refined using a large number of sam-
ples to identify any eel species ****. There may be cases
where PCR-RFLP could not identify a specimen; hence,
DNA sequencing may be used for further species identi-
fication . The DNA sequences were also used in inves-
tigating molecular evolution ***!. Thus, 4. luzonensis,
A. marmorata, A. bicolor pacifica, A. bicolor bicolor, A.
Japonica, and A. celebesensis, commonly found in Luzon,
Philippines, may be identified by PCR-RFLP and DNA
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sequencing analysis.

In this study, we clarified the occurrence of A. luzon-
ensis in Lagonoy Gulf using molecular tools. The species
composition of six target species in the tributaries along
Lagonoy Gulf was clarified. Anguilla luzonensis popula-
tion structure was also confirmed.

2. Materials and Methods
2.1 Study Site and Sample Collection

The specimens analyzed in this study were glass eels
that were identified on the basis of morphology " and
collected from three main rivers, namely the Comun river
(13°25'09.1" N 123°42'44.6" E) in Albay, the Lagonoy
river (13°43'37.9" N 123°35'11.0" E) in Camarines Sur,
and the Bato river (13°35'40.0" N, 124°17'10.0" E) in Cat-
anduanes (Figure 1).

123°31'E

124°00' E

13°52'N
Q
Bago River, Catanfluginies
Pad Lagonoy Gulf
13°30°N
U Comun River, Albay
Y N
s A

Figure 1. Map showing the study area in Lagonoy Gulf,
Philippines, (@) indicates the sampling sites in Albay,
Camarines Sur and Catanduanes

The glass eels were collected using a modified fyke net
that was 1.15 m in height (H) and 10 m in length (L), with
2-8 m long wings and a 2.5 m-long catching bag [oval-
shaped opening dimensions - 1.15 m H and 3 m width
(W)] installed near or at a 3-4 m distance from the river
mouth at a water depth of 1-1.2 m in the Comun river and
Lagonoy river. A push net with dimensions 1.0 m H by 1.15
m W was positioned at a 3-4 m distance from the river
mouth and a water depth of 1-1.2 m in the Bato river.

A one-day sample collection was conducted beginning
at 18:00 h for 2-4 h during the new Moon phase between
August 2018 and August 2019 in the Comun river, July
2018 and July 2019 in the Lagonoy river, and December
2018 and May/July 2019 in the Bato river. The collected
glass eels were preserved in 95 % ethanol for subsequent
analysis. Among the morphologically identified pigment-
ed glass eels, approximately 10 % (n = 554; Comun= 220,
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Lagonoy= 232, Catanduanes= 102) were randomly select-
ed for molecular analysis.

2.2 DNA Extraction and PCR Amplification

Approximately 25 mg of the middle-part of a glass eel
was cut into small pieces. These were lysed overnight,
and DNA was extracted using the DNeasy Blood and Tis-
sue Kit (Qiagen, Hilden, Germany) or FavorPrep Tissue
Genomic DNA Extraction Mini Kit (Favorgen Biotech
Corp., MI, USA). The cytochrome c oxidase 1 (COI)
target fragment gene was amplified using the designed
primers 5503F1 (5'-CCGCTTAAACATTCAGCC-3") and
7138R1 (5'-GGGGGTTCAATTCCTTCC-3"). PCR was
performed in a 25 pl mixture containing 1.0 ul DNA tem-
plate, 2.5 pl 10x buffer [magnesium (Mg”") plus], 2.0 ul
2.5 mM deoxynucleoside triphosphate, 1.25 pl 10 uM of
each primer, 0.125 pl Taq polymerase (Takara Bio Inc.,
Shiga, Japan), and double-distilled water. The thermal
cycler profile included initial denaturation at 94 °C for 5
min, followed by 35 cycles of denaturation at 94 °C for 30
s, annealing at 50 °C for 30 s, elongation at 72 °C for 60
s, and final extension of 72 °C for 10 min. The PCR ampl-
icons were visualized on 1 % agarose Tris-acetate-EDTA
(TAE) gel electrophoresis with GelRed Nucleic Acid Gel
Stain (Biotium, CA, USA).

2.3 Restriction Fragment Length Polymorphism
Analysis

The simulation of restriction digestion was carried out
for the target species 4. marmorata, A. bicolor pacifica,
A. luzonensis, A. japonica, A. bicolor bicolor, and A.
celebesensis found in the Philippines. The complete mito-
chondrial genome of these six Anguillid species (Acces-
sion nos. AB469437, AP007242, AP007237, AP007236,
AP007239, AB038556) was downloaded from the Na-
tional Center for Biotechnology Information (NCBI) and
aligned using MEGA X software . Thirty-two restriction
enzymes with clear and identifiable cleavage sites within
COI fragment genes were used for virtual digestion. Based
on its ability to cut DNA into fragments and the patterns
produced, Msp I was used for species identification. Dde 1
was used to distinguish A. bicolor pacifica from A. bicolor
bicolor since Msp 1 cannot distinguish these two species.
Restriction digestion was carried out in a 10 pl reaction
mixture with 80-100 ng amplified product according to
the Msp I and Dde 1 protocol (Takara Bio, Japan). The
RFLP patterns were visualized in a 2 % agarose Tris-Bo-
rate-EDTA (TBE) gel electrophoresis then photographed.
Expected RFLP patterns for the specimens were used for
species identification. The PCR-RFLP profiles of several
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samples were visualized using DNA1000 LabChips (Ag-
ilent Technologies, Inc.) with the 2100 Bioanalyzer mi-
crochip capillary electrophoresis system according to the
manufacturer’s instructions. The obtained RFLP patterns
were analyzed using 2100 expert software.

2.4 DNA Sequencing and Phylogenetic Analysis

The designed four oligonucleotide primers,
5511F2 (5'-ACATTCAGCCATCTTACC-3"), 6468R3
(5'-TGCRATGATTATTGTGGC-3), 6126F3 (5'-VC-
CAGTCCTAGCTGCAGG-3"), and 7131R2 (5'-CAAT-
TCCTTCCTTTCTTG-3") were used to sequence the COI
target fragment gene. The PCR product purified by Agen-
court AMPure XP (Beckman Coulter, CA, USA) was used
for direct cycle sequencing with the ABI BigDye v.3.1
Terminator Cycle Sequencing Kit (Applied Biosystems,
CA, USA). Sequences generated from the 3130 Genetic
Analyzer (Applied Biosystems, CA, USA) (Accession
Numbers: LC588356- LC588371, LC588373-LC588374)
were edited and manually aligned using Chromas version
2.6.6 and the MEGA X " software, obtaining 1431 bp af-
ter truncation. The two specimens that failed to show the
high-intensity PCR bands required for RFLP were directly
sequenced. A Maximum Likelihood tree was constructed
using the HKY+G+I model with Stemonidium hypomelas
(NC013628) as an outgroup using MEGA X % with 1000
bootstrap probabilities for species identification of un-
known RFLP patterns and confirmation of representative
specimens with expected ones.

2.5 Mitochondrial DNA Analysis

All (72 individuals) A. luzonensis partial COI tar-
get fragment genes were directly sequenced using the
designed primer 6126F3 (5'-VCCAGTCCTAGCTG-
CAGG-3") by ABI BigDye v.3.1 Terminator Cycle Se-
quencing Kit (Applied Biosystems, CA, USA) and were
manually aligned using Chromas version 2.6.6 and the
MEGA X P9 software, obtaining 663 bp after truncation.
A model test was conducted using MEGA X % and the
model with lowest Bayesian Information Criterion (BIC)
score was selected. A Maximum Likelihood tree was con-
structed using T92 (lowest BIC score) with A. japonica
(AB038556.2) as an outgroup using MEGA X ** with
1000 bootstrap probabilities to examine the geographical
similarities between individuals and the phylogenetic rela-
tionship.

2.6 Statistical Analysis

Genetic variability was characterized by the amount
of nucleotide substitutions calculated by the ARLEQUIN
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3.5.2.2 software . The genetic diversity between rivers
was investigated using the fixation index (Fg;) for all pair-
wise comparison (10230 permutations) using the ARLE-
QUIN 3.5.2.2 software ", The Bato river was excluded
in computations since only 1 4. luzonensis individual was
identified there.

3. Results

3.1 Species Identification

Three patterns were observed among the expected
PCR-RFLP patterns for six Anguillid species (lanes 1-3,
Figure 2a). Lane 1 was similar to the A. luzonensis pat-
tern, and the band sizes were 669, 367, 344, 171 and 110
bp. Lane 2 was similar to the 4. marmorata pattern, and
the band sizes were 837, 366, and 341 bp. Lane 3 had a
similar pattern to A bicolor pacifica or A. bicolor bicolor,
with band sizes of 824 and 681 bp. Lane 1 (Figure 2b)
also showed a similar pattern to 4. bicolor pacifica, and
the band sizes of 854, 278, and 223 bp confirmed that we
were able to identify almost all 4. bicolor pacifica (lane 1,
Figure 2b). There were 536 individuals identified by PCR-
RFLP using Msp 1. The 33 specimens distinguished as A.
bicolor pacifica or A. bicolor bicolor by Msp 1 (lane 1;
Figure 2a) were confirmed by Dde 1 as 4. bicolor pacifica
(lane 1, Figure 2b). There were 16 specimens showing one
of the unknown RFLP patterns similar to those in lanes
4-8 (Figure 2a). No expected patterns were observed for 4.
celebesensis and A. japonica.

(a) (b)
e L 1 2 3 4 5 6 7 8 e L1

Upper Upper
marker marker
1000—|
00— I e
700 — b—

500 ——

400 — W—

300 — b

15 Lower Lower

hypomelas as an outgroup showed that DNA sequences
with expected and unknown RFLP patterns were grouped
under its specific reference sequences. Individuals with
an expected RFLP pattern similar to A. luzonensis (lane 1,
Figure 2a; LC588366-LC588367), the unknown pattern in
lane 4 (Figure 2a; LC588368), and a directly sequenced
specimen (LC588369) were grouped under the 4. luzon-
ensis clade (AB469437; Figure 3). The individuals with
expected RFLP similar to 4. marmorata (lane 2, Figure
2a; LC588356-LC588358, LC588363- LC588364), un-
known (lanes 5-6, Figure 2a; LC588359-LC588362), and
another individual directly sequenced pattern (LC588365)
were grouped with the 4. marmorata reference sequence
(AP007242). Furthermore, individuals with a pattern sim-
ilar to 4. bicolor pacifica (lane 1, Figure 2b; LC588370-
LC588371) and unknown (lane 7, Figure 2a; LC588373)
were grouped under the clade of 4. bicolor pacifica
(AP007237). One of the sequenced unknowns (lane §,
Figure 2a; LC588374) belonged to the clade of 4. celebe-
sensis (AP007239).

A luzonensis (AB46343T)

LC588367 204AL 071809

1 Lceeaase 214cs 011000 | A Juzomensis

LC588389 443AL 111812
LCS8R369 ATRAL 161902
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A malgumara (APOT23T)

A marmorata

(NC 013628)
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Figure 2. Restriction digestion by (a) Msp 1 for A. lu-
zonensis, A. marmorata, A. bicolor pacifica or A. bicolor
bicolor and unknown PCR-RFLP patterns of A. luzonen-
sis, A. marmorata, A. bicolor pacifica, and A. celebesen-
sis. L, Ladder; lane 1, A. luzonensis; 2, A. marmorata; 3,
A. bicolor pacifica (expected). Lane 4, A. luzonensis; 5-6,
A. marmorata; 7, A. bicolor pacifica; 8, A. celebesensis;

confirmed by DNA sequencing analysis. (b) Dde I patterns
for A. bicolor pacifica, lane 1; bp, base pairs

The phylogenetic tree (Figure 3) with Stemonidium
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Figure 3. Maximum likelihood tree of the DNA sequenc-

es of specimens showing typical and unknown RFLP
patterns.

3.2 Species Composition

Anguilla luzonensis was found to recruit in the Lag-
onoy Gulf, mainly in the Comun and Lagonoy rivers, in
addition to 4. marmorata and A. bicolor pacifica (Figure
4). Further, 4. luzonensis was the second most abundant
species in the Comun (9.5 %) and Lagonoy (22.4 %) riv-
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ers, next to A. marmorata. Anguilla marmorata dominant-
ly occur in the Comun (81.8 %), Lagonoy (71.1 %), and
Bato (98.0 %) rivers, while Anguilla bicolor pacifica was
the third most abundant species in the Comun (7.7 %) and
Lagonoy (6.5 %) rivers. In the Bato river, 4. luzonensis
and A. bicolor pacifica (1.0 %) recruited at a considerably
low percentage. In addition, a rare occurrence of 4. cele-
besensis (0.9 %) was observed only in the Comun river.

100

Percentage (%)
i

Comun Lagonoy Bato

Figure 4. Percent (%) composition of freshwater eels
recruiting in each of the rivers. [, 4. luzonensis;_], 4.
marmorata;l:L A. bicolor pacifica;| ], A. celebesensis

3.3 Population Structure of A. luzonensis

When examining the genetic variability among the 663
nucleotide sequence sites obtained from 72 individuals, a to-
tal of 24 variable positions and 20 haplotypes were observed.
The pairwise comparison based on the partial COI sequences
of A. luzonensis from Comun and Lagonoy rivers showed
low genetic diversity with an Fq; value of 0.00825, which
was not significantly different (P> 0.05) (Table 1).

Table 1. Genetic diversity based on the partial COI (663
bp) gene of 4. luzonensis individuals collected from Co-
mun and Lagonoy rivers.

Source of Degrees of  Sum of Variance Percentage Fixation index
variation freedom squares compo- variation (Fgp)
nents

Among

popula- 1 1.234 0.00823 0.82

tions

Within

popula- 70 69.252 0.98932 99.18 0.00825
tions

p-value>0.05; 10230 permutations

The phylogenetic tree with A. japonica as an outgroup
(Figure 5) showed that almost all 4. /uzonensis individuals
from Comun and Lagonoy and one individual from the Bato
river formed a monophyly in one clade (B) with one indi-
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vidual diverged first (A) but node is only supported by 54 %
bootstrap value which is weak. In addition, the two reference
sequences downloaded from NCBI, which were found in the
Cagayan river (*) also belonged to this large clade (B).
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Figure 5. Maximum likelihood tree showing phylogenetic

relationships between 4. luzonensis collected mainly from

Comun (0) and Lagonoy (®) and one individual from Bato

(o) river. Reference sequences (AB469437, EU917054) of

A. luzonensis from Cagayan (*) downloaded from NCBI
was also included.
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4. Discussion
4.1 Species Identification

Anguilla luzonensis was found in the Lagonoy Gulf by
molecular analysis. The unknown RFLP patterns showed
that lane 4 (Figure 2a) had a largest band of around 671
bp, which was similar to a band detected in A. luzonensis
(lane 1, Figure 2a). A. luzonensis individuals showing ex-
pected and unknown patterns were grouped in one distinct
clade, implying that these are the same species supported
by 100 % bootstrap value.

Anguilla marmorata was also identified. Lanes 6 had
a largest band of more than 800 bp, similar to the largest
band for both A. marmorata (lane 2) and 4. bicolor pacifi-
ca or A. bicolor bicolor (lane 3) (Figure 2a), hence, could
not be identified. Doublets between 300-400 bp observed
in lane 5 were similar to the doublets of 4. luzonensis (lane
1) and A. marmorata (lane 2) (Figure 2a). However, the
sequences of A. marmorata individuals with expected and
unknown patterns that were grouped into one clade were
the same species (100 % bootstrap value).

In the case of 4. bicolor pacifica, the use of Dde I in
addition to Msp I was able to confirm that the 33 individ-
uals identified as A. bicolor pacifica or A. bicolor bicolor
were A. bicolor pacifica individuals, and not A. bicolor
bicolor (Figure 2b). The largest band of lane 7 (more than
800 bp) is similar to the largest band for both 4. marmo-
rata (lane 2) and A. bicolor pacifica or A. bicolor bicolor
(lane 3) (Figure 2a), however, the DNA sequence was
grouped with the specimens having expected RFLP pat-
terns and reference sequence indicated that these are iden-
tical species. It may also be noted that, all detected bands
of the Msp 1 digests of the three species the and the Dde
I digest of A. bicolor pacifica were ranged within £10 %
band sizing accuracy of the expected band sizes. Almost
all individuals (536) were identified by PCR-RFLP using
Msp 1. Although we were not able to observe the expected
pattern for A. celebesensis, we found an unknown indi-
vidual (lane 8, Figure 2a; LC588374) was A. celebesensis,
since it was under the clade of its reference sequence
(AP007239; Figure 3).

PCR-RFLP using 16S rRNA have been reported appro-
priate for identification of the genus Anguilla ** > before
A. luzonensis was discovered as a new species in 2009 ).
No available study used PCR-RFLP to identify 4. luzon-
ensis, hence, we simulated the restriction pattern for COI
gene, in addition, to 16S rRNA for six target species and
found that COI gene digested by Msp 1 and Dde 1 produced
distinctive RFLP pattern for A. luzonensis and all the other
five species. The combination of PCR-RFLP for COI gene
by Msp 1 and Dde 1 and for unknown patterns using DNA
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sequencing analysis, finally, we were able to completely
identify four Anguillid species in Lagonoy Gulf.

4.2 Species Composition

It is interesting to note that A. luzonensis was found
to be the 2™ most abundant species in the Comun and
Lagonoy rivers. Anguilla luzonensis abundance and its
stable recruitment for two periods of study were reported
in Cagayan " and its rare occurrence in Mindanao ', Our
study and the references indicated the abundance of 4. [u-
zonensis in the northern and eastern part of the Philippines
and its rarity in the south.

In the case of A. marmorata, decrease on the percent-
age of recruitment in Comun, Lagonoy and Bato rivers
(87.5 %, 82.3 %, and 99.7 % respectively) reported by
morphology " was due to the occurrence of A. luzonen-
sis (9.5 %, 22.4 %, and 1 %, respectively). Similarly, 4.
marmorata has dominantly recruited in Cagayan and
Mindanao . This means that A. marmorata is widely dis-
tributed in the Philippines.

For A. bicolor pacifica, molecular analysis found
lower than 10 % recruitment in Comun (7.7 %) and Lag-
onoy (6.5 %), which is less than the occurrence reported
by morphological identification (12.4 % and 17.5 %,
respectively) ' since we found that some A. luzonensis
individuals were misidentified as A. bicolor pacifica
by morphology. In Cagayan, an increase in the annual
percentage of recruitment during two periods of their
study was observed for A. bicolor pacifica . Anguilla
bicolor pacifica was the 2" most abundant species oc-
curred in Mindanao . Based on our results and other
studies, among A. bicolor subspecies, A. bicolor pacifica
is abundant in the whole Philippines. The decrease in the
percent composition reported by morphology for 4. mar-
morata and A. bicolor pacifica was due to the occurrence
of A. luzonensis in Lagonoy Gulf.

In the Bato river, the A. luzonensis and A. bicolor pa-
cifica species with low percentage occurrence may recruit
during months when no samples were collected, since
these were found to recruit in the Comun and Lagonoy
rivers. A. celebesensis was rarely observed in the Comun
river only, which is similar in Cagayan wherein this spe-
cies was extremely rare'". The use of morphology specific
to pigmentation patterns was not able to distinguish A4.
luzonensis from A. marmorata "™, Pigmentation patterns
specific to A. luzonensis, A marmorata, and A. celebesen-
sis are not yet established ”'. The molecular analysis we
carried out affirmed that pigmentation pattern alone is not
enough to distinguish A. luzonensis among the pigmented
eels ¥, The species composition based on morphology
can be confirmed and revised by molecular techniques. In
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addition, we were also able to confirm that no 4. bicolor
bicolor and only A. bicolor pacifica recruit in the Lago-
noy Gulf. Hence, molecular analysis has provided a more
precise estimate of Anguillid species composition in the
tributaries along Lagonoy Gulf.

4.3 Population Structure of A. luzonensis

Anguilla luzonensis was mostly found in two rivers,
Comun and Lagonoy, along the Lagonoy Gulf. Individuals
of A. luzonensis recruited in Comun and Lagonoy seem to
have genetically variable sites and haplotypes. In addition,
A. luzonensis between these two rivers were found to have
low genetic diversity, which was not statistically signifi-
cant (Table 1), possibly indicating a panmictic population.
The dispersed A. luzonensis individuals from the Comun
and Lagonoy rivers in clade B (Figure 5), including the
two DNA sequences downloaded from NCBI, which were
collected from Cagayan, could imply that these individ-
uals share similar genetic materials. Anguilla luzonensis
and A. japonica were presumed to have similar spawning
area '”), experience similar oceanographic features "/,
though distribution are different, wherein the latter was
reported to have a single panmictic population in the East
Asia *”. Although our study was only in Lagonoy Gulf,
A. luzonensis might have a similar case with 4. japon-
ica having panmictic population. Since this is the first
investigation of the population structure of 4. luzonensis
recruited in tributaries along the Lagonoy Gulf and being
the 2" abundant species that may have high economic im-
portance, this study could indicate important implications
for resource management of this species. Furthermore, ge-
netic differences and population structure of A. luzonensis
from Luzon, Mindanao, Philippines, Taiwan, and Okina-
wa, Ryuku archipelago may be compared and studied in
the future.

5. Conclusions

Our study using molecular analysis found 4. luzonensis
in the Lagonoy Gulf along the reported 4. marmorata and
A. bicolor pacifica. Interestingly, A. luzonensis was iden-
tified as the 2™ most abundant species in the Comun and
Lagonoy rivers. Although genetic variability was found in
A. luzonensis individuals, genetic diversity was very low
and not significantly different, which was inferred from
the partial COI gene fragment. It maybe noted that our
current study was not able to find enough A4. luzonensis
individuals from Bato river but highly possible to occur
during months with no samples were collected; therefore,
this study will be further continued. With 4. luzonensis
classified as a vulnerable species, this study provides in-

14 Distributed under creative commons license 4.0

formation that will be of help to effective management
and utilization of freshwater eels.

Acknowledgments

This study was part of “The eel fishery in tributaries
along Lagonoy Gulf: Implications for conservation and
management” Project that was supported by the Depart-
ment of Science and Technology-Philippine Council for
Agriculture, Aquatic, and Natural Resources Research
and Development (DOST- PCAARRD). This study was
also supported in part by the Ministry of Education, Cul-
ture, Sports, Science and Technology (MEXT) Japan.
We are thankful for the assistance extended by Joshua M.
Vacarizas and Sam Edward N. Manalili in the analysis of
DNA sequences, and the fishermen during sample col-
lection. We are also grateful for the support of the De-
partment of Agriculture-Bureau of Fisheries and Aquatic
Resources (DA-BFAR), and the Local Government Units
(LGU) of Malinao, Albay; Lagonoy, Camarines Sur; and
Bato, Catanduanes for their approval of the conduct of
the study in the specified target sites. Collections of the
samples were made with a permit from the Department
of Agriculture (DA) Gratuitous Permit No. 0173-19.

References

[1] Aoyama, J., Yoshinaga, T., Shinoda, A., Shirotori, F.,
Yambot, A., Han, Y-S. Seasonal Changes in Species
Composition of Glass Eels of the Genus Anguilla
(Teleostei: Anguillidae) Recruiting to the Cagayan
River, Luzon Island, the Philippines [J]. Pacific Sci-
ence, 2015, 69(2):263- 270. DOI1:10.2984/69.2.8.

[2] Han Y-S, Yambot AV, Zhang H, Hung C-L. Sympat-
ric Spawning but Allopatric Distribution of Anguilla
Japonica and Anguilla marmorata: Temperature- and
Oceanic Current-Dependent Sieving [J]. PLoS ONE,
2012, 7(6):e37484.

DOI: 10.1371/journal.pone.0037484.

[3] Han, Y-S., Lin, Y-F., Wu, C. R., lizuka, Y., Castillo,
T. R., Yambot, I. U., Mamalangkap, M. D., Yambot,
A. V. Biogeographic distribution of the eel Anguilla
luzonensis: Dependence upon larval duration and
oceanic currents [J]. Marine Ecology Progress Series,
2016, 551:227-238.

DOI: 10.3354/meps11728.

[4] Jamandre, B.W., Shen, K-N., Yambot, A.V., Tzeng,
W-N. Molecular phylogeny of Philippine freshwater
eels Anguilla spp. (Actinopterygi: Anguilliformes:
Anguillidae) inferred from mitochondrial DNA [J].
The Raffles Bulletin of Zoology, 2007, 14:51-59.

[5] Southeast Asian Fisheries Development Center
(SEAFDEC). Enhancing Sustainable Utilization and

DOL: https://doi.org/10.30564/jfsr.v3i1.3010



Journal of Fisheries Science | Volume 03 | Issue 01 | March 2021

Management Scheme of Tropical Anguillid Eel Re-
sources in Southeast Asia (Report on the JAIF Proj-
ect) [R]. 2019.

[6] Shirotori, F., Ishikawa, T., Tanaka, C., Aoyama, J.,
Shinoda, A., Yambot, A. V., Yoshinaga, T. Species
composition of anguillid glass eels recruited at south-
ern Mindanao Island, the Philippines [J]. Fisheries
Science, 2016, 82:915- 922.

DOI: 10.1007/s12562-016-1030-8.

[7] Yoshinaga, T., Aoyama, J., Shinoda, A., Watanabe,
S., Azanza, R. V., Tsukamoto, K. Occurrence and bi-
ological characteristics of glass eels of the Japanese
eel Anguilla japonica at the Cagayan River of Luzon
Island, Philippines in 2009 [J]. Zoological Studies,
2014, 53(13).

DOI: 10.1186/1810-522X-53-13.

[8] Crook, V. Slipping away: International Anguilla eel
trade and the role of the Philippines [R]. TRAFFIC
and ZSL, 2014, UK. ISBN 978-1-85850-376-9.

[9] Watanabe, S., Aoyama, J., Tsukamoto, K. A new spe-
cies of freshwater eel Anguilla luzonensis (Teleostei:
Anguillidae) from Luzon Island of the Philippines [J].
Fisheries Science, 2009, 75:387- 392.
DOI:10.1007/s12562-009-0087-z.

[10] Ame, E. C., Ayson, J. P., and Ame, R. B. Status of
Elvers Fisheries in Cagayan Province, Luzon, Philip-
pines [J]. Kuroshio Science, 2013, 7(1):41-48.

[11] UN Office on Drugs and Crime (UNODC). World
wildlife crime report: trafficking in protected species
[R]. UNODC, Vienna, 2016.

[12] Gollock, M., Shiraishi, H., Carrizo, S., Crook, V.,
Levy, E. Status of non-CITES listed anguillid eels [R].
AC30 Doc. 18.1, Annex 2, 1-176, 2018.

[13] Pike, C., Crook, V., Jacoby, D. & Gollock, M. An-
guilla luzonensis (amended version of 2019 assess-
ment). The [IUCN Red List of Threatened Species
2020 [R]: €. T18435966A176497159. 2020.

DOI: 10.2305/IUCN.UK.2020- 3.RLTS.T18435966
A176497159.en.

[14] Kita, M., Matsushige, K., Endo, S., Mochioka, N.,
Tachihara, K. First Japanese records of Anguilla luzon-
ensis (Osteichthyes: Anguilliformes: Anguillidae) glass
eels from Okinawa-jima Island, Ryukyu Archipelago,
Japan [J]. Species Diversity, 2021, 26(1):31-36.

DOI: 10.12782/specdiv.26.31.

[15] Kuroki, M., Miller, M.J., Aoyama, J., Watanabe, S.,
Yoshinaga, T., Tsukamoto, K. Offshore spawning
for the newly discovered Anguillid species Anguilla
luzonensis (Tele- ostei: Anguillidae) in the western
North Pacific [J]. Pacific Science, 2012, 66:497—-507
DOI: 10.2984/66.4.7.

[16] Qu, T. and Lukas, R. The bifurcation of the North

Distributed under creative commons license 4.0

Equatorial Current in the Pacific [J]. Journal of Phys-
ical Oceanography, 2003, 33:5—18.

DOI: 10.1175/1520-0485(2003)033<0005:TBOT-
NE>2.0.CO;2.

[17] Department of Agriculture - Bureau of Fisheries and
Aquatic Resources. (DA-BFAR). Philippine Fisher-
ies Profile 2018 [R]. Manila, Philippines: DA-BFAR.
2019.

[18] Nieves, P.M., Mendoza, A.B., Bradecina, R.G.,
Nolial, J.C., Celestial, N., Kubota, S., Canon, K.L.
(under submission). The Eel Fishery in Tributaries
Along Lagonoy Gulf: Implications for Management
and Conservation [J]. Paper submitted to the BU
R&D Journal.

[19] Han, YS. personal communication.

[20] Aoyama, J., Watanabe, S., Nishida, M., Tsukamoto,
K. Discrimination of catadromous eels of genus An-
guilla using Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism Analysis of the Mi-
tochondrial 16S Ribosomal RNA Domain [J]. Trans-
actions of the American Fisheries Society, 2000,
129(3):873-878.

DOI: 10.1577/1548-8659(2000)129<0873:DO-
CEO0G>2.3.CO;2.

[21] Lin, Y-S., Poh, Y-P,, Lin, S-M., Tzeng, C-S. Molec-
ular Techniques to Identify Freshwater Eels: RFLP
Analyses of PCR-amplified DNA Fragments and
Allele-specific PCR from Mitochondrial DNA [J].
Zoological Studies, 2002, 41(4):421- 430.

[22] Watanabe S: Taxonomy of the freshwater eels, genus
Anguilla Schrank, 1798 [M]. In Eel biology. Edited
by: Aida K, Tsukamoto K, Yamauchi K. Springer,
Tokyo; 2003, 3-18.

[23] Watanabe, S., Aoyama, J., Nishida, M., Tsukamoto,
K. A Molecular Genetic Evaluation of the Taxono-
my of Eels of the Genus Anguilla (Pisces: Anguil-
liformes) [J]. Bulletin of Marine Science, 2005,
76(3):675-690.

[24] Aoyama, J., Nishida, M., Tsukamoto, K. Molecular
phylogeny and evolution of the freshwater eel, genus
Anguilla[J]. Molecular Phylogenetics Evolution,
2001, 20(3):450-459.

DOI: 10.1006/mpev.2001.0959.

[25] Minegishi, Y., Aoyama, J., Inoue, J.G., Miya, M.,
Nishida, M., Tsukamoto, K. Molecular phylogeny
and evolution of the freshwater eels genus Anguilla
based on the whole mitochondrial genome sequenc-
es [J]. Molecular Phylogenetics Evolution, 2005,
34(1):134-46.

DOI: 10.1016/j.ympev.2004.09.003.

[26] Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura K.

MEGA X: Molecular Evolutionary Genetics Analysis

DOL: https://doi.org/10.30564/jfsr.v3i1.3010 15



Journal of Fisheries Science | Volume 03 | Issue 01 | March 2021

across computing platforms [J]. Molecular Biology Species composition and seasonal occurrence of re-

and Evolution, 2018, 5(6):1547-1549. cruiting glass eels (4nguilla spp.) in the Hsiukuluan

DOI: 10.1093/molbev/msy096. River, Eastern Taiwan [J]. Zoological Studies, 2012,
[27] Excoffier, L. and Lischer, H.E. L. Arlequin suite ver 51(1):59-71.

[29] Han, Y-S., Hung, C-L, Liao, Y-F, Tzeng, W-N. Pop-

3.5: A new series of programs to perform population
ulation genetic structure of the Japanese eel Anguilla

genetics analyses under Linux and Windows [J]. Mo-

lecular Ecology Resources, 2010, 10(3):564-7. Jjaponica: panmixia at spatial and temporal scales [J].
DOI: 10.1111/§.1755-0998.2010.02847 .x. Marine Ecology Progress Series, 2010, 401:221-232,
[28] Leander, N. J., Shen, K. N., Chen, R. T., Tzeng, W. N. DOI: 10.3354/meps08422.

16 Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jfsr.v3i1.3010



