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Summary

Morphology, meristics, and molecular genetics tools were
used to determine the species level identification of the most
commonly landed sardine species in the Philippines. Results
from this study indicated that the historical and widely
applied nomenclature of the Indian oil sardine, Sardinella lon-
giceps, is incorrect and that this species is instead the Bali
sardinella Sardinella lemuru. Developing an effective strategy
for managing one of the Philippines most important
commodity sardine species first requires accurate
identification of this species. Results of this study provide
needed information that is now being applied to emerging
management policies.

Introduction

Sardines are, and have been, the dominant landed fishes in
the Philippines for the past two decades (Barut et al., 2003).
They contribute billions of pesos in domestic economic reve-
nue (Bureau of Agricultural Statistics, 2011) and serve as one
of the most accessible sources of animal protein to millions
of Filipinos (FAO, 2011). Sardines are a fast-
growing, wide-spread species with high fecundity; species
with these life-history characteristics will likely fair well as
the seas warm in response to climate change (Gaughan and
Mitchell, 2000; Clarke and Gorley, 2006). Thus, as food
security moves to the forefront of national priorities, prece-
dence should be given to establishing and managing a sus-
tainably-harvested sardine fishery. Intuitively, developing an
effective strategy requires first knowing which species are to
be managed, yet considerable confusion surrounds which
species are present in the Philippines. For the most common
genus of sardines in the Philippines, Sardinella, Herre (1953)
originally identified 11 species of sardines. This number was
reduced to seven species by Conlu (1986), and, most recently,
Quilang et al. (2011) revised this to nine species, while Wil-
lette et al. (2011a) recognized only six species. Consistently
included in the first three reports is the presence of the
Indian oil sardine, Sardinella longiceps, the most abundant
and commonly landed sardine species in the Philippines
according to government databases (Willette et al., 2011b;
Bureau of Agricultural Statistics, 2011). It is uncertain why
S. longiceps has been included in lists of Philippine Sardinella
species, except perhaps that it has historically been a
frequently studied sardine species (Hornell, 1910; Hornell
and Nayudu, 1924). The earliest report citing the presence of
S. longiceps in the Philippines, specifically Manila Bay, is a
short narrative 1908 article in the Philippine Journal of
Science (Seale, 1908). Seale reported about 13 species of

herrings occurring in Philippine waters, but specified only
three species of sardines S. longiceps, S. moluccensis, and
S. gibbosa [all listed in genus Harengula]; no measurements
for diagnostic morphological features were provided.

Sardinella longiceps is commonly cited as a member of
the Philippine sardine fishery (Ingles and Pauly, 1984;
Dalzell et al., 1990; Ganaden and Lavapie-Gonzales, 1999;
Samonte et al., 2000, 2009; Quilang et al., 2011), yet dis-
crepancies exist when considering the known geographic
range of the Indian oil sardine. Sardinella longiceps is ende-
mic to the Indian Ocean and has a range extending from
eastern Africa north to the Gulf of Oman and Gulf of
Aden, along the Indian coastline to Sri Lanka and possibly
as far east as the Andaman Sea (Whitehead, 1985). The
range of S. longiceps does not include the Philippines; how-
ever, the range of a morphologically similar species, S. lem-
uru, does. The Bali sardinella Sardinella lemuru occurs from
southern Japan, throughout Taiwan, the Philippines, across
Indonesia to its southern limit in western Australia. This
range was correctly listed in Munroe et al. (1999). Its west-
ernmost limit is the Andaman Sea, a potential region of
overlap with S. longiceps. Sardinella longiceps and S. lemuru
can be distinguished from all other Indo-Pacific species of
Sardinella primarily by the presence of nine pelvic-fin rays
[one unbranched, eight branched] and subsequently by the
combination of high counts of lower gillrakers, absence of a
black spot at the dorsal-fin origin, presence of a black spot
at the posterior opercular margin, and a faint gold stripe
down the flanks preceded by a faint gold spot at the oper-
culum (Whitehead, 1985). Apart from their near-geographic
separation, distinguishing between S. lemuru and S. longi-
ceps relies on two features: gillraker counts on the lower
limb of the gill arch [77-188 in S. lemuru, 150-253, but typ-
ically 180-253 in S. longiceps] and the differences in their
head lengths [26-29% of SL in S. lemuru, 29-35% of SL in
S. longiceps] (Whitehead, 1985).

Here we set out to correctly and conclusively identify
the most abundant species of Sardinella occurring in the Phil-
ippines using a combination of morphological and meristic
characters and molecular genetics tools. Our study included
samples from throughout the Philippines and a location in
Indonesia near the type locality of the Bali sardinella. It is our
intention that these findings be applied to current discussions
regarding management of the Philippine sardine fishery.

Materials and methods

Morphological measurements and meristic values were taken
from 10 specimens sampled from a municipal fish landing site
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in Iloilo City, Iloilo [10°42'N; 122°35’E], YL Fishing Corpora-
tion Port, Zamboanga City, Zamboanga Sibugay [6°54'N;
122°4’E] and from 10 specimens collected at the Jimbaran fish
market, Denpasar, Bali, Indonesia [8°45'S; 115°10’E] (Fig. 1).
Iloilo and Zamboanga were among locations referenced in
Herre’s original report (1953) as where S. longiceps were
landed. Fish were measured for twenty-five [25] diagnostic
features (Table 1). Qualitative and quantitative features or
standard length [SL] proportions of these features were used
to ascertain similarities among fish using a Bray-Curtis simi-
larity cluster analysis in PRIMER v6 (Clarke and Gorley, 2000).
For genetic analysis, specimens were sampled by staff of
the Bureau of Fisheries and Aquatic Resources from munici-
pal landing sites in the provinces of Albay [n = 12], Batangas
[10], Hoilo [11], Leyte [10], Masbate [10], Negros Oriental
[10], Sorsogon [10], Surigao del Norte [11], Zamboanga Sibu-
gay [11] and Lanao del Sur [I11] and sent to the National
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Fig. 1. Dendrogram of morphological characters and meristic values
using Bray-Curtis similarity matrix. Bray-Curtis similarity results
from morphological and meristic features (Table 1) of measured
individuals illustrated in a dendrogram. Scale bar = percent similar-
ity among specimens. Ten specimens each from Iloilo and Zambo-
anga, Philippines, and Bali, Indonesia shown with Sardinella
hualiensis used as the out-group

Fisheries Research and Development Institute (NFRDI) in
Quezon City. Bali specimens [10] were handled by colleagues
at the Indonesian Biodiversity Research Center, with meris-
tics, morphological and genetic data taken using the same
specimens. Fish were identified using the aforementioned
diagnostic features, and tissue taken from each fish beneath
the right pectoral fin was sampled and preserved in ethanol
in an individually labeled 2 ml tube. DNA was extracted
from tissue subsamples using 300 ul of 10% Chelex solution
(BioRad) in a 1.7 ml micro tube that was vortexed, heated
to 96°C for 60 min, then centrifuged at 16 000 g for 90 s. A
portion of the Cytochrome b gene region [Heavy strand: 5'-
GTGACTTGAAAAACCACCGTTG-3"; light strand: 5'-
AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA-3']
(Lecomte et al., 2004) was amplified using a polymerase
chain reaction (PCR). Reactions consisted of 13 ul of 10x
PCR Buffer, 2.0 ul of 25 mm MgCl,, 2.5 ul of each 10 mm
dNTP, 1.25 ul of each primer, 1 ul of BSA [10 ug ul™'],
0.2 units of Taq DNA Polymerase, and 1 ul template DNA
in a final volume of 25 ul. PCR parameters were an initial
de-naturation at 94°C for 10 min, 38 cycles of 94°C for 30 s,
45°C for 30 s, 72°C for 45 s, and a final extension of 72°C
for 10 min. The PCR product was purified for sequencing
using ExoSap-It (USB Corp, Cleveland, OH) at 37°C for
30 min and 80°C for 20 min then sent to MacroGen, Inc.
(Korea) for sequencing of the forward and reverse strands.
Sequences of 391 bp length were proofread, assembled and
aligned in SEQUENCHER v4.8 (GeneCode, Ann Arbor, MI) and
MuscLE (Edgar, 2004). Sequences for the round sardinella
Sardinella aurita [GenBank accession number DQ197990.1]
and S. longiceps [GenBank accession number JQ266230.1]
were acquired from the public domain database GenBank
for comparison. Sequences from molecular analyses of tissues
of goldstripe sardinella, S. gibbosa, and Taiwan sardinella,
S. hualiensis, were obtained from unpublished results of
Willette et al. All sequences were aligned to the S. longiceps
sequence from GenBank and trimmed to 391 bp. Intraspe-
cific sequence divergence and a neighbor-joining phylogenetic
tree were inferred using MEGA v5 (Tamura et al., 2011) with
the Kimura two-parameter model (Kimura, 1980) with 1000
bootstrap replicates. All sequences were submitted to
GenBank [Accession numbers JQ818230-JQ818251].

Results

Morphological and meristics results of target specimens from
Philippine sites were not in agreement with the diagnostic
features of head length and gill raker counts for S. longiceps.
Rather, they were in concordance with the diagnostic traits
of the Bali sardinella S. lemuru (Whitehead, 1985; Munroe
et al., 1999) and were in agreement with quantitative and
qualitative features of S. lemuru specimens from Bali, Indo-
nesia (Table 1). In particular, the lower gill raker counts (this
study — 145-166 [+ ~5 SE]; Whitehead, 1985 — 77-188) and
head length (this study — 28-30% [+ ~0.6%] of SL;
Whitehead, 1985 — 26-29% of SL) of the Philippine
specimens are within described ranges reported for S. lemuru,
and are distinct from the higher values of both features for
S. longiceps. Further, specimens from Iloilo, Zamboanga,
and Indonesia demonstrate a highly heterogeneous distribu-
tion under the Bray-Curtis similarity model supportive of the
specimens being the same species (Fig. 1).

Molecular data are consistent with the morphological and
meristic data. Intraspecific sequence divergence for Philippine
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Table 1

Morphological characters (measured in mm), meristics and pigmentation features of 10 nominal specimens of S. lemuru from Iloilo and Zam-

boanga, Philippines and Bali, Indonesia

lloilo Sardinella
lemuru

Bali Sardinella
lemuru

Zamboanga

Sardinella lemuru Whitehead, 1985

Sardinella longiceps

Morphology/meristics/coloration Average SE Average SE Average SE Reported
Total length 159.40 1.62 166.30 2.11 180.10 1.55 N/D
Standard Length (SL) 126.90 1.03 131.20 1.70 144.40 1.05 150-230
Body depth/SL* 25.92 0.32 24.94 0.32 23.47 0.10 <30%
Pre-dorsal L/SL* 47.12 0.19 4791 0.53 45.58 0.25 N/D
Pectoral-fin L/SL* 16.71 0.11 17.54 0.23 16.83 0.20 N/D
Head Length (HL) 36.80 0.49 40.00 0.63 40.20 0.42 N/D
Head Length/SL* 28.99 0.26 30.54 0.63 27.80 0.27 29-35%
Snout Length/HL* 26.62 0.50 27.53 0.32 27.12 0.40 N/D
Eye diameter/HL* 21.48 0.24 21.26 0.33 21.15 0.37 N/D
Post-orbital Length/HL* 51.90 0.50 51.21 0.49 51.73 0.54 N/D
Scutes* 32.50 0.31 32.00 0.37 32.40 0.27 N/D
Lower gillrakers 144.70 4.65 166.30 3.74 166.70 4.21 180-253
Lower gillrakers/SL* 113.98 3.43 127.00 3.50 115.46 2.84 N/D
Dorsal-fin rays* 16.40 0.16 16.10 0.28 16.50 0.22 N/D
Pelvic-fin rays* 9.10 0.10 9.00 0.00 9.00 0.00 9
Pectoral-fin rays* 15.60 0.22 15.90 0.23 15.30 0.26 N/D
Anal-fin rays* 15.40 0.22 14.90 0.23 N/D N/D N/D
Enlarged last 2 anal-fin rays* Yes Yes Yes Yes
Scales discontinuous striae* Yes Yes Yes Yes
Scales with few perforations* Yes” Yes Yes No
Black spot at dorsal fin origin* No No No No
Tips of caudal fin black* No No No No
Inner margin of caudal fin black* Yes+ Yes+ Yes N/D
Dorsal fin yellowish with black tip* Yes Yes’ Yes Yes
Black spot posterior of operculum* Yes Yes Yes Yes
Faint gold stripe down flank* Yes Yes Yes Yes
Faint gold spot posterior to upper operculum* Yes Yes Yes Yes
Thin black line anterior to pectoral fin* Yes Yes Yes N/D

Numerical values report average and standard error. Qualitative features are reported as present (Yes) or absent (No) in all individuals.
*indicates quantitative and qualitative features and derived proportions used in Bray-Curtis similarity matrix analysis.

indicates one individual was observed with no perforations;

"indicates black inner margin of caudal fin was not clearly defined and caudal fin was generally blackish in coloration. N/D for Bali Sardi-

nella lemuru specimens means no data available due to irresolvable damage to anal-fin rays.
N/D for features of S. longiceps indicates no data available per source.

reported by Whitehead (1985).
included in Bray-Curtis similarity matrix.

specimens morphologically identified as S. lemuru and Indo-
nesian S. lemuru specimens was 1.0%, suggestive of a single
species. Interspecific sequence divergence between S. hualien-
sis, S. gibbosa, and S. longiceps and the Philippine specimens
morphologically-identified as S. lemuru were 20.9, 25.6, and
35.4%, respectively. These percentages are well above genetic
divergence levels used to distinguish between sister fish spe-
cies (Johns and Avis, 1998; Craig et al., 2009). Interspecific
sequence divergence between S. lemuru and S. aurita was,
however, <1.0%. The Cyt b neighbor-joining tree inferred a
single, highly supported clade containing all Philippine speci-
mens morphologically-identified as S. lemuru and the S. lem-
uru specimens from Indonesia (Fig. 2). Sardinella aurita was
also contained within this clade. Sardinella hualiensis and
S. gibbosa formed a clade sister to the S. lemuru clade,
whereas S. longiceps was most distant. These results illustrate
genetic separation between S. longiceps and Philippine speci-
mens morphologically-identified as S. lemuru, the latter
which are highly genetically similar to S. lemuru sampled
from its type locality.

Discussion

Here we have conclusively shown that the Bali sardinella,
S. lemuru is a widely-occurring species in the Philippines and
is morphologically and genetically identical between and

Data for S. longiceps is all available data
Data for S. longiceps data not

among sites in the Philippines and a site near the species’
type locality in Indonesia, constituting a single species. Fur-
ther, given S. longiceps was never morphologically or geneti-
cally-identified at any location in this study, nor in other
nation-wide studies now in progress by the National Fisher-
ies Research and Development Institute [unpublished data],
we propose that S. lemuru has been frequently and incor-
rectly identified as S. longiceps in government and academic
reporting, likely since 1908 (Seale, 1908). Interestingly, inter-
specific sequence divergence between the Atlantic S. aurita
and the Philippine and Indonesian S. lemuru was very low,
<1% difference, a level that is more reflective of intraspecific
divergence. These two species are indistinguishable morpho-
logically and it has been suggested that S. aurita and S. lem-
wru are merely Atlantic and Indo-Pacific forms of the same
species (Whitehead, 1985). Although our molecular results
support this notion, the ranges of these two nominal species
are highly disjunctive (Whitehead, 1985) and unlikely for a
single species; further morphological and genetic investiga-
tion is needed.

The pairing of well-established morphological methods
with increasingly available genetic tools provides robust sup-
port for this study’s conclusions. The findings of this study
are in part a result of improved accessibility to molecular
genetics tools for government-based research in the Philip-
pines. Hence, further capacity building and combined appli-
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Fig. 2. Neighbor-joining phylogenetic tree of Cyt b sequence data
Cyt b Kimura 2-parameter Neighbor-Joining tree with 1000 boot-
strap probability replicates for Philippine specimens morphologically
identified as S. lemuru (two representatives here), S. lemuru from
Bali, and out-groups of S. gibbosa and S. hualiensis from unpub-
lished data by Willette. Sardinella aurita and S. longiceps sequences
from GenBank also included. Only bootstrap probability values of
90 or greater shown

cation of both morphological and molecular methods will
only strengthen the efficiency and accuracy of assessing the
nation’s marine resources.

Results of this study have immediate implications on sar-
dine management in the Philippines, namely correcting sar-
dine nomenclature used in Fisheries Administrative Orders
and stock assessment programs. It is noteworthy that S. fim-
briata and S. longiceps, not S. lemuru, are the only Sardinella
species specified for management in Philippine fisheries man-
agement policies. The use of S. lemuru instead of S. longiceps
has already been included in the August 2011 Joint DA-
DILG Administrative Order implementing a closed season
on sardines for the East Sulu Sea, Basilan Strait and Sibu-
guey Bay. Implications of this study are also relevant to the
commercial sardine industry regarding their need for accu-
rate labeling of domestic and exported fishery products.
Lastly, this study provides a more informed perspective on
the composition of the Philippine sardine fishery. Migration
behavior, timing of spawning, age of first maturity, and
other life history stages, as well as Maximum Sustainable
Yield, vary between and among Clupeoid species (Longhurst,
1971; Whitehead, 1985; Gaughan and Mitchell, 2000; Gonz-
alez and Zardoya, 2007) and inaccuracies in species identifi-
cations may lead to unintended consequences, particularly in
this case, if assumptions specific to an Indian Ocean species

of Sardinella are applied to the management of a Pacific
Ocean species of this genus.
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