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Abstract: Fish otoliths are commonly found in the fossil record and are crucial for reconstructing past environments,
especially in areas such as the Philippines, where well-preserved fish fossils are rare. This study analyzed fish otoliths from
the Lower Pliocene clastic unit in Cabarruyan Island, northwestern Luzon Island, Philippines. The age of the sediments was
constrained using calcareous nannofossil biostratigraphy, based on the last occurrence (LO) of Reticulofenestra psendoumbilicus
(Gartner, 1967) Gartner, 1969 and the first occurrence (FO) of Pseudoemiliania lacunosa Kamptner, 1963 ex Gartner, 1969.
Bulk sediments were screen-washed, and individual otoliths were separated and identified. A total of 1,225 fish otoliths were
analyzed, revealing 69 taxa in 28 families. We also report two new species: Benthosema rarang sp. nov. and Myctophum lugonicnm
sp. nov., as well as new fossil otolith records from the Philippines. The fish assemblage was dominated by the families Myc-
tophidae, Sternoptychidae, Bregmacerotidae, Macrouridae, and Gobiidae, which agrees with findings from a previous study.
The dominance of these families indicates an open marine environment and a tropical-to-subtropical climate during the
Pliocene. The co-occurrence of deep- and shallow-water taxa in our study, together with other recorded fossils (e.g;, fish ver-
tebrae and scales, sea urchins, brachiopods, and other mollusks), suggests an outer-shelf-to-upper-slope paleoenvironment.
This study not only provides an accurate age constraint for the marine sediments in Cabarruyan Island but also offers a
significant opportunity to deepen our understanding of fish paleodiversity in the tropical West Pacific.
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INTRODUCTION

Cabarruyan Island (Anda, Pangasinan), loca-
ted along the western margin of Lingayen Gulf in
northwestern Luzon Island, northern Philippines,
is geologically and paleontologically significant due
to the presence of several fossiliferous sedimentary
units that have yielded both marine and terrestrial
vertebrate fossils (Beyer 1956 in de Ocampo 1983;
von Koenigswald 1956 in de Ocampo 1983; Braches
& Shutler 1984). Although the island’s stratigraphy
is still under revision, recent geological mapping
and available micropaleontological age constraints
suggest that a Pliocene clastic sedimentary unit and
a Pliocene—Pleistocene limestone unit occur on the
island and overlie older strata. Exposures of the
clastic unit contain mollusks, elasmobranch teeth,
and bony fish otoliths (Janssen 2007; Helwerda et
al. 2014; van Hinsbergh & Helwerda 2019). Nota-
bly, the first record of fossil otoliths from the Phi-
lippines was from Cabarruyan Island and was attri-
buted to the Santa Cruz Formation (van Hinsbergh
& Helwerda 2019). However, the sampling design
in that study was not described in detail to support
quantitative comparisons of abundance, density, or
diversity structure among samples.

Well-preserved, articulated fish skeletons are
scarce in the Philippines (but see Piikryl et al. 2025),
whereas isolated fish remains, such as teeth and
otoliths, are comparatively abundant in marine se-
diments and can provide taxonomically informative
records of fish assemblages (Mediodia et al. 2025).
These offer a valuable opportunity to enhance our
understanding of paleoichthyological diversity in the
tropical West Pacific (Lin et al. 2021). In this study,
we analyze an expanded otolith collection from the
Lower Pliocene clastic unit of Cabarruyan Island.
We revise, wherever necessary, the identifications re-
ported by van Hinsbergh and Helwerda (2019) based
on our expanded collection. Additionally, we refine
age constraints using new calcareous nannofossil and
planktonic foraminifera biostratigraphic analyses,
thereby clarifying the age framework reported by van
Hinsbergh and Helwerda (2019).

GEOLOGICAL SETTING

Cabarruyan Island (Anda, Pangasinan,
northwestern Luzon Island) is situated within the
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Philippine Mobile Belt, a tectonically active area
brought about by the collision of the Philippine
Sea Plate, Eurasian Plate, and Indo-Australian Plate
(Rangin 1991). The island is part of the Zambales
Range Stratigraphic Group, which is mainly com-
posed of ophiolitic and sedimentary formations of
Mesozoic to Pleistocene age (Pefia 2008; Mines &
Geosciences Bureau [MGB] 2010). The island and
the rest of western Pangasinan Province have been
experiencing regional uplift since the Pliocene due
to the subduction of the Scarborough Seamount
Chain under the Manila Trench (Yang et al. 1996),
reflected in the island’s geology and stratigraphy (de
Ocampo 1983).

De Ocampo (1983) describes a Pliocene cla-
stic unit composed of interbedded matls, sandsto-
nes, siltstones, and claystones, mapped in mainland
Pangasinan near Cabarruyan Island. The lowermost
section consists of interbeds of sandstones and cal-
careous siltstones, while the middle section is com-
posed of tuffaceous marls and claystones. In con-
trast, the uppermost section consists of interbedded
calcareous sandstones and siltstones. The Bolinao
Limestone, which consists of coralline limestones
(de Ocampo 1983), conformably overlies the cla-
stic unit. The contact is gradual, with interbeds of
sandstones eventually transitioning into sandy li-
mestone. De Ocampo (1983) provided no age data
for the limestone but mapped most of the rocks on
Cabarruyan Island as belonging to this formation.
Overlying the Bolinao Limestone is the Zaragosa
Mudstone, a highly fossiliferous Lower Pleistocene
mudstone based on the gastropod assemblage (de
Ocampo 1983). The youngest unit on the island is
the “limestone conglomerate”, which is a matrix-
supported conglomerate composed of granule- to
cobble-sized limestone and oyster shell clasts held
together by a friable clay matrix. This unit was assi-
gned a Middle Pleistocene age based on probosci-
dean fossils (Beyer 1956 in de Ocampo 1983; Von
Koenigswald 1956 in de Ocampo 1983).

Geological mapping by the Bureau of Mi-
nes and Geosciences (BMG 1985) suggests that
the island is underlain by the Upper Miocene Santa
Cruz Formation, which consists of bedded to mas-
sive coralline limestones. Dimalanta et al. (2015) as-
signed an age of Late Miocene to Early Pliocene for
the Santa Cruz Formation based on foraminiferal
assemblages. In this study, the otolith-bearing hori-
zons are from clastic sediments exposed on Cabar-
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Fig. 1 - Map showing the sampling sites. A) geographic location of Pangasinan, northern Luzon. B) geologic map of Anda, Pangasinan, and
surrounding areas adopted from the BMG Geological Survey Division (1985a, 1985b) (see “Sampling sites and micropaleontological
biostratigraphy” section for discussion of geology and stratigraphy). C—E) actual photos of the Pliocene clastic unit exposures in Site 1
(Rarang Fishpond, Awile, Cabarruyan Island, Anda) (C), Site 2 (Namagbagan Dam, Cabarruyan Island, Anda) (D), and Site 3 (Pusong

Island, Macandocandong, Cabarruyan Island, Anda) (E).

ruyan Island. Although van Hinsbergh and Helwer-
da (2019) referred their otoliths to clastic sediments
of the Santa Cruz Formation, more recent geolo-
gical mapping and micropaleontological constraints
indicate that the material was more likely derived
from the Pliocene clastic unit, which is also widely
exposed in western Pangasinan (A. G. S. Fernan-
do, pers. comm. 2025). We therefore use “Pliocene
clastic unit” here as a working term for the otolith-
bearing strata (see below, under site description).

MATERIAL AND METHODS

Sampling sites and micropaleontological
biostratigraphy

Bulk sediment samples were collected from
three sites on Cabarruyan Island, northwestern

Luzon Island, Philippines (Fig. 1) in March 2023
(77.83 kg), and from Site 1 in October 2025 (8.69
kg). Actual sediment weights per sample are provi-
ded in Tab. S1. Calcareous nannofossils in the sam-
pled sediments are moderately to well-preserved,
enabling detailed biostratigraphic analysis.

The sediment ages for the three sites were
constrained using calcareous nannofossil datums,
specifically the last occurrence (LO) of Reticulofe-
nestra psendoumbilicus and the first occurrence (FO)
of Pseudoemiliania lacunosa, both key biostratigraphic
markers of the Early Pliocene interval. Planktonic
foraminifera were analyzed from the Namagbagan
Dam sample only (Site 2). The sample contains G/o-
borotalia margaritae, an index species with a relatively
short stratigraphic range in tropical-to-temperate
seas (Bolli 1970; Srinivasan et al. 1981). The LO of
G. margaritae occurs at the top of Zone PL2 (3.85
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Fig. 2 - Comparative stratigraphic co-
lumns of Cabarruyan Island

and western Pangasinan.

Left: De Ocampo (1983).
Right: MGB (2010), Dima-
lanta et al. (2015) & Queafio
et al. (2017). The studied

formation (Santa Cruz For-
mation) is indicated in yel-
low.
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Epoch Age (Ma) De Ocampo (1983) MGB (2010), Dimalanta et al. (2015), and Queafio et al. (2017)
Holocene
ot 0.0117
ate
0.129
Pleistocene | Middle Limestone conglomerate
0.774 Bolinao Limestone
Early Zaragosa Mudstone
2.58
Late Bolinao Limestone
Pliocene 3.600
Early Interbedded Clastics
5.333
Santa Cruz Formation
r—-Late--{ 7.246
11.63
Miocene  |-Middle-| 13.82
Cabaluan Limestone
15.98
--Early--| 20.45

Ma), consistent with a late Early Pliocene age assi-
gnment and concordant with the calcareous nanno-
fossil constraints.

Based on these nannofossil and planktonic
foraminifera data, the fossiliferous fine-grained cla-
stic strata (siltstone/mudstone) on the island are
assigned to late Early Pliocene age. This correlates
with the Pliocene unit identified by de Ocampo
(1983) in mainland Pangasinan. No detailed micro-
paleontological analysis has been done for the fine-
grained clastic unit on the island. MGB (1985) map-
ped the island as underlain by the Upper Miocene
Santa Cruz Formation, whose age was extended by
Dimalanta et al. (2015) to the Early Pliocene (Fig;
2). Whether the otolith-bearing clastic unit should
be assigned to the Santa Cruz Formation or trea-
ted as a separate, unnamed Pliocene unit remains
unresolved. Ongoing stratigraphic revisions are ex-
pected to refine this framework (Baguio et al. 2025).

e Site 1 (Rarang Fishpond, Brgy. Awile, Cabarruyan Island, Anda,
Pangasinan; Fig, 1C).

Location (GPS coordinates): 16°15’58”N, 119°57°40”E.

Stratigraphy: Unnamed Pliocene clastic unit in Cabarruyan Island.

Lithology: Medium-grained sandstone.

Calcareous nannofossil zone: NN15 (Lower Pliocene) based on the pre-
sence of Discoaster pentaradiatus, Psendoemiliania lacunosa, and
Reticulofenestra hagii

Available material: Sixteen bulk samples (~3 kg each), weighing 48.85

kg.

e Site 2 (Namagbagan Dam, Cabarruyan Island, Anda, Pangasi-

nan; Fig. 1D).

Location (GPS cootdinates): 16°17°02”N, 119°58°29”E.

Stratigraphy: Unnamed Pliocene clastic unit in Cabarruyan Island.

Lithology: Siltstone.

Calcareous nannofossil zone: NN15 (Lower Pliocene) based on the pre-
sence of D. pentaradiatus, P. lacunosa, R. hagii, Reticulofenestra
psendonmbilicus, and Sphenolithus abies.

Available material Nine bulk samples (~3 kg each), weighing 27.37 kg,

e Site 3 (Pusong Island, Brgy. Macandocandong, Cabarruyan
Island, Anda, Pangasinan; Fig. 1E).
Location (GPS coordinates): 16°14°43”N, 119°58°41”E.

Stratigraphy: Unnamed Pliocene clastic unit in Cabarruyan Island.

Lithology: Siltstone.

Calcareons nannofossil zone: NN15 (Lower Pliocene) based on the pre-
sence of D. pentaradiatus, P. lacunosa, R. haqii, R. psendonmbili-
cus, and S. abies.

Available material: Five bulk samples (~3 kg each), weighing 14.57 kg,

Otolith processing, identification, and
diversity analyses

All sediment samples were first immersed in
water and wet-sieved using a 500-um mesh. The re-
tained residues were oven-dried overnight at 40 °C,
and otoliths larger than 500-pm were hand-picked
under a stereomicroscope. Representative otoliths
were imaged with a digital camera mounted on a
stereomicroscope. Stacked images were processed
using Helicon Focus software, and the figures were
prepared and enhanced in Adobe Photoshop.

For otolith identification, we consulted
Smale et al. (1995), Rivaton and Bourret (1999),
Schwarzhans (1999, 2013), Aguilera and de Agui-
lera (2001), Schwarzhans and Aguilera (2013), Lin
and Chang (2012), Nolf (2013), van Hinsbergh and
Helwerda (2019), Mitsui et al. (2021, 2023), Lin et
al. (2023), and Chew et al. (2025). In addition, spe-
cimens were directly compared with an in-house re-
ference collection of extant otoliths housed at the
Biodiversity Research Museum, Academia Sinica,
Taiwan (BRCAS) under catalogue code CHLOL.

All collected materials are stored at the Nan-
noworks Laboratory, National Institute of Geologi-
cal Sciences, University of the Philippines Diliman,
Philippines (NIGS). Holotypes are deposited at the
National Museum of the Philippines — Museum
of Natural History under the registration numbers
NMP-2523 and NMP-2524. The paratypes are de-
posited in NIGS under NIGSPAL-FISH-013-15,
and at the Biodiversity Research Museum, Acade-
mia Sinica under ASIZF0101147-49.
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We quantified otolith abundance in the se-
diments by calculating otolith density, defined as
the number of otoliths per kilogram of dry sedi-
ment for each sample, following Lin et al. (2023).
Results were visualized using ggplor2 package, and
differences among samples were evaluated using the
Kruskal-Wallis test followed by Dunn’s post hoc
test with Holm adjustment in R. Otolith diversity
was assessed using Hill numbers (Hill 1973), calcu-
lated for three orders: q = 0 ("D, species richness),
q = 1 ("D, Shannon diversity, reflecting abundant
species), and q = 2 (D, Simpson diversity, reflecting
dominant species) (Chao et al. 2014). Because Hill
numbers depend on sample coverage, we estimated
diversity using specimen-based rarefaction, which
provides coverage-standardized diversity estimates
(Chao & Jost 2012; see also Lin et al. 2023). Con-
fidence intervals (95%) were derived from 300 bo-
otstrap replicates (Hsieh et al. 2016), and rarefaction
curves were generated using the INEX'T package in
R (Chao et al. 2014; Hsieh et al. 2016). Rank-abun-
dance plots (log-transformed) were used to summa-
rize taxonomic composition and relative abundance
(Lin et al. 2023; Lin & O’Dea 2025). Diversity in-
dices in this study were not compared with those
of van Hinsbergh and Helwerda (2019) because the
sampling approach and processing protocols in that
study were not documented, making any quantitati-
ve comparison potentially misleading.

REsULTS

Systematic paleontology

Alist of identified taxa and their abundance is
presented in Tab. 1. We adhere to the classification
scheme of Nelson et al. (2016). For Acropomati-
formes, we follow Davis et al. (2016). Authorship
follows van der Laan et al. (2014) and Fricke et al.
(2025). We use the term “otolith” to refer to the
saccular otolith (sagitta) unless stated otherwise.
General otolith terminology follows Lin and Chang
(2012), Nolf (2013), and Schwarzhans (2013). Gi-
ven that many otolith-based taxa from neighboring
regions have been described in detail in recent wor-
ks (Schwarzhans & Ohe 2019; van Hinsbergh &
Helwerda 2019; Schwarzhans et al. 2022; Lin et al.
2023), we provide brief remarks for common taxa,
focusing on diagnostic features and any deviations
from published material. Full descriptions are pro-

vided for the new species reported in this study.

Morphometric and measurement data inclu-
de otolith length (OL), otolith height (OH), ostium
length (OsL), and cauda length (Cal), measured
using Image]. Synonymy lists are limited only to no-
minal species and relevant records from the Philip-
pines.

Order Anguilliformes Regan, 1909
Family Congridae Kaup, 1856
Genus Ariosoma Swainson, 1838

Ariosoma sp.
Fig. 3A

Remarks. A single otolith attributable to
Ariosomawas recovered. It is circular to broadly oval
in outline, thick, and compact, with a low central
swelling on the dorsal field (OL = 2.32 mm; OH
= 2.06 mm; OL/OH = 1.13). The sulcus is short,
shallow, and undivided, positioned near the center.
The S-shaped sulcus with short, dorsally oriented
ostial channel is a key diagnostic feature for Ario-
soma (Schwarzhans 2019; Lin et al. 2021: figs. 4a—f;
Lin et al. 2024: fig. 4A; Ng et al. 2024: figs. 12G,
I). Our specimen resembles otoliths of the extant
Ariosoma indicum Kodeeswaran et al. 2022 (see Fig,
STA). However, we have only one slightly eroded
specimen, which limits our description. Thus, we
leave it as Ariosoma sp. Although van Hinsbergh
and Helwerda (2019: pl. 1, fig. 1; OL/OH = 1.06
mm) also reported Ariosoma sp., the figured speci-
men differs in overall outline from ours, suggesting
the presence of at least two morphotypes within the
assemblage.

Order Siluriformes Cuvier, 1817
Family Plotosidae Bleeker, 1858
Genus Plotosus Lacepede, 1803

Plotosus lineatus (Thunberg, 1787)
Fig. 3B

Remarks. A single otolith (lapillus) of Plo-
sus lineatus was recovered. It is thick and neatly cit-
cular, with rounded, weakly crenulate margins. The
inner face is gently convex with a low central umbo,
whereas the outer face is flat to slightly concave. It
shows a posteriorly opening groove consistent with
plotosid morphology (Rivaton & Bourret 1999: pl.
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Family/Order Taxa No. of otoliths | Figure van Hinsbergh & Helwerda 2019
in this study (revised count, original attribution)
Congridae Ariosoma sp. 1 Fig. 3A 1
Bathycongrus sp. 3
Congridae indet. 4
Gonorynchidae Gonorynchus abbreviatus 1
Plotosidae Plotosus lineatus 1 Fig. 3B
Argentinidae Glossanodon semifasciatus 1 Fig. 3C
Argentina sp. 1
Opisthoproctidae Monacoa grimaldii 1, Opisthoproctus grimaldii
Gonostomatidae Gonostomatidae indet. 1 Fig. 3D
Sternoptychidae Maurolicus cf. muelleri 6 Fig. 3E 24
Maurolicus sp. 8 7
Polyipnus aquavitus 9
Polyipnus aff. indicus 2
Polyipnus sp. 262 Fig. 3F-G
Valenciennellus tripunctulatus 15 Fig. 3H 1
Paraulopidae Paraulopus cf. brevirostris 1
Paraulopus sp. 5
Scopelarchidae Scopelarchus sp. 3 Fig. 3|
Myctophidae Benthosema fibulatum 30
Benthosema aff. fibulatum 55
Benthosema parafibulatum 14 Fig. 4A-B
Benthosema rarang sp. nov. 34 Fig. 4C-G
Benthosema suborbitale 9 Fig. 4H
Benthosema sp. 1
Ceratoscopelus sp. 15 Fig. 5A 8
Centrobranchus sp. 1 Fig. 5B
Dasyscopelus obtusirostris 7 Fig. 5C
Dasyscopelus selenops 1, Myctophum spinosum
Dasyscopelus spinosus 1, Myctophum spinosus
Diaphus adenomus 1 Fig. 6A
Diaphus aequalis 2
Diaphus mollis 1 Fig. 6B 1
Diaphus diademophilus 3 Fig. 6C
Diaphus aff. garmani 9
Diaphus regani 42 Fig. 6D 3
Diaphus splendidus 2 Fig. 6E
Diaphus sp. 1 1
Diaphus sp. 2 1
Diaphus sp. 29 19
Diogenichthys atlanticus 2 Fig. 7A
Hygophum sp. 1 Fig. 7B
Dasyscopelus aff. jacksoni 1, Lampadena aff. jacksoni
Lampadena dea 6 Fig. 7C
Lampadena sp. 3
Lampanyctus alatus 1 Fig. 7D 4
Lampanyctus nobilis 1 Fig. 7E 1, Lampanyctus alatus
Lampanyctus tenuiformis 2, Lampanyctus alatus
Lobianchia dofleini 8 Fig. 8A
Lobianchia gemellarii 5
Myctophum luzonicum sp. nov. | 6 Fig. 8B-D
Myctophum sp. 5 3
Taaningichthys sp. 2 Fig. 8E
Myctophidae indet. 333 229
Macrouridae Coelorinchus cf. australis 10
Coelorinchus sp. 2 Fig. 9A
Hymenocephalus aeger 7
Hymenocephalus cf. iwamotoi | 4 Fig. 9B
Hymenocephalus torvus 24 Fig. 9C
7, figs. 3—4; Lin & Chang 2012: pl. 6, fig. 74; Nolf

2013: pl. 36).

Order Argentiniformes Johnson & Patterson,

1996

Family Argentinidae Bonaparte, 1846
Genus Glossanodon Guichenot, 1867

Glossanodon semifasciatus (Kishinouye, 1904)

Fig, 3C

Tab. 1 - List of otolith-based fish
taxa from Early Pliocene
Cabarruyan Island, Panga-
sinan, northern Luzon, Phi-
lippines.

Remarks. One elliptical-shaped otolith with a

crenate dorsal margin and a smooth ventral margin
was identified as Glossanodon semifasciatus (OL = 4.64,
OH = 3.34, OL./OH = 1.38). The ventral rim is con-
vex and angled towards the postero-dorsal region.
The anterior region is neatly straight and smooth. Sul-
cus is median and horizontally oriented. The cauda is
deep and elongated, but the ostium is damaged in

our specimen. The ostial colliculum is deep, and the

caudal colliculum is shallow. Crista superior is ridge-
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Tab. 1 - List of otolith-based fish Family/Order Taxa No. of otoliths | Figure van Hinsbergh & Helwerda 2019
taxa from Early Pliocene i in this study (revised count, original attribution)
Cabarruyan Tslan d, Panga— Macrouridae Zymenocephalus sp 21 :

. . lymenogadus gracilis 14 Fig. 9D
sinan, northern Luzon, Phi- Nezumia sp. 3 Fig. OF
lippiﬂe& Ventrifossa sp. 1 Fig. 9F
Bregmacerotidae Bregmaceros japonicus 29 Fig. 10A
Bregmaceros cf. mcclellandi 16
Bregmaceros nectabanus 52 Fig. 10B
Bregmaceros sp. 28
Holocentridae Myripristis sp. 1 Fig. 10C
Diretmidae Diretmus argenteus 1 Fig. 10D
Carapidae Onuxodon sp. 1 Fig. 10E
Carapidae indet. 1 Fig. 10F 2
Ophidiidae Neobythites sp. 3 Fig. 10G 1
Bythitidae Saccogaster sp. 3
Bythitidae indet. 1 Fig. 10H
Apogonidae Apogon sp. 22
Xeniamia atrithorax 2, Apogonidae indeterminate
Apogonidae indet. 36 Fig. 11A-B
Fig. 11C—
Gobiidae Gobiopterus sp. 6 D 1, Gobiidae indeterminate
Priolepis sp. 1 Fig. 11E 5
Suruga fundicola 3 Fig. 11F 38
Gobiidae indet. 3 Fig. 11G
Atherinidae Atherinomorus lacunosus 1 Fig. 12A
Belonidae Belonidae indet. 1 Fig. 12B
Carangidae Decapterus sp. 1 Fig. 12C
Carangidae indet. 1
Gempylidae Diplospinus multistriatus 1
Gempylidae sp. 1 2, Gempilidae
Gempylidae indet. 2 Fig. 12D
Trichiuridae Trichiurus sp. 1 Fig. 12E
Champsodontidae | Champsodon sp. 2 Fig. 12F 1
Hemerocoetidae Pteropsaron sp. 6
Bembropidae Bembrops sp. 1, Brembropidae
Malakichthyidae Malakichthys sp. 1, Sparidae indeterminate
Synagropidae Parascombrops schwarzhansi | 8 Fig. 13A 19
Parascombrops aff.
serratospinosus 2
Parascombrops sp. 3 Fig. 13B
Bathyclupeidae Bathyclupea sp. 2
Serranidae Serranidae indet. 6
Eupercaria indet. 1 1
Eupercaria indet. 2 1
Leiognathidae Equulites sp. 1 Fig. 13C
Cepolidae Owstonia nigromarginata 6, Owstonia nigromarginatus
Owstonia sp. 2
Cepolidae indet. 2 Fig. 13D
Triglidae Satyrichthys sp. 2 Fig. 13E
Scorpaeniformes Scorpaeniformes indet. 3 Fig. 13F
Acanthuridae Acanthuridae indet. 2 Fig. 13G
Sparidae Sparidae indet. 2
Caproidae Antigonia capros 2
Utricular otoliths 5 2
Indeterminate 127
1225 597

like and crista inferior is well-developed (Smale et al.
1995: pl. 9, fig. E; Lin & Chang 2012: pl. 7, 75; Mitsui
et al. 2021: fig, 40). The overall morphology of G.
semifasciats 1s similar to Argentina kagoshimae (Jordan
& Snyder, 1902), but A. kagoshimae has a lower OL/
RL ratio (2.4-2.7) than G. semifasciatus (3.1-3.4; Ohe
et al. 1985). Unfortunately, the anterior region of our
specimen is damaged, which limits our description
of rostrum length. However, the fossil otolith closely
resembles the extant otoliths of G. sezifasciatus in our
comparative collection than 4. kagoshimae, particu-
larly in the structure of the dorso-posterior rim and
the curved ventral rim (vs. the flatter ventral rim in A.
kagoshimae, see Figs. SIB—C). Accordingly, we assign
the specimen as G. sewifasciatus.

Otrder Stomiiformes Regan, 1909
Family Gonostomatidae Cocco, 1838
Gonostomatidae indet.

Fig, 3D

Remarks. A single gonostomatid otolith with
a subcircular to broadly oval shape, a narrow sulcus,
and poorly developed crista is typical of gonostoma-
tid otoliths. The overall discoid form and the semi-
rounded posterior rim resemble those of the extant
gonostomatid Szgmops elongatus (Gunther, 1878), as
figured in Ng et al. (2024; fig. 16B). However, our
specimen has a broken anterior rim, which obscu-
res key features required for a reliable genus-level
diagnosis.
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Ariosoma sp.

Plotosus lineatus

Gonostomatidae indet.

Valenciennellus tripunctulatus

Polyipnus sp.

Family Sternoptychidae Duméril, 1805
Genus Maurolicus Cocco, 1838

Maurolicus cf. muelleri (Gmelin, 1789)
Fig. 3E

2019 Maurolicus cf. mueller:
figs. 9-13.

van Hinsbergh & Helwerda, pl.1,

Remarks. Six small, thin otoliths with a tear-
drop outline were recovered. The inner faces are
partially eroded, but the preserved sulcus is mode-
rately long and narrow, with a widened ostium that
grades into a straight and deep cauda. These com-
bined features resemble Maurolicus nuelleri (Gmelin,
1789) (Rivaton & Bourret 1999: pl. 93, figs. 13-16;
Lin & Chang 2012: pl. 7, 75). However, because the
anterior region of most of the specimens is not pre-
served, we retain the identification of van Hinsber-
gh and Helwerda (2019) as Maurolicus ct. mueller:.

Maurolicus sp.
Fig. 3F

Remarks. Eight specimens in our collection
are assigned to the genus Maurolicus, based on ove-

Glossanodon semifasciatus C)
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Fig. 3 - Otoliths from Early Pliocene
marine sediments in Cabar-
ruyan Island, northwestern
Luzon Island, Philippines.
Scale bars = 1 mm. Ima-
ges are inner views unless
otherwise indicated.  A)
Ariosoma  sp., NIGSPAL-
FISH-016. B) Plotosus  Ii-
neatus  (Thunberg, 1787),
NIGSPAL-FISH-018,

Glossanodon  semifascia-

s (Kishinouye, — 1904),

NIGSPAL-FISH-019, D)

Gonostomatidae indet.,

NIGSPAL-FISH-020,

E)  Maurolicus  ct.  muelleri,

NIGSPAL-FISH-021, I)

Maurolicns  sp., NIGSPAL-

FISH-022, G) Pobyipnus sp.,

NIGSPAL-FISH-023, H)

Valenciennellus — tripunctulatus

(Esmark, 1871), NIGSPAL-

FISH-024, 1) Seopelarchus sp.,

NIGSPAL-FISH-025.

Scopelarchus sp.

rall otolith morphology (see remarks under Mauro-
licus ct. muelleri); however, these otoliths have a less
sharply developed rostrum, and because most of
the posterior region is damaged, we conservatively
identify them as Maurolicus sp.

Genus Polyipnus Gunther, 1887

Polyipnus sp.
Fig. 3G

22019 P. agunavitus —van Hinsbergh & Helwerda, figs. 18—19.
22019 P. aff. indicns—van Hinsbergh & Helwerda, fig. 20.

Remarks. A total of 262 otoliths attributable
to Polyipnus were recovered. They exhibit an ear-like
shape with a thick, smooth posterior margin and a
horizontal cauda, consistent with Po/yipnus otoliths
(Lin et al. 2017: figs. C2, C4, D-E; Lin et al. 2023:
figs. 4f—¢). Some otoliths resemble those specimens
in van Hinsbergh and Helwerda (2019: figs. 18-20;
identified as P. aguavitus Baird, 1971 and fig, 20 as P.
aff. indicns). However, due to the absence of diagno-
stic features at the species level and limited com-
parative material, we refrain from a more precise
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taxonomic assignment and identify the material as
Polyipnns sp. We further proposed reassignment of
P. aquavitus (figs. 18—19) and P. aff. indicus (fig. 20) of
van Hinsbergh & Helwerda (2019) to Polyipnus sp.

Genus Valenciennellus Jordan & Evermann, 1896

Valenciennellus tripunctulatus (Esmark, 1871)
Fig. 3H

2019 Valenciennellus tripunctulatns—van Hinsbergh & Helwerda, pl. 2,
fig. 21.

Remarks. Fifteen oval-shaped otoliths with
narrow and straight sulcus, flared ostium, and elon-
gated cauda that constricts near the caudal rim re-
semble Valenciennellus tripunctulatns (Rivaton & Bou-
rret 1999: pl. 97, figs. 12-19; Lin et al. 2017: figs.
4M-N; Mitsui et al. 2021: fig. 5A). Although all spe-
cimens are partially damaged, key diagnostic features
remain visible and allow identification.

Order Aulopiformes Rosen, 1973
Family Scopelarchidae Alcock, 1896
Genus Scopelarchus Alcock, 1896

Scopelarchus sp.
Fig. 31

Remarks. Three otoliths were assigned to the
genus Scopelarchus based on their moderately thin,
rectangular outline, straight anterior rim, and curved
posterior rim. They closely resemble Scopelarchus ana-
lis (Brauer, 1902) as illustrated in Smale et al. (1995:
pl. 14, fig. 1) and Lin et al. (2017: fig. 4L). However,
because the inner faces of all specimens are eroded,
we retain the identification at the genus level pending
additional material with intact inner-face features.

Order Myctophiformes Regan, 1911
Family Myctophidae Gill, 1893
Genus Benthosema Goode & Bean, 1896

Benthosema parafibulatum Lin, 2023
Figs. 4A-B

2019 Benthosema aff. fibulatum—van Hinsbergh & Helwerda, pl. 3,
figs. 28-29, 31; non pl. 3, figs. 30, 32-35.
2023 Benthosema parafibulatum—TLin et al., figs. 6a—g,

Remarks. Benthosema otoliths are distingui-
shed from other myctophid genera by 1-3 ven-

tral denticles, a longer, more robust antirostrum,
and a relatively longer ostium (Schwarzhans 2019;
Schwarzhans & Ohe 2019; Lin et al. 2023). Nine
oval otoliths with two prominent ventral denticles
were identified as Benthosema parafibulatum (Lin et al.
2023: figs. 6a—g). These additional specimens sup-
port reassignments of van Hinsbergh & Helwer-
da’s materials from B. aff. fibulatum to B. parafibula-
tum (see Lin et al. 2023 for full description).

Benthosema rarang sp. nov. Mediodia & Lin
Figs. 4C-G

2019 Benthosema aff. fibulatum—van Hinsbergh & Helwerda, pl. 3,
figs. 32, 34; non pl. 3, figs. 28-31, 33, 35.

Holotype: NMP-2523 Left sagitta (Fig. 4C), from Cabar-
ruyan Island, Pangasinan, northwestern Luzon Island, Philippines

Paratypes: Four specimens: Two specimens NIGSPAL-
FISH-013 and NIGSPAL-FISH-014 (Figs. 4D-E), two specimens
ASIZF0101147-48 (Figs. 4F-G).

Etymology: The species name refers to Rarang Fishpond,
Brgy. Awile, Pangasinan, the type locality where the specimens were
collected.

Diagnosis: OL/OH = 1.17-1.22, OL/OT = 3.84-4.41.
Dorsal rim flat and angled towards the posterior rim. Rostrum and
antirostrum short and blunt with a shallow excisura.

Description. The otolith is discoid and mo-
derately thick (1.61-1.85 mm length). The inner
face is slightly concave and smooth. Dorsal rim
angular with a distinctly flattened mid-dorsal sec-
tion. Ventral rim convex with low, subdued crenu-
lations rather than discrete ventral denticles. The
posterior rim is curved and slightly blunt in the
middle portion. The sulcus is straight, median-
oriented, and slightly deep. Ostium is broad and
flared. Cauda is slightly narrower than the ostium,
tubular, and terminates before the posterior rim. It
has a weak collum. The ostial colliculum is low and
smooth, and the cauda colliculum is restricted to
the central part of the cauda. The crista superior is
well-developed, and the crista inferior is ridge-like
and prominently located in the cauda. The rostrum
is blunt and protruding. Antirostrum is blunt and
short, creating a shallow excisura. A shallow dorsal
depression is present.

Remarks. Otoliths of the new species are
mote compact (OL/OH = 1.17-1.22) than the oto-
liths of B. parafibulatum (OL/OH = 1.27). It further
differs from B. parafibulatum in having a more angled
anterodorsal rim. The flattened dorsal rim is a uni-
que feature of B. rarang sp. nov. as compared to the
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Benthosema parafibulatum

crenulated with irregular denticles in species such as
B. parafibulatum (Figs. 4A—B) and B. suborbitale (Fig,
4H). The B. suborbitale otoliths in our collection have
a higher, more highly angled posterodorsal rim than
those of the new species. We propose that the two
otoliths identified as B. aff. fibulatum by van Hinsber-
gh & Helwerda (2019: pl. 3, figs. 31-32) also refer
to B. rarang sp. nov. based on their closely matching
overall morphology. There are 29 non-type speci-
mens in the collection (NIGSPAL-FISH-027)
Occurrence: Currently known only from Ca-
barruyan Island, Pangasinan, northwestern Luzon

Island, Philippines.

Benthosema suborbitale (Gilbert, 1913)
Fig. 4H

2023 Benthosema suborbitale—Lin et al., figs. 8a—b.

Remarks. Nine specimens in our collection
were identified as Benthosema suborbitale (Gilbert,
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Fig. 4 - Otoliths from Early Pliocene
marine sediments in Cabar-
ruyan Island, northwestern
Luzon Island, Philippines.
Scale bars = 1 mm. Images
are inner views unless other-
wise indicated. A—B) Bentho-
sema parafibulatum Lin, 2023,
NIGSPAL-FISH-026, C-G)
Benthosema  rarang sp. nov.,
C — holotype, NMP-2523,
D-G - paratypes, D-E)
NIGSPAL-FISH-0213-14,
D-G) ASIZF0101147-48,
H)  Benthosema  suborbitale
(Gilbert, 1913), NIGSPAL-
FISH-028. 1, ventral view; 2,
inner view.

Benthosema suborbitale

1913) based on the depression on the postero-
dorsal rim and two prominent ventral rim denticle
separated by a smooth gap (Schwarzhans 2019, fig.
49-4; Smale et al. 1995, pl. 16, fig. H; Mitsui et al.
2021, fig. 5B; Lin et al., figs. 8a—b.).

Genus Ceratoscopelus Gunther, 1864

Ceratoscopelus sp.
Fig. 5A

Remarks. Fifteen otoliths resemble Ceratosco-
pelus warmingii based on their sesame-like otoliths,
straight sulcus, and relatively protruding rostrum
(van Hinsbergh & Helwerda 2019, pl. 4, figs. 39-40;
Mitsui et al. 2021: fig. 5D, 2023: fig. 5a; Lin et al.
2023, figs. 8d—e). Our specimen also resembles the
otoliths of Ceratoscopelus townsendi (Eigenmann &
Eigenmann, 1889) (see Schwarzhans & Ohe 2019
for a full description). However, our specimens are
all juveniles, so we conservatively identify our speci-
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Ceratoscopelus sp.

Centrobranchus sp.

Dasyscopelus obtusirostris

Fig. 5 - Otoliths from Eatly Pliocene marine sediments in Cabarruyan Island, northwestern Luzon Island, Philippines. Scale bars = 1 mm.
Images are inner views unless otherwise indicated. A) Ceratoscopelus sp., NIGSPAL-FISH-030, B) Centrobranchus sp., NIGSPAL-FISH-031,

C) Dasyscopelus obtusirostris (Taning, 1928), NIGSPAL-FISH-032.

mens as Ceratoscopelus sp. until additional adult spe-
cimens are available.

Genus Centrobranchus Fowler, 1904

Centrobranchus sp.
Fig. 5B

Remarks. A single, small specimen of 1.19
mm length with a squarish outline and a curved po-
sterior rim was recovered, which resembles extant
otoliths of  Centrobranchus nigroocellatus (Gunther,
1873) figured in Rivaton & Bourret (1999: pl. 105)
and Centrobranchus andreae (Litken, 1892) figured in
Ng et al. (2024: figs. 6.2b—3b). However, the inner
face of our specimen is eroded, which limits further
characterization.

Genus Dasyscopelus Gunther, 1864

Dasyscopelus obtusirostris (Taning, 1928)
Fig. 5C

Remarks. Otoliths of Dasyscopelus are typical-
ly oval to discoid in shape, usually with a finely cre-
nulated ventral margin, in contrast to those of the
genus Diaphus, which bear pronounced ventral spi-
nes. We adopted the taxonomic revision proposed
by Martin et al. (2018), who transferred seven spe-
cies previously classified under the genus Myctophum
into the valid genus Dasyscopelus. In our collection,
seven otoliths were assigned to Dasyscopelus obtusi-
rostris (Taning, 1928) based on their more angular
outline and more pointed ventral and posterior rims
(Rivaton & Bourret 1999: pl. 108, figs. 1-9; Lin &
Chang 2012: pl. 10, fig. 78; Ng et al. 2024: fig, 29G).

Moreover, five partially eroded specimens were left

as Dasyscopelus sp.

Genus Diaphus Eigenmann & Figenmann, 1890

Diaphus adenomus Gilbert, 1905
Fig. 6A

Remarks. Diaphus otoliths can be distingui-
shed from their relatives by a well-developed ro-
strum with an excisura, ventral rim denticulation, and
a long, clearly divided sulcus (Schwarzhans 2013b).
A single specimen in our collection was identified as
Diaphus adenomus Gilbert, 1905, based on its overall
otolith shape, which is characterized by ten fine ven-
tral denticles together with a relatively short, narrow
ostium and a convex inner face (Lin & Chang 2012:
10, 78; Schwarzhans 2013b: pl. 12, figs. 6—13).

Diaphus mollis Taning, 1928
Fig. 6B

Remarks. A single specimen was identified as
Diaphus mollis Taning, 1928, based on its compressed
otolith shape with a distinct postdorsal depression
and a nearly absent excisura (Schwarzhans 2013b: pl.
2, figs. 6—10; Schwarzhans & Ohe 2019, figs. 8L-P).
Our specimen also resembles Diaphus brachycephalus
(Rivaton & Bourret 1999: pl. 112, figs. 1-6; Smale
et al. 1995: pl. 17; Schwarzhans 2013b: pl. 5, figs.
1-6), but has fewer ventral rim denticles than D. bra-
chycephalus.

Diaphus diademophilus Nafpaktitis, 1978
Fig, 6C
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Diaphus splendidus

Diaphus diademophilus

Diaphus mollis

Remarks. Three specimens have an otolith
similar to that of Digphus but with fewer and more
prominent ventral denticles (5-6), a sharper ro-
strum, and a relatively longer cauda (Schwarzhans
2013b: pl. 5, figs. 9-a2), similar to that of Diaphus
diademophilus Nafpaktitis, 1978.

Diaphus regani Taning, 1932
Fig. 6D

2019 Diaphus regani—van Hinsbergh & Helwerda, pl. 5, figs. 46—47.

Remarks. A total of 42 specimens in the
collection exhibit an overall morphology similar to
Diaphus and were identified as Diaphus regani Taning,
1932 due to their high ventral denticle count (15—
17) and a prominent antero-dorsal elevation (Riva-
ton & Bourret 1999: pl. 110, figs. 14-20).

Diaphus splendidus (Brauer, 1904)
Fig. 6E

Remarks. D. splendidus has a depressed pre-
dorsal rim and a well-developed postdorsal angle
above the posterior part of the cauda, typically with
9—13 ventral denticles (Lin & Chang 2012: pl. 10,
78). Twenty-nine otoliths were left as Dzaphus sp.
due to poor preservation.
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Fig. 6 - Otoliths from Early Plio-
cene  marine  sediments
in  Cabarruyan  Island,
northwestern Luzon Island,
Philippines. Scale bars =
1 mm. Images are inner
views unless otherwise indi-
cated. A) Diaphus adenommns
Gilbert, 1905, NIGSPAL-
FISH-033, B) Diaphus mollis
Taning, 1928, NIGSPAL-
FISH-034, C) Diaphus diade-
mophilus Nafpaktitis, 1978,
NIGSPAL-FISH-035, D)

v Diaphus regani Taning, 1932,

2 NIGSPAL-FISH-030,

E) Diaphus splendidus

(Brauer, 1904), NIGSPAL-

FISH-037.

Diaphus regani

Genus Diogenichthys Bolin, 1939

Diogenichthys atlanticus (Taning, 1928)
Fig. 7A

Remarks. Two otoliths were identified as
Diogenichthys atlanticus, characterized by small discoid-
shaped otoliths with smooth margins and a rela-
tively wide, median-oriented, shallow, and divided
sulcus similar to the figured specimen in Rivaton
& Bourret (1999: pl. 100, fig. 2) and Schwarzhans
& Aguilera (2013: fig. 19a). Our specimen also re-
sembles Diogenichthys laternatus (Garman, 1899) figu-
red in Schwarzhans & Aguilera (2013: figs. 21a-b).
However, it differs in having a distinctly protruding
rostrum, whereas D. /afernatus has a short rostrum.

Genus Hygophum Bolin, 1939

Hygophum sp.
Fig. 7B

Remarks. A single discoid otolith (OL/OH
= 1.13) with a wide sulcus positioned near mid-
height, blunt rostrum, and a pointed antirostrum
resembles Hygophum macrochir, similar to the figured
specimen in Aguilera & de Aguilera (2001: fig, 11)
and Schwarzhans (2013a: pl. 5; figs. 1-2). Most dia-
gnostic features are preserved, although certain pot-
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Fig. 7 - Otoliths from Early Pliocene
marine sediments in Cabar-
ruyan Island, northwestern
Luzon Island, Philippines.

Images are inner views
unless  otherwise indica-
ted. Scale bars = 1 mm.

A)  Diogenichthys  atlanticus
(Téning, 1928), NIGSPAL-
FISH-039, B)  Hygophum
sp., NIGSPAL-FISH-040,
C) Lampadena dea Fraser-
Brunner, 1949, NIGSPAL-
FISH-041, D) Lampanyctus
alatus Goode & Bean, 1896,
NIGSPAL-FISH-043,  E)
Lampanyctus  nobilis Taning,
1928, NIGSPAL-FISH-044.

Hygophum sp.

tions of the specimen are damaged. At present, the
specimen is conservatively identified as Hygophum
sp. pending the availability of additional material.

Genus Lampadena Goode & Bean, 1893

Lampadena dea Fraser-Brunner, 1949
Fig 7C

Remarks. Six spindle-shaped otoliths with
ventral denticles were recovered. The rostrum is
protruding and pointed, and the antirostrum is
short but also pointed, similar to Lampadena dea
figured in Nafpaktitis & Paxton (1965: fig. 10-6).
Although this is uncommon in the collection, all
specimens are well preserved, allowing confident
identification.

Genus Lampanyctus Bonaparte, 1840

Lampanyctus alatus Goode & Bean, 1896
Fig. 7D

2019 Lampanyctus alatus
53-55.
2023 Lampanyctus alatus—Lin et al., fig. 9e.

van Hinsbergh & Helwerda, pl. 6, figs.

Remarks. A single discoid otolith (OL =
1.52 mm; OH = 1.34 mm; OL/OH = 1.13) closely
matches Lampanyctus alatus (Smale et al. 1995: pl. 22,
fig. D; Rivaton & Bourret 1999: pl. 120, figs. 1-7;
Schwarzhans & Ohe 2019: fig. 71.-N).

Lampadena dea

Lampanyctus nobilis

Lampanyctus alatus

Lampanyctus nobilis Taning, 1928
Fig. 7E

2019 Lampanyctus alatus:

van Hinsbergh & Helwerda, pl. 6, fig. 52.

Remarks. A single Lampanyctus otolith with
an clongated outline is identified as Lampanyctus
nobilis (Schwarzhans & Aguilera 2013: pl. 6, fig. 6;
Schwarzhans & Ohe 2019: figs. 7R—V). Otoliths of
L. nobilis typically have an OL/OH ratio of 1.25—
1.40 (Schwarzhans & Ohe 2019), but the rostrum
of our specimen is broken, preventing a reliable
OL/OH measurement. In addition, we recommend
the reassignment of the specimen identified as Laz-
panyctus alatus by van Hinsbergh & Helwerda (2019:
pl. 6, fig. 52a-b) with OL/OH = 1.3 to L. nobilis
(see also extant specimen in Fig. S1D, OL/OH =
1.25).

Genus Lobianchia Gatti, 1904

Lobianchia dofleini (Zugmayer, 1911)
Fig. 8A

Remarks. Fight discoid-shaped otoliths with
an elevated antero-dorsal rim and a broad sulcus ate
assigned to Lobianchia dofleini (Smale et al. 1995: pl.
24, figs. C1-3; Schwarzhans 2013a: pl. 4, figs. 18—
20; Schwarzhans 2013b: pl. 15, figs. 1-5). Small oto-
liths of L. dofleini closely resemble the same-sized
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Myctophum luzonicum sp. nov.

Lobianchia gemellarii (Cocco, 1838), but L. gemellarii
has a narrower sulcus and an antero-dorsal rim that
slopes obliquely downward toward the antirostrum
(see Lin et al. 2017 for more details). Our specimen
also resembles Diaphus cavallonis (Brzobohaty and
Nolf 2000: pl. 5, figs. 7-14; Lin et al. 2017: figs. 4V—
W) but differs in the number of ventral rim denti-
cles. Diaphus cavallonis has more than 10 ventral rim
denticles (Brzobohaty and Nolf 2000), while our
specimen has 9. This matches L. dofleinz, described
as having 6-9 denticles (see Schwarzhans 2013a).

Genus Myctophum Rafinesque, 1810

Myctophum luzonicum sp. nov. Mediodia & Lin
Figs. 8B-C

Holotype: NMP-2524 Left sagitta (Fig. 8B), from Cabarru-
yan Island, Pangasinan, northwestern Luzon Island, Philippines

Paratypes: Two specimens: one specimen NIGSPAL-
FISH-015 (Fig, 8C), one specimen ASIZF0101149 (Fig. 8D).

Etymology: The specific name refers to Luzon, the largest
island of the Philippines, from which the type material was collected.

Diagnosis: OL/OH = 1.33-1.37, OL/OT = 5.07-5.75,
OsL/Cal. = 1.18-1.95. Elongated otolith with a straight dorsal rim,
steeply angled dorso-posteriorly.

Description. The otolith is discoid to slightly
oval in shape, strongly compressed, and has a straight
mid-dorsal and gently domed ventral profile (2.45—
3.44 mm length). The dorsal rim is arched at the po-

Medjodia D.P., Torralba 1.A.S., Baguio ] P.R., De Silva L.P, |r., Fernando A.G.S. & Lin C.-H.

Fig. 8 - Otoliths from Early Pliocene
marine sediments in Cabar-
ruyan Island, northwestern
Luzon Island, Philippines.
Scale bars = 1 mm. Images
are inner views unless other-
wise indicated. A) Lobianchia
dofleini  (Zugmayer, 1911),
NIGSPAL-FISH-046, B-D)
Myctophum — luzonicum — sp.
nov.,, B — holotype, NMP-
2524, C-D — paratypes, C)
NIGSPAL-FISH-015, D)
ASIZF0101149, E) Taa-
ningichthys sp., NIGSPAL-
FISH-048. 1, ventral view; 2,
inner view.

Taaningichthys sp.

sterior portion with several low and rounded lobes.
Ventral rim is more strongly curved and distinctly
crenulated along most of its length, with individual

crenulations shallow but clearly expressed. Anterior
rim bluntly rounded with only a very short, poorly

expressed rostral tip in the paratypes, but a clear,
pointed rostrum in the holotype. There is an antiro-
strum and a shallow to deep excisura. Surface of the
inner face is otherwise smooth, but corrosion and
minor overgrowth occur locally in paratypes, parti-
cularly on the dorsal half of the otolith (Fig. 8C-D).
The sulcus is long, narrow, and supramedian, exten-
ding over approximately two-thirds of the otolith’s
length. The sulcus is slightly inclined anterodorsal-
ly. Ostium anterior, rectangular-oval, shallow with
a flat to gently concave floor, and only moderately
wider and longer than the cauda (OsL/Cal. = 1.18—
1.95). Cauda is distinctly narrower, more tubular,
slightly deeper than the ostium, and neatly straight,
terminating before the posterior rim. The outer face
is convex with no distinct umbo.

Remarks. Myctophum luzonicum differs from
these discoid congeners in several consistent featu-
res including a slightly more elongate outline (OL/
OH > 1.3), a more strongly crenulated ventral rim
with deeper and more widely spaced denticles, a
conspicuously deep, continuous ventral furrow,
and a sulcus in which the ostium is only moderately
longer than the cauda, rather than being more than
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twice as long as the cauda, as described for several
other Myctophum species. Compared with its con-
geners, M. luzonicum differs from M. aurolaternatum
Garman, 1899 (Rivaton & Bourret 1999: pl. 107,
figs. 12-13) in its more discoid shape and longer
cauda and from M. nitidulum Garman, 1899 (Riva-
ton & Bourret 1999: pl. 107, figs. 17-22) in its elon-
gated overall shape, more flattened dorsal margin,
and elongated cauda. These characters, together
with the metric ranges provided above, support re-
cognition of M. /uzonicum as a distinct species. The-
re are three non-type specimens in the collection
(NIGSPAL-FISH-047).

Occurrence. Currently known only from Ca-
barruyan Island, Pangasinan, northwestern Luzon
Island, Philippines.

Genus Taaningichthys Bolin, 1959

Taaningichthys sp.
Fig. 8E

Remarks. Two discoid otoliths with slightly
flattened dorsal margins and convex ventral margins
arched upward toward the posterior region were re-
covered. The sulcus is slightly eroded but wide and
median-oriented, with a distinctly separated, dorsal-
ly raised ostium and cauda. The overall morphology
of our specimen closely resembles that of Taanin-
gichthys bathyphilus (Rivaton & Bourret 1999: pl. 124,
figs. 1-5). However, due to poor preservation, we
conservatively assign it to Taaningichthys sp.

Order Gadiformes Goodrich, 1909
Family Macrouridae Bonaparte, 1831
Genus Coelorinchus Giorna, 1809

Coelorinchus sp.
Fig. 9A

Remarks. Two thick, oblong otoliths with
crenulated margins and an angled postero-ventral
rim were recovered. They closely resemble Coelorin-
chus ct. aunstralis figured in van Hinsbergh & Helwer-
da (2019: figs. 65-67). However, the specimens are
abraded and have damaged margins, so we conser-
vatively assign them to Coelorinchus sp.

Genus Hymenocephalus Giglioli, 1884

Hymenocephalus cf. iwamotoi
Fig. 9B

Remarks. Otoliths of Hymenocephalus can be
characterized based on the presence of a well-deve-
loped predorsal lobe and sulcus with equal lengths
of the ostium and cauda (Schwarzhans 2014). Four
high-bodied otoliths with a well-developed, massi-
ve predorsal lobe, an anteriorly inclined lobe, and a
straight, deep, clearly separated sulcus closely resem-
ble those of Hymenocephalus iwamotoi Schwarzhans
2014 (Schwarzhans 2014, fig. 11F-H). Our speci-
men is more compact than the elongated Hymeno-
cephalus longibarbis (Gunther, 1887) (Schwarzhans
2014: figs. 8D—L). Modern specimens of H. zwamo-
toi are only known from off Browse Island, Western
Australia, and are likely endemic to that region. Ba-
sed on these observations, we identified our spe-
cimen as H. cf. swamotoi, pending the collection of
additional well-preserved specimens.

Hymenocephalus torvus Smith & Radcliffe, 1912
Fig, 9C

Remarks. Twenty-four otoliths were identified
as H. forvus based on their large dorsal rim, a rounded
posterior tip, and a non-divided sulcus (Schwarzhans
2014: figs. 33C—G). The difference between H. forvus
and H. aeger can be distinguished primarily by the
OL/OH ratio (H. torvus OL/OH = 0.8-0.9; H. aeger
OL/OH = 0.9-1.0: Schwarzhans 2014). Our speci-
mens have OL/OH = 0.802-0.907, which are more
compact than those of H. aeger.

Genus Hymenogadus Gilbert & Hubbs, 1920

Hymenogadus gracilis (Gilbert & Hubbs, 1920)
Fig. 9D

Remarks. Fourteen moderately elongated
otoliths exhibiting a prominent dorsal extension from
the middle to the anterior region and a straight, nar-
row sulcus were recovered. These specimens closely
resemble Hymenogadus gracilis (Gilbert & Hubbs, 1920)
figured in Schwarzhans (2014: figs. 6E-I). Although
Macrouridae are dominant within the assemblage, H.
gracilis is the only macrourid species identified at Site
3. Additionally, 21 specimens were assigned to Hyzme-
nocephalus sp. due to insufficient preservation of dia-
gnostic features for species-level identification.
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Hymenocephalus
cf. iwamotoi

N ia sp.
Hymenogadus gracilis ezumia sp

Genus Negumia Jordan, 1904

Nezumia sp.
Fig. 9E

Remarks. Three otoliths have a thomboidal
outline, with a posterior margin that is dorsally an-
gled and an anterior margin that is rounded. Sulcus
is straight and narrow with a wall-like collum. Our
specimen resembles Nezumia ornata (Bassoli, 1900),
as figured in Lin et al. (2015, fig, 8K). However, we le-
ave the identification to Nezumia sp. Additional fossil
material and comparative extant otoliths are required
to enable more precise taxonomic identification.

Genus Ventrifossa Gilbert & Hubbs, 1920

Ventrifossa sp.
Fig. 9F

Remarks. A single otolith was assigned to
Ventrifossa sp. based on its thick, thomboidal outli-
ne with lobulated margins and a straight and divided
sulcus. It shows similarities to Ventrifossa rhipidodorsalis
Okamura, 1984 (Lin & Chang 2012: pl. 12, 80) and
Ventrifossa longibarbata Okamura, 1982 (Lin & Chang
2012: pl. 12, 80; Ng et al. 2024: fig. 38B) but differs
by its straighter dorsal rim and a distinctly triangular
postero-dorsal rim. However, because only a single
specimen is available, we conservatively retain the
identification at the genus level.
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Fig. 9 - Otoliths from Early Pliocene
marine sediments in Cabar-
ruyan Island, northwestern
Luzon Island, Philippines.
Scale bars = 1 mm. Images
are inner views unless other-
wise indicated. A) Coelorinchus
sp.,  NIGSPAL-FISH-050,
B) Hymenocephalus cf. iwamo-
toi,  NIGSPAL-FISH-051,
C)  Hymenocephalus  torvus
Smith & Radcliffe, 1912,
NIGSPAL-FISH-053, D)
Hymenogadus gracilis (Gilbert
& Hubbs, 1920), NIGSPAL-
FISH-054, E) Negumia sp.,
NIGSPAL-FISH-055,  F)
Ventrifossa  sp., NIGSPAL-
FISH-056.

Ventrifossa sp.

Family Bregmacerotidae Gill, 1872
Genus Bregmaceros Thompson, 1840

Bregmaceros japonicus Tanaka, 1908
Fig. 10A

2019 Bregmaceros cf. meclellandr
fig. 63.
2023 Bregmaceros japonicus—1Lin et al., figs. 11b—d.

van Hinsbergh & Helwerda, pl. 7,

Remarks. There are 109 thin specimens in
our collection that resemble the extant Bregmaceros
otolith based on the overall shape and a solid brid-
ge collum that separates ostium and cauda (Lin &
Chang 2012). Fifty-two otoliths with a wide and
extended posterior lobe behind the caudal depres-
sion were identified as Bregmaceros japonicus Tanaka,
1908 (Lin & Chang 2012: pl. 11, fig. 79; Ng et al.
2024: fig. 40F).

Bregmaceros nectabanus Whitley, 1941
Fig. 10B

2019 Bregmaceros cf. meclellandi—van Hinsbergh & Helwerda, pl. 7,
figs. 61-62, 64.
2023 Bregmaceros nectabanus—Lin et al., figs. 11j—k.

Remarks. A total of twenty-nine otoliths
were identified as Bregmaceros nectabanus Whitley,
1941 (Lin & Chang 2012: pl. 11, 79) due to their less
pronounced posterior lobe located above the caudal
depression. Additionally, 28 otoliths are classified as
Bregmaceros sp. due to partial erosion, which limits
our ability to identify them to the species level.
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Fig. 10 - Otoliths from Early Pliocene
marine sediments in Cabar-
ruyan Island, northwestern
Luzon Island, Philippines.
Scale bars = 1 mm. Ima-
ges are inner views unless
otherwise  indicated. A)
Bregmaceros japonicns Tanaka,
1908, NIGSPAL-FISH-057,
B)  Bregmaceros  nectabanus
Whitley, 1941, NIGSPAL-
FISH-058, C) Myripristis sp.,
NIGSPAL-FISH-060, D)
Diretmns  argentens Johnson,
1864, NIGSPAL-FISH-061,
E) Onuxodon sp., NIGSPAL-
FISH-062, F) Carapidae in-
det., NIGSPAL-FISH-063,
G) Neobythites sp., NIGSPAL-
FISH-064, H) Bythitidae in-
det., NIGSPAL-FISH-065.

Diretmus argenteus

Order Beryciformes Regan, 1909
Family Holocentridae Bonaparte, 1833
Genus Myrpristis Cuvier, 1829

Myripristis sp.
Fig. 10C

Remarks. A single heart-shaped otolith, with
a straight dorsal rim longer than the curved ven-
tral rim, was recovered. The sulcus is deep and po-
sitioned near the dorsal rim, with an oval ostium
reaching the anterior rim and a straight cauda. The
specimen resembles the otoliths of extant species
Myripristis greenfieldi Randall & Yamakawa, 1996 and
Myripristis pralinia Cuvier, 1829, both of which are
figured in Lin & Chang (2012: pl. 18, 86). However,
the otolith is partially damaged, particularly along
the dorsal region.

Order Trachichthyiformes Moore, 1993
Family Diretmidae Gill, 1893
Genus Diretmus Johnson, 1864

Diretmus argenteus Johnson, 1864
Fig, 10D

Bregmaceros
nectabanus

Carapidae indet.

Bythitidae indet.

Neobythites sp.

Remarks. A specimen was identified as Di-
retmus argentens because of its tall-shaped otolith
(OL/OH = 0.60) with flat dorsal and U-shaped
ventral rims identical to the figured specimen in Lin
& Chang (2012: pl. 17, 85) and Ng et al. (2024: fig.
40G). Although the inner face is pootly preserved,
a long, slightly upturned sulcus is visible, with a fla-
red ostium and an elongate cauda that support our
identification.

Order Ophidiiformes Berg, 1937
Family Carapidae Poey, 1867
Genus Onuxodon Smith, 1955

Onuxodon sp.
Fig. 10E

2023 Omnuxodon sp—Lin et al., figs. 11e—f.

Remarks. A single triangular otolith (OL/
OH = 1.106) has a smooth dorsal rim and a flat in-
ner face. The sulcus is straight and median-oriented
with a fused colliculum. Our specimen is small and
has a comparatively short posterior region, consi-
stent with the genus Onuxodon (Lin et al. 2023). It
resembles Onuxodon margaritiferae (Rendahl, 1921)
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as figured by Rivaton & Bourret (1999: pl. 9, figs.
7-8), but differs in having a more slender anterior
rim. However, marginal abrasion obscures diagno-
stic features, so we conservatively identify the spe-
cimen as Onuxodon sp. The Carapidae indet. otolith
figured by van Hinsbergh & Helwerda (2019: pl. 7,
fig. 70) is similar to our specimen. However, the
published image lacks sufficient detail for a con-
clusive comparison, so we do not base a definitive
identification on it alone. In addition, one otolith
in our collection was assigned to Carapidae indet.
based on the overall outline and sulcus position

(Fig. 10f).

Family Ophidiidae Rafinesque, 1810
Genus Neobythites Goode & Bean, 1885

Neobythites sp.
Fig. 10G

2019 Neobythites sp—van Hinsbergh & Helwerda, pl. 7, fig. 7.
2023 Neobythites sp—Lin et al., figs. 13a—b.

Remarks. Three specimens were identified
as Neobythites sp. based on their oblong-shaped
otoliths, median and divided sulcus, and a blunt
and short rostrum. The specimens resemble Ne-
obythites japonicus (Su et al. 2023: fig. 2) and Neobythi-
tes stigmosus (Lin & Chang 2012: pl. 81). However,
the otoliths in our collection are juvenile. Better-
preserved materials are needed to refine identifica-
tion within Neobythites.

Family Bythitidae Gill, 1861
Bythitidae indet.
Fig. 10H

2023 Bythitidae indet.—Lin et al., figs. 13c1-2.

Remarks. A single otolith was assigned to
Bythitidae. It has an elongated, almost spindle-like,
otolith (OL/OH = 1.93) with moderate thickness
and tapering ends. The dorsal and ventral margins
are smooth, almost symmetrically arched. The an-
terior and posterior rims are broadly rounded. Ho-
wever, the inner face of our specimen is heavily
abraded. We can only see a very broad, low median
depression that hints at the position of the sulcus,
while the ostium and cauda are not distinguishable.
Accordingly, we restrict identification to the family
level until additional specimens are available.

Order Kurtiformes Jordan, 1923
Family Apogonidae Gunther, 1859
Apogonidae indet.

Figs. 11A-B

22019 Apogon sp—van Hinsbergh & Helwerda, pl. 8, figs. 77-79, 81.

Remarks. Thirty-six elliptic otoliths show a
deep, median, clearly divided sulcus with an oblong
ostium, an elongate straight cauda, and a prominent
dorsal depression consistent with the figured spe-
cimens in Smale et al. (1995: pl. 67, figs. A—D) and
Chew et al. (2025: figs. 4a—b). Two morphotypes are
recognized in our material: Morphotype A shows
a straight ventral rim, blunt posterior rim, and a
straight cauda (Fig. 10A), whereas Morphotype B
has a curved ventral rim and an extended posterior
rim (Fig. 10B). Four specimens in van Hinsbergh
& Helwerda (2019: pl. 8, figs. 77-79, 81) resembles
morphotype A in our collection. However, given
that most of the otoliths are juvenile, we conserva-
tively identify them as Apogonidae indet. until new
fossil otoliths atre recovered.

Order Gobiiformes Giuinther, 1880
Family Gobiidae Cuvier, 1816
Genus Gobiopterus Bleeker, 1874

Gobiopterus sp.
Figs. 11C-D

2019 Gobiidae indeterminate—van Hinsbergh & Helwerda, pl. 8,
figs. 90a—b.

Remarks. Six circular otoliths characterized
by a nearly flat inner face and a narrow but deep ar-
row-shaped sulcus are assigned to Gobigpterus. Our
specimen resembles Gobiopterus semivestitus (Munro,
1949) figured in Schwarzhans (2019: fig. 112, 16—
17) and those figured by van Hinsbergh & Helwer-
da (2019: pl. 8, figs. 90a—b) as Gobiidae indet. Due
to the difficulty of species-level identification for
most gobiid otoliths, we conservatively retain our
specimens as Gobigpterus sp.

Genus Priolepis Valenciennes, 1837

Priolepis sp.

Fig. 11E

2019 Priolepis sp—van Hinsbergh & Helwerda, pl. 8, fig. 9.
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Fig. 11 - Otoliths from Early Pliocene
marine sediments in Cabar-
ruyan Island, northwestern
Luzon Island, Philippines.
Scale bar = 1 mm. Images
are inner views unless other-
wise indicated. A-B) Apo-
gonidae indet., NIGSPAL-
FISH-066, C-D) Gobigpterus
sp.,  NIGSPAL-FISH-067,
E) Priolepis sp., NIGSPAL-
FISH-068, F) Swruga fundi-
cola Jordan & Snyder, 1901,
NIGSPAL-FISH-069.

Priolepis sp.

Remarks. A thick, rectangular gobiid oto-
lith (OL/OH = 1.30) is assigned to Priolepis sp. The
overall morphology matches the Priolepis sp. otolith
reported by van Hinsbergh & Helwerda (2019: pl.
8, fig. 91), suggesting a single morphotype in the as-
semblage; it also matches several specimens figured
by Schwarzhans et al. (2020: pl. 8, figs. 2-9) and Lin
et al. (2023; figs. 14a—d). However, the inner face of
our sample is slightly damaged, and only one speci-
men is available, which limits the ability to make a
species-level diagnosis.

Genus Swuruga Jordan & Snyder, 1901

Suruga fundicola Jordan & Snyder, 1901
Fig. 11F

2019 Suruga fundicola—van Hinsbergh & Helwerda, pl. 8, figs. 84—88.

Remarks. Three specimens with thick, squa-
re-shaped gobiid otoliths were identified as Swuruga
Jfundicola. The sulcus is short, median, and deeply in-
cised, similar to the figured specimen S. fundicola in
Ohe (1983: pl. 10, figs. 1-4) and Suruga atf. fundicola
in Lin et al (2023: fig. 14g).

Order Atheriniformes Rosen, 1964
Family Atherinidae Risso, 1827
Genus Atherinomorus Fowler, 1903

Atherinomorus lacunosus (Forster, 1801)
Fig. 12A

Gobiopterus sp.

Suruga fundicola

Remarks. A single circular (OL/OH = 1.01)
otolith with concave inner face and convex outer
face, with deep and supramedian sulcus, was identi-
fied as Atherinomorns lacunosus (Smale et al. 1995, pl.
39, fig. B1-3; Lin & Chang 2012: pl. 15, 83). Despite
damage to the anterior region of our specimen, the
funnel-like ostium and the narrow, elongate cauda,
which curves ventrally toward the posterior end, are
well preserved and support a species-level identifi-
cation.

Order Beloniformes Berg, 1940
Family Belonidae Bonaparte, 1835

Belonidae indet.
Fig 12B

Remarks. A single juvenile otolith is refer-
red to Belonidae based on its oblong outline tape-
ring to a pointed anterior rim and a straight, median
sulcus with an open ostium and an elongate cauda,
matching figured belonid otoliths (Rivaton & Bou-
rret 1999: pl. 10:17-20, 11:1-9; Nolf 2013: pl. 156).
However, the inner face is poorly preserved, so the
identification is conservatively restricted to the fa-
mily level.

Order Carangiformes Patterson, 1993
Family Carangidae Rafinesque, 1815
Genus Decapterus Bleeker, 1851
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Trichiurus sp.

Decapterus sp.
Fig. 12C

22019 Carangidae indet—van Hinsbergh & Helwerda, pl. 8, figs.
92a-b.

Remarks. A single spindle-like otolith with
a crenate margin, concave outer face, and deep and
narrow sulcus was assigned to Decapterus sp. (Smale
et al. 1995: pl. 72, figs. A—C) and Lin and Chang
(2012: pl. 33, 101). Our specimen also resembles the
otolith figured by van Hinsbergh & Helwerda (2019:
pl. 8, figs. 92a—b) as Carangidae indet. However, be-
cause only a single, anteriorly broken specimen is
available, a species-level assignment is not possible.

Order Scombriformes sensu Davis et al., 2016
Family Gempylidae Gill, 1862

Gempylidae indet.
Fig, 12D

2019 Gempylidae sp. 1—van Hinsbergh & Helwerda, pl. 8, figs.
75-76.

Remarks. Two juvenile otoliths with pyri-
form shape, lobed margins, pointed anterior rim,
and blunt posterior rim resemble those of Pro-
methichthys prometheus (Cuvier, 1832) (Lin et al. 2015:
fig. 7:1; Fig. S1g). Our specimen is heavily eroded,
which makes it difficult to identify. For this rea-
son, we classify it as Gempylidae indet. Notably,
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Fig. 12 - Otoliths from Early Plio-
cene  marine  sediments
in  Cabarruyan  Island,
northwestern Luzon Island,
Philippines. Scale bar = 1
mm. Images are inner views
unless otherwise indicated.
A)  Atherinomorus  lacunosus
(Forster, 1801), NIGSPAL-
FISH-071, B) Belonidae in-
det, NIGSPAL-FISH-072,
C) Decapterns sp., NIGSPAL-
FISH-073, D) Gempylidae
indet. NIGSPAL-FISH-074,
E) Trichiurus sp., NIGSPAL-
FISH-075, F)  Champsodon
sp., NIGSPAL-FISH-076.

Champsodon sp.

two otoliths identified as Gempylidae sp. 1 by van
Hinsbergh and Helwerda (2019: pl. 8, figs. 75-706)
also resemble P. prometheus (Fig. S1D).

Family Trichiuridae Rafinesque, 1810
Genus Trichinrus Linnaeus, 1758

Trichiurus sp.
Fig 12E

Remarks. A single spindle-shaped otolith
with a flat inner face and a dorso-ventrally concave
outer face was recovered. The sulcus is short, deep,
and undivided, which widens anteriorly and tapers
posteriorly. It closely resembles those of Trichinrus
lepturns Linnaeus, 1758 (Lin & Chang 2012: pl. 61,
129). However, because the inner face is poorly pre-
served, we conservatively assign it to Trichiurus sp.

Order Acropomatiformes sensu Davis et al., 2016
Family Champsodontidae Jordan & Snyder, 1902
Genus Champsodon Ginther, 1867

Champsodon sp.
Fig, 12F

2023 Champsodon sp—Lin et al., fig. 15h.

Remarks. Two pentagonal otoliths with
a pointed anterior rim (posterior rim damaged in
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our specimen) and a highly angled mediodorsal rim
are recovered. The sulcus shows an oblong ostium
and a narrow cauda that flexes downward toward
the postero-ventral rim. Our specimen resembles
Champsodon guentheri Regan, 1908 (Rivaton & Bou-
rret 1999: pl. 153, figs. 1-4). However, because spe-
cies-level identification based solely on otoliths is
often challenging in this family (Schwarzhans 2019),
we conservatively assign the specimen to Champso-

don sp.

Family Acropomatidae Gill, 1893
Genus Parascombrops Alcock, 1889

Parascombrops schwarzhansi van Hinsbergh &
Helwerda, 2019
Fig. 13A

2019 Parascombrops schwarzhansi—van Hinsbergh & Helwerda, pl. 10,
figs. 102-107.

Remarks. Eight fusiform otoliths with ge-
neral morphological features identical to the genus
Parascombrops (Schwarzhans & Prokofiev 2017) were
recovered in our sample. The pronounced cre-
nulation of the dorsal and ventral margins in our
specimen was used to identify it as Parascombrops
schwarghansi (see van Hinsbergh & Helwerda 2019,
for a full description).

Parascombrops sp.
Fig. 13B

Remarks. Three Parascombrops otoliths with
a more compact outline (OL/OH = 1.6) were re-
covered, compared with P. schwarghansi (OL/OH
= 1.7 - 1.9). Our specimen resembles Parasconzbrops
aff. serrotospinosus (van Hinsbergh & Helwerda 2019:
pl. 9, fig. 101) but differs in having a more rounded
posterior rim and a weakly developed antirostrum.
Given that we have only three otoliths in our col-
lection, we conservatively assign the specimens to
Parascombrops sp.

Otrder Perciformes sensu Davis et al., 2016
Family Leiognathidae Gill, 1893
Genus Equulites Fowler, 1904

Equaulites sp.
Fig 13C

Remarks. A single, oval otolith (OL = 1.68
mm; OH = 1.29 mm; OL/OH = 1.30) with lobed
margins was recovered. The sulcus is wide and deep,
with a flared ostium and a short, narrow cauda. Our
specimen resembles Eguulites lenciscus (Gunther,
1860) (Lin & Chang 2012: pl. 34, 102). However,
because the single specimen is juvenile and pootly
preserved, we conservatively identify it as Equulites

sp.

Family Cepolidae Rafinesque, 1815

Cepolidae indet.
Fig, 13D

Remarks. Two otoliths with oval ostium that
slightly flexes upward and a sac-like cauda resem-
ble those of _Acanthocepola indica (Day, 1888) (Lin
& Chang 2012: pl. 47, 115). However, because the
specimens are juvenile, diagnostic characters are not
discernible, and we conservatively assign them to
Cepolidae indet.

Family Triglidae Rafinesque, 1815
Genus Satyrichthys Kaup, 1873

Satyrichthys sp.
Fig. 13E

Remarks. Two triangular Satyrichthys otoliths
with slightly pointed posterior rim and shallow sul-
cus that bears oval collicula were recovered. The
general morphology resembles Sazyrichthys rieffeli
(Kaup, 1859) (Lin & Chang 2012: pl. 24, 92). Howe-
ver, we conservatively identify it as Sazyrichthys sp., as
some parts are worn and eroded.

Order Scorpaeniformes Garman, 1899

Scorpaeniformes indet.
Fig. 13F

Remarks. Three thick, spindle-shaped otoliths
with smooth margins and a short but well-defined
sulcus were identified as scorpaeniform otoliths.
The inner faces of our specimens are poorly pre-
served, making a detailed description of the sulcus
difficult. Our spindle-shaped otoliths resembles
the families Bembridae (Lin & Chang 2012: pl. 24,
92), Platycephalidae (Lin & Chang 2012: pl. 24, 92
) and Scorpaenidae (Smale et al. 1995: pl. 48, figs.
D-G, pl. 49, figs. A-L, pl. 50, figs. A—H, pl. 51, figs.
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Cepolidae indet.

B D

Scorpaeniformes indet.

A-D) than the more compact otoliths of Aploacti-
nidae (Lin & Chang 2012: pl. 22, 90), Dactylopteri-
dae (Lin & Chang 2012: pl. 20, 88), Hoplichthyidae
(Lin & Chang 2012: pl. 25, 93), Peristediidae (Lin &
Chang 2012: pl. 23, 91), and Triglidae (Smale et al.
1995: pl 52, figs. B-5, pl. 53, figs. A—E; Lin & Chang
2012: pl. 23, 91). The overall shape and the short
sulcus resemble the otoliths of the genus Trachyscor-
pia Ginsburg, 1953 (Smale et al. 1995: pl. 51, fig.
A) compared to the elongated sulcus of Bembridae
(Lin & Chang 2012: pl. 24, 92) and Platycephalidae
(Lin & Chang 2012: pl. 24, 92). However, due to
poor specimen preservation, we conservatively as-
sign them to Scorpaeniformes indet., pending the
collection of better-preserved material.

Order Acanthuriformes Jordan, 1923
Family Acanthuridae Bonaparte, 1835
Acanthuridae indet.

Fig. 13G

Remarks. Two otoliths with convex inner
face and concave outer face, marked postero-dorsal
angle, and truncated posterior rim exhibit features
of acanthurid otoliths. Our specimen further re-
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Fig. 13 - Otoliths from Early Plio-
cene marine  sediments
in  Cabarruyan  Island,
northwestern Luzon Island,
Philippines. ~ Images are
inner views unless other-
wise indicated. Scale bars
= 1 mm. A) Parascombrops
schwargbansi  van  Hinsber-
gh & Helwerda, 2019,
NIGSPAL-FISH-077,  B)
Parascombrops sp., NIGSPAL-
FISH-078, C) Eguulites sp.,
NIGSPAL-FISH-079, D)
Cepolidae indet., NIGSPAL-
FISH-080, E) Satyrichthys
sp., NIGSPAL-FISH-081,
F)  Scorpaeniformes  in-
det., NIGSPAL-FISH-082,
G) Acanthuridae indet.,
NIGSPAL-FISH-083.

Acanthuridae indet.

sembles those of Acanthurus or Naso (Smale et al.
1995: pl. 130, fig. D4; Lin & Chang 2012: pl. 59,
127), but due to limited preservation, we restrict
identification to the family level.

Otolith density, sample coverage, and
diversity indices

A total of 1,225 otoliths were recovered from
29 bulk sediment samples (Tab. 1). Of these, 127
specimens were retained as indeterminate due to
incomplete preservation or insufficient diagnostic
characters, and five were utricular otoliths (Tab. 1).
The remaining 1,093 sagittae were identified to 69
taxa representing 28 families. Mean otolith density
across all samples was 14 otoliths kg™ (Tab. S1).

Family-level rank abundance patterns (based
on the 1,093 identified sagittae) indicate strong do-
minance by Myctophidae (n = 527) and Sternopty-
chidae (n = 291), followed by Bregmacerotidae (n
= 109), Macrouridae (n = 69) and Apogonidae (n
= 30), reflecting a community structured around a
small number of abundant families with a long tail
of less common taxa (Fig. 14). Rarefaction/extra-
polation curves for q = 0 ("D) shows a continued
upward trajectory, indicating incomplete sampling
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Fig. 14 - Rank abundance of oto-
lith order/families from
Early Pliocene marine sedi-
ments in Cabarruyan Island,
northwestern Luzon Island,
Philippines. Families are ran-
ked by total abundance and
plotted on a log scale. Fa-
milies represented by fewer
than three specimens were
combined and reported
under Others, and indeter-
minate specimens and non-
saccular otoliths were not in-
cluded. Numbers inside the
bars indicate total specimen
counts. Binomial 95% con-
fidence intervals were calcu-
lated using Wilson’s method
and represent uncertainty in 14
abundance estimates relative
to the total sample size.
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of rare taxa and suggesting richness could approach
~90 taxa with additional sampling (Fig. 15). In con-
trast, diversity estimates that emphasize abundant (q
= 1;'D) and dominant (q = 2; *D) taxa reach asym-
ptotes (Fig. 15), indicating sufficient sampling for
common and dominant elements of the assemblage
(Fig. 15). Coverage-standardized Hill numbers indi-
cate an effective diversity of ~15 common taxa ("D
= 14.93 * 0.64) and ~7 dominant taxa *D = 7.23
+ 0.3) (Tab. S3). Otolith density differs significantly
among sites, with Site 1 higher than Sites 2 and 3 (p
< 0.05, Kruskal-Wallis with Dunn’s post hoc tests;
Fig. 15).

DiscussioN

Taxonomic notes on van Hinsbergh &
Helwerda (2019)

We provide an updated taxonomic note on the
identifications reported by van Hinsbergh & Helwer-
da (2019) (see Tab. 1). Specifically, we propose the
following revisions.

1. We reassess material previously compared
with Lampanyctus alatus (pl. 6, figs. 52, 54-55). The
specimen in pl. 6, fig. 52 has a pronounced antiro-
strum that closely matches that of Lampanyctus nobilis
Taning, 1928 (see Fig. 7E and the extant counterpart
in Fig. ST1E). In contrast, two specimens in pl. 6, figs.
54-55 exhibit rostrum and antirostrum of compara-
ble size, a configuration more consistent with Lam-

panyctus tenuiformis (Brauer, 1906) (see Smale et al.
1995: pl. 23, figs. G1-2 and Fig. S1F).

2. The two specimens treated as “Apogonidae
indeterminate” (pl. 8, figs. 82a—83b) can be reassig-
ned to Xeniamia atrithorax Fraser & Prokofiev, 2016
based on overall morphology (Fraser & Prokofiev
2016: figs. 8A—D and Fig, S1G).

3. The specimens listed as Gobiidae indet. (pl.
8, figs. 90a—b), can be referred to Gobigpterus sp. (see
above, remarks under the taxon).

4. The specimen figured as “Sparidae indeter-
minate” (pl. 9, Fig. 93) is unlikely to be a sparid; its
otolith morphology is more consistent with juveniles
of Malakichthys Déderlein, 1883 (see figs. 16e—g in
Lin et al. 2023; Fig. STH-I).

5. We also updated several names to reflect
current nomenclatural usage (Fricke et al. 2025). In
addition, Lampadena aff. jackson: (pl. 6, fig. 51) is classi-
fied as Dasyscopelus atf. jacksoni (Aguilera & Rodrigues
de Aguilera, 2001), following the comparative mycto-
phid morphology discussed in Lin & O’Dea (2025).

6. We corrected typographical errors in several
taxonomic names, including the family name Bem-
bropidae instead of “Brembropidae” and Gempyli-
dae instead of “Gempilidae.”

7. We also updated several names to reflect
current nomenclatural usage (Fricke et al., 2025).

8. We have corrected the total otolith count
from 596 to 597 to include the holotype of P. schwar-
Zhansi, which was previously not included in the
count.
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Fig. 15 - Rarefaction curves of otolith diversity (Hill numbers) from
Early Pliocene marine sediments in Cabarruyan Island,
northwestern Luzon Island, Philippines, including species
richness ("D), Shannon diversity (*D), and Simpson diversity
(D). Shaded ateas reptresent 95% confidence intervals ba-
sed on 300 bootstrap values.

Diversity and abundance

Most otoliths in this study were retrieved
from Site 1 (Rarang Fishpond), and assemblage-
level patterns are therefore strongly influenced by
that locality (Fig. 16). Taxonomic resolution is also
limited by fragmentation and abrasion, resulting in
a proportion of indeterminate specimens and ma-
king observed richness conservative. Because the
number of sampled localities and horizons remains
limited, the present dataset should be viewed as a
quantitative baseline rather than a complete inven-
tory. Nevertheless, the recognition of 28 families

Mediodia D.P,, Torralba 1..A.S., Baguio |.P.R., De Silva L.P., Jr., Fernando A.G.S. & Lin C.-H.

substantially expands the fossil ichthyofaunal re-
cord of the Philippines. The updated compilation
provided here (Tab. 1), building on van Hinsbergh
and Helwerda (2019), offers a standardized taxono-
mic reference for future work in the Philippines and
the tropical West Pacific (Kocsis et al. 2024; Medio-
dia et al. 2025).

At the family level, rank-abundance patterns
show strong dominance by Myctophidae and Ster-
noptychidae, followed by Bregmacerotidae, Ma-
crouridae, and Apogonidae (Tab. 3; Fig. 13). This
overall composition is broadly consistent with the
Cabarruyan Island assemblage reported by van
Hinsbergh and Helwerda (2019). We note that the
occurrence of new myctophid taxa in the Cabar-
ruyan record, together with other Neogene records
from the region (e.g., Lin et al. 2023), highlights
substantial lanternfish diversity in the western tropi-
cal Pacific during the Pliocene. Therefore, expanded
sampling from additional exposures of the otolith-
bearing Pliocene clastic unit in Pangasinan will be
necessary to assess spatial heterogeneity and to refi-
ne richness estimates, particularly for rare taxa.

Diversity analyses and rarefaction analyses
(Fig. 14; Tab. S3) indicate that the assemblage was
both rich and taxonomically complex. However,
otolith density (otoliths kg™ dry sediment) is signifi-
cantly higher at Site 1 than at Sites 2 and 3; because
density is standardized by sediment mass, this diffe-
rence is unlikely to reflect sampling effort alone and
may instead indicate locality-level variation in oto-
lith concentration and/or depositional—taphono-
mic conditions. Additional standardized sampling
at Sites 2 and 3, and from other exposures of the
otolith-bearing Pliocene clastic unit in Pangasinan,
will be necessary to test the robustness of site-level
differences and to better constrain the rare end of
the richness distribution.

Inferred paleoenvironment based on fish
otoliths

The Cabarruyan assemblage is dominated
primarily by mesopelagic taxa, particularly Mycto-
phidae and Sternoptychidae, with additional contri-
butions from Macrouridae and a minor component
of shallow-water-associated groups (e.g., apogonids
and gobiids). This taxonomic structure supports an
open-marine setting with substantial input from the
mesopelagic realm (Lin et al. 2023b). The consistent
dominance of lanternfishes and other pelagic com-
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Fig. 16 - Otolith density (kg-') in
three different sites, tested .

*kkk

. . 40
using a  non-parametric
workflow  (Kruskal-Wallis
with Dunn’s post hoc com-

**

parisons,  Holm-adjusted).
% denotes p < 0.0001; **
p < 0.01; ns = not signifi-
cant.

30 °

ns

Site

ponents, together with the presence of deeper-water
demersal taxa such as macrourids, is most parsimo-
niously interpreted as deposition on the outer shelf
to upper slope, or within a setting closely connected
to that bathymetric zone (Schwarzhans & Aguilera
2013; Lin et al. 2016, 2017, 2018).

The occurrence of fewer shallow-water-
associated taxa alongside abundant mesopelagic
elements likely reflects taphonomic mixing and
transport, rather than a single uniform habitat. In
outer-shelf to upper-slope settings, episodic high-
energy processes can introduce shallower-water
remains into more offshore depositional envi-
ronments (Lin et al. 2016, 2017). We therefore inter-
pret the assemblage as representing an open-marine
outer-shelf to upper-slope setting with intermittent
transport of nearshore components.

CONCLUSIONS

In this study, we document a Lower Pliocene
paleoichthyological assemblage from Cabarruyan
Island (Anda, Pangasinan) based on fossil otoliths.
We further constrain the age of the otolith-bearing
fine-grained clastic unit using calcareous nannofos-
sil and planktonic foraminiferal biostratigraphy, in-
dicating a late Early Pliocene age. The 1,225 recov-
ered otoliths are assigned to at least 69 taxa across
28 families, highlighting a rich, well-diversified as-
semblage. Two new myctophid species are included,

herein described as Benthosema rarang and Myctophum
Inzonicum, as well as 48 new fossil otolith records
from the Philippines, significantly expanding the
known otolith-based diversity of the region. The
assemblage is dominated by Myctophidae and Ster-
noptychidae, with additional contributions from
Bregmacerotidae, Macrouridae, and Apogonidae,
documenting a diverse mesopelagic—demersal fau-
na. The taxonomic composition, together with the
presence of mixed-depth elements, supports an
open-marine outer-shelf to upper-slope depositio-
nal setting, with transport and mixing rather than
a single uniform habitat. Collectively, these results
refine the age and paleoenvironmental framework
of the Cabarruyan clastic succession and provide a
robust baseline for future assessments of fish pa-
leodiversity and faunal change in the tropical West
Pacific during the Neogene.
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