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Otolith Atlas of Taiwan Fishes

Profound and genuine dedication for the promotion of knowledge in all aspects of marine 
life from biodiversity to biotechnology, encompassing academic research, exhibition, scientific 
education, and specimen collection are the main principles and mission for the National Museum 
of Marine Biology and Aquarium. From these scopes, the NMMBA strives for a well executed and 
proceeded research that is mostly derived from comprehensive and fundamental collections for 
years.

The “Otolith Atlas of Taiwan Fishes” is an excellent paradigm in combining great efforts on both 
research and collection from the authors, Chien-Hsiang Lin and Chih-Wei Chang, for over a decade. 
Aside from the otoliths collected intentionally from the fish that inhabit specific habitats, a vast 
variety of otoliths were also obtained in association with the samplings from several well organized 
studies. Most importantly, the completion of an otolith atlas with over 1000 species serves as a 
critical keystone being definitely significant and beneficial to the consequent implications on fish 
systematics, fisheries biology, trophic ecology, paleontology, and archaeology.

The great impact and multidisciplinary achievements of this work are among the goals 
NMMBA long-termedly pursuits for the enhancement of our understanding on the interrelationship 
among the fascinating marine life. Here I would like to express my greatest appreciation to both of 
them for their keen efforts and contributions. I certainly believe that this atlas is a useful guidebook 
to any study that is related to otolith morphology.

Wei-Hsien Wang
Director General
National Museum of Marine Biology and Aquarium
Taiwan ROC

It is my great honor and pleasure to be invited by Chih-Wei Chang to write this Preface for 
the new book of “Otolith Atlas of Taiwan Fishes” by him and his colleague, Chien-Hsiang Lin. 
This book can be regarded as a milestone since it shows that the ichthyological studies in Taiwan 
these days are quite advanced in the world. In the past, the majority of fish books published in 
Taiwan were written in Chinese and belonged to encyclopedia or guide book style. They are mainly 
for popular use and not really for academic purposes. But this otolith book will be used mostly by 
scientists for species identification (taxonomists), life history and feeding habit studies (ecologists), 
fishery resources management (fishery biologists), and ancient culture findings (paleontologists).

The quantity and quality of the book’s content are outstanding. It covers more than one 
thousand species, which makes it the most complete book among the world’s existing otolith 
books. It will become one of the most important tool-books for ichthyological studies in Taiwan and 
the world.

One of the reasons these authors can collect so many otoliths is that Taiwan has high fish 
species diversity, with more than 3000 species. Another important factor is the authors’ dedication 
and great effort working on the TELDAP (Taiwan e-Learning and Digital Archives Program) in the 
past three years. It takes a lot of time and hard work to collect these otoliths: starting from fish 
specimen collection, identification and dissection; and then otolith preparation, morphology 
description, and both stereo microscopy and scanning electronic microscopy photos for each 
otolith. Chang is fortunate to have received three-year grant from National Science Council to 
carry out this TELDAP project. The funding enabled the authors to accomplish their task through 
the establishment of a database and website. Their well-designed database makes publishing or 
printing out its content quite easy and efficient.

As the Coordinator of the Biodiversity Theme for TELDAP, I am really happy to see this book 
is published and I wish to congratulate both Chang and Lin for their excellent work and great 
contribution to TELDAP.

Kwang-Tsao Shao
Research Fellow and Executive Officer
Systematics and Biodiversity Information Division
Biodiversity Research Center
Academia Sinica
Taiwan ROC

Preface Preface
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Vaillant (1888), in his monograph on deep sea fishes from off the North West African coast was 
the first zoologist to provide careful illustrations of the otoliths of most of the species he described. 
Unfortunately, some hundred years passed before other zoologists slowly started to work on 
the same way. In fact, nearly all major collections (=showing large taxonomic diversity) of recent 
otoliths were built up by paleontologists:

Frost (1925-1930) published a series of 14 articles excelling by the taxonomic diversity of 
the illustrated otoliths, unfortunately with rather basic drawings. The next major contribution 
is the series of papers started by Chaine and Duvergier (1934) (see Nolf et al., 2009), which still 
today stands as the most important treatise on external morphology of recent fish otoliths. 
Another important collection of recent otoliths is the one of W. Weiler, stored in the Senckenberg 
Forschungsinstitut Frankfurt (SMF), the J. E. Fitch collection, stored in the Los Angeles County 
Museum of Natural History (LACM), the F. Stinton collection, stored in the Natural History Museum 
(BMNH), and the collection of the Institut Royal des Sciences Naturelles de Belgique (IRSNB). 
The last collection totalized about 7000 species and the private collection of W. Schwarzhans 
(Hamburg). Many recent otoliths in all those collections were illustrated, but mainly as comparative 
material, scattered through various papers on fossil otoliths.

In a more modern approach, several monographs treating the morphology and diversity of 
both recent and fossil otoliths in peculiar taxa were published: Nolf (1980) and Schwarzhans (1981) 
on ophidiiforms, Schwarzhans (1993) on sciaenids, Schwarzhans (1999) on pleuronectiforms and 
Nolf and Tyler (2006) on zeiforms and tetraodontiforms.

About simultaneously, ichthyologists and fishery biologists started to develop interest in a total 
different aspect of otoliths: the importance of their inner structure for age and growth studies, their 
daily growth rings, and the immense amount of information stored in this structure, like the storage 
of trace elements and isotopes in the successive rings, in relationship with the environments and 
associated temperatures inhabited by the concerned fishes.

With this renewed interest for otoliths in the field of fishery biology, ichthyologists became 
really conscious of the importance of otoliths in other fields than paleontology. Otoliths remain 
intact in the intestines of most predators, like large fishes, sea birds and marine mammals. Through 
the analysis of their stomach contents, rejection pellets or excreta, their feeding habitat can be 
studied in detail… even the past feeding habitat of humans: archaeologists also discovered otoliths 
in prehistoric waste deposit sites, learning about the diet of past populations, and the sometimes 
far distances over which they transported their food.

As a result, several regional monographs on the external morphology of recent otoliths 
appeared, the most important ones being those of Ohe (1985) on the Japanese seas, Williams 
and McEldownie (1990) on the Australian Antarctic seas, Smale, Watson and Hecht (1995) on the 
South African seas, Rivaton and Bourret (1999) on the Indo-Pacific realm (mainly New Caledonia), 

Campana (2004) on the Northwest Atlantic Ocean, Furlani, Gales and Pemberton (2007) on the 
south Australian coasts, and Tuset, Lombarti and Assis (2008) on the Mediterranean and Eastern 
Atlantic (mainly Lusitanian and North West African seas). Finally, like in the good old VAIILANT time, 
several ichthyologists also illustrated the otoliths of almost all the fishes that they described, e.g. 
Gon and Heemstra (1990) in their “Fishes of the Southern Ocean”, Duhamel, Gasco and Davaine 
(2005) for the fishes of the Kerguelen and Crozet Islands, Nielsen and collaborators (various papers 
on ophidiiform fishes, mainly from 2000 till 2010, with otoliths illustrated by Schwarzhans).

Today, it’s a pleasure for me to introduce a new book in the same tradition: a monograph on 
otoliths of Taiwanese fishes, by Chih-Wei Chang and Chien-Hsiang Lin, providing otolith iconography 
for 30 orders, 165 families and 1004 species of Taiwanese fishes. They are illustrated by line 
drawings, stereo microscope, or scanning electron microscopy photographs. If some critical people 
are skeptic to one of the illustrating techniques, they can make their choices.

Anyhow, I’m sure that the new book will be welcomed with enthusiasm by many 
paleontologists, archeologists, and students of feeding habitats, and provide the enthusiasm of the 
authors to illustrate more otoliths of their extremely rich and interesting local fauna in the future.

Dirk Nolf
Curator of fossil fishes emeritus
Royal Belgian Institute of Natural Sciences
Brussels, Belgium

Foreword
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The “Otolith Atlas of Taiwan fishes” is an outcome of the collaborative effort and support 

from various institutions for many years. This book was mainly funded by the National Museum of 

Marine Biology and Aquarium (NMMBA), and the Taiwan e-Learning and Digital Archives Program 

of the Department of Humanities and Social Sciences, National Science Council (Grants NSC98-

2631-H-291-001, 99-2631-H-291-001, and 100-2631-H-291-001).

The authors are greatly indebted to all collaborators throughout the years. We are grateful to 

Yung-Chun Chu ( 朱永淳 ), Lu-Peng Wang ( 王律棚 ), Hong-You Hsu ( 許弘佑 ), Tsung-Tzu Lai ( 賴

宗慈 ), Jin-Ying Li ( 李錦穎 ), Tzu-Yun Cheng ( 程紫芸 ), Cheng-Hsun Lin ( 林承勳 ), Chao-Sheng 

Huang ( 黃朝生 ), Chun-Yu Su ( 蘇俊育 ), Jeng-Jia Ye ( 葉政嘉 ), Chih-Hao Chou ( 周志豪 ), and 

Chieh-Wen Wang ( 王 玠 文 ) of the Institute of Marine Biodiversity and Evolutionary Biology in 

the National Dong Hwa University; Chun-Jui Chen ( 陳君睿 ) of the Institute of Marine Biology in 

the National Taiwan Ocean University; and Chih-Chiang Lee ( 李志強 ) of the Department of Life 

Science in the National Tsing Hua University. They conducted most of the laboratory and field works 

in fish collecting and otolith archiving. Chiao-Chuan Han ( 韓僑權 ) (NMMBA) provided most of the 

freshwater fishes. Hsin-Chih Chen ( 陳信志 ), Shu-Ying Chen ( 陳淑穎 ) and Wei-Chuan Chiang ( 江

偉全 ) of the Eastern Marine Biology Research Center of the Fisheries Research Institute provided a 

part of fishes off East Taiwan. Chun-Hui Lin ( 林忠暉 ) and Shui-Kai Chang ( 張水鍇 ) of the Institute 

of Marine Affairs; Kuo-Shu Chen ( 陳國書 ) and Meng-Hsien Chen ( 陳孟仙 ) of the Department 

of Marine Biotechnology and Resources at National Sun Yat-sen University kindly provided most 

otoliths of the Exocoetidae, Platycephalidae, and Thunnus fishes. Chiou-Ju Yao ( 姚 秋 如 ) of the 

Department of Zoology in the National Museum of Natural Sciences donated the valuable otolith of 

Bahaba taipingensis. Hsuan-Ching Ho ( 何宣慶 ) (NMMBA), Yun-Chih Liao ( 廖運志 ) and Mao-Ying 

Lee ( 李茂熒 ) of the Biodiversity Research Center in the Academia Sinica (AS); Kao-Yi Wu ( 吳高逸

) of the Department of Life Science in the National Taiwan University (NTU); and Tomio Iwamoto 

of the California Academy of Sciences, San Francisco, United States confirmed parts of species 

identification. Shao-I Wang ( 王劭頤 ), Ching-Che Lin ( 林清哲 ), and Jheng-Jhang Li ( 李政璋 ) 

provided professional assistance in permanent archiving of the voucher specimens, and Yu-Ming Ju 

( 朱育民 ) contributed technical support and maintenance of the scanning electron microscopy at 

NMMBA.

Special appreciation goes to Shao-Yin Cheng (鄭少茵 ) (NMMBA) for otolith image digitization 

and measurement, I-Lang Cheng ( 鄭義郎 ) of the Yu Tsang Ecological Product Development Center 

for drawing the detailed sketches of fish, Meng-Chen Ko ( 柯孟辰 ) of the Institute of Ecology and 

Evolutionary Biology (NTU) for compiling the sampling map, Brian Wade Jamandre of the Institute 

of Fisheries Science (NTU) for English editing of the text, Chun-Lin Lin ( 林 君 寧 ) (NMMBA) for 

administrative assistance on publishing of the book, and Ming-Chin Liu ( 劉銘欽 ) (NMMBA), Ming-

Chih Wang ( 王 明 智 ) and Yung-Chang Lin ( 林 永 昌 ) (AS) for technical assistance on database 

and webpage. Finally, we are grateful to Wann-Nian Tzeng ( 曾萬年 ) of the Institute of Fisheries 

Sciences, Hsi-Jen Tao ( 陶錫珍 ) and Shih-Chieh Shen ( 沈世傑 ) of the Institute of Zoology (NTU), 

Kwang-Tsao Shao ( 邵 廣 昭 ) of the Biodiversity Research Center and Kuang-Ti Li ( 李 匡 悌 ) of 

the Institute of History and Philology (AS), and Dirk Nolf of the Royal Belgian Institute of Natural 

Sciences, Brussels, Belgium for the life-time inspiration to the academic career of the authors.
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Otolith, an aragonite crystal found in the labyrinth of the inner ear, functions mainly as an aid 
to the balance and hearing of teleost fishes. Aside from being the chronological and environmental 
recorder, the morphology of otolith is species-specific and useful for the identification of fishes. 
This method is widely applied to systematics, fishery biology, trophic ecology, paleontology and 
archaeology. There are approximately 2900 species of teleosts recorded in Taiwan. In this book  
“Otolith Atlas of Taiwan Fishes”, a total of 1004 species of otoliths belonging to 30 orders, 165 
families, and 488 genera are presented. The fishes were collected and gathered intensively from 
different habitats in Taiwan, ranging from freshwater, estuaries, intertidal zone, coral reefs, inshore, 
open water, and deep-sea. The sizes of the collected fish ranged 42.3-mm total length for Amoya 
caninus (Gobiidae) to 3953.0-mm total length for Regalecus glesne (Regalecidae), whereas lengths 
of the archived otoliths were from 0.35 mm for Hippocampus trimaculatus (Syngnathidae) and 
37.67 mm for Bahaba taipingensis (Sciaenidae). The otolith images and descriptions as well as 
information for voucher specimens of this book are also contained in a comprehensive database 
with identical title in this webpage (http://oto.nmmba.gov.tw/).

Key words: Otolith, Morphology, Systematics, Paleontology, Digital archive

耳石是位於硬骨魚類內耳迷路系統中的霰石結晶體，主要功能為協調魚類的運動平衡及

聽覺。除了是時間及環境的記錄器外，耳石的形態具有物種的專一性，可當做魚種的鑑定依

據，廣泛被應用在系統分類、漁業生物、攝食生態、古生物及考古學等研究領域。臺灣產硬

骨魚類的物種數超過 2900，本「臺灣魚類耳石圖鑑」呈現其中 30 目、165 科、488 屬，共計

1004 個物種之魚類耳石。這些標本的來源涵蓋自淡水域、河口區、潮間帶、珊瑚礁、沿岸、

大洋及深海區等不同水域棲地。本書中所採集的魚類體型，自全長 42.3 mm 的鰕虎科之犬牙

韁鰕虎 (Amoya caninus)，至全長 3953.0 mm 的皇帶魚科之皇帶魚 (Regalecus glesne)；耳石

長度則由 0.35 mm 的海龍科之三斑海馬 (Hippocampus trimaculatus)，至 37.67 mm 的石首魚

科之黃唇魚 (Bahaba taipingensis)。本書中所有耳石影像與描述，及其魚類檢證標本之資訊，

並可於同名的網頁資料庫中進行查詢 (http://oto.nmmba.gov.tw/)。

關鍵字：耳石，形態，系統分類，古生物，數位典藏

Abstract 摘要
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Otoliths are composed of calcium carbonate, inorganic impurities and a protein matrix, and 
are located in the labyrinth of the inner ear in Osteichthyes (Fig. 1a). There are three pairs of 
otoliths, the sagittae, the lapilli, and the asterisci, which function as the mechanoreceptors for 
the acoustics and balance of the fish (Degens et al., 1969; Lowenstein, 1971). The sagittae are the 
largest among the three pairs of otoliths in most teleosteans (Fig. 1b), whereas the asterisci are the 
largest in the ostariophysan fishes (Fig. 1c). The lapilli are the smallest among all of them (Popper 
& Lu, 2000). Due to the largest sizes in most fishes, the sagittae are easier to manipulate and are 
most studied. It is the same reason that the asterisci are important materials in Cypriniformes and 
Siluriformes fishes (belonging to the ostariophysan fishes). In some cases, the asterisci or the lapilli 
are also used in the species identification and systematics (Assis, 2003, 2005). In this atlas, the term 
otolith generally indicates the sagittae, while the lapilli or the asterisci will be individually noted.

a

b c

Brain

Semicircular canals
Lapillus
Sagitta
Asteriscus

Lapillus
Asteriscus

Sagitta

Fig. 1. Location of the otoliths in the skull (a) and the inner ear (b and c) of teleost fish. b; Otoliths 
within the inner ear of a generalized teleost. c; Otoliths within the inner ear of Ostariophysan 
fishes. 

The morphology of the sagittae is species specific, and thus the identification of fishes can be 
made with sufficient comparative materials. There are several publications and atlas of fish otolith 
from all over the world, along with more or less detailed morphological studies. However, most of 
them are restricted to certain areas and none or few included the fishes from Taiwan waters. This 
publication is the first fish otolith atlas in Taiwan waters. The monographs and descriptions provide 
useful comparative materials in the area of northwestern pacific area. Thus, it is more applicable 
to regard this atlas as a tool in the fields of taxonomy, systematics, feeding ecology, zoogeography, 

paleoichthyology, archaeology (Fitch & Brownell, 1968; Fitch, 1972; Huddleston & Barker, 1978; 
Nolf, 1985, 1993, 1995; Härkönen, 1986; Gobalet, 1989; Nolf & Stringer, 1992; Stringer, 1992; 
Colten, 1994; van Neer et al., 2002; Dye & Longenecker, 2004; Reichenbacher, 2004; Nolf & Tyler, 
2006) and any study concerning fish identification using otolith morphology around this area.

Some simplified otolith illustrations of each family, which are highlighted on the 
configurations of sulcus, are presented to help and give clues to the identification at the 
family level. These are not for any specific species but for generalized otolith morphology 
within a family. Two kinds of images are presented for each specimen, in the stereo microscope 
plates and scanning electron microscope (SEM) plates. Take note that some very large samples 
do not have SEM images (see materials and methods). The stereo microscope images emphasize 
the outline of the otolith and usually, the sulcus. It is also more intuitive and simple to compare 
without any help of equipment. However, it is always necessary to examine detailed structures 
on the surface of the medial face as identification study is being carried out. For this reason, SEM 
images are also provided here. Simply staining otolith surface with marker or ink under a stereo 
microscope is a much easier method for those who want to investigate the detailed structures of 
larger specimen without SEM facilities.

It is also worth to mention that the degree of otolith morphological variation varies from 
species to species. In addition, ecological and ontogenetic influences also play significant roles 
to a certain extent. On top of that, although left and right otoliths are usually symmetric, they 
are not exactly as mirror images (especially asymmetric in some groups of Pleuronectiformes). 
They are much more like left and right side of our body plan. Therefore, it will be too arbitrary to 
identify any otolith material just by limited specimens provided in this book. This is the reason that 
identification keys are not provided here. We suggest the use of this atlas just to narrow down any 
target taxonomic group and then collect as many samples as possible.

It is reported that more than 3000 fish species are existing in Taiwan waters (Shao, 2009), 
however, it is hardly possible to obtain all the otoliths. Our first intention is to collect and display the 
diversity of fish otolith, which is also funded by the National Science Council of Taiwan. In this book, 
1004 species representing 165 families are selected, which cover most, if not all the ecosystems 
or environments. Our second intention is to help promote archaeological, paleontological studies, 
for example, the otoliths of archaeological middens in science-based industrial area from southern 
Taiwan (Tsang et al., 2006; Lin et al., in press). This kind of studies can only be achieved by 
comparing living materials from local areas. As for fossil otoliths in Taiwan, many materials, aside 
from those in the museum, are collected by amateur collectors. The relatively young stratigraphic 
age (mostly Pliocene) gives more information in community structures than evolutionary changes. 
Still, more studies are needed to uncover these problems and many remains to learn. For further 
work, we will constantly update the website and continue our collections.

Guide to the atlas
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Fish species occurring in the area were collected mostly from fish markets all over Taiwan (see 
Appendix). Fish specimens were identified using all available publications and online databases in 
this region (Masuda et al., 1984; Shen, 1993; Nakabo, 2002; Chen, 2003; Shao, 2009; Chen et al., 
2010; Shen & Wu, 2011; Froese & Pauly, 2012). After determining the fish length, a picture was 
taken as a voucher image. Then the sagittal otoliths were removed. Most of the fish specimens, 
as voucher specimen were preserved in the National Museum of Marine Biology and Aquarium 
(NMMBA). The otolith extraction technique was mostly followed by “up through the gills method” 
(Secor et al., 1991). After removal, the otoliths were then pre-treated with a 3% potassium 
hydroxide (KOH) solution, rinsed with distilled water, and then air-dried. Each specimen was 
archived in the 1.5 ml centrifuge tube and otolith collection of the NMMBOL number was given.

For each species, the largest individual or complete (left or right) otolith was selected to 
reduce any ontogenetic problems. We preferred the right otolith for the following procedures if 
both sides were present and in the same condition. Other specimens of the same species could be 
found in a comprehensive database with identical title in this webpage (http://oto.nmmba.gov.tw/).

Otolith image photography
Images of otolith samples were digitized using a stereo microscope (Discovery V20, ZEISS) 

with the aid of proper dimensioning and orientation. Only the medial face was pictured. Otolith 
lengths (OL, 0.01 mm) were measured as the greatest distance from the anterior most point to the 
posterior margin, approximately parallel to the sulcus. Otolith height (OH, 0.01 mm) was recorded 
as the greatest distance between the dorsal margin and the ventral margin, perpendicular to OL. 
Each specimen was measured using compatible imaging software (AxioVs40 V4.7.2.0, ZEISS).

Afterwards, the otoliths (lateral face) were mounted on standard aluminum mounting stubs 
(HITACHI, 26 mm in diameter and 7 mm in thickness) with carbon conductive double-sided tapes. 
After filling up the surface of a mounting stub, a picture was taken for mapping the otolith locations. 
This mapping picture increased the efficiency of orientation in the subsequent procedures. Otoliths 
with very concave lateral face or great thickness were first attached with clay to stabilize the upright 
position before mounted. The clay was placed beneath the otolith and not exceeding from the 
otolith margins, it also helped reduce the risk of damaging fragile specimens.

The mounting stubs were then coated with a thin layer of gold by ion sputter machine 
(HITACHI E-1010). The standard coating duration of this machine was 35 to 40 seconds. SEM 
(HITACHI S-3500N) images were obtained using a standard procedure with small otolith samples 
(< 4 mm). For larger specimens, overlapping pictures were first taken then further retouched 
by computer software, which merged them together. Very large specimens (> 18 mm), either 
not able to be placed on a mounting stub or to be merged to a single image, SEM images were 
not obtained. However, otoliths as large as those were easy to observe under a binocular 
microscope. These specimens included Argyrosomus japonicas (NMMBOL003065), Bahaba 
taipingensis (NMMBOL004446), Coryphaenoides rudis (NMMBOL004434), Hoplostethus japonicus 

(NMMBOL004423), Beryx decadactylus (NMMBOL004426), and Beryx splendens (NMMBOL004431).
Otoliths remained on the mounting stubs after photographed, and these mounting stubs were 

preserved in hinged sample mount storage boxes with soft silicone base. Images were obtained 
from machines and facilities in NMMBA laboratories.

After all images were retouched to reduce background noises and to adjust contrast, plates 
were assembled to present both stereomicroscopic and SEM images. Family name was given on 
the upper left corner of the first otolith occurring in that family and of the first otolith of a plate. 
Each species name was given under each specimen image along with a scale bar in the lower right 
corner. Scale bars were noted as two kinds, 1 mm (        ) and 0.5 mm (        ), respectively. Left 
otolith images were created mirror images in order to follow the consistent right otolith position. 
As mentioned earlier, we focus on the sagittae because they are the largest and most studied. For 
ostariophysan fishes, the sagittae, the lapilli or the asterisci were imaged (mostly the asterisci) and 
these instances were noted individually. 

Definition and description
It is important to place the otolith in an accurate dimension and orientation. All definitions 

and descriptions refer to the medial face in this book. Figure 2 shows some of the most important 
features of a general example of an otolith. Definition of these otolith terms are followed by the 
nomenclature presented in previous literature (Morrow, 1979; Nolf, 1985; Smale et al., 1995; Iizuka 
& Katayama, 2008; Tuset et al., 2008).

Antirostrum
Postero-dorsal
angleDorsal area

Neck

Ventral area
Ostium Cauda

Sulcus

Dorsal

Anterior

Ventral

Posterior
Ostial colliculum

Caudal colliculum

Dorsal depression
Crista superior

Crista inferior

Notch
Excisura

major
Rostrum

Fig. 2. Medial face of a generalized right otolith showing the positions of various features.

Antirostrum: An antero-dorsal extension of the otolith, above notch. Antirostrum is absent when 
no extension is present or excisura major is absent.

Materials and Methods
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Cauda: Posterior part of sulcus, posterior to neck constriction.
Colliculum: The raised part of sulcus floor. It may be divided into ostial colliculum and caudal 
colliculum according to their location.
Collum: The raised part of sulcus floor at neck, separating ostium and cauda.
Crista inferior: Ventral rim of sulcus.
Crista superior: Dorsal rim of sulcus.
Dorsal area: The surface or the region that lying dorsal to sulcus.
Dorsal depression: Depression in the dorsal area, which may have various shapes.
Excisura (or excisura major): Opening of the sulcus on the anterior margin. If sulcus does not reach 
to the margin, there is no excisura.
Neck: The junction of ostium and cauda, it is usually constricted in the width of sulcus.
Notch: The nick on the excisura major, separating rostrum and antirostrum if existing.
Ostium: Anterior part of sulcus, anterior to neck constriction.
Pseudo-antirostrum and pseudo-rostrum: The posterior equivalent of the rostrum and antirostrum, 
only seen in otoliths with ostio-caudal or caudal sulcus.
Pseudocolliculum: The collicular crest or ridge above crista inferior. For example in some species of 
Myctophidae and Monocentridae.
Postero-dorsal angle: The angle at postero-dorsal corner of the otolith, usually measured from 90 
to 120 degrees, may or may not exist.
Pseudo-excisura (or excisura minor): The opening of the sulcus on the posterior margin, only seen 
in otoliths with ostio-caudal or caudal sulcus.
Rostrum: An anterior extension of the otolith, measured from the posterior end of notch to 
anterior margin of the otolith. Rostrum is absent when no extension is present or excisura major is 
absent.
Sulcus: Depression on the medial face, usually longitudinal and located in the center. In most cases, 
it can be divided into ostium and cauda.
Ventral area: The surface or the region that is lying on ventral to sulcus.

Description of otolith is in the hierarchy order following Nelson (2006). Each NMMBOL 
collection is given a number and the otolith length. Telegraphic writing style is used in the text 
to limit repetition or redundancy. Otolith description for each species begins from the shape or 
outline of the otolith, followed by cross-sectional shape, dorsal depression, marginal sculpturing, 
sulcus opening, ostial and caudal shape. Then some detailed structures such as colliculum and 
collum are featured if any exists. Finally crista superior, crista inferior, rostrum, excisura and notch 
are described. For those features that are not included in the text, these maybe regarded as absent 
or not significantly important, such as antirostrum, dorsal depression, pseudo-excisura, pseudo-
antirostrum, pseudo-rostrum and etc.

The descriptive terms of otolith shapes in this atlas is illustrated in Fig. 3. Cross-sectional shape 
is seen from the dorsal or ventral margins, which can be divided roughly into concave, flat and 
convex categories for both medial and lateral faces. Dorsal depression, if existing, is described as a 

deep, shallow or grooved in depth and fan-shaped, trough-like or along the crista superior in the 
forms. Various marginal sculpturing is roughly generalized into entire, serrate, crenate and digitate.

Fig. 3. Images of otoliths with terms of otolith shapes described in this atlas.
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Sulcus may typically open to one or more margins (Fig. 4). Cristae define the boundary of 
sulcus. If colliculum reaches the margin, then sulcus is considered to be open even if cristae are not 
visible. Definitions for the sulcus types are as follows:
Mesial: Sulcus has no opening to any margin, in other words sulcus is closed.
Ostial: Sulcus opens to anterior or dorsal margin and cauda is closed.
Pseudo-ostial: Ostium lies very close to anterior or dorsal margin but is still closed. Cauda is closed.
Para-ostial: Sulcus opening is reduced and a narrow canal towards anterior or dorsal margin. Cauda 
is closed.
Ostio-caudal: Sulcus opens to both anterior and posterior margin.
Ostio-pseudocaudal: Sulcus opens to anterior or dorsal margin and cauda lies very close to 
posterior or ventral margin but is still closed.
Caudal: Sulcus opens to posterior or ventral margin and ostium is closed.
Pseudo-ostiocaudal: Sulcus lies very close to anterior and posterior margin but is still closed.

MESIAL OSTIAL

PSEUDO-OSTIAL PARA-OSTIAL

OSTIO-CAUDAL OSTIO-PSEUDOCAUDAL

CAUDAL PSEUDO-OSTIOCAUDAL

Fig. 4. Diagrams of otoliths with the corresponding terms according to sulcus openings described 
in this atlas.

Ostium is described by its shape using flared, triangular, oval, oblong and etc. Still there are 
some exceptions such as in Chaetodontidae, ostium is often reduced and only fringing dorsally to 
rostrum. Cauda is typically elongated with curvature to a certain extent and the curvature may start 
from anterior, middle or posterior part of cauda. There are varieties of curvature towards ventral 
margin: slightly flexed (<30º), flexed (30-60º), markedly flexed (60-100º, approximately 90º) and 
curled (>100º). Colliculum and collum may be described if available. Colliculums are usually obvious 
at ostium, in many cases they may exceed over the anterior margin forming part of excisura. Collum 
can be divided into three types: wall-like, raised tubercle and solid bridge (Fig. 5).

COLLUM WALL-LIKE

COLLUM RAISED TUBERCLE COLLUM SOLID BRIDGE

Fig. 5. Diagrams of otoliths with the corresponding terms according to collum types described in 
this atlas.

Cristae (crista superior and crista inferior) are described according to their development: 
absent, poorly-developed, well-developed and ridge-like (Fig. 6).
Absent: The boundary between sulcus and other parts of the medial surface is unclear. From the 
cross sectional view, it’s a smooth curve.
Poorly-developed: The boundary between sulcus and other parts of the medial surface is clear but 
cristae are not raised. From the cross sectional view, the angle is approximately 120-100º.
Well-developed: The boundary between sulcus and other parts of the medial surface is clearly 
demarcated, cristae are often slightly raised but not ridge-like. The angle is approximately 90º from 
the cross sectional view.
Ridge-like: Cristae raised as ridges above other parts of the medial surface.

A

A-A

WELL-DEVELOPED RIDGE-LIKE

POORLY-DEVELOPED RIDGE-LIKE

SULCUS SULCUS
SULCUS

ABSENT WELL-DEVELOPED

B C

A1

1 B-B1 C-C1

1 1B C

Fig. 6. Diagrams of otoliths with the corresponding terms according to cristae development with 
cross sectional views along axes indicated (below) described in this atlas.

Rostrum is usually extended and distinguished by its shape. Excisura is recognized by narrow, 
moderate or wide according to its opening width proportion to otolith height. Notch is described 
as shallow or deep. In some cases ostial colliculums are largely developed, and notch is usually 
interrupted.
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Elopidae
(p. 28; Plates 1, 69)

Megalopidae Albulidae Notacanthidae Anguillidae
(p. 28; Plates 1, 69) (p. 28; Plates 1, 69) (p. 29; Plates 1, 69) (p. 29; Plates 1, 69)

(p. 30; Plates 1, 69) (p. 30; Plates 1, 69) (p. 30; Plates 1, 69) (p. 32; Plates 2, 70) (p. 32; Plates 2, 70)
Moringuidae Muraenidae ① Muraenidae ② Synaphobranchidae Ophichthidae

(p. 33; Plates 2, 70) (p. 34; Plates 2, 70) (p. 34; Plates 2, 70) (p. 35; Plates 3, 71) (p. 35; Plates 3, 71)
Muraenesocidae Nemichthyidae Congridae Pristigasteridae Engraulidae

(p. 39; Plates 4, 72) (p. 41; Plates 6, 74) (p. 42; Plates 6, 74) (p. 42; Plates 6, 74)
Cyprinidae (l) Plotosidae Ariidae Bagridae (a)

(p. 42; Plates 6, 74)
Bagridae (l)

(p. 37; Plates 3, 71) (p. 38; Plates 4, 72) (p. 38 Plates 4, 72) (p. 39; Plates 4, 72) (p. 39; Plates 4, 72)
Clupeidae Chanidae Gonorynchidae Cyprinidae (a) Cyprinidae (s)

Stomiidae ②
(p. 46; Plates 8, 76)

Ateleopodidae
(p. 46 Plates 8, 76)

Aulopidae
(p. 47; Plates 8, 76)

Synodontidae ①
(p. 48; Plates 8, 76)

Synodontidae ②
(p. 48 Plates 8, 76)

Synodontidae ③
(p. 48; Plates 8, 76)

Synodontidae ④
(p. 48; Plates 8, 76)

Chlorophthalmidae
(p. 50; Plates 9, 77)

Paralepididae
(p. 50; Plates 9, 77)

Neoscopelidae
(p. 51; Plates 10, 78)

Myctophidae
(p. 51; Plates 10, 78)

Lophotidae
(p. 53; Plates 10, 78)

Trachipteridae
(p. 53; Plates 10, 78)

Regalecidae
(p. 54; Plates 11, 79)

Polymixiidae
(p. 54; Plates 11, 79)

Bregmacerotidae
(p. 55; Plates 11, 79)

Macrouridae
(p. 56; Plates 11, 79)

Moridae
(p. 59; Plates 12, 80)

Carapidae
(p. 59; Plates 13, 81)

Ophidiidae ①
(p. 59; Plates 13, 81)

(p. 44; Plates 7, 75)
Gonostomatidae ②

(p. 45; Plates 7, 75)
Sternoptychidae ①

(p. 45; Plates 7, 75)
Sternoptychidae ②

(p. 45; Plates 7, 75)
Sternoptychidae ③ Stomiidae ①

(p. 46; Plates 8, 76)

(p. 43; Plates 7, 75)
Argentinidae

(p. 43; Plates 7, 75)
Alepocephalidae

(p. 44; Plates 7, 75)
Osmeridae

(p. 44; Plates 7, 75)
Salmonidae

(p. 44; Plates 7, 75)
Gonostomatidae ①

The following are the simplified illustrations of otolith shapes per family to give a general idea 

on fish identification at the family level. When the otolith shape appears very different within 

a family, various types are also present in the figures. (a) asteriscus; (l) lapillus; (s) sagitta.

Family index
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Chaunacidae
(p. 62; Plates 14, 82)

Ogcocephalidae
(p. 63; Plates 14, 82)

Antennariidae
(p. 62; Plates 13, 81)

Ophidiidae ②
(p. 59; Plates 13, 81)

Lophiidae
(p. 61; Plates 13, 81)

Atherinidae
(p. 66; Plates 15, 83)

Exocoetidae ①
(p. 67; Plates 15, 83)

Mugilidae
(p. 65; Plates 15, 83)

Melanocetidae
(p. 64; Plates 14, 82)

Gigantactinidae
(p. 64; Plates 14, 82)

Holocentridae ①
(p. 76; Plates 18, 86)

Holocentridae ②
(p. 76; Plates 18, 86)

Berycidae
(p. 75; Plate 18)

Monocentridae
(p. 73; Plates 18, 86)

Trachichthyidae
(p. 74 Plates 18, 86)

Zeniontidae ②
(p. 80; Plates 20, 88)

Zeidae
(p. 80; Plates 20, 88)

Zeniontidae ①
(p. 80; Plates 20, 88)

Parazenidae ①
(p. 79; Plates 19, 87)

Parazenidae ②
(p. 79; Plates 19, 87)

Synbranchidae
(p. 82; Plates 20, 88)

Dactylopteridae
(p. 82; Plates 20, 88)

Macroramphosidae
(p. 81; Plates 20, 88)

Syngnathidae
(p. 81; Plates 20, 88)

Fistulariidae
(p. 81; Plates 20, 88)

Diretmidae
(p. 72; Plates 17, 85)

Anomalopidae
(p. 73; Plates 17, 85)

Belonidae
(p. 71; Plates 17, 85)

Exocoetidae ②
(p. 67; Plates 15, 83)

Hemiramphidae
(p. 71 Plates 17, 85)

Scorpaenidae ③
(p. 83; Plates 20, 88)

Scorpaenidae ①
(p. 83; Plates 20, 88)

Scorpaenidae ④
(p. 83; Plates 20, 88)

Scorpaenidae ⑤
(p. 83; Plates 20, 88)

Scorpaenidae ②
(p. 83; Plates 20, 88)

Aploactinidae
(p. 88; Plates 22, 90)

Scorpaenidae ⑥
(p. 83; Plates 20, 88)

Triglidae
(p. 89; Plates 23, 91)

Peristediidae
(p. 91; Plates 23, 91)

Scorpaenidae ⑦
(p. 83; Plates 20, 88)

LatidaeHoplichthyidae
(p. 95; Plates 25, 93)

Bembridae
(p. 92; Plates 24, 92)

Ambassidae
(p. 96; Plates 25, 93) (p. 96; Plates 26, 94)

Platycephalidae
(p. 93; Plates 24, 92)

Serranidae ①
(p. 100; Plates 27, 95)

Acropomatidae ④
(p. 98; Plates 26, 94)

Serranidae ②
(p. 100; Plates 27, 95)

Serranidae ③
(p. 100; Plates 27, 95)

Symphysanodontidae
(p. 99; Plates 27, 95)

Plesiopidae
(p. 108; Plates 27, 97)

Serranidae ④
(p. 100; Plates 27, 95)

Opistognathidae
(p. 109; Plates 30, 98)

Banjosidae
(p. 109; Plates 30, 98)

Pseudochromidae
(p. 108; Plates 27, 97)

Acropomatidae ①
(p. 97; Plates 26, 94)

Moronidae
(p. 97; Plates 26, 94)

Acropomatidae ②
(p. 97; Plates 26, 94)

Acropomatidae ③
(p. 98; Plates 26, 94)

Percichthyidae
(p. 97; Plates 26, 94)
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Priacanthidae ③
(p. 110; Plates 30, 98)

Priacanthidae ①
(p. 110; Plates 30, 98)

Priacanthidae ②
(p. 110; Plates 30, 98)

Sillaginidae
(p. 115; Plates 32, 100)

Apogonidae
(p. 111; Plates 30, 98)

Scombropidae
(p. 117; Plates 32, 100)

Malacanthidae ①
(p. 116; Plates 32, 100)

Malacanthidae ②
(p. 116; Plates 32, 100)

Rachycentridae
(p. 118; Plates 32, 100)

Coryphaenidae
(p. 117; Plates 32, 100)

Carangidae ①
(p. 119; Plates 33, 101)

Echeneidae ①
(p. 118; Plates 33, 101)

Echeneidae ②
(p. 118; Plates 33, 101)

Carangidae ③
(p. 119; Plates 33, 101)

Carangidae ②
(p. 119; Plates 33, 101)

Bramidae
(p. 126; Plates 35, 103)

Menidae
(p. 123; Plates 34, 102)

Leiognathidae
(p. 124; Plates 34, 102)

Lutjanidae ①
(p. 127; Plates 35, 103)

Emmelichthyidae
(p. 126; Plates 35, 103)

Caesionidae
(p. 132; Plates 37, 105)

Lutjanidae ②
(p. 127; Plates 35, 103)

Lutjanidae ③
(p. 127; Plates 35, 103)

Gerreidae ②
(p. 133; Plates 37, 105)

Gerreidae ①
(p. 133; Plates 37, 105)

Haemulidae ③Haemulidae ① Haemulidae ② Nemipteridae ②Nemipteridae ①
(p. 134; Plates 38, 106)(p. 134; Plates 38, 106) (p. 134; Plates 38, 106) (p. 136; Plates 38, 106)(p. 136; Plates 38, 106)

Sparidae ②Lethrinidae Sparidae ① Sciaenidae ①Polynemidae
(p. 141; Plates 40, 108)(p. 140; Plates 39, 107) (p. 141; Plates 40, 108) (p. 143; Plate 41)(p. 143; Plates 40, 108)

Sciaenidae ④Sciaenidae ② Sciaenidae ③ Mullidae ②Mullidae ①
(p. 144; Plate 41)(p. 143; Plate 41) (p. 144; Plate 41) (p. 148; Plates 42,110)(p. 148; Plates 42, 110)

MonodactylidaePempheridae Glaucosomatidae Kyphosidae ②Kyphosidae ①
(p. 152; Plates 43, 111)(p. 150; Plates 43, 111) (p. 151; Plates 43, 111) (p. 152; Plates 43, 111)(p. 152; Plates 43, 111)

PomacanthidaeDrepaneidae Chaetodontidae TerapontidaePentacerotidae
(p. 159; Plates 45, 113)(p. 153; Plates 44, 112) (p. 154; Plates 44, 112) (p. 162; Plates 46, 114)(p. 162; Plates 46, 114)

CheilodactylidaeKuhliidae Cirrhitidae CichlidaeCepolidae
(p. 164; Plates 47, 115)(p. 163; Plates 46, 114) (p. 163; Plates 47, 115) (p. 166; Plates 47, 115)(p. 165; Plates 47, 115)

Labridae ①Pomacentridae ① Pomacentridae ② Labridae ③Labridae ②
(p. 172; Plates 49, 117)(p. 166; Plates 47, 115) (p. 166; Plates 47, 115) (p. 172; Plates 49, 117)(p. 172; Plates 49, 117)
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Ammodytidae
(p. 190; Plates 54, 122)

Uranoscopidae ①
(p. 190; Plates 54, 122)

Pinguipedidae
(p. 188; Plates 54, 122)

Scaridae
(p. 185; Plates 53, 121)

Champsodontidae
(p. 187; Plates 54, 122)

Callionymidae
(p. 193; Plates 55, 123)

Eleotridae
(p. 195; Plates 56, 124)

Blenniidae
(p. 192; Plates 55, 123)

Uranoscopidae ②
(p. 190; Plates 54, 122)

Tripterygiidae
(p. 191; Plates 55, 123)

Scatophagidae
(p. 201; Plates 58, 126)

Siganidae
(p. 202; Plates 58, 126)

Ephippidae
(p. 200; Plates 58, 126)

Gobiidae
(p. 196; Plates 56, 124)

Ptereleotridae
(p. 200; Plates 58, 126)

Sphyraenidae
(p. 207; Plates 60, 128)

Gempylidae
(p. 209; Plates 60, 128)

Acanthuridae ②
(p. 204; Plates 59, 127)

Zanclidae
(p. 203; Plates 59, 127)

Acanthuridae ①
(p. 204; Plates 59, 127)

Centrolophidae
(p. 211; Plates 62, 130)

Nomeidae
(p. 212; Plates 62, 130)

Scombridae ②
(p. 209; Plates 61,129)

Trichiuridae
(p. 209; Plates 61,129)

Scombridae ①
(p. 209; Plates 61,129)

Channidae
(p. 214; Plates 63, 131)

Caproidae
(p. 214; Plates 63, 131)

Osphronemidae
(p. 213; Plates 63, 131)

Ariommatidae
(p. 212; Plates 62, 130)

Stromateidae
(p. 213; Plates 63, 131)

Bothidae ②
(p. 217; Plates 64, 132

Samaridae
(p. 218; Plates 65, 133)

Bothidae ①
(p. 217; Plates 64, 132)

Paralichthyidae
(p. 215; Plates 63, 131)

Pleuronectidae
(p. 216; Plates 64, 132)

Balistidae
(p. 222; Plates 67, 135)

Monacanthidae
(p. 223; Plates 67, 135)

Triacanthodidae
(p. 222; Plates 67, 135)

Soleidae
(p. 219; Plates 65, 133)

Cynoglossidae
(p. 220; Plates 66, 134)

Diodontidae
(p. 225; Plates 68, 136)

Ostraciidae
(p. 223; Plates 67, 135)

Tetraodontidae
(p. 224; Plates 68, 136)
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scattered irregularly. Crista superior ridge-like 
along cauda and crista inferior well-developed. 
Neck constriction not obvious. Excisura wide.

Pterothrissus gissu Hilgendorf, 1877
(Plates 1, 69)
NMMBOL004142, 10.15 mm OL
Oval to ovate in shape, with very robust elongate 
rostrum approximately one-third of its length. 
Dorsal margin and ventral margin entire. Sulcus 
ostial. Ostium oval, moderately deep. Cauda 
deep and tube-like, posterior part tapering and 
slightly turning ventrally. Neck dorso-ventrally 
constricted. Excisura very wide.

Notacanthidae Nelson No. 73

Notacanthus abbotti Fowler, 1934
(Plates 1, 69)
NMMBOL004147, 1.26 mm OL
Circular in shape with flat medial face and 
concave lateral face. Dorsal margin and ventral 
margin entire. Sulcus ostial, deep. Ostium 
flared and cauda straight, slightly bulbous, 
sac-like. Crista superior well-developed and 
crista inferior poorly-developed. Neck slightly 
constricted. Rostrum very short, blunt. Excisura 
narrow. Notch shallow.

   ANGUILLIFORMES

Anguillidae Nelson No. 74

Anguilla japonica Temminck & Schlegel, 
1846
(Plates 1, 69)
NMMBOL004444, 2.94 mm OL
Elliptic in shape, tapering at posterior with 
convex medial face and concave lateral face. 
Dorsal margin and ventral margin entire. Sulcus 
ostial, shallow. Ostium flared and cauda tube-
like directing ventrally. Crista superior and 
crista inferior poorly-developed. Neck slightly 
constricted. Rostrum short, blunt. Excisura 
wide. Notch very shallow.

Anguilla marmorata Quoy & Gaimard, 1824
(Plates 1, 69)
NMMBOL 004443, 3.15 mm OL
Elliptic in shape with convex medial face and 
concave lateral face. Dorsal margin and ventral 
margin entire. Sulcus ostial, shallow. Ostium 
flared and cauda tube-like directing ventrally. 
Crista superior and crista inferior poorly-
developed. Neck slightly constricted. Rostrum 
short, blunt. Excisura wide. Notch absent.

   ELOPIFORMES

Elopidae Nelson No. 69

Elops machnata (Forsskål, 1775)
(Plates 1, 69)
NMMBOL001619, 10.10 mm OL
Shape elongate to fusiform with elongate 
rostrum approximately half of its length. Dorsal 
margin slightly irregular, crenate posteriorly 
and ventral margin serrate. Sulcus ostial, deep, 
straight. Ostium oblong and cauda straight, 
elongate. Crista superior ridge-like and crista 
inferior poorly-developed, both absent at 
posterior tip. Colliculum low, large in ostium. 
Neck slightly constricted. Rostrum very 
elongate, large. Excisura very wide. Notch 
shallow.

Megalopidae Nelson No. 70

Megalops cyprinoides (Broussonet, 1782)
(Plates 1, 69)
NMMBOL000657, 5.02 mm OL 
Elongate to ovate in shape with elongate 
rostrum approximately half of its length. Dorsal 
margin entire and ventral margin serrate. 
Sulcus ostial, deep, straight. Ostium oblong 
and cauda elongate, slightly directing ventrally. 
Crista superior ridge-like and crista inferior 
poorly-developed, both absent at posterior tip. 
Colliculum low, large in ostium. Neck slightly 
constricted. Rostrum very elongate, large. 
Excisura very wide. Notch shallow.

   ALBULIFORMES

Albulidae Nelson No. 71

Albula glossodonta (Forsskål, 1775)
(Plates 1, 69)
NMMBOL002162, 14.44 mm OL
Shape oblong to rectangular with convex medial 
face and concave lateral face anteriorly. Thick 
except for the thin anterior part. Dorsal margin 
irregular. Posterior margin serrate and ventral 
margin entire. Sulcus ostial, tube-like along 
dorsal area of otolith, posterior part bulbous and 
turning ventrally. Sulcus shallow in ostium, very 
deep in cauda especially at posterior bulbous. 
Ostium raised with protuberance, which 

Systematics
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Moringuidae Nelson No. 76

Moringua abbreviata (Bleeker, 1863)
(Plates 1, 69)
NMMBOL003671, 1.15 mm OL
Shape elliptic with convex medial face and 
concave lateral face. Dorsal margin and ventral 
margin entire. Sulcus mesial, shallow. Ostium 
and cauda oval, slightly differentiated. Crista 
superior and crista inferior absent. Neck slightly 
constricted. Rostrum absent. Excisura absent. 
Notch absent.

Muraenidae Nelson No. 79

Echidna nebulosa (Ahl, 1789)
(Plates 1, 69)

NMMBOL 003995, 0.81 mm OL
Elliptic in shape with tapering posterior end. 
Dorsal margin and ventral margin entire. Sulcus 
ostial, shallow. Ostium flared. Cauda elongate, 
tube-like almost reaching posterior margin. 
Crista superior and crista inferior poorly-
developed. Rostrum very short, small. Neck 
slightly constricted. Excisura wide. 

Echidna xanthospilos (Bleeker, 1859)
(Plates 1, 69)
NMMBOL 004303, 2.40 mm OL
Specimen obviously not symmetric in right and 
left (dorsal margin) and description based on left 
sagitta. Elliptic in shape with tapering posterior 
end. Dorsal margin and ventral margin entire. 
Sulcus ostial, shallow. Ostium flared. Cauda 
elongate, tube-like almost reaching posterior 
margin. Crista superior and crista inferior 
poorly-developed. Rostrum very short, small. 
Antirostrum slightly larger than rostrum. Neck 
slightly constricted. Excisura wide. 

Enchelycore pardalis (Temminck & Schlegel, 
1846)
(Plates 1, 69)
NMMBOL 003304, 4.02 mm OL
Elliptic in shape with elongate posterior part. 
Dorsal margin and ventral margin entire. Sulcus 
ostial, shallow. Ostium flared. Cauda elongate, 
tube-like almost reaching posterior margin. 
Crista superior and crista inferior poorly-
developed. Antirostrum approximately the 
same size as rostrum. Neck slightly constricted. 
Excisura wide. 

Gymnothorax berndti Snyder, 1904
(Plates 1, 69)
NMMBOL 003204, 3.65 mm OL
Oblong to rectangular in shape with convex 
medial face and concave lateral face. Dorsal 
margin and ventral margin entire. Sulcus 
ostial, moderately deep. Ostium slightly flared. 
Cauda elongate, tube-like. Colliculum visible, 
undifferentiated, and raised only along its 
margin. Crista superior and crista inferior well-

developed. Antirostrum smaller than rostrum. 
Neck slightly constricted. Excisura wide.

Gymnothorax flavimarginatus (Rüppell, 1830)
(Plates 1, 69)
NMMBOL00249, 3.51 mm OL
Elliptic to oblong in shape with convex medial 
face and concave lateral face. Dorsal margin and 
ventral margin entire. Sulcus ostial, moderately 
deep. Ostium flared. Cauda elongate, tube-like. 
Colliculum visible, undifferentiated, and raised 
only along its margin. Crista superior and crista 
inferior well-developed. Antirostrum smaller 
than rostrum. Neck slightly constricted. Excisura 
wide. 

Gymnothorax minor (Temminck & Schlegel, 
1846)
(Plates 1, 69)
NMMBOL001151, 6.37 mm OL
Shape elliptic with pointed posterior part, 
convex medial face and concave lateral face. 
Dorsal margin and ventral margin entire. 
Sulcus ostial, moderately deep, tube-like. 
Cauda elongate, slightly turning ventrally at 
the posterior. Crista superior and crista inferior 
poorly-developed. Antirostrum much bigger 
than rostrum. Neck constriction not obvious. 
Excisura wide and facing ventrally.

Gymnothorax neglectus Tanaka, 1911
(Plates 1, 69)
NMMBOL003191, 4.00 mm OL
Shape oval to elliptic with pointed posterior 
tip, convex medial face and concave lateral 
face. Dorsal margin and ventral margin entire. 
Sulcus ostial, moderately deep. Ostium flared 
and cauda elongate, slightly turning ventrally 
at the posterior. Crista superior and crista 
inferior poorly-developed. Rostrum pointed and 
antirostrum blunt. Neck slightly constricted. 
Excisura wide. 

Gymnothorax nudivomer (Günther, 1867)
(Plates 1, 69)
NMMBOL002915, 3.69 mm OL

Shape elliptic with very elongate tip, convex 
medial face and concave lateral face. Dorsal 
margin and ventral margin entire. Sulcus ostial, 
shallow. Ostium flared. Cauda elongate, slightly 
turning ventrally at the posterior end. Crista 
superior and crista inferior poorly-developed. 
Rostrum and antirostrum small. Neck slightly 
constricted. Excisura wide. Notch acute in the 
lower part of excisura. 

Gymnothorax prionodon Ogilby, 1895
(Plates 1, 69)
NMMBOL000878, 4.73 mm OL
Shape elliptic with pointed posterior tip, convex 
medial face and concave lateral face. Dorsal 
margin and ventral margin entire. Sulcus 
ostial, moderately deep. Ostium flared and 
cauda elongate, slightly turning ventrally at 
the posterior. Crista superior and crista inferior 
poorly-developed. Rostrum antirostrum and 
pointed. Neck slightly constricted. Excisura 
wide. 

Gymnothorax reticularis Bloch, 1795
(Plates 1, 69)
NMMBOL004025, 3.32 mm OL
Shape oval with pointed posterior tip, convex 
medial face and concave lateral face. Dorsal 
margin and ventral margin serrate. Sulcus 
ostial, moderately deep. Ostium flared and 
cauda elongate, slightly turning ventrally 
at the posterior. Crista superior and crista 
inferior poorly-developed. Rostrum pointed 
and symmetric with antirostrum. Neck slightly 
constricted. Excisura wide. 

Gymnothorax ypsilon Hatooka & Randall, 
1992
(Plates 2, 70)
NMMBOL003193, 2.96 mm OL
Oval to elliptic shape with tapering posterior 
portion, convex medial face and concave lateral 
face. Dorsal margin and ventral margin entire. 
Sulcus ostial, moderately deep. Ostium flared. 
Cauda elongate and pointed at the tip. Crista 
superior and crista inferior poorly-developed. 
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Neenchelys parvipectoralis Chu, Wu & Jin, 
1981
(Plates 2, 70)
NMMBOL003291, 0.67 mm OL
Shape discoid. Dorsal margin and ventral margin 
entire. Sulcus ostial, moderately deep and sac-
like. Ostium slightly flared and cauda elongate. 
Crista superior and crista inferior absent. Neck 
slightly constricted. Excisura narrow. 

Ophichthus apicalis (Anonymous, 1830)
(Plates 2, 70)
NMMBOL003703, 2.76 mm OL
Shape elliptic to oblong. Dorsal margin and 
ventral margin entire. Sulcus mesial, moderately 
deep and tube-like. Ostium bulbous and cauda 
elongate. Crista superior and crista inferior 
absent. Neck dorso-ventrally constricted. 
Rostrum absent. Excisura absent. 

Ophichthus macrochir (Bleeker, 1853)
(Plates 2, 70)
NMMBOL003657, 2.19 mm OL
Shape oblong. Dorsal margin and ventral margin 
entire. Sulcus mesial, moderately deep and tube-
like. Ostium bulbous and cauda elongate. Crista 
superior and crista inferior poorly-developed. 
Neck dorso-ventrally constricted. Rostrum 
absent. Excisura absent. 

Pisodonophis cancrivorus (Richardson, 1848)
(Plates 2, 70)
NMMBOL003529, 3.98 mm OL
Shape oblong. Dorsal margin and ventral margin 
entire. Sulcus mesial, shallow and tube-like. 
Ostium bulbous and cauda elongate. Crista 
superior and crista inferior poorly-developed 
to absent. Neck slightly constricted. Rostrum 
absent. Excisura absent. 

Muraenesocidae Nelson No. 84

Gavialiceps taiwanensis (Chen & Weng, 

1967)
(Plates 2, 70)
NMMBOL001157, 2.02 mm OL
Shape oval, small with extended posterior 
portion. Dorsal margin and ventral margin 
entire. Sulcus mesial, shallow, elongate. Cauda 
tapering at the tip. Crista superior and crista 
inferior absent. Neck absent. Rostrum absent. 
Excisura absent.

Muraenesox cinereus (Forsskål, 1775)
(Plates 2, 70)
NMMBOL003313, 6.29 mm OL
Shape oblong. Dorsal margin crenate and the 
rest entire. Sulcus mesial, shallow, tube-like. 
Ostium slightly larger than cauda. Rostrum 
absent. Neck absent. Rostrum absent. Excisura 
absent.

Rostrum blunt and antirostrum pointed, both 
small. Neck slightly constricted. Excisura wide. 

Synaphobranchidae Nelson No. 80

Dysomma melanurum Chen & Weng, 1967
(Plates 2, 70)
NMMBOL002181, 1.33 mm OL
Shape oval to elliptic. Dorsal margin and 
ventral margin entire. Sulcus mesial, shallow 
and tube-like. Ostium slightly turning upward. 
Cauda slightly turning ventrally at the tip. Neck 
absent. Crista superior and crista inferior absent. 
Rostrum absent. Excisura absent. 

Dysomma polycatodon Karrer, 1982
(Plates 2, 70)
NMMBOL003299, 2.78 mm OL
Shape elliptic to oblong. Margin entire, 
except irregular dorsal margin with two raised 
prominences and slightly serrate posterior 
margin. Sulcus mesial, shallow, tube-like. 
Cauda slightly turning ventrally at the tip. Crista 
superior and crista inferior absent. Neck absent. 
Rostrum absent. Excisura absent. 

Meadia abyssalis (Kamohara, 1938)
(Plates 2, 70)
NMMBOL003670, 5.82 mm OL
Shape oblong. Dorsal margin and ventral 
margin entire. Sulcus mesial to pseudo-ostial, 
shallow, tube-like. Ostium and cauda rod-

like. Colliculum visible, undifferentiated, 
homomorph. Crista superior and crista inferior 
absent. Neck absent. Rostrum absent. Excisura 
absent. 

Meadia roseni Mok, Lee & Chan, 1991
(Plates 2, 70)
NMMBOL003311, 4.62 mm OL
Elliptic to oval in shape. Dorsal margin and 
ventral margin entire, except dorsal margin with 
deep cleavage in the middle. Sulcus mesial, 
shallow, tube-like. Ostium slightly turning 
upward. Cauda slightly turning ventrally at the 
tip. Crista superior and crista inferior poorly-
developed. Neck absent. Rostrum absent. 
Excisura absent. 

Ophichthidae Nelson No. 81

Echelus uropterus (Temminck & Schlegel, 

1846)
(Plates 2, 70)
NMMBOL003408, 3.49 mm OL
Elliptic to oval in shape. Dorsal margin and 
ventral margin entire. Sulcus mesial, shallow, 
tube-like. Ostium and cauda elongate, straight. 
Crista superior and crista inferior poorly-
developed. Neck absent. Rostrum absent. 
Excisura absent. 
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Nemichthyidae Nelson No. 85

Nemichthys scolopaceus Richardson, 1848
(Plates 2, 70)
NMMBOL001156, 1.03 mm OL
Shape square. Dorsal margin and ventral margin 
entire with very gentle lobe. Sulcus ostial, deep 
and sac-like. Ostium flared and deepest in the 
middle. Cauda elongate. Crista superior and 
crista inferior well-developed. Neck dorso-
ventrally constricted. Rostrum and antirostrum 
small and blunt. Excisura narrow. 

Congridae Nelson No. 86

Bathymyrus simus Smith, 1965
(Plates 2, 70)
NMMBOL003677, 4.17 mm OL
Shape oval. Dorsal margin and ventral margin 
entire. Sulcus mesial, shallow and tube-like. 
Ostium and cauda elongate. Crista superior 
and crista inferior well-developed. Colliculum 
raised. Neck absent. Rostrum absent. Excisura 
absent. 

Conger cinereus Rüppell, 1830
(Plates 2, 70)
NMMBOL003103, 2.44 mm OL
Shape very elongate. Dorsal margin and ventral 
margin entire. Sulcus mesial to pseudo-ostial, 
shallow and tube-like to oblong. Ostium and 
cauda elongate. Crista superior and crista 
inferior poorly-developed, not clear or absent 
anteriorly. Neck absent. Rostrum absent. 
Excisura absent. 

Conger myriaster (Brevoort, 1856)
(Plates 2, 70)
NMMBOL003621, 5.92 mm OL
Shape very elongate. Dorsal margin and ventral 
margin entire. Sulcus mesial to pseudo-ostial, 
shallow and tube-like to oblong. Ostium oval 
and cauda rod-like. Crista superior and crista 
inferior poorly-developed to absent along ostium 
and poorly-developed along cauda. Neck dorso-
ventrally constricted. Rostrum absent. Excisura 
absent. 

Macrocephenchelys brachialis Fowler, 1934
(Plates 2, 70)
NMMBOL004430, 1.72 mm OL
Rounded triangular in shape. Dorsal margin and 
ventral margin entire. Sulcus mesial, shallow, 
oblong. Ostium and cauda undifferentiated. 
Colliculum high. Crista superior and crista 
inferior absent. Neck absent. Rostrum absent. 
Excisura absent. 

Macrocephenchelys brevirostris (Chen & 
Weng, 1967)
(Plates 2, 70)
NMMBOL003568, 3.38 mm OL
Shape oval, raised in the middle of dorsal 
portion. Dorsal margin and ventral margin 
entire. Sulcus mesial, shallow and tube-like. 
Ostium and cauda rod-like. Crista superior and 
crista inferior poorly-developed. Neck absent. 
Rostrum absent. Excisura absent. 

Rhynchoconger  ec tenurus  (Jordan & 
Richardson, 1909)
(Plates 3, 71)
NMMBOL001149, 3.68 mm OL
Shape elliptic. Dorsal margin and ventral margin 
entire. Dorsal area approximately the same size 
as ventral area. Sulcus mesial, shallow, tube-
like. Ostium slightly wider than cauda. Crista 
superior and crista inferior well-developed. 
Neck absent. Rostrum absent. Excisura absent. 

Uroconger lepturus (Richardson, 1845)
(Plates 3, 71)
NMMBOL001145, 4.65 mm OL
Shape approximately elliptic and extended at 
extremes. Dorsal margin and ventral margin 
crenate. Dorsal area approximately the same 
size as ventral area. Sulcus mesial, shallow, 
tube-like, and tube-like homomorph colliculum 
in the center. Crista superior and crista inferior 
well-developed. Neck absent. Rostrum absent. 
Excisura absent. 

   CLUPEIFORMES

Pristigasteridae Nelson No. 94

Ilisha melastoma (Schneider, 1801)
(Plates 3, 71)
NMMBOL000930, 3.26 mm OL
Oval to elliptic in shape. Dorsal margin entire 
and ventral margin irregular with pointed 
serrates. Sulcus ostial, shallow to moderately 
deep. Ostium deeper than cauda but raised in the 
center. Cauda also flared. Crista superior well-
developed and crista inferior ridge-like under 
ostium. Neck ventrally constricted. Rostrum 
extended and tapering. Antirostrum triangular. 
Excisura narrow. 

Engraulidae Nelson No. 95

Engraulis japonicus Temminck & Schlegel, 
1846
(Plates 3, 71)
NMMBOL004146, 3.55 mm OL
Elliptic to oblong in shape. Dorsal margin entire 
and ventral margin with 7-8 pointed serrates in 
the middle. Sulcus ostial, shallow to moderately 
deep. Ostium flared, deeper than cauda, which 
also flared. Crista superior well-developed and 
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Clupeidae Nelson No. 97

Amblygaster sirm (Walbaum, 1792)
(Plates 3, 71)
NMMBOL002810, 3.88 mm OL
Shape oblong with convex medial face and 
concave lateral face. Dorsal margin entire 
and ventral margin serrate or digitate. Sulcus 
ostial, moderately deep. Ostium flared. Cauda 
triangular with more extended posterior. Crista 
superior and crista inferior ridge-like, poorly-
developed at extremes. Collum wall-like. 
Neck absent. Rostrum extended to bar-like. 
Antirostrum pointed. Excisura narrow. Notch 
deep.

Etrumeus teres (DeKay, 1842)
(Plates 3, 71)
NMMBOL004369, 3.53 mm OL
Shape oblong to ovate with convex medial 
face and concave lateral face. Dorsal margin 
entire and ventral margin serrate. Sulcus ostial, 
moderately deep, with slightly raised wall-like 
collum. Ostium flared, triangular and cauda sac-
like, bulbous posteriorly. Crista superior and 
crista inferior ridge-like, poorly-developed at 
extremes. Neck absent. Rostrum extended, bar-
like. Antirostrum pointed. Excisura wide. Notch 
shallow.

Herklotsichthys quadrimaculatus (Rüppell, 
1837)
(Plates 3, 71)
NMMBOL000022, 2.74 mm OL
Shape oblong to rectangular. Dorsal margin 
entire and ventral margin serrate. Sulcus ostial, 
moderately deep, with slightly raised wall-
like collum. Ostium flared. Cauda triangular. 
Crista superior and crista inferior ridge-like, 
both poorly-developed at extremes. Neck 
absent. Rostrum extended, bar-like. Antirostrum 
pointed. Excisura narrow. Notch deep.

Nematalosa come (Richardson, 1846)
(Plates 3, 71)
NMMBOL004432, 3.31 mm OL
Shape ovate. Dorsal margin entire and ventral 
margin serrate. Sulcus ostial, moderately deep, 
with slightly raised wall-like collum. Ostium 
flared. Cauda triangular. Crista superior well-
developed and crista inferior ridge-like, both 
poorly-developed at extremes. Neck absent. 
Rostrum extended, bar-like. Antirostrum 
pointed. Excisura narrow. Notch deep.

Nematalosa japonica Regan, 1917
(Plates 4, 72)
NMMBOL004433, 3.82 mm OL
Shape ovate. Dorsal margin entire and ventral 
margin serrate. Sulcus ostial, moderately deep, 
with slightly raised wall-like collum. Ostium 
flared. Cauda triangular. Crista superior well-
developed and crista inferior ridge-like, both 
poorly-developed at extremes. Neck absent. 
Rostrum extended, bar-like. Antirostrum 
pointed. Excisura narrow. Notch deep.

Sardinella gibbosa (Bleeker, 1849)
(Plates 4, 72)
NMMBOL004403, 3.25 mm OL
Shape oblong to rectangular. Dorsal margin 
slightly dentate and ventral margin serrate. 
Sulcus ostial, moderately deep, with slightly 
raised wall-like collum. Ostium flared. Cauda 
triangular. Crista superior and crista inferior 
ridge-like, both poorly-developed at extremes. 

crista inferior ridge-like under ostium. Neck 
dorso-ventrally constricted. Rostrum extended 
and tapering. Antirostrum triangular. Excisura 
narrow. Notch deep.

Setipinna tenuifilis (Valenciennes, 1848)
(Plates 3, 71)
NMMBOL004187, 5.18 mm OL
Elliptic to oval in shape with convex medial 
face and concave lateral face, especially anterior 
part. Dorsal margin entire and ventral margin 
serrate. Sulcus ostial, shallow to moderately 
deep. Ostium flared, deeper than cauda. Cauda 
bulbous. Crista superior and crista inferior well-
developed. Neck dorso-ventrally constricted. 
Rostrum extended and blunt. Antirostrum small. 
Excisura narrow. Notch shallow.

Stolephorus indicus (van Hasselt, 1823)
(Plates 3, 71)
NMMBOL004379, 1.80 mm OL
Elliptic in shape with convex medial face and 
concave lateral face. Dorsal margin entire and 
ventral margin slightly serrate. Sulcus ostial, 
shallow. Ostium flared, deeper than cauda. 
Cauda bulbous. Crista superior and crista 
inferior well-developed. Neck dorso-ventrally 
constricted. Rostrum extended and pointed. 
Excisura narrow. Notch shallow.

Thryssa chefuensis (Günther, 1874)
(Plates 3, 71)
NMMBOL004078, 4.66 mm OL
Elliptic shape with convex medial face and 
concave lateral face, especially anterior part. 
Dorsal margin entire and ventral margin serrate. 
Sulcus ostial, shallow to moderately deep. 
Ostium flared, deeper than cauda. Cauda also 
flared. Crista superior and crista inferior well-
developed. Neck dorso-ventrally constricted. 
Rostrum extended and blunt. Antirostrum small. 
Excisura narrow. Notch shallow.

Thryssa dussumieri (Valenciennes, 1848)
(Plates 3, 71)
NMMBOL004158, 4.25 mm OL
Elliptic shape with convex medial face and 
concave lateral face, especially anterior part. 
Dorsal margin entire and ventral margin 
serrate. Sulcus ostial, shallow to moderately 
deep. Ostium oval, deeper than cauda. Cauda 
flared. Crista superior and crista inferior well-
developed. Neck dorso-ventrally constricted. 
Rostrum extended and blunt. Antirostrum small. 
Excisura narrow. Notch very shallow.

Thryssa hamiltonii (Gray, 1835)
(Plates 3, 71)
NMMBOL003916, 7.09 mm OL
Elliptic to rhomboidal shape with convex medial 
face and concave lateral face, especially anterior 
part. Dorsal margin entire and ventral margin 
serrate. Sulcus ostial, shallow to moderately 
deep. Ostium flared, deeper than cauda. Cauda 
also flared with more extended posterior. Crista 
superior and crista inferior well-developed. 
Neck dorso-ventrally constricted. Rostrum 
extended and blunt. Antirostrum triangular. 
Excisura narrow. Notch deep. 

Thryssa setirostris
(Plates 3, 71)
NMMBOL004244, 4.34 mm OL
Elliptic in shape with convex medial face and 
concave lateral face, especially anterior part. 
Dorsal margin entire and ventral margin serrate. 
Sulcus ostial, moderately deep. Ostium flared, 
deeper than cauda. Cauda also flared. Crista 
superior and crista inferior well-developed. 
Neck dorso-ventrally constricted. Rostrum 
extended and blunt. Antirostrum small. Excisura 
wide. Notch shallow.
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Neck absent. Rostrum extended, bar-like. 
Antirostrum pointed. Excisura narrow. Notch 
deep.

Sardinella hualiensis (Chu & Tsai, 1958)
(Plates 4, 72)
NMMBOL001618, 4.19 mm OL
Shape elliptic. Dorsal margin entire and ventral 
margin along with several digitate prominences. 
Sulcus ostial, moderately deep. Ostium flared. 
Cauda irregular with extended collum. Crista 
superior and crista inferior ridge-like, poorly-
developed at extremes. Collum wall-like. Neck 
absent. Rostrum extended. Antirostrum pointed. 
Excisura narrow. Notch deep.

Sardinella lemuru Bleeker, 1853
(Plates 4, 72)
NMMBOL004251, 3.61 mm OL
Shape elliptic. Dorsal margin entire and ventral 
margin along with several pointed prominences. 
Sulcus ostial, deep. Ostium flared. Cauda 
irregular with extended collum. Crista superior 
and crista inferior ridge-like, poorly-developed 
at extremes. Collum wall-like. Neck absent. 
Rostrum extended, pointed. Antirostrum 
pointed. Excisura wide. Notch deep.

Sardinella melanura (Cuvier, 1829)
(Plates 4, 72)
NMMBOL000857, 3.29 mm OL
Elliptic in shape. Dorsal margin entire and 
ventral margin along with several digitate 
prominences. Sulcus ostial, moderately deep. 
Ostium flared. Cauda irregular with extended 
collum. Crista superior and crista inferior ridge-
like, poorly-developed at extremes. Collum 
wall-like. Neck absent. Rostrum extended. 
Antirostrum pointed. Excisura narrow. Notch 
deep.

   GONORYNCHIFORMES

Chanidae Nelson No. 98

Chanos chanos (Forsskål, 1775)
(Plates 4, 72)
NMMBOL002381, 8.70 mm OL
Shape pyriform. Dorsal and ventral  Dorsal 
margin and ventral margin approximately entire, 
only anterior dorsal margin slightly serrate. 
Sulcus ostio-pseudocaudal, shallow and located 
in the ventral part of the otolith. Ostium oblong 
and deeper than cauda, which tube-like. Crista 
well developed along ostium and ridge-like 
along cauda. Neck constriction not obvious. 
Rostrum very elongate and tapering. 

Gonorynchidae Nelson No. 99

Gonorynchus abbreviatus Temminck & 
Schlegel, 1846

(Plates 4, 72)
NMMBOL000909, 2.50 mm OL
Oblong to tear-drop. Dorsal margin and ventral 
margin entire. Sulcus ostial, deep. Ostium 
oblong and deeper than the cauda, which tube-
like. Crista superior and crista inferior ridge-
like. Neck dorso-ventrally constricted at crista 
superior. Rostrum elongate and tapering. 

   CYPRINIFORMES

Cyprinidae Nelson No. 102

Acrossocheilus paradoxus
(Plates 4, 72)
NMMBOL003771
Sagitta ( 4.32 mm OL): Tear-drop, thread-like 
in shape. 
Asteriscus ( 2.77 mm OL): Discoid. Dorsal 
margin and ventral margin serrate. Circular 
depression deep in the center with ridge-
like margin, opening at anterior. Prominence 
pointing ventrally and deep notch beneath the 
opening.

Lapillus ( 2.06 mm OL): Triangular with 
irregular surface. 

Aristichthys nobilis (Richardson, 1845)
(Plates 4, 72)
NMMBOL 004384, 2.68 mm OL
Asteriscus: Square in shape. Dorsal margin 
and ventral margin serrate to dentate. Circular 
depression deep in the center with ridge-
like margin, opening at anterior. Triangular 
prominence pointing anteriorly and deep notch 
above the opening.

Candidia barbata (Regan, 1908)
(Plates 4, 72)
NMMBOL 001080, 1.80 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin serrate to digitate. Circular depression 
deep in the center with ridge-like margin, 
opening at anterior. Triangular prominence 
pointing anteriorly and deep notch beneath the 
opening.

Carassius auratus auratus (Linnaeus, 1758)
(Plates 4, 72)
NMMBOL003599, 2.02 mm OL
Asteriscus: Discoid, oval. Dorsal margin and 
ventral serrate. Circular depression deep in the 
center with ridge-like margin, opening anteriorly. 
Triangular prominence pointing anteriorly and 
deep notch above the opening.

Carassius cuvieri Temminck & Schlegel, 1846
(Plates 5, 73)
NMMBOL003676, 1.42 mm OL
Lapillus: Irregular in shape with irregular 
surface, thick. Semicircular groove along 
margin.  

Chanodichthys erythropterus (Basilewsky, 
1855)
(Plates 5, 73)
NMMBOL004392, 3.78 mm OL
Asteriscus: Discoid, oval. Dorsal margin and 
ventral largely serrate. Circular depression deep 
in the center with ridge-like margin, opening 
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Opsariichthys pachycephalus Günther, 1868
(Plates 6, 74)
NMMBOL003707, 2.47 mm OL
Asteriscus:  Discoid with postero-dorsal 
angle. Dorsal margin and ventral margin 
serrate. Circular depression deep in the center 
with ridge-like margin, opening to anterior. 
Triangular prominence pointing antero-ventrally 
and deep notched at the opening. 

Pseudorasbora parva (Temminck & Schlegel, 
1846)
(Plates 6, 74)
NMMBOL003589, 1.15 mm OL
Lapillus: Elliptic, with protrusive posterior. 
Dorsal margin and ventral margin entire. Thick 
in the middle. Semicircular groove along its 
posterior margin.  

Puntius semifasciolatus (Günther, 1868)
(Plates 6, 74)
NMMBOL001077, 1.87 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin serrate to digitate. Circular depression 
deep in the center with ridge-like margin, 
opening to anterior. Prominence and deep notch 
beneath the opening, pointing ventrally.

Rhodeus ocellatus ocellatus (Kner, 1867)
(Plates 6, 74)
NMMBOL003556, 0.80 mm OL
Lapillus: Irregular. Dorsal margin and ventral 
margin entire. Thick. Semicircular groove along 
its posterior margin.  

Spinibarbus hollandi Oshima, 1919
(Plates 6, 74)
NMMBOL000807, 3.68 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin serrate, pointed. Circular depression 
deep in the center with ridge-like margin, 
opening to anterior. Pointed prominence anterior 
to the opening. Two deep notchs above and 
beneath the opening.

Tanakia himantegus (Günther, 1868)
(Plates 6, 74)
NMMBOL003552, 1.58 mm OL
Lapillus: Elliptic. Dorsal margin and ventral 
margin entire. Thick in the middle. Semicircular 
groove along its posterior margin.  

   SILURIFORMES

Plotosidae Nelson No. 151

Plotosus lineatus (Thunberg, 1787)
(Plates 6, 74)
NMMBOL000256, 4.19 mm OL
Lapillus: Elliptic. Dorsal margin and ventral 
margin entire. Very thick. Semicircular groove 
along its posterior margin.  

at anterior. Triangular prominence pointing 
anteriorly and notch beneath the opening.

Clarias fuscus (Lacépède, 1803)
(Plates 5, 73)
NMMBOL003596, 1.16 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin crenate. Circular depression deep in the 
center, opening ventrally. Prominence pointing 
ventrally and notch beneath the opening.

Culter alburnus Basilewsky, 1855
(Plates 5, 73)
NMMBOL004393, 5.00 mm OL
Asteriscus: Discoid, oval. Dorsal margin and 
ventral largely serrate. Circular depression deep 
in the center with ridge-like margin, opening 
at anterior. Triangular prominence pointing 
anteriorly and notch beneath the opening.

Cyprinus carpio carpio Linnaeus, 1758 
(Plates 5, 73)
NMMBOL004374, 2.91 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin crenate. Circular depression deep in the 
center, opening ventrally. Prominence pointing 
anteriorly and notched at the opening.

Gobiobotia kolleri Banarescu & Nalbant, 
1966
(Plates 5, 73)
NMMBOL004440, 0.70 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin approximately entire. Shallow circular 
depression in the center, opening ventrally. 
Small prominence pointing anteriorly and 
notched at the opening.

Hemiculter leucisculus (Basilewsky, 1855)
(Plates 5, 73)
NMMBOL003733, 1.56 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin crenate with protrusive anterior part. 
Circular depression deep in the center, opening 
ventrally in the protrusion. 
Hypsibarbus pierrei (Sauvage, 1880)

(Plates 5, 73)
NMMBOL004294
Sagitta ( 3.81 mm OL): Tear-drop, thread-like 
in shape. 
Asteriscus ( 4.06 mm OL): Discoid. Dorsal 
margin and ventral margin crenate. Circular 
depression deep in the center, opening ventrally. 
Prominence pointing anteriorly and notched at 
the opening.
Lapillus ( 2.25 mm OL): Triangular with 
irregular surface. 

Mylopharyngodon piceus (Richardson, 1846)
(Plates 5, 73)
NMMBOL 004386, 2.99 mm OL
Asteriscus: Discoid in shape. Dorsal margin 
and ventral margin serrate to dentate. Circular 
depression deep in the center with ridge-
like margin, opening at anterior. Triangular 
prominence pointing anteriorly and deep notch 
above the opening.

Onychostoma alticorpus (Oshima, 1920)
(Plates 5, 73)
NMMBOL 003200, 3.02 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin serrate. Circular depression deep in 
the center with ridge-like margin, opening to 
anterior. Prominence and deep notch beneath the 
opening, pointing ventrally. 

Opsariichthys kaopingensis Chen & Wu, 2009
(Plates 5, 73)
NMMBOL004439, 0.94 mm OL
Asteriscus: Discoid. Dorsal margin and ventral 
margin crenate. Shallow circular depression in 
the center, opening anteriorly. Prominence and 
notch beneath the opening, pointing ventrally. 
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Ariidae Nelson No. 156

Arius maculatus (Thunberg, 1792)
(Plates 6, 74)
NMMBOL004391, 7.37 mm OL
Lapillus: Circular, hill-shaped with spur 
posteriorly. Convex in both mesial face and 
lateral face, lateral face surface flat in the 
middle. Dorsal margin entire and ventral margin 
slightly irregular with a prominence in the 
middle. Very thick. Semicircular groove along 
its ventral margin.  

Netuma bilineata (Valenciennes, 1840) 
(Plates 6, 74)
NMMBOL004260, 6.54 mm OL
Lapillus: Circular, hill-shaped with spur 
posteriorly. Convex in both mesial face and 
lateral face, lateral face surface flat in the 
middle. Dorsal margin entire and ventral margin 
slightly irregular with a prominence in the 
middle. Very thick. Semicircular groove along 
its ventral margin.  

Plicofollis nella (Valenciennes, 1840)
(Plates 6, 74)
NMMBOL004263, 5.81 mm OL
Lapillus: Circular, hill-shaped with spur 
posteriorly. Convex in both mesial face and 
lateral face, lateral face surface flat in the 

middle. Dorsal margin and ventral margin entire. 
Very thick. Semicircular groove along its ventral 
margin.  

Bagridae Nelson No. 159

Pseudobagrus adiposalis Oshima, 1919
(Plates 6, 74)
NMMBOL004441
Asteriscus ( 0.81 mm OL): Discoid. Dorsal 
margin and ventral marginentire. Shallow 
circular depression in the center, opening to 
anterior. Very small prominence and notched at 
the opening.
Lapillus ( 1.23 mm OL): Elliptic. Margin 
entire. Surface irregular. Semicircular groove 
along its posterior margin.  

Pseudobagrus brevianalis
(Plates 6, 74)
NMMBOL003686, 1.41 mm OL
Lapillus: Elliptic. Margin entire. Surface 
irregular. Semicircular groove along its posterior 
margin.  

   ARGENTINIFORMES

Argentinidae Nelson No. 166

Argentina kagoshimae Jordan & Snyder, 
1902
(Plates 7, 75)
NMMBOL000868, 4.78 mm OL
Shape approximately elliptic with postero-
dorsal angle. Dorsal margin crenate and ventral 
margin almost entire. Sulcus ostial. Ostium oval, 
shallow while cauda deeper and elongate. Crista 
superior ridge-like and crista inferior well-
developed along cauda, both poorly-developed 
elsewhere. Neck slightly constricted. Rostrum 
pointed. Excisura narrow.

Glossanodon semifasciatus (Kishinouye, 
1904)
(Plates 7, 75)
NMMBOL003639, 3.92 mm OL
Shape approximately elliptic with postero-
dorsal angle. Dorsal margin crenate and ventral 
margin almost entire. Sulcus ostial. Ostium oval, 
shallow while cauda deeper and elongate. Crista 
superior ridge-like and crista inferior well-
developed along cauda, both poorly-developed 
elsewhere. Neck slightly constricted. Rostrum 
pointed. Excisura narrow.

Alepocephalidae Nelson No. 171

Alepocephalus bicolor Alcock, 1891 
(Plates 7, 75)
NMMBOL002681, 3.69 mm OL
Shape approximately elliptic. Dorsal margin 
entire and ventral margin crenate, digitate 
posteriorly. Sulcus ostial. Ostium tube-like, 
shallow anteriorly and deeper posteriorly. 
Collum wall-like. Cauda not obvious, cover 
with extended collum. Crista superior ridge-
like and crista inferior poorly-developed. Dorsal 
depression above crista superior. Neck slightly 
constricted. Rostrum elongate and robust. 
Excisura narrow. Notch deep. 

Xenodermichthys nodulosus Günther, 1878 
(Plates 7, 75)
NMMBOL002714, 1.59 mm OL
Shape rhomboidal with concave medial face and 
convex lateral face. Dorsal margin and ventral 
margin entire. Sulcus ostial, deep and tube-
like. Ostium and cauda undifferentiated, flared, 
deep. Colliculum low. Crista superior and crista 
inferior poorly-developed, thick and several pits 
under crista inferior. Neck constriction absent. 
Rostrum triangular, extended. Excisura wide. 
Notch deep.
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Gonostoma elongatum Günther, 1878
(Plates 7, 75)
NMMBOL003618, 3.03 mm OL
Tear-drop in shape. Dorsal margin and ventral 
margin crenate. Sulcus ostial, deep. Ostium 
flared with elongate ventral part and cauda oval. 
Colliculum raised, wall-like. Crista superior 
poorly-developed and crista inferior well-
developed. Neck dorso-ventrally constricted. 
Rostrum tapering, very long. Excisura wide. 
Notch deep.

Sigmops gracilis Günther, 1878
(Plates 7, 75)
NMMBOL004266, 1.36 mm OL
Tear-drop in shape. Dorsal margin and ventral 
margin entire. Sulcus mesial, deep. Ostium 
and cauda undifferentiated, oval, deep. Crista 
superior and crista inferior absent. Neck 
constriction absent. Rostrum tapering, very long. 
Excisura absent. Notch absenr.

Sternoptychidae Nelson No. 180 

Argyropelecus aculeatus Valenciennes, 1850 
(Plates 7, 75)
NMMBOL003866, 0.81 mm OL
Shape tall. Dorsal margin largely crenate and 
ventral margin entire. Sulcus ostial, deep at 
anterior and shallow posteriorly. Ostium flared, 
upward and cauda straight. Crista superior 
absent and crista inferior well-developed. 
Neck constriction absent. Rostrum very short, 
rounded. Excisura narrow. Notch absent.

Argyropelecus affinis Garman, 1899 
(Plates 7, 75)
NMMBOL004409, 0.95 mm OL
Shape tall. Dorsal margin slightly crenate and 
ventral margin entire. Sulcus ostial, deep at 
anterior and shallow posteriorly. Ostium flared, 
upward and cauda straight. Crista superior 
absent and crista inferior well-developed, thick. 
Neck constriction absent. Rostrum very short, 
rounded. Excisura narrow. Notch absent.

Maurolicus muelleri Gmelin, 1789 
(Plates 7, 75)
NMMBOL003631, 2.17 mm OL
Shape tear-drop with postero-dorsal angle. 
Dorsal margin and ventral margin crenate. 
Sulcus ostial, deep and tube-like. Ostium 
and cauda elongate and ostium deeper than 
cauda. Crista superior and crista inferior well-
developed along ostium but poorly-developed 
along cauda. Neck absent. Rostrum triangular, 
pointed and antirostrum rounded. Excisura wide. 
Angle of notch wide.

Polyipnus spinifer Borodulina, 1979 
(Plates 7, 75)
NMMBOL003661, 3.66 mm OL
Ear-like in shape with very convex lateral face. 
Dorsal margin and ventral margin entire and 
raised. Sulcus ostial. Ostium flared and located 
on the antero-dorsal part of rostrum. Cauda 
horizontal, below colliculum. Colliculum raised 
to rod-like, located in the cauda. Crista superior 
and crista inferior poorly-developed to absent. 
Neck dorso-ventrally constricted. Rostrum 

   OSMERIFORMES

Osmeridae Nelson No. 172

Plecoglossus altivelis altivelis (Temminck & 
Schlegel, 1846)
(Plates 7, 75)
NMMBOL004377, 3.42 mm OL
Shape elliptic with concave medial face 
and convex lateral face. Dorsal depression 
grooved, fan-shaped. Dorsal margin and ventral 
margin crenate. Sulcus ostial, deep. Ostium 
reduced, fringing rostrum at anterior tip and 
cauda elongate, flexed ventrally at posterior 
tip. Colliculum low. Crista superior ridge-
like and crista inferior well-developed, both 
poorly-developed at extremes. Neck slightly 
constriction. Rostrum extended, blunt. Excisura 
wide. Notch deep, angle wide.

   SALMONIFORMES

Salmonidae Nelson No. 175

Oncorhynchus mykiss (Walbaum, 1792)
(Plates 7, 75)
NMMBOL004116, 3.46 mm OL
Shape oval with convex medial face and flat 
lateral face. Dorsal depression grooved, fan-
shaped. Dorsal margin crenate and ventral 
margin entire. Sulcus ostial to caudal, deep. 
Ostium flared, triangular and cauda elongate, 
flexed ventrally at posterior tip. Colliculum 
low. Crista superior and crista inferior well-
developed, both poorly-developed at extremes. 
Neck dorso-ventrally constriction. Rostrum 
extended, sharply rounded. Excisura wide. 
Notch shallow, angle wide.

   STOMIIFORMES

Gonostomatidae Nelson No. 179


