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SEAFDEC/UNEP/GEF Project on Establishment and Operation of a Regional System of
Fisheries Refugia in the South China Sea and Gulf of Thailand

Report
Regional Training Course on

Larval Fish Identification and Fish Early Life History Science
16—27 November 2022,
SEAFDEC Training Department, Samut Prakan, Thailand

I.  EXECUTIVE SUMMARY

The SEAFDEC/UNEP/GEF Project on Establishment and Operation of a Regional System of
Fisheries Refugia in the South China Sea and the Gulf of Thailand, in collaboration with the
Research and Development Division of the SEAFDEC/Training Department, organized the Regional
Training Course on Larval Fish Identification and Fish Early Life History Science from 16 to 27
November 2022. The training course, held at the Training Department in Samut Prakan/Thailand,
aimed to improve fisheries biologists' knowledge and techniques to work on early life history
science and identify larval fish species, considering that larval fish data are crucial in stock
identification to indicate spawning locations and times and as an index of spawning stock biomass.
Ichthyologists led by Dr. Yoshinobu Konishi, former scientist of the Seikai National Fisheries
Research Institute, Japan, as well as other resource persons from the Department of Fisheries,
Thailand; Kasetsart University, Thailand; University of the Ryukyus, Japan; and the University of
Nottingham, Malaysia, joined as a team. In the end, twenty-six fisheries biologists from 8 ASEAN
Member States (AMSs), including Brunei Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia,
Philippines, Thailand, and Viet Nam, possess an improved understanding of fish early life history
science and skill in larval fish identification for further application for managing the fish stock at
national and sub-regional levels through strengthened regional cooperation on larval fish
networking.

The training course was designed to review of morphological development of larval fish
characters, lecture, and practices on identification methods of the larvae and juveniles targeting
six families such as Scombridae, Carangidae, Engraulidae, Lutjanidae, Siganidae, and serranid
Epinephelinae from the Southeast Asian region. The course also included the lessons learned from
Dr. Keita KOEDA, Lecturer from the University of the Ryukyus Japan, on Early life history studies
of the subtropical marine fishes in Okinawa, Japan. In addition, a lecture by Dr. Cecillia Chu, a
Researcher from the University of Nottingham Malaysia, on utilizing DNA barcodes to identify
tropical larval fishes in Klang Strait, Straits of Malacca, and DNA barcode collecting and preserving
technique. By the end of the training course, trainees presented the results/findings of species
identification and morphological descriptions of examined larvae and juveniles in the class,
indicating their increased capability in these fields to become Ichthyologists in the near future.
Photographs and illustrations of morphological characters of the marine fish larvae from the
training are documented and shared online. In addition, to support and sharing of information
about fish's early life history science study, all trainees are invited to the Fish Larvae Network.
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. BACKGROUND

Larvae of marine fishes termed ichthyoplankton usually are pelagic, drifting in the sea and
interacting with pelagic predators and planktonic prey. Most fish larvae, even species that
ultimately are herbivores as juveniles or adults, are primarily carnivorous during the larval stage,
feeding smaller planktonic organisms. In turn, larval fishes prey on larger nektonic and planktonic
organisms. Escape from the precarious larval stage is accomplished via growth and ontogeny. Only
a few individuals from thousands of newly hatched larvae survive the ever-present threats of
starvation and predation during planktonic life. Surveys at sea generally estimate distributions,
abundance, diversity, and structure of 'ichthyoplankton' communities, including associations of
larvae with their predators and prey. Such surveys sometimes are a component of stock
assessments used in fisheries management. Furthermore, many developed countries have long
used ichthyoplankton data in stock identification to indicate spawning locations and times and as
an index of spawning stock biomass (Heath, 1993; Richardson et al., 2010).

In Southeast Asia, early life stages in stock identification studies have been regionally
conducted in the South China Sea (SCS) and the Gulf of Thailand (GoT) by the Southeast Asian
Fisheries Development Center (SEAFDEC) in collaboration with member countries since 1997 by
M.V. SEAFDEC and since 2004 by M.V. SEAFDEC 2. At the Regional Training Program on larval fish
identification held in 2007, 2008, and 2016 supported by the GEF/UNEP project on "Reversing
Environment Degradation Trends in the SCS and GoT," some larval fish samples from the survey
have been identified. Later a team of ichthyologists and fisheries biologists led by Dr. Yoshinobu
Konishi reanalyzed the findings from training and published a Larval Fish Identification Guide for
the South China Sea and the Gulf of Thailand in 2008 and Scombridae Larvae Identification Guide
for Southeast Asian Countries in 2022.

The SEAFDEC/UNEP/GEF project entitled "Establishment and Operation of a Regional
System of Fisheries Refugia in the South China Sea and the Gulf of Thailand" has been developed
and implemented since 2016. The overall objective of the fisheries refugia (FR) initiative project is
to improve the understanding and management of the links between fish stocks and critical
fisheries habitats. The project focuses on sustainable use by implementing the fisheries refugia
concept as "Spatially and geographically defined, marine or coastal areas in which specific
management measures are applied to sustain important species during critical stages of their life-
cycle." To achieve the project target objectives, identifying fisheries refugia sites, including the
samplings and species identified for fish eggs and larvae, is one of the essential activities. In
addition, the results from larval fish identification would further support the local knowledge to
develop a critical science-based management policy for sustainable management of fisheries
refugia.

Nevertheless, knowledge and human resources on ichthyoplankton studies, particularly
larval fish identification, are limited in many countries implementing the FR project. Many fish
eggs and larvae were identified at family and genus levels, not at the species level. Considering
the long-term sustainable management of fisheries, capacity building on larval fish identification
and early life history science is also critically needed. In association with the above circumstance,
the Regional Scientific and Technical Committee, at its third meeting (RSTC3) held in Hai Phong,
Viet Nam, in 2020, requested the Project Coordination Unit (PCU) to arrange another regional
training course on larval fish identification. Accordingly, the PCU, with the support from the
Research and Development Division (RDD) of the SEAFDEC Training Department, proposes
conducting the Regional Training Course on Larval Identification and Fish Early Life History Science
before the project's termination by the end of 2022. The training focuses on six (6) fish groups
related to the fisheries refugia target species, namely Scombridae, Carangidae, Engraulidae,
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Lutjanidae, Siganidae, and Serranidae. The training course includes sharing experience on a
country plan/strategy for fisheries resources survey and fish stock identification, including
scientific-based management to protect the critical stages of the fish life cycle.

OBJECTIVES

J

To improve the knowledge and techniques of scientists or fisheries biologists to be
able to work on fish early life history science and identify the larval fish of six (6)
targeted groups at family, genus, and some species levels.

& To strengthen communication and networking among the scientists on fish early life
history science.

& To compile the photographs and illustrations of morphological characters of the
marine fish larvae from the training.

IV.  ENVISAGED OUTCOMES

& Participants possess an improved understanding of fish early life history science and
skill in larval fish identification for further application for managing the fish stock at
national and sub-regional levels.

& Regional cooperation on fish stock identification and management strengthened
through communication networking.

& Awareness of the importance of the early life history science study for fish stock
identification and management is built for long-term sustainable fisheries
management.

V.  PARTICIPANTS

& The SEAFDEC/UNEP/GEF Fisheries Refugia Project supports two scientists, each from
eight ASEAN Member States, namely Brunei Darussalam, Cambodia, Indonesia, Lao
PDR, Malaysia, Philippines, Thailand, and Viet Nam.

& Five lecturers and researcher(s) from academe and fisheries research institutions who
are actively worked on larval fish identification within the Southeast Asia such as
Chulalongkorn University Thailand, Burapha Chanthaburi University of Thailand,
University of Nottingham Malaysia, Marine Fisheries Research Development and
Management Department of Malaysia, and Training Department of SEAFDEC.

& List of participants is shown as Annex 1.

VI.  RESOURCE PERSONS AND SPECIAL LECTURERS
Resource Persons Position/Institution
1) Dr. Yoshinobu KONISHI Former staff of the Seikai National Fisheries
Research Institute, Japan
2) Mr. Rangsan CHAYAKUL Former staff of the Department of Fisheries,
Thailand
3) Dr. Teerapong DUANGDEE Lecturer, Kasetsart University, Thailand
Special Lectures Position/Institution
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1) Dr. Keita KOEDA

Lecturer, University of the Ryukyus, Japan

2) Dr. Cecilia CHU

Researcher, University of Nottingham Malaysia

VIl.  AGENDA AND TIMETABLE

Date/Time

Training Activity/Topic

Responsibility

15 Nov. 22 — Tuesday

Participants arrive at SEAFDEC Training Department,
Samut Prakan, Thailand

SEAFDEC Personnel

16 Nov. 22 — Wednesday

0830-0900 Registration All Participants
. SEAFDEC/TD

0900-0920 Opening ceremony & group photo FR/PCU

0920-0940 Brief on schedule and anticipated outputs SEAFDEC Personnel

0940-1000 Coffee break SEAFDEC Personnel
Country report on the research plan for fisheries Country Representative

1000-1200 resources survey and study on fish stock .
. e . . (10 Countries)
identification (15 minutes for each country)

1200-1330 Lunch break SEAFDEC Personnel
Keynote Address: Early life history studies of the

1330-1430 subtropical marine fishes in Okinawa, Japan (via Dr. Keita KOEDA
Online)

1430-1450 Coffee break SEAFDEC Personnel
Lecture: Utilization of DNA barcodes for the

1450-1600 identification of tropical larval fishes in Klang Strait, Dr. Cecilia CHU
Straits of Malacca

1600-1700 Practical: DNA barcode collecting and preserving Dr. Cecilia CHU

technique

17 Nov. 22 — Thursday

Lecture: Review of morphological development of

0900-1000 . Dr. Yoshinobu KONISHI
larval fish characters

1000-1020 Coffee break SEAFDEC Personnel

1020-1200 Lecture: Id(_entlflc.atlo.n methods of the Sf:ombrlFlae Dr. Yoshinobu KONISHI
larvae and juveniles in the Southeast Asian region

1200-1330 Lunch break SEAFDEC Personnel
Practice: Species identification and morphological Instructgr Team

1330-1500 description of the Scombridae larvae and juveniles Dr. Yoshinobu KONISHI,
@ P J Mr. Rangsan CHAYAKUL

Dr. Teerapong DUANGDEE

1500-1520 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1520-1700 morphological description of the Scombridae larvae Instructor Team

and juveniles (1)

18 Nov. 22 - Friday
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Practice: Species identification and morphological

0900-1000 description of the Scombridae larvae and juveniles Instructor Team
(2)

1000-1020 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1020-1200 morphological description of the Scombridae larvae Instructor Team
and juveniles (2)

1200-1330 Lunch break SEAFDEC Personnel
Practice: Species identification and morphological

1330-1500 description of the Scombridae larvae and juveniles Instructor Team
(3)

1500-1520 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1520-1700 morphological description of the Scombridae larvae Instructor Team

and juveniles (3)

19 Nov. 22 - Saturday

Lecture: Identification methods of the Carangidae

0900-1000 . . . Dr. Yoshinobu KONISHI
larvae in the Southeast Asian region

1000-1020 Coffee break SEAFDEC Personnel

1020-1200 Practllcei Species |dent|f|cf’at|on and morphological Instructor Team
description of the Carangidae larvae (1)

1200-1330 Lunch break SEAFDEC Personnel

1330-1500 Practllcei Species |dent|f|cf’at|on and morphological Instructor Team
description of the Carangidae larvae (2)

1500-1520 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1520-1700 morphological description of the Carangidae larvae Instructor Team

(2)

20 Nov. 22 — Sunday

’ Refreshment/Excursion

SEAFDEC Personnel

21 Nov. 22 — Monday

Practice: Species identification and morphological

0900-1000 description of the Carangidae larvae (3) Instructor Team

1000-1020 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1020-1200 morphological description of the Carangidae larvae Instructor Team
(3)

1200-1330 Lunch break SEAFDEC Personnel

1330-1430 Lectur<.e: Identification me'Fhods ofthe Engraulidae Dr. Yoshinobu KONISHI
larvae in the Southeast Asian region

1430-1500 Practllcei Species |dent|f|c§t|on and morphological Instructor Team
description of the Engraulidae larvae (1)

1500-1520 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1520-1700 morphological description of the Engraulidae larvae Instructor Team
(1)

22 Nov. 22 - Tuesday

0900-1000 Practice: Species identification and morphological Instructor Team

description of the Engraulidae larvae (2)
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1000-1020 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1020-1200 morphological description of the Engraulidae larvae Instructor Team
(2)

1200-1330 Lunch break SEAFDEC Personnel

1330-1500 Practi.cei Species identific§tion and morphological Instructor Team
description of the Engraulidae larvae (3)

1500-1520 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1520-1700 morphological description of the Engraulidae larvae Instructor Team

(3)

23 Nov. 22 — Wednesday

Presentation of case study on early life history

Country Representative

0900-1000 science based on the references for planning of .
. . . (10 Countries)

future working subjects in country

1000-1020 Coffee break SEAFDEC Personnel
Continued Presentation of case study on early life .

. . . Country Representative
1020-1200 history science based on the references for planning .
. . . (10 Countries)

of future working subjects in country

1200-1330 Lunch break SEAFDEC Personnel
Lecture: Identification methods of the Lutjanidae,

1330-1430 Siganidae and serranid Epinephelinae larvae in the Dr. Yoshinobu KONISHI
Southeast Asian region
Practice: Species identification and morphological

1430-1500 description of the Lutjanidae, Siganidae and serranid | Instructor Team
Epinephelinae larvae (1)

1500-1520 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1520-1700 morphological description of the Lutjanidae, Instructor Team
Siganidae and serranid Epinephelinae larvae (1)

24 Nov. 22 — Thursday
Practice: Species identification and morphological

0900-1000 description of the Lutjanidae, Siganidae and serranid | Instructor Team
Epinephelinae larvae (2)

1000-1020 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1020-1200 morphological description of the Lutjanidae, Instructor Team
Siganidae and serranid Epinephelinae larvae (2)

1200-1330 Lunch break SEAFDEC Personnel
Practice: Species identification and morphological

1330-1500 description of the Lutjanidae, Siganidae and serranid | Instructor Team
Epinephelinae larvae (3)

1500-1520 Coffee break SEAFDEC Personnel
Continued Practice: Species identification and

1520-1700 morphological description of the Lutjanidae, Instructor Team
Siganidae and serranid Epinephelinae larvae (3)

25 Nov. 22 - Friday
Practice: Species identification and morphological

0900-1000 description of the Lutjanidae, Siganidae and serranid | Instructor Team
Epinephelinae larvae (4)

1000-1020 Coffee break SEAFDEC Personnel
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Continued Practice: Species identification and

1020-1200 morphological description of the Lutjanidae, Instructor Team
Siganidae and serranid Epinephelinae larvae (4)
1200-1330 Lunch break SEAFDEC Personnel

Preparation of presentation on species identification
and morphological descriptions of examined larvae Country Representative

1330-1500 . . . . .
and juveniles, and on future working subjects to be (10 Countries)
planned
1500-1520 Coffee break SEAFDEC Personnel
Continued Preparation of presentation on species
identification and morphological descriptions of Country Representative
1520-1700 . . . .
examined larvae and juveniles, and on future (10 Countries)

working subjects to be planned

26 Nov. 22 — Saturday

Presentation on results of species identification and
morphological descriptions of examined larvae and Country Representative

0900-1000 juveniles, and on future working subjects to be (10 Countries)
planned
1000-1020 Coffee break SEAFDEC Personnel
Continued Presentation on results of species
identification and morphological descriptions of Country Representative
1020-1200 . . . .
examined larvae and juveniles, and on future (10 Countries)
working subjects to be planned
1200-1330 Lunch break SEAFDEC Personnel
1330-1430 Training course evaluation FR/PCU
. FR/PCU
1430-1500 Closing Ceremony for Phase | SEAFDEC/TD
Free
1700-2200 Farewell Dinner

27 Nov. 22 — Sunday

Refreshment/Excursion SEAFDEC Personnel

VIIl. ENHANCING KNOWLEADGES AND PRACTICES/SKILL

A. Utilization of DNA barcodes for the identification of tropical larval fishes

Dr Cecilia Chu, a researcher from the University of Nottingham Malaysia has presented
an-hour lecture on the ‘Utilization of DNA barcodes for the identification of tropical larval fishes
in Klang Strait, Straits of Malacca’ on the first day of the Larval Fish Identification and Fish Early
Life History Regional Training Course (Phase ) held in SEAFDEC/TD, Samut Prakan, Thailand. Her
lecture covers part of her PhD research on the use of molecular technique such as DNA barcoding,
for species level identification of larval fishes in Malaysia. She briefed through the workflow for
obtaining the species identification based on molecular characters. The workflow includes sample
collection and preservation, extraction of DNA from larval samples and amplification of the DNA
fragments using Polymerase Chain Reaction (PCR), outsourcing of PCR products to get DNA
sequences, and finally, analyses of DNA sequences including the construction of phylogenetic tree.
Based on her phylogenetic analyses, DNA barcodes can potentially differentiate between species
of larval specimens through the matching of DNA sequences with reference sequences found in
public database such as Genbank, and/or DNA sequences of the adult specimens collected from
the vicinity areas. Furthermore, cost-effective method for routine sampling and identification of
larval specimens using DNA barcode is also possible using Chelex resin for DNA extraction from
ethanol-preserved larval samples. However, few limitations of the molecular techniques are
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pointed out, such as the ambiguity of species identification from non-curated public sources, the
general lack of reference sequences for speciose and non-commercial fish families, and the need
to include more than one gene (other than the COI gene) further to investigate the relationship
between cryptic species, or conspecifics. Nevertheless, she managed to identify at least 48 taxa,
or possible species, from the 21 larval fish families collected, including two species that were not
known to be distributed in the area, thus strengthening the use of the molecular technique as one
of the tools for larval identification. Dr. Cecilia Chu presentation is enclosed as Annex 2.

B. Review of morphological development of larval fish characters
Refers to Annex 3.

C. How to stain and illustrate fish larvae?

The procedure of clearing and staining fish larvae and juveniles, as described by Dingerkus

and Uhler (1977) is summarized as follows:

1) Fix fresh material in 10% formalin for 2-3 days.

2) Wash in several changes of distilled water 2-3 days.

3) Place directly into a mixture of 10 mg alcian blue 8GN, 80 ml 95% ethanol, and 20 ml
glacial acetic acid, 24-48 hrs.

4) Transfer to 2 changes of 95% ethanol, 2-3 hours in each change.

5) Transfer through 75%, 40%, and 15% ethanol for 2-3 hours each, or until the specimen
sinks.

6) Transfer to distilled water 2-3 hours or till the specimen sinks.

7) Place in an enzyme solution of 30 ml saturated aqueous sodium borate, 70 distilled
water, and 1 g trypsin (4xpancreatin, Nutritional Biochemicals). Change solution every
2-3 days. Continue until bones and cartilage are clearly visible and flesh retains no
blue color.

8) Transfer to 0.5% aqueous KOH, to which enough alizarin red S has been added to turn
the solution deep purple. Leave 24 hours, or until bones are distinctly red.

9) Transfer through a 0.5% KOH-glycerine series (3:1, 1;1, 1:3) to pure glycerine. To the
first two KOH-glycerine solutions, 3 or 4 drops of 3% H202 may be added per 100 ml
solution to bleach pigments of dark specimens. Specimens may be left in the
bleaching step for several days or until dark pigment are removed.

10) Store specimens in pure glycerine to which a few crystals of thymol have been added.
The thymol inhabits growth of molds and bacteria.

LAk LA AN

o
AR LR w

W A i
-

s
_.*aqc-c“‘,l

R | A A juvenile of Japanese
s *I ‘ anchovy (Engraulis japonica)
R G cleared and stained. (from
5 Sumikawa and Fujita, 1984)
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Equipment and tools needed:
e Binocular

e Camera lucida
¢ Measuring apparatus (micrometer)

¢ Optic and transmitted illuminations
for binocular

e Light for drawing pape

* Pencils (black-2B, red, blue)
e Kent paper

e Tracing paper

¢ Adhesive tape (or weight)

e Eraser

¢ Rotring pens

e Maru-pen

e Cards

e Cut glass in small slip

The procedure of illustrating fish larvae are as follows:

1. Choosing specimens to be drawn
If possible, 3 specimens of preflexion,
flexion and postflexion stages of a species
2. Observing, measuring and counting
¢ SL, HL, BD, ED, SnL, PAL, etc
¢ DF, AF, P1F, P2F, PCR, Myomere
* Pigmentation (by red or blue pencil)

 Spination (location, arrangement and
shape)

(should be noted in a card with data of

sampling date (time), position and gear)

3. Making a first sketch by pencil

on a kent paper (Photo 1 and 2)

e Zoom-up drawing (in full size of A4)
for small-sized larva

e Cut glasses are used to keep the
specimen in a position and to make
twisted body extend.

4. Tracing the first sketch covered by a

tracing paper with rotring pens (Photo 3)
If a size of the 1st illustration is larger
than A4, reduce in an A4 size by
photocopy machine.
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Other parts by a

Rotring pens used 0.1-mm Rotring
pen or a Maru
pen

Head spination
0.2 mm Qut-line of fin
0.2 mm
\ el ) v

Out-line of body e Abdominal scutes
0.2 mm 0.2 mm

Gephyroberyx japonicus larva in.|_.11 .0-mm SL (Konishi, 1999)

| with comments an Trachichthyoid relationships. Bull. Seikai Natl. Fish. Res. Inst., 77, 23-92.

Identification methods of the Scombridae fishes and their larvae in Southeast Asia.
Refers to Annex 4.

Identification methods of the Carangidae fishes and their larvae in Southeast Asia.
Refers to Annex 5.

Identification methods of the Engraulidae fishes and their larvae in Southeast Asia.
Refers to Annex 6.

Identification methods of the Lutjanidae, Siganidae and Epinephelini larvae in

Southeast Asia.
Refers to Annex 7.
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IX.  CASE STUDY ON EARLY LIFE HISTORY SCIENCE BASED ON THE REFERENCES FOR PLANNING OF FUTURE WORKING SUBJECTS IN COUNTRY

NO. Key Words Title Author(s) Journal Abstract

1 fish eggs, DNA Molecular and Gang Hou, Jinrun | Frontiers in Marine Although species of Decapterus form important
barcode, Morphological Wang, Zuozhi Science ORIGINAL pelagic fisheries in the northern South China Sea,
morphology, Identification and Chen, Jinlong RESEARCH information on their spawning grounds is limited
Decapterus, Seasonal Distribution | Zhou, Wangsu published: 12 November | because identification of fish eggs based on their
spawning of Eggs of Four Huang and 2020 morphology is difficult. We identify eggs of four
ground, Decapterus Fish Hui Zhang doi: Decapterus species (D. macrosoma, D. maruadsi, D.
northern South Species in the 10.3389/fmars.2020.5905 | macarellus, and D. tabl) with DNA barcodes from the
China Sea Northern South China 64 fishery resources surveys in spring and autumn 2018

Sea: A Key to
Conservation of
Spawning Ground

in Xisha islands, and spring and later summer—
autumn 2019 along the continental shelf of the
northern South China Sea, and describe egg
morphology. Of 1405 fish eggs with obtained
cytochrome c oxidase subunit | (COl) sequences, 81
were successfully attributed to four Decapterus
species; eggs of each are spherical, have a smooth
chorion and narrow perivitelline space, and can be
partly differentiated by diameter, melanophore
drops on the oil globule, and the notum of the
embryo. Seasonal distributions of eggs reveal
spawning grounds, with that of D. maruadsi located
mainly off the Pearl River estuary in spring; eggs of D.
maruadsi rarely co-occur with those of D.
macrosoma. Spawning grounds of D. macrosoma are
probably further south, where water temperature
and salinity are higher. Spawning periods of these
four Decapterus species overlap slightly. Spawning
habitat of D. maruadsi has been lost, and the
spawning season of D. macrosoma has extended.
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NO.

Key Words

Title

Author(s)

Journal

Abstract

Identification of Decapterus eggs using DNA barcodes
can assist with the identification of eggs using
traditional morphological approaches. Spatial and
temporal information on the distributions of
Decapterus eggs can be used for improved
conservation of spawning grounds and fisheries
management in the northern South China Sea.

Between-year
difference - Food
availability -
Habitat
temperature -
Larval
distribution
-Larval growth -
PCR-RFLP
analysis -
Scomber
australasicus -
Scomber
japonicus

Distribution and
growth of Scomber
japonicus and S.
australasicus larvae in
the southern East
China

Sea in response to
oceanographic
conditions

Chiyuki Sassa,
Youichi
Tsukamoto

Mar Ecol Prog Ser Vol.

419: 185-199, 2010

Chub mackerel Scomber japonicus and spotted
mackerel S. australasicus are important fishery
resources in the countries adjacent to the East China
Sea (ECS). During February to March in 2004 and
2005, based on species identification using PCR-
restriction fragment length polymorphism (PCR-RFLP)
analysis of mtDNA, we examined the larval
distribution, transport and growth of both species in
the southern ECS, where extremely high abundances
of Scomber spp. larvae are found. Distribution of S.
australasicus was in a more southern area than was
S. japonicus, with a higher and narrower range of
habitat temperature (20 to 23°C versus 15 to 22°C),
although there was some spatial overlap. In 2004,
when an intrusion of the warm Kuroshio Branch
Current north of Taiwan was evident, S. australasicus
were transported northeastward, while they
dispersed eastward along the Kuroshio front in 2005
when the intrusion was weak. Although S. japonicus
showed a similar pattern of transport and dispersal
to S. australasicus, it was more gradual,
corresponding with the weaker flow in the northern
part of the study area. The daily specific growth rates
of S. japonicus and S. australasicus were 6.2 to 8.2%
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NO.

Key Words

Title

Author(s)

Journal

Abstract

and 7.7 to 9.3% of body length per day, respectively,
and growth was significantly higher in 2004 than in
2005 for both species, with both habitat temperature
and food availability being higher in 2004. Our study
provides fundamental information on the spawning
and recruitment of these 2 mackerel species on
which to base predictive models, which are essential
for protecting these shared stocks that migrate
across the boundaries within the ECS.

East China Sea,
Jack mackerel
Kuroshio,
Kuroshio branch
current, Larval
transport,
Spawning
ground

Spawning ground and

larval transport
processes of jack
mackerel

Trachurus japonicus
in the shelf-break
region of the
southern East China
Sea

Chiyuki Sassa,
Youichi
Tsukamoto, Kou
Nishiuchi,
Yoshinobu
Konishi

2583

Continental Shelf
Research 28 (2008) 2574~

Horizontal distribution patterns of jack mackerel
Trachurus japonicus larvae were investigated
extensively in the East China Sea (ECS) along the
shelf-break region between 261 and 301N during
February—March based on fine-scale larval sampling
in 2002 and 2003. A total of 2363 T. japonicus ranging
from 1.2 to 12.4mm body length (BL) were collected
at 310 bongo net sampling stations, of which larvae
010mm BL accounted for 99.1%. In both years, newly
hatched larvae (03mm BL) were concentrated in the
shelf-break region mainly in the southern part of ECS
between 261 and 271N in warmwater of 21-23 1C,
suggesting that their primary spawning ground
existed in and around this area. With growth, larvae
were transported in two different directions, i.e.,
northward and northeastward, corresponding closely
with the direction of the Kuroshio Branch Current
north of Taiwan (KBCNT) and the Kuroshio,
respectively. Replicate sampling cruises at 2 week
intervals were conducted in 2003, and the larval
distribution pattern changed significantly between
the sampling cruises, suggesting that the transport
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process fluctuates over relatively short periods in
relation to oceanographic processes. The transport
speed by the KBCNT was estimated to be 0.13-0.28
knots based on the larval distribution, which is one
order of magnitude slower than that by the Kuroshio
(1.5-3 knots). Habitat temperature gradually
declined with growth in both the Kuroshio and
KBCNT, but in the KBCNT it was 1-2 1C lower than in
the Kuroshio. Our results suggest that the two
different larval transport processes lead to a
significant difference in the transport route, habitat
conditions (such as temperature and food), and site
where young fish recruit to the demersal habitat,
which will result in different survival and recruitment
processes.

4 interannual Interannual variations | Chiyuki Sassa, | ICES Journal of Marine | We examined the interannual variations in
variations, in distribution and | Motomitsu Science Advance Access | distribution and abundance of Japanese jack mackerel
Japanese  jack | abundance of | Takahashi, published January 24, | Trachurus japonicus larvae ,5 mm standard length
mackerel, larval | Japanese jack | Yoshinobu 2016 (SL), based on sampling surveys over a broad area of
abundance, mackerel  Trachurus | Konishi, and the shelf break region of the East China Sea (ECS)
larval japonicus larvae in the | Youichi during late winter and spring for 12 years from 2001
distribution, East China Sea Tsukamoto to 2012. Larval abundances in late winter were higher
Southern  East than those in spring. In late winter, ratios (expressed
China Sea, as %) of larval abundance in the southern ECS south of
spawning 288N to the whole study area were highest during the
grounds. study period, with values ranging from 80.0 to 95.8%.

In spring, the ratios in the southern ECS were still high
(34.3—88.8%), although the values increased slightly in
the northern and central ECS. Therewas
no significant interannual variation in the centre of
distribution of the larvae, suggesting that the
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formation of spawning grounds would be related to
topographic rather than hydrographic conditions.
Habitat temperature of larvae in the central and
southern ECSwas 3-58C higher than that in the
northern ECS throughout the study period, indicating
that larval growth and survival processes may differ
between the two areas. In the southern ECS, larval
abundances fluctuated largely from year-to-year, and
the interannual variations were closely correlated
with  water temperature and chlorophyll a
concentration. However, larval abundance did not
correlate with an index of recruited juveniles (50-75
mm SL) in the ECS, suggesting that mortality during the
late larval and early juvenile stages is responsible for
recruitment success or failure.

5 interannual The rapid expansion | Chiyuki  Sassa, | ICES Journal of Marine | Biomass of the yellowtail Seriola quinqueradiata, an
variations, larval | of yellowtail (Seriola | Motomitsu Science (2020), 77(2), | important fishery resource in Japan, has increased
distribution, quinqueradiata) Takahashi, 581-592. about threefold over the past 20 years to "300
Seriola spawning ground in | Yoshinobu doi:10.1093/icesjms/fsz2 | thousand metric tons. We examined the interannual
quinqueradiata, | the East China Sea is | Konishi, Aonuma | 00 variations in distribution and abundance of S.
shelf-break linked to increasing | Yoshimasa, and quinqueradiata larvae [4.2-7.9
region of the | recruitment and | Youichi mm body length (BL), "7 to 18 days after hatching],
East China Sea, | spawning stock | Tsukamoto based on sampling surveys over a broad area of the
southward biomass shelf-break region of the East China Sea (ECS) in April,
expansion of the main spawning period, over 15 years (2001-2015).
spawning High abundances of larvae were found in the northern
ground, ECS off the
spawning stock southwestern coast of Kyushu Island throughout the
biomass survey period. After 2010, the larvae began to occur

abundantly also in the southern ECS south of
29#300N, indicating a southward expansion of the
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spawning ground. There has been a significant positive
trend of larval abundance over the whole ECS during
the 15 years, which was mainly due to the sharp
increase in larval abundance in the southern ECS after
2010. Although interannual variation in larval
abundance was not related to environmental
conditions (temperature, salinity, and chlorophyll a
concentration), it was closely correlated with the
spawning stock biomass. This indicates that the
increasing trend of larvae was related to the increase
in egg production in the ECS. Also, the larval
abundance showed a weak positive correlation with
recruitment, suggesting that the increased larval
abundance has, in part, contributed to high
recruitment.

batch fecundity,
Benthosema
pterotum, daily
egg production
method, daily
production of
larvae, spawning
biomass,
spawning
fraction.

Estimation of the
spawning biomass of
myctophids based on
larval production and
reproductive
parameters: the case
study of Benthosema
pterotum in the East
China Sea

Chiyuki Sassa

ICES Journal
Science
743-754.

51

of Marine
(2019),

76(3),

doi:10.1093/icesjms/fsy0

This study estimated the spawning biomass of a
myctophid by applying the daily egg production
method (DEPM) based on data of larval fish surveys
and reproductive parameters. Benthosema pterotum
in the central part of the East China Sea shelf was used
as the model species, as ecological and reproductive
data are available in the literature. This study used
data of the larvae and adults sampled in late summer
when the primary spawning occurs. Daily egg
production was estimated by back-projection of the
daily production of larvae at hatching by 10 h,
assuming that the mortality rate during the egg stage
is the same to that of the larval stage. This study
determined the sex ratio, batch fecundity, and
spawning fraction. As a result, spawning biomass of B.
pterotum in the East China Sea shelf was estimated to

Page 18 of 162




NO.

Key Words

Title

Author(s)

Journal

Abstract

be 9036 tons. The study also assesses and discusses
several sources of potential uncertainty. The relative
sensitivity of estimates of spawning biomass to
variations in each parameter showed a four fold
difference between the lowest and highest estimates
(4066-16 265 tons). Since this was comparable to the
biomass estimated by a swept-area trawl survey, the
approximate estimation of biomass would be possible
by applying this method.
Considering that larval fish surveys have been
conducted in the world’s oceans and myctophids have
always dominated in the samples, application of the
DEPM is a potential option for estimating the order of
magnitude of the biomass of myctophids.

Pelagic _juvenile

reef fish .

Mid-
water baited
remote
underwater
stereo-video
Demersal fish
Ningaloo  Reef
.Western

Australia

Presettlement
schooling behaviour
of a priacanthid, the
Purplespotted Bigeye
Priacanthus tayenus
(Priacanthidae:
Teleostei)

Julia Santana-
Garcon & Jeffrey
M. Leis &
Stephen J.
Newman & Euan
S. Harvey

Environ Biol

0150-6

Fish

DOI 10.1007/s10641-013-

We report in situ behavioural observations of
presettlement schooling in Priacanthus tayenus off
Coral Bay, Western Australia collected using pelagic
Baited Remote Underwater stereo-Video systems.
Two groups of fish (8 and 9 individuals) were observed
that aggregated into a single school. Mean total length
was 24.1 mm (12.5-30.2 mm). The fish swam at a
mean speed of 85 cm s-1 in a group spacing
themselves more or less evenly at a distance of around
one body length from the nearest neighbour within
the school. P. tayenus appeared to be sometimes
associated with juveniles of other species. The results
presented here add to the limited, but growing body
of literature on the schooling behaviour of the early
pelagic stages of demersal fishes.
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8 PREDICTING PREDICTING SELF- | Su  Sponaugle, | BULLETIN OF MARINE | Mounting evidence suggests that some populations of
SELF- RECRUITMENT IN | Robert K. Cowen, | SCIENCE, 70(1) SUPPL.: | benthic marine organisms may be less
RECRUITMENT MARINE Alan Shanks, | 341-375, 2002 demographically ‘open’ than previously thought. The
POPULATIONS: Steven G. degree to which a population receives recruits from
BIOPHYSICAL Morgan, local sources versus other populations has important
CORRELATES AND | Jeffrey M. Leis, ecological and management ramifications. For either
MECHANISMS Jesus Pineda, of these reasons, it is often desirable to estimate the
George W. degree to which a population of interest is self-
Boehlert, recruiting. Although methods for actual estimation of
Michael J. population self-recruitment are limited and often
Kingsford, difficult to employ, the presence of several biological
Kenyon C. and physical conditions may improve our estimates of
Lindeman, self-recruitment for particular populations. Biological
Churchill Grimes traits of benthic adults (relative fecundity, spatial and
and John L. temporal patterns of spawning and larval release,
Munro parental investment), as well as pelagic larvae (stage

of development at hatching, pelagic larval duration,
vertical migration behavior, horizontal swimming
ability, and sensory capabilities) influence where and
when larvae are released, where and how they are
transported, their ability to move actively in the
pelagic realm, and finally, spatial and temporal
settlement patterns. Physical variables potentially
influencing self-recruitment include site isolation,
coastal complexity and flow variability. Within these
physical variables we discuss explicit mechanisms by
which larvae may be retained in proximity to their
natal population. We provide examples from specific
locations such as coral reefs, isolated islands and
seamounts, and semi-enclosed embayments such as
lagoons and estuaries, as well as characteristic
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(contact

author)1, 2
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lain M. Suthersl1

January 2008.
Manuscript accepted 23
June 2008.

Fish. Bull. 106:405-416
(2008).
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oceanographic features such as upwelling systems,
fronts, moving convergences, eddies and counter
currents.

9 Onshore-offshore Ashley M. Fowler | Manuscript submitted 8 | The on-offshore distributions of tuna larvae in near-

reef waters of the Coral Sea, near Lizard Island
(14°30'S, 145°27'E), Australia, were investigated
during four cruises from November 1984 to February
1985 to test the hypothesis that larvae of these
oceanic f ishes are found in highest abundance near
coral reefs. Oblique bongo net tows were made in five
on-offshore blocks in the Coral Sea, ranging from 0—
18.5 km offshore of the outer reefs of the Great
Barrier Reef, as well as inside the Great Barrier Reef
Lagoon. The smallest individuals (<3.2 mm SL) of the
genus Thunnus could not be identified to species, and
are referred to as Thunnus spp. We found species-
specific distributional patterns. Thunnus spp. and T.
alalunga (albacore) larvae were most abundant (up to
68 larvae/100 m2) in near-reef (0-5.5 km offshore)
waters,whereas Katsuwonus pelamis (skipjack tuna)
larvae increased in abundance in the offshore
direction (up to 228 larvae/100 m2, 11.1-18.5 km
offshore). Larvae of T. albacares (yellowfin tuna) and
Euthynnus affinis (kawakawa) were relatively rare
throughout the study region, and the patterns of their
distributions were inconclusive. Few larvae of any
tuna species were found in the lagoon. Size-frequency
distributions revealed a greater proportion of small
larvae inshore compared to offshore for K. pelamis
and T. albacares. The absence of significant
differences in size-frequency distributions for other
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species and during the other cruises was most likely
due to the low numbers of larvae. Larval distributions
probably resulted from a combination of patterns of
spawning and vertical distribution, combined with
wind-driven onshore advection and downwelling on
the seaward side of the outer reefs.

10 dispersal, WHAT DOES LARVAL | Jeffrey M. Leis | J.P. Beumer, A. Grant and | Marine Protected Areas (MPAs) can theoretically
demography, FISH BIOLOGY TELL US | University of | D.C. Smith (eds) 2003. | achieve two Goals: protection of biodiversity, and
connectivity, ABOUT THE DESIGN | Tasmania Proceedings of the World | replenishment of populations both inside and far
larval-fish AND EFFICACY OF Congress on | outside the MPA boundary. The second is supposed to
behaviour, MARINE PROTECTED Aquatic Protected Areas, | result primarily from larval export from the MPA.
recruitment, AREAS? Cairns, Australia, August | Although there is evidence that BEno-takeR MPAs
settlement 2002. Published by the | protect biodiversity and have higher stocks of larger,

Australian
Society for Fish Biology.

older, more fecund fishes, there is scant empirical
evidence to support the notion that MPAs actually do
replenish unprotected areas, or if they do, over what
spatial scale. This notion of replenishment over large
scales is largely based on theoretical considerations of
larval dispersal and larval biology. Recent research
shows that at least fish larvae do not conform to
traditional theory: they may have much more control
over where they disperse than previously thought.
This has important implications for the design and
implementation of MPAs, and what we can expect
from them as conservation tools. This paper reviews
recent advances in understanding larval fish biology
and behavioural capabilities and how these impact on
the efficacy and design of MPAs. If larvae are as good
at resisting dispersal as their behavioural capabilities
suggest, then replenishment in ecologically
meaningful quantities probably takes place over much
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smaller scales than previously thought, and MPAs will
have to be designed accordingly. These scales,
however, are likely to differ spatially, temporally and
among species.

11 Japanese  jack | Revisiting Masato Fish Sci (2014) 80:517- | Since formalin-preserved eggs of Japanese jack
mackerel, morphological Nishiyama, Mami | 529 mackerel Trachurus japonicus have been considered
Artificial identification of | Saito, Yasuhiro | DOI 10.1007/s12562-014- | difficult to identify, egg abundance of this species has
fertilization, Japanese jack | Sanada, 0732-z not been estimated, and subsequently information on
Formalin sample, | mackerel Shizumasa their spawning habitat is limited. The present study
Egg Trachurus japonicus | Onoue, Akinori provides a practical identification of Japanese jack
identification, eggs preserved in | Takasuka, mackerel eggs from formalin-preserved samples
Morphological formalin Yoshioki Oozeki based on morphological characteristics with

description,
Segmentation of

yolk, DNA
sequence,
Rearing
experiment

validations through DNA sequencing and a rearing
experiment. Eggs obtained by artificial fertilization
from mature adults were reared in the laboratory,and
developmental changes of morphological
characteristics in the formalin-preserved samples
were examined. The morphological descriptions were
detailed to identify jack mackerel eggs from field-
captured egg samples preserved in formalin.
Moreover, the identification was validated through
DNA sequencing and a rearing experiment.Overall, the
diagnostic characteristic for identification was the egg
diameter and the segmentation of the yolk, which was
maintained in formalin-preserved samples even long
after fixation. The presented morphological
description with its developmental changes for
formalin-preserved

eggs is anticipated to promote stock assessments and
biological studies for jack mackerel based on the egg
and larval surveys.
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12

Chapter 8: The
Biology, Behavior, and
Ecology of the Pelagic,
Larval Stage of Coral
Reef Fishes

Leis, J.M. and
McCormic, M.I.

Sale, P.F. 2002. Coral Reef
Fishes: Dynamics and
Diversity in a Complex
Ecosystem. Academic
Press. San Diego. P:171-
199.

Reef fish biologists are keenly aware that nearly all
bony fishes on coral reefs have a pelagic larval phase
that is potentially dispersive, and that this has major
implications for reef fish populations not only at
evolutionary (or biogeographic) scales, but also at
ecological (or demographic, including management)
scales. The literature is full of statements of how
important this type of life history is for reef fishes, and
for study and management of them. However, this
realization has not been accompanied by a major shift
in research effort to studying this pelagic phase, what
one might refer to as “prerecruitment” studies.
Neither has it led to a widespread view of the pelagic
phase as much more than a “black box” that results in
open populations and large fluctuations in
recruitment. Even attempts to assess the population
connectivity that presumably results from larval
dispersal typically make simplifying assumptions,
either explicitly or implicitly, that portray the larvae as
little more than passive tracers of water movement
that “go with the flow,” doing nothing much until they
bump into a reef by chance and settle at once.

13

eggs and larvae,
jack  mackerel,
numerical
model,
recruitment,
transport.

Transport and survival
processes of eggs and
larvae of jack
mackerel  Trachurus
japonicus in the East
China Sea

Akihide
Kousei
KOMATSU,
Chiyuki  SASSA,
and  Yoshinobu
KONISHI

KASAI,

Fisheries Science, 74:8-18,
2008

Recent surveys showed substantial aggregation of
larvae of jack mackerel in the southern East China Sea,
indicating intensive spawning grounds near Taiwan. A
numerical model was applied to investigate transport
and survival processes of eggs and larvae of jack
mackerel from the spawning area to the nurseries. The
results show that: (i) the distributions of larvae
simulated by the model agreed well with those
obtained by field survey; (ii) the stock of jack mackerel
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in the Sea of Japan is composed of both groups from
north of Taiwan and from the western coast of
Kyushu. It takes more than two months for the former
to reach the Sea of Japan, while it is within 40 days for
the latter; and (iii) large proportions of the eggs and
larvae spawned off the north of Taiwan are
transported rapidly to the Pacific side of Kyushu by the
Kuroshio Current, and the rest slowly to the east or
north-east along the continental slope in the East
China Sea. In contrast to the larval flux, survivors are
more abundant in the northern East China Sea than in
the Pacific Ocean, indicating that survival in the
northern East China Sea would determine the jack
mackerel stock in Japan.

14

Juvenile grouper,
Epinephelus
striatus,
seagrass,
Strombus gigas,
blowout

The Distribution
Early

Groupers
South Caicos,
and Caicos Islands

of

Juvenile
Around
Turks

Claydon, J.A.B.
and Kroetz, A.M.

Proceedings of the 60th
Gulf  and Caribbean
Fisheries Institute. 5-9
November 2007. Punta
Cana. Dominican
Republic. P:345-350, 2007

Groupers are important components of fisheries
throughout tropical seas. However, little is known of
their early life histories. This study aimed to
investigate habitat use by early juvenile (< 12 cm TL)
groupers around the south coast of South Caicos,
Turks and Caicos Islands. From May to August 2007, a
530,000 m2 shallow (< 5m) area was systematically
sampled on snorkel covering a range of habitats
extending from a fringing reef crest into a harbour and
sheltered bay. Species, size, GPS position, and habitat
of all epinepheline groupers observed were recorded.
Epinephelus striatus (n=209), E. guttatus (n = 15), E.
adscensionis (n = 9), Cephalopholis fulva (n = 396), and
C. cruentatus (n = 4) were found to have overlapping
but substantially different distributions: 87% of E.
striatus and 73% of E. guttatus were found in seagrass
areas which covered < 30% of the study area; C. fulva
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favoured rubble/rock areas (57%); and all E.
adscensionis were found within 10m of land. E.
striatus were found sheltering predominantly in two
structures: discarded conch shells (44% of individuals)
and ledges formed by the roots and rhizomes of
seagrass in blowout walls (33% of individuals). Whilst
previous studies have emphasized the importance of
macroalgal beds in tidal creeks as early juvenile E.
striatus habitat, around South Caicos, seagrass
habitats cover large areas and may contribute more
individuals to local populations than alternative
habitats.

15

Siganus
canalicullatus,
south coast,
traps, Fisher folk.

A review on Biology
and aquaculture
potential of rabbit fish
in Tamilnadu
(Sigganus
canaliculatus)

M. Jaikumar

International Journal of
Plant, Animal and
Environmental Sciences.
2(2):57-64, 2012

Preliminary investigation on the culture of Siganus
canaliculatus in floating cages in mandapam coastal
water has revealed that the fish has high culture
potential in the region. It is euryhaline, inhabiting
areas where salinities range from 17 ppt to 37.0 ppt.
The Juvenile are abundant in the area of reef and
seaweed bed and collecting in traps near mandapam.
Natural occurrence of juveniles of S. canaliculatus in
large quantity was noticed during February through
May in the Gulf of Mannar. The fish feeds mainly on
seaweeds. It is reported that the fish can reach a
marketable size of 20 cm fork length in 6 months. The
rabbit fish is cultured in South East Asian countries.
India has enormous potential for rabbit fish culture.

16

Lutjanidae
Settlement
Behaviour.
Pelagic dispersal

Settlement behaviour
of larvae of the Stripey
Snapper, Lutjanus
carponotatus

(Teleostei: Lutjanidae)

Gaélle Quéré and
Jeffrey M. Leis

Environment and
Biological of Fish. doi:
10.1007/s10641-010-
9633-x

Larval behaviour is important to dispersal and
settlement, but is seldom quantified. Behavioural
capabilities of larval Lutjanus carponotatus in both
offshore pelagic and reef environments at Lizard
Island, Great Barrier Reef were observed in situ to
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Larva . Great
Barrier Reef

determine if they were sufficient to influence
dispersal. Offshore, larvae swam with higher
directional precision and faster on the windward side
of the island (28 cm.s-1) than on the leeward side (16
cm s-1). Most larvae swam directionally. Mean
swimming directions were southerly in the windward
area and northerly in the leeward area. Larvae avoided
the surface and remained mostly between 3—-15 m.
Larvae released near reefs were 2-3 times faster
swimming away from reefs (19 cm s-1) than
swimming toward or over them (6—8 cm s-1). Speed
swimming away was similar to that offshore. Of 41
larvae released near reefs, 73% reached the reef, 59%
settled, and 13% of those reaching the reef were
eaten. Larvae settled onto hard and soft coral (58%),
topographic reef features (29%) and sand and rubble
(13%). Settlement depth averaged 5.5 m (2—-8 m).
Before settling larvae spent up to 800 s over the reef
(mean 231 s) and swam up to 53 m (mean 14 m).
About half of the larvae interacted with reef residents
including predatory attacks and aggressive
approaches by residents and aggressive approaches
by settling larvae. Settlement behaviour of L.
carponotatus was more similar to a serranid than to
pomacentrids.  Settlementstage larvae of L.
carponotatus are behaviourally capable, and have a
complex settlement behaviour.

17

Egg

and

development
laboratory-reared

nassau

Larval
of

grouper,

Allyn B. Powell

and

John

Tucker, Jr.

W

Bulletin

1992

of

Marine

Science, 50(1): 171-185,

Egg and larval development of the Nassau grouper,
Epinephelus striatus, is described from laboratory-
reared specimens. Egg diameters averaged 0.92 mm
(0.86-0.97 mm), and those of the single oil globule
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Epinephelus striatus
(Pisces, Serranidae)

averaged 0.24 mm (0.20-0.26 mm). No pigmentation
was discernible on embryos. Newly hatched larvae
measured 1.7-1.8 mm notochord length, and were
inconspicuously pigmented. A characteristic pigment
pattern that persists during larval development first
appeared on late yolk-sac larvae-a mass of pigment on
the ventral midline and lateral surface of the caudal
peduncle, and on the dorsal and lateral surface of the
gut. The enlarged, serrated, second first-dorsal-fin and
pelvic spines that are characteristic of epinephelin
larvae formed very early in the preflexion stage, but
spinelets were not well developed until postflexion.
The adult complement of dorsal-fin and anal-fin spines
and rays was first observed on specimens
approximately 6.8 mm standard length (SL) based on
pterygiophores to obtain counts. But the appearance
of bony stays, which signified completion of the dorsal
and anal fins was not complete until 7.4 mm and 7.0
mm SL, respectively. Separation of preflexion and
flexion E. striatus from all other epinephelin groupers
does not appear possible until comparative studies of
pigment patterns, second-dorsal-fin pterygiophore
patterns, ceratobranchial gill raker counts, and
spinelet development can be done. E. striatus
postflexion larvae longer than 7.4 mm SL can be
separated from all other epinephelin larvae except E.
adscensionis on the basis of dorsal and anal fin ray
counts, spinelet configuration, second first-dorsal-fin
spine length relative to standard length, and capture
location.
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18 swimming and | In situ swimming and | J. M. Leis @ B. M. | Marine Biology, 137:51- | Late larvae of the Iserranid coral trout Plectropomus
settlement settlement behaviour | Carson-Ewart 64, 1999 leopardus (LacepeAde), captured in light traps, were
behaviour, coral- | of larvae of an Indo- released during the day both in open water and
reef fish Pacific coral-reef fish, adjacent to two reefs, and their behaviour was

the coral trout
Plectropomus
leopardus (Pisces:

Serranidae)

observed by divers at Lizard Island, northern Great
Barrier Reef. Coral trout larvae (n = 110) were present
in light-trap catches from 18 November to 3 December
1997, including new moon (30 November). The
swimming speed of larvae in open water or when
swimming away from reefs was signi®cantly greater
(mean 17.9 cm/s) than the speed of larvae swimming
towards or over reefs (mean 7.2 cm/s). Near reefs,
larvae swam at average depths of 2.7 to 4.2 m,
avoiding 0 to 2 m. In open water, swimming depth
varied with location: larvae >1 km east of Lizard Island
swam steeply downward to >20 min 2 to 4 min; larvae
>1 km west oscillated between 2.6 and 13 m; larvae
100 to 200 m east of Lizard Island oscillated between
0.8 and 15 m. Nearly all larvae swam directionally in
open water and near reefs. In open water, the average
swimming direction of all larvae was towards the
island, and 80% (4 of 5) swam directionally (p < 0.05,
Rayleigh's test). Larvae swam directionally over the
reef while looking for settlement sites. The frequency
of behaviours by larvae diered between two reefs of
dierent exposure and morphology. Depending on site,
26 to 32% of larvae released adjacent to reefs swam
to open water: of these, some initially swam towards
or over the reef before swimming oshore. In some
cases, oshore-swimming seemed to be due to the
presence of predators, but usually no obvious cause
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was observed. Depending on the reef, 49 to 64% of the
larvae settled. Non-predatory reef residents
aggressively approached 19% of settlers. Between 5
and 17% of the larvae were eaten while approaching
the reef or attempting to settle, primarily by
lizardfishes but also by wrasses, groupers and
snappers. A higher percentage of larvae settled in the
second week of our study than in the first. Average
time to settlement was short (138 s 33 SE), but some
larvae took up to 15 min to settle. Average settlement
depth was 7.5 t0 9.9 m, and diered between locations.
No settlement took place on reefats or at depths <4.2
m. Larvae did not appear to be selective about
settlement substrate, but settled most frequently on
live and dead hard coral. Late-stage larvae of coral
trout are capable swimmers with considerable control
over speed, depth and direction. Habitat selection,
avoidance of predators and settlement seem to rely
on vision.

19

nursery habitat,
Epinephelus
itajara

Mangroves
assessential

habitat

for

nursery
goliath

grouper (Epinephelus

itajara)

Christopher  C.
Koenig, Felicia C.
Coleman,
Anne-Marie
Eklund, Jennifer
Schull, and
Jeffrey Ueland

Bulletin of

2007

Marine

Science, 80(3): 597-586,

We evaluated goliath grouper’s [Epinephelus itajara
(Lichtenstein, 1822)] use of mangroves as essential
nursery habitat by estimating absolute abundance,
density, survival, age structure, home range,
mangrove habitat association, habitat quality, and
recruitment to the adult population. Densities
(numbers km—1 mangrove shoreline) were calculated
using Jolly-Seber mark-recapture methods for
mangrovelined rivers and mangrove islands of the Ten
Thousand Islands (TTI) and Everglades National Park,
which includes Florida Bay, Florida, USA. Juveniles had
smaller home ranges around islands (170 m) than in
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rivers (586 m), as determined from observations on
telemetered fish. Goliath grouper remained in
mangrove habitats for 5-6 yrs (validated ages from
dorsal spine sections), then emigrated from
mangroves at about 1.0 m total length. In the TTI,
juvenile densities around mangrove islands were
higher (mean = 25 km-1, SE = 6.2, CV = 0.5) and less
variable than those in rivers (mean = 11 km-1, SE =
4.2, CV = 1.2). Density was negatively correlated with
the frequency of dissolved oxygen and salinity
minima. Mean growth rate of recaptured fish around
mangrove islands (0.358 mm d-1, 95% CL = 0.317-
0.398) was significantly higher than that in rivers
(0.289 mm d-1, 95% CL = 0.269-0.308). The annual
survival rate, as estimated by the Kaplan-Meier
method on telemetered fish, was 0.947 (95% CL =
0.834-1.0). Very low densities in Florida Bay were
probably related to other water quality variables in
this human-altered system. The offshore abundance
of adults was largely explained by abundance of
mangrove, but not seagrass habitat. Mangrove habitat
with suitable water conditions, which appears
essential to the recovery and sustainability of goliath-
grouper populations, should be protected and/or
restored.

20

Grouper
Acoustic
telemetry
Marine
protected area -

Spatial ecology of
Nassau grouper at

home
using

reef

sites:
acoustic

telemetry to track a

Kayla M.
Blincow,

Phillippe G.
Bush, Scott A.

Heppell,

Croy

Marine
Progress

Ecology
Series,

655:199-217, 2020

Characterizing the behavior of coral reef fishes at
home reef sites can provide insight into the
mechanisms of spatial ecology and provide a
framework for spatial resource management. In
the Caribbean, populations of Nassau grouper
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Movement large, long-lived | M. McCoy, Epinephelus striatus have declined due to fishing
Ontogeny epinephelid across | Bradley C. impacts on spawning aggregations. Despite local
multiple years | Johnson, and regional efforts by fisheries managers to

(2005—2008) Christy V. implement regulations protecting spawning

Pattengill- aggregations, few Nassau grouper populations

Semmens, appear to be recovering. In order to improve

Selina S. management strategies for this critically

Heppell, Sierra endangered species, it is necessary to understand

J. Stevens- the spatial ecology of the species across seasons

McGeever, and years. In the Cayman Islands, we used a multi-

Leslie year, presence/absence, depth-coded acoustic

Whaylen, tagging dataset of Nassau grouper to characterize

Kirsten Luke, patterns in the species’ behavior and vertical

and Brice X. habitat use at home reef sites. Twenty acoustically

Semmens tagged individuals (56—84 cm, 70.01 £ 7.40 cm;

total length, mean + SD) maintained consistent
home reef sites, although some fish regularly
shifted activity centers within the home site, often
following a seasonal spawning migration. Seven
fish with depth-coded tags showed a higher
probability of vertical movement in the hours
immediately following dawn and preceding dusk.
We found evidence of a positive relationship
between the fish condition factor and depth of
home reef site. The finding of persistent home reef
sites across years suggests that properly sized
spatial reserves at home reef sites can be a useful
complement to spawning aggregation protection
when considering management strategies for
Nassau grouper.
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2 1 Nassau grouper - | Spatial dynamics of Richard M. Starr, | Marine Ecology Progress | Worldwide, chronic overfishing has depleted
Site fidelity - the Nassau grouper Enric Sala, Enric | Series, 343:239-249, 2007 | populations of large predatory reef fishes and caused
Swimming speed | Epinephelus striatus Ballesteros, and unexpected, top-down changes in coral reef
- Migration - in a Caribbean atoll Mikel Zabala ecosystems. Groupers are especially susceptible to
Acoustic overexploitation, because they aggregate to
telemetry - reproduce at specific locations and times. An
Grouper understanding of the spatial dynamics of these fishes

conservation

is critical for fisheries management and conservation.
However, movements and migration dynamics of
endangered reef fishes are poorly known. We show,
using acoustic telemetry, that Nassau groupers
Epinephelus striatus exhibit highly synchronised
migration to spawning sites, despite their otherwise
solitary habits. Reproductive adults leave their
individual territories in shallow waters near the
winter full moons, and migrate to the same spawning
site up to 4 times yr—1. At the spawning site, a
remarkable population-wide depth change occurs
within an hour as individuals dive to a maximum
depth of 255 m. Our results greatly expand the
previously known migration frequency and depth
range of this species, and reveal an unexpected yet
predictable complexity of adult fish migration
between habitats. Effective conservation of this
threatened species requires that deeper reefs and
the timing of migration events be incorporated into
fisheries management plans.

22

Morphological
Development,
Epinephelus

fuscoguttatus

Morphological
Development of
Larval and Juvenile

Hiroshi Kohno,
Susanti Diani,
and Ateng
Supriatna

Japan. J. Ichthyol.
40(3):307-316, 1993

The morphological development of larval and
juvenile grouper, Epinephelus fuscoguttatus, was
examined in a hatchery-reared series. By about 4mm
body length (BL), the larvae had developed pigment
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Grouper, Epinephelus patterns peculiar to groupers, such as melanophores
fuscoguttatus on the dorsal part of the gut, on the tip of the second

dorsal and pelvic-fin spines, and in a cluster on the
ventral side of the tail. The spines characteristic of
groupers, such as spinelets on the second dorsal and
pelvic-fin spines, the preopercular angle spine and
the supraocular spine, started to develop by about
5mm BL. The notochord end was in the process of
flexion in larvae of 5 to 6mm BL, by which time major
spines and pigments had started to appear. The fin
ray counts attained the adult complement at about
8mm BL. Major spines disappeared by 15-16mm BL,
from which size, more or less densely-pigmented
patches started to appear on the body. In juveniles
larger than 20-22mm BL, the lengths of the second
dorsal and pelvic-fin spines in relation to BL became
stable .

23

Behavioral
ontogeny, giant
trevally (Caranx
ignobilis)

Behavioral ontogeny
in larvae and early
juveniles of the giant
trevally (Caranx
ignobilis) (Pisces:
Carangidae)

Leis, Jeffrey M.;
Hay, Amanda C.;
Clark, Domine L.;
Chen, I-Shiung;
Shao, Kwang-
Tsao

Fishery Bulletin,
104(3):401-414, 2006

Behavior of young (8-18 mm SL) giant trevally
(Caranx ignobilis), a large coral-reef-associated
predator, was observed in the laboratory and the
ocean. Size was a better predictor of swimming
speed and endurance than was age. Critical speed
increased with size from 12 to 40 cm/s at 2.7 cm/s for
each mm increase in size. Mean scaled critical speed
was 19 body lengths/s and was not size related.
Swimming speed in the ocean was 4 to 20 cm/s
(about half of critical speed) and varied among areas,
but within each area, it increased at 2 cm/s for each
mm increase in size. Swimming endurance in the
laboratory increased from 5 to 40 km at 5 km for
each mm increase in size. Vertical distribution
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changed ontogenetically: larvae swam shallower, but
more variably, and then deeper with growth. Two-
thirds of individuals swam directionally with no
ontogenetic increase in orientation precision. Larvae
swam offshore off open coasts, but not in a bay. In
situ observations of C. ignobilis feeding, interacting
with pelagic animals, and reacting to reefs are
reported.
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X.  RESULTS ON LARVAL FISH IDENTIFICATION

A. BRUNEI DARUSSALAM

Fish Larvae
Identification

Muhammad Azizi Mahali

snal Training Course ¢

Carangidae

Engraulidae

Species Description
Seombridas: Scombaromorus commersan
Body Shape Meaderate, BD is 31% of BL
Gut Coiled early but not compact, PAL

is 63% of BL

Pointed or elongate, Snl is twice
Snout

{2.3x) of ED
Eve Round and large
Mouth Extremely large, upper jaw

protrudes below lower jaw

Distinct supracaccipital spine,
Head Spination | preopercopular spine spine formed
and at an angle

Z 2 dorsal fin formed before 18
Fins
Adult stage daorsal fin

Pigment MNo pigment an pelvic fin

E-,"‘
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Morphological Characters

Scomberomorus commersoen

Pointed snout and elongated
Snout length about 2x eye diameter

il

Growth stage: Flexion

Species Description

Carangidae: Selar sp.

Body Shape | Moderate, BD is 34% of BL

Gut Coiled early but not compact,
PAL is more than % of BL
(53% of BL)

Snout Moderate and slightly
concave. 3SnL is 33% of HL

Eye Large and round, ED is 33%
HL

Mouth Large, obliqgue and terminal

Head SOC present, POC at an

Spination angle

Fins -

llustration Adult stage Pigment Head (sparse), along midline

septum and dorsoventral.
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Morphological Characters &

Carangidae: Selar sp.

Supragccipital spine

Vi24  D:VIIHL 23 AL 23 Preopercular spine present |

&

Morphological Measurement

Beibeii e
- — .

Growth stage: Flexion

Species Description &
Family: Engraulidae
Encrasicholina punctifar
Body Shapa | Very elongate, BD is 10% of
SL
Gul Very long, PAL is 76% of SL
Snout Shart and slightly concave,
SnL is 18% of HL
Eye Round and large
Mouth Small and terminal
Head None
Spinatien
I | Fins Origin of anal fin just under
llustration Adult Stage and of dorsal fin
Pigment Gut, hindbrain, ventral s e
of tail G -
e
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_ &
Morphological Characters

Encrasicolina punctifer

QOrigin of anal fin just
|- under end of dorsal
fin

| “‘{ Anal-fin base is shart

Flexion stage

Species Description

Family: Siganidae
Siganus guttatus

Body Shape | Moderate, BD is 34% of SL

Gut Gut folds and compact, PAL is
53% of SL

Snout Blunt, SnL is 35% of HL

Mouth Small

Eye Round and large

Head Serrate ridges form on

Spinalion preopercular

Fins Second dorsal spine and first

pelvic spine are subequal length

Pigmaent Upper & lower jaw, Head, Hindgut,
Notochord, dorsal fin & anal fin
base, dorsal & anal fin membrane

\
lllustration Adult Stage
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Morphological Characters

Siganus guttatus

Length of the second ridge of
the dorsal fin and the outer
spine of the pelvic fin to the
total length are subequal length

Morphological Measurement (mm)
V: 24 D:XIL10 A:VILS P2:1, 3,1

Postflexion stage

B. CAMBODIA
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Regional training workshop on fish larvae

Phase1: Larval Fish Identification and Early life History Science

Results of species identification and morphological description of examinate

larvae and juvenile and future working subjects to be planned

Prepare by: Cambodia Participant on 26-Nov-2022
Mr :THACH Phanara

Mr :HOK Seiha.

SEAFDEC/TD, Samunt Prakan, Thailand

Content

= |ntroduction

= Genera of Scombridae
» Genera of Carangidae
= Genera of Engraulidae
= Genear of Siganidae

= Planning Future Work

Introduction

fish larvae identification is essential for understanding spawning grounds and their abundance and also

identification helps to confirm the morphological identification result.

This study’s purpose is to confirm on fish larvae morphological identification result is possible following as:

*#Developmental stage of fish

* Egg development
* Newly Hatched (yolk-sack)

* Larvae (Characters of Pre flexion larvae and external Characters of Post flexion Larvae )

+* ldentification Method
* Description of body shape fish larvae

+ Standard measurement
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Genera of Scombridae

Family Scombridae

., Genus Auxis
~._ Species sp.

: S Scientific name Auxis sp.

O standard Measurement (mm)

= Standard length  :11.28mm

= Bady depth :2.66mm

= Body length :12.28mm

= Snot Length :1.95mm

= Eye Diameter :1.34mm

= Head Length :6.43mm

= Pre-Anal length  :6.15mm

Description of Auxis sp.

Body Shap : Moderate (BD 30% of SL)

Head : large Preopercular and well developed

Myomere : Around TM 34-36

Gut : Compact and anus paosition with growth

Snout : Snout pointed

Mouth : Low jaw tip usually pigment

Fin Information : fin-tail are present

Pigment : No pigment on anterior margin of the farebrain, dorsal line,

and literal line .

Species Auxis sp.
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Genera of Scombridae (cont)

Family Scombridae

‘ Genus

l Species 5p.

~, Scientific name Rastrelliger sp.
[ Standard Measurement (mm)
= Standard length :6.82mm
= Body depth :2.25mm
Body length :6.82mm
Snout Length :0.88mm
Eye Diameter :0.80mm
Head Length :2.50mm
Pre-Anal length :2.67mm
Pre-Dasal-fin length :0.50mm

Description of Rastrelliger sp.

* Head : Pigment aver brain sparse at pre flexion to flexion stage
* Myomere : Around TM 29-31
* Anus : Anus and anal-fin origin spaced
Snout : No point
Mouth : Both jaw tips nearly join
Fin Information : Dorsal-fin and Anal-fin develops are presented
Pigment : No pigment on anterior margin of the forebrain, dorsal line,
and literal line,
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Species Rastrelliger sp.

Genera of Carangidae

_Family Carangidae
. Genus Decapterus.
“~. Species Spp.

.. Scientificname Decopterus spp.

[ Standard Measurement (mm]}

= Standard length 3.41mm

= Body depth :1.21mm

= Bady length :3.8Bmm

= Spout Length :0.48mm

= Eye Diameter :0.43mm

= Head Length 11.13mm

= Pre-Anal length :2.06mm
fin length :1.44mm

Page 44 of 162




Description of Decapterus spp.

* Head

* Myomere

* Vertebrae

* Gut

= Snout

* Mouth

* Fin Information
* Pigment

: Large and pigment present on head 3-5

: Around TM 24-26

: Around TV 10+16

: Compact and anus position with growth

: Snout pointed and around

: Low jaw tip usually pigment

: 2 rows present melanophaores appear long and dorsal fin base

: pigment are present on anterior margin of the forebrain,
dorsal line, and literal line .

Species Deca
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Genera of Engraulidae

fFamily  Engraulidae
.. Genus Engraulis
., Species japonica.
.,  Sdentificname Engrouli japonica

%

0O Standard Measurement (mm)

= Standard length :11.23mm

= Body depth :1.52mm

= Body length :11.88mm

= Snout Length :0.68mm
Eye Diameter :0.52mm
Head Length :2.68mm
Pre-Anal length :5.31mm
Pre-Dosal-fin length :7.81mm

Description of Engraulis joponica

* Myomere : Around TM 42-44

* Gut : Compact, gut relatively short and anus under or just pasterior to
dorsal fin

* Snout : Snout pointed and around
= Mouth : Low jaw tip usually pigment

* Fin Information : Origin of anal fin just under end of dorsal fin, anal fin base short
(Dorsal fin 13-14 , Anal fin 14-16)

* Pigment : pigment present on the ventral midline

* Remark : Dorsal and the ventral midline of the caudal peduncle heavily
pigment

Species Engraulis japonica
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Species Engraulis japonica

Enaraulis Japonica

Genera of Siganidae

Family Siganidae
Genus Siganus
Species guitatus
Scientific name Siganus guitatus

{1 Standard Measurement (mm)

= Standard length :6.15mm

= Body depth :2.32mm
= Body length :6.65mm
= Snout Length :0.63mm
= Eye Diameter 0.77mm
® Head Length :2.27mm
= Pre-Anal length :2.18mm
= Pre-Dosal-fin length  :2.26mm
= VAFL :1.67mm

Description of Siganus guttat

» Head : Large and pigment present an heavily

= Myomre : Can’t Count

= Vertebrae : Can’t Count

= Gut : Anus beyond the middle body
* Mouth : bath jaws are present

* Fin Information : first dorsal spine is short, the dorsal fin is pigment, dorsal fin 13,
darsal fin ray 9, Anal fin spine 6, secand anal fin ray 8

* Pigment : Caudal fin Dorsal fin Anus fin and body shape present on heavily
= Remark : second darsal spine elongates and the second spine is present,

Pelvic spine2 and soft spine ray elongate
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Siganus guttatus

Planning Future Work

* To study larvae and juvenile fish abundance and diversity through two

sampling locations — Mekong and Tonle Sap Rivers close to Phnom Penh
* To assess fish larvae quantity and density.

* To compare fish larvae abundance, quantity/density, and diversity amongst

the left, middle and right monitoring sites of the river.

* To assess the likely fish spawning grounds.
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C. INDONESIA

7N TRAINING COURSE ON FISH LARVAE: PHASE |

<gArpp<— RESULT OF SPECIES IDENTIFICATION AND
MORPHOLOGICAL DESCRIPTION OF EXAMINED

f LARVAE AND JUVENILE

/'/ Group 3 (Indonesia);
Masayu Rahmia Anwar Putri
Indriatmoko

16 — 26 November 2022
Samut Prakan, Thailand

- FAMILY SCOMBRIDAE

Gymnosarda unicolor

i 35mm
||I HL 1.53 ram
3D : 285mm
ED . DA mm
Pal : 2.82mm
il
Body shape : Moderate (80%) Meristic Reference
Head . Large deep (43%) Characters
Gut . Coiled compact Pal 75% of body D 1% 13-15, 201214
Snout : Long ond pointed A 5 |- 12-13
Mouth : Large, oblique BN 25-28
Eye : Large and round P2
Spination . Preoperculum spine developed C :
i tation  : Poor MV 0 39 38-42
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MCIrks:

= This specimen show several charccteristic fypical for scambrids family by large head
and eyes, dand head spinaticn. The myomere number of this family more Than 31,
differen! wilh some fomilies Nemiplerids, Sparids, Teraponlidae. and Ambassidae,
which have lower nurnber of myomere. This specimen s not Pingupedids beccuse
the head spinaficn s not well developed.

= During the identification, the specimen characteristic resemble Scomberomorus
cormmerson and Gymnosarda unicolor.  But in several characteristic it closest to
Gymnosarda, i.e. absent supraoceipital spine (1), relatively small preoperculum, ana
ihe myomers was |ess than 42 %] [Scomberomaorus commerson myomer from 42-52).
In addilion. |he curved head shape on he forebrain similar lo 3.4 mm
Gymnosarda unicalor llustration provided by Ckivarna and Ueyanag! (1277) {3)

Scomberomorus commerson i

;51 mm g
HL : 233 mm ; <
|'I BD : 1.48 mm ' .

ED : 0.57 mm
PaL 1 2.85mm
ShL : 1.31 mm
PdlL : 2.58 mm
o
Bodyshape : Moderate, BD 29% of BL Meristic Reference
Head : Large, 45% of BL Characters
Gut . Colled not compact, Pal > /4 BL I3 A 5 Sl
Snout ¢ Pointed and elongated A i 1623
Mouth : Obligue and large P s 20:25
Eye . Large and round P2 A=
Spination  : Developed C
Piamentation : Paoor MV : 46 41-56

Remarks:

= This specimean show several characterislic lypical Tar scombrids family oy large head and
eyes, and head supination. The myomers number more inan 31, different with some
families Memipterds. Sparids. Terapontidae. and Anmbassidae, wnich have lower numier of
myomere. Tnis speciman 5 hot Pingupedids becouse the head spination i not well
developead.

= Pregpercular sping present (1)
= Sypracccinital spine oresant (2)

= Tre different with Sarda sp. okssrves rom the vertebroe, 44 45 tor Sardo and 42-45 for S,
commersan (3)
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- FAMILY CARANGIDAE

Carangoides chrysophrys

5,14 mm
HL 0 2,15mm
| BD T 2,41 mm
| ED 0,71 mm
Pal : 3.08 mm
sSnL ;083 mm :
PdL T 2.25mm _ o
Bady shape : Deep [BD 46% BL) Meristic Reference
Head : Large, deep (HL 42% BL) Characters
Gut : Coiled not compact D o VI-1,19 VII-1,18-20
Snout ;. Moderate A bk 14 I, 14-17
Mouth :  Laorge. terminal P1 L |E
Eye : Lorge and round B2 i
Spination : Well developed C 1=
Pigmentafion  : PO?: Pi%ment spots small on the body and MV o 24

= Tne main characters of Carangidas chservad from the scecimen are the present of $0C (not
Lactoridoe anc Nomeldae), relatively long PAL (aot Apogoridae), smaller gut than
Chaetodaontidae, the myamere less then 3C (not Citharidae).

Supracccipilal crest (1) present and booy shape d=ep as member of group |

The first darsel fin soff ray s not elongate (net Alectis sp.), he pigmentation cbserved on the
abnominal finfald (not Coranx spl), precperculum spine aat vary slongate (nol Gaathanadon
sp.). and Ihe dorsal fin roys less Ihan 40 [nol Parastromateus sau). Thus The closes! idenlily for [his
spacimean is Carangaides sp.

Among 15 Carangoides specics. the closest choracterstic similer to this specimen s C
chrysophyrs because the dorsal fin raysis 19 (18-20]) (2), the anal finrays is 14 [14-17) (3), the scutes
is nol abservable, and the vertebrae for most of Corangoides species s 74 (4),
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- FAMILY ENGRAULIDAE

Enchrasicholina heteroloba

9.15mm
HL ;o L73mm
BD : 0.88mm T
ED o 043 mm i
Pal L 682mm -
SnL : 0.44mm
Pl ;0 604mm I
7
Bodyshape : Veryelongate (BD 9% BL) Meristic Characters Reference
Head : Small (HL 18% BL) D 2 13 13-15
Gut . Straight very long A H 12 15-19
Snout : Long and pointed Pl 3 -
Mauth : Large and ferminal B2 : B
Eye : Large and round (ED 25% HL) 5 : -
Spination il MV : 44 41 - 44

Piomentation - Poor small snots on the bodw

Remgiks:
.

= “Tre idanfification keys la the Tamily ore the alongate body shapes and conus under or just postarior to
dorsal fin.

= As o mamber aof Fngroulicae with the numbier al anal fin rays less than 30, his speciman nas clases!
charactenstic to Stolephorus. Encrasichaling. and Engravis.

= The specimen is nel Engravlis because the ongin o anal fin just anleror to end of cosal fin. The
specimean alko i5 not Stdlephorys because of lgwer numeer o dorsal and anal rays. n Sfolepharus,
dorsal rays 14-18 and in onal rays 17-24, while for Encrasichaling, dasal and anal rays, 12-16 and 1421,
respactively.

= The main charccteristics in igentifying this spacimen as E neteroloba was from the pesition origin of
anal fin just anterdar to end of darsal fir (1).

= The reforence number of dorsal anc anal rays for E: heteroloba is 13-15 and 15-19. respectively. The
number of dorsal rays sultakzle with the referance (13 dorsal rays) (2), bul in This specimen 1ha onal rays
512 53). less then 15, This was due to in this scecimen size (less Than 10 mmi) the rays is possibly not weall-
develapead yat.
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FAMILY LUTJANIDAE

Lutjanus sp.

NL/SL : Z10mm
HL 299 mm
BD : 282mm
ED . 0.BZ2mm
Pal © 415mm
SnL ;L0 mm
PdL : 2.75mm
| e :

Bodyshape : Moderate (BD 39% BL) Meristic Characters  Reference
Head : Moderate (HL 42% BL) D © %13 X=X, 12-14

Gut : Colled not compact A o8 m7z-11
Snout 1 Moderate Pl : 15 1517
‘Mouth . Small and terminal B2 ;s L5
Eye : c D

Spincttion MY 24

Pigmentation : Some pigmentations on the head and

The first characieristic on determining Lutjonidae identity from this
specimen was from the dorsal spine fermation. Tne round shape of caudal
fin was also ensure that this specimen is a lufjanid and not caesonidoe. The
obsent of serrate ridges on the forehead of this specimen was alse ensure
thet this specimen is not siganidae.

= |is roy pelvic fin s a litfle longer than the pelyic spine (1). From the anal rays
number (8) (2). this specimen was different from Macolor sp. which has 10-
11 and Caesie sp. which has 10-13.
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FUTURE WORKING SUBJECTS

O

STEF 03
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e biislery e
eoonncally

FINAL
Fishefies
i gR |
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amly lifs cyole of
fishes

STEF o2 important and
Re-idarify flsh thraclanad
lareoe specimen SpEC 2y

collec on
STEF o1
Sharirg

nowledge

D. LAOPDR

Regional Training Course on Fish Larvae
SEAFDEC Training Department, Samut Prakan, Thailand
on 16 Nov — 3 Dec 2022,

Species Identification and Morphological

Descriptions of Examined Larvae and Juvenile

Ms. Sophasith THAMMABOQUD 1
Ms. Nokjaliya PHOUSAVA NH 2

! National Fisheries Development Center, Department of Livestock and Fisheries (DLF)
2 Liwving Agquatic Resources Research Center (LARReC)

Page 54 of 162




1. Scombridae Larvae

Body length : 4.35 mm

Body depth : 1.33 mm (30.5% BL)

Body depth moderate

Eye diameter : 0.54 mm

Head length : 1.51 mm

Pre-anal length: 2.12 mm

Pre-dorsal length : 2.06 mm

Snout length : 0.41 mm
Family: Scombridae
Tribe: Scombrini

ar spine absent )
1ger

Pigment present sparsely over brain

e =~ 31

aoccipital crest (SOC) present

Body shape deep

' Pigment present on
~ do nand body |

s beyond half o bJ.)-d?

= Preopercular spine at angle is very elongate
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Body length : 4.40 mm

Body depth : 1.74 mm (39.5% BL)

Body depth moderate

Eye diameter : 0.57 mm

Head length : 1.94 mm

Pre-anal length: 2.62 mm =

Pre-dorsal length : 2.34 mm b, 4
Snout length : 0.71 mm Famlly' CarangJ

Tribe: Carangini

Pigment present on dorsal fin and body

Pr, lar spine elongate

Anus beyond half of body

Pigment present
on the ventral of body
/
Origin of anal fin just
under end of dorsal fin
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Body length : 7.56 mm
Body depth : 0.82 mm (10.85%BL)
Body elongate

Eve diameter : 0.38 mm
Head length : 0.92 mm
Pre-anal length: 5.88 mm
Pre-dorsal length : 4.98 mm
Snout length : 0.24 mm

Origin of anal fin just under end of
dorsal fin
Anal fin base short

Pigment present on the ventral of
body

4. Siganidae Larvae

274 dorsal Spine

Family: Engraulidae

Genus: Encrasicholina

Specie: E. punctifer

= M=40-4
= D=12-14
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Serrations formed on snout, head, upper

eye and operculum
-~

Body length : 7.64 mm

Body depth : 2.36 mm (30.8%BL)
Body depth moderate

Eye diameter : 0.87 mm

Head length : 2.45 mm

Pre-anal length: 3.99 mm
Pre-dorsal length : 2.26 mm
Snout length : 0.78 mm

Genus: Siganus
Specie: S. Guttatus

2" dorsal spine long and serrate
Outer A spine long and serrate
Serrations formed on snout, head

and eye
* D=20

Pigment develop » A=16-17
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E. MALAYSIA

Regional Training Course on Fish Larvae

I: Larval Fish Identification and Fish Early Life History Science JabatanPerkanan
16-27 November 2022, “Matsysis
SEAFDEC Training Department, S Prakan, Thailand

TASK 3: SPECIES IDENTIFICATION AND
MORPHOLOGICAL DESCRIPTIONS OF FISH LARVAE
(FAMILY: SCOMBRIDAE, CARANGIDAE,
ENGRAULIDAE & SERRANIDAE)

NUR HIDAYAH ASGNARI
PERCEVAL CONDER
CECILIA CHU

MEET OUR TEAM

NUR HIDAYAH ASGNARI PERCEVAL CONDER CECILIA CHU
Fmearch Officer Fesearch Oftcer Fesearcher
Dizpartenent of Tisheries Malaysia Thepartnent of Flsaectes Malipsla Univessity ¢ Nottingham Malaysia

EXAMINED SPECIMENS ;

_ Ny e 3 o
SCOMBRIDAE SCOMBRIDAE ENGRAULIDAE CARANGIDAE SERRANIDAE
e o * Swwmberomorons |« Facrasichling * Carangaides sp. v Ephincphelss sp,
pelamis CORLLETIOn [ * Trevally *  Grouper
= Skipjack Tuna ® Narrow-harred +  Shorthead
Spanish Mackerel anchovy
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47T DORSAL FIM (8)

SCOMBRIDAE
_ Katsuwonus pelamis

KEYS TO IDENTIFY UNTIL SPECIES LEVEL:

1b. First dorsal fin develop prior second dorsal in w3
3h. Snour poinred or elongared. Preopercular spines form elongare at angle.
Vertebrae (myomere) »39. 4
4h. Supranodipiea sping ahsent i

6b, Body moderate and tail tapering. Gut compact and anus position
anterior 1o or near hall the body. Sneut peinted or elongate. Mouth

maderate or large. Myomere 38-41 7

7b. Snourt pointed. Boch jaw rips nearly ... Or upper jaw rip slightly
projecting at postflextion stage. Branchiostegal membrans and opercular

arca spanscl}' pigm nted 8
8a, Internal pigment present on anterior margin of forebram.,.....cocis
9h.Cleithial symphysis {ithsmus) and pre anus unpipmented. ... 10

102, Pigment appears early on lower jaw tip ar abour 3.5 mm NL. First
dorsal fin pigmented late at above émm SL. Pigment appear late on upper
jaw. Myomere 41 Kat pelams:

I
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Measurement .

| Measurement
Linm)

“PoL=522 mm . ST

NOR'S'

— : 1 5L 12,27
IS e 14.82
3 BED 4.22

4 HL 5.36
PaL=7.64 mm 5 ED 1.57

6  PAL 7.64

7 SoL 1.89

8 PDL 5.22

*hotas:

BL = Blanderd Lerglh

TL = Tctal Lergth

A = Sody Deptn

HL = Heed Lengln

ED = Eyz Diamncbe:

PAL = Pre Anal Length
Sl = Snous Langih
FDL-Pre dosal-fin length

SCOMBRIDAE
e |

Genus identified= Scomberomorus

Five species of the Genus Scomberamarus
in the Southeast Asian region (1/2)
¥ . taral e wih & tses 6
LR o el TR

5. snensts -l

~ g e
Eang o EEESE

5. commers:

sy walth & s af .
:"m'\;u-lﬁn-'; e

Tatia! Tt sy g gt aly
andfew i b1y A

Bk wit-wast o
beiacus rderinty

£ fmeclatus N—— g

Five species of the Gonus 5o
in the Southeast Asian reglon (2/2)

B i sommang gty
i AT
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Drawing based on Microscope Observation

1k, 3b
[ ™ e T - o (¥=45) . Fint dorsal fin develop prior second  dorsal fin,
; = Preopercular spines present. Vertebrae (myomers) 31-64

3b. Snour pointed. Preopercular spines form usually well and
clongate at angle, Vertebrae (myomers) 239, i

Kby et 4a. Supraoccipital spine present 5
5a. Snout elongate and it length about 2x of eye diameter.
Supravecipital sping distince. No pigment appears on pdv:c
fitn. Vertehras (myotnere) 41-52 s

< Scamberomorus

Taeage™ b:a'm:

* Keyidentilication for Scamd FILY LRI

1

Measurement Information

- 1
- 7
SL—4.21 mm 3
r i 4 SnL 065
PDL=233mm < PAL 255
& FDL 2.33
7 B 1.60
| dmm s—u‘m) 1.60 mm. - _
‘ PDL=2.55 mm ‘ 5 = Stancard leagth ‘
L= Total Length LAKVAE OF THE SCOMRRID FISIIES [N THE
3 8D = Sady Depl SOLLHEAST ASTAN WATLKS (0/17)
1L = HeaZ Lengia

SnL~0.65 mm EU = bye Lhigmeler
- i FAL = Fre Anal Length
Snl = Spout Length

12

3 ENGRAULIDAE

4 Species under Encrasicholina genus

Four species of the Encrasicholing
in the Southeast Asian region

Eiza @{m

e urdbsanched fins unibrancsed
-7

e :
‘mnila tip more o less poirted,
jecling wostaricaly savend |

fst 3 ey o

Iewer gl
e

N Y e b
i tio moie or lese polnted,

EEtRg posteriarhy beynad
TR

Foear]

ik ﬂ|7ur:nr\d|a(

tower il
fing unkwanchod
T

Encrasicholina heteroloba Eﬁ@-m}?ﬁnm &W
(Short-head anchovy) iy
(Bilis Bunga Kepala Pendek
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- T
Genus Identified T TR

13 Corsakfn base present at midpcin: of body, and i enc remarkaty

anterir 13 2rus. Total myameres morz than 7L veeeeeees Caills
its end ovar erigin of 243l fin ar mtuhrmﬁeo‘h‘nﬂmlM
merzs (25 than 70, +eessssrssnssanammmnnnriseins 3
dersaldin hase S A e T ARG Bk e 3
b Analin rays less than 30, anelits 925 hess han 1.5 fimes of corsal-
finbass, =oremrrammmmammnsiiiiiai b sn s sirrrinns 4
A Sra g AT e
thand], ssseaveassnssssnsnnasernres w Setlplng
3 Headnot depresssd, Ansfin rags less than 49, |
da Origir.of aral fin just urdar 2ndl of dorsal fin,

Ab rigin o snal fin dist
52 Totsluarsoree 4045
5 Totalvertebran 4487 sooirenniann

k:am'e Ecrasizheninn arvae =ave the Stoleberys3ype artargement of dorse’ and wral fng,
| e and Lustrne oecins of Lyeoth iz s e, ded o the aboee ey,

SL 8.47

L
2 TT. 9.42
3 BD 0.60
i 4 HL 1.50
5 ED 0.40
6 PAL 6.36
7 SnL 0.52
8 PDL 5.68
Larves of Encrasichalinn heteraloba
Motz

SL = Srandard Lengzh
TL="Tl Jfﬂ;l"

10~ Body Dege
HL=Hed Length
ED' = Eye Diannzier
FAL - Pre Anal Length
Sl = Snour Lengeh

FETERE

Nk 79201

4 CARANGIDAE Carangoides sp. '5

50C Body deep, tail tapering, Group 1: supraoccipital crest (SOC) present; body shape deep
caudal peduncle low
= Noelongared fin rays > not an Alectis spp.
= No pigment on myamere and abdominal finfold 2 not a
Caranx sexfasciatus

= Nowvery elongated preopercular spine, and body not heavily
pigmented = not a Grathanadon speciosus

s
B} = 450 SL * Body not rhomboid = not a Parastromateus niger

= Pelvic fins and body not heavily pigmented = not an Ufia sp.
Detached 2 anal spines
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MEASUREMENTS AND COUNTS .

Deep body Large head Small eye
BO 45% BL HL 52% EL ED 23% HL

D:VIIL 19
Al 14
Th: 25 (10+15)

1
2
3
4
5
B
T

SL
HL
ED
SnL
PAL
PDL
BD

Gut moderate
PAL 43% BL

Stage: PosHiexion

4.22
1.65
0.50
Q.60
2.79
2.16
1.89

5 SERRANIDAE Epinephelus sp.

Stout, elongated, and
serrated pelvic-fin spinas,
pigmented at the tip

Stout, elongated, and serrated -
daorsal fin spine, pigmented at QUt coiled and CompaC’[

anal fin base

Flamert (a noteh) onthe fin spines = not a Niphon

Group 9: Body moderate,

, Body shape: Epinephelinae
Serranidae

No. of myomeres is 24,
serrate dorsal- and pelvic-

v,

' Tribe: Epinephelini, genus
Epinephelus

MEASUREMENTS AND COUNTS

Stage: Flexion

Moderate body D: not developed
BD 25% BL A: not developed
TM: 24 (5-19)

Large head i
HL 36% BL i i1 | Measurement (mm)
Moderate eye 1 NL 4.56
ED 29% HL 4 HL l.66

3 ED (.48
Gut short
PAL 49¢ BL 4 SalL 044

5 PAL 225

& PDL 1.70

7 BD 1.15
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OVERVIEW -

SUMMARY RECOMMENDATIONS
* 6 families;: Scombridac, Carangidac, Engraulidac, ¢ Further training on specics identification on other
Lutjanidae, Siganidae & Serranidae family eg.: Clupeidac, Nempiteridae, Cynoglossidae,

Mullidae & Sphyraenidae

* Achieved main abjective: to identify anchovies
» Hands on @ practical on field sampling using larva net
@ bongo net and preservarion’s methods,

until specics level.

THANK YO
Argato

Khaawp-khun

Terima kasih

F. PHILIPPINES

Species Identification

Philippines
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Sample 1: Carangidae

Click to add text

Morphological Descriptions

* Bodydepth: 1,77 mm
* Bodylength:  4.22mm
* Byediumeter: 0.52 mm
* Head length: 1,65 mm

mim

*  Dorsal:
N
I
S
N

* Sobs 0.56 mm *  Deseription:

" Rady madeniely elangate (Groun 11

*  Supranceiphinl crest (SO0 is st and s g poinied
P‘m‘:ﬂ:_\ (RO b et unid s o puoinie
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Sample 2: Engraulidae

Click to add texc

Morphological Descriptions

Baody depth: 1.32 mm Dorsal: 14

Budy length: 14.55 mm A 16

Eye diameter: 0.61 mm Py

Head length: 2.45 mm FP.:

FDL: - mim M: 43

sl 0.64 mm Deseription:
* o Biady very elnngale
. Exalorfmmh locared st che mid postenor part of the
*  Sehes of melanophoze: on the ventrsl pordon of the

body [from below the sperculum up to candal fin hasze
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Sample 3: Siganidae

Click to add texc
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Motphological Descriptions

Body depth: 2.23 mm
Body length: 6.57 mm
Tye diameter: 0.79 mm
Head lenpth: 2.02 mm
TDL: == mm
SaL: 0.55 tam

Dorsal:
A VII,9
Py 17
Py
V 23
Description:
= Serrated snoul and frontal lobe
*  Heavy pigmentanion on e 2% dorsal spine

SHeries of mela ze ar the base of 2° dorsal fin
anl chong the milline
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. Sample 4: Serranidae

| Click to add text

1
T

R

Morphological Descripdons

* Dorsal: 16 -17
* Anal: II- 8

* Body depth: 3.52 mm
* Py oI

- * Body length: 10.14 mm

* Eyc diameter:  1.05 mm
' * Very long dorsal (2°%) and pelvie (1%)
* Head length:4.41 mm

* Descriprion:

;_'”: * Fine serration on the anterior margin of
Eﬂl * PDL: 4.78 mm the spinc

E i F . ;
=2 * Spl. 206 mm It_ha:gs; is:srauon on the posterior margin of

¢ Fin membrane pigmenied

Page 70 of 162




Aand

Future Plan

* Study the migraton of €. {ebilis larvae from the seawater environment

- (Balavan Bay) to the freshwater environment (Taw/ Lake). .

* Apply the same study on:

* Sipanids

* Abundance and Distribution of Ichthyoplankton in Northern Palawan
focusing on Deapiar spih and other small pelagics

G. THAILAND

ar UNO® & &

environment

REGIONAL TRAINING COURSE ON FISH LARVAE

PHASE [; LARVAL FISH IDENTIFICATION AND FISH EARLY LIFE HISTORY SCIENCE

Trainees

Department of Fisheries
THAILAND

Mrs Piyawan Hussadee

Mr Wiwattanan Boonyoung
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Characteristics

Scomberomorus commerson

Engraulidae

Characteristics

Description

1. Supraoccipital spine

2. 42 myomeres

3. Head pointed, snout large
4. Teeth

Scombridae

Measurement (mm)

SL:353

HL:1.66
ED: 039
SnhL:0.80
BD:1.25

PAL: 238
PDL:1.66

Description

1. Anal fin rays less than 30, and
its base less than 1.5 times of
dorsal fin base

. Origin of anal fin distinctly
anterior to end of dorsal fin
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Engraulidae

Selaroides leptolepis

4@!&-@3&

Carangidae

Measurement (mm)

5L:12.50
HL:1.94
ED . Q.50
SnL: 0.66
BD :1.07
PAL: 8.41
PDL:7.88

Description (Group 2)

1. SOC present (shape like mountain ;
Ref, Chayakul, 2022)

2. Preopercular spine developed

3. Pigment present on lateral midline

Measurement (mm)

SL: 4861
HL:1.72
ED: Q.54
SnL:0.56
BD :1.56
PAL: 2.74
PDL:2.00
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Siganidae Deseren
. Serrattions formed
2, Small spine extended forward
. Small mouth

4, Caudle peduncle narrow

1—’\

Siganus - guttatus

Measurement (mm)

SL:6.94
HL: 215
ED: Q.79
SnL:2.22
ED: 156
PAL: 3.55
PDL:2.06

ILLUSTRATION

STEP 1: Choosing STEP 2: Making a first STEP 3: Tracing paper
speciment sketch by pencil with rotring pens
If possible, 3 speciments of 3 Observing, measuring and Enlarge or reduce in an A4 size
stages of a species counting. Zoom-up in full size by photacopy machine
of A4
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STEP 1: Choosing
speciment

If possible, 3 speciments of 3

stages of a species

ILLUSTRATION

STEP 2: Making a first
sketch by pencil
Observing, measuring and
counting, Zoom-up in full size
of Ab

STEP 3: Tracing paper
with rotring pens

Enlarge ar reduce iman A4 size
by photecopy machine

’ a

oy

£

i

e
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H. VIET NAM

environment

Larval Fish Identification and Fish Early Life History So

Fish Larval Idetification Resul’;

Prepared by
Mr. Tran Nhat Anh and Mr. Pham Xuan Thai
(Research institute for marine fisheries)

Fish Larval Idetification Result

Nemipteridae

Carangidae (Anle mate)

Family: Nemipteridae

Scombridae (T 98)
Sampling 8T: 72, Sampling
Mesh size: 330 pm

Family: Nemipleridae
Uenus:

Science name;

Measurements:
Description: SL: 4.92 mm
Body shape: Moderate and compressed (BD is 32.5% o SL) 110 182 mm
Gut: Round and coiled reachs ta mid hody (PAT 54,5% ST.) BD: 1.60 mm
Head: Moderate and rounded dorsally ﬂif[. 37% SL) SnL: 51 s
Snout: Short and steeply sloped (Snl. 28% HI) - s

[Tead spination: None
Eyes: Large and round (ED 35,7% HL)

Pigment: Disappear on this specimen

PAL: 2.68 mm
PDL: 2,03 mm

i -
Fin: Nut completion Myomere: bl
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Family: Scombridae

Thunnus tonggol (T 102
Sampling ST: 18
Mesh size: 500 pm
Family: Scombridae

(ienus:

Science name:

Measurements:
Deseription: SL. 4.42 mm
Body shape: Moderate and tail tapering HL 732 mm
Gut: Found and coiled reachs to mid body
) i BD: 1.49 mm
Head: Large (HLis 50% of SL)
Snl.: 0.90 mm

Snout: Pointed and elongate (SnL. 40.5% HL)
Spinarion: Spines present on proopercular, supracceipital spine ED: 0.65 mm

apont PAL:  2.40 mm
PDL: 234 mm

Pigment: None

Fin: Fins are not completed, first dorsal fin develaps pricr to
second dorsal fin Myomere: 39

Famisly: Carangidae

Curagoides sp. (52)
Sampling ST: 44 (Gul
Mesh size: 500 pm (Bof
Family: Carangidae

Genus: Atile

Science nume: diwle mate

Descriplion: Measurements:

Budy shape: Moderate (BD is 37.8% of SL) SL: 12.95 mm

Gut: Round and coiled reachs to mid body (PAL 50.3% SL) HE  35mn

TMead: Large (TT1. 35.2% SI.). Eves are round and moderate I 4.90 mm |
Snout: Triangular (SuL 34.4% HL) Soli  L57mm
Head spination: Disappear ED: 1.11 mm

Pigment: Pigment ditribution on body, on head, base dorsal BALy b

and penvic fin, pigment present along myoseptum PDL.  5.36mm

Fin: Fins arc [ully complewed. D VIII-1, 24; ATIL-L 20: C 9+8 Myomere:

Atule mate

£

LA pase
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Family: Clupeidae

Clupeidac (52)
Sampling ST: 44, sampl
{Neuston nct)

Family: Clupeidae
Genus:

Science name:
Description: Measurements:

Body shape: Very elangate 5L 1115 mm

Gut: Strinted and elongate (PAL is 82.4% o SL) HL: 1.70 mum
Ilead: Moderate and compressed (111, 15.2% SL) RBI: 0.90 mm
Snout: Moderale and pointed (SnL 26.5% HL) Snl: 045 mm

IHead spination: None ED: 0.40 mm

Pigment; Linear pigment develops ventrolaterally PAL: 919 mm

Tin: Fin rays are present. T 16; A 16,C 918 PDL: 699 mm
Myomere: 40

Clupeidae

Family: Lutjanidae

(52)
05B(0.3) 14 -7

Family: Lutjanidae
Gienus:

Scicnee name:

_ Measurements:
Description
Body shape: Deep (BD is 42.7% ol SL) Bls KA
Gut: Coiled and triangular, cxtends to around mid body (PAL HL: 1.75 mm
33.1% SL) BD: 2.03 mm

Ilead: Large (L1L 36.8% SL)

Snl: .50 mm
Suoout: Moderate, concave in the dorsal profile and slightly
pointed (SnL 28.6% HL) ED: 0.34 mm
Head spination: Spines [onm on the preopercular, opercular, PAL- 759 wain
supracleithral, spines on preopercle are large

Pigment: present on cleithral symphysis, ventral of tail BRLz Tl

Fin: DX, 13; AIIL 8 Myomere: 24
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Lutjanidae

Scombridae (Rastrelliger kanagurta)

Lutjanidae (Lutianus carponotatis)

Ca
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I.  UNIVERSITIES-THAILAND

U N f 3 Regional Training Course on Fish Larvae

environment Phase I: Larval Fish Identification and Fish Early Life History 5

an Laongmange and Nathacha Changphetphol

Regional Training Course on Fish Larvae

environment Phase I: Larval Fish Identification and Fish Early Life History Science

Regional Training Course on Fish Larvae
Phase I: Larval Fish Identification and Fish Early Life History 5

Family: Scombridae Morphology
Scientific name : Scomberamorus commerson

Body shape: Moderate

Gul: compact

Snout: puinted

Mouth: Oblique

Testh: Developed

Tve: Round and large

Head spination: supraoccipital spine present
Pigment: no pigment
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Regional Training Course on Fish Larvae

Phase I: Larval Fish Identifieation and Fish Early Life History Science

supraoccipital spine
snout pointed

gut compact

preopercle spine at angle elongate

Key to species (genus) of the Scambridae larvae
(ca 10 mm BL ») in the Southeast Asian regian (1 /3 )

La Mo preapersylar sgines, Round head anc mouth ralatively small,
e nozl merginat @il plgmentec. V [Th) 31. - =« Scomiber, Rastrellfger
I.;h_gﬂp'iﬂ_-”” TrEsEnT er e ey OO T )
FEJ T TR (T TS N T T T | ST IR TRTE [P T T
not distlrcr, flve to 6 large plgment oatckes presert an dorsolztera
hapgrs W{TM] BT rerrrerrrna e
rreeres Gromwmotorcynus Bilneatus

VY ATER. SPMNRS OF DIFREREIE, [T

ety i1 Heswu oo

AMPTEL NG laEs,

Scarmbarcmonus
Toyr came

+e+ Sarde orientalis

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

Scomberomorus guttatus
BJE compact VA3
auRrastEipial e, 7 T
sping d T g 5 o
! =
© Lh==
) = e a5.4mm NL
<= —— b5 mm NI
ra elon gat: percle spne
[the s3ines neardy in same size) j“‘@l,
sncut pointed —
\ © Tt i NI
5 i g
b {,.\_ 2
gt
ok
d &7 mm 5L

Zharg {1965}

Scomberomorus commerson

snout painted
-

a4.5mm 3L

b 5.0 mm 5L

@

c22mmsl

d9.1 mm SL
Jenkins [1984)

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identifieation and Fish Early Life History Science

BL 4.8 mm
HL2.40 mm
ED0.57 mm
SnL111 mm
BD1.29 mm

PAL2.90 mm
PDL2.41 mm
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Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

*  Indo-West Pacific: Red Sea and South Africa to Southeast Asia, north te China and Japan and seuth to southeast Australia, and

to Fiji (Ref, 6190),

®  Immigrant to the eastern Mediterrancan Sea by way of the Suez Canal. Southeast Atlantic: St. Helena,

Family: Carangidae
Scientific name : Selaroides Ieptolepis

. Bady shape moderate

Group 2

From 4 groups of carangid larvae in the
Southeast Asian Region

Ref. fishbase

Regional Training Course on Fish Larvae
Phase I: Larval Fish Identification and Fish Early Life History Science

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

Morphology
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Regional Training Course on Fish Larvae

] Fhasel: Larval Fish Identification and Fish Early Life History Scicnce

Genera and species with larval information available among carangid
fishes in the Southeast Asian region — Group 2

Characters Tribe Genus Species
Alepes | Alepes sp.
| D. macarellus
Group 2 Decupterus [
Carangini | D. macrasoma
Supraoccipital crest (SOC) Selar | S. crumenophthalmus
present; bady shape : T ]
moderate Selaroides | . leptolepis
Naucratini Elagatis | E. bipinnulata
| . lysan
Scomberoidini | Scomberoides | T

Regional Training Course on Fish Larvae

Pl a4 [hasel: Larval Fish Identification and Fish Early Life History Sclence

BL4.5 mm
HL1.66 mm
ED0.54 mm
SnL0.49 mm
BD1.51 mm
PAL2.62 mm
PDL1.70 mm

Myomear = 10+14

U N % ﬁ Regional Training Course on Fish Larvae
environment Phase I: Larval Fish Identification and Fish Early Life History Science

3 preopercle spina development

ent patterns on dorsal and ventral body

Melanophorses along myosepta

Anus beyond mid-body
* Similar to Selar erumenophtamiis
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U N & Regional Training Course on Fish Larvae
] Fhasel: Larval Fish Identification and Fish Early Life History Scicnce

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

From St. no. 5 of the regular fisheries
resource survey in the Gulf of Thailand
Of Department of Fisheries, Thailand

Thank to

Mr. Wiwattanan Boonyoung &
Mrs. Pivawan Hussadee

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

*  Indo-West Pacific: Persian Gulf to the Philippiaes, north to Japan, south to the Arafura Sea (Ref, 9819) and Australin (Ref, 3287),

Ref. fishbase
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UN&

environment

Family: Engraulidae

Scientific name : Stolephoras indicus

environment

UN @

] Fhasel: Larval Fish Identification and Fish Early Life History Scicnce

Regional Training Course on Fish Larvae

Regional Training Course on Fish Larvae
Phase I: Larval Fish Identification and Fish Early Life History Science

Morphology

Body shape: Very elongate

Gut: Elongate, 75 % of SL

Snout: Short, 31 % ol HL

Mouth: Small and terminal

Eye: Round and large to moderate

Head spimation: None

Fins: anal-fin basc short, dorsal fin ray owerlap with the arus fin
Pigment: Tsthmus, notochord, ventral midline gul

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identifieation and Fish Early Life History Science

TP

distance between anal-fin origin and dorsal-

fin end narrow

Page

anal-fin bese short
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Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

BL 10.58 mm
HL1.66 mm
] ED0.43 mm
A SnL0.48 mm
BD0.79 mm
PAL7.46 mm
PDL6.87 mm

Regional Training Course on Fish Larvae
Phase I: Larval Fish Identification and Fish Early Life History Science

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

*  Indo-Pacific: Red Sea and South Africa, Including the Persian Guif, Madagascar and Mauoritins eastward to Hong Kong, the
Arafura Sea (Ref. 9819), northern and eastern coasts of Australia and further east to Samoa and Tahitl.

Ref. fishbase
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Family: Siganidae

Scientific name | Siganus guttatus

environment

U N &

environment

environment

Small spine extending forward

L

e

Preoperculer spines formed

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identifieation and Fish Early Life History Science

Regional Training Course on Fish Larvae
Phase I: Larval Fish Identification and Fish Early Life History Science

Morphology

Body shape: compressed

Gut: compact

Snout: Short

Mouth; very small

Eye: Round and large

Hearl spination: Preapercular spines formed

Pigment: snout, head, dorsal spaincs membrain , dorsal and
lateral mulline

Regional Training Course on Fish Larvae

Phase I: Larval Fish Identifieation and Fish Early Life History Science

Pigment at dorsal and lateral midline
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Regional Training Course on Fish Larvae

] Fhasel: Larval Fish Identification and Fish Early Life History Scicnce

BL6.81 mm
HL2.21 mm
ED0.79 mm
SnL0.64 mm
BD 2.2 mm
PAL3.21 mm
PDL2.01 mm

Regional Training Course on Fish Larvae
environment Phase I: Larval Fish Identification and Fish Early Life History Sclence

From Philippines

Thank to
Mr. Marvin Tobias &
Dr, Demnis D, Tanay

Regional Training Course on Fish Larvae
Phase I: Larval Fish Identification and Fish Early Life History Science

From Philippines

Thank to
Mr. Marvin Tobias &
Dr, Demnis D, Tanay
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Regional Training Course on Fish Larvae

Phase I: Larval Fish Identification and Fish Early Life History Science

*  Eastern Indian Ocean and Western Pacific: And Islands, Thailand, Malaysia, Singapore, Indenesia (including Irian Jaya),
Viet Nam, Ryukyus, southern and castern China, Taiwan, South China Sea, Philippines, and Palaun,

Ref. fishbase

Regional Training Course on Fish Larvae
Phase I: Larval Fish Identification and Fish Early Life History Science

J.  RESEARCH INSTITUTION-(MFRDMD + CHULA LONGKORN UNIVERSITY)

2 SEAFDEC/MFRDMD,

Shatrtar Tieranan

ldentification of Fish Larvae

Regional Training Workshop on Fish Larvae
Phase |I: Larval Fish Identification and Fish Early

Life History Science
16-27 Movember 202
SEAFDEC Training Departmeant, Samut Pr rn, Thailand

By
Mr. Muhammad Amirullah Al Amin Ayob
SEAFDEC/MFRDMD
Asst. Prof. Dr. lichika Sivaipram.
Chulalongkorn University
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Family: Scombridae

Sample: #79 ST.16 330 pm 19-12-62

Genus: Rastrelliger

Scientific name: Rastrelliger kanagurta (tentative)
Larvae stage: Post-flexion

D{Dorsal fin) VKl =11~13 + 4~6 VIII~IX =12 +5 D2:12 +5(17)
A [Anal fin) 10~13+5 1245 12 +5 (17)

P1 (Pectoral fin) 18~22 19~20 NA

P2 (Pelvic fin) 1,5 NA

V(M) (Myomere) 31 31

Identification key:
1. No preapercular spine, round head, mouth relatively small
2" dorsal fin develops prior to first dorsal fin

2.
3.
4

LSP.

Bodypart ___|Features

Bady shape Slightly elongate (BD 10-20% BL)

Head Large, round genus. The larvae morphology is
very similar. Need a molecular
(DNA) approach to confirm the

Snout Round species.

Nate: It is difficult to difFerenrjate

Gut Coiled and compact early (3 mm)

Mcuth Oblique; relatively small
Eye Round

Head Spination  No spination
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Preopercular spines absent

-

2nd dorsal fin develops

prior to first dorsal fin 2" dorsal fin=12 +5 (17)

T

Vertebrae (myomeres) = 31 Anal fin =12 +5 (17)

The dorsal and finlet form as part of
the main body of the fin and do not
separate from it until early juvenile
stage.

EL [Standard length) £.2

HL (Head length) 1.94 HL 37.3% of 5L
ED (Body depth) 1.54 BD 29.6% of 5L
SriL (Snout length) .47 SnL 24.2% of HL
ED (Eye diameter) ED 33.5% of HL

FAL (Pre-anal fin length) PAL 53.7% of SL
FDL (Pre-dersal fin length)
VAFL (Vent to anal fin length)
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Specimen photo & Drawing Rastrelliger sp:

D:17 (12 + 5]
A:17 (124 5]
M 31

Hlistration by:  Apivillah

Family: Engraulidae

Body part

D (Darsal fin)

A (Anal fin)

P1 (Pectoral fin)
P2 (Pelvic fin)

V(M) (Myomere)

Identification key:

1. Dorsal fin base posterior to midpoint of body, myomere < 70
2. Anal fin ray less than 30

3. Origin of anal fin just under end of dorsal fin

4. Myomere count 40-45
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Festures

Body shape Very elongate (BD <10% BL)
Head Round and small
Gut Very long (PAL >70% BL)

Snout Slightly concave

Mouth Small and terminal; reaches to the anterior half of eye

Eye Round; moderate
Head Spination. No spination

QOrigin of anal fin Under the anterior end of dorsal fin

rus.sp. larvae. (before, this two genus group together)
The overlap of dorsal fin base and anal fin base is very important features

Dorsal fin count : 12 - 13
Myomere count’: 43
Origin of anal fin under

anterior end of dorsal
fin

Anal fin count: 12
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Measurement of Encr

_ BL
PDL

BL (Standard lengrh) <.86

HL (Head length) 170 HL17 2% of 5L
BD (Body depth) BD 10.3% of 5L
SnL (Snout length) Snl 32.9% of HL
ED {Eye diameter] ED 25.3% of HL

PAL (Pre-anal fin length) ;i PAL 72.4% of 5L
PDL (Pre-corszl fin length)

Family: Carangidae
e Sample: #54 ST.44

* Tribe: Carangini
* Scientific name: Ca jodes sp.

* Larvae stage: Post-flexion

D (Dorsal fin) ViIl-I, 17 ~ 34 VI, 17 ~ 34 VIil-I, 19
A [Anal fin) II-1, 14 ~ 27 -, 14~ 27 11, 14
P1 (Pectoral fin) 18~24 18 ~ 24 NA

P2 (Pelvic fin) I,5 1,5 NA

V(M) (Myomere) 10+14 ~ 15

Identification key: Group 1 of carangid larvae
1. Supraoccipital crest (SOC) present

2. Body shape deep

3. Preopercular spines present
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P

Description of Carangiodes sp. ‘,

» Body shape: deep to very deep (BD>40% BL)

* Head: moderate to large and moderately compressed,
roundly triangular

* Gut: coiled, roundly triangular
* Snout: triangular, short

* Mouth: oblique

 Eye: large round

present, spine at angle longest

* Pigment: if present occur on dorsal and ventral midline,
snout and brain

* Remark: pigments of our specimen is not clearly seen

%
Diagnostic characters of Carangoides sp.

Supraoccipital crest

(SOC) present Body deep, tail

tapering and caudal
peduncle low

Anus beyond. Detached 2 A
half body spines present
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Measurement of Carangiodes sp. -

BL
PDL

HL

BL (Standard length) 5.37 PAL (Pre-anal fin length) 3.07; 57.1%BL
HL (Head length) 2.40; 44.6% BL PDL (Pre-dorsal fin length) 2.69

BD (Body depth) 2.49; 45.4% BL VAFL (Vent to anal-fin length] 0.28

SnL {Snout length)  0.80; 33.3% HL

ED (Eye diameter) 0.63; 26.3% HL

Family: L_u_tJ_a_.n_l_d_a_e_
Subfamily:

. Sample Upper Gulf of Thailand from P’ Mai

* Scientific name: Lutjanus sp.

* Larvae stage: Post-flexion

D (Dorsal fin) X-XII, 12-16 X, 14
A (Anal fin) i, 7-11 1, 9
P1 (Pectoral fin) 15~ 19 NA

P2 (Pelvic fin) 5 NA

V(M) (Myomere) 10+14
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Description of Lutjanidae %

» Body shape: deep to very deep (BD>40% BL)

* Head: compressed

e Gut: coiled, 40-67% BL

* Snout: slightly elongate

* Mouth: horizontal to obligue, prominent canine teeth
* Eye: round; moderate size

» Spination: smooth spines on preopercle, at the angle
largest

. Pigr)nent: dorsal surface of the gut and gas bladder (not
see

» Remark: pigments of our specimen is not clearly seen

Diagnostic characters of L

Dorsal-fin spines smooth
and 2nd spine very
elongate

Anal- and pelvic fin

_ spines smooth
Spines developed

on opercular bones Ut Spine

1st soft ray of P2 very
longer than spine
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Measurement of Lutjanus sp.

BL

BL (Standard length) 5.88 PAL (Pre-anal fin length) 3.42; 58.2%
HL (Head length) 2.40; 40.8% BL PDL {Pre-dorsal fin length) 2.29

BD (Body depth) 2.33;39.6% BL VAFL (Vent to anal-fin length) NA

SnL (Snout length) 0.76; 31.7% HL

ED (Eye diameter) 0.72; 30.0% HL

Drawing of
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Annex 2: Utilization of DNA barcodes for the identification of tropical larval fishes

Utilization of DNA barcodes for the
identification of tropical larval fishes in
Klang Strait, Straits of Malacca

By Cecilia Chu
16 November 2022
SEAFDEC/TD, Samui Prakan, Thailand
?UNIVERSITY — MINISTRY OF

oraavill o NG (D5

ADVANCED STUDIES

Sample collection and preservation
using denatured ethanol

lDNA extraction

{PCR (Polymerase Chain Reaction)

({outsourced to
commercial lab)

[Sequencing of DNA (Barcode)

‘ Phylogenetic analysis

SPECIES IDENTITY

Work fiow

Sample collection obligue tow

10 mlnutes
1.5 Rwots

TH SAMATREA

45 o dlavaeter
180 § 362 P

Goaogle

Image source: & 2020 Google
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Right: Plankton net

Tissue preservation method DNA Extraction method
CTRI
. [cEpEnt P G-Spin™
- Total DNA

NucleaSpin
@ Tissue XS

Chelex extraction is much less expensive (USDO0.07/sample)
compared to the extraction kits (USD1.28-3.26/sample).
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Val. 2i: 269-277, 2005 AN B O O R SRIES Published February 2 V’Cheap
' v'Rapid
v Easy
Shipboard idenlification of fish eggs and larvae v'Whole
by multiplex PCR, and description of fertilized eggs body of
of blue marlin, shortbill spearfish, and wahoo larva can

Mar Fral Prog Ser

LR Tydel2*, It Tynn, R. Tlumphreys Jr., M. Musyl!, A. P. West’, R. Velier? be kept for
future

reference

DNA extraction using 10% Chelex resin

o B9 Cheeles resin + ; : - reh 1. B0°C, 2 min
athe: 1 : : 2.103°C, 25

min
4 3. Leave at
' Place magnetic . . reom

stiming ber Inside o0 ; temperature
tha falcon tube and " A
stir the solation

While mixing, allquet
Thp 0% Chede rasin
irta 0.2m| centrifuge tube

Supematant
containing
DMNA

caontaining
DNA
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PCR amplification

Barcoding primers { Ward et al ., 2005) COl
F25 TCGACTAAT CAT AA GAT ATC GGCAC 3’ - .
R2 5" ACTTCA GGG TGA CCG AAG AAT cAGAA - | (Cytochrome oxidase subunit I)

| exTen 2x PCR master mix  12.5 pl 3
| forward primer 05 pl : Thermal cycler
| reverse primer 05 -
. DNA template 1.0 pl
| dH:0 105 pul

Total 25.0

BT
1 minute
1 minute

L5 minutes ;
Tminutez || —y.  DNA sequencing

(outsource)

Data analysis

Sequence Scanner 2.0:
http://resource.thermofisher.com/page/WE28396_2/

ISt AST_ASSEESA_EA T - Beepad

MEGA SOﬂware. H_F rdir Farmat View Help
https Thwww. mBQGSOﬂware net/ e

CCTGCTAATTCGEGCAGAAT TAGCCCAACCOOGOGCCCTTCTAGGCGATGA
CLARATCTATAACGTTATTGT TACCGLCCACGOT TTIGTAGTARTTTTONT

ST
UL 1A ACCAATUAT AR 1EGAEGL | | | GARAT AL TETICLLL]
ARTANTTEEAGLCCCCRALATAGINT TCCCCCOAATONATARTATGAGTTT
CTGAC TCCTCOCOCCATCCTTOCTACTTCTCCTTGE TTCATCAGGAGTTGA
AGCAGGAGTAGGOACAGGATGAACTGTATACCCACCCOTTLOTGOARATLET
TOLACALGLAGEAGTT TCUG I AGRCCT TALTAT I TIHTECLICUALT 1ALD
AGGAG TCTCATCAA TTCTAGGELECATUAAC T TCATCACAALTATCATT AN
CATRAMMCCTCCAGC TATCTCACANTATCAAACACCTTTATTTATTTRAGT
TATTCTAATTACTGCTGTACTCT TACTTCTTTICCCTCCCCGTCCTTGETGE

COGTATTALARTACTAT TARCALALUCARALL T TRATACTATTIICTITLA
PO CGUAGEEAGEEOOAEA FTLAN (T TACLAALAIC L sl e
|| H r\ |I TAGLCACCCAGAMAGTCTAR
‘\ Il* I]/' |;l | l’| \ |J rm ik ﬂ|
“dlli...'“ |.I l.'.lll"Lu

i

l\ l'lihlllll | llll‘l‘II. “

I \|||J|

\51~., L J|

Website:
https://blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TY

PE=BlastSearch&LINK_LOC=blasthome

BLAST ¥ i hlzatn suite Home  fdeoent Kesults  Sseea Stelagies  Help
Stardard Hucieotids BLAST
o i

s da-avans g o byl e g (RIS

Enter Query Sequence
Enler accessizn numﬂ!l glis), of FASTR sequencais) §) Ui Cuery subrangs
From

Ni PR LEH |“||uﬁ§:mﬁw||~.ﬁ.,_ UL | e A |
T TATAAS STTATTAT CTTTTOTAATAATTIT =
T TATAG TAATA S CARTCATART T SO T TG TEACT T To0: | &
Cr, upload fila Chasa Fie | fie Loosn ]
Jut e |
Enriei i dozuling U8 B v SLAST seans

1. Paste DNA sequence

| Al e e sngieanes ©)
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Choose Search Set
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CLUPEIDAE
Poveal

siarminag

WM T
U
i TSI

Heavy plgments
ow top of head

No pigments
on top of head

I
Moderate pigments

ow top of head

e . |

<2.5% Lnter-
specles divergence

>32.5% inter-
species divergence
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Q: Can DNA barcode differentiate
between the species of larvae and used
for routine identification of the larval

fishes?

But...

T
{ S IR

A: Yes, for most species

* Species assignment is not straightforward because of
am bIgUOUS matches and wrong identification
+ General lack of reference sequences especially for

speciose and non-commercial fish families such as Gobiidae,
Blenniidae, and Callionymidae

* Other gene markers may be needed to elucidate the
identity and phylogenetic relationships of cryptic species such

as Ambassidae and Gobiidae

Species of larvae identified using DNA barcode

- 48 taxa from 21 families

Hemiramphidae (Hyporhamphus quayi)
Clupeidae (Anodonfostorma chacunds,
Escualosa thoracata)

Engraulidae (Coilia dugsurmien, Coilia sp. 1,
Stolephorus commersonil, Stolephorus
dubiosus, Stolephorus insularis, Stolepharus i)
Mugilidae (Paramugil parmatus and Qsteomugi!
CUNNBSILS)

Ambassidae (Ambassis gymnocephalus)
Apogonidae (Osiorhinchus fascialus)
Blannildaa (Sp. 1, 5p. 2)

Callionymidae (Sp. 1)

Carangidae (Alspes diadaba and Alepes kiainii)
Gerreidae (Gerres fimbatus)

Gobiidae (Acenlrogobivs cyanomaos,
Hemigobius hoevenii, Parapocryptes
serperaster, Trypauchen sp. 1, Tridentiger
barbatus, Sp. 1, 5p. 2, 3p. 3, Sp. 4, Sp. 5, Sp. 6,
Sp.7, Sp. 8)

Polynemidae (Eleutheronema
tefradactyium)

Scatophagidae (Scatophagus amqus)
Sciaenidae (Pennahia anea and Johnius
carouna)

Sillaginidae (Silagn asiatica and Sillaga
siframa, Sp. 1)

Stromateidae (Fampus argenteus and
Pampus minory

Cynoglossidae (Cynogivssus lingua)
Soleidae (Zetviss zebra, Sp. 1)
Platycephalidae {Kumococius
rodericansts, Sp. 1)

Tetrarogidae (Tetraroge barbatus)
Triacanthidae (Trixiphichthys weben)

Zaatagicad Stgies S8 30 (2019)
Aol 17 RRINES 3019 5530

Using DNA Barcodes to Aid the Identification
of Larval Fishes in Tropical Estuarine Waters
(Malacca Straits, Malaysia)

Tetraroge barbata
TETRAROGIDAE

Cecilia Chu', Kar Hae Loh', Ching Ching Ng?, Ai Lin Oai’, Yashinobu Konishi, Shih-Pin Huang®,
and Ving Ching Chong™*

Nnstte of Gnean 2 S Seeners vty of Matma, i oo ks E-mall el (o eaw my ),

vhinrgfym eeli ey i =
Hasdiufe of Brodegoa Srences. Faculy of Fretce, Linvers Sy of Maaya, Kudia Lumger Maars,
“CamespriTeCe E-maul ohamgeg ey E-mal Seng)um e my (gp

e parement of Agneulral and Food Jeence, Facully of Soence. Uanerat
*FRkal Natondl Fusheres Mesearh instfute, Nigasan, Saoan. E-mal
FLGQVErETy HESRFCR UEVEE ACHTISM SGE, UBe HY awan | mar

1K A S0 FATTAD, HAMPAE, Perak. £-mal cOmuIas s ny
LT aveom
AN AAMEE GiTiay o

Tridentiger barbatus
GOBIIDAE

Pt 5 Apek M1 J dierapied 10 At 20072 Pablshad 17 et 20
Uormmricsted y Benry KK Chan
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Annex 3: Review of morphological development of larval fish characters

E Early life history stages of Trachurus symmetricus ﬁ

Morphological characters useful for

larval fish identification T e

(originally Ahlstrom and Ball, 1854)

Yoshinobu KONISHI

Formerly, Seikai National Fisheries Research Institute
Nagasaki, JAPAN

Kendall, A, W. Jr., Ahlsirom, E. H.
and Moser, B, G. 1984: Sarly life
hiztory etages of fishas and ter
Tikkow charactars. Pages 11-22 in Moser, H
= G., Richards, W. J.. Cchen. 0. M.,
Fakay, . F. Kendall, A W, Jr amd
Richardson. S. L. [eds.) Cntogeny
e and systeratics of flshes, Am. Soe,
lenthyal, Herpedol, Spec Pull. |

Developmental stages of bony fish ‘@) E

@ gz from Jones et al., 1978
® Yolk-sac larva

stage between hatching and absorptian of yolk
@ Larva |

stage between absorption of yolk and acquisition of

minimum adult fin ray complement Eggs and yolk-sac larvae

® Juvenile

stage between acquisition of minimum adult fin ray
complement and sexual maturity with assumption of
adult body form (orejuvenile: with assumption of
incomplete adult body form)
@ Adult
sexually mature

| s, P, Mastin F.D. and Hards, J. D, Jr, 1378, Develvormen] of fishes of e b d-Allaks Bigil A alle |
stece la~val and juvenile stages. Valume | Aciperssridas traLah btaluridse. L. 5. Dep. aterier, Mish Wil4L
Sarv, Blol Sere Pron FWAOBS-TRHZ 388 on

Developmental stages of fish eggs E Various types of fish eggs ﬁ
modified Mito (1973}

@ Pelagic eggs
v (solated eags (mestly)

The spawned eggs are isolated, not

forming any mass
¢ Agglutinated eggs (Laphiidae)

The spawned eggs are embeddedina
gelatinous rivbon/ballcon, or agglutinated
to each other forming a mass

@ Demersal eggs
v Adhesive eggs (Exocoetidae, Gobiidae)

The spawned eggs adhesive to
substratum with adhesive egg membrane
ar filameants

v Non-adhesive eggs (Salmonidae)

Early Tmbrys
| Early stage: spawning - blastpore closure
Milddle slage: blastpare closure = tallbud free

from Joneset al., 1978
| Late stage: tailoud free - hatching | Futalubis suire

Various types of isolated pelagic fish eggs ‘@) Structure and measuring method
from Kendall et al,, 1984 of yollk-sack (newly hatched) larva

=]

Toliraten Migtuamarts | camien marather

Faerwlall, A W, b 1984; Iddeidlilicativr o [ ahoegee, 10 37-31, 0 Onbugenry and syslemalics of shees, Muser, A, 5,
Ruchards, W J.. Cohen, 0. M, Fahay, . &, Eendall, & W Jr. and Richandson, 3. L [eds | &mer. Soc. Ich. and Hep. baes.
Pub, ka. 1

from lones et al., 1978
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Larvae

External characters of Preflexion larva

Trunk | man |

Mmmmes Mo Frige  lamng jor & banee

&

Htintuenil by

Ferane ik
s B shyckha g Citutmd s aniage
M G analtn maze
taeishiin T e Lo ol ot

Meira et al. (1998)

External characters of Postflexion larva

Head spination

2 Frecl | DUTCHRSIS SE—

i
o

:"{-.'lr

s e,

e P T

N

T @) L‘:i’;{@
, C

“uan e
T

. — \\;' :......“
o w‘ﬁi‘f B

e wwasee Neira e al (1996) -~ Neira et al, (1898)
Measurement General characters
useful for the identification
BL e
1. Body shape
2. Myomeres
3. Gut
4. Head
5. Snout
6. Mouth
7. Eyes
AL Leis and Carson-Ewart (2000) 8. Head spination
9. Fin formation
BD: body depth; BL: bedy langth; ED: eve diameter; HL: head length; .
PAL: preanal langth; PDL: pre dorsal-fin length; SnlL: sncut langth; VAFL: 10. Plgment
went to anal-fin length.
1. Body shape (1/2) & 1. Body shape (2/2) &

Leptocephalus stage of the Anguilliformes : transparent,

T e Very elangate 3 « i
& 2w & BDr{ 1D%EBL ribbon-like and usually have a small head and fang-like
Syneduntidae (lizardfshes) teeth
Elongate i ——
50 10-20% BL ‘@q;‘%‘ e :“5"_1’{ Elopidae (tenpoundsre)
I
Madsrate F i
BD 20-40% BL — — 5 Albulidae (borefisnes)
e —————— —
il ¥ Muraenidae i morays)
.
Deep to very deep
BD > 40% BL e
Fy “‘:2) Cangridae jconger esls)

= Epnipsidas [spadefishes)  Figures from Leis and Carsan-Ewart {2000) Figures from Maoser [1996)
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2. Myomeres

g s v TM ca 100 - 200
Trichiuridae [cullassiishes)
o .. ;
L 1 T™ ca 40 - 8D
Engraulidas fanchoves)
TM ca 30 - 60
™ 24

S,

Namipteridas [thraad-fin razme Figures from Leis and Carson-Fwart {2000}

3. Gut

Straight
Very lang

Coiled
Not compact
(PAL =1/2 body)

5 e

N - Coiled
P e

7 Mullidae [goatfishes) (Pﬁme;?m body)
!

Coiled
Ventrally protrudent

=

Cynoglossidas (tangue soks] Figures from Leis and Carsan-Fwart {(A000)

4. Head c@’

Large (deep)
HL > 33% BL

Moderate
HL 20 - 33% BL
{largar with growth in scma species)

Small
HL < 20% BL
(largar with growth in same species)

Sillaginidas (whitings)
Figuras from Lets and Carson-Ewart {2000)

&

5. Snout

Lang and painted

Maoderate and round

Short and
concave in
dorsal prefile

Menacanthidae (flefishes)

Figures from Leiz and Carson-Ewvart (2000)

6. Mouth &

Large, obligue and terminal

Menldae [moconfish)

_* E = -

Engraulidas {archovies)

Large and Infarior {al large
postfliexion and juvanils stagas)

o

Bmall and terminal

Balistidae (riggerfishes) Figures from Leis and Carson-Ewart (2000)

7. Eyes

&

Large and round
{ED > 33% HL)

Small at postfietion stage
(ED = 25% HL) and round

@ w5 I, i Elliptical in some spevies

Lo e

Scaridae iparrotfishes)

Figures from Leis and Carsor-Ewart (2000)

8. Head spination

&

Well-developed

Devaloped

No spination

Mugilidae {rullets)

9. Fin formation &
Fin development sequence

Elongate (early forming) rays
C—2D&A—1D—P — Py

and enlarged fin |

Serranid Epinephelinae
. lgroupers)

Mullid Upeneus traguwda (goatfizh)

Figuras from Lets and Carson-Ewart {2000)

Figures from Leis and Carson-Ewart (2000}

Scorpaenidae [scorpianfishes)
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10. Pigment

Characters usef

Type of fin elemants

ul for identification in order 1 (1/8p

Rays.

Rays
Well-develapad P, lormation Late Ofen early
P, fin formation Late Early to late
P, fin position Aadominal abdeminal
P, fin formula Usually 7-10 711
Dorsal fin () L 1 1
Anal fin 0 spine 0 zping {1 sping
Developed Adipose fin Mo Mo Usuially o<t
Principal Caudal rays 19 15 19
Dominanl body shape  Flangale, slender  Flongale, slender Variows, ofter elangate
Preanal longth (% BL) 48-90% 77-50% ca 20-75%
Type of gut Straight Stralght Strelght, varlousiy types
Poorin some spacies ecehing ghit s clsuliss
Head spination Mone Nene Usuzlly none
- Eerly forming fin Ne No Deeasicnally Py rays
Labridae Figures from Leis and Carson-Ewart {2000) Ipis and Cs = e

&

1) Clupeiformes, 2) Gonorynchiformes

and 3) Aulopiformes larvae Type of fin elements Rays Rays Spines ane rays
— - Py i rly irmes late § arly
Clupeiformes q!«(é- z P, fin formation Late Often early %m%,“."g-
P, fin pasition Juguler Thaoraciz or jugular Thoracic
Py finn formula 02 Various; 2-8 Qorl, 35
o Dorsal fin (5] 1 1-3 2, anteriar on head
Slupsifoms e “""""}- = :- Al fin 0 spine 0 spine C =oine
Engraulidas (anchovies) Adipose fin Ha Ne HNao
e FRRA y Pringipal Coudal rays 018 Various numbers B10
Sanarynchilam A e Dominantbodyshape  Elongate ' aes ol Globular
Chanldae [milkfizh) Preanal length (% BL} 33-55% Usually = 5% 30-50%
Type of gut Coiled Uzually coilad Deep, coled
Aulopiformes & e i . i Vertsbrae Ap-150 AC-many 1831
) : Head spination .Qu:mu}a r_sn:1 Usually nane i Mone .
) Figures from Lets and Carson-Ewart (2000} Eeriy formisg fin VM‘-'?"V?“’;W‘! b ' ﬁimtronﬁ s
4) Ophidiiformes, 5) Gadiformes &
G i
and 6) Lophiiformes larvae Type of fin eloments  Soines, reys, orrapsonly Spines and rays
- =T P, formation Late Late
Ophidiifermes P3 fin formation Late Late
P; fin positlon Thoraclz Abdominal to thoraclz  Abdeminal
P, fin formula L&0L5 L5 8
Dorsal fin (3) lard 2 1
Anal fin -1 spine O-1 zpine 0 spine
Gadiformas Adipose fin Mo Mo Mo
Principal Caudal rays 214 17 15
Dominant body shape Mm ety Llangate Elongate
Preanal length (% BL) 50.85% Zg;‘% gtﬁi‘ﬂf‘ 65808
Lophiifarmes Type of gut Iniialfy Ds‘t:r?eiﬁm. later Coiled Strsight
e — Vertebrae 21-54 21-55 36-97
Antannariidas (fregfishes) Head spination Mo ar L opercular spine Mo Mo
Early forming fin Mo No  at hatching

&

7) Gobiesociformes, 8) Atheriniformes
and 9) Beloniformes larvae

Gohlesociformes

Atheriniformes

Beloniformes

Belonidae (necdlofishos)

Figuras from Lets and Carson-Ewart (2000)

Type of fin elements
P, formation

P, fin formation

P, fin pasition

Py fin formula

Dorsal fin (s}

Anal fin

Adipose fin

Principal Caudnl rays
Dominant body shape
Broanal length [% BL)
Type of gut
Vartohrae

Head spination

Early forming fin

Spines and ravs

|I'||I and reys

Late Naot late Late
Late Often early Various, early to late
a1t minal I’é.‘é'&f.'i‘ngi’ Abgﬁo%‘?é e
L5 01, 2-13 0, 3-10
2 lor2 =)
2-3spines 0-2 splnes G- saines.
Na Ne Na
14-15 13-19 3-13
Slendar ta moderate  Slerdertostubbly  Deep, comprassed
57-78% €a 30-79% 50-70%
Ceiled, underslung Colled Deep, coiled
2436 2430 21-45
Nune Mone t&m{k?dly Mo m:?”nrh-rll\u
None Often 2306 Vizrius. none ta 7,
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&

10) Mugiliformes, 11) Beryciformes
and 12) Zeiformes larvae

Mugilifermes
Mugilides {muflets)

--- Beryciformes
. Beryridae {alfansinos)

Zeiformes
Zeldae [doories)

Eigures froe Leis and Cerson- Ewarl (2000)

13) Gasterosteiformes and 14) Scorpaeniformes Iarvag

Gasterosteiformes - A e e VL

Scorpaeniformes

paeni pionfishes)

Scorpaeniformes

Y Triglidae (gumnares)
Figures from Leis and Carson-Fwart (2000)

Splnss and nﬁ and rays

Type of fin alaments

P, farmation iate Late Variaus

P, fin formation Often absert, lats Intemediate Somatimas sarly

P finposition Abdarmiral Thorasic Vorlot, waizly

Py fin fanmula 08 1,5 or fowaer |, 5 or fewer

Dorsal fin (s) lor2 larl2 lord

Anal fin D-1spine U3 spines Usually 1-3 spines

Adlpase fin No MNa MNa

Princlpal Caudal rays o-15 Variakle, <18 \Jsually 17

Oominant body shapa  Varaus, aften einngats wﬁ‘:m:ﬁ,w“‘" W‘;ﬁ,ﬁaw

Preanal length (% BL) Marious, 45 90% o8 35-60% Marioius, 20 80%

Type of gut Uzually straighe Colled Warious, usually coiled

Vertabras 1987 cs 1565 il e

Head spination N:agg'l:fm ; aften asso- Usually Mene n;\-@medl\r
& P canbalage  Sometimes: O spine,

15) Perciformes larvae i ﬁ
L

L Sz Lutjanidae isnappars]

e
ﬁ'_,'/'."“‘_-: e
- T
,j @ﬁgm, S =)
T Latiinidae (amperore)

2ien .
Gemeldae (silvar piddies)

e

- Sparidas (breams)

Menodactylidas (mocaies)

Figures from Leis ang Carsan Swar, (2000)

Characters useful for identification in order 1 (6/§5

Rays cucepl Py soine in same

Type of fin elements Spires and rays ar rays anly
P, formation Late Sometimes early

P lin Tarmation Sometimes eary Diften absant

P fin position Thoracic to jugular Thoracic

P fin formuln | 5ord 26 o5

Dorsal fin (s} 1 ler2

Anal fin 0 spine 0 spine

Adipose fin Na Ha

Principal Caudal rays Variable 9-12

Varlcus, markedly

D dy shape ‘arious, usually maderate
Preanal length (% BL) Usually < 400 A0-00%
Typa of gut Cailed Coilad
Vertebrae 2365 1630
Head spinalivn Narie bo heavy Wariaus

Often, 1-12 Eﬂl!lll;! D rays,

Early forming fin sametimes 2-3 Py ravs

Sametimes Py roys

16) Pleuronectiformes and 17) Tetraodontiformes Iar@

Plauronectiformes Tetreodontiformes

Monacanthidae
(flefishes)

s

| [, Psettodidas iindien hallout
\ 1
AT

p

Diodontidae
({porcupinefshes)

Characters useful for identification in order 2 (1/§7

&

18] Elopiformes, 19) Albuliformes

B Chmcian: Ao | o it and 20) Anguilliformes larvae
Typa of fin slaments Rays Rays
Fyfommution e 1ane Anguilliformes
P_ fin fermation Late Aosent Elopiformes e ——
P tin position Abdorrinal Absent I . P
P, fin fermula 10-16 (tlop.) 11 (Albu.) Mosent gﬂ"“‘—-_._ e Muraenidae (norays)
Dictes) Bl i = Elepigae (tenpounders) R ’
Anal fin I 1
Adipose fin e No e S S
Principal Caudal rays 19 Usually 5-11, absenl in some Alkulifarmes Ophichthyida ake eels)
Dominantbody shape  Leptocennaus, forked tail Lepracephatus [ ﬂ? 2 o,k neh
Preamal lenigth (% 8L 75-80 (Flog: |, 90-95 (Albu.) 4095 B o ——
Type of gut Stralght Slraight, some with loap, rrely aiing 2\2_#___‘__,_ S —
Vertshrae 51-82 {Elop.), 65-92 {Albu.) 97-400+ {most 100-250] .
Visad Canation e e Cangridas {conger g5
Early forming fin Ho Ne

Nirsee 1HARY. | e e Figures from Moser (1996)
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20) Argentiniformes and 21) Stomiiformes larvae ﬁ’

Type of fin elements Rays Rays
P, lormation Lat, elongate in some Lake in most, elongate in ichihyocoreus Argentiniformes
Usually late
P, bins formation elnngane‘{n same Lete
P, fin positicn Ahdominal Ahdaminal
P, tin forma Naried, usully B-12 Variad, illly 20, o ta 261
Dorsal fin i3] 1 1
Anal fin 1 1
Adipose fin Wsually presenl Cilen present
Principal Caudal rays 19 [1048) 19 [1049)
Cominant body shape  Flonga e, slonder, some stool Flongate, some cormpressed
Proanal length (% BL) 7095 30-95
Type of gut Straight, fulded or saceular in Slraight, trailing and orrarmented in :
some s0me ;
=
Visreehrae ap-85 ELEL —e—®
Head spination Nene Mone Op s i indae (ackidranons}
farmi N By
i i e i Hgures from Mozer (1556)
22) Myctophiformes and 23) Lampridiformes larvaefsy
Type of fin slomants ! Myetephiformas Lampridiformas
P. formation \farious, early and slongate in it lantarfishes
SOMTE ' 5
B, fin formatien N R R L N e ==
P, lin position Avdominal Abdormingl o theraue Yo : 2
P fin formula vaned, usually 810 017 hid Myctoohum splnosum 4
Dorsal fin i3] i 11in, 1 or mare antaricr rays Jnsheih MJ’O_I?[] i Lophotldae {crestishes) . -
1 fin elongate anc hlghly ornemented ¢ i s
anal fin 3 Qorl
Adipose fin Usually present No
Principal Caudal rys 12 {1043} 332 b
Cominant body shapa 0% Clangte do moderately g,y elongate and mmpressad Radiicephalidae (taserta’s)
Preanal kength (% BL) 40-70 45-90
Straght, varied shapes, traili 1

Type of gut ght, e ap g Coiled Pt
Veretae 2843 33-200 TR
N saatian Usbally ione No M Myctophum aurolatermstur e

fin By and 2, in some 1 ar mare anteriar 13 rays and B, Figures from Moser |T9496) Trachipteridas [ribborfishes)

Page 117 of 162



Annex 4: Identification methods of the Scombridae fishes and their larvae in Southeast Asia

Yoshinobu KONISHI

Formerly, Seikai National Fisheries Research Institute
Nagasaki, JAPAN

&

Adults

Reference:

Calletts, B. 3. (2001]. Scombridae. Pages 3721-3756
in Carpenter, K. E and V. H. Niem eds. The |iving
marine respurces af the Western Central Pacific.
FAQ species dentification guide for fishery
purposes. FAD, Fome.

E

Diagnostic characters of the Scombridae fishes

Dorsal fins

Caudal fin

s Two dorsal fins

» Five to ten dorsal and anal finlets

» Caudal fin deeply forked

» Two small keels on each side of caudal peduncle @)

Representative species of scombrid genera in the region

- Scomberamoris comuerson

Ranrelliger brachysoma

|spre——
Avanithocyam solundr

Sarda orientwils

Kutawonas peismis

CGranmatercynus hilineatus

Thunnus tengeal C@)

Genera and species of the Scombridae in the
Southeast Asian region

No.| Tribe | [

1 Rostrel 3
Scombrini Nuss

2 Scomber 2

3 Acanthocybium 1

4 sﬁf;ﬁg Grammatorcynus 1

5 Scomberomorus 5

6 osard 1
sardini Do

T Sarda 1

8 Auxils F

=l Eut
Thunnini B £

10 Katsuwonus 1

11 Thunnus 4

Total 22 species &

Genera and species of the Scombridae
in Myanmar, Thailand, Cambodia and Viet Nam

Acanthocyblum o o o o
Auxis 2 2 vl 2
Euthynnus 1 0 1 1
Grommatorgynus 1 0 0 o
Gymnasarda o 0 0 (]
Katsuwonus 1 o o 1
Rastreliiger 3 3 3 2
Sorda 0 o 0 [}
Scamber o (1] 1] [/}
Scambercmorus 4 3 3 q
Thumnus 1 0 0 a

Tetal 13 8 ] 14

fyan - Byanmar , Thai @ Ehailand (the Guif of Thailand) ; Camb  Cambodia | Viet ; Ulﬂﬁp

Eleven genera of the Scombridae
in the Southeast Asian region (1/5)

wertically eig-rog or
wawy III!esd an upper
¥

of bo
p, =

5 dorsal and 5
anal finlets"

Scomber

adipose oyelids cover L%

2 small keels and na
ront and rear of aye 1 or 1 horkontal
un?z In Scomber and
streliger)

I lan, keel
rows of spats on . 21’33 o audal
H upper part of body peduncle

’

W § donal and 5
* Dther 9 genera have more than & finlets (up to 10) anal finkets c@)

Rastrelliger i

Eleven genera of the Scombridae
in the Southeast Asian region (2/5)
Grammatorcynus”

" Single spacies
inthe regicn

2 lateral lines |1 latera] line in other

intecpelvic e (1 lateral ine
bl L T
Mﬂnﬂ‘l ’ hium" caudal fin

l(ll‘tgmll pines

2 small keels and a
median keel

snoul as Iorg
as rest of hea
)

n them on
each side of caudal
- pedunche
teeth In jaws strong,

:.qmprn]ssed, am_
T3l ar or
IM"F‘

Scomberomorus s

snout much shorter
than rest of head
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Eleven genera of the Scombridae
in the Southeast Asian region (3/5)

Sarda”

1

5 to 11 narrow, dark

2 small keels and a

longitudinal I;anei on me ian kel

upper part of body them  on

Gymnosarda each side of chudal
peduncle

body without a prominent
pattern of stripes or spots

E:mr:t fin
1o 28 rays

Eleven genera of the Scombridae
in the Southeast Asian region (4/5)
15t and 2nd dorsal fins

widnly separated, 16t
dorsal fin spines X ta Kl

S ¥

ny.lryrgelul:gmus;iir

longer than Iongut
puﬁ'i! fin rays

l :lsunct on upper ;’T"ﬂ:ﬁ:ﬂ“’mﬁ
REReEy) b the

/ n them on
; _44 each side of caudal
- ¢ paduncle

Katsuwonus’
4 ta & prominent dark

Iun inzl stripes on
bel F\rmI

&

Eleven genera of the Scombridae
in the Southeast Asian region (5/5)

1t and Znd dorsal
al fins b_i:!h' separated

e ‘ oblique lines 2 small keels and a
several black spats dl!ll# on upper median keel
usually present part y n& them é"’
between pectoral - .Iﬁl of caudal
and pelvic-fin base peduncie

Thunnus
no black spots
10 35 rays bad

on body Q

Two species of the Genus Scomber
in the Southeast Asian region

dllun« from last dornr- o

1st darsal fin . fin spine to origin of secan

- dursai fin bess than distance

spinesiorXrmvs M < Gotumen firstand fast spine
A g

. japanicus L~
: distance from tenth darsal-fin
1st dorsal fin spines ine Itln ﬂﬂE"“ﬂ' S;‘;ﬂl'l’
TRV - dorsl fin greater than
Kol Bas =% distance between first and

ol
™, tenth spine

5. gustrolasicus h _\J

Three species of the Genus Rastreliiger

in the Southeast Asian region
El da“s:s nat -rsnb]efrum !izdleng’za
=" an lawer limb nflnglgan:h

depth at &
mes £

wébh from side of

en mauth is o 30m
sf'é.liard-

body moderately deep, \'l s ” ‘a

marg/n of oj 3.;"no\ nannlawerhmh af 1
4.3 times in fork langth
R. brachysoma

’ -
% il ks ible f side of
body maderately dees, _ Besdwh 'Zé'i...‘fm"ic"!,‘r “fu o
= |nofnpe|c|zl.5ln S =" @6 on lower limh of 15t gill arch

5.2 times in fork length _‘

R. kanagurta =

Five species of the Genus Scomberomorus

in the Southeast Asian region (1/2)
|ateral line with a deep dip

total gl rkers on 1st
below L5t dorsal fin spines
gllarch 101015 ) ml..( .
5. sinensis oy, -
9 - 3 =N
total gill rakers on { lateral line with a deep dip
1st gﬁ‘;nﬁ T8 | F;Ieu; 2nd dorsal fin spines.

5. commerson

body with a serles of
short straight stripas
and few if any spots

|ateral line descending

Wi
vﬂwml stripes ¢ E—?Wanw Byl

iradll ally

S. neolatus 2

Five species of the Genus Scomberomorus
in the Southeast Asian region (2/2)

dorsal-fin spines XV ta XVIIl
{usu=lly armo lateral line dmr\ding gradually
N - barkum mamy small
aull%liry hrim:hes antermrl\'
—i -

5 guttu'tus A . body with

m;’;IIrIE :mh 2kops 3/ MAsyspats

B mas Rteral Iirr;: dﬁa:rlimg g:aﬁ‘lua[l_'{h

chowa rd with many small awdilary
%{ﬁm [y HIV n}ﬂr\;%ol " branches anteriory

with 4
limibs

" intestine
loaps and §

Two specles of the Genus Auxis
in the Southeast Asian region
nsion of corselet

posterion este
wide, usually 10 to 15 scales wide
. under arigin of 2nd dorsal fin

A, rechel rochei

gill rakers 43 to 48

on 15t gill arch posterier extenslon of corselet

narrow, only 1 to 5 scales wide

under erigin of 2nd dersal fin »

A. thozard thazard

gl rabers 36 tm 42V
on sz glllarch
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Four species of the Genus Thunnus
in the Southeast Asian region (1/2)

T. alalunga

pectoral fins wery long,
reachi Il end of
I?},,’ an dotn"sa rnm
s s

Four species of the Genus Thunnus

in the Southeast Asian region (2/2)

nd dorsal and anal fins of

If:r 3 Il':’lr‘qh;"ll‘lwl5 {:f:?lglélrr:
& e | frequently elongate

total gill rakers an 1st

r.||| arch_26 to 34 /%g\ 2nd dorsal and anal

aliy 27 ar more) fins  never reatly
4 =7 elongate at 4 &

T. albacares

T. obesus
T. tonggol
s N
1 il rakers om 158 glll b
eye ralatively large \ﬁ— il fotd elangate-oval spats in
gill r%ihlu!agm g Q 25‘&'»“.3:1“ 4 {u‘ullha :m:: eﬂem rows Q
Meristic characters of Sautheast Asian scombrid genera
I G P N R
1 Seomber 413 12 5 1821
1 Hastretiger B3 12 5 12 5 1820 3
Larvae ;
3 Gpmnosords 1315 1314 -7 1213 [ 25-28 38
4 Sarda 17-19 1318 7 1417 6 2327 M4E
5 Acanthacvhium 237 1216 B8 12-14 4 2226 6254
[ a— & Grammatorcynus * 9—15 1012 68 1313 57 2125 31
Okiyama, M. ed, [2013). An 3t of early stage fishes 7 Scomberomprus © 1322 1525 611 1679 542 2026 4156
in Japar. Second edition. Tokal University Press, 5 Aurs 10-12. 19-12 B 1114 [ 2325 34
Hatang, 1539pp. (in lapanese). 9 Euthponus 10-15 1113 B10 1314 68 2529 39
Richards, W. J. and G. F. lenxins. {2000). Scomkridae, 90 RArCIALE 1496 1416 78 1416 68 2627 41
5 R ot M e
Ages GIRT00 dn Lefey d. M. B, Carson Rurer 13 fhurous = 11-14 1216 10 1116 210 3086 39

eds. The larvae Of Inde-Pacific coastal fishes. An
identitication guide ta marine fish larvae. Brill, Lelden.

&

1, 2 : Scombrini ; 3, 4 : Sardini ; 5-7 : Scomberomarini ; B-11 : Thunmini
= including the Indo-Pacific species oul of the Soulheast Astan region.,

mndifiad Richards and lenkins (2 NQ

Similar larvae to the Scombridae

Outline of trunk and anterlor tall rectanglar

Scombrolbbracidac
scembralabeax heterolepis
= Pk (1 9¥E, 2013

Characteristic
midlateral pigment
patch

Cv(TM) 30

s Gempylidae
. Mechotus tripes
Pishi ki (1987}

__ " Early-forming dorsal and

pelvic spines well
serrated

Preflexicn larvae (V 31) of Aastreiffger and Scomber are similar to these of Ambassidae
(24), Nemipleridae (23-24), Sparidze (24), Terapontidae [25), Pinguipedidae (29-34) an
some myrtophids (ro ead spines and head oomrpressed) -

Key to species {genus) of the Scombridae larvae
[ca 10 mm BL >) in the Southeast Asian region (1 /3 )

la Mo preoperculer spines. Round heac and mouth relatively small,
Venlral margin ol tail pigmented. V (T) 31, - - - Scomber, Rostrefliger
1b Precparcular spines presant, ssssseseersssssasssnasaniisiiiaey
2a Snout and head round. Preopercular spines small and supraarbital ricge
rot distinct, Five ta G large plgment patches prasent on dorsolateral
body in tlexion to juvenile stagas. W [TM] 31, sevsrerarrrnrrsnnnnna
Grommatarcynus bilineatus
2b Head, 2yes and mouth relatively lerge. Spines on preopercle, post-
temporal well develaped. ¥ (TM] mare than 32, seeesreaniae S
3a Asupraccocipital spine present, -
3b Supravecipital spine absent. =«
Aa Snoutlarge and its length about 2 timas of aye drameter Mou!h iarge

Supraoccipite| spine distinct. W (TM) mare than 46, == ==========-"
T T T T T Scomberamarus
4b Snout moderately large and its length 1.5 times of eve diameter,
Supracccipital spine small W [TH) 4845 ==-everne Sarda arientalis

moelfied Mishkawa {2013)

Key to species {genus) of the Scombridae larvae
[ca 10 mm BL >) in the Southeast Asian region (2 /3 )

5a Body elongate and anus position beyand half body. Snout vary
elongata and rmauth large. V [TM) 62-64, ++ Aconthacyblum sofandr!

5h Body moderate and Lail lapering. Gut compacl and anus anterior o
half ody. Snaut and maouth varied [small to larga). V (TM) 20-42,

o
o

Snaut elongate. Tip of ugner jaw well prajecting. Pigmant appsars
densely on branchiostegel membrane anc oparcular pertion. No
gigment appears on tail, rreresns Gumpasardo unicolor
6b Snout not elongate. Pigment on bady poor, sserresrrserrmeecay
7a Inner pigment appears al anterior margin of forebrein, ==seee=ee B3
7b Noinner pigment appears 2t anterior margin of forebrain, +<+=<+ 10
Ba Pigmert present on isthmus and preanus. Figment spots appear on
ventral midling af tail sserecrssieasiiianees o Futhynnus affinis
Bb Neoplgment present on isthmus and preanus, *=« esereererrese g

&

Key to species (genus) of the Scombridae larvae
(ca 10 mm BL >) in the Southeast Asian region (3 /3 }

w
o

Anterior tip of lower jaw pigmented (3 mm NL <), Pigment on spinous
darsal fin begin to appear in B-mm BL. ++++ =+« Kotsuwanus pelamis
Antericr tip of lower jaw unpigmented (at least ca 8 mm NL ). Pigmem:
on spinaus darsal fire begin to appear n S mm BL. - - Thannws Bamggol
10a Pigmert present on isthmus and preanus, *essrresroremres Aunis
10b Mo pigment on isthmus and preanus, s=ssssessssnsiaiianeas 11
1l1a QOneto two small melanlphores present on ventral midline of caudal
pedundle, *-* * Thunmus obesus
11k Mo melanophares prasent onlateral bady, sreeeeacaniiiian 13
12 a Lower jaw tip unpigmented {ca B-mm 3L =>). ------ Thunnus alalunga
12 b Lower jaw lip pgmented, s=s=sssssesseneeeee Thunnus albacares

9

-

&
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({length of dorsal-fin base s b i a
from 1+ ta 9" spines) / (s1)  2COMDEr japonicus

X 100 ) =12 {for more than
15-mm 5L specimens)

a 3.8 mmNL

pigment on preanus and ventral
~ gut absent or very small

head and &
snout round

ey

@&
bE3mmNL &
i

no preapercle
spines

cB.4 mmSL

i S
., gap between anus and anal-fin
origin wide

upper jaw tip
slightly prajecting

d 10.4 mm L% &
-\\\‘.—_‘_

Uchida et al. (19587555

|length of d |-fin b §
e e, Scomber australasicus

% 100 ) <12 {for more than
15-mm SL specimens)

)t ~V(TM) 31
a3.8mmNL s
no preopercle S~ P
: - gut compact
spines T — S
R P i =
s P R pigment on preanus
; e O S N and ventral gut absent
enr o i P Loy __ﬁﬂ____,.- ar very small
.1 mm |
head and %pigmem at nape (ca 8 mm>)

snout round ~ T ——

3
S __’,.-'_-"
. ™. gap between anus and anal-fin
¢7.1mmSt origin wide
upper jaw tip g

slightly projecting

—=3

d9.2 mm 5L

Rastrelliger kanagurta (tentative)

. __——V(TM) 31
a3.7mmNL @ el
5t - pigment on preanus
pigment over brain #=TR t + " and ventral gut
poor (preflexion to . s -~ distinct
flexion stage) S T P _uf 3 i
b 3.7 mm NL . h. W c I-\fe:“trr.r;lvlew]
(darsal view) e
head and snout '
round T -3
gt
na preepercle :
spines T~ i ey
ds3mmsL - T e T
— ~~- gap between anus and anal-fin
both Jaw tips r§$: T origin wide
nearly Join ..
v U @ ~—
e18.7 mmSL ) '
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Grammatorcynus bilineatus

weak preopercle
spines present

head and —
shout round
b11.5 mm SL
: N g pigment patches
eye large . on lateral body
€ 25.5 mm 5L
Scomberomorus guttatus
ut caompact
g ¥ vV 47-52
supraoccipital £
spine 7=

.

a 5.4 mmNL

no elongate preapercle spine
(the spines nearly in same size)

snout pointed o
N ¢ 7.0 mm NL
'\\d
d 8.7 mm SL
Zhang (19&@
Scomberomorus commerson
W 42-48 "
snout pointed
t'./
supraoccipital
spine
a 4.5 mmSL
gut compact

preopercle spine at angle
elongate

c7.2 mmSL

d9.1 mmSL

Jenkins {lﬁ
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Sarda orientalis

pigment on isthmus

small supraoccipital spine

a4.1mmTL

inner pigment at anterior
margin of forebrain

)

/ﬁ E - . c9.4mmTL

both Jawtips | N %

pigmented | \\ tail tapering

t pointed preopercle spines
TR well developed ﬁ
Nishikawa [1988, 2
Acanthocybium solandri
V (TM) 62-64

gut long and anus position
beyond half body ,-/’:

snout very elongate

spine (the spines nearly
in same size)
d13.2 mmSL

Matsumeto {19@

Gymnosarda unicolor

.~ alsmmNL

V (TM) 38

5
preapercle spines
moderately large
Okiyama and Uevanagi (19
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Euthynnus affinis

ut compact V(TM™) 38
ad3mmTL Gl /‘ )
5. i i = tail tapering

shout pointed = 5 % s .z/ i
inner pigment at R a = §oe 2 :
anterior margin of ’ L oo e b 6.6 mmTL
forebrain . =

rebrain . i - R

pigment on isthmus and preanus
c9.3mmTL

both jaw tips

pigmented .,”‘ - @
i .

preapercle spines

e 3
et d11.6 mmTL

well developed )
Nishikawa (1988, 2£
Katsuwonus pelamis
snout pointed V (TM) 41

a51mmTL

lower jawtip e
early pigmented

tail tapering
o

S
b 5.3 mmTL

__._ no pigment on isthmus
and preanus

inner pigment at
anterior margin of

forebrain T

dorsal-fin pigment
appears from 8 mm

preopercle spines
well developed

Yabe [1955@

Thunnus tonggol

. V(TM) 39
o
Vg dii a3.7 mmNL
S T tail tapering
; . : o
inner pigment at snout pointed i
anterior margin of T

forebrain -~ P - ba8smmsL

% no pigment on isthmus
= and preanus

“h.e__ dorsalfin pigment
~ar ¥ “ELRet. - appears from 5 mm
€5.25 mm SL \ gut compact Sl
pre e spines g
wel Y
LT - ",
no pigment an d 5.76 mm SL
lower jaw tip
(5.76 mm 51>) Nishikawa and Ueyanagi (1
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) ) Auxis sp.
no inner pigment
at anterior margin V{TM) 39

of farebrain 1
- / a5.0mmTL

4
LY

/
precpercle spines
well developed

1
pigment on dorsal, lateral and ventral
midlines of caudal peduncle

) e d135mmTL
Richards (2006) identified larvae with pigment on
lateral midline of caudal peduncle as A. thozard. by Yabe, H

no inner pigment
at anterior margin V{TM) 39
K
\n

of farebrain = ey
= ~/ a50mmTL

4

\
pigment on isthmus and preanus

]
\
4
]

cB.1 mmTL

/
preapercle spines
well developed

=7

1
pigment on dorsal, lateral and ventral
midlines of caudal peduncle

d13.5mmTL

Thunnus alalunga

no inner pigment
at anterior margin V (TM) 39
of forebrain ~ ~__ » /

tail tapering
5

2

a5.7mmTL

snout pointed

\ 1/‘ .
“‘-\R\ / no pigment on ventral
midline of tail, isthmus
and preanus

b7.2mmTL

pregpercie spines
well developed

c11.8mmTL
lower jaw tip pigment

appears from 9 mm 5L

Ueyanagi (196°
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Thunnus albacares

no inner pigment
at anterior margin_ 4.0 mmTL
of forebrain

snout pointed
N,

no pigment an ventral
midline of tail, isthmus

b5.3mmTL

&

tail tapering
i

lower jaw tip early
pigmented

preopercie spines
well developed

c8.0mmTL

By ugya.n_aﬁ

Page 126 of 162




Annex 5: Identification methods of the Carangidae fishes and their larvae in Southeast Asia

Identification methods of
the Carangidae fishes and their larvae in
the Southeast Asian region

Yoshinobu KONISHI

Formerly, Sefkal National Fisheries Research Institute
Nagasaki, JAPAN

Main References &
(Adults)

Smith-Vaniz, W. F (1399). Carangidas, Pages 2659-2756. /n Carpemter, K
E. and V. H. Niem (ede.). The lwving marine resources of the Western
Central Pacific. FAQ species identification guice for fishery
purposes, FAD, Rome, [Accessed &l |

Randall, J. €. and K. K. B, Lim [&ds.) (2000). A checklist of the fishes of the
South China 5ea. Matfles Bull. Zzol. Natl. Univ. Sirgapeore., Supl. B: 569-
bb7, [Accessed at .

Kirnura, 5. (2011), Carangidae: Jacks (Scads, Trevallies). Pages 58-107. /n
Matsunuma, M., M. Motomurz, K. Matsuurs, N A, M. Shazili and M.
A. Ambak (eds.). Fishes of Terengganu-east coast of Malay Feninsula,
Malaysia. National Museum of Nature and Science, Univ. Malaysia
Terzngganu and Kagoshimz Unlv. Museur, 281p.

Senah, H. (2013). Carangidae. Pages 878-899, 1991-1895. fn Nakaba (ad.).
Fishes of Japan with pictorial keys to the specles, Third edition, Tokai
Univ. Prass, Hadano.

A representative species of the selected 16 2>
carangid genera in the Southeast Asian region

- BAR

1: Alectis ciliaris; 2: Atropus atropaos; 3: Parastromateus niger; 4: Uluo mentolis; 5: Cargngoides malabaricus;

6: Caranx sexfasci

us; 7: Gnathanodon speciosus; 8: Alepes melanoptera; 9: Scomberoides commers -
anus; 10: Atule mate; 11: Sefar crumenophthalmus; 12: Selaroides leptoiepis; 13: Serioling ni
14: Megalaspis cordyla; 15: Elagatis bipinnulata; 16: Decapterus macrosoma

Kimura (2011)

Carangid fishes E

2 dorsal fins

smith-Yaniz (1983) -

e Caudal fin

Pelviz fin

2 detached analwpinas

# Body ranging from elongste and fusiform to deep and strongly compressed.

® Two dorsal fins (D1: 4-8 spines; O 2: 1 spine and 18-44 soft rays).

& Two detached anal-fin spines (1 spine In Elagatis and Seroling).

® Pelvic fin with 1 spine end 5 soft rays (sbsent in Parostromoteus).

@ Caudal fin forked.

@ Scutes presant on straight lateral line (praminant, reduced or absent).

® 5ingle or multiple finlets present in Znd dorsal and anal fins {only in
Decopterus and Megalaspis).

&

Habitat, biology, and fisheries
Smith-Vaniz i1999]

@ Mostly schaaling species (but Alectis ganerally salitary).

®» Some species have largely continental distributions and occur
primarily in brackish environments (especially young),

® Others such as Elagotls and Naucrates are pelagic, usually found
at or near the surface, mostly in oceanic waters, often far offshore,

@ This is one of the most important families of commercial fishes, and
all spacies are used for food.

© For 1995, FAD's Yearbook of Fishery Statistics reports a total catch of
around 959 300 t of Carangidae from the Western Central Pacific.

® Caught commercally with trawls, also with purse seines, traps,
and on line gear.

& The larger species of Trachinatus, Seriola, and Caranx are highly
regarded as sportfish.
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Tribes, genera and specles of the Carangidae E 'L"
in the Sautheast Asian region (1/2)

| Mo | Tribe | Genus | Species |

Tribes, genera and species of the Carangidae

1 oIt S Alec % in the Southeast Asian region (2/2)
2 Carangini  Alepes 4
3 Carangini  Alropus 1
4 Corangini Atule 1 | No | Tribe Genus | Spacies
5 Carangini  Carangoides 15 15 Naucratinl Elogatis 1
6 Caranginl  Caranx 8 16 Naucratini Naucrates 1
7 Caranglnl  Decopterus 6 17 Naucratini Seriola 2
8 Carangini  Gnathanodon 1 13 MNaucratini Seriafina 5
9 Carangini  Megalaspls 1 19 Scomberoldini  Scomberoides ]
10 Carangini  Parostramateus 1 20 Trachinatini Trachinotus 5
11 Carangini  Felor 2 Subtotal 3 tribes 6 genera 14 species
12 Carangini  Seloraides 1 Total 4 tribes 20 genera 59 species
13 Carangini  Liua 1
14 Carangini  Uraspls 1
1 trihe 14 ganara 45 srarias

&
Meristic data of the Carangidae genera
in the South- east Asian region (1/2)

m-m | vertebrs: |

Carangini  Alectis NI, 1820 {41517 Lt ) whia
caranginl Aleges 4 WISV, 227 kL 18723 s Whs
Caranginl Alrepus 2 Vil 1%-12 I, 17~ 18 -~37. W+
Carangini  Aiufe 1 Vil 32-~28 1), 18=21 AE-~53 e+
Caranginl Corongoices 15 Wil 17~34 11, 14—~27 11~-45 10=14~15
Carangin| Carany & v, BT Ik, 14~20 PE—47 10+ 14~15
Caringinl Deroptens 6 W IT=EE-1 (1, 20~30+1  34--dd 10+14

Carangini  Saorhannaon
Carangini Megalaspis 1
Carangini  Parmstromotens 1 V=N, 4045

VIS, 18~21 I, 1517 14-75 10414
VI S 11 =+ T~10 k|, 8~10=56~8 51~55 10+14
[mi-1, 35--39 #=19 w+ia
Spines In parenthests are rot vizhle dus to burying under the bedy.

Numerals with "+* ara aumber of firlenis).

Meristic data of the Carangidae genera
in the South- east Asian region ( 2/2 )

[“vme | cen Lsomes | tormin | amitn

Carangmni Sefar z Vi, 23 -28 -1, 1523 289k tis
Carangmni selarodes i Vill-k 2226 el 20--23 20--3 w0+
Carangini Lun 1 Wil 20-~22 1=l 17~ 18 26~38 10+14
Caarangini lrspiis 1 VE~WIEL 2830 |l 1722 430 10¥ 14
Maucratini Elagotis l V=WH, X3~28+2 (|}, 15202 a 10+ 14
Maurratinl Nemcrmres 1 IW~4Ll, 5~28 N, 15~17 o 10+15
Mauerating Serialn 2 W=V, 26~35 I, 18-~23 i) 10+ 14
Mauerating Serlaling 1 VWL 30=-37 (i, 15~ 18 1] 11+13
Scombercidinl Sramberoldes 4 ViV, 1521 5 o 10+ 16
Trachinating Trachinarus 5 VoW, 1825 B, 1624 o it la

Meristic data of the Carangidae species in the Sauth- ‘Q
east Asian region | 1/6) [Tribe Carangini]

W=yl L8=200 ()4, 25-47  @=30  10+14
V=¥, 1820 -, 2517 613 0+t14

Vil 23-~25 111, 18~21 F9~51 10+14
Vil 212 11, 19~27 3#/e-45 W0H14

T ViEL, 23~26 11, 18~21 45~E3  10+14

A vari Villd, 23--27 111, 20--23 48--69  10+14
Atropus otropos Vi, 18~22 M-k 1718 3n-37 0+14
Atule mate Vil 22--25 111, 18~ 21 w52 1014
Caranoaides armatus VI, 19-~237 I, 16-=1% 11-=24 10+ 14
[ Vi, 24~256 -, 21~24 20~-30 10+14

. coeruleopnnati:

VI, 20~23
Wi, 18~20

I, 16~20 16~33 10+14

. chrysopirys I+, 1417 20-37  10+14

Meristic data of the Carangidae species in the South-
east Asian region | 2/6) [Tribe Carangini]

§mm1m dinema Vi, 17--18  [H, 1517 10 14
€. ferdou VIIEL 26734 I, 2137 21-37 10+12
€. fulvaguliotus VI, 75~30 1M, 21~26 1a~21 10+14
T qpomnsterhos ViIH, 2833 |H, 24~27 15~31 10+ 12~15
. hedlandensis Wik, 19722 K, 1618 17--29 10+14
C.mofaberlcus VilHL 20-23 1, 17719 1936 104148
C.oblongus VIEL 20~22 (1L, 1818 3745 W0+14
C.orthogrammus VI, 2833 1), 2337 19-~31 10+-12
. plaaiotienic: VilHL 2224 [, 18~-20 11~12 1W0+14
C. proeusius VilkL 21~24 ), 18~-20 23~34 10+14
. salampareides VIRl 2023 I, 17 - 18 20-=32 W+14

&
Meristic data of the Carangidae species in the South-
east Asian region ( 3/6) [Tribe Carangini]

I, 15~-17 33~39

Carorrs buzculentus VIl L8~-19

Coheben Vil 1821 -, 3517 3040 10114
- ignobilis ik, 18~21 11, 15-=17 2638 10114
. lugubris Vil 2022 I1+1, 16718 2633 10+14
. el VI, 2T~ 24 I, 18 ~20 FI=ad 10414
. pupuensis il 2123 1, 16~18 31~39 10+14
€. sexfosciotus Vill-l, 18~22 1], 1417 736 10+15
€. e VIl 2022 11, 16-~18 33~42 10+14

Deaprerss koadst VI, 273041 1, 20~24-1  32~35 10414
1. burroides Vil 28201 1,22~26~1  31~36 10414
0 macarellus Vill, 30~36+1 [1,26-30—1  24~20  10+14

Meristic data of the Carangidae species in the South-
east Asian region ( 4/6 ) [Tribe Carangini]

Species Anal fin Scutes, | Vertebrae

DPeconterys meerosema  Vilk, 32~-38+1 II-l, 26~-30+1 W40 1014

0. russeli Vill-l, 27—~32 + L 1=, 14281 1 30—-40 10014
o, tabl Vill-l, 28--33 -1 I, 23~26+1 0--40 1014
Grultanodon speciosus  VI-=VIIl-|, 18-~21 =l 15~=17 14-=26 10+14
Megalesais cordyla Vi, 9--11 F 710 |-, &—-101 E—~8 51--59 uri 14
Parastromateus niger W=V, 4045 [, 3538 BE—-18 10414
Sefut boops VIll-l, 23-~25 111, 18-~71 37~a6  W+14
5 crurme ol s Vill-l, 23-~28 -1, 21-~323 29-~a7 =14
Sefornides kep VI, 24—26 I, 20—~23 W~—33 m=+14
Uire mentalis Wil 20~—22 -, 17~18 26—38 10+14
Uraspis uraspis VI~WIlHL 2a~30 (i} 17~22 2U~39 0+1
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Meristic data of the Carangidae species in the South-
east Asian region ( 5/6 ) [Tribe Naucratini]

&

Meristic data of the Carangidae species in the Southeast
Asian region ( 6/6) [Tribe Scomb: ini & Trachinatini]

VImVIEL 19~21 14, 17~19 0
W=V, 19--31 14, 16--19 o
flogotisbipionuiera  V~V.23~2812 (}4.15~20°2 O 10134 VIV, 1821 1, 1613 0
Nawcrates ductor el 25429 [lbl, 15--17 o W15 VIS TR T d 20 0
Seriol dumprti VI=VIEL 2835 11, 18 =27 0w+ V2123 1921 0
5. rivollang Vi, 25~33 -, 18~22 o 1w+ Yalliztendsl 0= 4 0
Al 1, 15~-18 o u+i3 VISR e A e
VI, 2224 114, 19-=21 o
; 3 1618 0
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Main References Larval information of the carangid species
distributing In the Southeast Asian reglon (1/2)
(Larvae) 1/2 .
Tribe Genera Spedies 2*" Remarks
Laroche, W. A, W. F Smith-Vaniz and 5. L Richardson (1984]. Caran Caranginl  Alectls 2 2
gidae: Developrment. Pages 510-522. In H. G. Maser, W. 1. Carangini Alepes 4 (1) a5 Alepes p
Richards, D. M. Cchen, M. P Fahay, A, W, Kendall, Ir, 5. L. Carangini Atropus 1 o]
R|cr!ardsun Igdb.], Dl:\tu!genv and mtematlrs_ul fishes, American Cpargini Arids 5 1
Society  of ichthyalzg and H | Spec. Publ. 1.
Chayakul, R. {1996). The fish larvee in the Gulf of Thaiang. Depart- S e A% [as) s canimuniessp.
ment af Fisheries (Thaiand). 217pp. Carangini Crireine & 1
‘Watson, W., 5. R. Charter, H. G. Maser, D. A, Amkrose, ant E. M. Carangini Decapterus & 3
Sandkrop (1996). Carengidae: jacks. Pages 914-953. In H. G. Eremain Fg et 1 1
Moser {ed.). The carly stages of fishes in the California Current -
i Carangini chies) 1 i)
region, Califorria Cooperative Ocearic Fisheries Investigations L Heguepl
Atlas 33, Carangini Parastromateys 1 1

“Species 1 consisting species of each geaus.
*“species 2 number of species of which larvae are knowr Numerals in paren-
theses are not inciuded in a total.

Larval information of the d species
g in the Southeast Asian region (2,/2)

| Geni Species1 | Species 1 Remal
Carangin| Selar 2 5E
Carangini Sehiroieles 1 1
Cerangini oo 1 11 asUlosp
Carangin| Uirgspis 1 (35) 85 Lirgspis secinda
Naucratin| Elagatis 1 =
Naucratini Naovcrates 1 L
Naucratin| Seriala 2 e
Naucratin Serinling 1 1
Scomberaidini Scomberaides 4 2
Trechinotinl  Trachinotus 5 z

4 Trikes 20 Gerera 50 species [18 Gerera] [14 saecies]

Tetal rumbers of genera and speces with larval Informatien are In ] 1"

ﬁ

S0C-,

Three groups of the carangid larvae
in the Southeast Asian region

e
Carom seafasciatuz 5.8 mm SL Watson e, al., 1956

500 .
p '%S:a, £
N\
Group 2: supracccipital crest (SOC) =
prcscnt bCldY shapc moderate, Sefe cumeanphtiaimus 8.1 mm L {Wassar e al, 1996)
Na 50C g

Group 1: supracccipital crest (SOC)
present; bady shape deep.

Group 2: supracccipital crest (SOC)
absent; body shape deep.

Nescrcts nxlmr 4.7 mm 5L Larache ef al., 200G
Group 4: supracccipital crest (SOC) Ne 50C

absent; body shape moderate.

[ et

" $0C is reduced mostly at postflaxion stage.

teriola fealama b.S mm 5L Larache ot al., 1968)

Genera and species with larval information
available among carangid fishes in the
Southeast Asian region — Group 1

A, ciliaris
Al -
Group 1: A indica
Cacangoides Carangaides spp.
Supranccipital e T
crest (SOC) Carungin: | Coram . sefuscinlus
aresent; body tsnarhanadon 5. SPECinags
shape deep Barastromoteus | Fopiger
Lhua Uiva sp.

&

Genera and species with larval information
available among carangid fishes in the
Southeast Asian region — Group 2

Characters Tribe Genus Spedes
Alepes Alepes sp.
Group 2: L. macarsiliss
Caranginl . macrosema
Supraoccipital
crest (50C) Selur 5 crumenaghthaimus
present; body selargides 5 leptalens
shape mod - —
Meucrating Eigatis E. bipinnulata
5. lysan
cenrbanaid Seambaroid
Sotal
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Genera and species with larval information Genera and species with larval information
available among carangid fishes in the available among carangid fishes in the
Southeast Asian region — Group 3 Southeast Asian region — Group 4

Characters Genus Species

Group lrcrsgiin U secunda” SIDUFI 4 Carmngin Allsier A e
Supraortipitol (o eating | Noocrates N ductor Sunraccelnital s S. durneiih
cresl (SOC) = crest (S0OC) Seripia —
absent; body v i T. hasiilonii absent; body Naucratin| 5. rlvalisna
shape deeo nasol |heernend T. blacnli shaps mederats Serigiing 5. nigrofasciota

N « Larvae of carargint Megolasps cordyla are unsnown.
= Presence o7 supraoce pital crest in carangini Uraspis lzreae is obscure,
= Larvze of carang ni Atrops gtregs are unknown,

" Taiwan znd Australia species (1. ureseis in the Southeast Asia region)

Some characters used to identify carangid larvae E
Larcche et al. (1996)
o Head supination — 2/2
SI.IF'N&D:EILM
MORE T
(.}

FOSTTEWPORAL &kD
EUPRACLEITHRAL SPIAZR

wilh o
wilkeal grazll

apinn
{E]

[ FTERGTIC RIDEE
—— Erpmin gt —-.

with
sarraligns

2
Spikgd protnineni
132
- - Propiaem —
with 2 2 3
lige womes

Head supination—1/2

Some characters used to identify carangid larvae
Laroche et al. (1996)

(B.)
ARGLE PREDPERGULAR SPINE

,,K‘\. (1) Simple
S

12.1 Serrated

{a)

SUPRAOCCIPITAL CRENT

(33 Wiih spinule (s

(D}

POSTTEMPORAL AND
SUPRACLEITHRAL BPMER
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Some characters used to identify carangid larvae

Laroche et al. (1996) "
Pigment-1/3
(Fh (3]
Internal malcnophoras s ';—-I.uql pxherncl meardsphores

or adjesenl 2 vomar sccHered over decsclaterc)
4 ond venbralelsral murfoces

ol bedy

)
ow for linel 0! extarnal
melanapheres along leteral
midlien

(H.)
Interncl malonaphores oyer
dorsgl  aorl

Corsal and anal
finlat farming

M)

() Iy
H|Iqul:w|| on il—humv.nl malanophares  aiigred
brumchiaslegal Imtecnal  malonaphores clong mycsepio
meTmIrane over notochord
Some characters used to identify carangid larvae ﬁ
Larache et al. (1996) .
Pigment - 2/3
[CR]
glieteral dorsal
mulonaphors  Fows
{0)
Dersal malancphors (rowks
7/_' exlends 16 nEpo
o ‘7-.»_'.{’ e
o ge=— )
dien  dorsal

Devsloplag  doreal  fin mulangphers 1o

Mudion dorsul 1w splite
to ferm  blleterol dorsdl
rew of melencphores

dorsal fin deveiops

Some characters used to identify carangid larvae
Laroche et al. (1996)

Pigment—3/3

@) Fin elongation
’— Bedy  Pigementatien

4]

o= Dortal fin solees chonga,
prasart early i develemant

m
—————Fabvic fin rays develop
befurs  coudel fin rags

v
A - 1w
e _.__"'_'WE Dorsal 992 anel fin
= rays wlengals end
et
i __.//_.____/ frsl 1o devalep
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Group 1 (1/7)

carangin Alectis cillaris B Wi, 1830

Supraaccipital crest A: (), 15~17
(SAC) present Scutes: 8~30

- 1st dorsal-fin (D) soft V- 10+14
s »” T2y elongate

. * First 4-7 spines 1st D soft ra
% sharter and |ess rmga_ﬁ
/" visible at 40 mmSL  « - S

. Body deep, tail
: . tapering and f_a_l_.[—
“ dal peduncle fow

o
~.. Preopercular spines
(5 precp) smooth

3, 0
2.9 mm [Alectis sp.)

- S0OC reduced

" 1stAsoftray
{,- very elongate

* Detached 2 spines in\nsfl:_ile

L
-

i i) L1 s, due to burying under skin in
Pectoral fin (Pl}',(‘_:_ Angsat 15-cm juvenile
£ half body il Ay ol *First 3 D soft rays, and first 2
Pelvic fin [Py) £ ray elongate A- and P, soft rays elongate in
gongate ' more 13 mm SL

*Distinguishing character underlined
2.9 mm (Leis and Trnski, 2000): 3.9 mm and 6.5 mm {Watson et al., 1996)

Group 1 [21‘.»2%7

D: V~VI-l, 18~20
A: (I, 15~17
Scutes: 6~13
V:10+14

First 2 A- and pelvic-fin
soft rays very elongate

e
o
N

Gut protrude more
downward

Hiraga et al. [2014)]

Group 1 {3/
carangin Carangoides sp./spp. | genus cﬂmngafﬁb
D: VIII-I, 17~34
s SOC present %;;}‘1‘1315
il Anterior half bady | V- 10+14~15
pigmented

Corongoides malab:
Klnoura (2011}

Pigment poor
7

i ~. Anus béy-'ond
5 preop half body
present

Body deep, tail s preop

.- tapering and cau- reduced
~ dal peduncle low

g *Single D
.~ (later 2 Ds)

i = 2 A spines :
P, pigmented Body except abdomen and
present vent‘:elatelr)al tail pigmented

Leis and Troskl (2000)
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Group 1 (4

" - - D: Vill-l, 19~22

~ ' . A ll-l, 14~17
\ = Symmetrically- located 2

Kimura (2011) EtEmEn" Eﬁﬁfg' present  Body deep, tail Scutes: 27~36

7 tapering and cau- V: 10415

L F0C present o7 dal peduncle low

carangin Caranx sexfasciatus M

e e "

_Q N x\__ _‘/ == Jsoc redu&za_ ;
s "™ Anus at half body

S0C pigmented On myomere an

along myaseptum 55mm

= Detached 2A

Sm leD . spines present
T

llater 2 Ds}

15.4 mm -

A -l d = 6 pipment bars
5preop develop ?el'-:j"&?g N present

Watson et 2l, {1396]

" 4 Group 1 (5/,
carangin Gnathanodon speciosus E
D: VII~VIIII 18--21

A:ll-l, 1
S0C present g Scutes: 14~26
- Pigment well
_ Gevelope v:10+14
o

' Bady deep and cau- {@t:.%lg 8 Ds)
b

4 dal peduncle low

k)
An#s bgvond
SO!_‘.Z reduced alt hody

Detachad 2 A
5 preop spines present
reduced

s grno% at angle very
elonga Watsan et al. (1936)

Group 1 %“

O: (V~VI)-1, 40~45
A: (1)1, 35~39
Scutes: 8~19
V:10+14

Body very deep,
laterally compressed

— ___ Detached 2 A
spines present

iar AI"II:J\S at
PP‘ aﬁgggnﬂr_to mid body Anterior dorsal
T finlarge

SOC disappears -

" Caudal fin
Pigment well _ relatively large
e
Body

Y : "
— Anterior anal fin large

5.5 mm: Laroche et al. (1984); 14.6mm
and 15.2 mm: Chavakul [1996)
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Group 2 (1/7..

carangin Alepes sp.
Hu = -4 Genus Alepes
il i R— O: Vil~WVIll-l, 21~27
= igment extends |-l 18~
e ertirely on dorsa Sites: 35289
mafslf}Df body Body moderate | 10+14

T Melanophares
~~ scattered an
myaseptum

A
«-__ Anus beyond

half body
lativel
i.ﬁﬁfp{s} TR Leis and Trnski (2000)

Ve : 3
Selor crumencghthaimus .1 mm (Laroche et al., 2006) Atule mate 4.9 mm (Laroche et al., 1984}

R

Characters of body shape and plgment patterns on myoseptum 7 the tal are shared by Alepes, selor and
Alule larvae in 4 mm. Sefar in 4 mm have a slender body, longer precpercular spines, poor pigment and
melanophores of dorsal body In all are limized at the anterior tall. Atwle larvae have no supraocecipital crast.

Group 2 {2/@

carangin Decapterus macarellus |o:vi-, 30~35+1
Ak, 26~304+1
Scutes: 24~40
V:10+14

== A S0C reduced Body:mnderate *Single D
N = ; .~ (later 2 Ds}

, Anus at ; ez \
s preop developed half body g . Detached 2 A
S0C present spines present
’ Blgment sparse - SOC disappears A darsal and anpal

.

finlets formed™*
A

163mm
s preop reduced

Laroche et al. (2006)

** |n this size, finlets are continuous to 2nd dorsal and anal fins by fin membranes. Spaces between pterygiophares of
last dorsal and anal soft rays and finlets are wider than those of each 2 s0ft rays. This feature indicates finlet formation.

. D: VIl 32~38+1
<imeurs (2011) carangin Decapterus macrosoma |a: .| 75~30+1

scutes: 24~40
V:10+14

Body moderate

SOC present - _ Pigment sparse

Pigment a[%gears
on caudal-fin base

Anus beyond half body

) E *single D
Pigment still poor  (later 2 Ds)

SOC reduced . Anla$en of dorsal and
anal 1nniets appear

o
5 preop developed

] i)
o Melanophores increase

/ Detached 2 A
s preap reduced spines present

Hiraga et al. {2014)
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. Group 2 (4/7F.°
carangin Selar crumenophthalmus . .\;H {13

Kimura (2015) . i ey A:ll-l, 21~23
iprent. oo gecss ;
Both jaw tips E present only at 3:%%251‘%9*’42

pigmented | midbody
I}

SOC reduced Body moderate
\\- ;

25mm ¢ oreop developed Tl%‘ ]
Pigment present on % !
50C present 1 ‘Ja%era- mijﬂllne ang 2 & Ly F
TR - - .7 dorsolateral body 5.6 mm Melanophares align
2 e along myosepta

*Single D
{Iater\z Ds)

Pigment on myo-
septum appears

g apec 2
n\w
- .pg:n ad
*, Detached 2 A
spines present

P
Laroche et al. (2006) Simitsi i Atufe mat (no SO0

Group 2 (5/7,

carangin Selaroides leptolepis 0. VI, 2
Al 20~23

S0OC present Pigment patterns on Scutes; 20~33
.~ Pigment present doreal and ventral body |V:10+14
il on Eaferai midline
o i {r s

1

Kimura (26011)

] 285 mm
. 1{ Dorsal view
N 1C N =
Rk o
s fame " ANUS beyond
2.85mm N S i 2.85mm
\"‘/\ ITII_I:{ bOt_ﬂ'{ Ventral view
* Anbdarminal fin-
" hold pigmented
e
! 3.8mm
Darsal view
5.8 mm

- Darsal view

P f;",' = i
Ve S,
2 5 Lt . < ventral view
5.8mm “"-h;-azf—‘-»j—fw@ Detached 2 A =2
Melanophores align Spines present * Similar to Sefar crumenophtalmus.
along myosepta Chavakul (1996) Note: pigment on dorsal body.
Group 2 (6/7F
- . - P D: V-~V 23~~28+
KL o) naucratin Elagatis bipinnulata |’ ). 1350+2
Scutes: 0
Pi%ment present den- ¥t
sely an dorsal, latera 5
Small SQC present m|§ ine and ventral bod Trunk and tail
~. i 5 ragually taperin
2 oA prom / andtail slim

3.6mm mid body ' s preop reduced

Pigment scattered
on whole body 50C reduced -
A}

%CF’ Bt 1 \

Detached 2 A spines
[ Qreog’long a?sent EEa'cer deta-
and serrate £ne spine

Hiraga et al. (2014) resent
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Genus Scomberol

S.lysan and S. tol D: VI~VIIH, 19~21
A: 111 (Il), 16~20

. Scutes: 0
Pigment spots small |y 1g+16
.

Body elongate

X Arus bayond
i
Body moderate

Darsal vie!

W

Pigment spots large

s preop developed 19.5mm

Pigment scattered
/ onwhole bady

i " Dspines tilt to
Darsal view X m%i—ht_
g altematiely

alternative

S5 ™. Detached 2 A E— o Eio
Triangularshaped head ™ spines present e At SR
Scomberoides sp.fspp. 5. lysan (upper} and S. tel (lower)
Leis and Trnski (2000) Hiraga et al. (2014}

naucratin Naucrates ductor ~ Greur3 (/4IE
: Pigfment present den- D: IV—~\V-, 25—~29
: sely on dorsal and ven- All-l, 15~17
[EhBase tral body, and sbdomen Scutes; 0
V10 +15

QLA
> Anus beyand
gﬂpra_mi%a_i._m mid body
Iemporal & supra:
cleithrum spines large
R,

5 — 6 pigment bars

+

) ., \ X
s preop developed hf
i

Head round, and
body deep \,\,E{"Fr

Laroche et al. (2006)

Group 3 (28]
trachinotin Trachinotus baillonii E

T. baillonii - T. blochii
D: V~VII, 21—25 Trachmotus b D VI-l, 18~-20
Al 20~24 A:lll, 16~18
Scutes: O Scutes: 0
V:10+14 V:10+14
T. baillonii ¥ blachl Febbecs 7. blocki

Aiei vland® ,nﬁmtreriordorsal—fint g
nterior dorsal-fin mem- e membrane pigmente
Tane Unpigmenie L Dorsal-fin spines stout - =

5 Body dark

-~ Bodydeeper .

9.9 man SR
i SAECiy Detached 2 A
~ spines present

Detached2 A .~ %
spines present

T. africanus (from Bali), T botla (Mynmat)jand . s
mookatee (GUIT of Thailand) are reporied in the region. Hiraga et al. (2014}
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Group 3 (3&9

carangin Ulaspis secunda U. uraspis
D: Vi~\VIll-1, 24—~30

. A: (1), 1722
Dorsal fin large with Y P
pizment bloiches on aCUles, 247233

membrane Vi10 14

U urasmis FishBagy

7 pigment bars

Fmsent on o
ateral body -

i
5

Anal fin large with
! * pigment bloiches
Pelvic fin large .7 on membrane
an eavi F

pigmente

* : : ,
Larvae of this species are not known Larache et al. {1984)

Group 4 (2/4

" » e DiVI=VIH, 29~
naucratin Seriola dumerili ., 12>

Scutes. 0
FishBace Vi 10+14
Blatches present on
Melanophores on darsal- al’l'ﬂ anal-fin
dorsal and ventra membranes N,
Body elongate bodydark \

P

i

~ll 95
=K Anélsbbﬁyond L / . "
mid oy s preop viefio . Body coler
Bod darat reduced Eglr‘f:": fin ) allresh gold
ody maderate Bods ik {

A}
s nreorg at ’ 6 pigment bars present
dangle 1ong on lateral body

*Larave of 5. dumerili and S. rivolign are quite similar. Pipment
patterns on the D and A fin membranes may different. Laroche et al. {2006)

D: Vi, 26—33
A:ll-l, 18--22
Scutes: 0

V: 10414

naucratin Seriola rivoliana

Melznophores on
dorsal and ventral

A body dark

N ESmm
Anus beyond
mid body Blotches present on Body olor at
orsal- and anal-fin resn gol
Body dark > 10 mm 5L

membrangs p

5.2 mm 9.0 mm "o
s preop at seh{‘l':‘ﬂn b pigment bars present
angle long ar on lateral body |afer

*Larave of S. rivolign and 5. dumerili are quite similar. Pigment

Laroche et al. (2006)
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naucratin Seriolina nigrofasciata |7 """ 3™

Kimura (2011) Scutes: 0

Melanophores on Blotches present on vi11=+13
dorsal and ventra NSHR: AU Sty T
bodydark

e e
ody dar membranes \a

s #?gsbg?yond ‘%Q‘\ Dorsal fin large
—pj—F— and mempbrane
angie 1ong pigmented

Body dark

n— Pl 5
zﬁlwc;:n large - Anal-fin membrane
e d

pigmente
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Annex 6: Identification methods of the Engraulidae fishes and their larvae in Southeast Asia

&

Yoshinobu KONISHI

Formerly, Seikai National Fisheries Research Institute
Magasaki, JAPAN

&

Adults

Reference:

Wangratanz, T., T. A. Munrae and M. 5. Mizinski (1938).
Crgraulidae, Pages 1698-1753 in Carpenter, K. L.
and V. H. Miem eds. The lwing marine resources of
the Westarn Central Pacific. FAO species dantification
guide for fishery purposes, FAQ, Rame,

Diagnostic characters of the Engraulidae fishes ﬁ

axiilary anbranched
scabe of aft rays |
snaut pectaral fin 1

Ionwer [aw - N 5
¢ (A ——— ’
'underslung’ | i ?%”; by
preaelvic postpehiz’,

— Y

2™ supramaxilla N N benciud
srticalationof scutes aften safl rags
lower 2w far Y present
behind eyes wamilla often org
- Dorsal fin single, short, and usually near midpoint of bady [far forward in Coilia).
*No adipase fin.
*Pectoral fins st low on body

= Pelvic fins anterior ko, equal with, ar posterior tn the vertice| through dorsal-fin hase.

Similar families to the Engraulidae
in the Southeast Asian region
(Clupeiformes)

&

A
snout net projecting r," .

Tang like Leeth

Clupeidae
Z sneut not projecting
complete series of sfutes 1 —t L _
Pristigasteridae - | <
S g
dorsal fin set far back anal fin long

-
A seltes Chiracer

Representative species of engraulid genera in the mgiﬁ

Tyearhrissa cracodiius

Encrasicholing hereraloby

Coilia dussutieri

Setipinna welanechic

Silepharus commersonil

e

Kngranlic fapamicuy

Tirysea dussunber?

Seven genera of the Engraulidae
in the Southeast Asian region

teetn canine-live

&5

tal tapering

e
-to,q;gm"_ caudal fin pointed \__“_' y
Lyco anal-fin base larg,

Lﬂ!z- BB alfjn T nos [olned to cavcal
T TR sl base o, Lt Darsaa':l'lrllaﬂ'!t fin
ipined tc caudal % .
caudal fin forked

Encrasicholina
caudal li!:"l:lﬂl!ﬂ Qgﬂ

elangale, lee
pectaral-fin
rays

T anly amﬁas-$l
3 a g
LY i

Setipinna 7! f th leng {@ ¢
/. saites =

ot joined to caudal
fin

coual finforked | S19/ePOrus 1 ¢ 3

only arepelvic st

analfin base short,
s origin - posterior
ta deorszl fin

upper pectoralfin
ray a filament

&
Thrysse %!]Jl_&s

apper pectorsl-fin rzy
not extend as a filamen

; f@ caucal fir forkad
anal-iin base shot,
5 origin_ postenor

o ol fin

anal-fin base kong, Engraulls L}'
o scutes

nol juined to ceudal

&

Genera and species of the Engraulidae
in the Southeast Asian region

1 Coilia 8

2 Encrasicholing 4

3 Engrauls 1

4 lycothrissa 1

5 Setipinng 4

6 Stolephorus 1 Total

7 Thryssa 8 36 species

Genera and species of the Engraulidae
, Malaysia, Thailand, Cambodia and Viet Nam

A W O H W O W

Total 13 14 L n 19 13

Mya : Myanmar ; Mal 1 : west coast of Feninsula Maiay ; Mal 2 @ east coast of Peninsula
Mzlay ; Tha : Thailand {the Culf of Thailend] : Cam : Cambodia ; Vie : Viet Nam
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Speaes of the engraulid Coilia*

M Mal Thail Jr hadi

and Viet Nam

c
© (=]
(w]
1 3

* Hakizat |n the law salinty area
@Marsated species

Seven species of the Coilia
in the Southeast Asian region (1/2)

pectoral fins with &

" sedoral Fins wilk b
long filaments el

leng fillaments

2 S,Ef'_\__. D
light organs (pearly dets)

present slong Aanks and fisallo St Ayt o

i
usl reaching’ I:nnenarly Y12 ta 15 kecked

abdomen u border of gill ahdominal scutes
C. lindmani €. morrognathos
lower gill r. 2
el j.l RS pactaral fnswith 6 ] |2L’IWE! gill rakers

2% pectoral fins with 6

long filaments |ang filzrrents

€. Goingensis, L. coomenst: caly in Indonesiz; L. rebenmscli: anly n Bornec z‘:ﬂl‘;g‘" & ao BEbaiied
Mya : Myanmar ; Mal 1: Malaysia [west coast of the Peninsulal; Mal 2: Malaysia (2ast coast wdm:_"rf.rd :do:in:]nsc:{;hd W:}'E,L%’;% F::f‘t“lgﬁ abdominal scutes
cf the Peninsula); Thai : Thailand (the Gulf of Thailand) ; Camb : Cambaodia ; Viet : Viet Nam 38 fim base
Seven species of the Coilia E; ﬁ
in the Southeast Asian region (2/2) Species of the engraulid Setipinna ™
A  lawer gill kers 2510 27 in My Malaysia, Thailand, Cambodia and Viet Nam

ﬂe ctoral firs with  mome
ot 6 T g, Rlaments

C. rebentischii e g
maxlla shert 3 cleveen 1a 13 keeled shdominal seut
ona F ashilz e \ w1 13 keeled shdominal soutes
mes absent

_ lower gill rakers 32

clorad fins with  mone
-~ rh'lr.ﬁlnng Filaments

C. borneensis =

raaliathet - ", eleven to 13 keeled
— abceninal seules

lower gill rakers 31 to 33
e

g\enora& firs with mcre
Glnr‘ﬁlaments

faur or 5 prepaivic scute

maxilla short -
20 to 33 keeled zbdomiral scutes

* Hebitat in the low salinity area
@ Mareted spacies
5. tenvififis: orly In Berneo, Phillppine

My : Myanmar ; Mal 1 Malaysia (west coast of the Peninsula); Mal 2: Malaysia (eest coast
of the Peninsula); Thai: Thailand (the Gult of Thailand) ; Camb : Cambaodia | Viet 2 Vet Nam

Four species of the Setipinna
in the Southeast Asian region

filament of pectaral
fins leng,  reaching
posteriorly o bhase
af 35% tn 41% anal-
finray .~

&

lilarnenl ol pectoral

fins short,  never

rezching pasteriorly

even 1o anal fin, or

abwent atogether
o

lower gill rakers fe
en g el g

5. mefanochir

anal fin with i
unbranched
and 45 0 50
branchad rays

~ anal fin with il unbranchad e .
and 56 ta 51 branched rays !ﬂ"ﬁ'mﬂ" takess
filamaend of pectosal fins
leng, reaching poste-

L tiorhy 0 hase of 3239w

‘ast anal-fin ray

&
filarvent of pectoral fins anly

Species of the engraulid Thryssa*
Malaysia, Thailand, Cambedia and Viet Nam

T. hamiitanii L ]

L L ] L ] L] L ]
T. kamnmalensis (o] o o o
T. mystax L 2 L L] e L]
T. setivastri L ] L ] ] ] - L ]
T. spinidens la} (8}
Total {1 5 5 5 5 3

Habilal in the fow satiniby area
@Marketed species
T. encrasicholoides: only in Indonesia, Philippine

i
i ) il rake
EI_JZW:I_- |£§“ raKers 'ﬁ%ﬂw fs T maoderately - bong, reac1|1q Mya : Myanmar ; Mal 1: Malkeysia (west toast of the Peninsula); Mal 2: Malzysia [east coast
Rosteriorly #;’:BF ase of firs af the Peninsula); Thai : Thailand (the Gult of Thailand) ; Cama - Cambodia ; Viet : Viet Nam
Seven specles of the Thryssa E Seven species of the Thryssa Q

in the Southeast Asian region (1/2)

lower gill
akers 10
lo 12

. l
; o maxilla very long, N kaseled scutes on
maxilla very lorg (increasi abdomen 25 ta 32

fusually 78 to 30

with grewsih),
reaching at ieast to base of first pectoral-fin
ravy, wsually o pelvicfin base, ar cwen o

reaching ot least
to base of first
pectoral-fin ray

analfin orgin lower gill rasers
2010 32 fusually

-7 29 or more)

lower gill
“rakers 17
to 19

T. dussumier]

Zo
anal fin usually with i
urkranched ard 30 to

mexilia rnuda-'anelv 'ong, but
only reaching ?ouelinrl'.r ta
barcer of cover or

i
maxlila very long,
regching at leasl
te base of first

keeled  scutes
en abdarwen 21

to 34 fusually projecting sl ruv asterior 33 branched fn rays
pectarlfin Tk 2ior2d) ta this nngmr § i

in the Southeast Asian region [2/2)

_ lower gill rakers 15 or lest

anzl tin with i unbrarched
T and 32 to 39 (mostly 35 te

maxills moderstely long, but >
37) brarchad fin rays

only reaching  posteriotly Lo
border of gill cover or prajecting
slightly postericr to this point

T. baelama

maxila very short, not
exlonding  posterory  heyond
posterior border of preopercle,
and tip of maxllz pointed

T. encrasicholoides % i . 2
maxlla  very shor_— ot % @
extending posteriorly beyond ﬁg L) :Lulol':ﬁ ﬁnratr.!?:llﬂ':

postericr border of precpercle,
an tls of maxdla more blunt behind sthrus

prepah scutes  ending
e anteriorly below pectaral fin
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Species of the engraulid Engroulis and Lycothrissa *

and Viet Nam

in Myanmar,

, Thailand, C

L. crocodilus™ e} o e}

* Hebitat in the fresh water 2nd low salinity area
£ jgponizus: anly in Pailippine

Wiya : Myanmar ; hMal 1: Malaysla {west coast of the Penlnsula): Mal 2: Malaysla (east coast
cf the Peninsula): Thal : Thalland {the Gulf of Thalland) : Camb : Cambodia : Viet : Viet Nam

Species of the engraulid Encrasicholing
in Myanmar, Malaysia, Thailand, Cambodia and Viet Nam

| smaan | Mipe [kt et | i | e
E. dewvis/ L] L ] ] L]

L3 ]

E. heterolaba [ ] [ ] (] [ ] ® [ ]
E. olfgobranchus

E. punctifer [ ] ® [ [ ] ® ®

Total 3 3 3 3 3 3

@ Marketad speches

E. oilmobranchus: enly in Philipgine

Py = Myamrmanr ; Mal 1: Malaysia [west coast of the Pepingala); Mal 2: M,
af the Peninzola); Thal : Thalland {the Golf of Thalland) ; Camb @ Cambedia |

i feast coasd
ot = Viet Nam

Four species of the Encrasicholina
in the Southeast Asian region

firsl 3 rays ol

dorsal and anal

__fins urbranched
7

E devisi m?h v
malka tig more of less pointed,
projecting posteriorly beyond
2nd supramaxilliz

lowier gill
rakers. 20

first 3 of
lower gl dorsal and anal

rakers 17 ar % hnsunhmnrj!zd
1® i

maxllla tip more ar less
pointee, projactin
pasteriorly beyand 2nd
sunramarills

?"g-‘-"'-a?a @

&

i first 2 rays of

lower gill dorsal and anal
rs 22 i\ fins unbranched

tn 30 -

ik

E. heteraloba
maxiliz tip more or less pointee,
r cling pusterionly beyend
nd supramagilla

first 3 rays of
- dorsal and anal
ﬁns unbranched

' E E. punctifer
mailla tip hlLﬂ‘ searcely

projecting posteriorly
beyond 2nd supraman!ld

I il
rakers 23
-] ZE

Species of the engraulid Stalephorus
in Myanmar, Malaysia, Thailand, Cambodia and Viet Nam

RN

&

5. andhraensis

S boganensis (a] o] (o]

S, chinensis (0] (o] C o]

5. commersanii L L L ] [ ] L] [ ]

5, dubisus o e} (e} o

5. Inalicus L ] L] L] L ] L] L ]

SInsularls (o] Q L) Lo} Q

5. ronquiliol

S el [ ] L ] L]

5. waitei L ] ® L ] L ]

Total & 2 & 3 4

@ Marketed species

£, anghraensis: only In Bornec, Java; §. ronaulMel: only in Philiasine

Mya : Myanmar ; Mal 1: Malaysla (west coast of the Peainsulal; Mal 2: Malaysla (east coast
of the Peninsula); Thai : Thaland [the Gall of Thattand] ; Camb < Cambaodia | Viel - Vet Nam

Ten species of the Stolephorus
in the Southeast Asian region (1/3)

lowier il rakers

s
"-,p'?n' I|@. " 5 to 31 usually
siute present 26 j\_o_zsl

lower
ta 23

p ineon pebic
sCuke prasent

couble gigment line

Il rax
: 1\:?19

&

donckle pigment Ilu o
darsum only In region

ﬁ%:ﬂemg to dersal fin
’/-

5. baganensis

Ny spine on pelvc
scute presant

prEdDrsaI

predorsal
spine-like

m:I predorsal

on  dersum  koth 3 nu-_

. anteriorly 2nd post-
%ﬂrinrm dorzal fin

Ten species of the Stolephorus ‘@

in the Southeast Asian region (2/3)
double pigment line

predorsal spine- an darsum postericr
like scute wery .~ tocorsal fin
wak v
A . insuloris
posneriorlbcrdar °i - w‘ fower gill rzkars 2110 28
Precpercle concave T {usually 23 taz7)
with out tpine

ne doublz pigmert line
on dorsum posterior to
* dorsal fin

posterior border of
Eredpercla concave \

pe

wil tho.r'spme
ra predorsal spine-
lkren.ﬁe P

5. indicus

Sri - ! =
: posterior border ; -
spine on peivic lower gill rakers 19 mnaxillz cemoara- -
scute present 1o 22 (rarely 18] :V‘l“pgewgf_e_r_d_e_ Thzly shor posterior border o pbvic soule
. meopecle comvex ———  without tpine
Ten species of the Stolephorus E c@
in the Southeast Asian region (3/3)
ric predorsal P
Euh.-mqgw dusky mine-like scube - . pehvlc seute without spine I.a rvae
i spats present_ . s
arnung ey : 5. waitei
manilla campara- - — r:;;?‘ 5
tively long
pesterior border of aredorsal References:

oreoperde comvex spine- ke scune

manlla cal

tlvely long }
e "
postaricr border of o N—
preopercle conves
no precorsal

=i N

il |a compara-
theely leng

posterior border of
preapercle rorves

5. chinensis

serall, need! e like, prepelvic
scute 4 to 7 (usual’y 5 or G)

pebvic scute without spire
-~ ‘.

5. commersoni

small, needle-fike, prapelvic
stule fewer (0 to 5, wsuall
1t d, mostly £ or 3}

Okivama, M. ed. (2013). An atlas of early stage fishes
in Japan. Second edition. Tokai University Press,
Hatane, 163%pp. {in Japanese).

Leis, ). M. and B. M, Carson-Ewart. eds, (2000) The larvae
of Indo-Pacific coastal fishes. An identification guide
o marine fish larvae. 3rill, Leiden, 850pp.

MeGawan, M. F and £ H. Barry, (1984). Clupelformes:
development and relationships. Pages 108-126. in
Moser, H G, W, | Richards, . M. Cahen, M. P. Fzhay,
AW Kencall, Jr. and 5. L. Richardsan, eds. Ontogeny
and systematics of fishes. Amer. Soc. Ichthyol.
Herostol, Sp. Publ, Ne. 1
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Meristic characters of Indo-Pacific engraulid genera&YJ

Coilinag

1 Coilia * 13-17 62-117 1129 610 19  14-21+46-61=60-76
2 Setipinna * 13-15 4864 11-15 7 19 15-1B+31-37=46-54
3 Thryssa * 11-17 2649 10-14 7 19  12-21+22-28=39-46
4 lycothrissa* 10-13 4751 6-7

Engraulinae

5 Encrasichalina 11-16  14-21 12-17 7 189 21-25+17-21=41-44
& Engraulis 13-17 14-22 15-18 7 19 43-47

7 Stolephorus 13-18 1725 1117 7 19  18-23+18-21=38-43

“ low salinity species

modified Leis and Trnski {2000)

Similar larvae to the Engraulidae (1/3) Q

Engraulidae A14-117; V 38-76

(Engraulis japonica) gut relatively short and

101 mmTL 7 anus under ar just
b _ paosterior ta dorsal fin
~ (except Coilia®)
Clupeidae
Herklatsichthys sp. et . N £9-28 ; V 40-57
RS R ok i4ul ,ﬁ_ﬁ;_; - ’
12.1 mmBL {@/;?}_ o N‘:@&\_‘ - gut long and anus

- posterior to dorsal fin

cross-hatching pattern

Pristigasteridae.

liisha elongato
17.0mmTL &

A 34-93;V41-62

gut moderately long
_-- and anus posterior to
i dorsal fin

Chi ! striated hindgut

" A29-37 ;V 69-75
e gut long and anus

™ bady very elongate 3 _ ——-""under dorsal fin

* Coilia : dorsal fin anteriorly far from anus.

{except clupeid Spratelloides) and 2) striated hindgut.

Similar larvae to the Engraulidae (2/3) Q

pigment present on
: / daorsal midline of body
Chanidae / AB8-11;V40-45
no cross-hatching

pattern and hindgut
smoath

{Chanas chanos) -
136mms. @

body relatively d'eap ~. pigment present on
and campressed ventral midline of gut

body round in cross-section
‘\ S A7-9;V 54-56

Gonorynichidae e P i s R

(Gonarynchus. & dorsal and ventral midlines Etariaiz Ll
abbrevigtus) of caudal peduncle heavily

183mmTL pigmented

eyes elliptical

Phosichthyidae * AR YRR

e 2 no cross-hatching
{-“f’ngggjm? ; pattern and hindgut
nimkaria 2 e smooth
& ]
13.5 mm SL | light organs present

on ventral body in

adipose fin present large larvae

* Deep-sea fish
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Similar larvae to the Engraulidae (3/3) &

eyes elliptical adipose fin present
= | e, A
Notosudidae * ] e MU' o V) Lo
{Sco s : e “miﬁﬁ; na cross-hatching
smithii) pattern and hindgut
26.0 mim SL : . bady round in smooth
ggjirclt?%t'p cross-section
” — dorsal-rﬂn base long
mm ae !
am Miyhdae Y — . V50-56
(e i o 2 no cross-hatching

viridigngauilla) % pattern and hindgut

'
9.9 mm BL pigment present an smaath
ventral midlines of gut
and tail
darsal- and anal-fin caudal peduncle V3144
Schindleriidae  bases relatively long ™=-.. Narrow
(sebindlora S = R no cross-hatching
(Schindleria T —— g Ui 4y patternand hindgut
praemugtura) b HRES 3 smooth
11.2 mm BL

body very elongate

and needle-like * Deep-sea fish
Key to genus of the Engraulidae larvae
in the Southeast Asian region @7

la Dorsal-fin base present at midpoint of body, and its end remarkably
anterior to anus. Total myomeres more than 70, ========= Coilia

1b Dorsal-fin base present near midpaint of body or posterior to it, and
its end over arigin of anal fin or posterior to the origin. Total myo-

meres IESS than 70‘ ----------------------------------- 2
2a Anal-fin rays more than 30, and its base more than 1.5 times of

dorsa|_ﬁn base. "**rerncenennnan nsssssssmwnmn KRR 3
2b  Anal-fin rays less than 30, and its base less than 1.5 times of dorsal-

fin base L mEssssssEmEssmssEETsEEIREEEEEsEEEREsEREEEEERS 4

3a Head depressed (until early postflexion stage). Anal-fin rays more

than47. EE s NS ES RS R EEE RS EEE R R NG AN AN EEN A EEEE Seripinna
3b Head not depressed. Anal-fin rays less than 49, ===+==+ Thryssa

4a Origin of anal fin just under end of dorsal fin, =r===rsrerru=- 5
4b  Origin of anal fin distinctly anterior to end of dorsal fin, ======="
------------------------------------------ S I
5a Totalvertebrae 40-45 ==r==rssvrensenianns. Encrasicholina *
5b Total vertebrag 44-47 +---errsccmricasesannnenns Engraulis

* Some Encrasichaoling larvae have the Stolephorus-type arrangement of dorsal and anal fins.
Riverine and lacustrine species of Lycathrissa is excluded in the above key.

Larvae of Coilia nasus * 013 &D
A 81-97
darsal-fin base present at body P, 17-18
midpoint and anteriorly far Py 7
from anus vV 77-78

Finc =g . “ anal-fin base long

body rgiatwelv deep
and compressed

d19.8 mmTL

* Endemic species in Japan Takita (1967)
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Larvae of Setipinna tenuifilis D15 ﬁ

A 49-55
P,11-13
e head depressed V 48-50

d 17.7 mm SL ;
body slightly deep anal-fin base long

Young et. al. (1995)

Two species larvae of Thryssa

bnaé;r 5 | ighthy
comprassed
T. hamiltoni

etal (2002) /@ & Neehvme—s=nt, -
Kanou (2002) e bnd”“ghtw W\% M 44-45

a15.2 mm5SL compressed

~,
-
anal-fin base long

@-—3‘_ I*ﬁ' g "ﬂw _-%

b 22.2 mm SL

Larvae of Engraulis japonica * D14-16

a57mmTL

_ origin of anal fin
just under end of
dorsal fin

*—— anal-fin base short

d323mmTL

*Adults only in Philippine by Tsumete, K.
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Larvae of Encrasicholina punctifer ﬁ

’0 )

:132mmNL

origin of anal fin
just under end of
dorsal fin

d13.9 mmSL
Noichi (2013)
Larvae of Encrasicholina heteroloba ﬁ
D15
AlG-18
P e - P16

T b = Py 7
@ w_ny,_-i'_..?:»——«——__-q :‘% I\E#S

a 6.8 mm NL

origin of anal fin
Just anterjor to
end of dorsal fin

7 R
@ o
d31.1mmSL

D16
A18-21
Py 7
V 39-44
Klnnshlta
(2008)
32183 mm SL Y
distance between anal- anal-fin base short
fin origin and dorsal-fin
and narrow pigment spot on
5. commersonnii dorsal midline of
Moichi (2013) e = =l caudaifeduncie i 30:93
- -— P, 14

I N C = Py
:E: @ ;/_;_._ s e e = VEL!
- / )

a15.4 mmSL distance between anal- smal-hin-hese short

fin origin and darsal-fin
end wide
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Dorsal- and anal-fin rays of Encrasicholina and Stolephorus
in the Southeast Asian region

s D A | speies 0 A

Encrasicholina 12-16  14-21 Stolephorus 14-18 17-24
E. devisi 13-16 17-21 $. andhraensis 15-17 19-23
1315  15-19 S, baganensis 1416 2023

14-16 18 S chinensis 16-18  20-23

12-16 14-17 S. commersanii 15-17 20-23

5. dubiasus 14-16 19-24

S. indicus 1417 17-22

S.insularis 14-17 15-23

S. ronquillai 15-17 19-22

S tri 14-15 19-22

S. waltel 15-17 18-24

Species in red color : marketed species
McGowan and Berry (1984)
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Annex 7: Identification methods of the Lutjanidae, Siganidae and Epinephelini larvae in
Southeast Asia

&

Identification methods of
the Lutjanidae, Siganidae and
Epinephelini larvae
in the Southeast Asian region

Yoshinobu KONISHI

Formerly, Seika/ National Fisheries Research Institute
Nagasaki, JAPAN

Lutjanidae
(Snappers)

Adults

Reference:

Anderson, W, 0. Ir and GR. Allen (2001). Lutjanidae.
Pages 2840-2918 in Carpenter, K. E. and Y. H. Niem
eds, The living marine resources of the Wastern

Central Pacific. FAD species identification puide for
fishery purpozes. FAQ, Rome.

Diagnostic characters of the Lutjanidae fishes ‘%

scales on cheek and A dorsal fin with X-Xil spines
opercle but no scales A i and 10-19 soft rays

between eye and mouth | |7

- = = \
pr'.'.up:dm: wsaally %/ g o
i \ ..'. anal fin with lll spines
and 7-11 soft rys
= Opercular spines 2. Branchiostagal raye 7. Darsal fin single. Caudal fin trun-
cata to deeply forwec.
* D X-XT1 10-19 AL 7-11: PRC 7 (9+8); Py 14-19; P2 L. 5; Veriebrae (10+14),
« Colour: highty variable; mainly from red through vallow o blue: often with
bletchas, linas, or other paltarns,

Anderson and Allen (2001}

Habitat, and biology

Juveniles of several species of Lajenss enter estuaries and the
|cwer reachas of fresh-water straams; a faw Indo-Paclfic
species of Lafenus are inhabitants of fresh walers.

* Mostly botorm-associaled fishes,
inshore areas to depths of about
rocky outcrops).

courring from shallow
500 m {mainly aver raefs or

+ Populations in conlinental waters hava extanded spawning throu-
out the summer, whereas those occurring around islands
spawn throughout the yaar with peaks in spring and fall.

+ Lutjanids are balch spawnars, with individual famales usually
spawning several times in a reproductive seescn.

+ Spawning is apparently at night, on some cccasions coinciding
with spring fides.

* Larvae avoid surface waters during the day, but display a more
avan vertical distribution al night.

Anderson and Allen {2001)

E}
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Representative species of lutjanid genera in the region c@

Paracaesio xanthura

Aprion virescens

Etelis coruscans

Mavolor niger

Pinjaly pinjalo

Svmphorus nematophorus

Photos: FishBase

Subfamilies, genera, and species of the Lutjanidae ﬁ;

in the Southeast Asian region
[ subtamiy | genss | o | A | n

Andilinas Lipy =ifuis [l] X 10 i, & 15-16
Paracoesio (4) ¥ 910 i, 9 1818
Apharews (7] ¥ 1011 .2 1516
— Aprion (1] X 11 (%3 16-18
Etelis {3) X1 ;8 15:17
Pristipomoides (8) X 11 i, 8 15-17
Lutjanus [33) KX 1226 I, 2-11 15-17
Lutjaninas Maoealr (2) 1¥-X, 13-15 1, 10-11 16-18
Pinjure (2) XN, 13-14 19,910 17-19
Faradicichthwinae  Spmphanchthys (1) X 1419 m 11 16-17
Symophors (1) X, 1497 i, 810 1617

» Numerals In parenthesls: pumber of species (11 genera with 56 specles In the reglon].

&Pyl 5 C9e8; Vertebrae: 10414 {2l spacies of lutfankd fishes ir the reglan)
» Meristic data: Indo-Pacitfic lutienid fishes by Leis 2nd Rennis [2000).

>
Key to the genera of Lutjanidae occurring in the area ﬁ
Maotes: species names are given when a genes includes a singla
species, Counts of gill rakers include rudiments, if present
Anderzon and Alen (2000)

ta. Dorsal and anal fins withoul scales, dorsal linowith X spincs and 10 or

Mol rays o Lo si s i i i calis TR R |
1b. Soft dorsal and anel fins with sceles or sheathed scales basally;

dorsal fin with X to X1l spines ard 17 t0 19 scflravs ... oaas 10
2a. Mail'a with scales % AR,
2b. Maxilla without scales — .
3a. Spirous porion of dorsal in duLpIyl aliis junclion sull

portion; dorsal fin with X spines and 11 [very infrequantly 10) sot
reys. —— - Erelis
3b. Spinous purtlon 01 d"'aa Im not de=ply mmsed al lls;unchor \mih solt
portion; dorsal fin with X spincs and 10 softrays i
4a. Last sofi rey of beth dorsel and ana! fins shorler than next iz lest sofl
{5 i e e PR R AR, B b R e Paracaesio
4b. Lesl soft ray of bolth dorsal end anal fins about equel fo or 5I|ghl|y
lenger than nex: o last soft ray .

i

(3
Kay ta tha ganera of Lutjanidas accurring in the area &

5a, Fremaxillaz essantially nat profrusible, attached ta snout at f-‘,'m-
physis by & frenum . f
Bb. Premanillae protru |,,|b B, nol ajacnad m sqoul Df frunum 7
Ba, Vomer wilhoul lealk (small juveniles may have mirule LEE‘U or
vomer); teeth in jews very smell, no caniniform tzeth; pectoral fins
somewhal shorter than head; lateral sudace of mexilla
smooth | - Aphareus
6b. Vomer with seelh jEws wilh some C!1{I‘II*\.I1'1 teeth; pectoral fins
about 1/2 to 2/3 Iergth of head: lateral surface of maxllla with a
serias of wall- damlnpad ongiudinal ridg.. .. ..
R.muln ifie: |ku j"hnm {ETIAT
Ta. Dr‘rswlfln wﬂ' K SQiNes 'md 1| rarely 10) soft rays; last soft ray of
both darsal and anal fins longer ihan next 1o 3sl sotiray

]
Tb. Dorsal fin with ¥ spines and 10 soft rays; 'asl soft ray of both dorsal
anc angl fing shorer than nextio last softrey . ... ooivvni ot . )
Groove present on snoul below nostils (Fig. 1) pecioral fins less
than 1.2 length of head. Agrign virescens
8b. Mo groove on snoul: pectoral fins g little shorler than head to
somewnal longer than head .. «. Pristipamordes

Key o the genera of Luljanidae occurring in the area

9a. Upper llp with a medlan eshy protrugion. well developed In aduls (Fig.
2); spines of dorsal and anal fins strong, '.aq. robust in large adults
Lmﬁe:}m caruplabrum
9b. Upper lip without a median fleshy pm:rusk}r . Paracaesio
10a. Vomer wilhoul teeth; dorsal fin wilh Xspmes and 14 Io 19 softrays; 1
or more antenion soft dorsal-fin rays producad as filements (at least in
juveniles) .. v A
10k, Vomar with laeth; d:msal finwith X to X 1l spines a'\d 1| m 1Fi mﬂ rayr.

11a. Anterior profile quite sieep; domsal fin wilth X spinas and 17 1o 19 soft
rays; upper and lower pharyngoeals enlerged and bearing large mela-
riform teath . Symphorichthys spilurus

11b. Anierior profile sloping more genlly; ::rsal flrl with X spines and 14 to
17 soft raye; uppes and |ower pharyngea's nat particulady enlargad, net
baaring molarform taeth. oo oo o a . Sumprinres semataphuris

@&

Key to the genera of Lutjanidae occumring in the area

12a. First gill arch with 80 or more gill rakers on lower limb...... .0 Muacolor
12b. First gill arch with 20 or fewer gill rakers on lower limb . .

13a. Uppar and lower profilas of heac agually roundad; eye sat foward middle

of head: mouth rather small, somewhat upturned; no fang-ike canines
atanterior ends of jawe. L .ooLiiiioiiiiiiiiiiiiiiiii Pimjuln
13b. Upper and lawer profiles of head not egually roundes, upper profls

evenly roundad to stesply slopad, and lower prafile fiattensd: aye closer

to upper profila of head than to lawer, mouth [arger, usually not up-
turmed; some fang-like canines usually present at anterior ends of aws
.................................... Luifanus

@

Larvae

References (Guide book):

Lels, bW and 005, Rennis (P00), Lutjanidae (Snappers and Fusiliers,
Pages 329-337. in: Leis, ). M. and B. M. Carson-Ewart. {eds.) The
lervae cf Indo-Pacific coastal fishes. An identification guide to
marine fish larvae. Brill, Leiden,

Lindeman, K.C,, Richards, W.I,, Lyczkowski-Shultz, |, Drass, DM, Pars,
C.B., Leis, J.M,, Larg, M. & Coryns, B.H. (2005) Lutjanidae: Snappers.
pages. 1548-1586. In; Richards, W), (2d): Eorfy Stoge: of Atlontic
Fishes. An identtfvcation guide for the Western Central Atlantic.
Taylor and Francis: Bocs Reton, Florida.

Obovarna, M. ed. [2014). Lutjamdae, Peges 819-335. i An alles of early
stage fishes in lapan. Second edition. Tokai University Fress, Hatano.
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Larvae lﬁ Larvae of same lutjanid species {1/) nm::'::gmii &

References (napers): apsiline Paracaesio sp.
Leds, LA, & Lee, K {1994). Larval development in the lutjznid sua-
family Etelinae {Piscas):the genera Aphareus, Aprian, Ctells and P S
Pristipomofdes. Bulletin of Maring Science 55, £6-125, B e =
Leis, J.M. & Bray, D). (1595}, Larval development in the lutjanid sub- y ﬁ-fﬁs'—‘:w’— P
amily Paradivichthyinae (Fiscas)lha penera Symoharas and P gm"g'r.;‘;‘r‘r:‘g"ﬂ" €longEts. Ty L

Symphorichthys. SBulfetin of Marine Sclence 56, 418~433.

Leis, J.M., Bullock, 5., Bray, D). & Lea, K, {1937). Larval develcpment
in the lutjenid subfamily Apsilinae (Fisces): the genus Parocaesio.
Bullstin of Morine Science 61, 697-742,

Leis, LM (2005) A tarva of the eteline lutjanid, Rondellichthys
fliamenrosus [Pisces: Parciformas), with comments an phyla-
genatic implications of larval morphalogy of basal lutjanids.
Lootowo 1008, 37-64,

Leds, 1. M. {2007}, Larval Davelopment in the Lutjanid Subfamily
Lutjaninae (Pisces): the Ganus Macolor. Records of the Australian
Museum, 58: 1-8.

Leis, 1, M {2008), Larval development in the lutjanid subtamily 5 « s

il 7 E = pines developed
Lutianinae (Pisces): the Indo-Pacific ganus Pinighe, Zootaxa, 1760: on opereular
37-49. banes

=, Ana-and pelvic -
in sgines smor?

blatch prasent on
caudal pedunce

Laisand Hanns (20]

Larvae of some lutjanid species (2/)
eteline Aprion virescens

Daorsal-fin sFines
smooth and 2n

spine elongate \

Fizhfasa (3022)

Anterior dorsal fJn
early-forming \'hl

43— s
e
// "““\\.‘“\\ Anus anterior
to mid body

P, early-forming

Body moderate

i, — ' & Anal- and pelvic
i fin spines
gﬁ'gﬁiﬁ’fjg'ﬁ"e‘* 1st soft ray of P, smooth

hones langer than spine

Leis and Rennis. {2000]

* Larvae of some lutjanid species (3/) c@’
¥ |utjanine Lutjanus argentimaculatus T xm, 13~14

FishBase (M123) Al
P17
_ Py, 5

Anterior dorsal fin V: 10+ 14

.« early-forming

Body deeper

42mmTL ﬁ-H_ P, early-forming

k’v\h Anal- and pelvic -
In spines smoot

6-8 bars
present

Spinous dorsal
findark —,

Spines developed = i -
on opercular bones ?\\ %‘t éomig;egﬁggrthe Py dark
than spine Okiyama (2014)
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Larvae of some lutjanid species (4/)
lutjanine Lutjanus malabaricus
and/or L. erythropterus

——

L. matabiarious
FishBase | F003)

Anterior dorsal fin
& early-forming

) A’nus b_éF.ond
< mid-body

*. P, early-forming
u r margin of

ppe 2
& Spinous dorsal-fin

memorane da

L7

Dorsal-fin spine
serrate

5
.’

Anal- and 16.2 mm

Large blotch
present

Pfin spines N
Spines developed well serrate Small spine nccurs rv\ 1st soft ray
on opercular bones On—p—r——h— posteleithrum ﬁ%?pr;ﬁgr

Leis and Rennis {2000]

Larvae of some lutjanid species (5/)
lutjanine Macolor niger

FishBase (2023

#  Anterior dorsal fin
&« early-forming

4.8m
P, early-formin

R

Y

&

D IX~X, 13~15
A:lll, 10~11

Py 16~18
Py 1,5
V10414

1st soft ray

of P, longer
thari spine
Spines developed on
opercular bones Leis (2007)
b L F— Serranid Epinephelini p
(tuur:;n;s Q@bg{éﬁwﬂ Similar larvae to Lutjanidae [ (cpine it
i Cpine
x 2nd D spine 5.5 mm
[Okiyama,2014) v elongate Etndth (Baldwin et al., 2000)
S, Spines smoo
°  or semate .
KE“I‘E‘I (mostly B) / e o Egﬂ glggg:te
y 8) f (Pri and the spines

P, 15-18 (mostly
16-17) &

serrate
(Watscn, 1996)

3rd or 4th O spine
longest and the
Interopercular ~ Spines smaoth or

spine as long  Serrate
as preopercular ?/
spine at angle < v (25-27)

o

R

1st P, soft ray langer
than the spine amg
spine smooth or
serrate

__H\z\

sz

P, spine serrate and
very elongate

Serranid Niphonini
(Niohen s )

[Reader & Leis, 1996) :lnil:rl]g%es (Okivama, 2014)
v (24) sarrata ; 3|rd D s.lpined
: - = elongals an
A 10-13 (mostly >10) 1st P, soft ray longer the spines ~y
P, 17-24 (mostly >18) smooth

than the spine and the
spines smooth or serrate

{ Spines corsal

1st P, soft ray longer
than the spine and the
spine serrate

T—
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Adults

Siganidae
(Rabbitfishes) —

Woodland, DJ. (2001). Siganidac. Papes 3627 3650, i
Carpenter, K. E, and V. H. Niem eds. The living marina
resources of the Western Cantral Pacific. FAC species
identification guide for fishery purposes. FAQ, Rome,

Diagnostic characters of the Siganidae fishes ﬁ;

1% dorsal-fin spine

Sharpforward: ! Habitat, and biology
projecting spine -
) + Abaut bottom In shallow coaatal waters to & depth of 50 m.
r
- Some species live in pairs among corals, others in schools
around rock and coral reefs, mangroves, estuaries, and
o - g brackish lagoons.
- o 25 Vil anal-fin spines -
ﬁrf::::us » « Some move with tdes 1o feed in flooding areas of rock anc
coral reefs,
#Body i"‘""f”}‘ ‘f“’“'"“‘ed‘l"“a" deep or slender. « Spawning in schaoling species is by pairing from massed
» Mouth terminzl, very small. ; congregations at certain phases of the moan,
w 01, 105 AL 9; F2 1 (L strong inner and 1 outer spine], 3 (in between), p
o Membrane extends Trom inner spines Lo belly and anus lines between these + Eggs adhesiva.
mamhbranes,

Dominant species of siganid Siganus in the region <

Photos: FishBase

Siganus argenteus Siganus fuscescens Sigonus spinus

. ) Siganus javus Siganus vulpinus
Siganus corgliinus o
Distributions of 18 siganid Sigonus species & &
in the Southeast Asian region
i Larvae

Sigamus argenteus o siganus puellus

7 References
5. congiiculatus 0 & punctatissimus
5. govallinies O s punciulus Leis, .. M. and 0. 5. Rennis (2000). Siganidae (Rabbitfishes).
5. dokatis O & spinus Pages 671-675, in: Leis, ). M, and B. M, Carson-Ewart. (eds.) The
5. fusrescens o O O Sstelous larvae of Indo-Pacific coastal fishes. An identification guide to
5 abratus O O O Sunmacses A mazrine fish larvaz, Brill, Leiden,
S.,l'qsw:_ o o Q= mm"&w’ S o a Okivama, M. ed. [2014). Sipanidae, fapes 1342-1345, In An atlas of
S.labyrinthodes O souirgatus c o O sarly 2 stage fishas in Japan. Secand adition. Takai University Press,
5. finegtus & 5. vulpinus (9] (6] Hztano.
SC5: Seuth China Sea (inclucing Sulu Sea & Sulawes Sea; AND: Arndaman Sea; gl

Eastern Indonasia.
Sz only Sulu andfor Sulawes| S=as
Al species have: O XL 10, AL 9 F; 1, 3,1 C9+8; v 23,
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s &

D Xill, 10

siganid Siganus fuscescens

. P
Eggs & larvae p,.) 3 |
(5. spinws) V. 9+14=23
FishBase

Anterior dorsal fin

Mouth small & parly-forming

\\a Q{ﬁ 5 = ’__‘} Figment sparse

3.7 mm L ""‘”‘j — Gut compact
Preopercular P, early-forming
spines formed «_ 2nd D spine long ' )
? and serrate i e : _ :
= 140 mm TL \ 7 A spines and
po i their anterior
% Petuie gledlie margins serrate
5.4 mm TL <% serrate

Small spine T PUTEFAdSDinE Lightb!{ctches
long and serrate Fresen on
E_ _ lateral body

m—u‘P_fg
extending forward
N

Serrations _ .~ e

.é%? %ﬁ%ﬂaﬂ{?&y‘r 22.8 mm SI_MH

Caudal pedun- S

de narrow.
Oklyama (2014)
siganid Siganus fuscescens ' D: X1l 10

A P1
Anterior dorsal fin Eggs &_Jarvae Py 1,3 |
(5. spinws) V. 9+14=23

& early-forming

Mouth small !
s = FishBase
\ Q@ ,*“ : = = Pigment sparse Anterior margins
3.7 mm L w}"‘/j . — Gut compact ; - -
Preopercular P, early-forming
sy forrad = 2nd D spine long R
? and serrate 0 i : g ;
R T S
14.0 mmTL = \ 7 A spines and
AT their anterior

=

Pelvic girdle
SErrate margins serrate

54n1mTL

3 %“\ Outer A sping
Small spine long and serrate
extending forward 5

% ,

Light blotches

Fresen’c on
_ lateral body

228 mmiEL
Caudal nedun

dle narrow

Qldlyarma (2014)

&

serranid
Epinephelini
(Groupers)
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Diagnostic characters of the Epinephelini fishes

Adults _
3 lat opercular Dorsal fin single with ViIl-X1
salies /P~ spines and 1021 soft rays
Mouth large, < : 3
. maxilla expased . =
Reference: ; o when mioath = |
Heemstra, G, and J E. Randall. {1999}, Serranidac. Pages closed ] = |
2443-2548, In Carpenter, K. E, and V. H, Niem eds, The 4 e
living marine rescurces of the Western Central Pacific. _fl -
FAQ spedes identification guide for fishery purposes. " Anal fin with 1l spines
FAD, Rome. and 7-10 soft rays
L )
Habitat, and Biology ‘% ‘%
» Sgpranids ara benthic or botdlom-oriented fishes, usually found
on coral reefs or rocky substra » : :
Life Cycles Spawning Aggregations

= They first mature as females and, after spawning one or more

times

= Thay will then change sex, spawning theraafiar as males

* Some groupers form lerge aggregalions at specific siles al
lime of spawning,

* Except fcnr occgsgonal Spawning aggregations, most groupens
5

are soltary

L Tr:E\;_m

* This sile specificit
gm:.pelsgeum.ke

n yaars).

and Ine relatively slow growlh rale of

it

re generall)fI resident on a partcular reef for a long tima

iem parbiculary vulnerable o over-ishing,

the

Florida States U ity: Attpsr lak.fau, flabsfcoleman/researchfgrouper-ecalogy/

Aethaloperca rogaa

Anyperodon lencogrammicus

Cephalopholis argus

Cromilentes altivelis Plectropomus lecvardus

Epinephelus malobaricus

Variala

Gracila albomarginata

Photos: FishBase
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Nice genera of Tribe Epinephenini ﬁ
in the Southeast Asian region

Aethaloperca (1) X, 16-18 m8a 1718 10+14=24
Anyperodan (1) X, 14-16 m,8a 1517 |, 5 948 10+14=24
Cepahalopholis (15)  1X,13-17 M,7-10  15-20 [,5 9+8 10+14=24

X, 17-19 m,8-10 1718 I,5  9+8 10+14=24
&Mygﬁﬂ] Xl,12-19 ,7-10 1520 1,5 9+8 10+14=24
Gragila (1) Vill-IX, 14-16 11, 9-10  18-19  I,5  9+8 10+14=24
Plectrapomus (6) Vil 10-12 I8 1418 1,5  9+48  10+14=24
Triso (1) X, 18-21 N,9-10 1820 |,5  9+8 10+14=24
Variola (2) X, 13-15 m, 8 16-19 1,5  9+8  10+14=24

o Mumerals in parenthesis: number of species (9 genera with B1 species in the region).
® Maeristic data: Indo-Pacific lutjanid fishes by Leis and Rennis (2000).

Key to the genera of Epinephelini occurring in the area ﬁ
(9 genera and 81 species) * 15

12a. Dorsal-in spines VIL or VIHL, lower edge of preopercie with 1 1o 3 enlarged spines
(usually idden by skin, bul these suine‘; can be detected by running & fmger or probe

AKH PrEOPECIB BAND) « « o « v e v v m e e s s o B e e L e U =343
12b. Dorsal-in spines [X 1o XI: lower auqe of preopercle smooth (excapt tor a lew species of
Epinephelus with 1fod enlarged SeBB) .. J oo o ) ta v e i ianndanesssaanas — 14

13a. Anal-fin sprws strong, all 3 distinet, preobital depth 12 o less of eve diametsr, head

length 2.5 lo 2.6 imes instandard length (Fig. 3) - . ..o oo Saloptin powelli
13b. Anal-tin spmes weak, the hrst and second covered by skin;, preortutal depth 0.7 o 2 mes

aye diameter, head fength 2.8 to 3.1 tmes in standard length (F19.4). « « . + .+ + « «  Plectropomns

head lenpgth 2 5-7 6 imes

| n sndund leugih | | heod length 2.8-3.1 times in stndard beagth "

W TN
Ml LAL | e
= e i S | "
. =7 |
| !

- e —— g _J.' L
T g \ / \.,__
amal-fin spimes =~ mmakfin
Fig. } Saioptia Fig. 4 Plecfropomuy  spines weak

* Aethaloperca (1 species); Anyperodan (1); Cephalapholiis (15); Cramileptes (1);

Epinephelus (53); Gracila (1); Plectrapomus (6); Triso (1); Variola (2)

Key to the genera of Epinephelini occurring in the area

(9 genera and B1 species) 215
14a. Caudal hn deeply lunate or forked, dorsal-fin spmes IX(FIg.9). . . - .. . oo oo h o ah o Variola
14b. Caudal fin roundsed, tnincate, arconcave, dorsal-finspinas IXo X! . . . . o 0 0 0 h o h e 0 o -+ I35

15a. No lealh on palatines, body end head elongate and markedly compressed, the greates!
body width 11 to 15% of standard length and more than 3 fimes in head length (Fig. 0)
cEresaa st an s e as e et s e s e assssa s s ANyperodon leucogrammicus
15b. Palatines with teeth, body compressed in some spacies, bul ils width ondy 1,810 3 times
inheadiength  « « oo v oo s T THT T i TNl SR Sl A T T T T R == 18

dorsal fin wath IX spmes and | 314 soft rays

0o weth on
palntines.

Fig. 6 Amperoden
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Key to the genera of Epinephelini occurring in the area
(9 genera and 31 species) 3/5
X dorsal-fn spines
16a. Dorsal profile of head markedly W et ol
concave, dorsal-in spings X, reat
nostnls of adulls a long vertical st
(FIg. 7)e o v o o v o oo o o Cromilepies altivelis

16b. Dorsal profile of head stralght ]
canvex or slightly concave, - )
dorsal-fin spines X or X1 (rarel/ S

Xy rear nostils mund oroblong . . . . .= 07 =y
N S
Fig. 7 Cromilepies
17a. Pectoral fins distinclly asymmetiic, the fifth or sixih rays longest (Fig. Sa), dorsal fin wilh
IX spines and 17 or 18 soft rovs, caudat fintruncate (Fig. B) « « o o o 0 a0 000 2 Aethaloperea rogea
17b. Pectoral Ims symmelne of nearly so, the mddle rays longest (Fg. Bb). dorsal iin wilh IX
o X1 spines and 12 10 21 solt rays, caudal lin rounded, runcele, or emagingle . . . . . . . . .— I8

dorsal fim Mﬂlx spines and 17- 18 rays

rear nostrils a sl

e —

T = 7
--.['_./ S S
pectoal fins asymmetric pectoral | symimetric
a) b)
Fig. 8
.
18a. Dorsal-fn spines IX . o 0 2 oo 0 vv 0 —2 10 1|
18b.Dorsel-inspines X1, o v v o w0 w0 o =20

Fig 9 Aethalaperea

&

Key to the genera of Epinephelini occurring in the area
{9 genera and 81 species) 415

19a. Caudal fin truncate; head small, 2.9 to 3.2 times in standard length; distal part of maxilla

with step or hook-like process on ‘awer edge (hddan by lip); dorsal-fin mambranes not

incised botween spines (Fig 10} . .+« o v co e v v s msamnesanna Graciia albomarginata
19b. Caudal fin rounded (truncate in Cephalogpfudis pellead), head length 2.2 to 3.1 times in

standard length; adults with & knob at lower rear corner of maxilla (hidden by upper Ip);

dor=sal-tin membranas detinclly inased between spnes (Fg 110, 4 4w v 0 0 00 00 3 Cephalopholis
dorsml-fin membranes not mcsad i o .
maxills with step caudad fin domal-fin membranes disti m1|r imcised betweer spines

Frmcale . i
\ maxilla with
) Enoby _‘L

As’
&
R
- - - .
Iead length 24-3.2 times in standard keagih head length 22-3.1 tmes |n standord length
Fig. 10 Gracita Fig. 11 Cephalapholis

&

Key to the genera of Epinephelini occurring in the area
(9 genera and 81 species) 5/5

20a. Body depth distinctly greater than head length and 2.4 fo 2.7 times in standard length;
dorsal fin with X1 spines and 18 1o 21 soft rays, Ihe base of soflrayed part longer than
thatotspinous part (FIg. 12) . . . v v v v s e v s s romr s anaresnrsssns Trise dermoplerss
20b. Body depth 2 4 to 4.1 times in standard length, usually lass than head lengtn; dorsal fin
with X1 spinas and 12 to 19 soft rays, tha base of soft-rayed part shorter than or equal
to that of spinous part (Fig. 13)

Fig 12 Triso Fig. 13 Epinephelus

Page 159 of 162




epinephelin Epinephelus bruneus &

| D: X1, 13 ~ 15
A:lll, 8 ~9

Anterior and post-

arior adges of D =
2nd D spine spine serrate
very slongate

Large melano-
thare moves on

1
pNTS P,spine very .0 o g\? ) ateral midline

4.6 mm BL
(rearing) )@e ongate [rearing)
& Anterior and post-
arior edges of F,
spine sarrate

<. Tip of 2nd D spine

pigmented 2nd D spine

reduced re-
latively in size

Large melanophare
present ventral margin
of posterior tail

=
15.8 mm 4S9~ P, spine reduced

== rlatively In size

B0 m: i i
(rearrng) “/-glign?lzﬁéesgme
Oklyzma (2014)
epinephelin Epinephelus bruneus &
| D:X), 13 ~ 15

Anterior and post-

Alll,B~9
arior adges of D ™ i
2nd D spine spine sgrrate Py:17~19
vary elangate Pyl 5
V:10414=24

Large melano-
R 'tg;@ share moves on
104mmBL  H ) ateral midline

e P, spine very

4.6 mm BL
(rearing) )%e ongate [rearing)
&« Anterior and post-
arior edges of F,
A Tip of 2nd D spine : SIS, ol 2nd D spine
pigmented raduced re-
i latively in size
g Large melanophare
i present ventral margin
I of posterior tail

0 15.8 mm SR Pi spine reduced
e

A i i alively in size
(rearrng) "g:grﬁfeﬁﬁesgme

epinephelin Epinephelus fasciatus

D: Xl, 15 ~ 17
Large melanaophare Axlll, 7~8
present ventral margin Pyt 18~20
~—..#~.0f posterior tail P15
- | Vi 10+14=24

Fr et Elongate D spines reduced

3. [3? mm.JBL s -__.-I-:_‘T"‘* Gut heavily pigmented in relative size
Tearing

2nd D spine very elongale, &%
the tip densely pigmented, &

carng and the anterior! posterior

5.|Srl. mm ?L /ﬁ‘»’/{g

A margins serrata 20.4 mm ?L .
i rearing Y Elongate P, spine
L reduced in relative
size

Pigment bands

P, spine very elongate, Earned

the tip densely p|?—
mented, and ant./post.
margins serrate

i

P, spine longer
than 1st soft ray

.2 mm ?L
rearlng

4m oo All fins formed complately
rearing) until this body size )
Okiyama (2014)
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epinephelin Prectopomus leopardus
D Wi, 11
AL B

/ 2nd D spina
< early-forming

Pigment an
body sparse

L cald metanﬁbfhores
. present on ventral
P, spine early-  midline of tail
forming Elongate 2nd D

spine smoath and
T / the tip pigmented Elongate D spines reduced

Ty in relative size

Elon te P2 spine
"~ &« with few serrations
and the tip pigmented

200mm 9**3’:;;:3

\ Elongate P; spine
2nd D & P; spines (longer than reduced in relalive
1st saft ray) elongate, and the size

anterior/ posterior margins

serrate (Inner serrations larger

than the outer) Leis [1986)

&

NOTES:

As long as a large number of the
lutjanid, siganid and epinepheline
larvae are unknown, even if the
examining larvae are morpho-
logically similar to known species
larvae, it is risky to identify them
as the species.
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