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Color evaluation and criteria on dark meat of cultured yellowtail
after freezing and thawing

Yoshio Kaminishi'", Dong Thi Hai Yen, Akimasa Hayashida and Youhei Asada

Keywords: * Mba, Labfilta, 7 VIMER, #ZOFbiLLE

Abstract
When farmed yellowtail is frozen and thawed, the dark meat of the yellowtail rapidly browns. This causes a problem when exporting frozen

yellowtail, as it deteriorates the appearance. The dark meat browning occurs due to the oxidation of the muscle pigment myoglobin (Mb), and the

met Mb ratio is generally used as an indicator of browning. When measuring the met Mb ratio of yellowtail dark meat, it was difficult because of

the intense turbidity caused by the large amount of lipids and the presence of hemoglobin (Hb), a blood component. To solve these problems, a

new method of met Mb ratio was developed using HPLC. On the other hand, the browning of yellowtail dark meat after freezing and thawing was

localized, and the values of met Mb ration did not match the visual appearance, therefore making it an inappropriate indicator. In this study, we

investigated a method for evaluating the color tone of yellowtail dark meat after freezing and thawing by analyzing the L,a,b values, and established

evaluation criteria based on the brawn index (b/a) < 0.8-0.9 and hue difference < 9-10, which matched the visual appearance.
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Fig. 3. Criteria for determining oxy-Mb by reduction and oxygenation
treatment using horse Mb (1 mg/mL).
Upper: after reduction treatment
Lower: after 15 minutes of oxygenation
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Fig.4. Absorption spectroscopy in the analysis of Oxy Mb in horses.
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Fig. 5. Examples of met Mb (%) in dark meat of yellowtail during
frozen storage by HPLC.
m: Oxy type Mb
e: Sample solution
+: Met type Mb
Corr.: Abbreviation “Corresponding”

HLTED, * MY L B2 HOKE T Figs 0
BEEO L) ICAKOBMEOFMzEHATESLELON
720 B IREDOIEEEL % % 540nm ZHWT, v s 0O
2B 5 A MEEOBIEZ 30% & L7228, LTl 30%
POREOBBEIE LN, 50% B2 5 LBOFED S
N7z e L TwWh, £72, ED Strange” 513, Van den
Oord 52 LDFJHE LT, A MEETH 50% 2% 5 &
FRIZIZEALDOHBEIZZTANLN R Y, /IE
DAIIIAEYNC 2 5 2 & 23l Lo it & 2 38R
kR, WEENRLELZOTHFEORBKIITERVD
OO, NOEFE LT 50% ZiFAFLBRE LT, A b
L2 40~50% A IMLE WO M fE OB & LCTHL &
Bbhi,

L2L, ZofilEdEcid, o0 B LTEHF
TRIE A ML EBEHEO 3R AT T A LEDND o
F72, 7VOX MEEWEICELT, 3R oME R
WA MEEDPMKT§ 5 2 DRI Nz 72 Tillgifb
X 572012, 525nm OFWIE A S KD 72 s & G2l
P SHHBTE VA EME L,

LRI 2 SR ICE Mb 4 F VT Mb, x M Mb @
SERBEICOWVTIE, Snyder DHEHDH 5. FHEM-
TR AR MVZHELIZEZ A, 3 D0 Mb FEMA
DHEWINTH S 525 nm ZFREM L LT, +F V8 Mb
& A MEIMDIZB T B 474nm OIS L, F F AR Mb
ERIGI Mb @ 571 nm OFWIUT A2 D L1, 347 8K
VHEAOREW (bW B A MEEK) OEFLERE
L7zo AWFFETIEZ, 79 Mb D QHifIcBIT A4+ F Mo
2ODMARIINANRY MVDVEDTH D 577nm & Hw
T, 525nm 2B B 4 F VRIOMXE L 5770m 2 HEH S
N7z 2 MESHY O EHME & ORI S, Sl b
ALFRAH Y D % WE L7z

18
1.6
1.4
1.2 — ——
1.0 e B —
0.8 el S g

0.6 y = -0.0096x +1.3716 oy

0.4 R2=-0:9971 o0
0.2
0.0

.0078x + W[.5645
?=0.993

n=23

540, 577 / 525 (nm)

0 20 40 60 80 10CG

Experimental met Mb (%)
Fig. 6. Rapid measurement on corresponding met Mb (%) in
yellowtail dark meat by HPLC.
Symbols indicate the ratio of 577(e) and 540(m) nm to
isosbestic point 525nm



A7) ORI

&b %) AW OBFEHliE & REHORHE 5

A MEFM Y O HE TH S 7z 23 MEHE O FE N %
EHhIZ, 525nm \2x§ 5 FNEh o2 s 7o v
M5 L, Fig 6 DX IZWFITH B RS Rz,
A MEFA B AME VBRI, 577nm 12X T 540nm Tl
ZPESDENRH 5Tz MHEOMWE E LS & 5770m TD
fHEX AR E VDS, FNUd 540nm TOAF F T8 & 2 MMEA
OWSEERAKE WD T, 540nm OWE TREEAL
RFVEEZ LNz, 72, REETIES5770m & 540nm D
WS A F VI Mb &RITCH Mb 123558 L 72 SFIRIUR
ZRAL TRV, #ETE Mb OB L ) Kw 2
MERTHEESE LR TVORLS LAk, Zhbr¥
B L7z LET57mm oER & ) koFHEX % HPLC i 5
BTV,

A MEFMY (%) =(1.3716 — 577/525nm Lt )/ 0.0096

COFFETIE, MBEOELHEEORERIC X 5 25
7 4V & WLBLHT F T 15~30 4, HPLC 5Hi o 15 45 &
G, REMDNICIZMEDSTEETH 5, FFI2, 7
) DIAERTIHMER OB OHLIH N -0, Aig R
FIIAEREZEZ 5N D,

TV A ROIBIO ARSI T 5 2 MEEMED %
Pk Bk

7 AW OB DG, FERIE A MEsAH
WHNTE 2, TS ARERIBEL Tnd
Yerid, Bz Fig7 ® 20C o 0Bl X 912, # Mb
BB T50% %2 W25 EBOICEBL TV LGS
N, EBEOTEOD L) IEHELPHERTE 7z, FHKIC
—%@k—%@?@oh@fuxFﬂ$ﬁé@ﬂmﬁf
40% & 20% FHETH Y, HERD A MEEI LB IND
RaEELTEY, BEE LTd#ETho7zo L L

-35°C -75C

-20°C

Fig. 7. Photographs of yellowtail cooled at 4°C for 0 and 4h after
thawing.
The yellowtail was frozen at -20, -35 and -75°C for 3 months.

TR L ICBE LT 4 el L7z —35C & -75C olis
WEREOEFIE, BEEICAE L, ZolE0 X MEk
MM T, 35C & —75C TR £ O 0 FEf & 1ZIEFE LT
A MERHETHD, X MEFHLUEISBG SIS0
izl EEh o7z, ZORERIE, BEPEKEIIBNTO
HHEAT L, WEECTIIMHIER OB Z RF L T2
T, SR LTV O L IBEVRAETAHE, A Mb
FAME L - H ORI TeM§ 2 2 &390 o572,

L oT, TVIMEROH AT B L CHEMiiEIC
WET LA, A MERIGEY REEL RV BhveE
HEZT FZTTYIMEROIROZEA % KBS 5 Lab
KOERICE VL, R-BoELHDLETHRENL
FRAME & AR L7z
BN L7 7Y A WICEHT 5 La,b b

@%ﬁ’bwf%%f#ﬁﬁ%’ﬂﬁ?%éLabﬁ
BRI, ANOBRREICHEVWEELRAEMTHL L EN,
Lab ZEMO 2 HoORZLEOMEECH L TMESNS
froEEIVHBZRT I EPFMONT WS, TOB
2, Fig8lZRT &9, xBTS LTHEELRDOD
MR MMl TRE] o3 BETH b, LIEIFHET,
X afli bEASLHEH SN, ald () THEFHL ()
THEDSHC 72 %o bIX (H) THEDHEL () THMML &%,
fuflidtan ' (b/a) DMETEBITE, TOMEHIVNSITN

BHRORIC, RELGDIZONTHOZRPRES Y S -72
%E@’tc%o ) R Hh YSFOMERICBEVNTIE, Bt

WCEALT BB a fHDORA & b EDO EHAHZ D, Fig.8
D & IR AE D b HA R E L B EBIC BT
5o

T RERET B L, R TILE A OSMBLHI AR B A
SN EEMT D, ZOREOT Y MG RO 2%
ZALOBE % Fig9 12, Hlfafi#% Table 1 2783 - Table 1

(Ref: KONICA MINOLTA JAPAN, INC.)
Fig. 8. L,a,b chromaticity diagram.



6 HEVL B R BEAA TR 4573% (2024)
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Fig. 9. Changes in the color tone of dark meat during standing time
after freezing and thawing of yellowtail.

Table 1. Difference in brownness index (b/a) and hue angle from Lab
values of yellowtail dark meat after thawing.

Time (h) 0 1.5 3.5 5.5

L value 40.6 39.0 37.4 39.3
a value 21.0 13.0 13.4 13.0
b value 14.5 14.3 15.7 16.4
Ave. b/a 0.69 1.10 1.17 1.26
AE 0 8.2 8.3 8.3
AL 0 -1.6 -3.2 -1.3
AC 0 6.2 4.9 4.5
Ah 0 13.0 14.9 17.0

Differences are 4E: Color, AL: Brightness,
AC: Saturation and 4h: Hue angle

1.6
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1.2 4

| .
1.0 ga

0' 8 e e e S e o e
.(/ Commercgial threshol
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04
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0.0

Brown index (b/a)
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Time (h)

Fig. 10. Changes in the brown index of dark meat during standing
time after freezing and thawing of yellowtail. (p <0.05)
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Table 2. Acceptable criteria for hue angle difference (4h) of yellowtail
dark meat judged from perceived color tone.

Grade Jh Expressmn.for Perceived color
difference*
Discrimination | 0~2 Range of error in colorimetric values
boundary 0~3 Limits that a trained person can
5 identify
Color
difference 38 Recognize slight color differences
recognition through adjacent comparisons
4
Tolerance
boundary 9~10 Visually recognize color changes
3
Unacc;ptable 1}; Clearly identify color changes
Different
colors 15~ Represented as a different color
1

*QOnly the hue angle difference is extracted from the previous report”

Yk, 7Y IMERIC
bl KDL THoT
- BmERE (ba) <08~09  REASMEMEDFIWiTEE
DS DM <9~10  BEELEORAE
« X MEEHY (%) < 40% ~50%

2721, A MEERHY TRBEDPRIEL L2138

HTE %,

B BOFMEHEEL L Lo

513k
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Abstract
To facilitate the effective use of T/V Nansei-maru, we will report on the annual activities of the vessel from April 2023 to March 2024. Seventy-

eight (78) cruises were conducted by 7/V Nansei-maru. The total number of cruise days was 144 days (126 days of training voyage, 3 days of

Freshman seminar, 6 days of typhoon evacuation voyage, and 9 days of regular inspection) and the number of participants was 735 persons.

Introduction

T/V Nansei-maru was constructed in 2002 for the purpose of
conducting practical training and observations of navigation,
fishing vessel operation, fisheries, marine environment
observations, and resource biology surveys. 7/V Nansei-maru
is based at the Ogawa Pier in Kagoshima Port. Its activities are
conducted in areas that cover Kagoshima Bay, the Satsuma-
Osumi Peninsula coasts, and the archipelagic waters in
Kagoshima Prefecture, including Tanegashima, Yakushima,

Tokara Islands, and the Koshiki Islands.

Specifications of the main shipboard instruments

This section provides general information on specifications
of the main shipboard instruments employed during
oceanographic observations and sample collections.

A Conductivity-Temperature-Depth Profiler System with a
12-position Carousel Multiple Sampler (CTD-CMS) is
employed for hydrographic observations using sensors for
conductivity, temperature, pressure (SBE 19plus: Sea-Bird
Electronics, Inc.) and altimeter (Benthos PSA-916D: Teledyne
Benthos, Inc.). Niskin bottles (2.5L) are attached to the CMS
for collecting depth-stratified water samples.

For monitoring bathymetry and underwater substrates, 7/V
Nansei-maru has two different sonar instruments, first an
Acoustic Doppler Current Profiler (Ocean Surveyor ADCP:

Teledyne-RD Instruments, Inc.) and second a Scientific Echo

Sounder (KFC3000: KAIJO). Available working frequencies
are 75 kHz for the Acoustic Doppler Current Profiler (ADCP)
and 38 and 120 kHz for the Scientific Echo Sounder (SES).
ADCP and SES are used for measuring water current
velocities over a certain depth range, and for monitoring
bathymetry and underwater substrate classification,
respectively.

A North Pacific Standard (NORPAC) net is used for
collecting zooplankton samples. The mouth diameter is 0.45
m, and its mesh openings are 0.1 mm. A flowmeter (Rigo Co.,
Ltd.) is mounted in the mouth of the frame of the net to
register the volume of water that has passed through it.

An Ocean Research Institute (ORI) net is employed for
collecting zooplankton and fish larvae samples. The mouth
diameter is 0.45 m, and its mesh openings are 0.335 mm. A
flowmeter (Rigo Co., Ltd.) is also mounted for the same
purpose.

Core, Dredge and Grab samplers are used for collecting
bottom mud and benthic organisms. The Core sampler is a
G.S. type Core sampler (ASYURA) (Rigo Co., Ltd.). The
Grab sampler is a Smith-Mcintyre bottom sampler (Rigo Co.,
Ltd.). The Grab and Core samplers are deployed from the
port-side of the vessel located on the working deck. A Niino-
type Dredge sampler (Rigo Co., Ltd.) is also employed, which
is obliquely towed from the afterdeck.

A Larva Catch (LC) net is a large-scale fishing gear that can

1
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be used in the permitted water areas. Instead of otter boards
(expansion boards) at the mouth of the net, it is equipped with
parakites (kites) that are used to widen the mouth of the net
through its resistance during trawling. The ramp door on the

stern deck of the ship is opened to deploy this trawl net.

Overview of cruises

T/V Nansei-maru conducted 78 cruises from April 2023 to
March 2024 (Table 1). The Total number of the cruise days
was 144 days and the number of participants was 735 persons.
In the fiscal year 2023, 7/V Nansei-maru navigated from
Kagoshima Bay to the vicinity of Kodakara Island, one of the
Tokara Islands (Fig.1). Other faculties and universities
included in the cruises are listed as follows:
e Graduate School of Science and Engineering, Kagoshima

University
e Faculty of Science, Kagoshima University
e Faculty of Engineering, Kagoshima University
e The University of Tokyo
e Tokyo University of Marine Science and Technology
e Hokkaido University
e Kochi University
e Osaka Metropolitan University
e Prefectural University of Kumamoto

e Nihon University

Fig. 1. Cruise tracks of 7/V Nansei-maru during April 2023 to March
2024. Process and create electronic navigational charts
(newpec) using the Japan Hydrographic Association’s data.
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Table 1. Cruise information on 7/V Nansei-maru during April 2023 to March 2024.

Cruise ID Period Number of persons Major objectives
Start End Days SC/PR* ST* OP*

NS23- 1 Apr02  Apr 07 6 2 9 Hydrographic observation and Biological sample collection

NS23-2  Aprl0 Aprl2 3 1 1 6 Hydrographic observation and Biological sample collection

NS23-3  Aprl5 Aprls 1 16 Freshman seminar

NS23-4  Aprl6 Aprl6 1 16 Freshman seminar

NS23-5  Aprl7 Aprl7 1 1 6 Fishing gear operation and Resource Survey

NS23- 6  Apr18 Aprl8 1 1 4 Hydrographic observation

NS23-7  Apr20  Apr20 1 3 11 Hydrographic observation and Biological sample collection

NS23-8  Apr21 Apr2l 1 2 6 1 Fishing gear operation and Resource Survey

NS23- 9  Apr22 Apr22 1 15 Freshman seminar

NS23- 10 May 16 May 16 1 1 7 Hydrographic observation

NS23- 11 May17 Mayl8 2 1 4 Hydrographic observation

NS23- 12 May 19 May22 4 1 8 3 Biological sample collection

NS23- 13 May26 May26 1 2 3 1 Fishing gear operation and Resource Survey

NS23- 14 Jun09 Junll 3 1 3 5 Hydrographic observation and Biological sample collection

NS23- 15 Junl13 Junl3 1 1 10 Hydrographic observation

NS23- 16 Junl5 Junl5 1 1 9 Hydrographic observation and Biological sample collection

NS23- 17 Junl6 Junl6 1 1 5 1 Fishing gear operation and Resource Survey

NS23- 18 Jun2l Jun2l 1 1 2 Equipment underwater test

NS23- 19 Jun24 Jun26 3 1 8 Biological sample collection

NS23- 20 Jun28 Jun28 1 3 9 Underwater equipment recovery

NS23- 21 Jul02  Jul 04 3 1 8 7 Biological sample collection

NS23-22  Jul05  Jul 05 1 1 6 6 Hydrographic observation

NS23-23 Jul10  Jul 1l 2 1 9 Biological sample collection

NS23- 24 Jul 13 Jul 14 2 2 8 1 Hydrographic observation and Biological sample collection
Jul14  Jul 15 2 2 8 1 Hydrographic observation and Biological sample collection

NS23- 25 Jul20  Jul 20 1 1 4 Fishing gear operation and Resource Survey

NS23- 26 Jul2l  Jul2l 1 2 5 Fishing gear operation and Resource Survey

NS23- 27 Jul23  Jul23 1 2 5 2 Open to the public

NS23- 28 Aug02 Aug02 1 7 1 Hydrographic observation

NS23- 29  Aug03 Aug04 2 2 6 Hydrographic observation and Biological sample collection

NS23- 30 Aug05 Augl0 6 0 Typhoon evacuation

NS23- 31 Augl8 Augl8 1 1 5 Fishing gear operation and Resource Survey

NS23- 32 Aug2l Aug22 2 1 1 Equipment test

NS23- 33 Aug23 Aug23 1 3 8 Hydrographic observation and Biological sample collection

NS23- 34 Aug28 Aug29 2 1 2 Hydrographic observation

NS23- 35 Aug30 Aug3l 2 2 5 Hydrographic observation and Biological sample collection

NS23- 36 Sep06  Sep 06 1 1 8 Hydrographic observation

NS23- 37  Sep08  Sep 08 1 1 8 2 Fishing gear operation

NS23- 38 Sepll Sepl3 3 1 1 10 Hydrographic observation and Biological sample collection

NS23-39 Sepl5 Sepl5 1 1 4 Fishing gear operation and Resource Survey

NS23- 40 Sep17 Sep20 4 1 2 6 Hydrographic observation

NS23- 41 Oct05 Oct05 1 4 Hydrographic observation

NS23- 42 Oct07  Oct 08 2 1 9 Hydrographic observation

NS23- 43 Oct10 Oct 10 1 12 Hydrographic observation and Biological sample collection

NS23- 44 Oct16 Oct17 2 2 13 Hydrographic observation

NS23-45 Oct19  Oct 19 1 1 8 Fishing gear operation and Resource Survey

NS23- 46 Oct20  Oct20 1 1 8 Fishing gear operation and Resource Survey

NS23- 47 Oct25 Oct25 1 1 4 6 Ship Maneuvering Training

NS23- 48 Oct27  Oct30 4 1 8 2 Biological sample collection

NS23- 49 Nov0l NovO0l 1 1 9 4 Hydrographic observation

NS23- 50 Novl6 Novl6 1 2 12 Hydrographic observation

NS23- 51 Nov17 Novl17 1 2 8 Fishing gear operation and Resource Survey

NS23- 52 Nov27 Nov28 2 1 3 Hydrographic observation

NS23- 53 Nov29 Nov30 2 1 3 5 Hydrographic observation and Biological sample collection

NS23- 54 Dec 01 Dec 01 1 1 9 Hydrographic observation and Biological sample collection

NS23- 55 Dec 06 Dec 06 1 8 Hydrographic observation

NS23- 56  Dec 08 Dec 08 1 1 4 7 Hydrographic observation and Biological sample collection
Dec 09 Dec 09 1 1 4 11 Hydrographic observation and Biological sample collection
Dec 10 Dec 10 1 1 5 8 Hydrographic observation and Biological sample collection

NS23- 57 Dec 14 Dec 15 2 2 9 2 Hydrographic observation and Biological sample collection

NS23- 58 Dec21 Dec22 2 1 2 3 Equipment underwater test

NS23- 59 Dec23 Dec 23 1 2 7 Fishing gear operation and Resource Survey

NS23- 60 Jan12 Janl12 1 1 3 Ship Maneuvering Training

NS23- 61 Janl5 Janl5 1 0 Trial run

NS23- 62 Janl6 Jan16 1 1 2 Hydrographic observation

NS23- 63 Janl7 Janl7 1 1 9 Ship Maneuvering Training

NS23- 64 Jan22  Jan22 1 8 Fishing gear operation and Resource Survey

NS23- 65 Jan24 Jan24 1 6 Hydrographic observation

NS23- 66 Jan26  Jan26 1 2 7 Fishing gear operation and Resource Survey

NS23- 67 Feb12 Febl2 1 1 2 Ship Maneuvering Training

NS23- 68 Feb13 Feb14 2 1 3 Hydrographic observation

NS23- 69 Feb18 Feb23 6 2 8 4 Hydrographic observation and Biological sample collection

NS23- 70 Feb26 Feb26 1 2 7 2 Fishing gear operation and Resource Survey

NS23- 71 Feb27 Feb27 1 1 7 Hydrographic observation

NS23- 72 Feb28 Feb28 1 2 13 Hydrographic observation and Biological sample collection

NS23- 73 Mar 04 Mar 04 1 3 9 Underwater equipment installation

NS23- 74 Mar 14 Mar 14 1 1 4 1 Hydrographic observation

NS23- 75 Mar 18 Mar 19 2 2 3 Ship Maneuvering Training

NS23- 76 Mar2l Mar2l 1 2 3 Biological sample collection

NS23- 77 Mar22 Mar22 1 2 6 2 Fishing gear operation and Resource Survey

NS23- 78 Mar26 Mar 30 5 3 6 6 Hydrographic observation and Biological sample collection

9

Nov07 Novl15

Periodic Ship Inspections

* SC/PR: Scientist/Professor, ST: Student, OP: Other person
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Abstract
This report represents a summary of bottom trawling conducted by the Training Vessel Kagoshima-maru (66.92 m, 1284 t), Faculty of Fisheries,

Kagoshima University, in the East China Sea during the period of academic year 2023 (April, 2023—March, 2024). Bottom trawling is a principal

educational content of practical trainings provided onboard the Kagoshima-maru. The students participated in training voyages have an experience of

bottom trawl fishing, and they can also perform broad range of practices utilizing the trawl catches and fishing logs as well (ex., Density estimation

of groundfish species, freshness assessment and analysis of length-distributions of species captured). The results of 15 tows presented here include

fishing log (position, towing course and speed, water depth, net geometry, weather and sea state) and weight and number of captured organisms.
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1]

BB KK E R MR BB M A Z L A (Training vessel Kagoshima Maru, Faculty of Fisheries, Kagoshima University, 4-50-20

Shimoarata, Kagoshima 890-0056, Japan)

>R VR B K AR K A ER MY R SR fif ¥ &2 AL (Training vessel Nansei Maru, Faculty of Fisheries, Kagoshima University, 4-50-20 Shimoarata,

Kagoshima 890-0056, Japan)
" Corresponding Author, Email: hatabe@fish.kagoshima-u.ac.jp
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Fig. 1. Location of trawl hauls conducted by T/V Kagoshima-Maru in
the East China Sea during academic year 2023 (Apr., 2023—
Mar., 2024). Shaded area indicates the bottom trawl fishing
ground granted by the Minister of Agriculture, Forestry and
Fisheries for the Kagoshima-Maru. Thin lines demark the
Provisional Measures Zone (PMZ) and the Intermediate Zone
(1Z) established under the Japan-China Fishery Agreement.
Black spots entered beside numbers indicate individual
location of hauls and consecutive numbers.
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Table 1 Catch amount (number) for top five species finfish captured in bottom trawl conducted by the Kagoshima-Maru during academic year 2023
(Apr., 2023—Mar. 2024). Individual haul location and consecutive numbers correspond to Fig.1b.

Haul No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Total
Nomenclature Date 10-May 11-May 11-May 12-May 12-May 13-May 26-May 27-May 13-Oct 13-Oct 14-Oct 14-Oct 22-Oct 29-Nov 16-Feb
Lepidotrigla guentheri 216 48 50 4 21 210 566 397 4 15 1580 289 2192 354 5946
Dentex hypselosomus 126 35 69 33 190 1128 103 103 71 17 124 263 66 65 235 | 2628
Kaiwarinus equula 3 43 60 2 12 342 3 5 6 5 6 5 15 507
Trachurus japonicus 14 21 1 2 8 51 2 1 3 148 11 6 268
Zeus faber 6 4 4 5 5 13 9 2 3 8 49 6 4 4 122
Others 44 221 222 15 10 88 81 155 172 280 108 43 58 35 35 | 1567
HWEINIEY WxiEe sy A=, AFrTTIER sp. 7 X L F Leioptilus fimbriatus 7z EHERGEN, H A 0
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Annual report of Education and Research Center for Marine Resources
and Environment, Faculty of Fisheries (2023)

Kazuhiko Anraku'
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Abstract
The Education and Research Center for Marine Resources and Environment (Marine Center) of the Faculty of Fisheries, Kagoshima University

was established in 2000. The Marine Center consists of three stations, Shimoarata Station in the main campus of Faculty of Fisheries, Kinko-wan

Station beside the Kagoshima Bay and Azuma-cho Station in Nagashima-cho, each of which is responsible for conducting and supporting education

and research related to the aquatic environment. The works of the Center are focusing on three main fields: Aquatic Biodiversity, Conservation of

Aquatic Environment, and Development and Management of the Aquatic Environment. It contributes significantly to the development of fisheries

in Japan and Southeast Asia. The Marine Center manages research vessels, diving equipment and fishing gears, and holds seminars for students and

staff. Guidelines for the use of facilities and equipment belonging to the Center are provided for interested scientists and students and are included in

this report.
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