JekE I 106, 25-38 (2024)
Sci. Rep. Hokkaido Fish. Res. Inst.

FEMAFEEKDPD X SEGEROEXRRBREOIEEHRTT IV ORRE
AR
mEIT R AT ARSI K ER RS

Development of a random forest-based classification model for large seaweed communities using the fishery

acoustic method and underwater camera imaging
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Kushiro Fisheries Research Institute, Hokkaido Research Organization, 2-6 Hama-cho, Kushiro, Hokkaido
085-0024, Japan.

Hokkaido is a major kelp-producing region in Japan; However, in recent years, a decreasing trend in the number of
fishermen and a reduction in production due to climate change has been observed. To assess the status of kelp species,
obtaining both spatial and quantitative information is essential. Acoustic measurements provide information on distribution
areas, but fall short in distinguishing the types of communities. In this study, we developed a random forest- based
classification model for five large seaweed/seagrass species using acoustic measurements and underwater camera observations.
The discrimination model for valuable and non-valuable kelp achieved high accuracy, whereas the models for Sargassum and

eelgrass demonstrated moderate the accuracy, enabling accurate classification of the four communities based on fishing data.
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Fig.1 Survey map. The area enclosed by the dotted line represents the survey area, the solid black line indicates the continuous
acoustic data acquisition line, and the black circles denote the underwater camera observation points. The shaded region

depicts the area where weed control has been conducted.



Table 1

years of past control efforts
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Survey results including date, water temperature, salinity, surface area, line length, number of observed points, and

Water surface Salinit Survey  Acoustic .
Survey region Date temperature y area survey line Number of Ylsual Past seawged control
) (PSUL) (ha) (k) observation periods
2020/7/29 13.3 325 25.0 14.6 45
2021/7/21 9.2 32.8 34.2 4.5 19
Coastal region of 2022/6/22 9.2 32.8 34.2 5.7 19 Not control
Ochiishi in Nemuro city 2022/9/16 17.0 328 29.2 34 16 (Natural area)
2023/7/11 10.2 32.6 35.9 45 19
2023/9/19 12.8 32.7 35.2 4.7 19
) 2021/8/31 134 334 26.8 5.2 19 2018
Seaweed control region 2022/7/4 10.4 324 241 5.2 20
A of Hamanaka cho 2021
2023/7/19 14.0 32.6 25.3 6.1 19
) 2021/7/16 10.5 325 28.7 4.6 23
Seaweed control region 2022/7/4 105 323 272 46 23 2020
B of Hamanaka cho
2023/7/19 14.0 32.6 27.8 6.4 21
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Table 2 Specifications of small quantitative echo sounder
KSE-310

KSE-310 with a T203 transducer

Frequency 120 kHz
Pulse length 0.3ms
Beam width 5.0 degree
Resolution 3.2cm
Ping rate 55"
Beam type Split beam
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Fig.2 Example of an echogram of acoustic data within the distribution area of large seaweed communities, along with a

histogram of the reflection intensity per cell within the region enclosed by the dashed line. The histogram has three peaks,

representing seawater, large seaweeds, and the seabed from left to right.
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Table 3 Underwater camera survey results from 2020 to 2022, including occurrences and frequencies of large seaweed

communities
Discrimination (A) (B) (€) (D) (E)
Seaweed zfosr::niﬁs E:I,;ery valuable 5;::3’;; Tp Sargassum sp.  P. iwatensis Zostera sp.
Present 108 84 42 8 9
Indivisual distribution 36 9 0 0 9
Co-occuring distribution 72 75 42 8 0
Coexistence with A 36 39 4 1 0
AB 21 0 0
ABC - 5 0
ABCD - - 0
ABCE - - 0
ABD - 5 0
ABDE - 0
ABE - 0
AC 21 - 0
ACD 5 - 0
ACDE 0
ACE 0 - 0
AD 0 2 0
ADE 0 0
AE 0 0 0
B 39 - 10 0
BC 21 - 0
BCD 5 - -
BCDE 0 - -
BCE 0 - 0
BD 0 - 0 - 0
BDE 0 - 0 -
BE 0 - 0 0
C 4 10 0
CD 2 0 -
CDE 0 0 -
CE 0 0 0
D 1 0 0 - 0
DE 0 0 0 -
E 0 0 0 0
Absent 76 100 142 176 175
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Fig.3 Comparison of underwater camera images capturing the

collected at the same locations.

Maximum Sy (dB) Depth (m)

Covariance of NASC

3

~

N

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

o

(a)

Thickness (m)

J .. 5

ezés&\q ) fbe \3@ 9\% R 06
Seo S &P ¥ 2 Q“LN
EF EFT Fo & & <
S S L8 ¢ e
@ & &) Q v &

(c)

=
Ok
£
C
~
o~

S
=
Q
0
<
=z

SR S & © S §

) Q Ny Q) 2 9
S S & & © &
TP Ffe o & 0 ]

S A & &
£ N @ < v &

(e)

2 .. 5
RO
L FFe & e & @
& P LR S Q & e
N J@ R N & N
o QO ) Q 4 q;'”

700000

600000

500000

400000

300000

200000

100000

& & $
& @ F
A Q 9
& ¢
$ @
AP &
& S S
N Q N
) g
@ 2 o0
& 2 @
N 9 >
v &

31

Fig.4 Acoustic data by distribution status of large seaweeds at each location. (a) to (e) are, in order, depth, thickness directly
above the seabed, maximum SV, NASC, covariation of NASC.
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(A) Fishery valuable kelp (B) Fishery non-valuable kelp (C) Sargassum sp.
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Fig.5 Average decrease in Gini coefficient, an indicator of the impact of each explanatory variable on decision trees for each

community classification model.

Table 4 Error rates from internal data of discriminative model
analysis obtained using the random forest method

Out of Bag estimate of

Classification model error rate (%)

Fishery valuable kelp 14.7

Fishery non-valuable kelp 25.0

Sargassum sp. 14.1

P. inatensis 4.4

Zostera sp. 2.7
THT141%, AT ETE44%, T~ET2I%IZ>770

HEBTF — 2 ERAVEHBIETIVOFEERTE €7 Loyt
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Z 37 %Table 61253, G T~ 7HHIETNOERR
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Table 5 Occurrences of large seaweed communities from
the 2023 underwater camera survey
A, B, C, D, and E represent the valuable fishery
kelp, non-valuable fishery kelp, Sargassum sp.,
P, iwatensis, Zostera sp., respectively.

Discrimination of
seaweed community

Present 55

Composition
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Table 6 Validation results using the discriminant model and external data, including accuracy, precision, recall, and F1

scores
Correct classification Miscrassification Accuracy Precision Recall
(%) (%) (%)  Flscore
Present Absent Present Absent o 0 0
FBheTi;smabb 36 27 10 5 8077 7826  87.80 0.83
Fishery non- 26 32 7 13 74.36 78.79 66.67 0.72
valuable kelp
Sargassum sp. 12 42 7 12 73.97 63.16 50.00 0.56
P. iwatensis 0 74 4 0 94.87 0.00 - -
Zostera sp. 1 76 1 0 98.72 50.00 100.00 0.67

Table 7 List of correctly identified misclassifications in discriminant model when using external data

() () ©) ) E)
Fishery valuable kelp ~ Fishery non-valuable  Sargassum sp. P. iwatensis model Zostera sp. model
model kelp model model
Actual class of seaweed Classifiction result of model
distribution Present  Absent  Present  Absent Present Absent Present Absent Present  Absent
TRUE 36 27 32 26 12 42 0 74 1 76
FALSE 5 9 13 7 12 7 0 4 0 1
Composition of FALSE classified
A - - 7 1
AB - 1 4 6 -
ABC - 6 - 2 1
ABD 1 1 2
ABCD - 1 -
AC - 1 2 2 -
ACD - - 1 1
B 1 1 -
BC 3 - - 3
E 2 - 1 1
Bare bottom - - 2 2
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DOIFEFHD AT S HETE STz IR R R ORI IRX. BlofES i~y TEEBO IR T -7 2 L& 2
T, Az Y78, FEEHay7H, sy uIxE A, I8 62 T (79.5%) AS—F LT,
DMEEREEE, T~ T OAMEEO AT DHEE STz, B

2023/7/16

S\eaweed control
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Fig.6 Species classification map estimated using Kriging based on the results obtained from the model. It assumes that the
species in question is distributed with a probability of 50% or higher in the surveyed area.
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Table 8 Estimated distribution area based on model classification

Coastal region of Ochiishiin

Seaweed control region of

Distribution area(ha) MNemuro city Hamanaka cho
Jul. Sep. Region A Region B
Survey area 350 352 253 275
All kelp 16.2 16.9 237 273
Fishery valuable kelp 126 145 230 251
Fishery non-valuable kelp 14.4 135 203 271
Seaweed bed including Sargassum sp. 42 0.2 3T 05
Eelgrass bed (Zostera sp.) 0.0 0.0 02 0.0
Bare seabed 18.8 18.4 1.0 03

£

b}

KD ASICLZERT -2 EHERBRANBICLDE
EBF—4 Khh AT THE L84 TICBIT 55X
TOMAGCTHBESRIFCTH Y, RO A TR FIA]
HETH o720 HEBEBICB W TEEL TOMLTWE KR
AgEsa oy 78, RecIFEFHay 7HETH - 72,
18450 ) B, MRS BV CHH I v 7E»IEA
I TEONTNDDHER S Nz DIZ12TH R K AT,
AW —H T2 TREMTONTE Y, TOFEELY
T TE T e EZOND, T2, A ¥T T
Ha UM RIS TH Y, ZOIREAENE
SRUFI BRI E AL C O AT 72 5 720 78 WY 70 JE - L EK
BRICE o TRy T ZRDHENEIL T b Z LEAVR
SNt 72, Kv ¥ 7 THEIIHEAKRTOERIIMHERET
&9, ooy 78 R -IFEH -mWh) £ &by
il Cize AT EEFSHA TR LN, Wi d o
KEVEETEE LRALCB Y, HHTOSMmMIIHETE
Ldrolze AN EOSABALIIE T H2 S W T os
oL (Hd - i, 2004) THY, WEE L 7-FHAH X
D LTI LTV BRI 2 b b, Bl
OMEID T, AFTEIEHREHA LD L&, MRH
ADIZS WIS ABNLEDZ L7, LED
T S A EE, EEFHTET OB A K #E 72 5557
WZFEICHH LTz sl s b, 7YEIZDOWT, 4
AR SN AEHETT ~ A X BEEEST SN
Tz, Mo KRB ISR A, ORL ORI 7
CEREREEET AT, TYEIIBHMICHTEELRY
EFTS S, 1993). T D7z, 7~ TR IR
JETHRE LMD RENGED AR RS Wi o /oD
WWEEDEWIZLLIEDEEZ BN D,

PRI L 2 FE T — 213, BB X O TdE
WIRIMED 70 R 12 & - CTHA L7ZID M) AA 72 S

X BRAED TR O NZH, WIS B o FEE
HOLDOTHY, 77— OHUGE L O I REI 7
ol REWBEDIE S, 534iKEE, SV, NASCENASC
DRI, FNEIRE S AT THRI LT L1
B R 7 o CTnize 72, o v THIEICRINE H7
FTHERIZIE ) L) ICHL > TV AL TZOEIAVNE W &
R, TYEREK VYT TEHTITIEN O 2R 50 %
ElE o TELTL B TWA LR ERFH A5 TEU

L7 e BET— Y ORZCEP—FLTE), 58T

— & THZNENOHANE L 72 R TR D MR To
EHEZ KL Tzt EZ 5hb, BEOKEIZOWT,
BHEEREZ VWD 2 & THEET — 7 5033
UHE T B AT (B 2 1XWong and Chesterman, 1968 ; 4ij
SFIH, 2009), WEECHE _FICRKERFEEAS WSS IZAES L Tw
AR CTIXHERO AL A GO AREHE T 5 2 &8
W#ECTH - 7272 OFHALENIIIRA L e h o7 F 72, K
B EOEFIIRHET 5 HF L L TlREOER AR ER
D& 7% EDEZ LML, MHOIRB O L KA O
EADINOEB TR SN2 2 L2 X ) s @R % i
ETLZEDVRHETH 72200, THELLHA L%
Polze FRLL722DOZEH = v 2E821E, 1pingTD
BUATIE 2 <, Bm#ElifOKTFT—5 L350 E, M
F— Y OMEEETIFLZ ETHREICR D EE LN D,
St SOLLRLFEENEXKL ETHRETIREEETH
5o

BEHBNETIVOBESME AWZECIrER L 725 O
KIS A E FIVIZonWT, AHar 7EEFEH o
YTHEDOETIIIECAEE CHBIAREZ 5720 —H T
RUFTSHEE T TEDETMTHIGINEE7Z DM O
WIEEPLBERETVEEZ NS, ATEDETIV
IZOWTIE, F— AL WEE 7 5720 LT
12, HEETVORE, BHBIT— 5 OEE, BLUHE
) Bz R E A R T,



36 RIARFHE

1BRAI TEHNETIV GHI Y 7EOHBETF I
3T —RKP14T7% LR, ST — 2 TOIEMERE
808% T, FIA I 7IF083 L IFHIZE D o720 ETIVIEA
HW7r—2 LART— 2 O FITHE L TE Y, EFEE R
TETUIPMEI NI LEZOND, 72720, &R02%]
DRHFLTBY, 209 bSHisIE, MEEEEOHR T
FERa Y 7HEENTT ARV T TREEERSTYED
HEEAGATW, RV YT IHETTTOHBET IV
THMENGRHIBID B o712 226, BT NVOREEN L
DIz, AT — 5 OBINPLETH S,
2RI TEHBIETIV EEH a Y THEHOH B E
TINE T T —Z)3250% T, HMEET— & 12 & A FEEMGET
WX IEREREDST44%, FIA 723072874, Aoy 74
DETNEDIZRANTERE 572, ETIVHEER R T
X, BRIy 7HEEFEROHG] (k5T 7 HEEIC
WEEN/2a y THORR) RN, FHa Y 7H#H
ATRMENTMET [IFEHI > 7HH 5] L)
SN HTATHI D - 7 RIFFECIE R I >~ 7L L
P3EDY L, AVAETAXT N AOMEITHERI YT
FHE MRS EE L, TR E T RE 2 LA R & A
LTw5b (kKRR 1995), A cld, AHa
YTHEIFEH I TEFFETICOMA LTS T LS
—TH Y, BWFEHOMR, FHI Y 7THORDHE
HKTHhoTh [FEHIVTHLGMLTNEES S
EWI) RGN E S oL EZ O ND, IFEH Y TH
DETIVOEHBETIEIH L7, BT —5 OFBEEIZLD
W DR LTSNS,
3ERCHETSEHNETIV K2 ¥ T SEOHBE TV
DLT—2E141% T, IEHEEEILT4.0% & &h - 7278, Fl
A2 A TIX056 X MDET IV L VIR -7z, #EH L FHI
FILENEN632%, 500%THY, ETNOUEDSAHM
b BHGOEME LT, TYEEDHEERRE
Bary 7 & OB RS o720 7T EOTERIEA
Ry FTTHNGRR I N HHIE, BTy NTT <
EDOV Y IV olzl bNELONL, BERL O
VTS TCORBIIOWT, EEE) L) IXohT 5
DV THENEGL R, ZLOBERINT S AL
TWickEZbN5E, RV ¥ FHEOET VOFEER L
D7D T v THOBERIRNOBER - 3ARICET
LERT — Y DMAAIR TG T 50D 5o FHE
PEA o 7B E LT, MPERE 2 SIC L DR 2o 7
RV FHEIHBITE TR WIEEED D 5o AU
DR YT TROFEALE) (S RERY;, 1995) %%
L, RLBLEDLVIHDOT =5 DA EHTET
VERET 2LEDND D,

AZHEHBIETIV AHEDOHGE TN ORESEIZT)

L7200, @EFENPUTHHEEOFEBNTE LD o7
720, FHEANTE e olze AN EIZAMET O HLIZ 4
ML TWBDS, TR TIIARHE 7 BEE R Bl D BT
NRONG ozl bns, F—SAEDRHEEE 2 S
N5D o FRIHESEEREE OSSR T, BREERI R 7 &
SANEDRAD Y iprolzbEZ b, FIREHHTD
FEHPHN TAN EDMRCTE LD o720 AN EDFTE
SO L2 Do Tz728, EFVORSESHETH
S/ EZONDL, EFLVOWEICIZ, ATEDTFT—%
WL TLESRDH Y, FET — 5 OWEAT HE % KT
TORATEHEDERN RO NS,

57<F®HFETFIV TYEOHHETNVIZENT T —
K (27%) EEWIETEREE (987%) %R L7-HY, FlAa
TI2067128 EF o720 THURLITHR IRV T TH
& DORRHIFIDE L T L REND H 5 HETHLN

TIR2HBEDOATH Y, 7— 7 ORISR T I2F
LTWAIEESRD ZZ 5N, KENLOZOIZE, o
YINVEOBMPEF TR, TRENGMAT LKL D
WA fAAt 2 & THPIE TV OMRER EASNETE 5,
BEHRET N ERWAREEBRICS T IEEHEEY Y
7 FEHIBIARA O KENGEEEOEHE T — 5 (2 L TRIF
FECIER LRI E TV E WD 2 8T, R
TR &) KEGFEEERE OMBAER O 5 AiltE~ v 7%
RS 5 2 LS TE Tz, FROHEE~ Yy TOIEEFIIHN
8EIT, miEECTONH - ERltx KB TELEZ LN
b0 AT Y 7TEOBDIA~ v TIXBSGEROEEL
LEH D THOEFFEE L COMHAPHEFEI NS,
155 NIZEEEEE O 7 — 7 I ZEETIKFE L Thi v
7280, FEEOBMICEINT— L LTH|D 2 ENT
XD FAEMN T Y IEL 2B LT, FHaY 7
HHEOLRPREZEN & OB AT 2 FPhir & 25
7259, F7z, FERCIUE L2 T — 5 2 RO 546
OB EI L 720 MEERODA~ v 7, MRk
B ORI ORISR O FTBEEE A\ O E 1 % JEIR I F
5L, HEFERICOZRIOZ EPHIFENS, FTETIZ,
KEVEEEIEE DR IS BT D 7 )V — 5 — K (eg, UNEP
etal,2009) & L CHEHEINTBY, HEEOHEIZL-T
TR FEIE R OO 720 OWIUREBAE 2 > Tw
52 ENHE DR o T B (ESIFFEBRSSE: KEERF
Je-HBE R, 2023), BEEHIBIE TV &l L CRERI O 5
AREATH & 222 UL, REEROZEFERBICAI L 722
AL R B EOERIZE S TE L7259,

ARFZE T, HEFHN T2 v Tso ORI EERE %
DHBETIVEMEL, €D B2oIE, HEiT— 2



18MA & D7 2 b B & $TEREE 72 o 7o 81T gE
WFH R X A0 MHEED R TH - o, HEMEICD
72 B B ERBICE DV IHBIE T VO 2 {To 722 &
BDTORATH Y, KRELERTH S AT
59 B KEVEFEOESRDIE, BICX > TRLZ L7213 T
%L, AMCLATH> CTHEIZL > TRE > Tz, ER
V2, AUERCCII MR I X - TG 2 E w3 A0
FADFERE SN TE Y, FERAFEIZ L o TULIFET > T D
Y (BEmX) L24Ea v 7L EoilY GREX) 25 Uik
P R AR B0 2D X ) R EWREDOKRE 221l
WdbHT—5 ThoTHEBETHE Y HBRERET
VARG T & 720 REEREOEMEDOREMTH L W»
TEDH > THRHIREFRL A FILTICT— 5 2z
b, WEEOFRMRAHESTRERET VR TE L
EZHNDb,

FERRETRIOER L TR, BT 5
T LU, B R ERFER O REREETE R~ OIS H IR
TE 5%, RIFFETETINVEREET D 7-DIZH-# 7
— & ONEHAMII2~3FTHh 5o WMFE LT — 5
BEVITEWERBESIN LT 5200, SHLFEKO
F— Y OEFEMHEDO TN ET, L) EREERH R E
FIWDORESER, R T — ¥ 2 &0 2 0%liEE T 7 Vg
FAOMEEDSHIEFEING,

KRR CTHTAR G & L72BE OB IR Tl 22k
B2 X 2 MRS OB O L <, TEROFE
TIRHRIEERED T L v BEFHITEAS NS OREIC
L L, KREGFEEREE OBLRZ TR - ER2lLT 5729
DFELELTRELHFGT LI ENEZONS,

RPN, FEETIRSR 2 5550 L 72 A0 e 2 fitd 7
L, AT o7 — & % & KAVEEIFEE O AR O 1 5l %
T9. To72®, IMMZA L, MdTTE 5IHEMNRE
ThHiu, HET7— 5 OBEHIIIEN 28 IR E TH
bo 72721, BUEIIWIZER O/NRIGHR AREGRAIRS 2
LCBY, BINIEEMOY 7 Y o 7 5 2 &5
WMEBETLIENS, HTOERIIEEEIER > T b,
AWFZETYERL L 728 7OV 132020~20224F F T O AR 5%
OHMT =& EFEET— 7 2TV 5H08, HHEED
bR, L DBURIZIBE S 72HIBI 2179 720121, 414D
YT — 5 R EAER TN BB D Lo SRITHRIE
TIOEHICE D R MEEMEE & D12, X )2l TF
MBS R EHARROMERPHEY = 2T VOREL L,
WERREICDFH LR T WAL EZ 2 LEDN D D,

# A

PRI LT 728 o e ik M & 0¥

FEFHINC X 5 REREHEOF ] 37

B, URHR SR AL A O BB, RSl DK E Hl S K A
BETOREE, S H XK AT % FE BT OB AR L
DEXRLET. £72, ML EDLIZH/) Hitka
Ay B F L7 RTINS K R SR O B AR
DIEERLET,

51 A3 ak

JHETE AR FEAR S ER. WER145 4 B2 ~ 4 R4 4F BEAL g K E B
g AL 1971-2023,

NEHE =[S KRR HASEE 2 > 78 kU tt
JEH AR 2 > & —, ALIE. 1993.

Sudo K, Watanabe K, Yotsukura N, nakaoka M. Predictions of
kelp distribution shifts along the northern coast of Japan.
Mar. Ecol. 2019 ; 35 : 47-60.

SHE— . ALHREREY O 3 v T HAUKES R
1995 ; 61(1) : 101-102.

FIHAE MO L 2 3 v TR OREIZOWT.
JKEELEE 2014 5 51 @ 55-58.

IWHFEE, D —t, Eikseoe, T, R, KE
Fgr, MR T, FEAE, RINEE], HikE
AT RO TR S MBI BT 2 RS
FESTFAING 2 FI 7R AR OHEE L. JE R ARHE
FeRT H #2023 5 851,

Komatsu T, Igarashi C, Tatsukawa K, Nakaoka M, Hiraishi T,
& Taira A. Mapping of seagrass and seaweed methods
beds using hydro-acoustic the with wave appropriate for
detecting. Fish. Sci. 2002 ; 68(1) : 580-583.

BIET, UM, RS PR, MR, BT
Mt HEFEEHCIRRAE 2 BERIC BT 57
TGO MHEE. HAKEFAREE 20125 78(2) :
171-179.

Sonoki S, Shao H, Morita Y, Minami K, Shoji J, Hori M,
Miyashita K. Using acoustics to determine eelgrass bed
distribution and assess the seasonal variation of ecosystem
service. PLOS ONE 2016 ; 11(3), 0150890, doi:10.1371/
journal.pone.0150890. https://doi.org/10.1371/journal.
pone.0150890, (2024.2.21)

Shao H, Kiyomoto S, Kawauchi Y, Kadota T, Nakagawa
M, Yoshimura T, Yamada H, Acker T, Moore B.
Classification of various algae canopy, algae turf, and
barren seafloor types using a scientific echosounder
and machine learning analysis. Estuarine Coastal Shelf
Sci. 2021 ; 255, 107362, https://doi.org/10.1016/].
ecss.2021.107362, (2024.2.21)

ERFHE. SEENNTEZ WA oEE s 2



38 RIAFHE

> TRER DA HETE T OMRGE. 124 BE E AT
K E BRI S, JlE. 2021 1-3

Ona E & Mitson R.B. Acoustic sampring and signal processing
near the seabed: the deadzone revisited. /CES J. Mar. Sci.
1996 ; 53(4) : 677-690.

Breiman L. Random Forests. Mach. Learn 2001 ; 45 @ 5-32.

Hasegawa N, Onitsuka T, Ito S, Azumaya T. Growth variation
in long blade kelp Saccarina longissimi in eastern
Hokkaido, Japan. Bull. Jap. Fish. Res. Edu. Agen., 2019 ;
49 1 65-72.

G, BEARFHE AR JLEERE RN R
DAY THEEMEF a7, oy HNTar7, A

VABLXOTA X AT OB, JbkE
WFERk 2022 ;5 102 @ 1-11,
AR, kR [HEAROWRE | RSt Bt

AT 2004 5 230-232.
Wong HK. & Chesterman W.D. Bottom Backscattering near

Grazing Incidence in Shallow Water. J. Acoust. Soc. Am
1968 ;44 ; 1713-1718.

S bR, ATHPHED. B Waveletf AT 12 X 2 HEIE 72 H)
BTV ) X hOFFE. HARME S 2009;
121 : 177-183.

At S K e RS, M EEERER AT IC L 2 a v T
M onE JIRREHT O3 > TRERRED 2O
12, 1995 ; 8-9.

UNEP, GRID-Arendal, FAO, UNESCO. BLUE CARBON
The role of healthy oceans in binding carbon. (https://
wedocs.unep.org/20.500.11822/7772), 2009 ; 35-43.
(2024.3.8)

EZWFZERAZEE N JKEERTZEECE A, R - R
DCOMFHE=HIEN A K7 v 7 (https://www.fra.go.jp/
home/ kenkyushokai/ press/ pr2023/ files/ 1101bluecarbon
guidebook.pdf). 2023 : 8-9. (2024.3.14)



	水産試験場研究報告106号.pdfから挿入したしおり
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ


