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Fig. 1 Distribution sea area of drifting fish aggregating devices (a) and schematic diagram of structure (b)

WIO. Western Indian Ocean, WCPO. Western and Central Pacific Ocean, EPO. Eastern Pacific Ocean, EAO. East Atlantic Ocean.
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Fig.2 Timeline of technology Development of tuna purse seine fishing buoy from 1980 to 2020
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% 1 Zunibal, Satlink 1 Marine Instruments [l = #RN;ZFFrHEESH
Tab.1 Main parameters of Zunibal, Satlink, Marine Instruments echo-sounder buoys
i H . . . . . Marine Marine
items Zunibal Zunibal Satlink Satlink Satlink instruments instruments

PR S Tuna 8 Tuna 8 ISL SLX+ ISD+ M4I M3I+
buoy model Explorer Xtreme
A /kHz 120 120 190.5 200 38/200 50/120/200 50/200
frequency
WA A/C) 22 22 32 32 32 35 42/8
beam angle
iE/W 200 200 120 200 200 500 500
power
PO E X/m 3 3 3 3 3 3 3
identify blind area
REEVEH/m 120 120 115 115 115 150 150
depth range
TR E 2 75 67 10 10 10 50 50
detection depth layers
BEJZ I HEA/m 1.6 1.8 11.2 1.2 0.05 3 3
resolution per layer
PR 1 min 20s 15 min 15 min 15 min 5 min 1 min
ping rate (echo-
sounder sampling
frequency)
AL AR A AL MRAE R A5 A5 1 AP (1) IRAEHE, K 1 E V5 O~ T KL
biomass estimates RSN
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F2 EEFRNFRBERELSM (U Satlink JFHREHE A )
Tab.2 Data set structure of echo-sounder buoys (take Satlink buoy data as an example)
VAR SRR Sk
buoy data set buoy data set content

AR E AL R R SEC) LRIERR R G — IRIRALI F 4

buoy location data set date
1] BpNI AR AL ] (LURS BR JE IR I 1) A vt
time
PEARARD AR RS
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EZitaH) 3 B A B VR AR T A R 2228
latitude and longitude
IR R 2 K Ja — My B 51— R a — M B2 [0 fEE
drift velocity 5/ T AR

AR AR AR TR FEANFEAR I ME— S

buoy acoustic data set buoy code
g A AR FE A A4 B
owner name
i AE IR A] FERNARAGL T H I(dd/mm/yyyy) F1/N i (h:mm)
stored time
e PR I FITTE I 2240
latitude and longitude
VA VPR A SR e
battery capacity
T HEZ IS
temperature
O FEARFE B (BAknoy SAT)
speed
B 7 17 L (°) AL TT L A

drifting direction

K 1~KZ 104D HE
layer1-layer10 buoy acoustic data
AR At

total biomass

VLA A B AR, 0 1ol ) )22 7 G Rl R 3 T
AR S0 BE X A A B s i A A v

BIEEEZ

A LA B 5 R AT AR AL, TR R
R NI I E  Ev i L D A S
DFADs F ] 2 (i 1 [ 75 4000 77 bR H A B9 58
4375 CPUE Hybs Ak id A rp B4 457 55 ) i 4K
MM i . A WTEHR T T S TR K ) <
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o o A 14 b 3R 7 vk LR et 1) S R 5 1 X

https://www.china-fishery.cn

AP DT> 013X [ R AR AR 1) DFADs i
B £0 R A i P VAR PR R A T IEAN , JEXT AT T
fl AR OC A W SR A T ke, S A
7T R A A 10 = B AR SR

gk 3 R, A8 WA BRI A AR W Al
AESCHEFE Y, A [a] 7 RO 7 A A 4 A LA
Satlink I Marine Instruments iX " 4™ 77 b il 38 7 A9
B A, X EEFY 3B X ] s BRI TR bR A A
Yy O HERR AT VRAL DL AR R A T
TEA3HTES 004 PREHE ST b ST T Ib B 1 e
FREERRE, HLLTHAL AR 0 AR BER

[ 75 I A B A48 B P 2% A iy A AR X T
W15 DFADs A i A2 8l 245 LK By A £ il
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Tab.3 Relevant research on the estimation of biomass estimates for echo-sounder buoys
SCHR/AEA AR B SRUR iz I} [ 5 R 0¥ WiReS gt
reference/year data sources sea area time range research method conclusion
[42] Marine KPGvE 2014—20174F  BEHLARMARZY VUM A B R B AL . K TG PR A HERf 32 984%
2017 Instruments EPEET: Bl Y (R R 87 %
[63] Marine P NVipEs 2013—20184F  BEALARAAETY VS AAEREAATE: KPR NT5%,
2020 Instruments Bl B[V HER 2 N85% . IR B S A AR T K/
RVGEE LR 48%,  ENEEVE IHER 2% 947%
[55] Satlink RSP 2016—20184F  BEHLARMARLY WA ALE . TV R HER 97 %
2021
[64] Satlink PNLIFES ISR B IE JG I 22 8O AR ) B v i e A5 2 T 4R,
2016 HoARUER 72 (SD)M33.9F# 1K £213.74
[65] Satlink piifes 2012—20154F  J-XATIIEERY, 7T ABIEJE R S HUE A E AT, 5K R
2019 EPEE: SURPERERY ., oM % WA FTRTE, (RN RO B E
A3 £ T
25 15 R AE i R 4 R 75% F85%, i iR 10 2 LIz 2l P A 5w, TS B ] AR AR

DFADs | &4t A iR W i R/ = 2 i Al i
B RAUE 48% H1 47%. EscalleZ5™ W 7E I FiTHF 58
() FE At b &5 A1 5 R T IR M R 52 (vessel monit-
oring systems, VMS) #H , 8 i K P a4 )
DFADs &M fE7EiRpar e, JF 50 adRE
S3 MY Satlink PEARAE ) S AR AT UL, A& BLE
i VAR A ) B A R ) DFADs R 81~115 m filt b
Bt BB AE BB RN 97%.
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LAt FAE SR Y FI7E DFADs T 3R B /37 LA
MARE YR Hbro® B (target strength, TS) AL E
AR, FH ) SO A 22 1 X [l 1 26 A5 700 6
bR 2 AR Y BRI TIE IE . ATE S5 R, 1
RVGHHRSEY, 2318 1E (977 bR A= 4 5 55000 Mot 1k
FHILAR B EMERS 2 TR, REBIENT
T A W e BRI ) e KR 22 N —69~101 t, £ i B A
Ab B B fE KR 22 8 -30.12~24.80 t,  Orae %
FRTE R VU IS 2 5 T — B4, Hix
R H R, TEENEEVEA NG, TRbn2E P4
P R PR SR TR A R, X 2R R Ve AL
FNBESE L o W 0 () B 4R FH O W B, TR L
VA B AR TR /I, e Y D DR T R B R
T 32 XA O M X W PR IR B S s R, 3
B s AR SRR, HETTE TR S PR 2 P 1 4
P HERf A A S

[l 7 PR I s P 2 A ) e O 2 B AR R A T
HERAPE B PPAL T HE TR I, 32 % R R 8 1Y
HEMVE S Z RIS MIRN R, —J7 i, S
FER R ] 23 DR AT /I RUBE B 7K - B8 2 138 317,
[Fi] B ¥ A 358 TR 2R 14 28 A A, 25 Xp g o o 2 A o
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Bt B A A B FR R 23 52 0w 0] 75 2RI V7 AR 6 42 40 £
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Tab. 4 Results of research on attachment persistence of DFADs associated tuna schools
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Abstract: Echo-sounder buoys can provide accurate geographic positioning of drifting fish aggregating devices
(DFADs) and estimates of tuna stock biomass for tuna purse seine fisheries remotely and on a continuous basis,
effectively reducing the "carbon footprint" of the purse seine fleet in searching for fish and fleet operating costs,
thereby increasing the success of the fleet currently, DFADs-based tuna purse seine catches account for 54% of the
total tuna purse seine fishery catch. In addition to its commercial application, the echosounder buoy has the poten-
tial to serve as a scientific platform for observing pelagic biodiversity, providing data to describe pelagic fish activ-
ity patterns for scientific research, helping to improve understanding of the accompanying behavior of DFADs, as
well as the potential to develop an abundance index for tuna stock assessment independent of fisheries data. This
paper firstly introduces the definition, types and structures, ecological impact and related management measures of
DFADs, as well as the evolution, categories and data structure of echo-sounder buoys. The application of echo-
sounder buoys in tuna purse seine fishery was reviewed from the aspects of: biomass assessment, fish association
behavior and ecological impact posed by DFADs. Among them, tuna floating objects associated schools are ana-
lyzed and discussed in terms of the rapidity and persistence of tuna aggregation of DFADs, while the colonization
time is the main indicator of the rapidity of tuna aggregation, and the continuous residence time and colonization
rate are the key indicators of the persistence of tuna aggregation. The ecological impact assessment of DFADs
mainly discusses the impact of DFADs stranding events, the number of DFADs deployment and DFADs bycatch
on the marine ecological environment. This paper prospects the echo-sounder buoys on technical support in the
future to reduce the target species and species, the development trend of the juvenile mortality from fishery
resources and the sustainable management and marine biodiversity protection discussed combining fishery
resources assessment data buoy observation data and to explore the climate change and human activities on the
marine ecological influence the huge potential of the ecological system.

Key words: tuna; echo-sounder buoys; drifting fish aggregating devices; purse seine; biomass estimation; ecolo-
gical impact
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