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B SEAT E T 304 (Ostrovsky, 2003 ; Ostrovsky
et al,2008) . EAMH TR 2, 2R IFAL S
Hi3# 18 (Ostrovsky et al, 2008) | B} 25 28 fk ( Ostro-
vsky,2003) K H:[f 7 $#1E (Veloso et al,2015), a0
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(Jech et al,2017; Yan et al,2019), 7E ¥l % Y5 i
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fif it 2 HE K 8= 19 il = AR (Guerin et al, 2006)
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1.2 HEWESLE
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BICKs Mo B 22 2~3 km/h, MRIEE 7R IHH A0
I (Aglen, 1983) , A UWHRIM B 355K 8.26.,
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(a) Bubble flares at a survey speed of 3 km/h;(b) Bubbles from sediment rising at low boat speed (1 km/h) ; (¢) Bubbles slanting right on

an echogram when the water current and ship are moving in the same direction; (d) Bubbles slanting left on an echogram when current and ship

are moving in opposite directions.

Fig.1
22 SIAHE
2.2.1 EF#EE ROEAEKTP R BT

23.95 cm/s, 95% B A5 X [A] 2k 23.17 ~24.74 cm/s
(n=2360), £ b Fidh B v ok o 340 ¥ 0 1%, 7K IK A<t
R T A T SO R BT SR
#H R R JE (target strength, TS) B HH % & &
(r=0.301,P<C0.01), B <30 TS K, < A3
JE

2.2.2 EHAKZAM AW TS RN -73.82~
~33.29 dB, ¥ TS - 60.09 dB, fE 2 AI 0L, X
WE LT R, TS B/, B TR ARBR
St A8 B DX T AR AR YR A P A R A R
AR . RO R Q4w A0, ¥R
1.657 mm. ERRTEHE 0.20~21.65 mm, 95 % & {5 X
]2 0.29~3.02 mm; il 2 20O 15 U F B AR

0.017 mL, &N 0.00014~38.7 mL, ¥ /K %%k
2 m X5y —ANIK 2 W R — J2 AT 5 0 43 A R
SEHE. B 3 AT, AR b T A R s AR A
/N KA Pearson #E4T A0 M43 B, v] UL 2 42
HAKBREBEMEER(=0.99,P<<0.01), 2

Split-beam echogram showing typical hydroacoustic manifestations of rising methane bubbles

5 KR A J7 #E N sy = 0.0359x + 0. 7491
(R*=0.953D), HIFEXO LA DA HI,120 kHz )
WeREAS TAES R T, A KAWL IR RN
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Fig.2 Average TS of bubbles slightly decreased
from the near-bottom to the upper
223 ARXBAMEFELE LA AREWF,

AW FEA 2 PR, BV AT 4 HE 0y R SO (sin-
gle bubble flare, SBF) #1 < ¥l #& (bubble flares,
BFS), 4 SR PP R 28 B A0 B bR ok BE (TS Mt
ROy A LA A E 1) BE AR — F, 3 & gAY gy
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#i ,SBF 3 TS H-60.29 dB, {8 25 - 58 dB;
BFS “E3 TS H-56.97 dB, IE{H % K- 52 dB.
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Fig.3 Relationship between bubble radius
and water depth
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Fig.4 TS-frequency distributions of different bubble types
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AR/ T 3 km/h B, A 2 [a] g o R fF
SHSMA U2, N RIEECT 165 A4 A R
GG (T2 NG S .93 DRSSO #EAT A
g X Echoview iy i i) 2% 48 #E 47 F sh Ab £, 51 Bk
FE R T 0 75 B fdT ] SPSS X 43 1 22 A5 & 34T
F 2N, B ER, 12 NS A B3
225 (P=0.00), 25 & W RS 5 AR AE S 45 728 i
TIE A FE S, 2 B AR X R I B ) AR A B Ar
AL FEE AL 4 A B RS RREGES (B H
HARFS(FOZM M 2R St a5 R 0L E 1, XS
R E R H BR K 7 1) A AR X 3 ik R L 50 %0 £ 28 A
X B AE 1.0~1.5 m/s,50 %30 A0 X 3 B 12 0.8~
1.2 m/s; 3 7 A8 4k 2 2 AR IR 5 5 T ®
J5 ) (90, 90) , 8 28 5 B Jy ] A2 AL A IE A 11,502
A AR L A — 3%~ 575 T A 1 B ) AR Ak A R
.50 %ALY Bl oy 12°~18°, KR — B 7F b
T, T 2 D T W R s H BRI Y T AR O B
B - MES S RE - MESHEME, FES
SRR A AR A A R, R R 4 A AR A
FS IR S 2 R, T RO AE R KPR
BE/IN TR O R /0 5 T £ 28 D0 O P e R AR L R R
FUAE X B K (K 5,

F1 FREEFERRER

Tab.1 Variance for each bubble signal

A (GheE L Yy AR 2% 95 % B A5 X 1] R F P
——— | FS 1.32240.440 1.231~1.413 0.011 26 560 0.00
s BS 1.03040.224 0.977~1.082 . : :
) . FS 1.27848.097 ~0.398~2.955
T EL T W AE 4R/ 109.202 136.197 0.00
BS 16.111+8.123 14.216~18.007
FS ~0.007+0.041 ~0.016~0.001
H b A /m 0.001 73.617 0.00
BS ~0.053+0.022 ~0.058~-10.048
FS 0.466+0.082 0.407~0.525
1 B A/ m 0.029 49.913 0.00
BS 0.22140.251 0.202~0.241
3 i N e TN B R N =1 L= ]
WTEe

3.1 RAES5a%XESEFEEZER

B 5 7K R 14 B L KR - g, R Y
A LB 23 77 A R R TOR & ) CO, A CHL L 7E & K
AT JLAE B, HE s AR s K&y 20 4R i Ss #a T
e o ik BN R AR I B9 HE UK S (Diem, 2008)
SR B K R MK AL T 2009 4R . 2013 4EE K B IE
KL, KRB KR T KA IS UTAL T K
ABLET N bR T KR AL S R R 2 R AR R

R AU

SRR DRI St A 0 9 A 39 8] 32 7K 2R Ab T K a8 R i
WmE KB, iR E KA E, Greinert 5%
(2006) 3 125 XF L B K F1 K SR 7K & 0 00 AR 50 #r . &
A MR 4 99.4% SN CH,; Keller & Stallard
(1994) %} 152 o —WHABEFE K 8L, 98 /0 Y CH, 3l i
SAHEGE R KA1 CO, 38 2 SR HER Yt
BIAE] 2 %6 5 HoAl AR O AIF 58 L 45 i AH L2518 (Yang
et al,2013), CH, J& il id PR A A A HLA e TR
HRE A T AR A O HE R AR
F % ) (Anderson & Martinez,2015); # & F
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Fig.5 Box plots of different parameters used to distinguish fish from bubble signals

CH, s CO. PRI fiff 2 0 0 AH BH 7 AE 6B R  ARifa rh &
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FEASK PR A, SRS F) 3 Fh AR AL, X TR
ARSI L SR R PR (>3 km/h) M AR AR ) 5 £
PR 5 J0 5 5 AU A 09 0 %o O B RO R AR
Pl R iR R A niR . L TE [ 3 R v 2 B o 4 eIk
(" 1 - a) (DelSontro et al,2011) , A [F) A & 77 [\ /Y
A e W E R ARFE (B 1 -c,d) (Veloso et
al,2015), KU EARVEHE N 0.29~3.02 mm, J& 15
AN RAE BT R R R R R N, S
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—EHAL T EFRRES BKE AL BE 5 /I o R A BF 5 45
TR £ 28 5 S0 A AR iR VKGR L3 B ) AR L
HArgul i S AR EZS . TR
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32 RaEEMENEEZEZMER
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16 T A AR 1 S AR
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JE N B K 55 8] BELK AR R 47 3B X BR AR 28 $e B 3 iA
TR I /e B 5 kS . BB A 400 235 21 W s R 2k i
A A B B e F L AR IR R0 4R RE L BT R
JE CH, MRS AR BE S O B 45 (Leifer &
Patro,2002; Ostrovsky. 2003), 4 B 2K CH,
S JE T /N SR TE T AR o AR R
/N, Ostrovsky(2003) iF 77 2 B, AR FR 48 /N 19 Rt
L T 2R AR A DI | T R AR S L T A I 5
Greinert %8 (2006) fF 55 R B, HAE 9 mm RS ]
PATE BRI R85 P A7 46 108 min, BT 1 300 m 2247,
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I T 5 4 o PRI TR 7 b A 5 DR 1) 38 13 (X Jik A 7 K
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(Veloso et al,2015) . F FH 75 2= 4 R 347 K A4 IR =
AARTE LI L A e — AR EE N R, W
LR YN T 2 T AT 2 B A 2 RO
L 7E B9 &1 b RT DAY B b IX 43 A0 A HAF 5
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Acoustic Signal Features and Recognition of Bubbles in Fresh Water .

A Case Study in Lechangxia Reservoir
WU Zhi', LI Xin-hui', TAN Xi-chang®, LI Jie', ZHU Shu-li', ZHANG Ying-qiu'

(1. Pearl River Fisheries Research Institute, Chinese Academy of
Fishery Science, Guangzhou 510380,P.R.China;
2.1nstitute of Pearl River Water Resource Protection, Guangzhou 510611,P.R.China)

Abstract: Substantial quantities of methane (CH,) can be produced in freshwater lake sediments and it is
released as bubbles due to low water solubility. During hydroacoustic surveys, the target strength (TS) of
bubbles strongly overlaps with that of fish and the signals can be misclassified during data processing of
fishery resource surveys. In this study, Lechangxia reservoir was selected as a case study, and the bubble
signals collected during hydroacoustic surveys were analyzed, focusing on signal features, motion rules and
signal recognition. The objectives were to provide a reference for acoustic signal recognition and fishery re-
source assessment as well as for research on tracing and measurement of greenhouse gases released from
bottom sediments. Acoustic surveys were conducted in Lechangxia reservoir on July 17 and 18 of 2017 u-
sing a Simrad EY60 echo sounder. A 120 kHz split beam downward-looking echosounder was used to col-
lect different signals not resonating with the sonar frequency at different speeds. A slow ship speed
(<3 km/h) significantly enhanced the quality of data and the ability to discriminate between bubbles and
fish, based on differences in echogram trajectory. Analysis of the echogram indicated that gas bubbles
(majority) and fish (minority) were the two primary echo-reflecting objects in the survey area. Significant
differences were observed between fish and bubbles for several parameters: movement speed, vertical di-
rection change and track change with depth (P<C0.01). Bubbles were more regular and kept rising with a
small horizontal displacement compared with fish. The average ascension speed of bubbles was 23.95 cm/s
and the 95% confidence interval was 23.17 — 24.74 ecm/s(n = 360). The average TS of the bubbles was
- 60.09 dB, ranging from —73.82 to — 33.29 dB, and the radius ranged from 0.20 mm to 21.65 mm. The
speed and radius of the bubbles decreased as bubbles ascended and the correlation with the water depth was
significant (+=0.99,P <C0.01). At a cruising speed of <{3 km/h, the bubbles and fish could be recognized
clearly from the echogram and used to identify the target signal. Combing the results of our study with
those from previous studies, it was concluded that bubbles are highly heterogeneous and exist widely in
freshwater reservoirs and lakes, and that surveys should be designed based on the intended purpose when
using acoustic technology. Hydroacoustic measurements provide a means of distinguishing the bubbles re-
leased in bottom sediments of lakes and reservoirs from fish and this should be considered when quantif-
ying methane ebullition and fish abundance in aquatic systems.

Key words: Lechangxia reservoir; greenhouse gas emission; hydroacoustic signal recognition; bubbles fea-

ture



