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Abstract

Snapping shrimp is one of the most critical sound sources in the underwater coral reef
soundscape. Its sound is affected by many environmental factors, and it is feasible to become one of
the health metrics of the coral reef ecosystem. This study uses the high temporal density sampling
data collected in Wan Hai Xiang Bay, Keelung, and tries to analyze the correlation between snapping
shrimp sounds at different time scales and water temperature and irradiance. It also aims to compare
the data recorded at different observation periods and depths to understand the snapping shrimp sound
characteristics.

The results show that the snapping shrimp sound positively correlates with water temperature
on a long-term scale. The changing trends of the two data collected at different depths are similar,
whereas data from different observation periods display seasonal differences, and the overall value
varies. The sound of snapping shrimp also exhibits a diurnal pattern with peaks in the early morning
and evening, negatively correlates with irradiance during the day, and positively correlates with water
temperature during the night. Lastly, the snapping shrimp sound peak that appears every dusk and
dawn correlates the most with sunrise and sunset times, but it is still affected by the light received in

the water.
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Fig. 1. (A) Alpheus [ 3 ¥
heterochaelis, one of

the largest snapping 2¢cm
shrimp.  The large
snapper claw may be
either on the right or
the left in both sexes.
Modified after (30).
(B) Close-up of the
snapper claw in its
cocked position. The
claw is made transpar-
ent by the use of 5 g

methyl salicylate. The h Loy 8

claw has a protruding L

plunger (pl‘)’ on th§ FaHZ A (cocked position)
dactyl (d) and a matching socket (s) in the i bile propus (p) (photograph by B. Seibel). During 80
the extremely rapid closure of the snapper claw, a high-velocity water jet is formed when the
plunger displaces the water from the propus socket. < 7v35 5 Date 01 June 2011-01 Aug 2012
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TTAHBRTE AT - AR (R EUR 0.53; DLEEH -5 (97 22 ) #EFTMRBIM: 04 MHEE (8 0.84-
It - P& T ER RSB EEE T Aytgis SPL (HEL/KORMREME: - 1 ARAETRE K&
o SPL (HEMLgiSA B/ KOm a = EAHRA -

B eI E R L AIA —2 > — R4k 288 & > NIt T —REEIPS ) Bl

BRHVATR 144 FERD 3t 280 FERAPIIE - KA SPL (HE2BHEGERE PHEER
T EEKORAHBE 8 -

SEREUT - A FEIRS B P EEE R E R AY SPL {EBLCR 2 FHE (R BC% (£ 0.68 — 0.79
BLEEN - 2SR - RV BIE R T —RBEPY o BIEERER AT 144
FERSFEHE - HAHR (R E0=2E 0.7802 ([& 19) - [& 20 (# 2R —REE e
Fy SPL {EEL/OREZBHYITARE - SPL (E&L RN PHpm g - HAEK HAUEIHE B
b - EREFREE R SPL EAERCARFE R MRS LS, - thEORSRRE(BM -

IR SPL fEE— R &N SPL EFRESMSEMEELZ T T A /ORI B & ) 1Y
SPL {H - 73 BIRUHIE{ZHY SPL {H ~ JF SPL {HHY 24 /NFFPHI8E(E » (gBLnIEl 21 - 53R
SERRE S - CHEEER - JREEE(CAEy - MEHESEAR - RIGHHH
JERHY SPL {H - @it /KR E b2 21y SPL {HELEF SPL ES - Sl RIta
SPL {EAVIEESELEA 2T E > /KnEEZEA R ~ WIGHREGHY SPL EH -
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| BOTSREE S UOREMERS
Max: (144, 0.7802)
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[ERE B 1P E0E SPL EL/KRAIHRE (A3 -

~
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PR i SPL SR

& 21 (=) -

o1 2 00 a8 o0 o7 0 o0 0 1 2 a e e T w0 S| ERIAIRE SPL {H 24 /NP -
= 18R SPL {E4 H AHIMEME
sfamoeia i SPLH 2 KRS BES - BRI A G/ gH SPL (HEH
SRRV - DU A BV by B e R B S DNATRE - IEL 3057 B {58 2021/07/30 —
2021/08/18 —+KIHEHVERHETT 34T -
& 22 I ARTEIa M SPL {EHY 24 /NS > P aHENEEREE - 1) 7F
= =EREHREE  HEBRESHERIEE (2) BEREISN > RIGHIR SPL 58 S
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(—) SPL {HE/R Z [ %

i SPLEER/KOm HRARH M 2 1T S B AR KR B A - 2021/07/30 - 2021/08/18
MR ERE A 230 B RCEIEY: (B 23) > &4tatE > B H fos i S R0 HIRIF i 2%
FARIRFE R 2] — K& T R AN ] E LR > & 2 I RE EE AR HH PR 2 =i »
aeffom (% 3) - HilE 24 iR & H s B fOR B A BEES - W& 2 FAYAHE
(REUR 0.8079 © IEHN > BRT 7/30 B RHIREEE 3.2 JERVRZZSL > 7/31 - 8/8 BRI M2
REJELITHY 0.8 £ 1 FEZ[A > 8/9 BIRIRAIINE 2 E BT - fEMIERL 8/7 - 8/8 HE S e
JEEE A - AACR AT BB 2 FlHe U Ry FSR EE LM RE R -

Time (Date) Max Max Time Min Min Time Temp diff
2021/7/30 27.665 13:30-13:44 24.448 12:36-12:42 3.217
2021/7/31 27.7836 12:34-12:36 26.6634 0:13-0:17 1.1202

2021/8/1 27.961 8:12-11:43, 15:57-17:24, 19:50-19:52, 20:15-21:37 27.075 12:44-12:54 0.886
2021/8/2 28.555 17:54-19:18 26.9182 5:25-5:27 1.6368
2021/8/3 28.575 17:55-17:59, 18:10-18:14 27.764 3:05-3:34, 5:42-5:51, 12:39-13:19, 15:01-15:14 0.811
2021/8/4 28.853 12:29-12:51 28.0204 3:48-3:50 0.8326
2021/8/5 28.575 8:36 27.6848 7:43-7:44 0.8902
2021/8/6 28.754 10:06-13:46 27.862 16:28-17:14 0.892
2021/8/7 28.258 0:32-2:08, 7:01-12:30, 22:06-23:48 27.272 12:57-12:59 0.986
2021/8/8 28.357 16:56-17:12, 22:09-22:12, 22:18-22:20 27.468 18:34-18:37 0.889
2021/8/9 28.2976 1:04-1:05 26.0778 8:03 2.2198
2021/8/10 27.862 0:00-1:35 25.9804 11:34 1.8816
2021/8/11 27.665 16:17-16:21 25.6296 20:05-20:-06 2.0354
2021/8/12 27.567 13:35-14:03, 14:31-14:35 24.931 10:00-10:02, 10:08-10:22 2.636
2021/8/13 27.468 2:14-4:28 25.0086 10:24, 22:52-22:54 2.4594
2021/8/14 27.37 16:00-16:04, 16:42-16:47 25.1444 11:32-11:33 2.2256
2021/8/15 28.555 12:55, 14:01-14:16 26.488 10:57-11:09 2.067
2021/8/16 29.152 16:11-16:28 27.075 7:47-7:49 2.077
2021/8/17 29.252 16:50-17:19 27.468 6:25-6:28 1.784

BERE

W WW%WW%WW

H iR A R

Temperature ('C)

25

Jul 30 Aug 1 Aug 3 AugS
2021

Time

%3 (b)) BHEE R R fORE(E  HEEEE - Rz -

23 (£ 8) /K% L - B 24 CE 1) FHEE BRI -

AiI—#l sy ot SPL EZREPESE b > G5 11 - 3 Afy ~ &2 97 RWVBUIIETRL - 15
A1 SPL AR MRS BB E/OR B S EIEAMAR M (£ 2) > H SPL (HE—REHT
HREEpE R - SR EA R B RE (B 19) - 7-8 A7 ~ 20 RAVEUIERHEE
t St SPL BR/KOR FEAG B LiE S 2 IR IEARREME (HEl 25) > (NIE > #2 NI —K
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B ERESTERY SPL (HEUKOR MRV IEARIME & - i RN O E R RO M
HEOLAMEER S (F3)-
TR TR KOR Z FEEE H P ~ BRPEY ~ RIGEHIAHRR I - 1SHIE 26 B HRF
H{EAHERBIGRECA A 0.3464 > MBI ; [B 26 C IR P ERTHERBIRES2E 0.7997 »
FEHEARHEE B 26 A B HVFHEAVHBI GRS 0.5968 » fM{E B RELEIRZ[H] » HE

A REE N IR E SRR G855 » MRS B REARE > /D T — TR B A2 2L (H1518 1 SPL
S IREKOR & = AR -

‘: — s = A e AR (1 B KR A

m bkl o .

gmz I l‘ | '. ‘ J ' 28 ’ g sos 28 g'

v 4]'” It AR
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25 : gk SPL BUKORBAGBESE (/£ E)-
26 © SPL BUKCRFIIEZE R (A) BHEP (B) HRPH (C) WP

o

(=) SPL {HELLE Z Bk

e {E SPLHZFEIMEEbootrE o - o8l SPL EMBINEESS - {EDEERE H4lEr e
BRI RERZ & SPL {EE(R - [8] 27 236 SPL S fEEag (b » o] RRIE B FEHE N
BB - bR TR REE W EE RS EEH DT UEER R > SPL &
& 5 REGIZAEERF > SPL 5

Fp I SPL B s B M AEIIMESE(L > BUE 24 /NP8 LIE DUE 18—
Rz LM - hlE 28 iR - fgiR SPL EFHER - R HEE IS - fEK
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PHIHEE ~ SeREETBRMGRCERFIBUE R [ERRIR - KF5 IR - teiEE ISR - TR IR
SPL EESEE AT A BRIV (RS r=—0.76 » Wi ZIREAMRE - SPL HHOLEREA T -
EERVEER IR > BB W2 A SR > 2 SPL 2RI A ENIEFERRIHH -

105 3
SR P AR [ L > 24/ INFF T8 LA
104 — Light {900 104
103 100 103
@102 i 102
= =
o i 1600 = g1
7] 500 3 a 100
F100 g 7 9
‘8 1400
s 99 00 98
98 la0o 97
888888888885885838883838888838
97 100 SHALINRAIVSEENRRLSTNRAIRS8E8RR
SoOfNmSTMOr®o SN ONNNINENEaRANRR
% S}
0801 0808 0815 0822 e (I BT ] e YEFEE

27 © SPL B EREAGHUE AL - 28 : SPL Bi5E[E 24 /NI I8

U~ A SPL I HH TR PR SRR B R 2 Rl

H SPL {H& HAEMAMEE(LAVE SR (&8 HAEE = - =Sl > SPL Bg i iRl -
Rt T SPL g {E A H R RIFE ARG IHE ~ 7% MRI& 7 5 ~ T SPL IE IR 2 E
H HP SO BR 7 ) (B PP B TR AT -

(e B EHEE AU FDOLRE R R R BRI ] ~ H HHIRFfE] ~ At S (E PR -
FRERNR 4~ £ 5 (LLT7 -8 Aip 10 ARBEEER BHI) - HhsraFZs] (Z+K) i
INHYESE - SLEREZ I B KIVEEE - OB R A ECERE] 2021 42 8 H 18 H 14 ¢ 37 73
Rt 8 H 18 HIgAETROLEEB HERf I -« talhi B B e = -

B 7H30H 7H31H 8H1H 8H2H 8H3H i 7H308 78318 sF1R 828 8H3R
aJERE AL A RO RS 53900 AM 5:42:00AM 6:0200AM 558:00AM 5:51:00 AM dERERHB A FORHIR ] 6:01:00PM  5:01:00PM  6:13:00PM  6:11:00 PM  5:22:00 PM
b, HHBER 51917 AM  5:19:45AM 52014 AM  5:20:42 AM  5:21:10 AM e. & 6:39:13PM  6:38:38PM  6:38:02PM  6:37:26 PM  6:36:48 PM
C. AR TR A R 450:00 AM 45559 AM  5:00:59 AM  4:55:59 AM 5:00:59 AR B A (] HH IR 1] 6:50:59 PM  6:55:59 PM  6:55:59 PM  6:55:59 PM  6:50:59 PM
SERESR H B2 (=a-b) 0:19:43 0:22:15 0:41:46 0:37:18 0:29:50 JERESR H A 2 (=e-d) 0:38:13 1:37:38 0:25:02 0:26:26 1:14:48
PSR S RERF I (=ac) 0:49:00 0:46:01 1:01:01 1:02:01 0:50:01 PR SRR M) 2 (=f-d) 0:49:59 1:54:59 0:42:59 0:44:59 1:28:59
AR T 5 ] S (=b-0) 0:29:17 0:23:46 0:19:15 0:24:43 0:20:11 IR SR AR R 2 (=fe) 0:11:46 0:17:21 0:17:57 0:18:33 0:14:11
28] 8HaH 8HsH 8/6H 8H7H 8/8H =F) 8H4H 8HsH 8H6H 8878 8HsH
aERENH BT FORIE R 5:43:00AM  5:42:00AM 6:00:00AM 6:38:00 AM  6:24:00 AM dERERH R R A FORHIBFR 5:58:00PM  5:37:00PM 5:21:00PM 5:24:00 PM  6:09:00 PM
b. H 8% 5:21:38 AM  5:22:07 AM  5:22:34AM  5:23:02AM  5:23:30 AM e EER ] 6:36:09PM  6:3529PM  6:34:48PM  6:34:06 PM  6:33:23 PM
C. AR TR (L I ] 5:05:00AM  5:00:559 AM  5:00:59 AM  5:15:00 AM  5:05:00 AM AR E A (1 H B ] 6:50:59 PM  6:45:00 PM  6:45:00 PM  6:45:00 PM  6:55:59 PM
JERESR i R ] 2 (=a-b) 0:21:22 0:19:53 0:37:26 1:14:58 1:00:30 JERESR H A1 [H] 2 (=e-d) 0:38:09 0:58:29 1:13:48 1:10:06 0:24:23
TSR I SRR (=a-c) 0:38:00 0:41:01 0:59:01 1:23:00 1:19:00 AR SO RERS il 2 (=) 0:52:59 1:08:00 1:24:00 1:21:00 0:46:59
Im!&*ﬁ‘e’rﬂﬂ i (=b-c) 0:16:38 0:21:08 0:21:35 0:08:02 0:18:30 R SR I TR B ] 2 (=f0) 0:14:50 0:09:31 0:10:12 0:10:54 0:22:36
=5) 8H9H 810H 8H11H 8H12H 8H13H B3 8R9H 8H108 88118 88128 8H138
aJERES BRMGA FORIIR R 5:50:00 AM  5:48:00 AM 5:57:00AM  6:12:00 AM  6:05:00 AM dERER R A RORIBS R 6:03:00 PM  5:46:00PM  5:39:00PM  5:52:00 PM  5:47:00 PM
b. H 1B 5:23:57 AM 52424 AM 52451 AM  5:25:18 AM  5:25:45 AM e H SR 6:32:39PM  6:31:54PM  6:31:08PM  6:30:21PM  6:29:33 PM
c. PSR A (] B ] 5:05:00 AM  5:05:00AM 5:10:00 AM 5:05:00 AM  5:15:00 AM AR T B (i B ] 6:45:00 PM  6:45:00PM  6:45:00 PM  6:40:00 PM  6:45:00 PM
JERESR H R ] (=a-b) 0:26:03 0:23:36 0:32:09 0:46:42 0:39:15 JEFESE H & ] 2 (=e-d) 0:29:39 0:45:54 0:52:08 0:38:21 0:42:33
PR BRI (=a-0) 0:45:00 0:43:00 0:47:00 1:07:00 0:50:00 | e e s ras Rt s =) 0:42:00 0:59:00 1:06:00 0:48:00 0:58:00
s 7 6 E BT (=b-0) 0:18:57 0:19:24 0:14:51 0:20:18 0:10:45 PR R H YRR ] 2 (=fe) 0:12:21 0:13:06 0:13:52 0:09:39 0:15:27
B 8[14H 8H15H 816H 8H17H 8H18H i 85148 8H15H 8H16H 8[178 8H18H
a JERERT AR A RO VS 5:53:00AM  5:52:00AM 5:51:00AM 5:59:00 AM  6:28:00 AM dERERH Rt FORI B ] 5:18:00PM 5:57:00PM  6:02:00 PM 5:24:00 PM  2:37:00 PM
b. H S 5:26:11AM  526:338AM  5:27:04 AM  5:27:29 AM  5:27:55 AM e H &R 6:28:44 PM  627:54PM  6:27:04PM  6:26:13PM  6:25:20 PM
c. AR R A (T B ] 5:15:00 AM  5:05:00AM  5:10:00AM  5:10:00 AM  5:35:00 AM AR EF RO (] R ] 6:45:00 PM  6:45:00PM  6:45:00 PM  6:45:00 PM  6:40:00 PM
JERESE H HB§ 8122 (=a-b) 0:26:49 0:25:22 0:23:56 0:31:31 1:00:05 HERESR H £ R 7 (=e-d) 1:10:44 0:30:54 0:25:04 1:02:13 &
MR T I RER R (=ac) 0:38:00 0:47:00 0:41:00 0:49:00 0:53:00 BB SR RS ]2 (=f-d) 1:27:00 0:48:00 0:43:00 1:21:00 -
HsRERE L E HHBFR 2 (=b-o) 0:11:11 0:21:38 0:17:04 0:17:29 s AR SR TR RS Rl 2 (=fe) 0:16:16 0:17:06 0:17:56 0:18:47 0:14:40

R4 BHERERHIRRGREGRZE - RS BHRREGE IR R B 2 -
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P - FHIE| 20 TR, - SPL (A1 I HATAEI R - SRS HHIRAEE KA 20 — 75 A &
BRYESTA IR I 30 AR, - SeRERHE EAAT 24 — 98 HEIT S F @S RCHIE - SPL
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RUFE B el

29 FHERBER LR -
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30 * & HRICEHHE 3R] -

== 0.74

i

= 073
0.72
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SPL B

HIREETE SPL i (E H TR EEL M i H P& e ~ STt aCarirRIfAHR (8 > &R A0 R
WIEH T T - MAHR (RBEEE IR 6 B -

(—) HHEEAAR ~ AR

HUAH [EJ VBB (7/30 - 8/18) > 10 AR~ 27 SRRV E IR - 3537
W Y Sy el B e ZE AR RR (R B0 R TRRAE ~ e R R el AAERRME ) -
27 A RERGHEBEE ST » H HFRFREIAVHBRECEE 10 2 RAVHE REIE - H#E
SR Foie szt - INIEZEH HH ~ SRR ERU] -

(=) REECARAR] ~ AHEHE

HUEBHRE (27 AR B (7/30-9/10) Edigghg (7/30 - 8/18) HYBLAIHARIAEL
W SRRV Z AR (R8s - R B RNV R RE T 2CE -

H t H kel LS 230 S AR - e &R A

B RAEHIEARI A AHE (58 -
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SPL [(8 H FRA% B 10m 27m
BRI N T HH BB 7/30 - 8/18 7/30 — 8/18 7/30 —9/10
JEIEE T BHAAAC ST H 0.6154 0.4593

H HAEF 0.7681 0.6871 0.7172
SETE R4S TR AT PR IRE R 0.3996 0.2532

[EpE3is| 0.7385 0.5976 0.9286

2% 6 SPL lig{H 12 s ] B SE IN 1~ Z AR R (A

— BT

RV R A Z SR E R E S T B 2 Ll - B e iR
C R =R - AR ITTEEIR B IRENRERER - BRIRERA

VSRR DT > 1L EAERINARE FBOERE

TEIEPRIE

[EEE 10 AR~ 27 ARWERE - &

St DS -

TS

ZiN DI Lillis and Mooney 2018 Bohnenstiehl et al. 2016
G EE HgaiE e g e Tektite, St. Yawzi, St. Pamlico Sound, North
John, USA John, USA Carolina, USA
pillsmizes HiHmE AR RE 21 HisAE AR AR & | HSHREAERE & | FLEBREAERE A
(oyster reef)

IEZEE 10m 27m 12m 10 m 10m
PG EES 5 min $t% 3 min 20 min $£%Y 1 min 15 min $£%4 1 min
Duty cycle 30 min $£#30s
BRI 7-810m : 5760 (20 K) HEDHIRE % 5650 &L $£ 27565 FER

7-827m : 12096 (42 °K) 84 X 321 K

11-310m : 27936 (97 K)
SRR I min —4EE0R} 10 min —2EZ0H £ NOAA ZHHE
Snap detection | ELE{& S 6 dB re 1pPa = 125 dB re 1uPa = 120 dB re 1pPa
HE (prominence = 6) (peak-to-peak) (peak-to-peak)

TEE SRR

7 ARSI TSR RIS -
HITIZED » % BUEAE SPL AR S TR A A o3 A

20

» A Ryis A8 SPL g 1

ORGSR E IR EFNE T (Radford etal




2008b; Freeman et al. 2014) » x5 B8 K Bt HH A i 33 a2 2211 888 L AR /32 - Lillis and Mooney (2018)
HLFHHIRIZIR RB b g e iRad &R - MMHEREHY S SPL AN A#EE(L ; Higlk
AN SPL - SRE R ML HY RS H AR S LA EN ML - @8 =0 SPL Blfgifss i
FHAHSMWE FHZESR - BEER - B 2H S EIEAERA > r=0.71-0.92 (Bohnenstiehl et
al., 2016) > ifii Bt Es s B2 - SPL th46 P88 BRifZ (Lillis and Mooney, 2018) ©

AR ST AR R S E = 0 SPL Bk R avta i s R DU TR E 0 1T
AT HIESE SPL BligiR iR S AHRE - HEOAZ R E RS Bl i 7 =0 2= AT EE] -
HAiteiRss R ny e B B EEIHEL - KIL - AH7EE S SPL » RIE4AFTEsk 1Y
BRERHET AT ©

BIRET T S SPL Bha S S i A e AR 75 SR R R A » mIRE 2 HH A [F] bt B A 5 (0% ~
[ ETHY7E ST AE R - SEHEAREIL T - EZFIRFE A S8R SPL B s A T 04 - Wi
Bt O M - EREE A Rbe i o R A R I -

= taik SPL EFEMHE(E

I3t SPLAEAERIFEIRUE Y LisEA - S83R A I BT SU B g IE Y SPL {EAEA R
SUEAR ~ AERE MRUME S G AR - N - AR RGRIEHCRE - REIEEER
LRI SR E S (EBUAIIIE PIta i SPL (B BRI HYEE - &OBEB(EIR > SPL &
[ERVE LA S s R (e 2 H T -

Bohnenstiehl et al. (2016) 5} - HEMEARE LIS SPL (HEAFEIMEE(L - EFRE
# SPL -PH(HEERZFE 15 77 A L FWG—KETHY SPL #{br[E 5-6 77 H - EFANHEH
EraR (£ 8) o AWIFEOME 7-8 H{rEL 11 -3 H{pEEREZER TG EHHAYEER -
AIBEEFREG SPL FIHEZE A 10 57 H - ZFHG—RKPHY SPL E(L /D - #ENHAE
BT EER - X BRI EERYD - (15 SPL EELERATHBE -

AWTFElR T ERE N [EZRET MY SPL (ESL - SRS [EBUIIIAR - AR5 2 SPL {Hz=
S WIFTAS R > 10 AR 27 4 KU SPL {HSB LSS S L AR (r=0.9781) > {HEEHG SPL

EMEZES 2 7 H - ERABEAREER A FRENETER - BIE Lt F—EHeiR

i

pil
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SRR T By > T SPL {H5R55HY7E RS R EUKEESs HBERE A R FTEEA: - A FoKEEEs
HAWsREEER > S AER SIS > LR A R AR e HIHEN] -

HZ (mid-summer) A% (mid-winter)
#R% SPL PH9{E B K (BEEZFE 15 dB)
—RofHy SPL {HE1L HRE AR H[ZE S -6dB
HRERRHG: Snap B & FREEH R % 5-10% HREERIG % 25%

% 8 : Bohnenstichl et al. (2016) #:FH SPL {5 &M= HE

I3t SPLAECRRUE MEBEBAEL/KOR ~ SEEZ FEIRYRH (% » B8] 2021/11/26 — 2022/03/04
R 97 REVBNIE R, - A48 SPLE R 10 ARER > SOREERAMLIR 27 AR (£ 1) -
WA ALIRALHAE R - BRI [FIAR YT SPL B2 R > FIRFERET T 10 A RE 27
IS RIACRE R - BHEEHR 27 A RERHMER AR =i PR ROR 2 7288 10 ARERER - R
HEWSE AR - 28238 EERHVAHER (R B r=0.7417 (& 31) - &M 11 -3 Ay 27
SRR H7Kom (bR 10 23 R -

7-8BfHEER(L

Aug 03 Aug 10 Aug 17

& 31 : 7 -8 Ay 10 /A RE 27 X RUKIRSEE -

/KR EL SPL (EHIECEMe i 2 2 B (% - SepiivIHZE4S A FAH[E] < Johnson et al.
(1947); Everest (1948); Knowlton and Moulton (1963) 4347 2V i (& i =48 SPL » fB/K B4
HHARAMER SRS - HEA= FEIEEL 5 Jung etal. (2012) SEHFEREAVEREE T » E/0H
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