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Abstract

Keywords: Underwater soundscapes, passive acoustic surveys, ecological
surveys
I. Purpose
Different marine ecosystems have special "soundscapes", including
background noise and special signal sounds that constitute the ecological
environment inhabited by marine organisms. The purpose of this study is to
measure the underwater soundscape of coral reefs and seagrass beds by
analyzing the sound information to understand the background and special
signals of the ecosystem in order to establish the spatial and temporal
information for long-term underwater soundscape monitoring.
II. Methods and Procedures
In this study, we plan to conduct long-term underwater soundscape
measurements using bottom-anchored underwater microphones in the coral
reefs of Penghu Aimen and the seagrass beds of Penghu Jhenhai. For the
analysis of the collected passive acoustic data, the analysis and calculation of
spectrograms are mainly performed because the collected data are mainly
backgrounding noise. The acquired acoustic data were separated from animal
sounds and environmental noise to systematically build a marine eco-acoustic
database. In order to explore the animal acoustics and sound sources of the
Penghu marine ecosystem, an ecological survey of the Penghu marine
ecosystem is conducted once a month. The survey site was Jhenhai, Penghu.
The macroinvertebrates were surveyed using a delineated survey method. The
collected samples were analyzed for biodiversity and compared with marine
bioacoustics.
III. Results
The underwater soundscape analysis from May to December at the Penghu Aai

Men coral reef showed that the biological sound relationships of fish and

\ll



invertebrates were the main components of the soundscape of the coral reef
ecosystem, and the invertebrate sounds were broadband frequencies ranging
from 1 kKHz to 5 kHz, while the fish sound spectrum was lower than 2 kHz
and had three frequency bands. Analysis of the underwater soundscape of the
seagrass beds in Penghu Town Sea from May to December showed that the
underwater soundscape of the seagrass beds was different from that of the coral
reefs, and no fish sounds were recorded in the seagrass bed sample area, but
invertebrate sounds were present. In addition, because the seagrass beds are
located closer to the shore, the frequency spectrum is different due to the
influence of high and low tide, but the seagrass beds are affected by high and
low tide, so the underwater microphone will be exposed to the water at low tide,
resulting in some audio files only recording airborne sounds. In addition, the
bubble sound of photosynthesis in the seagrass bed is not obvious in the
seagrass bed of Penghu Township. After consulting with experts, it is suggested
to use underwater radios with cables to record the very small bubble sound, so
that the seagrass bed can be adjusted for the seagrass recording technology.

In the future, the number of underwater microphones will be increased in the
Aai Men coral reef sample area to facilitate more complete underwater
soundscape data collection.

In this study, a total of 105 species of macroinvertebrates were recorded in 5
phyla, 60 families and 82 genera, of which 52 and 40 species of molluscs and
arthropods, respectively, were recorded in the seagrass beds. In the future, we
will gradually record the sounds of various groups of mollusks in order to
clarify the biological attribution of the sounds, which will be more accurate for
future biological comparison analysis..

IV. Suggestions

(1) Continuous long-term recording of underwater soundscape and
environmental factors for long-term monitoring of temporal and spatial

changes of various marine ecosystem noises.
vill



(2) It i1s suggested that subsequent studies should include imaging,
environmental DNA molecular biotechnology, and ecological base

investigation to support the analysis of acoustic data.
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X5 60 82 105
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2 4 BREAATE ARG SFRE

108 %% ¢ % %% 4
i % (2019)

#$ B £ P B #

%2 & 4= * Cnidaria 2 2 2 3 3 3
4 5 d 3 Porifera 1 1 1 0 0 0
L % $ 4 [ Hemichordata 1 1 1 0 0 0
AT M Echiura 1 1 1 0 0 0
M Mollusca 24 31 37 26 39 52
Had$ ™ Annelida 3 3 3 2 2 2
g5 [ Arthopoda 12 20 31 23 32 40
R 4 # 3 * Echinodermata 6 6 7 6 6 8
£ # 50 65 83 60 82 105
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BN % A F RS JEX
RFT L AR A R B A R
A S B R S WU R ST S

BOTIR A S RPN R RPHFEFE 0 B SR gt 5o

2 5. BPEAATRE PENES2 SR ES T

AL

TR 470 468 455 434 464 509 550 586 559
23R 0.1 0.04 0.05 0.08 006 007 019 019 0.14
AR 0.91 096 095 092 094 093 078 0.66 0.71
BR R 0.11 0.05 0.06 0.09 006 008 022 023 0.16
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Z BV /4-‘3;-5]\‘-"‘1 é\'fa\-f""]f"’}"”fé &

O% L
LSRR vt P FL
1%z # 4= ¥ Cnidaria
I 3 % Anthozoa
/4 3% B Actiniaria
& 7% 4% Actiniidae E= 3 - e =2 Paracondylactis hertwigi
4 ;3 % p Cerianthidia
4 ;& 2 4 Cerianthidae Bk A E Cerianthus filformis

A2z 3 %% Octocorallia
/4 L P Pennatulacea
% /& 4t Virgulariidae R PN Virgularia juncea
ﬁriﬁ—e# F® Annelida
% £ % Polychaeta
i@ B Amphinomida
i f # Amphinomidae
i P Sabellida
Binf L Sabellidae
FA P Mollusca
% 3 % Polyplacophora
F %P Chitonida
F %4+ Chitonidae
% 7 §#* Ischnochitonidae
¥4 &% Scaphopoda
% 7 E P Dentalioida
% 7 b #* Dentaliidae %7 P - 4 Dentalium sp.
"5 & % Gastropoda
R4 &P Archaeogastropoda
1= 414 Lottiidae
4% P Trochlda

51’
b
s
Ew

Eurythoe complanata

T

BRERE Sabellastarte indica

=2

Liolophura japonica

=E

W+

Ischnochiton comptus

ki
=
e

* Nipponacmea schrenckii

4817 #* Trochidae 3§ 4ai] Monodonta labio
# 545 4% Trochus sacellum
S SAI=TA Umbonium vestiarium

#4744 Turbinidae B LT Turbo stenogyrus ©
f7 X Lunella coronate ©
T TR ] L. granulate ©

¥ 25 B Cycloneritida

#1341 Neritidae Ph A Nerita albicilla ©
ER R AN N. polita ©
Fe R 4R N. undata ©

3 % 42 P Littorinimorpha

2 & ¥1 4 Littorinidae iYL Littoraria lutea




¢ 41§ Vermetidae
#1724 Cypraeidae

2 b1 #* Naticidae

AT"L &_P Neogastropoda

# 5% Muricidae

% 1%+ Buccinidae

S % UL Nassariidae
7% 4% B Sorbeoconcha

7 ¥ 41 Batillariidae

Hgtmp B Systellommatophora

% A #* Onchidiidae
B2 % Bivalvia
iy P Arcida
s fL Arcidae
fe b P Mytiloida
64 Mytilidae

B &P Pterioida
# &4 Pteriidae

AL Zv344 Pinnidae

45 P Ostreoida
¥ F Ostreidae

B &P Venerida
354 Veneridae

134 7 Tellinidae

N

B P
h Bh
N

o
=g
s 4
o o

e

N
b

R ) OO e
S IR E A
Fal AR~ N

=

LS
T i
e

o3
& S5

z,

- ik

Ll TR
LR %
ERIEY 375
AR E
L § Y $75
ANGEEY $52
= BN
s 2 RS

L. pallescens

L. scabra

L. undulata
Serpulorbis imbricatus
Cypraea arabica

C. errones

Natica gualteriana

N. vitellus

Mancinella tuberosa
Reishia clavigera
Tenguella granulate
Japeuthria cingulate
Niotha livescens

Batillaria multiformis
B. sordida
B. zonalis

Onchidium verruculatum

Barbatia foliata

Lithophaga teres
Modiolus metcalfei

Pinctada chemnitzii
P. martensii

Atrina vexillum
Pinna muricata

Crassostrea echinata
Saccostrea mordax

Dosinia biscocta
Gafrarium tumidum
G. pectinatum
Marcia hiantina
Periglypta corbis
Ruditapes variegate

Tapes platyptycha
Scutarcopagia scobinata

© 000 ©O0O00O0

© 000

© © © ©0 o0 0

© ©
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5 ¥ P Cardiida
& ¥4+ Cardiidae

#& 2 &P Lucinoida
7 1 164 Lucinidae

£ &_% Cephalopoda
# #: P Teuthida
# i Loliginidae
3 $ $ P Arthropoda

A% I Chelicerata

% T %% Merostomata
#| = P Xiphosura
% #* Limulidae
7 B 37 ® Crustacea
B ¥ % Thecostraca
# 15 P Sessilia
% - 4% Balanidae

#ic ? %% Malacostraca
T &_P Stomatopoda

B4E 1544 Pseudosquillidae

*#% %_P Amphipoda
B¢ g F Talitridae
% X_P Isopoda
s bl Tigiidae
-+ ®_p Decapoda
$HiE §* Penaeidae

# 85 Stenopodidae
# 15 #1 Alpheidae

£ RFIE #* Palaemonidae

& 3EF & 4 Diogenidae

F B {4 Paguridae

WS 1
LR

F 4R s

B RG B

%

&
£

%

EPA ‘,j,‘ga?

AN

5L BB
f B - R
# R s b

% B

9 §hiE

TR e

EE B

A

¥ ik

£ RPig - 4
LIV - f
4EW ERFIE
ERH BRF AR
BN mEF A E
TR A E A
1 AE R

Vasticardium flavum

Codakia punctata
Epicodakia bella

Sepioteuthis lessoniana

Tachypleus tridentatus

Amphibalanus amphitrite
Tetraclitella multicostata

Pseudosquilla ciliata
Platorchestia sp.
Ligia exotica

Metapenaeopsis barbata
Penaeus canaliculatus
P latisulcatus

P. semisulcatus
Stenopus hispidus
Alpheus lobidens
Unidentified Palaemonidae
Conchodytes sp.
Palaemon serrifer
Calcinus latens
Clibanarius eurysternus
C. infraspinatus
Pagurus minutus

i 1+ Dromiidae A W Alcockdromia fallax
4 5 {##* Calappidae WiE AR Calappa philargius
1. {4+ Leucosiidae EGEE Pyrhila pisum

¥ 7 {## Mithracidae FITHEE Micippa philyra

© ©




% {4 Parthenopidae
# + &4 Portunidae

& {##* Xanthidae

= % {#f Macrophthalmidae
few {34+ Mictyridae

75 {##* Ocypodidae

4+ &4 Sesarmidae

5 {#4 Varunidae

#& 4 # 4+ ¥ Echinodermata

4 % % Asteroidea
¥ % P Valvatida
9 #i7& & # Archasteridae
%4 % 1 Oreasteridae
% "% 4% Echinoidea
%4 " p Diadematoida
%% " 41 Diadematidae
/4 "% 7 Echinoida
7§ /% "4 Strongylocentrotidae
%] #4 % ¥ 41 Temnopleuridae
% %% Holothuroidea
¥+ P Aspidochirotida
# 4-# Holothuriidae

T R
g% *

Fa R Rk g
A
e
rEEERE
ARBE

W R #

il A
L e &
g o #
EN ST

Ll <2l
eheg 2 g7 00 %
Al AR+ #=
sEhiEAn £

T g

#Ho Wik
R s &

Cryptopodia fornicata
Scylla serrata

Thalamita crenata

T prymna

T sima

Atergatis integerrimus
Leptodius affinis

L. gracilis

Chaenostoma crassimanus
C. orientale

Mictyris brevidactylus
Ocypode ceratophthalmus
Gelasimus borealis

G. vocans

Nanosesarma minutum
Parasesarma pictum
Gaetice depressus

Archaster typicus
Protoreaster nodosus

Diadema savignyi

Hemicentrotus pulcherrimus

Salmacis sphaeroides

Holothuria atra
H. fuscocinerea
H. hilla

© ©

© ©
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BB R R T L R

(- ) 1% # 4 ® (Cnidaria)

% &5 % Paracondylactis hertwigi

Fic A5 & i % Cerianthus filformis

@ i # & Eurythoe complanata

Br Sk BB Sabellastarte indica
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(= )dx %8 # 4~ I* (Mollusca)

T

< ¥ % % Liolophura japonica W F S Ischnochiton comptus

e FRA

|

3/ 484% Monodonta labio # #4803 Trochus sacellum

I

X

F% SV Turbo stenogyrus 1542 Lunella coronate
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9

de & ¥ 48 Nerita undata

2

J2 % 3 X 4% Littoraria scabra % 3 4 ¥% Littoraria undulata

)
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.
P
L7 Y4
2
A

™~

e £ i F % Cypraea arabica

Cypraea errones

2 Reishia clavigera

2147 Tenguella granulate




I %ﬁ‘« 4% Niotha livescens

2 %4 ¥5 Batillaria sordida

2 % | Lithophaga teres
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W A 28 Modiolus metcalfei

BR

% % JLT%3& Pinna muricata

4 LN
2 & 5 Saccostrea mordax

& 574038 Dosinia biscocta
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4k X {8 Scutarcopagia scobinata

¥ @k § 35 Vasticardium flavum
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Vg% ¢ ¥ Codakia pnctata E RN Epicodkia bella
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(z )& % # 4 F* (Arthropoda)

%

} O-A‘"‘l" R S .' g

B /583K Ligia exotica

o
~

7 W& Metapenaeopsis barbata

A Y %14 Penaeus canal

iculatus
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g

b5 8 Stenopus hispidus

E¥ £ KF¥E Palaemon serrifer
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W 35 4 Eg $* Calappa philargius & 2% & Pyrhila pisum

il
¥ 47 %8 {* Micippa philyra R & K Cryptopodia fornicata

B
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gaeriE

s

B €K # Atergatis integerrimus

fw 77 J {# Leptodius gracilis

2 ¥ B v {& Chaenostoma crassimanus
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i > B v {#& Chaenostoma orientale ‘Bdp fow & Mictyris brevidactylus

vl ek 2 4700 42 Gelasimus vocans ‘| A 4p £ 4* Nanosesarma minutum

s Bt 4p £ & Parasesarma pictum T F g2 Gaetice depressus
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(Z )#x & & 3= * (Echinodermata)

SRS S
ey — A ot N

# 9 W& & Archaster typicus

2 ;4 % Holothuria atra

¥z %k /& % Holothuria fuscocinerea

4 % Holothuria hilla

kB
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