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Abstract

Aguatic habitats can be characterized according to the temporal and spatial patterns of the sounds they
produce. Ambient noise can be described as structured energy associated with potentially important
information about underwater habitats. Soundscapes are a collection of all abiotic, biotic, and anthropogenic
sounds occurring in a place over a given period. Here, for the first time, a field-based investigation of
soundscapes and the diversity of ambient sound, including sound levels and spectral densities, in a temperate
pond located in Sowmeh Sara, Iran, was conducted. Subsequently, sound profiles and limitations of acoustic
measurements were addressed for future complementary soundscape assessments. The average ambient
sound level across three geographical points and three different sampling days was 97.25 + 1.11 dB re 1 pPa.
The results reveal that the sampled pond is not a silent habitat and that part of the freshwater biodiversity in
freshwater habitats can be reflected in acoustic diversity. Both the study findings and limitations highlight
the considerable opportunity to develop and refine sound measurements and processing indices. Follow-up
passive acoustic monitoring studies should be conducted to explore the soundscapes of ponds. Soundscape
approaches could enhance our understanding of the diversity, temporal, and spatial dynamics of aquatic
species at the individual, population, and community levels.

Keywords: Ecoacoustics, Soundscapes, Pilot study, Sound pressure, Passive acoustic monitoring.

pp. 1-16 (In Persian)

* Corresponding author E-mail: s.shafiei.sabet@guilan.ac.ir


mailto:s.shafiei.sabet@guilan.ac.ir

olxl Gy pole (ol aloxo g Allio
17— :Olxbuo ¥ o kol Y toy90 NPV i L
e ddlio youw!l SO0 Ol ) o S lowe Judars g 4 3
S yLewl 58 (6990 axllae
u)Lf ol ¢ fud.lo é,’L;-" 0aSisls edds os)f
VERVIVY o N EFFNA L
oS

Ml b oo 55kl (65,01 b Lasee ddgs 0,5 aseine sadiadgs slalas Sl 5 oy slosSl ) az g b g o 1y ol sloolKins
i) S i 5 ) s e Slalio Sl (lacgere ((Fye (slowms) o uSTan 05 o inog Ol slaolSig ) 3550 50 e 05Ell
Ja.:.?ba LSLQ‘M 69"" 9 LQG)J‘M AJL ¥ @‘M R a)l..i L}"J9| dl)a 5[7L»." 99 B (0 C) Cyern ULA) 9 ulSA tS.i B S Cowl (g_a.’>l.w
Scudgaze gl slag,es Lilae B35 Soge Gl dpwdrege o @dly James Sl (b sl JBs dao sl Jels
39y A b 0 Al aw bla 0 aise) (Sgo Sod xSk adesls z b o] [0 lase S (LSS sla ol sl See sl Sejluil
By j S5 odd (5,0 paiged yoeiwl wisls lis bl 0us 5 cud b, S V4 Cond b awd AYYOENNY Ll Galiss (510 ppdiged
5 Ll 0,5 WS Sgo £55 50 et |y oyt Ol GleelKi ) )0 S £95 5l iSu ol Jlisl 4 cal o] Kl 5 0045 Cuwlo
6‘;} AJ‘SA W).: U"’)b)" LngyLu 9 lowo LngL;)‘io)b"" C}‘Lﬂ‘ 9 4:.,..:9.: Lgl).a |) L5e£'>5JJ"’L9 C«.o).@ caxdlas UJ‘ 6wa05w w.h
aiels 0l oo 058l job 4y JoyinSlas slos Sy, waisd plil gam Jbdd Sge Oyl Oldlas Wb de sl slao puSlos muses

Do il elaiml 5 imex (50,8 slasl jo 1) onl laiss SKe g Slej obig £55 5l S0

bt s Sl (Syo Jlid o tuFlas (lssops: 1o jlgunds

doddo .)

ot Gbazxe 55 0 yunSlas 1) b b plalo b (ol leollins ) Jolis bl slss

Loe 5)90 53 (oote DLl 3l Ol o pnSlas DT aibios goe Gl 5 Sloej slmoygo g hlize

by 3 aS e glaslang, 5 L3l ;S 9 (S5 Ok 4 3B 48T bt 4 (are adg) (Jaame (sladdys
Logl dan amg L goog bl o LB g5l as5 o Bl bl alols gz jgax 5,50 50 Sledlbl aiiun oyl el s 4

B 955 55l sl clis Slapraad 5,18, (ol plas Gl o aL25 doo [Y-7] ains o g olio <S> g

5 ol 5l oSl Pl ol adl [Y] ws 5 (S
e glad STl aass dis) [0 55 ke OYe il
Glolos [0 5 Y] cunl onds w18 5 (60 adgs 3G 5 (gom
=S5 e bggite mle b (S las) bame o (a2l
5 e Ao &S Wilwoe |y 0 S b dimo (o5 g Wsd oo
93 ol 3 Hilr W5 6 S e 5 SO o> o
5 35>g0 SOOI ol ([F]a 258 g5, i) WS oo S5
AS oo SIS bl sleaisS a0 nSlons ozl sl LB

4 Soundscape

bwg oS b (ol plie yo ) alols (5590 45
5 ik Sl o galo b a3 )5 5 e 0 5l bl sloaisS
$1aSsS e 9 0900 DMl el 5 ol slalame oS
(due) 43g) ame slaadys oyl plis [¥] 09 o ool
(sloailss 5 " pdle Jol) Sledlbl g5l aiilys o Yoz

Aol ol ;) oS 990 0 (Shenl b

s.shafiei.sabet@guilan.ac.ir :sXsb ooy ™
! Ambient noise
2 Signals
% Cues



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.i.w.o)' 9)»'4/ Y G)L».&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

oy O (5l yoiasl 0 piuwS o (b 5! o] Y-
ety £ bh sl et ST mlie Cdl jl el
2l )L o cnil Glem gadse S Sl 5 lailaie
doaslesg) g o doazl ;o 5ren (b Ol mloe
s ol @lis ol 5l s st 1 (Ko L st
o=l slasss 55 g ailebwpgy (AT 0, Slos 4y 5 aitn
o 4S5 el Iy sl S e S pelSE
Ll 5 sy 55 b 50 )] oo o885 (o5 5le)
sl S Gl (Sis laollins 5,8 b o) Suo3s
PR cabiie Ly g 00l &0 4 la Sl ailond
5 O slradsS Ll il sy il sl b
49y 5 2leS o Jold il oS Aot oo 9 (Sas
95 oS yybo an [V ] S e pal ) cain 515
oo 4 plez gl 50 (nped O 5o Sle gladisS
gl silnle, 5 (yme ol wbie 51> 5l Gy 6l o e
3555 5 ol ) g 355« Sufsly et s o o]
o sl 4z STIVY - ] 0500 g p2lee slatisS
2 olie QLS Y5l 35S colus b Szs8 (o wbie)
5 2l lold B (S5 i) o (3olio 51 (5l
5 LS lis s> 6l ) (8 Sl slaoliin;
2 Lepl G g Copenl Lol caiiS gal b g 53l (slaaisS
Gl plw b alio jo o wleloixl ol
Sl o o=l Y] wlowss a8 5 ool o i ol 55,5
Solba s 5, Slae 5 lassS g5 (pl 4 azgi b oS ol
o stzsS JB b 4 ol slaaiblupg T a3l
WS oo SaS gz i 30 a5
g olml an asgi U la el o —ole Sligios a5 [V ]
S by (2,75 () wd CoblB rizren 595 o3l
)8 9o sloard b (gl g (oy sl s
Slllas ;o pmwlio ¢S slodilelw flgicay g oS o
Tl politiceny s fsl pulidioan T o3 les:

[Yo] s o p,ls
Gblow ;o ol pas g glace—zils @238 JLu V0 b o

)_]m)‘ La»)?u.wl ‘5:1 &gl.'uc A S |) 6“’}%9 A>g5 o)y

3 Ecological services

4 Ecology

5 Evolutionary biology
® Conservation biology

St 390 50 5 09,5 lag 1) (Mt 1xS) 055 CoaBge a5
Gl aims o £y HLidl,bl S0 L 4o a5 laolys,
aliwlie Sias bl b auslie ;o .ol atsls
plosl (ol lolare ;0 w0 uSlas 9550 50 (oS Slisios

el 00
oealS oV cweildl g oLy el o pnSlos
L) adgs s Ul s ol g5 5 Sl aad
Ble b b, glacdld oV 5 s (loads i
4o )0 Lok 59 9 Lo o Ol o8 aiile o 5 50953
g (o sl b slaadsl) lsa g ol ol i
Lol ualidh abaye 8 5 oo canio (5 5l008
i L 8 ey 4 (Sl slacodled slice b g
o 1ol dba iy slals polo glaalllas o [£] cul
5 (o) sl b aie (sloddyl cdee slo jidu (guuains
I8 oo 0550 owldl 5 (b )d sladase ;o (S
E95 o) oy St Slalllas slaws Ll [V] el a8 5
S G ol Gladams po g mlie gty s
oy ) aiilon a5 o so Lis waled abl o Sgame
3 ol 325 o o loolSinn; 50 wgildl 5 oLy
—Oba 90 5 Ol ko oalo o5y 4 - (65l slaaiss
sloads (ol s opde [V - A] 0wt o g ilso
28 s s Elal Jos ool Gl g 5 o
Ngdioo ol (ped Ol e sl 5 Sy SLo plals
gl opinSlae il (8 50 (Fronl b A Wlgi o0 &S
liio b oo qlie nl oled [V] il axils o0t O
sy 3il3 Jolts bl glacalad LS 5 ¢ b 5 s
5 b sl ol qlie 0,5 claoolr 4o laseile o5 >
5y Sl anle 5 8 S gl Fel (i gl sl
5 el 5l (U Gy o slalbsg) sladae Jolsm
55 Wl e (sFed i n et O ple a3l lajle
(! soans () 055 0l aisled o dgi |y balaog pu 5l g
Sl Gl (0s,92) @l lagsdySen 5l oolizal
20— | Gy LB Ths 5 Ss—o slsosls
L ooy b |y Lagl plgion nyed ol Tsloailobus,

[45V] s o)

! Acoustic
2 Ecosystem



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.i.w.o)' 9)»'4/ Y G)L».&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

by g sline L lalas odg sla)Sg5le 0 58 e
95 9 A dmy seized il ee 53l sl
3ol oo sl Sogll ol 5l 5 las, o Lo,
Jozml glavaly 5 sy slacadles Ly bl slacolls
p3Y il [V] o5 o 4oy bl i g Jie adss 2 o]
304 Sligotan ) Sldllas plxil LS jo a5 conl S5 4y
Tl gopg (o 4o 5l w0 )F lo &l aw laatas
5 S o0 (S ol 0 45 6l ok sleolSiny

03,8 go Jalis 55 1) Sl gotin ) Jidu 45wl
2 35rge Slalio ganaiws 5 adllas ;o Clisops
Ols=e an slame slalas [V] conl 55 0te conyjlame
5 Sl ogilly 5 4y a5 cailobopss sl S35 5 Slolazs]
g go aSld WS o 80T 1) S liapg slaos! s
Slalllas ;5 oole ey SO Olssopg Sod (e 5
sbojly yo lalao Al oy p 4 &5 ASb oo (S Lbpy
Bl oo LA S Wy e g Sleloix | B (5,5l (50,8
Ul @hls @laasiss Sl 5 j9a> b))l e
5 5oyl [Y] sei o ol SrolE s 1o lao adg
e Blaalas azgi b asly o drowe sbalos adlhae
a5 il gy g polie b g e olisS b &y i 50
Syl o &)L (6l ooz ld e 9,509, e Olge
je= a5 Cwl Jl> yo oyl [V ] s olid |y 095 Coenl
30 60 p)lS g Al itu o ele Dlaiise g bools
Sligops: § Sligolun) sole Al o)y b,
loassS sl o Jlod g (o) @ 5ls g Sansl Sgus
Lo ezt adlioe Gl o g (Si5 50 55l
0925 5 )95l b Fo (SLdpg 9,50 50 (o DL
sassS as slalao b dag e g slaosls 3l eolatul
750 Sl Wdgzge S o gl b 5l L]
PLEols B waz cele ane) o plyie 4 Sligops
o 6Hple leasss vy sadady lalae (385 L
Sdlw (2bojl g (T 05 by S Il Ol
=l [Pa] wle eoliiul T plie g baolKins ) s5lispss
Comez p Ol gl (sloanli b 4 DlSsops Slallls

3,5 2oy sleailelupy ;o (fus) £33 (raS g laaisS

2 Ecoacoustics

5 FELps (6))gliS (S (8 o Sl Bl
go5 lawg o slwoogs opl [V£] wlasls Jaecn;
ot olass a5 wlowds Jdl (S ) Kalasl 51 g0k 5
alosls sl 055 10 1) 090 O e s 9 5100 500 (sldisS
ooyl Ol las g wags o,me j0 Gad as byl 5l S aS
5| sty aiald s a o el [VY] ais S
JECEIPRIE S JFT SS ST PO W P BNOW
Olome a) golslas ol mlis 5l (6 eSS 5 cladle
5 s e (55,588 slaglanol Ly J S Jlse
T2 7S D 8,95 (gl ) (59,8 (SHlSee

DAL S oo a2 1, spas 5 il

& @l 53 Olige (9ym ¥
SloassS lhwg a5 lalas ' oliyocun; Oldlas 4
Sl b adepo w00 L g Wigd oo s 690l
o 5o s 8 Il cod ) 6,58l sleaiss (S
a5 5l ool sladisS 5l gl [YY-19] w8 0o 13
P kg dlis) ey me slacadled el 6l aloo
(=2 yb .[Y\° 3 YY‘] QS oo ookl 0g>  Susy >l
1 il e bagma 5o bl glacalad 5 56 cladys
[ 5 ¥0] asl a5l 6,5 Slaiis® s i
S5 S b e 1048 6 5l sbassS Hyres
5 bl GleassT 5l ks sl Lolaog pos i oo
[YA ¥V] il oo ol Sl sy iz slaaiw;
2 g sele (wrwd )3 9 99290 il Loyl
Ao il oo (S Al A Sligedun ) sole alw;
laplasl s oo adgs wdl o sla)lS g5l ogas ;o sl
39— 059 syl 4 &5 Cewd ool o lao agi b o e
20 Slallas Jolis pgs aws [Y¥V-YA] wilazd 5 18 o)y
LU, )8, 50 obpl lwg loco 5l soliiwl ogas
Godalg Sgo slaaals g slateS i 5 Sl g0
50 [YFYY] e opiws jo ola g g Slasiae
5l oo Lo Fogll il )y (e g o
[YA-Y0] il Gl pl slaasss o Sl slacollas
Ysare Slig ot Slallas ;0 ( 5 )5 b ay (ol

! Bioacoustics



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.i.w.o)' 9)»'4/ Y G)L».&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

Y g1 slags, i plsil e 4 B F slacelu o VoY
Ao (Hy 0l Headie (5l paigel S yo jgax Cuigs)|
g llao o (LSl olonl> g Jais Jos OMSiw Jdo
5 p3lsd g jlmoolal el ol oty s plal (s,15 ptiges
o fmSlae b5yl slp Dbl slagilesl plosl § Slsagos
olasy Jolis oudiplxil Sao slacs lo pools .l (59,0
J=BA ()l patises Jsl 59, sl eadlars Sgo LB Y-
J=B VY slasi 5 ()]0 pdiged 090 59, sl p oadland Jgo
0,9% Job b (5 I patged pows 59, sl oallans (Sgo

[¥0] 552 059, ety 0 jdlas (rapms Saalojl ol

Sy B oIl (g g alogads (yuuad ¥-Y
25w il LS Slatke Ll 0 Seo glag el
Sygme Sl 0 5 F 5V slags, SIS e 0w S
Sgolans olfws S5 polaie cal sl () JS2) a8 S
o 00iiS 3 ol Sy 4 Ll g abogsye BIS
et (5l caalol yo ol solai il (6 5L A dad A b
S GmeS ezt g 0 fuSlas 5 die; slalao lasl 5
9 o ptely lawg Jeo eadlais sla Ll (5l b
S Gl ay Lo 50 koo Sl g 4528 S Sl
Oz Al pladl ! Gl dSiws Sl eslaiul b
Tl 5 2S5l (S5m0 0,50 kesd) Tel S skl ls (612
oolaiwl Y.V e cwlogsl 1581 0 5 51 (S o, Kab)
L laesls (o sloeigs 5 31 I g Lid glaosls il
L wasalol 5o s o)l T el = By S 5alsS (1505
28,8 5B s 05 Mgl il G uil g e
(i oy S TS g (eSS gl Lo
S5 an a3y ol eolaul (Wl aw slayg,) Sbey sl les
el St s a5 b ol g ol plodl g
Sl alaw slajg) ;5 00d (5,0 paiged o sla bl
(sl 535 0 sl sl bl olasas) 14 ol o> bt
oo S Lol leslinul b (Sloj Lo o 50 (Sge o 5l

2 Oscillogram

3 Spectrogram

4 Kolmogorov-Smirnov
> ANOVA

¢ Post hoc

ol Glalowe Ol 5 o Sl Lol wi S o 41,8 oolaiul
Sl sasle BL aslislb p o cpl 5l goby am b oy s
(snty Slolao dan sy (95 3l55, 4 BMle [4]
sk ar g ley 5o 50 (e G )0 dezse (Sl 5 (K586
e—ode o) de gl el Bl slrans o0 mlSlas IS
30 o nSlas 5l as Sledlbl [Ya] cosl sas Sligops
s e b g Jol Sgei Sl olgi oo aiain Sy
&l o&is; 5l ool usraz o515 dows saiSadgy 458
L5, ) slindis L 5 o s slocalle ol
slogpbalr § oS > (Lady la)ld, Jloe sl
IV] sgi 00 ol 1y g Ulgs (sl (slaasisS

) el g loys iS5 ol ;0 0uds plnil slo o3,
5 ol 3 g5 5 ool gl o
Y 5 7] bl 0iaSlan Lo 5 loj slo ST
If-

B U Joce 3blis o pwd o slo seinl o pnSlas
I s 250 DS 5! e y5Sigs i anlllas
i el s Bae anlllas ol yo [FF] 04 a8 S
ezt g o Ble b bz 53 (o Sldlas el
Ol o (8 5 Sleiiy Jlotl i o)
eSS Sl 2 0 L Sl 039y (Fgo slas I paiges
o=l Glaal el pln w55 18 olawl 5550 (gor Sloe
ST 5 6 faSlo s (il 5l 0 e gy
Joa> (@ duine dihie 2ol S )0 Sgeo jld ol
sl b slaloo o cnsj g5 Sy Ga—o slaosls
a5 (9 Sl slacallod S (i (Sogll 5 s b
Sz 655 b 1515 J3sai g bao il 5 Lao S5 Lugs

LRt IIEEUTR

SF3o IO paiged 2l pra Jomo N-Y

il SHL o /dly ol sl o muSlas (6 Seslal 6l
Sl e Slainw adais aw dpw dsogo law gl o
o Soanl () JSb) ways 8 Lliil o (5l ool
Syl 0 5 TV (gl paigad slajs) (b Joe )0 (Soo

! Desjonqueres



Sl (raieds dgrar = S il 50 (0590 anlllae Wuize Adlain yiiuwl Sy )0 Ol 5 0 ST o g 4y

VPV by g 3l [ ¥ oylels [ VY 0590/ Il (& ge pole ozl adxo

Measure distance

Click on the map to add to your pa

Total area: 2,532.26 m?(27,257.04 ft?)
Total distance: 222.99 m (731.60 ft)

0 7S Iao (ad Dsbly (61 paiged Jore (oldliaa CosBae ) S
b 5l 5pS 2leiS )R b paal (Wl e asego liw 8 )3 5l
(g A JS 0 K5 ol oS 2u oud o leiS )0 (0610 piges
Colus utd uizred g oSS0 (26,0 50l sals olesS )5 iy
Jolss @ldl i wlaie b o ynSlao ©bly (g5l paigas Jowo 1l
abe g 5 o el abai dus

e Fyo 0l 51V 4 G, B laeSils 6 25 e5ll
(Jol 395 sl S o3l sl oz er 003 5 pladl Jles o
Job Sy 2B ke (Ll G sl o 5 4 po 5 e
Jlos 0 Dgolais (g)l0 paiges )0 ballas Lo 4 Sgo

A asldE LS g 0w S5 1,8 eolawl 0,90 Wosls

Ll oldl iz 5, 5 Job wlaizs b olélse Olasis ) Jousr

Ginlesl opl o Sao las,ls paiges sl as Ll

2Ll 2y @l Job | oWl Codye
YV YAFALD FANT-FF (@) ) oyles alais
YV YAFA0A FAFT-FYA () Y ol abaii
YV YAFAVA FANTF5 @ ¥ o loss abais

YV YAFAQD FATY-FVF @)\ o lass abais
YV YAFA0A FAFT - FYQ 0) Y o loss abis
¥V YAFaVA FANY-Fe5 ©) Y oyl dais
9, .
-
e ‘
5
2 &l \
3 ay.. - ) )
1
- N
% . d
LY |
Y | ¢

St St

St O

30 G0y wiged 5Ly,
6L‘°QL‘3‘"“ alags 9 i Lgl_ta)‘j) ) Sye )L:Lé Lngb)‘l)S Y JS.J:
bl Slass Sl Sglicte g o ailoaioslsylis Ailfaw (5,10 pdiged

e oo HLad [ P<e oY 5l s (gl e

b 5o 4l A bl )0 ane (Jgo Do (5:Ske (i
s Jsismd AVTOENNY Ll s alises (6,19 psigad 55, dus
DL Y JSs o a8 philen 93,8 oo JSubs Ko o
@ lizee slajg, jo lao [Lad 5l (1 Sle Casloads osls
VPt V) clong glate o xwSlaws 1 (6,10 pataad
(FAFYy, diy

Sglas aS wiols ylid Sl s  LaS5 slogyge ;] anlsl jo
¥) p9d 5 (i)l V) Jol sbg) G S0 20
3 as al Sy P> 0) i oy (S|
L (G, B) po—w g, 0 oadis wSojlail glas Lus
Slosls GLti 1 (5)lo sime Dl 090 9 ol sLs,
P<+o )

i y &
1 Y <l
| S
\‘ e
M kS
‘\
|
|
\ Someh Sara
I\ 1t 42t g
Ladmokh, !
Sowme'eh Sara i
oA
‘\
\ Sonienizy.
R \ Khatiban -
\ R
0\
Khakian,
vy |
i | Fashkham
\ E
1 Google




Sl (raieds dgrar = S il 50 (0590 anlllae Wuize Adlain yiiuwl Sy )0 Ol 5 0 ST o g 4y

VPV by g 3l [ ¥ oylels [ VY 0590/ Il (& ge pole ozl adxo

V|10 4\0 1.0 20 3.0 4.0 5.0 6.0 7.0

x| 240421 263w 0

Mute Solo
0— | 5.
2 |7 ey W ‘WW‘“’MM
. i
Stereo, 44100Hz
32-bt float
0
Vi10 d‘,O 10 20 3.0 40 5.0 6.0 7.0

x| 240421 263w 8k

Mute | Sobo
—— =z 6k

o 5k}
L r |4k

®: 3k | E |
Stereo, 44100Hz | 2k i '~ ¢
32-bit float i i i 4

|0k S 4 plataiii b
1001 \\"_f‘rﬂv
,d‘f‘—ﬁ
PR

N
I
& o
© 80
9
4
[11]
2
-
o
[}

60

0 500 1000 1500 2000

Frequency (Hz)

o 3 sl 5l (AL sl (See pie (b L I g pgal T S
0,5l cud i d (o g (@l UG cwl ouls ool lis (g,ls paigal
S oaumoyliad ab sloyolS il o Seo o Kb 5 Jgo
b 5155 (g S5 iblign 0l 9Ty 15 (8551 St 3 olss
S8 sl wad (Al je 3 05 g eadlans BB (Sse 5551
30 Gl paiges o 10 sl 5l il Gl slaaslag als (o Sse
ol oamlice BB 35,2 Vere BAYD sloowluy aisls

O 798 ¢

Sl gopg Gllao g Jud el g Sl I-F

So 0 bz sleasss a5 Slelas giluasiie g oo
i Jliize bagi algi o0 S oo g ol sladlae
Slagbyy b JUIS 30 (o2l b (o 08 S Olse
slacerer b3l s Gl Cux () E55 (S (o) 2
[E7] 0505 )13 oolitul 5,90 aaslslupgr 9 )b

Jo oo uSlas ol g Fe—e slaasli ;1 eolatul
dige) 50 03 5 5 50 )5 sl lpl 5l (S 5>
5 0Slac slaglll oy (IS jb 4 il o Sligopsy
Sl 352y bLS )| (ol laolKiws )0 (oo slaazls
[fv]

(V] 4s in 15 30 45 1:00 115 130 145 200

x| 240424 266w| O
Mute | Solo

:
o
32-bit float -
0
V A5 f 15 30 45 1:00 115 1:30 1:45 2:00
X| 240424 266w 8k
Mut Solo
o 5k}
FEELS
o 3K
Stereo, 44100Hz | 2k
32-bt float ) Wi
100
N
Ew
<
o
e
@
o
-
o
w
60

] 500 1000 1500 2000
Frequency (Hz)

oS glwsgl (.5 )15 paiges didlaie oS Tos 3l (5 paas ¥ S
el 1515 (7 5 Sse 0Bkl 6,55 250l (¢ Sso o) Splug
el 50 0 S s i lis sailas LB aisel Sge 555
£985 oyloj oaumslis g Al sl Ko 50 wubu sl 05 . (g ls paiges
oaolis 7 S8 K5 50,8 jol5 il go g slise b Do
Slgol b lad o 55,0 000 B Fe e gaoluy aials )0 g Sals iol58l
aials 88l Hemme z JSG [0 a0 oo lid 1) gtan ) sl b oniades
AR (0 UL““ |) g0 C.!a...: ..\>|5 EOgeL 90 g (Sgo dl.a:..\.aL..g

il 1515 5 (Fyo o) Kcb (g o Klugs sl loges
2 bl (g lide b osdibans sladdyi Jgo (555
[ sy polaalss slitie Ly ol adgi 5 (5,00 paigad (>
O 0 9V oV sladSd o i f ey (s

Sloadsesls
o Femo o,Kib 5 Jeo o)l 5l oled 7 USG50
Sy slide a5 Gloadiiad slaadss g5l il (ST o o

oo Db ol ailoads eals lid (ens astin lagyl
S8 AVhe g ¥ VA N e B onicdd slavwlus (o
doe 3 Ol 5l SlasS VS8 5o oz il
LT Ss 3 a8 jshailen g am) S 4 ()l peiges
Sl 50 s oo a gl slise Cwl 0l oold

A o JoSii 1) (6,10 pdiges



Sl (raieds dgrar = S il 50 (0590 anlllae Wuize Adlain yiiuwl Sy )0 Ol 5 0 ST o g 4y

VPV by g 3l [ ¥ oylels [ VY 0590/ Il (& ge pole ozl adxo

v tz 5 10 15
x| 240423 265w 0
Mute Solo
TP
] n A AT
°
Stereo, 44100Mz
32-bt fost -
0
v t; 5 10 15

x| 240423 265w 8k
Mute Solo

o s
° Sk
& |4

o 3

Stereo, 441004z | 2k
32-vt float
Ok s * 3 i X

4

Frequéﬁc;/ (Hz)

@ (@ 9 (WIS 5,0 paiges ablate 0 2uSTos | (g pgad & S5
B il oo cdalin LB Sse o Kb 5 e 0, lug o
Gl o513 (7 JS8 anil oo a3 lisl slice b Olgol £535 Joxe dubos
S Ol Gl edimoplis 5o ol g eadland LB e 5551
aials [0 aSlil slice b beddg adgs s 1o JSgo slajl s

SPL (dB re 1 pPa’/Hz)

5 el il e 5,2 VY8« 5 VYD Frv e sy sl
Slagle 5 olSe ;o 5 Jode wily 2l s (o) gom Slalllae
12 alygh 5 iy s Slelaizl o glasllas o
by oo dganld bismef S sl

[£A] ol 0y ot 4y dieadsr slacJlas

il )0 Gl (90 jemax dn d gl L o ardllas ol jo
§ SeSE D50 (S sl L oo £45 SO (Y JS2)
L Goe sl (a3l lp nlple 285 )18 plubs
Al odls elasl ) sae el pl g slace

Sl izt 5 618 e 035 b Gl e
6L;é w;‘)s‘ JLQ.._'>| ‘6)|¢ﬁ439_oj ‘_:;LQ:J:M Slaws ‘;..\.Sb.a

v # 15 30 45 1:00 115
x| 240423 264w 8k
uute | soo | 1]
- + ] 6K
° 5k-
L R |4k

° k- l

Stereo, 44100Hz | 2k
32-bt float 4
0k

v {7 15 30 45 1:00 115

X|240423 284w 0
Mute | Sobo

i
o 50
f o R e

Stereo, 44100Hz
32-bt float

S

SPL (dB re 1 uPa*/Hz)

3

0 500 1000 1500 2000
Frequency (Hz)

(@5 (Al IS5 5 (gl paiges allaie 0 S Tas 5l s gl B JSb
il o osalio JB g o)k 5 ge o S lug i 4
Sl s pué slive b Gl (Gaw gude oaims)lis auaw o5
oax3lis 3o )8 b5 g oudlans b See 55l b o515 (2
polacl Lice b Gl wlgs ameis )0 (Sgo bl ad pliee (I3
bbge 5 Vel 5eS omly ladebay aeld )3 (s fl (S

eg—az ;0 SLedbl gy aalyd o ilys o (Sye slaasla
1y abogpe ailelwps: 5 Lol Cunaz (5 5ilr 4is5 Cunsg
o6 e mrama ;0 lofzg G Sz (nl 5l s 2l eal
i Lo ol dnwg g (a5 o

S wloasools 7, (oS al> o i [VV] gy o
5 &l Foo Sllllas sla i) 528 Gl sl b
Lol sobiten L)l s Gl g it T slrellins
O ateie N Bl ale oS ale e D (nl gl
SoassS Uy oo alie ol om bl oyl 5 lalas gl
Slogis)y gt ¥ o sliden o gleauld 5 sl
4 o iwd T lalhog p jS095 Jolow g a5 At
5 Sl ¥l g oganel &0 an e g Laosls
LR RSN A PR O WLV VR AR VR WA+ IS WIS N
bolyd e Bl oloml 7 e ite lidia b (Sl £95
o] el b olSiy) 4 sntazslis glalos o 5lisies



gl (g s = S sl 53 (6390 axfllne aluino ain ksl Sy 53 25 8 ST Sl g 43375

VFe¥ Gl 9 3l /Y oylols [ VY 0590/ oyl ol (F o pole (pozmil adxo

S ag addllas ol jo lyo slacls 5l (ob slals
OaetS g 0350 e il Ol LSid slice candl asa,
lools L (prdizes s L (slocus, 2 sl 0030 5
Iy SB35 bl Wl so diadan 5 5o slaosls pox> a5
[Fa] s 4l aiedan e Hy ol sleesls 4y e
Slaslin 48,59 w slaosls b g BB (5 ls paiges ol
[0+] 5555 s ol | s e

or 9 (eSS (S S o3ll yo Jolate g pgms e S,
5 5t wlgi oo (ol slaaibolsps: o (Fm £55
la,Ss-5 sl osliiul 5 ) S (8595 (y97en) Wik oozl
s bed oty sl esliinl s )lge ol 5l (6l 55 (B
a Jlail ol 5 0o (28,5 @ e Wlgi oo a5l
o azg 5 addle alpln [0V] 05d ool slaaiss
P rS zrge ool Loty 5 98l ool
ol ol Hlwlibpg um 53 (6,0 pasges g anlllae
WCeslodd (e g )9

Jos 5 oozl pd Lo gy S0 N d (s SRl
e Glalio S8l s 5 Sl Cgexr ol 5 o
o fnlao Lo L wilgi o " 90 3l (55 (8 (nl bl
5 Cprez o Sl 58 il S T oS5 ez
S oginn dbgs aalys bl sl slatisS lelozs]
5 FFldps Sz i ol (G s e 6l
G rSoslal Gogy et 5l Gl sladiss (ibli> conis
Ol tbior byl JHB Hgs 5l 6K 2 (S (Soe
o3l poye g Jolaite Sla by, plow b anylie ;5 (o,
b sadld o P sbul 5 CdlBo o b ows oo
5 &30 bl cax o )y Lagl ), lagaly (o3
WD S e el Ly Lo o aliee SloS xe 4 o
g9 onl 5l ooliiul b a8 sad eols ylis L3 Slalllas [6Y]
2 1y Lol 39 sk am OlFiee (o2l s 2
o 235 355 5 O ) 5 =y Seailelses,
= ol ;5 o Jlabyed il [3] w518
oasS i wl glasss SLuwlils glym 05mg am algs oo
Al g Cosl (Sae a5 oloaisS plo b5 Tenisioleny

1 PAM; Passive acoustic monitoring
2 Remote sensing
3 Cryptic species

Joe )0 atlyg8 455 S 5l (8lr (@ g 5, (Al Glad ¥ S
55 Ol 90 5 4355 (nl 3 iz bagt slalio 05 (o)l paiged
O 0 Gye gl 3 (S lie 4 Wl oo ey Jad oo

gl 4,8 L s adllas 050 yiwl 6 Sl

“FA o odd (618 pdiged il aw yo [FF] anlllas o o
A ol adlas jo . Wad gandiws 5 olwlis lao glyil 4
9 bl adbie ool 5o Gl ey Dliddod poe o
ERIRIIVER NEPS NIV SNSRI

als bl osscdd Sge mbe )l (S olelid was



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.i.w.o)' 9)»'4/ Y G)L».&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

Yo el VY oaasl 019 Glalasg e a5 [£5 5 OA 4 0F]
Lo ) (K el someie VL) 0dSSlgs jo 445 Ve g ailsog,
Sl A (Gylopaised LS VWYY ol las Voo g uis S
3l e ol sloelKi s a5 axil ) Lol aiailu,
il g sliie L lalaog s 5l (o520 aegacns
2 (650l (BL (JigJex) Gl slalaog 5wt
s JHB Heb g 0dg I eudlas o puSlas
i Sladllas 5l olaws [OF] 0,105 o 15U el slaady
ot Bl gladame jo oo 5 (a5 glakas 5o o2
Ll 3y 6,8le sleasss bwg sadady glalo
w51 [OV] alools (Lt 1, (6,15 peigas oo ailobuses:
e 5 5055 j5b 0,1 l0s Slgiome ;o yess ol
SO 0 Ol s olon! (g g o g g ods LS
oo ey 55 railolpgr 55 (slas bl sod dlobusos:
aS o 300,55 peiie 5 15 (8 Wi oo Jle 12
&l oilise T w58 Sl o ailibops: (T Lyl
J—o2s QU5 s 6,5l sloasss a5 Sl Jlow
0055 RS g dng (oS g blud 4 9,5 la Sl
S e 2 Jlo 5o aibelvpgs g ol j 0 S lan
sbries 0l o Sgpte (G900 45 S A (o0
e S S0 L pleren wiilys oo 55 prles sladiss
Ol Seloag sloassS S5elsST slao Shes 395

[oV] wis 5 o pslac angs 5 (Souzray
o 0 s sleel 2 Sgo s 05l sllze o2 2
gz looiaiilis o Juill Sl be, g ol
5 OA] frizms ploo b el [V o] 0506 352 (510 653
(P 22 g sl 8150 31 (6 lmr y 45 waddlya [V
JoS5 Sl izt el (65952 9 p3Y Lalaog o 2o
Jol d> oy ol Gleolliny 5l saicdl o Sge ledlbl
plaisl gom ad> 50 )3 5 laady guainl 5 (gamatus
! il o Coanl Gl ol clodisS 4 laasgs ool
<l labe o bads by gl o5 (I 5l (55
Ulg 45 Xgd oo oladisS alod Jold wijlo 992 (0
S 8 ey 2 Oy9e LS a i ) lalaog s w s
5 et (=l slabae ol )5 Sy 4 55 VL slassles
3 Blaog ity slassllwisboe (2ol B
SLedbl ;21 )3 5 widloo oz Sl Bos o5 slao]

JB 5wt ald @l 5 Jglvie ()l paiged sla s,
Ji o=l L [0V] 0,8 51,8 eslial o590 arbls (w2
19 o] GrasS by subads lyol 51 aLST
s odle sl dguzme sl oy g 55d O slroliiiun;
oail slaog )5 elgil uled 3590 ;5508 DIl
ailge 09790 s 9 55 o ool 5 (5,5l
ool slalams o lalllae ol IS 5 b o,
adgi g5l 0550 50 50k v9u b Wlgi o (B
otz sassS o ol op)l8 5 iy lasSl dalass s
oSl lalllae LS o sl ol eolizl 5
b lalaos (o Sladlhae dewgi 5 aslol uﬁ;yw)
g sbel a4 e (Sos; Lasl jo L 0550 glaaisS oS
ol 05 aalys 8Ll (siwys aalyd g @l (o9 peens B
e ac L Sligops: (s S 45 Sol J 0
J=lo « Ggo @lie (et (b Lanzms )3 lags 5ol
Ail oo oy 50 Jie sBASS el g skl
L (Seop bl alelupg S slos Shos g Sty £33
olenl gloasss (sl 5 sy £55 2 sl o0
ol @iyl g ablupsy sloanlyd 5 Laull S0 anng ol
[ov] vl 690

538 Jlw 0o jo sele Oladod o Sligeps jl eolalul
2 Sladllae ol g cwlazil ol 8l pgs BB sk o
wils yslols 4 oY L[] o9os sly e slac]
sladisS Dlgol ailyi oo kil z9d9 4 Syo Glaew, 2 &
51y LagT aledlbl 5 aisS Lacs |, oo oy Sl (slls
Eo5e (=l azrgs BB OIS 51 500 (o 15 LS
oddadel slalao ganaiis g ololis il a5 wbl go
[0F] Sl i s s ] i shasiss L
51 6l ppiiges sl cslodds 38ly5 csloo Joilin el » odle
e g 3l Se2rg (e ol S 05
oailas g leosls aiSs A Sl 5 50 0 olesal,

Sloo

S S 55 2 Fge Sl gl g o e 4 0l e
L0585 00] o,l05 3925 caigs ooliiw! ailsbupgs
Cleolns; 0 0 S las adllas yulde (55,5 0 wls

3y L ols 1y ohSen 5 ' 5355, g yel 0 b 2y

! Rountree



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.i.w.o)' 9)»'4/ Y G)L».&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

Lo suLch)ogs_.ap_»)LCv\_Jy 05_.44_.3)5)_]::4
Sy 6)_" 4435 le)J 6.)[.1 le.“fc JJ|546a 39y )‘ QS“W
Slelw o oo odg wlses! Jlie gl asl atils s
s Lol JUisl Lt il s & wlgise 59, ol
(Lo iiST s (o5l (slassS oo slhoa s bl o
5 oo S s el S (lae) g (65,0l B pae ralS
oLl gandad a5 3 bl 1 ailsi co ol oy
Sy g Sle Sligan Sl o> b zals a5 wil ¥ Sgo
AT § e Seo slad G o balas i glgl
BT Y U7X U S PO N [ [FV] el e ol shls
ok ;a5 51 YL (lieS £ g slaisS sl L olelozx!
9 9B oo i |y 955 (oo (o Dle (5,18, b 5 (LelS)
5 SLSe Slligren 45 i) A wS e ady glalos
oy plaio oo lodgl g 09290 slalos plu b Sl
5 =3kl [#¥] e Plos a s Ly g ool a sl
Olsis 4 Koo glans
5 O ELdssy) gl &S ol Jee b Sh
$9z Gass sblio wigh oo bl (LS sl b Lo
I#¥] Sy oo ST g lagyT Ll ases )0 5 00lo S |,
&l QL;J9_.@(=3.3 ol Lol gloaise; as,8 g0 0y
blas adsi Slatie g waled 56 asllas cpl ol i o

aS ooy e \cu.».sya UWL""J

Llga ol nized g (o Lo b b 99 Loy
oy G a4y (S e b S ) (il slice
plo 3l 2B a8l 4y ailes o e wily slaasdlas cas !
= ol nlo b g il (nl )0 95250 (o ailie
345 loa slacla 5l (50 sleadys Bk 5lwis S e
Bl 4 5t Sladllae b wls wloaww ) el 4 anlllas ()
Cdg She 2SI slaasss o585 w¥ols 5l b Sae
Obio8 5 ol (s slacdlad 51 56 L 5 [#Y]
321y oo e 5 o555 05,5 o sale 4z 51 s L
aiges dslllas ol o Jg dims oo S0 o ol
asllas 550wl ol oy wSlas jo Lol 5l slalas

oley Do 09 (B pac Julis QT LYo sl aiss cvnliw

3 The acoustic niche hypothesis (ANH)
4 The acoustic adaptation hypothesis (AAH)

AR

Ayl las adg olly a5 oledisS o590 ;0 (gogdme Lo

el b0y b a4 olKaasj (ol o
ol 09,5 ez ot ol Glooliy 5 (] bl 5o
A lico oy Ul gl ls a5 wload aslis o5l
Slytio g Lol (liwg o (b oo Jold a5
soiadgi Fgo wai slajls ol [09] ssb o
Slels oy slassl 2 "prlee oalegls 655 S, baogs
ol 0 el sac sols lis [0Y] bwgs ailabs g il
Slrjg) »d e (Syo iy Dad o plalgly Gadou
b o OLLSer 9 S auag— el ()10 paSges
55 ol e 99 3l 039,m A polae (S50 (510 paised
Sl pdiges > aS wisly i (6 e I (oLl i ddlaie
30 (el y )l Oledbl asled co 5 039, diz Do olisS
alol o az ST psl ol 81, ol mlie (oo Glié asee;
12 Sy 6 iigai 5 2y laclila 85wzl ol
S Az 5 S5 slatises 4l 5wl 3blis o
Se o i Sso daste slags )l paiges aSul b g wiily
Ol YU 5 o0 i los oy [V] g ploxl 54, 51 03l
5 2lag 0xdd LS (e S (LSl ax adlaie )3 (p et
Ganaiws LSl a5 jsb 4 .conl 0oy balas slive ggi5
ek ool ol GLas iz 5 4ilhs) (e slagK!
W35 ygide ek gl Lol oy slagSll 5 se
L sl ms s 51 (52 5 Tabg 4y bl S il [5]
55 93ln (ol mlbie 5 ol Gl 5 o) Sl
o Sy 0, 2l YU ke [£+] anlllas
g aslllas 9550 3l Gl Codge 4 Wiy oo SIN g0
an Slalllas y0 30,5 oo Slgidiy 2L Lo o (5l paiges
Sro e bl LS 50 g a4 Cudle o (nl (oSS
Slelw yo aly o Hlupl sloaiss 00,5 (5,155 5 5,60
5 Sy (golaisl g sgame Collad glils (655,40l Al
59 dsb 50 oyinSTae oS 5 adl o wily wesn b
Jold 5g,8lb (b )3 (o g wdl Dgline SlS il s
s Sl edgamme | Jeol> gl d [Fe] 0gi ol s
J—ole wlgioe (S )l pasaed (il ) e el
59 0ABGULAIWD § oA (Fao mlie £455 0uiS dgdome

! Neogobius melanostomus
2 Signal to noise ratio (SNR)



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.i.w.o)' 9)»'4/ Y G)L».&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

2 e Slaalie 5 (oo slags S ojlal e 5o
S)lge Jolos a5 s ks Vo lgs adlae @ 5L o (sloolKins s
Slaplle )3 (Foo slas o pasges plasl ) ol
S50 Sl sloosl yo p3¥ bS5 el 5 oad jaseine
L g pain slagle) 10 e (il g blas laus ¥ ks
L g ol paiged LS So (gl oniiiy i Gl slooly
350 mdlS Yol e aiz I (g0 izl sl losen
Jelo 5 )l ptiged (Sgo Sl pilg) 5 oliws S
5 o spSeslul pilgd 65k 5 JLa Cumdy by ¥ S
5 B> Sl a0 0 abgyye abbils slas S iuluS
»Bobai by atulgrl See @l plo Sud g a5 L
Lo g solopng—al £ .5)l0 pasged slaows 5 (L)
Cpdge o 5 Dbly ialesl U>lye el 5 ()l pelid
O Y )l paiged e (oLl (22 9 Jsb)
slagiwars g pSojlasl g aslllas 9,90 (Sgo slogasls
(5ol by ey g ool slos Jolis ol ae aie
~olsdl ggdb) (hgalims 95 sloeygs Job g 59
55 o9y 9 dls Sl (idy etz (ST gy
ad) 6yl Slaslin plxil gl oads colaiul lo JSg
=hS an w0l co 5 lalas Lans g (5510 palid g S
Sh1S 5 S Sl 623,155 Gl ez joale
A5b Coonl

5 e 2 glbe 0 pmShao (lab g alljs) Sl s anllls
Sy @Ulg Ll laaisl joa> Cundy Gl Cuz eb
assS joa> 5| gm0 sosls pl 00,5 oo slpaing oo
5 Roddy Coxdy aie) 3 (65 S Dbl Wil
5 ey slacdld slaple; 5 g 5388 (s
igolatdl cenl sl sloasss sl Jlo ln S op50
AR LB e prlpe sloasss jea> L g (SSlies:
ol el g e il 5l eolizal b Jlie ol
o laaiss GLSe 5 (Sloj ST slaasdi sl
oS0t ek s o ag LUlss (gl o a5 Ul
[£5] 8,5 )3 ooliiul 8,90

S S o3lul sl lagygdgane 5l eoliiul o )l aul 5 ogdle
@ slaghy; plo 5l Olgoe Wosls Julow 25 5 0 uSlas

2 Double check

\Y

el Loy olsl pae (blas las Jsb) (5,00 paigas
e il 3 U ale (sSnir 5 lins s b
Gl pdiged cwlin o lsil pae Ly g (g,l0 pdiges
(lasys slacllad plol 5 (s ,efain Jome & (o35
oS ) sliwly jo (LSS dasdllae ! anil o
s S5 Pl 3 HEs g 00 bis il sLaale
e glalas [F] Koo sladlas jo 05,5 oo sloring
L bdye 5 sy slie b ggi 5l a8 030 ,5 (gomanws |,
sl gadal g ganaws llg .culoss ol im
Sl oa ools las coddee b (L8 Sldlas o calilals
5 Ganaiws oblos s bLS, g)l,8, axdl [Y)]
Gl paiiges adlaie 1o Sl (5,5l> slaaiss b sndslacs
Slallas JooSS om ad> 0 g St Sl gl 55

[P0] sl oo wlsgops § Sligolm;

cr’T oo ul:wg_»apy Ol plxil o9 .Y-F

ol»l
‘Swﬁgﬁ—l‘@l’bs—;‘&bdi‘—w)mﬁbbyb
59 o Dae ol5gS lalllas g Lo iole;] plosil o el yu
b e oo g BB iulos] sai Lo bl
sl Slesise b pSete 5l (S [YY] 005 o oloriny
5 S5l (ol ool ) Cundy (etd 5 Slgops:
\.\_....;l)u;o @5_»0 dlﬁdrfo)l\.\_:‘ lal_7u‘ dug}i’ff’ u..\_».’.:
Lo iolesT alsul g LS g, s aesY [0) 670]
o2 adgl 5 Dbl Slalllas plovl (ldgops: 5 SlSgotun )
b slalise 10 oo 5 2Bislejl ool Lyl yo
4 azg basl oo ol slalbilupy ;o i) slaaiss
Sligops: § Sligotu] 3,90 50 Sl (55 oSl
B IYON SIS ORIV SN PN C OSSR - P L GRS
5 slasbols wlallas plasl ol (ol ag Jus gl 1Y
7R slapl d Slaitias 5 (oo plio (o) 2 (e
5 el el el Slaiis g SLedbl S e
Judssas o0 olye aalsl jo 55 Yeoloelyg s 28,5 ks
LSS L9>)" sd.A.».” MLSA M‘ Lw )l—H.Ao\J )lS uus) 9 ool

! Meta data



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.i.w.o)' 5)»'4/ Y c)l.o.&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

ploul Sl 050 w2l)8 5 (saime Culer Cpz 4 (LS oKiils
Syl Sas LS o]

8L olai
Slgizme 5y50 50 (ox8lie oLy go aS Wi jlo co el oy

oS aly, U e milis s (B a5 3,05 35 allie oyl
5505 sl 188 50 allie ol jLecsl y wlgn

&l o p3

[1] G. Wenz, “Acoustic ambient noise in the
ocean: Spectra and sources”, The Journal of
the Acoustical Society of America, Vol. 34,
No. 12, pp. 1936-1956, 1962.

[21 H. Slabbekoorn, N. Bouton, “Soundscape
orientation: a new field in need of sound
investigation”, Animal Behaviour, Vol. 76,
No. 4, pp. 5-8, 2008.

[31 R. Fay, “Soundscapes and the sense of
hearing of fishes”, Integrative Zoology, Vol.
4, No. 1, pp. 26-32, 2009.

[4] C. Duarte, L. Chapuis, S. Collin, D. Costa,
R. Devassy, V. Eguiluz, C. Erbe, “The
soundscape of the Anthropocene ocean”,
Science, Vol. 371, No. 6529, pp. 4658,
2021.

[5]1 S. J. Smith, “Soundscape”, Area, pp. 232-
240, 1994.

[6] B. Krause, “The Loss of Natural
Soundscapes”, Earth Island Journal, vol. 17,
no. 1, pp. 27-29, 2002.

[71 S. Linke, T. Gifford, C. Desjonquéres, D.
Tonolla, T. Aubin, L. Barclay, C.
Karaconstantis, M. Kennard, F. Rybak, J.
Sueur, “Freshwater ecoacoustics as a tool for
continuous ecosystem monitoring”, Frontiers
in Ecology and the Environment, vol. 16, no.
4, pp. 231-238, 2018.

[8] C. Desjonquéres, T. Gifford, S. Linke,
“Passive acoustic monitoring as a potential
tool to survey animal and ecosystem
processes in freshwater environments”,
Freshwater Biology, vol. 65, no. 1, pp. 7-19,
2020.

[91 J. Greenhalgh, M. Genner, G. Jones, C.
Desjonqueres, “The role of freshwater
bioacoustics in ecological research”, Wiley
Interdisciplinary Reviews: Water, vol. 7, no.
3, pp. 1416, 2020.

[10] C. Abrahams, C. Desjonquéres, J.
Greenhalgh, “Pond Acoustic Sampling

\Y

S5mo S (B9) G9ed oo slaesls (35T e
57V o oL o2 'l 5595 slal slasal ;o 0aiST
5 ey STy slaceaise 5 0iuSlas cw)p b [7A
=0l g (s gl o Sy Rliee glaslice U alos S
gz 5o G5 o o LSl Sludl slac Il
slacaled el Gso sla Sogll ol Sl jals
9 oo Sy 4 )y (ol el o Sl

205 (o0 prus (ol

S 35 Az O

5 Slo) am)s o Slpsd (el b ol g )lee 9 bl
ol o Sl glacdles 5l ol sleady SIS
Lo S cuz j3 oy o 05y jobo d ip b O
sloailes 5l oolawl g L pl sladisS colos g 0 uSlos
LagyT (stasy lacadled (slo e 3390 (0,5 b )3 (S
SN 6[.%;.».&3}4 5 )‘.\f).ula Ja.u).a g 099 g.,u.a.m‘ 6|)|¢
23,5 ol sliy 4 )5 9

P 5 Ao (sloodls g DleMbl poe an azg b
Sy cale slag ) San 5T Sligops 5 SLigolum
Ol 2Bl slalxe 1o Seo Slalllas plxil ol y
‘b_j ol Fao loaid ags b 00,5 oo olpainy
o los,)Sod dangi Gz ;0 ele g aied )] W
oKy 5l cladlos 039> 0 Malliyw o 2Rl
NNV PP

9 G’.».Ja duom) ).) dl.t.JLLzA g_)"‘"> L: QQ;GA »)LQ‘,‘M
Coglgl o Gl G Of e 5,08 O s (5 yxe o
9 )9_».» u—”‘ (_.;Lmoli._w.,) UJ‘ )‘ oblas .\Jj_u M)f )‘).9
4o O S 40 g ol Sl lac s 5l b sle Sogll

S sl ol 4 nd o lal dewgd (Sgm

PR g o
ol 4l g adlie ale slgiome (o) b oS pyie Ol gl
Ailodges pal,d 1) dllin axwgy g Lidle dgups SOloge lions;l
b e 0uSiiily Ml 09,5 3l ot i 00,5 o ilo 03

! DAS



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.l.«wo)' 5)»'4/ Y o)l.o.&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Anthropogenic Sounds on fishes”, Journal of
Fish Biology ,vol. 94, no. 5, pp. 692-713,
2019.

A. Lindseth, P. Lobel, “Underwater
soundscape monitoring and fish
bioacoustics: a review”, Fishes ,vol. 3, no. 3,
pp. 36, 2018.

S. Linke, T. Gifford, C. Desjonqueéres, “Six
steps towards operationalising freshwater
ecoacoustic ~ monitoring”, Freshwater
Biology ,vol. 65, no. 1, pp. 1-6, 2020.

M. Aminifard, S. Shafiei Sabet, “The
importance of behavioural studies and
bioacoustics of aquatic animals”, Science
Cultivation ,vol. 12, no. 2, pp. 191-197,
2022.

A. Popper, T. Carlson, “Application of
sound and other stimuli to control fish
behavior”, Transactions of the American
Fisheries Society ,vol. 127, no. 5, pp. 673-
707, 1998.

C. Radford, J. Stanley, S. Simpson, A. Jeffs,
“Juvenile coral reef fish use sound to locate
habitats”, Coral Reefs ,vol. 30, pp. 295-305,
2011.

M. Hastings, A. Popper, “Effects of sound
on fish”, Report to Jones and Stokes for
California Department of Transportation,
2005.

A. Popper, M. Hastings, “The effects of
Human-generated  Sound  on  fish”,
Integrative Zoology ,vol. 4, no. 1, pp. 43-52,
2009.

F. Filiciotto, G. Buscaino, “The Role of
Sound In the Aquatic Environment”,
Ecoacoustics: The Ecological Role of
Sounds ,pp. 61-79, 2017.

A. Hawkins, “The impact of underwater
sound on aquatic animals—and especially
fishes”, J Agri Horti Res ,vol. 5, no. 2, pp.
98-103, 2022.

A. Popper, R. Fay, “Sound detection and
processing by teleost fishes: a critical
review”, The Journal of the Acoustical
Society of America ,vol. 53, no. 6, pp. 1515-
1529, 1973.

A. Popper, R. Fay, “Rethinking sound
detection by fishes”, Hearing Research ,vol.
273, no. 1-2, pp. 25-36, 2011.

M. Fine, E. Parmentier, “Mechanisms of fish
sound production”, Sound Communication
in Fishes ,pp. 77-126, 2015.

\f

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Scheme: A draft protocol for rapid acoustic
data collection in small waterbodies”,
Ecology and Evolution, vol. 11, no. 12, pp.
7532-7543, 2021.

D. Dudgeon, A. Arthington, M. Gessner, Z.
Kawabata, D. Knowler, C. Lévéque, R.
Naiman, “Freshwater biodiversity:
importance, threats, status and conservation
challenges”, Biological Reviews, vol. 81, no.
2, pp. 163-182, 2006.

M. Cantonati, S. Poikane, C. Pringle, L.
Stevens, E. Turak, J. Heino, J. Richardson,
“Characteristics, main impacts, and
stewardship of natural and artificial
freshwater environments: consequences for
biodiversity conservation”, Water, vol. 12,
no. 1, pp. 260, 2020.

J. Biggs, P. Williams, M. Whitfield, P.
Nicolet, A. Weatherby, “15 years of pond
assessment in Britain: results and lessons
learned from the work of Pond
Conservation”,  Aguatic ~ Conservation:
Marine and Freshwater Ecosystems, vol. 15,
no. 6, pp. 693-714, 2005.

P. Williams, M. Whitfield, J. Biggs, S. Bray,
G. Fox, P. Nicolet, D. Sear, “Comparative
biodiversity of rivers, streams, ditches and
ponds in an agricultural landscape in
Southern England”, Biological
Conservation, vol. 115, no. 2, pp. 329-341,
2004.

L. De Meester, S. Declerck, R. Stoks, G.
Louette, F. Van De Meutter, T. De Bie, E.
Michels, L. Brendonck, “Ponds and pools as
model systems in conservation biology,
ecology and evolutionary biology”, Aquatic
Conservation: Marine and Freshwater
Ecosystems, vol. 15, no. 6, pp. 715-725,
2005.

B. Oertli, R. Céréghino, A. Hull, R. Miracle,
“Pond conservation: from science to
practice”, Pond Conservation in Europe, pp.
157-165, 2009.

R. Céréghino, B. Oertli, M. Bazzanti, C.
Coccia, A. Compin, J. Biggs, N. Bressi,
“Biological traits of FEuropean pond
macroinvertebrates”, Hydrobiologia, vol.
689, pp. 51-61, 2012.

P. Wood, M. Greenwood, M. Agnew, “Pond
biodiversity and habitat loss in the UK”,
Area ,vol. 35, no. 2, pp. 206-216, 2003.

A. Popper, A. Hawkins, “An overview of
fish Dbioacoustics and the impacts of



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.l.«wo)' 5)»'4/ Y o)l.o.&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

underwater  soundscapes”, Biological
Conservation ,vol. 253, pp. 108901, 2021.
C. Desjonqueres, F. Rybak, M. Depraetere,
A. Gasc, I. Le Viol, S .Pavoine, J. Sueur,
“First description of underwater acoustic
diversity in three temperate ponds”, PeerJ,
vol. 3, pp. 1393, 2015.

J. Greenhalgh, H. Stone, T. Fisher, C. Sayer,
“Ecoacoustics as a novel tool for assessing
pond restoration success: Results of a pilot
study”, Aquatic Conservation: Marine and
Freshwater Ecosystems ,vol. 31, no. 8, pp.
2017-2028, 2021.

S. Harris, N. Shears, C. Radford,
“Ecoacoustic indices as proxies for
biodiversity on temperate reefs”, Methods in
Ecology and Evolution ,vol. 7, no. 6, pp.
713-724, 2016.

T. Bradfer-Lawrence, C. Desjonqueres, A.
Eldridge, A. Johnston, O .Metcalf, “Using
acoustic indices in ecology: Guidance on
study design ,analyses and interpretation”,
Methods in Ecology and Evolution ,vol. 14,
no. 9, pp. 2192-2204, 2023.

H. Schneider, U. Sinsch, “Mating call
variation in lake frogs referred to as Rana
ridibunda  Pallas, 1771: taxonomic
implications”, Journal of Zoological
Systematics and Evolutionary Research ,vol.
30, no. 4, pp. 297-315, 1992.

R. Boyd, G. Powney, O. Pescott, “We need
to talk about nonprobability samples”,
Trends in Ecology & Evolution ,vol. 38, no.
6, pp. 521-531, 2023.

S. Buckland, A. Johnston, “Monitoring the
biodiversity of regions: Key principles and
possible pitfalls”, Biological Conservation
vol. 214, pp. 23-34, 2017.

S. Linke, T. Gifford, C. Desjonquéres, “Six
steps towards operationalising freshwater
ecoacoustic monitoring”, Freshwater
Biology ,vol. 65, no. 1, pp. 1-6, 2019.

D. Higgs, S. Humphrey, “Passive acoustic
monitoring shows no effect of anthropogenic
noise on acoustic communication in the
invasive round goby (Neogobius
melanostomus)”, Freshwater Biology ,vol.
65, no. 1, pp. 66-74, 2020.

J. McGrady-Steed, P. Harris, P. Morin,
“Biodiversity regulates ecosystem
predictability”, Nature ,vol. 390, no. 6656,
pp. 162-165, 1997.

VO

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

F. Ladich, “Sound production and acoustic
communication”, The Senses of Fish:
Adaptations for the Reception of Natural
Stimuli ,pp. 210-230, 2004.

F. Ladich, “Acoustic communication and the
evolution of hearing in fishes”, Philo-
sophical Transactions of the Royal Society
of London. Series B: Biological Sciences,
vol. 355, no. 1401, pp. 1285-1288, 2000.

W. Tavolga, A. Popper, R. Fay, “ Hearing
and Sound Communication in Fishes”,
Springer Science & Business Media, 2012.
A. Popper, J. Fewtrell, M. Smith, R.
McCauley, “Anthropogenic sound: effects
on the behavior and physiology of fishes”,
Marine Technology Society Journal ,vol. 37,
no. 4, pp. 35-40, 2003.

A. Wright, N. Aguilar Soto, A. Baldwin, M.
Bateson, C. Beale, C. Clark ,T. Deak et al.,
“Do marine mammals experience stress
related to anthropogenic noise?”, Intern-
ational Journal of Comparative Psychology ,
vol. 20, no. 2, 2007.

S. Shafiei Sabet, Y. Neo, H. Slabbekoorn,
“Impact of anthropogenic noise on aquatic
animals: from single species to community-
level effects”, in The Effects of Noise on
Aquatic Life Il ,pp. 957-961, Springer New
York, 2016.

H. Slabbekoorn, R. Dooling, A. Popper, R.
Fay, “Effects of Anthropogenic Noise on
Animals”, ASA Press springer, 2018.

J. Sueur, A. Farina, “Ecoacoustics: the
ecological investigation and interpretation of
environmental sound”, Biosemiotics ,vol. 8,
pp. 493-502, 2015.

C. Erbe, R. McCauley, A. Gavrilov, S.
Madhusudhana, A. Verma, “The underwater
soundscape around Australia”, Proceedings
of Acoustics 2016 ,vol. 1, pp. 8-17, 2016.

S. Marley, C. Erbe, C. Salgado-Kent,
“Underwater sound in an urban estuarine
river: sound sources, soundscape
contribution, and temporal variability”,
Acoustics Australia ,vol. 44, pp. 171-186,
2016.

F. Basan, J. Fischer, R. Putland, J.
Brinkkemper, C. de Jong, B .Binnerts, A.
Norro, “The underwater soundscape of the
North Sea”, Marine Pollution Bulletin ,vol.
198, pp. 115891, 2024.

T-H. Lin, T. Akamatsu, F. Sinniger, S. Harii,
“Exploring coral reef biodiversity via



gl gy s = S sl 53 (6890 axllan i Akt ksl Sy 53 ol 515 0 phanFlie Sl 9 4435

\FeY d'.‘.l.«wo)' 5)»'4/ Y o)l.o.&/ \Y o”.b/ O')‘PJ & e ‘agJ.c u.o:u| alxo

[64]

[65]

[66]

[67]

[68]

S. Linke, E. Decker, T. Gifford, C.
Desjonqueres,  “Diurnal  variation in
freshwater ecoacoustics: Implications for
site-level sampling design”, Freshwater
Biology, vol. 65, no. 1, pp. 86-95, 2020.

T. Bradfer-Lawrence, B. Duthie, C.
Abrahams, M. Adam, R. Barnett, A.

Beeston, J. Darby, “The Acoustic Index

User's Guide: A practical manual for
defining, generating and understanding
current and future acoustic indices”,

Methods in Ecology and Evolution, 2024.

R. Rountree, F. Juanes, “Potential for use of
passive acoustic monitoring of piranhas in
the Pacaya—Samiria National Reserve in
Peru”, Freshwater Biology, vol. 65, no. 1,
pp. 55-65, 2020.

E. Sidenko, C. Erbe, H. Debens, D.
McCorry, D. Hume, R. McCauley, A.
Gavrilov, “Distributed Acoustic Sensing for
Underwater Passive Acoustic Monitoring:
Preliminary Insights from a North-West
Australia Case Study”, 85th EAGE Annual
Conference & Exhibition  (including the
Workshop Programme), vol. 2024, no. 1, pp.
1-5, European Association of Geoscientists
&Engineers, 2024,

W. Wilcock, S. Abadi, B. Lipovsky,
“Distributed acoustic sensing recordings of
low-frequency whale calls and ship noise
offshore Central Oregon”, JASA Express
Letters, vol. 3, no. 2, 2023.

\#

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

R. Rountree, F. Juanes, M. Bolgan,
“Temperate freshwater soundscapes: A
cacophony of undescribed biological sounds
now threatened by anthropogenic noise”,
PLoS ONE ,vol. 15, no. 3, pp. 0221842,
2020.

L. Sugai, T. Silva, J. Ribeiro Jr, D. Llusia,
“Terrestrial passive acoustic monitoring:
review and perspectives”, BioScience ,vol.
69, no. 1, pp. 15-25, 2019.

T. Bradfer-Lawrence, N. Gardner, L.
Bunnefeld, N. Bunnefeld, S. Willis, D. Dent,
“Guidelines for the use of acoustic indices in
environmental research”, Methods in
Ecology and Evolution, vol. 10, no. 10, pp.
1796-1807, 2019.

S. Linke, J. Deretic, “Ecoacoustics can
detect ecosystem responses to environmental
water allocations”, Freshwater Biology, vol.
65, no. 1, pp. 133-141, 2020.

R. Rountree, M. Bolgan, F. Juanes,
“How can we understand freshwater
soundscapes without fish sound
descriptions?”, Fisheries, vol. 44, no. 3, pp.
137-143, 2019.

C. Desjonqueres, T. Gifford, S. Linke,
“Passive acoustic monitoring as a potential
tool to survey animal and ecosystem
processes in freshwater environments”,
Freshwater Biology, vol. 65, no. 1, pp. 7-19,
2020.

B. Gottesman, D. Francomano, Z. Zhao, K.
Bellisario, M. Ghadiri, T. Broadhead, A.
Gasc, B. Pijanowski, “Acoustic monitoring
reveals diversity and surprising dynamics in
tropical freshwater soundscapes”,
Freshwater Biology, vol. 65, no. 1, pp. 117-
132, 2020.

B. Krause, “The niche hypothesis: a virtual
symphony of animal sounds, the origins of
musical expression and the health of
habitats”, The Soundscape Newsletter, vol.
6, no. 5, 1993.

L. Ruppé, G. Clément, A. Herrel, L.
Ballesta, T. Décamps, L. Kéver, E.
Parmentier, “Environmental constraints
drive the partitioning of the soundscape in
fishes”, Proceedings of the National
Academy of Sciences, vol. 112, no. 19, pp.
6092-6097, 2015.

E. Morton, “Ecological sources of selection
on avian sounds”, The American Naturalist,
vol. 109, no. 965, pp. 17-34, 1975.



