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3 Crustacea

* Branchiopoda
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" Negative thigmotaxis
8 Nephrops norvegicus

e |y o ol sladisd Clelaiz wilgs oo pllals jo
Lo tle loesisf LIS 455 ,5ba wans 15 il
s gl 09 pliw @8 5l as (Jlbes 5IS8
‘QS‘)_| 4_7L»...> 9 J_>LL_¢A Q’“"‘JJl J_...S‘;A oolaz_ul
ohalS 6, Stz jsba Gblie o] ;0 desb (laaiss
ools 7,8 (6,550 ladlas jo iz en Iv] ab oo
el la ple cwl JolS olo a5 Slacls jo
Sl e S i LS L LSSk a0
345 @leoeSdl g oS S | Lo 55500k o5
255 25 50 il ol s @ 0dss gl oed (S
35S o0 18 (Z D Rl (Byme 5o 5 0al e ol
o) biie it )55 (Sosdl 5 alinds) 4T e cnlple
Llg,y o Pl caw ol o Sl b lawgs
V] e, 8 el e o 5K 5 s bl
O3S g3) wlyg) ©yrles p egman j58 Sl slaslllas
bt ol oud addllas Canl o (LKe LdB) Ludd
aS g 9bas ol jrals 1) ailye, & p>lee lads ¢ cgian
Slads ol ;0 o2 9 (6950 olul> (sosguze jo o2

Lf] o5 135 51 solyail slacs >l
b_,.f.»lj odd ddgi e C‘}o‘ “«$,y9 (_gl.ao..\.:.ly—‘ 2 ogdle
3 (Sgo 0oV bl flaieas 55 Sl slaclad
slacc s 5l il Seo sla Sogl o] wss oo
el odgamme 10 (G g giloj et aslo L Sl
Aoyl 13 V] LT slewsss e o [F] lwgycsen
s e slaS e lyeas la Sogll 5l atws o
50 Laaiss i S wp o (59, loo s il il ailes o
Slelaixl o (0 ;500,08 jebay 5 g0l ,al mlaw
0 yinS 13 g sla Sogll mlis 51 [0] arsl ansls
S iiS Glac Jlad 4 (g5 o y5 g oy us slo]
slacJles ‘QT)_;‘)‘ sla,la> (= g o, b=
5 La,lxail LS ¢ ok C‘fl'—l'“ @ LS gz 6,05,
slalu o IA-Y] 5,5 o Lal Ol slajlugesle
sle Sosdl asly o 55,05 b (goaaie Slalllas ¢,
sloao; o Sl gloacJlé 5l il Se—o

! Daphnia magna



Ohwed 9 Call (ridh dpma — (B bo3T by o oo Lidd (6 SU slacdled 9 1Ko 22395 2 lhwo 9 595 GBS y2xo i1

IFAR binn 9 5l 1T 0yl i Jlasl 3l ol ol g0 it (023l aloro

lod 5o oliie (molsn b g jus Ol g jasee b oadandss
Bl (09 9 IS5 (wgaeabis 42 )0 TV EY S0
s s o g Slaws salex 5l 6 SLS L8, slaadlse
ol glaido 0 jlod ez )d G @i 9 5SS
(D95 (Sl 5 o = (50,1 «DgS - 95 oo - 99)
OV IS8) Galesl plonil bame 08,5 )18 (s 9590
o L e 5lo YoV OxYO sl 4 cosslsST Lol
a>VetY O gles L e slw Yo (6, 50l
Gomgd S Blaise ambo b odls 700 ¢ pwgmmbes
Oliee L 031586 5 obml Cgr g iy ConS o
20l 58l b (Kol dib 58 e Sleplpy ol
L eiinlosT ol 5o %e 5 ol ooliiul LSl $Y)N F
Crod 53 45 03,5 Jlesl ' g3 ol oY ) ool
ponlsST ol s 5l e il V alols b sy ST 658
el gy 038y b L) 5 lao e Ll 3
5 Jmswd WPAY Jgo Sol e Ve o -Fee nelag
5 oo a4l ) el [FY] (V1Y) atugnl isy 563!
Jlasl (Y USb) Bolal & jgods DS 4l Y iSTos
alols & "o (g 555l 95 Lawgs IS ol 45 s 8
s 4 pslsST il sloolgs 5l e il )
ot plosl QLo ol 5 foauS sy ldle
saiiS lacs olfiwo b s Ol (Sgo Dol (5 uSejlul

LS Oy Moo

"

LED

e A
1T T i it —H—
reg L
: ) exa) @ (vem)

Loty (g))0aK5 35 (1) 1 Jels a5 LialesT plowil baises Y JSCi
@) 5oy (1) o2l D Kon 595 e (7) (0S5 0,kad (V)
0aiiS sy QB (B) (e il Yo x ) OxY D) olusl 4 pgy lsST
b ol alols (A) « e gilo Yo glis )l ar 5 ST o (V) oo
Lad s5lale, o5 (1) (e il V) posylsST cils o)lgo

2 LED; AQUA T4_1000LED, 15W, Made in China
3 WAV

4 XP-Product-S110

® Audacity-win-vr 2.3.1

® TASCAM-DR-100MK2

Lrvaye ] oS o oolitnl daxbs 3 Slag b 5 )5
el ol 55> =S Dbl slewdle i S
4 g e Y| wasabul Sldlas 4 4> g5 b
DSy loco [l 55> 5l 5 i das &3 &S > s3>
codl e Ul cplpln d¥O-FF] aas o ol
S 1o 2blg pac opizen o [Tl W ls 1) olals )|
el ade ol @y liwgy o jo law jlid el o g
aS wload 05,28 slacdl § Lisan,s wil bl a5

| ‘5)5)..5 a_:] o lowo )LMJ LMMS 6‘)‘.’
i [T sl e Blo of slaaibbs —py olié a5 >
e slailie ogill Sl oy g clis aslae
p3Y wsS ol (6,18, Sla STy 5 (st slacllss
Sl ey L eslasdllan o oy oo a4 555,45
aosls las T ool Ladd o 5L LS, p (6,98 Dl
Sods oo Lidd (6,51t slacla o (6,18, fuly ol
Gz oo sloailie Yoone aSul & a9 L [F1]
Ll b 0 )96l leass o lojes j5bas
S, 5h b oy slalae U g oKl
6oL, laguly cwyp yolo aslllas | Buw il oo
Ll 50 Gy 5 6y (it Lo e

gy 9 Olge ¥
255 5l g 5385 58 50 Sl esliial 590 slaliiss
Ol e )3 @ 8ly (e 1SS ded 6)bsl> pleale
L o) o (S8 o el VT o K
gaz,0 YV 5 3,5 Job aado F) g ax,0 ¥4 Olaixs
ol talojl asy 5 9swd,F A o Jlod oo akBo 1)
JULs! LS ol8ails oands ailis ouSizils wlis oabe
5 i e lolis oS 5l osliiul b e il
5o Lalass adlol jo [FY] o as s Lol ases
Ll 5o ;e 5l YOXYEXY sl 4y sogms lsST

! Daphnia sp



Ohwes 9 Call ridh dpmu — (B bo3T byl o oo Lidd (6 ST slacadled 9 1Ko 22395 2 oo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo  owiigen ool adoxo

Gy poe g (Sed debws 93 (LS pae oLt &5

YRRV

Lo i Sluwss arwloe g, Y-

50 angil la sl Ol > g Laidy aSl 4 asg5 b
9 =itz OLS > Oy50a; LSS (6 5Ll el daludd
. ﬁél’ asllas o2 [ﬁc] °9—~'5a_s—’° %j ° u—*ﬁ)sﬁ
Wad iled sader Oyp0 4 iz

S LD sy Al (09 F-Y

VO 5l Ui a5 (V S0) Slauw gamas S
(o gl ¥x e il ¥ slagy o aly 52) wly
Pt 5 9>ls 10 Slate gamio Jsb a5 ad eoli
Vakal, b o SLs Gy s dgp ol Ve T
0,8 dle

V=HxY -/t )
= Pk e ) L8008 > ey VY ddal) o
o> ) Lidd lawgi ouls b slaasly slass H (4l
Sl sae Vo g (4 e ) ooy S (e lis

il (a2ly o @l ojlal) e oo V0

bad 59 ploj awlro (g, F-Y

59 A (B D50 a0 b S L xS0l el
5 =2y b (Vb yo yie Jble Vo) ol sl Ceond
&9 Oley Do g (28 b b 5o e tlo N
20,5 Ed Lot o 0 Al go ol jo laludd las

obel Sl g 43 5205 B-Y

~5 il 5 B9l yral =395 5015 sloyge3T Sl ool L
3l ool b s 0 gy o o0ls 09y lorgs «Shyg
Y0 =Gl D8l 5o 55 s Tagil gl
942375 3y 00 0 gl 3 ool (5)lo sre Condy
sbo)lBle s L s Lo loges 235 )15 oo
WD ey WYE Y N giaial =T 5 YO — ol ol ool

! ANOVA Repeated measures
2 SPSS-25
® R-Studio-1.2.136

SR | L] - oW - L] -

. -t b - - o -

V) phatel g atwgnl s L oo jlas Gisu o)lge b ¥ SISl
o g 4l ¥ o alold 55T g oo a6 ) ol (V1)

ol ool Jlosl Bolat & g0

D9 O 3l (Polas &gods Ladd sae YT Ll jo
aul_§:>o)_h:3 c\.l.a_wjd_u 6&‘;‘1.;‘ O ygo A g KW ul?u.)‘
VY USE) Loyl pgoleST a4 aseie 86 S 5l (Kot
G5l jslae 4 128D s 4 w0005 (Byee (1 ojlels
(7 J5s) acd ools el il agdo Ve o lasa U
—559) Sl ¥y Lads (6,51 n 1, slaadlse e
(A_JjLw —L;g’)l_? 9 lo—o —L;g’)l_? “::55_..) —)5_3 doo
O Soody Hlod y2)ad oV OLQ)'Q..\A@‘LcM
Lol addo ¥ Lalos Jlasl Jolos 4 aads
ObLS 0500 ,8 Ed g (o 2 (S06 5 DS Ll
g Lidd ;o sl Lajles ol 5 oS ol 573

Al Jles! Bolas

1
¥
i
e

oif
[

. 4
- ‘{

L S DL
| | i .{ |

el 3 ot el 5 (les ol 51 IS ol ¥ U
D8 =SB g las = (S )L g — 598 oo — 558 sl Lo
Jlos! Lids 00e YF (69, slaido O sunpbe; b Bolai &jg0a

b )lowd o il NV-Y
oilesl ol o esliinl )90 Sy g 659 lajles
S ja Gl Jolds a5 e - 555 (glo e 1) 0l s
935 ol Jolids a8 DS - ja oo Gidy g (S
Jols aS oo = (SO )U das jidu pas 5 Ken aui
DS = S,U e (A5 9 (Res dpi Ho8 b pae



Ohwed 9 Call (ridh dpma — (B bo3T by o oo Lidd (6 SU slacdled 9 1Ko 22395 2 lhwo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo oo (ol aloxo

9 69 oyl 9o o 30 3 (P JSB) oSl Sy

o A N=vF s =

\§

e
/

e

(a0 oo ) s s e

wals . wals Siges
Ety Sl

oyl
slo)log ;o LiBd VF (6 5Ll e o (20l anlie £ S
el asien Hloged jo 8 laibinl glas Ol s 5,9 9 (ploe
Slaggin wbboo o i 55l re pae il ol Sedle
oLl sl Sile S8y laggin g lao slajloss 03,55 5500
ools ol 5 S, e LSy 5 (6 ST olS il o
DSles 59 led S bl

e baclie o (So,U jled j0 LSS (rizpe
¥ o ) e Ol sl JSB 4 ol
1 oo Lol (p<e 12 0) 338,55y (V JS2) S 005
Ol Do g Laludd SLSe aj98 o (5)lo—ne
A L .(p>0 )0 0) cudlas O ooy aY [0 006
& Comd g5 sl )0 gz slasd S0l OSSO

Yo IS - S

-

x\

aalss Sig s o—_—

# A
[y

AY 50 00l (6w o)y D) Gl iaSTy anglie ¥ S
Soges 50 0 failinl gllas il yss . 8l sas VY slaws (S o
P<efe o) e jo o gime gl [Silo FFF cuodle .l Lastine

2l b)loss ( 5)l3 (e pae Sl ) cdle il (o0

sl g g Dao o les onies it 00,95 adle slaygiw

Sl Ky 67l ol ol o wals jlews saimolis S5, o
il 5 slest S olles ool oI55 (o6 e

N\

(40 T 3225 40¥ 53 o (g pame e D0
=

e

.

o g s Y
STLds o Sl jLd; slaailie ol sadlls 5o
S 228 9 6D Sy Lo i Sl salex
S—e 5 G5 gLyl ;0 g0l il & jyoasy Lag]
A (5 S ol

A il
\
1,1 1%
3 %
W
@ ; toe 518 Lo
3 — ey
3 e wl gl
€
ik
A8

(58 ke

lao idy o bl &y08 ads o153 Judoo g 4300 F K&
o) wals glas oo iz sKe o las [Lid (e 3 Jovn)

Sgaz deluy ;0 sad it los lae 10 8>g0 slas Lid (
als slas 4 Cand (65 i o ol e YA B Yl

odalive Sligsed lao jlowd 99 o (uowlug 00gazme ()l ;0 9 51

(O JS8) g slasd o598 jlewd jo wisls lad s
ails Lialidl (Sl e 4 G (5,00 txe jsbo 4y
s o e 3 a S JLo 50 o(p< 0 0) Sl
g8 jlond o Camad Lo ig> Sl 1o (g)lo e

P>+ ) wis ssalive

N=re i B -G
xxxxx Tl
ns=cso
J —
8 e
J
gt
3
E
q} Al
5
3
¥
\
sl g aals Sy
td ey

bl
o sloyles o Ladd Y g olawd (Sl dnolie & JSCo
e il (astin jloges ;o o lailinl glas Ol yess (g8 g
codle bl oo P<e o) o o s e Sglis il FFF
S5 A2l U o 5 fosine pte S A
Bald jled ;e Sy slopgis o o slo Lot 03,95 500
ool olS g 5,6 e LSl 5, (5 ySS 0l aril o
los 595 sled Sbles



Ohwes 9 Call ridh dpmu — (B bo3T byl o oo Lidd (6 ST slacadled 9 1Ko 22395 2 oo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo  owiigen ool adoxo

O 1y e sl olo e S 4 SO
50,8 6y 2l s AY jo o plidy) e

80 (5L, g §1 =Y

s bl el 6,8 jerie ol adlllae @l 5.l
Oz D)5 Lads (o Ll L) sl asls po
00l (6w yloj e g (6 S Ll g yus o g Slaws
95 Db @l Gl b ol (gt (SBgd 0dguze 5
4 Cote Gl S0 Wl oo Al (pl &S 23L
(St iy i58) St 21,5550 (558 41 5 [O] s
oS Cowl S3 @y p3¥ andl [FF] aas plai |y aisS ol o
o=l an baoye gulis (o ead cdslive (5,l3, slagSl
3 a0 S g (o9 &zl slagsll L i
Blesl lul 8 Solis Jdoay o anbs laolSiin
iy Dol (559,40l (slagSl (o] 25950 3oc)
sludss byld g 9 Gad (Goleyl all ol 5 o)
it 31 s 5 sl [Y] il s aglie 1
sloasss o SLd sla,ld; ;o (g)5— (S
M (090 Lot 2lae gllo 45 G955 g3
Lyl i 50 65 i Oladllas 45 005 o slgri [¥V]
S5l slaisS ol anb Glaolfin,; 5 alKil]
Dy plxl

i ) pé sloadlie L L8 6 SLL L3,
bl b landss Ll 8 0 Sgo g 5)9 Dl alox
b e b )3 ol Gl e j9a2 5 (oled
Sl Hld,y it ()58 sladllle o [Y0] wil
e 00 é sbaailge Sl i b co UKo g0
Y SEIRUIN W) S| VR S-SV ZP WP RV LR WO a1 B
Cle yioli8l g (6,5l Cae s iul38l o WilgE oo
o=l aS LFA] g (Lo Lsd) Lisd awgs onds b
1)l Slssas Lo wlaslie L b gmbs 5l i
los jzra) bl asn 5o Lasd dagl ool
g w8l (i (215595 ((gmmabes 423 VO (0l
s ol a8 axsls ol Sl cund o L & Jiles
ol =Y 5 (Ko o wglate ol aslllas slaasdly L

! D. magna

(P<e 2 0) cusls Giol8l gyl cme S0 4y (SO,U Jlews
GelS ael (o6 5 )5 slest 99 2 50 lao e
Lo ay o] oy a5 s 0 s b iga slows
P> 0 0) olas las 1) ,ls e gl (5 k]

5= olesd 5 (6 LS Sy Sk F SO 4 azgi L
2 0 las g cadls caglidl Wgy (SOLU Lo Ay s
G e s alidl eely (06 5 (5598 slen 90
7250 G Sy (ke Dl pis &S Jb o el
asolas las 1y ghlo sias mdaw (5598 5 (2l jlewd g0
P>+ 0)

Obes Gl e JSb s Lalids &V S 4 axgi L
2 bty sl & Cand (0,0 sl o 1) e
5 Lalidd ops (P<-/00) Wil a8 ol ool Y
ot ol (Gl Y o 1) 65 ol e e e
) o e o (ol blod b &l yis ol a8 wis
(P> 0) olas oyl

53 e0l)Ise e ilon (LS e o 6 SLL slacled
ey Bl 5l (ol (lopinssSh) slaailols —p5
@S Cel Jbjo cplail el camnl slls wilgs o
e (e ol Coatil 5 SutaclssS Sl
O, YL Ly )5 pmdy bl it 5o Dl wiilen
slocdlsd g pdg sl an ;o oy oo (Fge Tolaw
D)9y Anil )0 5 950 (5,5l sladisS (Sl
s 55 U155 5 G fsae st s b 5 s
slacss sla sl [A 0] wsl ansls glypes 156 o]
ador I GLSe ais 5 6 S Ud S
ALt glac b b b e 6,18, Lol sla sl
ol aalllas ;o [YO] 0505 o Cgwme lalid o
ol yeban (Foo 5 59— slayles Ol S
Lol 485 8 ) 2 9590 8D (6 S LS slac Il
slasd ¢ oldig) jlows jo ol i Lol> asllas guls
Soblime JSb an (o)L e g o b i
3 Gl e i dice jled jo Ll al oo (ial3dl
i oddliie e Hlaud A Caad Lo g olows
@hee 5 655 slajles 99 52 )0 5 6 S Sy
O Ol Lol clls Laoli8l Wy, vals [leg 4y cons
Slasd 5o Laludd oz op 0 o gxe (g )bl bl



Ohwed 9 Call (ridh dpma — (B bo3T by o oo Lidd (6 SU slacdled 9 1Ko 22395 2 lhwo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo oo (ol aloxo

Lan] adlas g 0o S adlllas ' oSie 95 Sy 05,
Sy gy Wlgh oo alide (5595 (loo g0 5 58 DA
(550 Dliios b oizen [0-] abl 3851 K
45355 93 (i8] Gmaan (e p 9 Shaeme jiie ]
e 45 253,55 gy |y gy el oy
OFeST Gl o Wlgs o0 Lanmme )3 35290 598 DD
[oV] wat )38 5t )l 3 pae

51y 53 (st 10) Wluds (slaalllas s b
5 250,5 Lt ol A0y ol oo a0 95 S iolj8l
50 aS L o JFV] assls Lrals 1, YL G yb 4 L
o )b 4y alads g Gad il b ol adlas
el s ol e 5 S0 aS ws S e bt O
Olee Oz g addllas 5550 4555 £53 50 Sglds Wlgi e
2 Oz 0l (659 e Sl (il g0
YL L 00,8l (A8ly £9,0 b las jbls (slaslllas
a5 el ally jo5 D 4 O gt 40 ()
S [oV] anbe (2l 55 Dt Gl b da i
3 g ol aslllas slaail b gl gl o)l
slasi Cowl Cnl jo8 Dad a5 gloy ad Ly glastllas
Lol o5 5 (st b9 Ladd 038, 9,8 5 (e
Slaslice b asl cpl a5 [FV] ol ol pon o5 Ol i
3lsanled (6,503 agh )3 09 GluSs 99290 aslllas
2 e e Yo e b a8 0l a3l,] Ui LD 09,5 G
L olyon (6,51l Sap o5 (5)5b 0 2305 (oo Ll 430
Lor] som 13 (somine JL3, S olo o g oS olow
s Ce s STas Gols saslllas o a5 Jb> s
30 DS ol aS g a il oy doe o VY LS
Luld e oglds 5l (2wl oo s SUt S
o—2) Sy xS ojll Il (e Ll p8 sl dss
il aeoe Lalpd pla b g (Gmyes abews b

LD (5 ,5Uus b s luo 31 ¥-Y

Sl (S sl o jLasl pli e |y lao S b
[0F] 5,8 i Iy Ly T oo bl 55 Jsbo 50

! Litopenaeus vannamei
2 Niphargus stygius and Gammarus fossarum
® Daphnia spp

J=s i 259 pol aslllas o0 a5 50 )
C_mla c\_fk_;ll_'> S 09— (055_’ ?V/\f) )5_v -

ool Cgzr a sl ) jo Ladd e 0,555
s V107 Jlao) joapad o5 Sad by (olidy) g
Cte 215555 gl bl oo (LS9l #0098 STa
5l asle ey, S cnnlice dslllas ol o aS L8
L ablio gl 3l o st 4355 0l ellas JSibes ¢ Lol
o] S g 55 oS bl 4o a5 sl I8 slaassS

[¥0] wiise pots eS 5o daliidd a0
LiSe LS 055 oot ialy 8l Uy egladdliae gl b
ol aslllas slaaily Ly as cosls (g5 o bt
slal as ol ol Gieghy (nl o Heizee o) Sales
S A Lads o 5L L)y ailgs ce bl baome
Lalidd 58z sS slaakiizs ;o (Jle Glgieas il
o ol g o5 LS e S gl I S0
558 laddlas jo [YO] axiils siias jns j0 &S >
a5t b e (ol slaatdl b Seales job 4
Lyl 0 a8 ool e (Sl lame jo lalass
olits slaalllae yo [FA] oS o bd axies S,
30 =o! Ldd o g olawi 5 (6,5l Cae s iols
Sl e G Gl g ok (595 S e 4 by
[1] asls Sealas ,ol> adllas gloasil L as
Lo Ltdd (59, 45 (6,500 aalllas mlis Gk oizpeo
Conm 3| Lalidd Wiacborn (o S s pus ey plovl
polsST e 55 (g, ailate e 4y SO, Ak
obe bty Lulpd jo Lads (6,51l ey il 90
2 aien Ldd ladssS 5l —an [FY] col ooy
Wed oo (i 093 Sl Sote (21,5558 )18, ol a0
LEV] sl (s b slls Jls, cpl oy oo iy oS
Sladsss L3 1 (5595 S e 09l SIS ogdle
loassS plow ;o (e aalllas (s 0 )t
Olmedn «5)95 slajless 5l eaimolis (B s o
5 Lol (Seisdsnd lacadld pr (iejpd S e
slpasls n ) 9 Sl glasllhs jo (Jle lp wilee



Ohwes 9 Call ridh dpmu — (B bo3T byl o oo Lidd (6 ST slacadled 9 1Ko 22395 2 oo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo  owiigen ool adoxo

[OA] 0t T loged gsFe glasias cudled Lialdl coms
P 2l s, (sl wd ools las Sliiss o
Sla—oa o ol aily 25T cJl> g0 ,a o
PEioloj] Lo oms 10 (59590 BiLE 0o igloand
45 (5o A wdd e (LIS (6)l0 e 5,18, ey
5 <k Gl gl pe S8 4 o (S5 o sl
S et (o9 Csd s o] (adgen slo el
e adsi 5y o lao 51 G sialel 5o [04]
O YL e ST (8155 a5 ah (o) Slogd 95
Sl ey bl glacolled 5l (86 9o glel zolan
sleadye p 5l gne SIS Wl o (B9 0 Lo 5o

501 0,138 (slosed (5550 4335 5 yrageS po i

S5 ez ¥

S plaSEee )0 (Fo—o Glajled ;o ol asllas o
Lo g olaws ol odi s mSojlail 5,L8, slo ozl
odaline (5,18 smime B Sl m555 5 (5,50l C p
WDl ool il a5 Slae slales vy o Hlaiay ol
5o Ll asais Laluds jo (6,8 zul obml 4 i
&8 9 Lo sl 6,18, slaasls 95 sl les
G dal il yo g assls lad 1) (gl gme BT SIS
g ool lid og 2 5l (6,5 S gz dlaw lalasd
P S bl e e ) 6,565 oley Gz
33,5 b panloS T (il slad

Dad b (Fyo glsel 5l gum Slalllae 13 395 oo a0y
5 5oy sleaalny 3 S 05 aals Ly L
loguly o)y Sz ol @Sl jl puizen
OB e plw 94555 ol jo das 4y atsly (5 )l8,
Dg ool g3l

s o o 3 ).?.\)uﬁs .a
9 )Jn.\J.) UM o isls ‘f‘“’mﬁf’ u_sﬁl.t.o )l 4.1.......19..4..\4

20,5 oo SiS

4 Crangon crangon
% Palinurus elephas

S o g loco JLad ailse 90 s Ol Sge sl
e sl glyi b G g s "0l
i gl elizl Gl 5SS e (s saimocs L
5ol 5o LS 3925 pae [00] 05 iy a5 o
Ulg LapT 4 ass o obml 1) (oS 0l 05 e
ol i S0 sl L [YVF] i 1) las o
JUs sl 093 g92) (alyid o pai 0 b g9
o oUlg jemm i «lgi Ly a5 g0l 4
o oles ,Saile |y vel> sl o las o yo;))
o5, SO sl eslaul L las jLlid 5> 4y el lgee
U1y Qg s (o -8 Gy a5 ol 0 S
Ul plyean lsd , 5T L [OF] Wl ages
Sy Lapme ;0 S pole (0B Sy (e b (eSS
Mt 9 5 gy S S8 )5 e Gl e o

[ov]
ol Like Luds o Sl L) 1 o 51 oy p gl
olaws ol 6,5 ,Lud, sla mls lode a5 slo
ol L LS i 5 6,55 e
5 talejl ) iz WSloogd (e S e
2 Sy e sl (Sgo slajles Sl (o)
Lo Lds 5l oolos (6555 5 5L )L,
Sl e sl lad a5 woges lo g 0,5 colazuwl
asS plse an [ (plo 6,51 18, (s o sine
Ldd 5L sbayld) 651 (Jy cl ails I8
3 kgl andl Y] ass onys aneb 4% Sy lsie @
lao an ataly (651l )18, 1ol poe ol ogas
e ivges ol |y (hYs IS a8 lgieds L o
s ol S Sso glyel Ty Ul 5 Jlazsl 4l
Fleip 9 edione gl il e (Sl 0 g
03230l 0y o sLoassS plw v (Jo glsel
005 o] Galises slo,lid) 5 oo slolows (6,105 ,.50
51 ol e oo 0 Sl glanllias o ¢ Jlie (gl
Wil aals T S s glanies cudld ke

dae (5 35290 Sgo (Sodll agh ol )3 Gz

! Sound pressure
2 particle motion
3 Carcinus maenas



Ohwed 9 Call (ridh dpma — (B bo3T by o oo Lidd (6 SU slacdled 9 1Ko 22395 2 lhwo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo oo (ol aloxo

future  directions in  research  and
management,” Ocean & Coastal Management,
vol. 115, pp. 17-24, 2015.

[13] C.D. Francis, J.R. Barber, “A framework for
understanding noise impacts on wildlife: An
urgent conservation priority,” Frontiers in
Ecology and the Environment, vol. 11, pp.
305-313, 2013.

[14] S. Shafiei Sabet, “Effects of sound pollution
on predatory behaviour strategies in aquatic
animals,” Veterinary Research & Biological
Research, vol. 31, no. 119, pp. 25-33, 2017.
(In Persion)

[15] J.R. Barber, K.R. Crooks, K.M. Fristrup, “The
costs of chronic noise exposure for terrestrial
organisms,” Trends in Ecology & Evolution,
vol. 25, pp. 180-189, 2010.

[16] J.P. Swaddle, C.D. Francis, J.R. Barber, C.B.
Cooper, C.C. Kyba, D.M Dominoni, G.
Shannon, E. Aschehoug, S.E. Goodwin, A.Y.
Kawahara, D. Luther, K. Spoelstra, M. Voss,
T. Longcore, “A framework to assess
evolutionary responses to anthropogenic light
and sound,” Trends in Ecology & Evolution,
vol. 30, pp. 550-560, 2015.

[17] Y.Y. Neo, J. Hubert, L. Bolle, H.V. Winter,
C.T. Cate, H. Slabbekoorn, “Sound exposure
changes european seabass behaviour in a large
outdoor floating pen: Effects of temporal
structure and a ramp-up procedure,”
Environmental Pollution, vol. 214, pp. 26-34,
2016.

[18] S. Shafiei Sabet, “Biological effects of
anthropogenic noise on fish: a review,”
Veterinary Research & Biological Research,
vol. 30, no. 115, pp. 213-223, 2017. (In
Persion)

[19] O.F. Miiller, “Entomostraca seu Insecta
testacea quae in aquis Daniae et Norvegiae
reperit, descripsit et iconibus illustravit Otho
Fridericus Miiller,” Lipsiae et Havniae,
pp.135, 1785.

[20] D. Ebert, “Ecology, epideology and evolution
of parasitism in Daphnia,” Basel Universsitat
press, 2005.

[21] A. Bownik, “Daphnia swimming behaviour as
a biomarker in toxicity assessment: A review,”
Science of the Total Environment, vol. 601,
no. 7, pp. 194-205, 2017.

[22] S. Shafiei Sabet, “ Noise pollution as a stressor
in aquatic animal species,” Iranian Journal of
Biology, vol. 2, no. 1,2, pp. 130-134, 2019. (In
Persian)

[23] P. Lavens, P. Sorgeloos, “Manual on the
production and use of live food for
aquaculture,” FAO publication. pp. 361, 1996.

[24] M.D. Balcer, N.L. Korda, S.L. Dodson,
“Zooplankton of the great lakes: A guide to

&b Cow pod

[1] T. Longcore, C. Rich, “Ecological light
pollution,” Frontiers in Ecology and the
Environment, vol. 2, pp. 191-198, 2004.

[2] A. Becker, A.K. Whitfield, P.D. Cowley, J.
Jarnegren, T.F. Nasje, “Potential effects of
artificial light associated with anthropogenic
infrastructure on the abundance and foraging
behaviour of estuary-associated fishes,”
Journal of Applied Ecology, vol. 50, no. 1,
pp. 43-50, 2013.

[3] Z.M. Gliwicz, “A lunar cycle in zooplankton,”
Ecology, vol. 67, pp. 883-897, 1986.

[4] M.V. Moore, S.M. Pierce, H.M. Walsh, S.K.
Kvalvik, J.D. Lim, “Urban light pollution
alters the diel vertical migration of Daphnia
Internationale Vereinigung fur theoretische
und angewandte Limnologie,”
Verhandlungen, vol. 27, pp. 779-782, 2000.

[5] C.R. Kight, J.P. Swaddle, “How and why
environmental noise impacts animals: An
integrative, mechanistic review,” Ecology
letterss, vol. 14, pp. 1052-1061, 2011.

[6] N.J. Edamonds, C.J. Firmin, D. Goldsmith,
R.C. Faulkner, D.T. Wood, “A review of
crustacean sensitivity to high amplitude
underwater noise: Data needs for effective risk
assessment in relation to UK commercial
species,” Marine Pullution Bulletin, vol. 108,
pp. 5-11, 2016.

[7] H. Slabbekoorn, N. Bouton, I.V. Opzeeland,
A. Coers, C.T Cate, A.N. Popper, “A noisy
spring: The impact of globaally rising
underwater sound levels on fish,” Trends in
Ecology & Evolution, vol. 25, no. 7, pp. 419-
427, 2010.

[8] A.N. Popper, A.D. Hawkins, “An overview of
fish bioacoustics and the impacts of
anthropogenic sounds on fishes,” Journal of
Fish biology, vol. 94, pp. 692-713, 2019.

[91 B. Wong, U. Candolin, “Behavioral responses
to changing environments,” Behavioral
Ecology, vol. 26, pp. 665-673, 2015.

[10] H. Slabbekoorn, E.A.P. Ripmeester, “Birdsong
and anthropogenic noise: Implications and
applications for conversation,” Molecular
Ecology, vol. 17, pp. 72-83, 2008.

[11] P. Laiolo, “The emerging significance of
bioacoustics in animal species conservation,”
Biological Conservation, vol. 143, pp. 1635-
1645, 2010.

[12] R. Williams, A.J. Wright, E. Ashe, L. Blight,
R. Bruintjes, R. Canessa, C. Clark, S.S.
Hammond, N. Merchant, P. O'Hara, J. Purser,
A. Radford, S. Simpson, L. Thomas, M. Wale,
“Impact of anthropogenic noise on marine
life: publication patterns, new discoveries and



Ohwes 9 Call ridh dpmu — (B bo3T byl o oo Lidd (6 ST slacadled 9 1Ko 22395 2 oo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo  owiigen ool adoxo

[36] T. Breithaupt, J. Tautz, “Vibration sensivity of
the crayfish statocyst,” Naturwissenschaften.
vol. 75, pp. 310-312, 1988.

[37] H.M. Monteclaro, K. Anraku, T. Matsuoka,
“Response properties of crayfish antennules to
hydrodynamic stimuli: Functional differences
in the lateral and medial flagella,” Journal of
Experimental Biology, vol. 213, pp. 3683-
3691, 2010.

[38] M.R.  Plummer, J. Tautz, JJ. Wine,
“Frequency coding of waterborne vibrations
by abdominal mechanosensory interneurons in
the crayfish, Procambarus clarkii,” Journal of
comparative physiology A,” vol. 158, pp. 751-
764, 1986.

[39] L. Roberts, T. Breithaupt, “Sensitivity of
crustaceans to substrate borne vibration,” In
The Effects of Noise on Aquatic Life II,
Spriner New york, NY. pp. 925-931, 2015.

[40] J. Tautz, D.C. Sandeman, “The detection of
waterborne vibration by sensory hairs on the
chelae of the Crayfish Orconectes limosus,”
Journal of Experimental Biology, vol. 88, pp.
351-356, 1980.

[41] S. Shafiei Sabet, S. Azarm-Karnagh, F.
Zahrani-Azbari, “Study of the water flea
(Daphnia sp.) swimming behavior as live food
in aquaculture,” The 7" iranian conference of
icthyiology, Iran,  Lorestan, Lorestan
University, pp. 30-31, 2019. (In Persian)

[42] J.F. Haney, M.A. Aliberti, E. Allan, S. Allard,
D.J. Bauer, W. Beagen, S.R. Bradt, B.
Carlson, S.C. Carlson, U.M. Doan, “An-
Image-based Key to the Zooplankton of North
America,” Special Feature, vol. 5, 2013.

[43] S. Shafiei Sabet, Y.Y. Neo, H. Slabbekoorn,
“The effect of temporal variation in sound
exposure on swimming and foraging
behaviour of captive zebrafish,” Animal
Behaviour, vol. 107, pp. 49-60, 2015.

[44] T.C.O. Keefe, M.C. Brewer, S.I. Dodson,
“Swimming behavior of Daphnia: Its role in
determining predation risk,” Journal of
Plankton Research, vol. 20, pp. 973-984,
1998.

[45] U.C. Storz, R.J. Paul, “Phototaxis in water
fleas (Daphnia magna) is differently
influenced by visible and UV light,” Journal
of Comparative Physiology A, vol. 183, no. 6,
pp. 709-717, 1998.

[46] J. Ringelberg, “The positively phototactic
reaction of Daphnia magna straus: A
contribution to the understanding of diurnal
vertical migration,” Netherlands Journal of
Sea Research, vol. 2, no. 3, pp. 319-334, 1964.

[47]J. Ringelberg, “The photobehaviour of
Daphnia spp. As a model to explain diel

the identification and ecology of coomon
crustacean species,” University of Wisconsin
Press, USA, pp. 89, 1984.

[25] S.I. Dodson, S. Ryan, R. Tollrian, W. Lampert,
“Individual swimming behavior of Daphnia:
Effects of food, light and container size in four
clones,” Journal of Plankton Research, vol.
19, pp. 1537-1552, 1997.

[26] R.T. Hanlon, B.U. Budelmann, “Why
cephalopods are probably not "deaf",” Nature,
vol. 129, pp. 312-317, 1987.

[27] C. Goodall, “The sensory detection of water
borne vibrational stimuli and their motor
effects in the Norway lobster, Nephrops
norvegicus (L.),” Faculty of Science, Glasgow
University, pp. 162, 1988.

[28] A.R. Hughes, D.A. Mann, D.L. Kimbro,
"Predatory fish sounds can alter crab foraging
behaviour and influence bivalve abundance,”
Proceeding of Royal Society B: Biological
Science, vol.281, pp.13-36, 2014.

[29] C. Goodall, C. Chapman, D. Neill, “The
acoustic response threshold of the norway
lobster, nephrops norvegicus (L.) in a free
sound field,” In Frontiers in crustacean
neurobiology. Edited by K, Wiese. Springer-
Verlag, pp. 561, 1990.

[30] L. Roberts, M.E. Laidre, ‘“Noise alters
chemically-mediated search behavior in a
marine hermit crab: Studying cross-modal
effects on behavior,” Acoustical Society of
America, vol, 37, pp. 1-7, 2019.

[31] M. Salmon, “Signal characteristics and
acoustic detection by the fiddler crabs, Uca
rapax and Uca pugilator,” Physiological
zoology, vol. 44, pp. 210-224, 1971.

[32] L. Roberts, H.R. Harding, I. Voellmy, R.
Bruintjes, S.D. Simpson, A.N. Radford, T.
Breithaupt, M. Elliott, “Exposure of benthic
invertebrates to sediment vibration: From
laboratory experiments to outdoor simulated
pile-driving,” Proceeding of Meeting on
Acoustic, vol. 27, pp. 1-9, 2016.

[33] M. Salmon, K. Horch, “Vibration reception by
the fiddler crab, Uca minax,” Comparative
Biochemistary and Physiology, vol. 44, pp.
527-541, 1973.

[34] A.N. Popper, M. Salmon, K.W. Horch,
“Acoustic detection and communication by
Decapod crustaceans,” Journal of
Comparative Physiology A, vol. 187, pp. 83-
89, 2001.

[35] G.D. Vincenzi, F. Filiciotto, V. Maccarrone, S.
Mazzola, G. Buscaino, “Behavioural
responses of the european spiny lobster,
palinurus elephas (fabricius, 1787), to
conspecific and synthetic sounds,”
Crustaceana, vol.88, no. 5, pp. 523-540, 2015.



Ohwed 9 Call (ridh dpma — (B bo3T by o oo Lidd (6 SU slacdled 9 1Ko 22395 2 lhwo 9 595 GBS y2xo i1

VAR liwoy 9 3l /Y o loud/ pidid Jlw/ oyl ) Old guo oo (ol aloxo

mammals,” Edited by R, Sentinel.
Smithsonian Institution Press, Washington
DC, pp: 117-175, 1999.

[55] A.N. Popper, R.R. Fay, ‘“Rethinking sound
detection by fishes,” Hearing Research, vol.
273, pp. 25-36, 2011.

[56] T. Breithaupt, “Sound perception in aquatic
crustacean, In The crustacean nervous
system,” Springer. Berlin, Heidelberg, pp.
548-558, 2001.

[57] M.J. Cohen, “The function of receptors in the
statocyst of the lobster Homarus americanus,”
Journal of Physiology London, vol. 130, pp.
9-34, 1955.

[58] J. Hubert, J. Campbell, J.G.V.D. Beek, M.F.D.
Haan, R. Verhave, L.S. Verkade, H.
Slabbekoorn, “Effects of broadband sound
exposure on the interaction between foraging
crab and shrimp - a field study,”
Environmental Pollution, vol. 243, pp. 1923-
1929, 2018.

[59] F. Filiciotto,

M. Vazzana, M. Celi, V.

Maccarrone, M. Ceraulo, G. Buffa, V.D.
Stefano, S. Mazzola, G. Buscaino,
“Behavioural and  biochemical stress

responses of Palinurus elephas after exposure
to boat noise pollution in tank,” Marine
Pullution Buletin. vol. 84, pp. 104-114, 2014.

[60] J.P. Lagardere, “Effects of noise on growth
and reproduction of Crangon crangon in
rearing tanks,” Marine Biology, vol. 71, pp.
177-185, 1982.

AR

vertical migration in zooplankton,” Biological
Reviews, vol. 74, pp. 397-423, 1999.

[48] O.V. Nikitin, “Effect of various tempreture
and light intensity regimes on Daphnia magna
swimming  behaviour,” 19th  SGEM
international ~ multidisciplinary  scientific
geoconference EXPO proceedings, vol. 19,
pp. 229-236, 2019.

[49] J. Gerritsen, J.R. Strickler, “Encounter
probabilities and community structure in
zooplankton: A mathematical model,” Journal
of Fisheries Research Board of Canada, vol.
34, pp. 73-82, 1997.

[50] K. You, H. Yang, Y. Liu, S. Liu, Y. Zhou, T.
Zhang, “Effects of different light sources and
illumination methods on growth and body
color of shrimp Litopenacus vannamei,”
Aquaculture, vol. 252, pp. 557-565, 2006.

[51] T. Simcic, A. Brancelj, “The effect of light on
oxygen consumption in two amphipod
crustacean - the hypogean Niphargus stygius
and the epigean Gammarus fossarum,” Marine
and Freshwater Behaviour and Physiology,
vol. 40, pp. 141-150, 2007.

[52] J. Ringelberg, “Induced behavior in Daphnia
In Daphnia,” memorie dell'lstituto Italiano Di
Idrobiologia, pp. 258-323, 1987.

[53] W. Lampert, H. Brendelberger, “Strategies of
phenotypic low-food adaptation in Daphnia:
Filter screens,mesh sizes, and appendage beat
rates,” Limnology and Oceanograghy, vol. 41,
pp. 216-223, 1996.

[54] D. Wartzok, D.R. Ketten, “Marine mammal
sensory system, In Biology of marine



Effects of light and sound stimuli on spatial distribution and swimming activity ... - S. Shafiei Sabet and et al.

Journal of Acoustical Engineering Society of Iran, Vol. 8, No. 2, 2021

(Research Article)
Effects of light and sound stimuli on spatial distribution and swimming
activity of Daphnia under laboratory conditions

S. Shafiei Sabet’, S. Azarm-Karnagh, F. Zahrani-Azbari
Faculty of Natural Resources, University of Guilan

Received: 2020/06/06, Accepted: 2020/12/31

Abstract

Aguatic ecosystems are heterogeneous in terms of light and sound distribution. The aim of this study
was to investigate the effect of environmental abiotic factors, light and sound stimuli, on Daphnia
(Daphnia magna) swimming behaviour. Here, we examined behavioural changes of Daphnia (N=24)
in response to light and sound treatments simultaneously. The treatments concerned a 2x2 design with
bright or dim light conditions and sound or quiet in an aquarium with dimensions 30x15x25 cm.
Swimming behaviour changes were assessed include: the number of hops, swimming speed and spatial
distribution time. The results showed that the number of hops increased significantly in the bright
compared to the dim light treatment (P<0/05), while in the sound treatment, the number of hops did
not significantly change compared to ambient treatment (P>0/05). The sound and bright light
treatments increased swimming speed but these changes were not statistically significant (P>0/05).
Also Daphnia spent more time in the lower layer of water in the dim light compared to the bright light
treatment (P<0/05), while no significant difference was found between sound treatments on spatial
distribution of Daphnia (P>0/05). More studies are needed to assess the multimodal effects of abiotic

stimuli on the behaviour of aquatic species.
Keywords: Abiotic stimulus, Light, Multiple effects, Sound, Swimming behavior.
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