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Blake, Doyle, & Cutler. (1996). Impacts and direct of sand dredging for beach renourishment on the 3
benthic organisms and geology of the West Florida Shelf, Final Report. U.S Department of the
Interior, Minerals Managment Service, Office of Intenational Activities and Marine Minerals,
Herndone, Va. 109 pp.

Hammer, Balcom, Cruickshank & Morgan. (1993). Synthesis and Analysis of existing information
regarding environmental effects of marine mining. Final Report by Continental Shelf Associates,
Inc. for the US Department of the Interior, Minerals Management Service, Office of International

Activities and Marine Minerals, Herndon, VA, OCS Study MMS, 93-0006.
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Phua, Van Den Akker, Baretta & Van Dalfsen. (2004). Ecological effects of sand extraction in the >

North Sea. Report of University of Porto, 22 pp.

Hitchcock, Newell & Seiderer. (2002). Integrated report on the impact of marine aggregate
dredging on physical and biological resources of the sea bed. U.S. Department of the Interior,
Minerals Management Service, International Activities and Marine Minerals Division (INTERMAR),
Washington, D.C. OCS Report Number 2002-054.

6

6
6775323 27AR-7N (34 NN NPD) 19 711 NPAP 1M
www.isees.org.il - info@isees.org.il * 03.609.03.96 :0PD - 03.620.00.25 :19IV



IRV ATIRD 4"

122200 VT PINPRY

580020238 1"V The Israel Society of Ecology and Environmental Sciences

NYPARNNN N1

M2pYa NYIY N'OIND10M (D'0INTO) D'PPYNN T2 NMSN NMPRARNNN DTN
.AMDN

5-10 1IN MDYN DX 00T 191X 1T 9127V DR Y NNayn DMoIN DMIrkA
NXNZN2 NN DNWY N'Ywa0N Ny9Swnn 02 M2 2110y ¥ DN DX Y
.AONH

VI TONY 2A¥N PN .YSAN IND 8RN Y MO T 0IN'TDA MDDY NN ©»
NAM NN AN NIAMNNN 28R X1 N™MDN D10 Q%N NmT N NA™MDN NS
IWOX' D'NNN DTN NMAKNNN XY N9IpNA N™MDN DWINnly )2 NTMavn
(opportunistic) AN D"1Y2ND 0''N DT N DNA DMIEXA .21 D2 NN MPIRNN
NTAN N NI'NQN DM220010 DX N DNN MPZARNN NM9Y NpYY DTNV
VN¥IN Mo MY DN SY NN NPOXY ,NMDN XY 01NN 12 DN
OV wTNN NMAYMNN5 DX Mpn Ry NmMD XHH K /S NmMon 0OTp
AN S XANS N1 NNANN PTNN MapTnnn &hmo ywian 1 ka nmo
2V 2AP™NN1 MY DM N'ya NKI AMDN NKD MK NN2NN 2070 DN
70%" NN Ma™Nn NNMN (7eling) MOTY N™MDN 119 NN N2 NINN2 .Yppn
NJIXON 207N DM ' NNNX NI9TY 105 N2 NNX NINN2 .Y M2YD
oV MU MAY™NN 2" wnndl NONIN VYND NTNDN T2 TV N™MDn Napya
Smoon

712YD NINDY NMIPAIXNN IXIN ,MA2 9120y DY Mk NnT%92 ('n 18) M 0'n2
ara 5522 "X NXON XD NIYRAIXNNNY N NXK1) nnd) AMonn DN 9
6 N MDY DTPN 2A¥NY NN PDNN (DY DY OR) N9'ND XA (kA
AN NNNR NN NN NIARMNNN )2 VIaD MN9 rHvn phniny oD .0'wTn
nniyY Ny TV D'wWTN 5, &TIN N D'ANNA D2 k2 NM2N & Thn Mag/™Nn
2omw 10 S ntn N9 NMARNN R . P0pRn ik Dy 12

DN NIYRIRNNN QYp DIy 1-3 2NH XN NN an N1'NAN NIYEIRNNN
207N LITON MADNY DXNNA P HPxa U YN RN S D"NN NN

Van Dolah, Calder & Knott. (1984). Effects of Dredging and Open-Water Disposal on Benthic '
Macroinvertebrates in a South Carolina Estuary. Estuaries, 7(1): 28-37.

Jutte, Van Dolah & Gayes. (2002). The recovery of benthic communities following offshore
dredging activities in Myrtle Beach, South Carolina. Shore and Beach: 70(3): 25-30.

Saloman, Naughton & Aylor. (1982). Benthic community response to dredging borrow pits, Panama
City Beach, Florida. U.S. Army, Corps of Engineers, Coastal Engineering Research Center, Misc.
Rpt. 82-3, 138 pp.
Greene. (2005). Beach Nourishment: A Review of the Biological and Physical Impacts. ASMFC °
Habitat management Series # 7. pp. 174.

Johnson & Nelson. (1985). Biological effects of dredging in an offshore borrow area. Biological
Sciences, 3: 166-187.

11

7
6775323 27AR-7N (34 NN NPD) 19 711 NPAP 1M
www.isees.org.il - info@isees.org.il * 03.609.03.96 :0PD - 03.620.00.25 :19IV



NPIRIW ATRRD |4
122200 VT PINPRY

580020238 1"V The Israel Society of Ecology and Environmental Sciences

DX>"MsSN DN DMITRN "2 0NN DY TaNN 22man oy nnp5 510M 0N
A" MNTXA AMMIDN NYSPN NX 1'Aan% * 122 'mpn 1pnn

NN NNIYD "N NY'A9N DINAYD D™D 025NN

21N MM NX DMOXNY DN DX S DY XD DTpRn yTn qiow .1

12 X2 DN DN DPDIPOINI DMNQM0N DRINN 'OX 1IN, NnDn L2
SnmMon NX y¥ah 0nonn

PN DI V1295 'K DNAY DN NN DY .3

MmN MIrXY 0010 DT N™MID VI 'K I8P ™MD i L, 0p NVAD NLY 4
.AMNN NIY2 N™MD IX DM 02N OV DMk VAo

.(D'MMmM) DWI29 DX 02 DD T DMITR2 MDD Moy .5

n"rrn nyup‘? OMOMpPnN V1Tin My9
,NON Y1902 10N D2 D™ D'AMAIX DY DMPO1 DD DMpNn D'TpY NNnY
DNTY NO¥A QNN IXD YTION QPR YT 119 'K ,07NMpnl DMIXD M0 51D
DN DMIAIRND DN M DWW 1IX X DMpRn QN2 .NNON 0N 29X 9INN1pm
D™NN "MITNN DNN1 DNYI9N DR ,DNrPY D"0MpN D'XINN NN ,D7PN DMITX2
202 MUSNN NY2PH% N'OMP NOX YT YD NNSwN .0DNSY

XN P2N2 N'2079 NN DAMIANIX NSI1AP 222 D1"918OD VT VO

O"5%2N YT My9 NNSWN 191X 222 NKoNN

T2 OPMIDY P XD D'VPM9N 5D NHHD NMoN™NN Ik e .1

DN Ny DN DMRN 9"V OMPN VTN DR DY M V1apH X Dpno .2

DTN N 12 <MYAN Nro1voiIkN 552 5w D DMirk 'pn po yeah w3
TY1 YIXN 198N MN9N pnyn 0N TV 91NN 1pn DDNN V8% @0 71Tan M
D220 DX N 2pyna 21909 w0y NIND N2 D'YD NMN9H AN
.D'W1291

MDD XD N0 XN D02 DNINNN INTD TP )P0 yeab v 4

2V NN My1onn Nyown NX 1pTAY DMpnno "My 21 N X¥nH v .5
.D"pnn DMrNIRD

N21D" MOXD N™MD N'/Y1 DN DK "MINK DY IXD 0ToN 2pyn ysdH v .6
.NLUYN S MyTNNNN

Y19N2 11D 21N N™MD )NNNY NM9Y DN DMITRD MVIT NMMDN By nnina L7
NX IPTIM NpNY DMpNN N0 WYY DMpIND XMp 21p2 NXKD 20 ,N9N

Wilber & Stern. (1992). A re-examination of infaunal studies that accompany beach nourishment *?

projects. Proc. 1992 Natl. Conf. Beach Preserv. Tech. pp: 242-256.
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beachgoers and risk of illness. American Journal of Epidemiology, 170(2): 164—72.

Heaney, Sams, Dufour, Brenner, Haugland, Chern, Wing, Marshall, Love & Serre. (2012). Fecal *
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(Cambridge, Mass.) 23:95.

Yamahara, Walters & Boehm. (2009). Growth of enterococci in unaltered, unseeded beach sands
subjected to tidal wetting. Applied Environmental Microbiology, 75(6): 1517-1524.

10
6775323 27AR-7N (34 NN NPD) 19 711 NPAP 1M
info@isees.org.il * 03.609.03.96 :0PD - 03.620.00.25 :N9IV



IRV ATIRD 4"

122200 VT PINPRY

580020238 1"V The Israel Society of Ecology and Environmental Sciences

D' NTnya .(Harmful algal Blooms - HAB) ,m%y1 msX
NN MWD NI¥XN N19'OY .0'D111 0'ND™M2 2NH 0N DN P2 YR 01N
DM OV MApyA DYD TN .0WAT 219071 0'ON1% 2Np O"OIN DMK N
JN2'WN MY NS210N NN S DM NNN9NN 0'V1™MV1

151NN "pona 0'yo 190N 101N HAB MN¥ITN MD01 MW MYXNPM KR
mnro DM NV 0¥ 09N DMI/OX D™D MNXD 1D DMp0 ,MIgpA
Xn"p 5w Sy "DMND NN MD1 101 ,01NT02 MK DY (KNP O12) MLD'Y
mYXNN PN, MWD MTMZNN MEXNPNA S MUDN 1901 192NN DINX .NYXD
190N 07X ,DM'NNN O'WIN2Q NATIN VIATON XD 21TAD 1N X 199N
X2 X 19T DX 5WIN SX8I109N OV DN, N0N JUP NN NN MVD'N
DY TN 15X NIXYIN (71NN 1'pON S '~ 122 DMDNN NYX 0D1N2) NNM9 Y
L8N NNMO% NN 21N M2 DNAY NN90NN DMpn DY DHI Y nndnn 101N

J0P MW MNM9Y 1DONY D'W'NN

DMpn LN NN NQM02 1TNoN 191X NN XD HAB - MNnb "y YN
Npn MN95% ¥ 10 11D .0piont 1 5210 ,712' NN DN NN DMIXINN N9XD
Gymnodinium breve NY¥XN DY NO'N Y19N2 NNM9 S 1993 -n Tvinn TNX
MT) D27 NN D2 NNOY] ND%NnaY |, (brevetoxin 15VN NX NN 2 ,NI¥™MN)
IX8¥N1 DHI ™ Sw1 5"X'N T Dy w¥iay DN DMpona ,qona (2009 5'KN
MN21D D2 DI, NIVDIN 190N YYIN ,5Ta MTO w2 DNIYEY NIVDY "MO0N

JNY NManwnh D™Myy 01112

D0 DA NMI¥XNPTM S MY'WA NINM9 1 TaNY Va0 WOX K00
NMp DY NMPOXNY )2 Yy NYTN DX NNY 22 091X .NN12x N1NANoNA
MO0 AR N0 22D 1N NM™MON 1199 NIPPTAA 1N D'UPODX 190N OIN

NOY NNM9 NMPOX'Y D'XIN 119 X, D'0I™MLVI DM OV DMan

yavnn

N™MDN D0 MWD N (DINPIK) MITNA MIYX 2 qIN% 2Npy NNaNa ,NNM9 NN
HAB| oraamxn

.DTX 122 NYD TV AT S NN DN My 22X Nmipn muo

ny*on

VI9IN NOIyNnY 22D 12aN NNnn NiNMoY M0N0 021X ,NIYXN N'Nan e wn
N2 %P2 ny'ann

npn

ININ2 YIXN 91N DN S NNM9Y 90 DY D'wnpny 0010 Md™M 0NN [onym
DN DMMipnn
(NMTD1 07190, 1" TOY) DLV DY DMK N™MDN NN myonn

:NM™MDN "9

N212' Y 121,01 TO MUDN 190N Y APNNY MIP*TA VNIAD D'WNn X .1
.0201MNN NMMIDN MNXA NP NN

,21N7N NN NIVSANA D' 919D o™ Y vt ysab DWNn X .2

11
6775323 27AR-7N (34 NN NPD) 19 711 NPAP 1M
www.isees.org.il - info@isees.org.il * 03.609.03.96 :0PD - 03.620.00.25 :19IV



IRV ATIRD 4"

122200 VT PINPRY

580020238 1"V The Israel Society of Ecology and Environmental Sciences

S MmNy Np*Ta DY N 101 257 ,pPON NN "ao NYD yNIny 9D
%S N1 Hya 0 S NiND1 NPrTA HY wATA 072 10PAY009N 210N
93) MOIPDINPA NYXARD Y¥IANND 21D 10p2199N0 20N DTN .0IHYWDN
1N (PCR) NMMIXMPYIN MULUW H8IY D'8'Ynn 1Ak %X (DD S2pny
PITIY 9D NNY NNIX2 NNNIA DTX DD NIT 1K1 MO ONe ,nigran N
JO1PONPNA N

NUIN N1 IX/1 VINTO MUDSN 02 2:MMHIN MO™M N2 N I DTN
9N MY NM™MDN Yannh ¥'ona , TN N, )Ny

:N"MMDN %Nna

NX DTN X ,(NM™MDN 95) NHynH y¥Iiny 93 M0Ma 'wnnh D¥hnnax .3
MNNSNNY IR 2N AWWOHXRY Nan By Mp'1an b¥ jnm i imnn
X NINDPNN TN 7120 09011 D' VIT IX/1 MDD NPDSN '™ SV ,ANM9
T2 MO D02 DY YRINNS 212 M2 N'¥INIMNA N0 NINNAN TN
1"M%N NIXYIN XD 'PTIN D01 Y Y¥INNY 210 Nuwa o, 0
NN DTN 0901 DMLY S NHYOND Miwnen

D'NAIT NMYSNANA DA DDA 0%V Y 0" 901N VSN X .4
HP-,XAD-16) D'XNN ¥ N2 N'P/N 02NN NYXD DANT .00
(MY 2"1Ta) D'O1NX AT 'PIDY D' MNXPIN NOX NPY .(DMNK 20
DMMN NN2Y1 NN 10" MOXN MMUANVPOD MYKNAXA OXI NN D"NK
DMININ 121, 7YX MPAR DYV Man M D912 19X DT .0A MY
.N12TN NN NMKY 112D ™MD 120N D'ONIN NS MYV 0'O01)
Y™ NI Y MDD N9'NN 9% DA NHXD MNAT 190N Y¥AY Y 'Y 121D
.0'XNn "D'0a 1p"

D™Y501 DT DX NISKIPXN
DA MMPI 191X DIPN IXD ¥ 191X NMNPNI MYXNPRAN NMD1YIIX
D'1TA DMIY D'2N NMYXNPRAN NMDIYIIXA .0'O1N 190N H"X'N ™"V DA MINNXN

(29w MXa ,may 91N ,'WH0 2172 Y¥N) N2'20N 'XIN5Y DXNND

MDY MO NYA9 ,N'80INTO y'arnn DMan

NN 521N DMV NMYXN 'NOPNA DX 10D MT'ONNN D'VIATO | QMIATNIXRN NAIAN

21O N12N T NMYN MISKN S Mgann

DIPD'N1 V29N D0 DN S N0, N%2n TIRN NN NMgn

.22m e wTnn

"2 21T ORI

LNNIOND M PN, (MISKNPRA RPN XD MDD k1) N'nipn nysn NMu

S¥ NpHo PNN NN YSNN A0 DXNN2 92N 12NN NMD1901IXN nyaon 1Pn

DTNy NN DN INNOD™ MYTN MM 1512 7X9 17 - DNNK DN
1IX) OD1ND DX D'9'V1/D'D'VIPX 1X(calcareous and turf algae)

.NN2ANN NN M5 1901 NHXRNIVI WX (0PN 199X

17,16 1 PN

21N ™MD MIPYA ¥R 91N MY "INX Apyn X qon ym
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Essink. (1999). Ecological effects of dumping of dredged sediments; options for management.
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Journal of Coastal Conservation, 5(1): 69-80.
Duarte. (1991). Seagrass depth limits. Aquatic Botany, 40(4): 363-377. *°
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Hanson, Chester & Cross. (1982). Potential assimilation by and effects on oceanic zooplankton of 2°

metals from manganese nodule fragments discharged from planned ocean mining operations.
National Marine Fisheries Service, Southeast Fisheries Center, Beaufort Laboratory. pp. 79.
Saiz-Salinas & Urkiaga-Alberdi. (1999) Faunal responses to turbidity in a man-modified bay (Bilbao,
Spain). Marine Environmental Research. 47: 331-347.

Brown, Tissier, Scoffin & Tudhope. (1990). Evaluation of the environmental impact of dredging on
intertidal coral reefs at KO Phuket, Thailand, using ecological and physiological parameters Marine
Ecology Progress Series, 65: 273-281.

21

22

14
6775323 2AR-IN (34 NN NYD) 19 P17 NPNP M

www.isees.org.il - info@isees.org.il * 03.609.03.96 :0PD - 03.620.00.25 :19IV



580020238 1"y

IRV ATIRD 4"

122200 VT PINPRY

The Israel Society of Ecology and Environmental Sciences

Ny 90 Mo

Nny15n wn

23,1 pn

20Ny RLINTTON NNXIY NN 2YXN 91N D' DN DN N [onym
201PX Q01 '11ND 0 1NN .NNINNY

"IN NIXYN NX 7172w pnn NoMY myonn

N'SLINTO

yornn bMan

D'A1I90N NMDIYDIX 210N NX NN D11y /MNN MApya N's8LINTo
1P"OpNa O"YH0 DMK

DMIANIXRN NAIAN

Ny 29N Mo

ny'aon 1PN

24 pn

(22X 5N 'NX 19X 1O '91ND) YIXN 'O1NA D90 SY LVIN PNN ¥ 0N y™m
NMYSNN NN DMIPN DMITKA DIY'Y 0''AN 0N 'R .0"PN VTN DX 2'NnS nsonn

.MMM 17N DM DNYY MTNRyN NY1D NN 01900 Y N™MDn Y

MMI% N1o°r a1 0'WHN , Moo, 0 "Liba

1N ysn 1w

y*rnn 0DMan

NN Mav"nn 'Y

DMIANIXRN NAIAN

nmipn

ny"a9n Mo

X AT IRD ny'a5n 1n

WHON yTN Y NNNY .0M1pnn 02N A% X112 TN pnn Ny XD on ym
.D'nNn PN S N¥IDN 1A% DMvan

VY¥NN 10 ¥ NYSYNN NX P1TAY1 YIRD 91N D'IwN/D'0)Y DN N5 msonn

DNX¥I9N Sy

DMLY DNANMT

D'VINTO
DMUDY .0MNANN N NTTNIY 1N DNYY NIN2N1 D TNRY NIND ' DT
P27 0INTOY D TNYD 1IXYN)

y»ornn bmMan

4 npn

NN NN ?DNI2WN NN ?N8I9N MR DN NNO2YIRD 01N P DN M [onym
N™M>% DN2IAN

VTN DR DO IpPNN n¥onn

Carballo, Sanchez-Moyano & Garcia-Gdmez. (1994). Taxonomic and ecological remarks on boring

sponges (Clionidae) from the Straits of Gibraltar (southern Spain): tentative bioindicators? Zool. J.
Linn. Soc., 112: 407-424.

Carballo. (2006). Effect of natural sedimentation on the structure of tropical rocky sponge
assemblages. Ecoscience, 13(1): 119-130.
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Morton, B. (1996). The subsidiary impacts of dredging (and trawling) on a subtidal benthic

molluscan community in the southern waters of Hong Kong. Marine Pollution Bulletin, 32(10): 701-
710.
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Parulekar, Ansari & Ingole. (1986). Effect of mining activities on the clam fisheries and bottom 2¢
fauna of Goa estuaries. Proceedings: Animal Sciences, 95(3): 325-339.

Emerson, Grant & Rowell. (1990). Indirect effects of clam digging on the viability of soft-shell %
clams, Mya arenaria L. Netherlands Journal of Sea Research, 27(1): 109-118.
http://www.sciencedirect.com/science/article/pii/007775799090039]

Grant & Thorpe. (1991). Effects of suspended sediment on growth, respiration, and excretion of %
the soft-shell clam (Mya arenaria). Canadian Journal of Fisheries and Aquatic Sciences, 48(7):
1285-1292.

Kigrboe & Mghlenberg. (1981). Particle selection in suspension-feeding bi-valves. Marine Ecology °
Progress Series 5: 291-296.

Boyd, Limpenny, Rees & Cooper. (2005). The effects of marine sand and gravel extraction on the *°
macrobenthos at a commercial dredging site (results 6 years post-dredging). ICES Journal of
Marine Science, 62(2): 145-162.
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van Dalfsen, Essink, Toxvigmadsen, Birklund, Romero & Manzanera. (2000). Differential response
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of macrozoobenthos to marine sand extraction in the North Sea and the Western Mediterranean.

ICES Journal of Marine Science,

Last, Hendrick, Beveridge & Davies (2011). Measuring the effects of suspended particulate matter

and smothering on the behaviour, growth and survival of key species found
with aggregate dredging. Report for the Marine Aggregate Levy Sustainability
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Lisbjerg, Petersen & Dahl (2002). Biologikse effekter af rdstofindvinding pd epifauna. Danmarks

Miljgundersggelser. Faglig rapport fra DMU nr. 391. 56 pp.
Quinn, Davies-Colley, Hickey, Vickers & Ryan (1992). Effects of clay discharges on streams.
Hydrobiologia, 248(3): 235-247.
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Jury, Foster, Smith & Driscoll. (2011). Overview of PIANC Report 108 - dredging and port *
construction around coral reefs. Proceedings of the 20th Australasian Coastal and Ocean
Engineering Conference 2011 and the 13th Australasian Port and Harbour Conference 2011. 573-
578.

Hodgson. (1994). The environmental impact of marine dredging in Hong Kong. Coast. Manag.
Trop. Asia 2, 1-8.

Supriharyono. (2004). Effects of sand mining on coral reefs in Riau Islands. Journal of Coastal
Development, 7(2): 89-100.

de Jonge .(1983). Relations between annual dredging activities, SPM-concentrations and the
development of the tidal regime in the Ems estuary. Can. J. Fish. Aquat. Sci. 40 (Suppl. 1): 289-
300.
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Newcombe & Jensen. (1996). Channel suspended sediment and fisheries: a synthesis for

39

quantitative assessment of risk and impact. North American Journal of Fisheries Management,
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Brooks, Quaid & Sulak. (2003). Assessment of fish communities associated with offshore sand *

banks and shoals in the northeastern Gulf of Mexico. Cruise Report Sabine-2003-01. U.S.
Geological Survey; Minerals Management Service, OCS Sand and Gravel. 20 pp.

Barrett, Grossman & Rosenfeld. (1992). Turbidity-induced changes in reactive distance of rainbow
trout. Transactions of the American Fisheries Society, 121(4): 437-443.

Sala, Kizilkaya, Yildirim & Ballesteros. (2011). Alien marine fishes deplete algal biomass in the
eastern Mediterranean. PLoS ONE 6(2): e17356.
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Baird & Associates Ltd. and Research Planning Inc. (2004). Review of existing and emerging *

environmentally friendly offshore dredging technologies. US Department of the Interior, Minerals
Management Service. OCS Report 2004-076.
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Vertegaal, Heinis & Goderie. (2007). Milieueffectrapport Aanleg Maasvlakte 2 Bijlage Natuur, *

Havenbedrijf Rotterdam N.V. —Projectorganisatie Maasvlakte 2, report
9P7008.A5/Natuur/R006/KVE/Rott1

Thomsen, McCully, Wood, Pace & White. (2009). A generic investigation into noise profiles of *
marine dredging in relation to the acoustic sensitivity of the marine fauna in UK waters with
particular emphasis on aggregate dredging: PHASE 1, Scoping and review of key issues (p. 49).
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Convention on Biological Diversity. (2012). Scientific synthesis on the impacts of underwater noise

46

on marine and coastal biodiversity and habitats. UNEP/CBD/SBSTTA/16/INF/12. pp 27-38 & 52-74.

Pirotta, Laesser, Hardaker, Riddoch, Marcoux & Lusseau. (2013). Dredging displaces bottlenose

47

dolphins from an urbanised foraging patch. Marine pollution bulletin, 74(1): 396-402.
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*PTS— Permanent (hearing) Threshold Shift; TTS — Temporary Threshold Shift

Robinson, Theobald, Hayman, Wang, Lepper, Humphrey & Mumford. (2011). Measurement of
noise arising from marine aggregate dredging operations, MALSF (MEPF Ref no. 09/P108).
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Figure 3.1: Effects of marine aggregate extraction
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Figure 2.1 Possible relations between sand mining and impacts on species in the Voordelta
[VERTEGAAL et al. (2007)]
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Wilber & Clarke. (2001). Biological effects of suspended sediments: A review of suspended %

sediment impacts on fish and shellfish with relation to dredging activities in estuaries. North
American Journal of Fisheries Management, 21(4), 855-875.
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Appendiz: Responses to Suspended Sediment

Tarre A 1 —Fesponses of esmanne fish eggs (E) and larvae (L) o suspended sediment concentrafion and exposure
diFation combinations. Sediment types. when known, are indicated as follows: ns = nanmal sediment 5 = silt, k =
kaolin, ac = amapulgite clay, b = bentonite, and fe = Fullers earth. The table is adapted in pant from Mewcombe and

Jenzem (19046).
Concen-
Life fmaticn Duration
Species stage (gL} [d) Effuct Source
Striped bass E B0 1 Dievelopmant slowsd Morgan ot al. 1963 {ns)
E 1.000 7 Eadurad katching smooes Azld and Schubel 1978 (mz)
L 1000 3 Incrreased mortality
L 00 3 Inrreased meortality
L 4B63 1 50%: mortality Morgan et al. 1973
L 00 =1 Eadored fueding mte Breittorg 1588 (k)
L b1 1H] =1 Eadoced fueding mie
L 1200 10 10%: moertality Wakeman &t al. 1975 {b)
Atlantic herring E 00 11 Normal «gg developmsant Eiorbos ot al. 19E1 b {nz)
E 3111 =1 Norzal ezg developmsnt
Pacific beming L 2,000 =1 Radured fueding mte Ecablart and Mergan 1983
L 1.000 1 Damags to spidarmis Boahlart 19E4 {pz)
L 4000 1 Epidermiz punctemed
White parch E 100 1 Hatching dalayed Schubel and Wang 1973
E 1.000 7 Eadured katching smooes Azld and Schubel 1978
L 153 2 50% mortality Morgan ot al. 1973
L kX5 1 50% mortality
Yallow parch L 00 4 30% mortality Azld and Schubel 1978
E 1000 4 Mo affect
Amgrican shad L 100 4 13% mortality Azld and Schubel 1978
00 4 31% mortality
1000 4 20% mortality
E 1000 4 Mo affect
EBleeback bamring E 1000 4 He affect Azld and Schubel 1978
Alswrifa E 1000 4 Ho affect Amld and Schnbel 1978
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Tapie A2 —Responses of uvenile and adnlt esnarine fish o knoam
dmratons. All datz pertain o adult fish unless otherwise noted Ses Table &4 1 for abbreviations of sediment types.

The Israel Society of Ecology and Environmental Sciences

sadiment concenmations for given

Concen-
tratioa Draratioa
Epecien (mg'L) {d) Effuct Source
Elsefish (jovaniles) BOO: 1 100%: maortality Shark ot al 1974 (&)
Atlanfic menhaden (jovemniles) B0 1 100% mortality
Whits parch (juvanilas) 730 1 100% mortality
EBay ¥ L1310 1 10% meortaliny Shark et al. 1975 (&)
4710 1 1% mortality
2,600 1 0% mortaliny Shark et al. 1974 (&)
Striped bass 1500 14 Hamatocrt increased
600 11 No effoct
Hogchokar 1240 b} Hamatocrit ncreased
Siziped killifish BEn 3 Hematocrit increased
3.7 1 10% mortality
JE IR0 1 % mortaliny
61,360 1 0% mortaliny
Mummichog 4470 1 10% mortaliny
39,000 1 0% mortaliny
62170 1 0% mortaliny
35,660 2 10% mortality
43,160 2 % mortaliny
J&,ER0 2 0% mortaliny
1620 4 Hamatocrit increased
White parch 650 3 Hematocrit increased Shark et al. 1975 (&)
3050 1 10% mortaliny
2830 1 % mortaliny Shark ot al. 1974 (&)
JLEID 1 0% mortaliny
670 2 10% mortaliny
1060 2 0% mortaliny
13,060 2 0% mortaliny
Adantic silverside 3B 1 10% mortaliny
500 1 % mortaliny
18,000 1 0% mortality
Spot 13,080 1 10% mortaliny
20,340 1 0% mortaliny
jLe 1 0% morfaliny
1,140 2 10% mortaliny
1Eo0 2 % mortaliny
317 2 0% mortality
1270 3 No effect
Siziped killifish 87,200 1 10% mortaliny Sherk ot al. 1975 (5)
138200 1 0% mortaliny
162,300 1 0% mortaliny Shark et al. 1974 (ns)
White parch 2.970 1 10% puorality
19,800 1 0% mortaliny
33400 1 0% mortaliny
Spot 65,750 1 10% mortaliny
BE.000 1 0% mortaliny
11L630 1 0% mortaliny
14,680 7 No effact
Cummer 18000 1 % mortaling Bogem 1269 (5)
133,000 =1 0% mortality
100,000 1 0% mortaliny
Sheapshisad minmow 200,000 1 10% mortaliny
300,000 1 30% mortaliny
Fouripine sticklehack 15,000 1 0% mortaliny Rogem 1969 (5)
200,000 1 93% mortaliny
Orystar toadfish 31,360 1 02 comsumption vanahle Noumann et al. 1975 {ps)
14,600 3 No effect
Shiner parch Looo 4 10% peortaliny McFarland and Peddicord 1980
3.600 4 0% mortaliny
5,000 4 0% mortaliny
30
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EFFECTS OF SUSPENDED SEDIMENTE 373

Tarie A 3 —Pemponses of larval bivalves to known suspended sediment concentrations for given dumations. See
Table A1 for abbreviatons of sediment types. When more than one sediment type was used in the experiments, remlts
for silt or nanral sediments are repomed.

Comcen-
tration Cruration
Specien (gL} (4 Effct Source
Exiturn oyster 100 12 Mo effect Davis and Hidu 1969 (5)
200 12 Mo affect
300 12 Mo effect
400 12 10% mortality
300 12 18% mnortality
TH 12 Reduced growth
T 12 30% moralty
1,000 12 40% mortality
1,300 12 j8% mortality
2,000 12 5% morality
3,000 12 05%, mortality
Pacific ovster 200 2 Mo affect Cardwall gt al. 1976 {ns)
300 1 Mo effect
&0 1 Mo affect
1,000 2 Mo affect
1,800 2 Mo affect
2,400 2 Mo effect
5,300 1 Mo affect
1,200 2 Abnormal skell development
1,800 2 Abpormal skell development
2,B00 1 Abnormal skell developmant
B.400 2 Abnormal skell development
11,700 2 Abpormal skell development
B0 vl 50% mortality
1,000 1 50% mortality
1,300 rl 0% mortality
3310 1 0% mortality
7.000 1 50% mortality
Northam quahog 100 10 Mo affect Davis and Hidu 1962 (5)
100 10 Mo effect
L] 10 Mo affect
400 10 Mo effect
500 10 Mo affect
TR 10 10% mortabty
1,000 10 10% mortality
1,300 10 10% mortality
2,000 10 10% mortabty
3,000 10 15% mortality
4,000 11 30% moralty
b} 0.3 No affect Huntington and Bille 1589
110 0.3 Mo affect
1n 0.3 Mo affect
61 3] 0.3 Mo affect
2,200 0.3 Mo effect
5] 1 Mo affect
119 1 Mo effect
1 1 Mo effect
j&0 1 Mo affect
2,200 1 Mo effect
] 1 Mo effect
110 1 Mo effect
1n 1 Mo affect
350 2 Mo effect
2,200 2 Reduced growth
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874 WILBER AND CLARE

Taprle A 4 —Fesponses of adult bivalves to known suspended sediment concentration for given durations. See Table
A1 for abbreviations of sediment types. When more than one sediment fype was nsed in the expenments. remlis for
silt or nanmal sediments are reported

Concentration Dunticn
Spacies (mgL) ) Effuct Source
Eastarn. oyster 100 21 Mo s Mackin 1851 (ns)
00 | Mo affect
300 b | Mo affect
400 | Mo affoct
300 i1 Mo affect
80 H Mo affect
T o] Mo affect
1,000 z FRadnced pumping LootancE 19462 {ms)
2,000 z Raduced pumping
3,000 z Raduced pumping
4,000 z Reduced pumping
Softshall clam 100 | 0y consmmption dowm Grant and Thorpe 1591 (ns)
100 14 MH, sxcretion =p
190 35 Raednced growth
Neorthem quahog ] 14 Mo affoct Murphy 19B3
n 14 Fodnced growth
100 X Fadnced growth Tumer and Miller 1991 (ms)
120 X Redoced growth
193 X Raednced growth
(Fuvsmilas) 10 Il Mo afect Bricelj ot al. 1964 (ns)
23 | Mo affoct
42 b | Reduced growth
Coast mussals 1,900 i} Mo affect Poddicord 1980 {ps)
3,700 i) Mo affect
E.100 17 10 mertality
{Tuvemilas) 11,6500 .- 10% mertality
19,500 n 10% mertality
15,500 10 10 mertality
15,500 18 10—40% mortality
(Adwults) 73,000 & 10—40% mortality McFarland and Peddicord 1980 (k)
10,000 10 10—40% mortality
E5,000 ] 50 mertality
E0.000 11 0% mertality
Elae mmswel 2,000 s} Mo affoct Paddicord 1976 (k)
4,000 x Mo affuct
B.000 b Mo affect
11,000 b Mo effoct
19,000 o] Mo affect
15,000 E 0=20% morndity
{Tuvemilas) 100,000 3 10% mertality McFarland and Peddicord 1980 (k)
(Adwalts) 100,000 11 10% mertality
60,000 10 10% mertality Wakeman of al. 1875 (&)
10,000 10 10% mestality
2,000 10 10 mertality
Surf clam 100 3 Mo affect Robinson et al. 1984 (ac)
300 3 Mo affect
1,000 3 Mo affoct
100 b | Mo affoct
300 pa | Raednced growth
Bay scallop 15 ) Mo affect Moore 1978 (&)
150 14 Mo affoct
300 T Higher mspiration
300 14 Highar mspiration
1.000 T Higher mespiration
1.000 14 Higher mspiration
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EFFECTS OF SUSPENDED SEDIMENTE £75

Tare A S5 —Fesponse: of Crostacea to known suspended sediment concentrations for given durations. Ses Table
Al for sbbreviatons of sediment fypes. When more than one sediment fype was nsed in the experiments, remalts for
silt or natoral sediments are Teported

Concan-
tration Cruratiom
Specias (mgL) 1] Effact Source
Spot-tailed sand shrimp 16,000 E 1% mortality McFarland and Peddicord 1980 (k)
50,000 g 30% mortality
Grasa shrimp 24 000 1 10% mortality
77,000 £ 10% meortality
Demgensss crab 2200 E 7% mortality Peddicord and McFarland 1976 (ns)
11,700 i 20% mortality
[Tevemiles) 13,900 2 1 5% mortality®
18900 4 10% mortality
([ Adumlts) 10,000 E 1% mortality McFarland and Peddicord 1980 (k)
32,000 g 30% mortality
Euruma skrimp 1ED 1 10% mortality Lim ot al. 1992 {mz)
[Tavemilas) 3™ 1 3% morality
Black-tailed sand shrimp 2,500 1 Mo affuct Paddicord 1980 {ns)
B.400 11 Mo affuct
11.200 4] 10% meortality
4 300 3 7% mortality
2000 1 10% mortality Wakeman ot al. 1973 (b)
1000 1 1% mortality
Mysid shrimp 43 1% Mo affect Nimpo et al. 1982 (ms)
230 1x 40% mortality
1,020 b ] E0-E0% mortality
45 4 Mo affuct
230 4 Mo affuct
1,020 4 Mo afect
& Mok related.
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