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Abstract Dredging ind dumpmo of dredoed scmments in
estuarine and cozstal vaters may lead to increased turbidity and
-'eénhanced sediment deposition at dump sites. T his moainly af-
fects primary production by phytoplankton. performance of
vxsual predators {e.g. fish, birds), and growth and. survival of

. benthxc arganisms. This paper combines a compilation of litera-

ture: tnformation and results. of additional experimental studies

" on the effect of enh‘mced cohcentrations of sispended matter -
(SPM) on growth of bivalve molluscs, and ‘on survival of

macro- and meiozoobenithos after dumping of dredged sedxments

Furthbermore, it focises on non-toxic ‘dredged sediments only.
..Release of nutrients.from dredged sediments did. so far,

hardly influerice estuatine phytoplankton productior. Increased

turbidity may affect dab as well as prey location by sandwich-

‘tetns. Enhanced SPM-concentrauons are unfavourable for young
. herring and smelt. Growth of filter-feeding bivaives may be
impaired. especially at SPM-concentrations > 250 mg/l. Estua-

_ rine nematodes ¢ap syrvive burial by 10 cm of dumped dredged °
. sediment provided that its physical characteristic$ are similar
* 10 those of the original sediment. Sessile benthos organisms

such ds mussels and oysters can cope with sedimernt. deposmon

of only 1-2 cm. Other macrozoobenthos can survive sedi-
i ment deposition of 20 - 30 cm.; ‘Recovery of benthos ata dump

site will occur if the intérval berween Successive dumpmus is

sufﬁcxently lon0
‘ Options for marnagement of dumping of dredv¢d sediments

are described., relating 10 dszerent Jocations of dump sites in

gsnuarine and codstal waters, to dxffErent sedasons, and to the
actual use (arca und frequency) of durnp sxtes
: B
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Int;‘oductxon

Shlppmv in Dutch coasral ‘waters’ reqmres extenswe

maintenance dredging of navigational-toutes and harbours 4
and .deepening of sh1ppm<r channels. Ports situated in ,
estuaries (Westerschelde, Rotterdam waterway, Dutch-

‘Wadden Sea, Enis estuary) conmibute with an annual tran-

 shipment of ca. 400 millich tons. Of this total. the port.of

Rotrerdaim takes ca. 290 million ton, or 77 % (F. Ouo et al.
Int. rep. 1993; Min. Verkeer en Waterstaat, Int. rep. 1996).

’

Dredged sedxments range from mudto silt. The dredccd
material is partly contarmnated to such an extent that-
dumping is allowed only in ' contained sites, of which the
so-called * Slufter” tear Hook of Holland with a capacity
of 120 106 m? is the biggest (Vellinga pers. comm.). - -
Ag_qg@c to actual Duich pohcy only

s
contammated dredvcd__ sedlmems' are :

ed” 5B

' ‘*“‘dum_ped in the coastai and esmarme systems‘ In 1993

Dutch estuarine and coasta] waters of whlch ca: 56 %
originated from the Rotterdam harbours, ca. 16 % from
“the Western Scheldt, and 17 % from' the ‘Wadden Sea

»and Ems estuary, Dumpmo of .contaminated dredge
'spoil has a variable impact on the ecosystems depcnd—
ing on the nature and amount of the contarmnants (e.g:
Reish 1980, 1981):

_ ‘Dumping of non-contaminated sccumentq however,
may also have adverse effects on the functmmnc of the |
aquatic ecosystem. Suspension of ﬁne sediments may
-influence nutrient. dynamlcs in estuaries, affect growth
of filter-feeding organisms and 1mpa1r fhie performance
'of visual predators. Atdump sites, local benthos may be
affﬂcted by burial and by chancrmc sedxmem properties.
Duinp sites in Dutch coastal waters range from 0.2 (e.g.

. in Wadden Sea)to 30 km’ (near Hool\ of Holland)
For many years, the - quesnon 01 where 0 dump

non- and jow-

sedupmts to,: the .omgmal,d;ggge.,sne Smce 1990,a
ggnmcnta] effect\ have become more and more impor-
tafit™in’ ‘the pohcy recardmc dumping of dredged
,sedlmcnts (F. Hallie Int. rep. 1990). As @ cdnsequence,
in the late 19805 a research project ‘BAGHWAD’ was
; mmated by the Nanonal Institute for Coastal and Ma-
‘rine Management in cooperatlon with other “Rijks-
waterstaat’ D1rectorates This project focused on non-
“and low-contaminated dredve spoil; its dims were (1) to
make available relevant mformauon (2) o obtain addi-
tional informatitn on the, effects of mcreased sedimen-
tation at dumnp sites and of enhaqced suspended matter

e
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S(SP \1)-mnu.umnons due 10 dredging and dumpmﬂ
operations. and (3) to provide options for management.
"Some preliminary and selected results have already
. been published (Essmk et al. 1992: Essink 1996).
The main effects of dumping of dredged sediments
relate 1o (1) burial of benthos at dump sites; (2) reduc-
* tion of primary production cue to increased turbidity:
(3) impaired functioning of filter feeding organisms due
to enhanced SPM-concemratlons

| Effects of nutrient inputs

Estuaries play an impoitant role in the c§€le of
nitrogen, phosphorus and silicium. In the Ems estuary
and the Dutch Wadden Sexz, P rather than N 1s the
limiting element determining annual phytoplankton pro-
ducnon (DeGroodt & de Jonge 1990; M.M. Engelkes

Int. rep. 1989; de-Jonge 1990). Therefore, attention was
focused on release of P from dredged sed1mem at dump-' - '

. ing and on'the behaviour of suspended particle bound
phosphorus during estuarine t;anspon,'

The estuarine phosphorus cycle
‘The estarine P- cycle is $hown in Fig. 1. Orcramc
matier is-not only béing prod uced inside the estuary (eg.

by phytoplankron) but may also be imported. Through-

mineralization in the estuary, dissolyed ofganic and inor-
ganic Pis formed, which in barn are tranisported to the sea

(Postma 1954;de Jonge & Postma 1974). In the estuary

itself, dissolved P is not evenly distributed as a result of
geochemical, physical and biological processes; here, the
behaviour of suspended pamculate matter 1$ 1mportam.

Calcite. which is formed at sea and is a component of

the SPM, is transported up the estuary. Duririg this
‘ transport phosphate adsords to calcite. In the uppel:
estuary, however, part of the calcite dissolves due to

" lower ambient pH, releasing the phosphate. Othercomn- -
~ ponents of SPM, e.g. clay minerals and iron oxides;

. also can adsorb phosphate, especially,iri the uppe'r‘

estuary. In this way, transport of SPM may play a

significant role in the estuarine P-cycle (de Jonge &
Villerius 1989: Postma 1981). S

’ Experiments showed that calcite plays & minor role

in the estuarine phosphorus cycle. Iron(oxy)hydroxides
~ proved 1o be more important by binding ca. 85 % of

; "pamculate inorganic P (M.M. Engelkes Int. rep. 1989;
de Jonge & Engelkes 1993; Rehm' 1985). Besides Fe,

Al plays a role in estuarine phosphate dynarmcs (van

Beusekom & de Jonge 1994)

- Release of phosphate from dredged sediments
Release of phosphate from dredged sediments at dump-
ing was studied cxpenmemally {M.M. Enoelkes Int. rep.

o g iy,

1991). Original harbour sediment from the ‘Eemshaven’

Er~s estuary) was used. corltznmmT 20 - 40 mmol PO,

“per gram dry: sediment. Ahquots were added to dlsulled

water, aruﬁcml sea-water of 25 psu, artificial sea-water
of 30 pst and filirated water from the Ems estuary. For

" each water type three treatments were prepared w1th/
" addition of 0,1 and 2 mM PO, respectively.

.Release of phosphate from harbour sediment was
lowest in highly saline water, (contra Carritt & Goodgal
1954) and does not lead to the recommendation for
dumping in 2 specxﬁc estuarine salinity zone in order to

‘achieve a limitation of phosphorus release. Presence of
PO; in the water reduced the release of P from the

sediment. As there will always be phosphate in estua-

* rine waters, it makes sense to recommend dredging and

dumping operations not t0' take place in spring when
phosphate concentrations in the water are low due to the
sprinig bloom of phytoplankton. A better period would
be autumn or winter, because then phosphate concentra-.
tions are high. Simulation of the effect of a 30- -day dump-
ing operation of 7000 ton dry weight harbou? sediment in
the Ems estuary resuited in an fincrease of phosphate

. ‘concentrations. of 0.3 mM at most (M. M. Enoelkes int:

rep: 1991). Such an increase in autumn would not have a

significant effect on phytqplzml\ton growth. /

‘Discussion and Concluszons

The role of Fe-; Mg- en Al hydroxxdes in phosphﬂte '
dynamlcs during estuarine transport needs’ to be further
unravelled before relevant options for management can
be formulated regarding the location of dumpmo of
dredoed sediments in the estuarine gradient. Although a

~ large proportion of nutrients is contained in the sediments
*of the Ems estuary (van Beusekom & de Jonge 1998),
' release of phosphaté from dumped harbour sediments is

' notlikely 1o cause an Wmmtﬁ@n@mgipm@%n}\ton :

RS e

bloomis, ln fact, the effect of increased turbidity due to
dumping is likely to surpass, and thus counteract, the
effect of increased phosphate concentrations (DcGroodt

& de Jonge 1990) Increase of nutnent concentrations,
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Table 1. )\”i;(m"em?m options for the location of dumping of

dred"ed edimeénts in view of the effect ofi nutrient dynarnics

- . .and nutrs 'n—deoendent biota..

‘

prmn fordumping ... -, Effcct o

© Negr eélgmss'be'd. o .. L _.Possible increase of epiphyte growth
Lo g .and deterioration of ec\crass )
Release of nut_nc_nts, little chanée .-
- -of -increased phytoplankion bioom
" Release of nutrients, no chance
of increased phytoplankton bloom
" Burial of nutrients followed by
T Jater release from sediments’ -

. Neur mouth of estuary ., =
OF in coastal water -

In upper estuary or .
near tiddl watershed.

HoWevEf, may-lead to'increased growth of epiphytic aléae L

Z'on sea-grass leaves (Neverauskas:1987). A thick epiphyte
cover restricts gas exchange and photosynthesis of sea-
grasses (Phillips et'al. 1978; Shepherd et al. 1989).

In Table 1 some options for dumping of dredged
sediments are hsted with regard to the effects of associ-
“ated. nutnem re‘lease on phytoplankton and eelgrass.

ik .
DN ows ' 2 e e e T o

Effects of mcreased wrbxdxty

_g-—-—-—--‘
-

Dredvmo and dumpmo operauons w111 cause local' '
and ‘temporal resuspension of sediments, in trn causing "

increased turbidity. Dredging at specific sites, where
-rernoval of sand bars leads. to a change in the erosion-
sedimentation equxhbnum in estuaries, may even cause
‘increase of SPM-concentrations in a large part of the

estuary for a much loncer period of time (de Jonge 1983) )

Increased wirbidity' muy impair funcuomnv of organisms
_ such as phytoplanktor, rmcrophytobenthos gelgrass and
' vxsual predator‘s‘ (e ﬁsh and ﬁsh eatmcr bxrds)

Mzcroph\'tobenrhos and phvtoplankton -

chrophytobenthos of intertidal flats in areas such ~
.as esmanes and the Wadden Sea; is almost completely -

~* dependent on the ‘period of tidal emergence for photo-
' synthesis, due.to the patural turbidity of the aquatic,
system. The' tqtal.annual pnmary‘producuon atan inter-

_ tidal flat.is largely dependent on its elevation which

deterrmnes its. exposure 10 incident radiation (Cohjn'

.\198,2, Colijn & deJonge 1984). Consequently, mcreased S

water turbidity due 1o dredging or.dumping operations

. will not have'any significant effect on the. producuvxty :

‘of micro-algae. mhabltmomtemdalﬂats e

;2. Phytoplankton production is, directly dependent on’
. l'i'vht' penetration into the water.column, whichinits m
s stroncly impeded by high SPM-concentrations. Old

T data (Cadée & : Hegeman- 1974 Manuels & Postma- 1974)

show that annual pnr:nary production in! ‘the more turbid

- outer Ems estuary was ca. .50 % of that in the western'

_Dutch Wadden, Sea . without significant differences in
- algal standing stock, measured as chlorophyll &, betweem
Wadden Sea and outer Ems (Cadée & Hegeman 1974)

AR

So, dredﬂinc and -du mpm" opc’ ations are likely 10 -
affect phytoplankton productivity by increasing the wa-’
ter turbidity; however, this will ‘be rather local and :
restricted in time, and the;rerore have little cffect on total
primary productxon of an ‘estuary or of a tidal basin in

which the dmrnpmU operatlon is carried out. Only in .
-cases where local dredging at the seaward end of an

estuary or tidal basin leads to mcreased SPM-coneentra-

- tions in a larger part of the watet body (cf. de Jonge

1983), a szcmﬁczmt decrease in biomass and productiv-

ity of phytOplankton zooplankton .and filter-feeding
 berithos can be e*(pected Ina sxmulatlon experimeént for

the Ems estuary; DeGroodt & de Jonoe (1990) showed
that a decrease in primary production would be largerin

‘the inner than in the outer half of the estuary.

, Eﬁeéts oneelgrass

The oceurrence and growth of eelgrass Zostera ma- -
rinais highly dependent on the transparency of the water,
as'was shown for the Dutch Wadden Seaby Giesenet al.

" (1990). De Jonge & de Jong (1992)° showed a clear

relationship between water column transparency and'the
maximal depth at which sublittoral stands of Z marira
are found Decrease in light penetration into the water |
'due to dredging and dumping may therefore impair con-

" ditions for growth of this and other macrophytc spemes

Eﬁects on vzsual predators ,

Fish ' v ‘
‘Light plays an unportant role in ﬁndma, rttcovrmzuv7 _

" and captunnc prey. An increase in water turbidity due to
) mcreased SPM-concentrations . amay negatively mﬂu-

‘ence th@ perforrnanca ofa: v1sual predator not only by

_ the decrease in light intensity but also by chancres inthe

spectral composmon and’ polarisation pattern of ‘the -
light (J.M. Baveco int. rep..1988). \ 1

The degree to which visual predators are hindered by
mcreased turbidity is determineéd by many factors. Some
of these are related to the - predator itself, e.g. a different.
light threshold, d;fferem resolutions of the fish eye in

. juvenile and adult specimens. Other factors relate to the »

prey,, e.g. prey size and enhanced escape chances in
‘more turbid water. The net effect of increased turbidity

- will thus be the resultant of vanous influences, both on -

the predator and on its prey. -
* In Dutch coastal waters, the visual predators hemnz

(Clupea harengus) and sprat (Sprarmus spranus) avoid

wrbid waters. After 1960, adult dab (Lzmq;1da limanda) a.
then dominantflat fish in the Dutch Wadden Sea declined;

' .young plaice. (Pleiironectes platessa) is now dominant.

The decrease i is related to an increase in turblcnty in the’

"western pan of thxs sea (de Jonge et al 1993)
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carbo). use’ the1r eyes-in chasing and capturing their prey
under water. For this species, which also forages in the
Wadden Sea, it is not known-whether turbidity of the

water affects its foraging success: but the sandwich tem
“(Srerna sandvicensis) needs clear water in order to locate
~ its prey — mainly consisting of young herring, sprat arid -

sand-eel (Ammodyzes $p.). The increase in turbidity inthe |

Dutch coastal zone ‘since the 1960s is considered as g

k,poasxble cause of reduced breeding success of sandwmh
‘tern breeding in the Wadden Sea area. This seems to be
caused by the greater distarice from the breeding colony
~ adults have to cover in obtaining prey for their young (A.
. Brenmnkmeuer &E. Suenen Int rep. 199” B. ten Brink
‘& F. Colijn Int. rep. 1990)." - S
Diving ducks such as the eider (Somateria molllsszma)
take their food (Mytilus edulis, Cerastoderma edule,
Carcinus maenas) from the bottom of theé Wadden Sea. It
is hotknown whether visual location of prey is involved
(C.Swennen pers. comm.) [n £omrnon scoter (M elanitia
nigra) which dives down to more than 20 m to catch
‘food (mainly Spisulaspp.) (M,F. Leopold Int. Tep. 1996),
vxsual clues cannot play a >1.cm1ﬁcant role ‘
Dzscusszon and Concluszons B ;
‘Reduction, of phytog}ankton primary® productxon

{hro"ﬂiu.. incCreased turbidity may be minimized by dredg- -

: ’mo in autumn 0T WARLESm L, gen, natural Drodictvity,

‘%M@M@&m food requirements of filter.

: qfeeders are low. The negative effect of increased turbid-
Y

mas-a-restlf of dredging and dumping in spring: or .
surnmer, will be dependent on (1) the extent of the area

affected (2) the extent to which light’ penetration in the

" water is reduced, and (3) the -duration of increased -
turbidity-conditions. These aspects will be determmed o

‘by local conditions.

Increased turbldlty would rnake the Wadden Sea and .
- Ems estuary less zgttracnve to fish like hemn,, sprat and

i L

“Table 2. Management optiens for the location and time of

‘ dumpmc of dredged sediments in view of the effect on water

1 and light dependem biota. e
6puon.for dumping ~ Effect on water turbidity and biota .
 Near eelgrass beds , Deterioration of eelgrass .
‘Outer esmary,Wadden Sea Some damage 10 herring. sprat-and smelt
Near mouth of eswary - -Reduced foraging for sandwich tem - '
) ' B L © Decreasein phytoplan.kton production - .
In upper estuary or ’ Some decrease in phvtoplankton production
near tidal watershed ‘
In spring/summer Decre ase of phytoplankton producnon
) . ‘ Negaiive effect on visual predators
In winter .- . .. Nodecrease of phytoplnn}.ton producmon

Negartive effect on Herring in upper estuary

%"In sutumn - " +No decrease of phytoplankion producrion »

No m‘zqnve ‘effect on visual pred:uors Do

S5 . RSP R - ;. Exsink, K.

~Fish- eatm° b1rds e.g. cormorants (Phalacrocorax _

smelt (Osmerscperlanus). Herring occurs in the Dollard
exclusively in wiiiter (Anon. 1985), but during the greater

part of the year in the western Dutch Wadden Sea ‘

(Fonds 1978). Sprat is present in both areas almost the

+ year round. During summer. smelt is less abundant than

in. other seasons due to reduced tolerance of ‘higher

“temperatures (Fonds 1978)s order to minimize effects

_on hemno and smelt dredszmv"wouidmve tmﬁ?}ﬂace

oo i G SIS

[ EGtimn maY‘an’ih‘a b”bmpromlse o

fCrease of wrbidrty, such as may arise
in specific dredging operations (see de Jonge 1983), is
likely to affect demersal- as well as pelagic fish in

. Dredcmc And”

estuaries and coastal waters. If dredging and dumpmo ;

activities in the coastal zone and outer deltas of the
Wadden Sea during spring would increase turbidity, this

could negatively irifluence the development of the popu-

lation of the sandwich tern in The' Netherlands.
‘The above-mentioned results and consideration'ssucr-

. gest several options for dredging and dumping, , mainly

relatmo to the locanon and nme of the year (Table 2).

. ‘,Effects of enhanced SPM-concentrahons

—— -————n--—_ ’

Dunncr dredcrma and dumpmo larce amounts of '

sediment are brought into suspension; increased concen-
trations_may interfere with food intake of filter-feeding
benthos (bivalves) and copepods. Also, functioning of
gills of fish may be impaired.due to clogging.

‘F ilter- feedmg bivalves

Filter-feeding bivalves utilize the. dwesnble part of,
the. SPM, such as phvtoplankton bacteria and decom-.

'posable detritus. Ap increase of the admixture with

. anorganic pamcles (sediment), due to dredﬂnmm

,m'éaa ¥5°& decrease in the et food intake per,

. F Dme. Widdows et al. (1979) presented 2 practlcal'

- summary of the process of food intake and digestion and -
‘its relationship. with SPM-concentration (Fig. 2) The.

eventually assimilated energy will be dependent on the .

' content of utilizable components in SPM. This was
- -corroborated by Essink & Bos (1985) who translocated
gbwalves (Mynlus edulzs Cerastoderma edule, Mya ,

‘arenaria) and found that crrowth was strongly correlated

- with the chlorophyll a- and organic matter content of

SPM. A similar indication of growth regulation by food'

“quality of SPM was found in Macoma balthica (Laane

et al. 1987), a bivalve which is a deposit- as well as a
filter-feeder (Kamermans 1994). L
The filtration by bivalves of the amb1ent parucle

~ suspension over the gills can be regulated in relation t0 ¢
particle concentration (see Fig. 2). The quality of food



- retained on the gills' get sorted by the labial-palps. Non-
: iztili\zable particies are diverted from the mouth and ex-’
pelled as pseudofaeces. Theissen (1982) found that blue

- particles - determined by the degree of mixture of silt

and phivtoplankton (Prins s & Smaal 1989) - is important. -
.~ Asecond poss1b111ty to regulate food intake is adap-

tation of the size of @lfs and Jabial palps. Particles

mussels (Myrilus 'edulis) have smaller, gills and larger

palps in the Danish Wadden-Sea than'in Baltic waters.

- - These-differénces relate to the higheg SPM-concg:ntra—,
. -tions-in the Wadden Sea. This was confirmed by data

obtained .on musséls from the Dutch Wadden Se€a and

: North Sea (Fig. 3) and on mussels from a SPM-vradxent

in the Bristol Channel-Sevemn- ‘estuary from 5 - 500 mg/l
(Mettam 1993). In the North Sea (0 - 20 mg/ 1 SPM),

relative 0111 size is high in order to be able to catch enough. .

pamoles and relative - palp size is low because little

'sorting has to be'done: In the Wadden Sea (SPM—concen—
gills are relatwely stnall (ample.
j Jpamcle supply) :but palps are relatively large because
much somncr has to be done due to admixture of silt and .
detritus. Between 0 and 50 mg/l of SPM the relative size

trations 40 400'mg/N), g

" of gills and palps is’ linearly-related to mean SPM-

concentration (S. ‘Brett & A. Wassenaar Int. rep. 1990).
" Indeed, recxprocal translocation cxpenments with Mytilis

- edulis, carned out between Wadden Sea’and North Sea

showed a¢lear adaptation of the size of gills and palps of _

o - . ;.' N , PR
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comcmmmon was” 17 it hwher thzm near the surface.
SPM-concentrations > 250 mg/l ocourred more frequently

(2 - 3%) near the bottorm than' at mid-depth or near the

"~ surface. Growth of the soft parts under near-bottom con-

dmons was reduced, though not significantly. This is in
agreement with experimental results from Wlddows etal.
“(1979). For- 3-cm large mussels- ‘maximal filtration rate
was found at SPM-concentrations of ca. 125 mg/l. At 225
mg/l of SPM, filtration rate had decreased to ca. 30 % and

. “at 250 mg/l to zero.'So, reduced growth of near-bottom
- mussels was most likely caused by more frequently oc-
' ‘curring high SPM-concemranons not withstanding the

adaptauon of the musscls filtration and sorting apparatus
.t SPM-concentrations in the Wadden Sea gbove ca. 50

mff/l (see above). The observations of faster growth of | -

*‘Myrilus edulis in more tqrbxd gnvxronments (Hawluns et
al, 1996) refer to SPM-concentrations of ca. 90 mg/l as
comparcd to 10 mg/L. In this range of SPM, the bivatve is -

. able to makea proﬁtab]e use of the higher organi¢ matter

transplantcd mussels to the SPM-regime-of their new - )
Jocations (Essink et al. 1989) Translocauon within r_he .
Wadden. Sea showed that; mussels only adapted their,

palp size; gill size remained ba51cally unchzmoed be-
causeof the highly variable SPM-concentrations (Essink

et al. 1989) The energetic costs of these adaptations,
* which may result in reduced growth, are not known.

"Indications of energetic costs of deahnsz with en- -

hanced SPM-concentrations were obtained by exposing

- Mytilus edulis of 3 cm shell length-to three levels in the
‘water column in a tidal channel of the Emis estuary (K.

- Essink et al. lnt Tep. 1090) Near tk}c bottom, mean SPM-

Fxg 2. Schematic presentatlon of ﬁltrauon and
maestxon of suspended matter-(seston) and of

* pseudofaeces production by. Myrilus. eduhs as a;
- function of suspended matter concentration (aftér
- Widdows tt"ai"l97_9) .

" | pseudofaeces | . .

concentrations at hlcrher SPM-concemrauons, bemo in¢ o

agreement with the first part: of the optimum “curve
rclauonshxp presented by WlddOWS etal. (1979)

Zaoplanktan : .
In estuarine envxronments sahmty and temperature

largely, deterrmne distribution and seasonal succession of .-

zooplankton It is notclear to-what extent the distribution
‘of zooplankton in the Ems estuary is dependent also on-
- SPM-concentrations that might interfere with food selec-
tion by copepods (Baretta & Ruardy 1988). Findings by
Chervin (1978), that net growth efﬁcxency of Acartia
tonsa is mversely related to the proportion of detrjtus in
‘their food, indicate that growth of copepods can be af-
 fected by durnpmt7 of dredged sediments with a high
organic matter coritent. One may wonder whether these :
findings can be transferred to the Ems estary and Waddcn
Sea - Chervm s observations are from the Hudson river
estuary and New York Bight, at SPM-concentrations of
only a few mg/l. Results of laboratory experiments sug-
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Fig. 3. Relanonshlp between 1nean suspended matter concen-

.

~tration (SPM:-mg/l) and a. "Relative gill size and b. relative -

palp size of Myrilus edulis from Dutch coastal waters, North

Sea. Baltic Sea, Limfjord, Kattegat. SPM data .for Dutch
waters and North Sea refer to April- -August; data for Danish

‘waters from Theisen (1982) (from S:E. Brett & A. Wassenaar

CIng rep 1990).

.

[

cnzst that food intake by copepods such as Acartia tonsa

and ‘Ew_‘yzemora a]j‘z'ms is negatively influenced at SPM-
cbn’centratipns > 250 mig/l (Sherk et al, 1975).

F ish
. According to a hterature survey by J M: Baveco (Int.

'  rep. 1988), enhanced SPM- concentrations can cause sub-

optimal: functioning of gills by clogging, causing decreased

- gas exchange. The sensitivity of fish'to thlS varies with.
-species and life stage, nature of suspended particles,
‘temperature and dissolved oxygen content of the water.

Itis assumed that pelagic fish are morg: sensitive to high
SPM-concentrations than demersal fish. Plaice survived
laboratory exposure . to SPM better than some pelagic
- species (NeWton 1973 -'cited by Moore 1977). Gener-

ally, juveniles are more sensitive than adults. J.M. Baveco

-(Int. rep. 1988) does: not report significant fish mortality
_near dredging operations. Neither was increased mortal-

1ty demonStrated in caged fish near dredvmo locations.

Discussion and Conclusions
No boundary value for SPM is known above which

- .gill functioning in fish ‘is seriously impaired. If the
' results of Sherkin et al. (1975) hold for field conditions, -
copepods will meet unfavourable conditions in a large

|

part of the Ems eswary, i.e. where the natural SPM-,
concentration is.< 250 mg 1 \

7

Table 3, Management options for the location and time of
dumping of dredged sediments in view of the.effect.on sus-

B ‘pended mater concentrauons and suspension feedmfr“blom

\} ' In aumumn/winter

Option for dumpmo - Effect

Possible negative effect on zooplankton

Negative effect on growth of filter feeding
. benthos if increase of SPM > 20%

No négative effeqz on zooplankion %)

Less negative effect on filter fcedmg benthos -

No negative effect on ﬁltg;;&:edmg benthos
e

Near mouLh of estuary

In upper estuary or
near tidal watershed

g
S e,

. Enhancement of mean SPM-concentrations in estu-
-arfes with 10-20% will not cause problems for growth of
the blue mussel but if dredging or dumping leads to an
increase in the size-specific filtration rate limiting SPM-
concentrauons, negative effects on mussel growth is-
expected: Results for Myrilus may be cxtrapolated to
other filter feedmv bivalves (Essmk & Bos 1985;

- M¢hlenbern &Riisghrd 1978, 1979; Prins & Smaal 1989).

“ With respect to the‘effects of increased SPM-con-’
centrations some options for durnpmc are poss1ble most
- of which relating to the location of dumping (Table 3.

A

_,Qf@ts of enhanc d sedxmentat:on

At dump sites, local benthos has to cope w1th dep051-

blC Senl" ne covered.byiad ‘
sedxments 1S strongly dependent on the %mgess of

sediment$ and. their abxhg to Testore conta X&AQ the

overlying w_ater (R. By erk Int rep 1988)

M zcrophytobenthos macro-algae and eelgrass .
Microphytobenthos, mainly 11vm<7 onintertidal sand-

: énd mud flats, will only be confronted with deposition
of dredged sediments after resuspension and secondary
deposm0n in the vicinity of a dumnp site. Epipelic dia-

" toms among the rmcrophvtobenthos are well adapted to
- sediment reworking by waves and currents, With help of
their raphe they can move throucrh the sediment at rates of
0.2 - 25 mm/s. depending on the species. Maximal crawl--
ing velocity is about twice as high (Harper 1977).

*  Inanareaof the Dutch Wadden Sea with 85 Arenicola
marina and 500 He eteromastus filiformis indi V1duals per.

 m®Cadée (1976, 1979) found that sediment reworking

by these polychaetes amounts to ca. 30 and 4 cmy/yr,
respecuvely There i$ no indication for areduced stand-
ing stock of rmcrophytobenthos in, assemblaoes with
“Arenicola and Heteromastus. Diatoms can survive sedi-
ment burial for 20 - 80 days. even when the sediment is
Anoxic (Adrmraa] & Peletier 1979

No data were found regarding the amount of sediment
deposition fatal to mtemdally occurring macroalcae ‘
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such as Ulva and Enteromorpha.
' Z.... Stability.of intertidal sediments plays an xmportant ‘
. “role in the establishment and mdintenance of beds of
. Zostera marina and Z. noltii (Philippart et al. 1992). No
: data were found in the literature on the sensitivity of
.eelgrass to deposition of sediment.-

Macro:oobenthos
.In the extensive literature search by R. Bijkerk (int.
rep.. 1988) on effects of enhanced sedimentation, atten-’
~tion was focused on factors such-as H wﬁ%ss of the
- s sedtment deposited, (2) characteristics of the sediment, -
. “(3): sedlmentauon rate, ar and 1d (4) season. “Thicknesswillbe
~ . an iMportam-fASTor at sites where large-amounts of -
dredged sediments are dumped in a short period of time
(‘incidental deposition’). Sediméntatibn rate is relevant
.in situations of intermitfent dumpmo spread over a
.~ longer period of time.. .
In instances of inci dental deposmon. sessile specxes
such as oyster: (Ostrea sp); mussel (Mytilus edulis) and
‘mud anemone-(Sagartia sp.) have a low tolerance of
sediment cover. For motile: species, tolera i
strongly per specwmﬁ?m
mw the maximal ‘sediment thick-
, ' ness a species can overcome by crawling to the sedi-
. ment surfacé (Fig. 4). Fatal depth is, in many cases
. Lo g Sty

2

N

" cepomson .

dlffercnt fo, deposition of

i

mud \ﬁ: sand. In c7t=:n<>.ral
" species 1r1hab1tm<T sanJ\ botioms can withstand depo-
sition b) sand better than ‘by mud. Furthermore, in

many species Juveniles do survive sediment deposition
- less than adults, with the exceptxon of Mya, where the

adults are not able to move upward after deposmon of
layers of mud or sand.-Benthic animals that are ‘cov-
ered by a layer of sediment 'experi;en'ce anoxic condi-
tions and increased sulphide concentrations. Spemes

_inhabiting muddy sedimeénts such as Mya have anatural

tolerance of such conditions: However, the brown shrimp -
(Crangon crangon) is very sensitive (Theede 1973).

~ Frequent dumping of dredged sediments with short
intervals has an effect similar to mcreased sedimenta-
tion during the whole period of dumping. Even before
fatal burial depth is reached, benthic amma}s can be .

~ affected, especially when sedimentation rate is hlgher
‘than the rate at which the animals can mairntain their

position relative to the sediment-water interface in
the newly deposited sediment. Fig. 5 shows an ap-
proximation of the maximal tolerance of various
benthic species to continuing sedxmentamon of dumped

fine sand and mud. In creneral tolerance s greater for
‘sedimentation of fine sand than for mud. Deposmon of

sediment on mussel beds may also hinder settling ahd
su_rv1val of. mussel larvae (Bender & Jensen 1992) in -

i depostion
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. .. Fig. 4, Fatal depth (cm) for macrozgobenthos at . 5 n -
T ) “ificidlenital deposition by iriid (dark Eolamps) o ' ’ e Je
‘ sand (white cglumn) AfterR. Buker}\ (Int Rep § £ ¢ v

: 1988)
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this w m pre\'emmfT natural succession of: mussel bed ‘.

communhities.

R. Bijkerk (Int.’ rep. 1988) cornpa:ed results obtmned,,
2t higher and lower temperatures (cf. summer and ‘win-
ter). At_lower. _temperatures mortahty among -

macrozoobenthos was lower and. there was a mffher toler—
ance of low oxyoen condmons The percen

Ems estuary, where ca. 544 000 m3 of sed1ment from the -

Eemshaven harbour (70 % < 20 pm) were dumped in
December 1989, and ca.. 850 000 m? in October 1990
~(H.L. Kleef et al. Int. rep. 1992). After the first dumping

campaign of ca. 3. weeks, 4 decrease In species richness -

and abundance of major species was observed at the

dump:site. This decrease wasmost clear in those. parts of -
'_ the dump site where the sediment layer deposited was -

crn/rnonm
20

Fine sand

10~

Fig. 5. Ma.mmal tolerance of macrozoobenthos to commumv

sedimentation (rate-in ¢m per month) of dumped fine sand and -
mud. For different specxes measured with different methodsk

(afterR Br_]kerk Int. rep. 1988)

thicker than ca. 0.3
Nephrys hombergii was'v ery sensitive to sediment depo-*
“sition of 3'dm and more (Kleef et al. 1992); this was .
more sensitive than found in the literature (see Fig. 4). A"
similar conclusion was drawn with respect to Macoma
“balthica (2 1 yr) and Scoloplos armiger. Macoma de-
~ creased much more than expected from the 11fe"ature

.. For instance, the polychaete

with a fatal depth of 0.5 m (Fig. 4), while Scoloplos had

completely disappeared. The almost complete disap- -

pearance of Bathyporeia sp. is in agreement with infor-

. mation féund in the Ixterature (see ‘Fig. 4). Juvemle

Macoma balthica (0-group), .on the other hand, had
doubled its density in the dump site. Thls apparent

* . positive reaction of Macoma spat to the dumping of
" /dredged sedirhents is in 'fact negative because in the

reference area directly’ around the dump site Macoma

spat incréased more than sixfold from before to after .
dumping. The latter increase is the result of normal .
- migration of Macoma spat from high intertidal flats to
-deeper loc¢ations in winter (Beukema & de Vlas'1989;
_Essink '& Beukema 1991). The dumping of dredged
"sediments in October 1990 did not have the same effect-

on Macomd spat because then it was stll too early for -~
. the normal winter migration.

During spring and sumrner of 1990 the benthlc-

. fauna at the dump site recovered both revardma spemes' ;
richness and abundance of Nephtys },zomberg‘u_ (Fig. 6).

- Mezofauna

~'The survwa] of nematodes in sedlment cores frorn

the Ems estuary 1memdzi1 flats was measured in expen-‘ '
mental dumping treatments (1- 10 cm deposition) with -

various sediment types (K. Romeyn & J. Leiseboer Int.

" rep. 1989) A ayer of up t6 10 crm thxcL d1d not cause

" N. - Species ° 'N/rnz T .Nephtysf o
T Cae 60 — —ﬂ o [
104 T _L 50" | ‘i*
3% T S IR [ SRR P B ) PO A |
"8 .30
4 ~ 20—

2] 10! ,

oL B B T A IS

2~ .nov. jan aug - ., nov jan -aug
S B8, 90. 90 89 80 90

- Fig. 6. 'Mean number of species’per sampling station and mean 4
abundance of Nephns hombergu before dredge spoﬂ dumping *
i éwnd»@ﬁnenejght
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migrated upward

; : - - - Ecological effects of dumping of dredeed

any negative effect. Within 1 <2 weeks time, nematodes
' irough the newly deposited sediment
“and survived,.al.leasi when. both. the original and the
- -deposited sediment was fine.sand. However, in case of

deposmon of mud on sand, upward: rmoratton of nema-

‘todes was limited to a few cm only

_ Dts‘cusszon and Concluszons »
‘ Nematodes are likely to survive deposmon of sedi-
- ment up to ca. 10 cm provided the deposited sediment is

not too. different from the locally present one. In tidal
channels, nematode assemblages are usually impover-
ished; assemblages in intertidal flats are much richer

(Bouwman 1983). As most- dumpirng of ‘dredged -

sediments takes place in tidal channels-or-other subtidal
locations in the coastal zone; necatlve effects on inter-
tidal nematede populations. are not very. hkely

- Deposition of 10 cm of fine sediment, however, does: "
have clearnegative effects on bivalves, such as Mytilus

eédulis, Mya arenaria and OSZrea spp., on the anthozoan

- -Sagartia spp.;and on‘some- starﬁsh species (cf. Fig. 4).

Accordmv to R. Bijkerk (Int. rep. 1988) Cerastodenna

- edule can hot surVive butial by more than 8 - 12 cm of '

sedimént. Fiéld observattons and: experiments by J. van

-+ Dalfsen (Int. rep. 1994), howevet, indicate a greater sus-
) ceptibility of this spemes Mortality was found to occur
 after deposition of 5-8 cm of fine sediment. The suscept-
- bility of macrozoobenthic species to burial by dumped -
" dredged sediments may vary to some éxtent dependent on
local conditions. In the Baltic Sea Qlenin (1997) found\

Nereis diversicolor and Macoma balthica to be among
the most resistant spemes whereas Corophzum volutator

-and Pygospta elegans were the most sensitive specxes

Repeated surveys at the Ems estuary dump site by

“H. L. Kleef et al. (Int. rep. 1992) have shown that several

species were more susceptible to deposition by dredged

- sediments than was known from the literamure (R Bl_]kerk .
~ Int. rep. 1988). Nevertheless it seems warranted to con-

clude that most macrozoobenthtc spe01es other than

- Mytilus edulis, Mya arenaria, Ostrea Spp-, Sagartia spp.
" and some starfish species will not be seriously’ affected as

Jong as sediment deposition is restricted t0.0. 2-03m
In'view of the great suscepttbthty of Mytilus edulis

and Ostrea spp. to.deposition of sediment (fatal depth:

1-2 cm) it would be advantageous to avoid sedlmenta-

“tion of dredged sediments after dumping on intertidal

and shallow subtidsl musse] and oyster beds. Also the
cockle would benefit from -such an- approac'h These

- bivalve species represent considerable economic values
.in many estuarine and coastal areas. ‘
Macrozoobenthxc species were found to have a crreater '
tolerance 10 depos ition of sediment:at lower than at-

‘higher temperatures. At lower temperatures, however,

their crawling activity, and therefore their chance of

£
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1. Table.d.ilinsgement ¢ptiont for the location. timé. and

frequency ¢f dumping of dredged sediments in view of the

) effects of enhanced sedtment deposxtlon on benthtc faum

Option for dumping Effect

Possxb‘le detenomtton of eelvrass

Dccreased production-by microphytobenthos
. depending on sedimentation on intertidal flats
. Morality among meiofauna depending on extent
and type of sedimentation on intertidal flats
- . Monality among macrobenthos depending on -

Near ee\grass beds -

In tidal channels and

v d  Mortality atong meiofauria depending on extent.
other subtidal areas

and type of sedimentation on intertidal flats
Mortality among macrobenthos deperiding on .
eéxtent and: sedxmcntanon type op intertidal flats

. Macro;oobemhos susceptibility largér than in winter
Linle chance for macrofauna to escape from burial
Bad for wintermigration of JuvenileMacoma balthica
Chance for macrofauna to-escape from burial
Notral wmternugmnon ofjuvenile M acoma balthica

In spring/summer
In winter ,

p{rz SIS opn“é""“formanapc‘xn i

v gumping distributed

Dumping at small site  Great impact on bénthos of small area
Little impatt on benthos of dumping area

over large area ! . o

Use site each year  * Incomplete recovery in-bérween dumping occasions

Each year different site Better recovery of benthos at dump site.

H

et

e et o o

© U extentand sedimentation type on intertidal flats -

ot

- escaping frombeing buned, is smaIlenDqumo oﬁdt:ed_.ed

o mm—q

sediments in autumn, when waten tempezatures

I

really low, and the cormon of most animals is good (bemg ‘ :

at;he’end of the ¢ growing season) would t.her ore O ‘a

TbErVESR durping, occasions recovery of macrozoo-
. benthos at the dump site may occur prov:ded that the

" time for recovery is long enough and includes the period -

of reproducnon and settlement of recrdits. One might
* consider a benthic commumty to be recovered when at

+ . least 80% of the species diversity . and biomass has been

‘ restored (cf H.L. Kleefetal. Int. rep. 1992; Newell et al.
‘ 1998) Reoular useof a dump site'more than 1 - 2 times

per year is’ hkelv to create a long lasting impoverishment

of benthic fauna at the 1ocat10n(s) where. the dumped

)

sediment will deposit. Recovery w1ll vary from spec1es E ‘

to species.

From the obtained results and con51derat10ns several

‘ ‘options can be denved regarding dump site location,

“and time and frequency of dumpmv (Table 4)

-General Discussion

estuarine and coastal waters. These areas are generally
relatively tich in nurrients (cf. McComb 1995). The nutri-

Most dredging and dumping activities take place in

entrelease experiments and ecosystem mode] simulations
performed in the Ems estary indicate only little, if any, .
influence of dredging and durmping on nutrient dynarmcs ‘

and therefore on phytoplankton pnmary producnon How-
ever, the ‘Eemshaven sedlment tested was ﬁne sand,

\
N



whereas most harbour’ sedlments wi 1 be ﬁner and contaxn‘
hicher amounts of organic matter and nutrie nts The
" effacy of nutrient release from dredged sedunents is rnuch

dependent of adsorption and desorpuon processes and the
roie of inorganic and organic suspended particles during

~ transport in the estuarine gradient.
With both dredging ard dumping; sediment goes

into suspension. changing the SPM-concentrauon and
turbidity of the water column. For proper manaoement
of dredctn<T and dumpirg operations quanutatwe insight
into the spatlal and temporal distribution of suspended
sediments would be advantageous. To this end, use and

Aurther developrnent of mathematiCE] THOEEIS TOT distri- -
hwvbmmrf"and id iransport of sus&nded sediments and simu-
~=Taton of F ecological.effects«(e.g. Bach et a’l‘“‘l@@‘?_‘,“w,

*de“Kok 1992, 1995; Moritz & Randall 1995) is recom-

: mended Amodel approach seems essentialin the selec~:

| Tt

uon Ton of dump sites in coastal systems, such as the inter-

,n..uonal Wadden Sea; where -commercial’ exploxtatlon

of natural resources(e.g. shellfish) and nature protee-
tion are ¢learly ontlined policies. However, the predict-

ability of functional system responses has certam limits -

(cf. de Vries et al. 1996). o e
. Negative effects on benthos at dump sites can be mini-
mized DY SClechng POTOME W, ich are poor in DERTETTE.

= On !tﬁe otﬁer ha%;gi

e e Ts&:analso bereduced by,
‘ dumpmv in such a way that the layér of deposited sediment

does not exceed 0.2 - 0.3 m. Mathemaucal models describ- -

" ing the density changes of dredged sediments during dump-

I

‘ing, the impact on the sea-bed and the subsequent hotizon-
 tal dispersal of the sediments as influenced by water cur-
' rents and bottom topography, such as developed by T.van

‘Heuvel (Int. rep. 1988) and further evolved since then,

“may be a useful tool. Sediment'n"ans'pprt models have the - -
" potental of becoming important management tools in the
prediction of effects of dredging and dumping in areas with

comtnercially important shellfish stock (mussel culuvauon
1ors cockles, Spisula, shrimps).

_An alternative for dumping of dredge ged.sedi
tldal channels wou

ents in

“between the Dre ‘
Tocal s1m%mr manaoement area. Recently. Dutch

e storage in depots above thehigh

W 18 WEV
~AtEr AR THIS Would, however, draswugmemw

e mn&m'ral characterfevfem '

.5,

- benthos. fish and birds (Gallenne 1990).

An other example of changing the: Ems estuary’s
‘morphology and accornpanying SPM-regime by dredg-
ing, was already referred to (de Jonge 1983). In the

Western Scheldt (SW Netherlands), increased dredging .

of shipping channels to the port of Amwerp has changed

the morphology of the estuary. Since ca. 1970 dredging
efforts mcreased, espec1a11y in the eastern part of the

esmary (Huys 1995; J. Vroon et al Int rep 1997).

_ ﬁl“ﬁgtmd,,ghggeg of estuar- .

i iESTFOTH ekpcnence “with the ‘depét de Bilho* in the
““5ite estuary we know tha: building up such a depot will
have a great spatial effect on sediment composmon

S Lo C , = ;Es.sin];, K

Dumpmn of the: sediment mamly in secondary ttdal

“channels has led 1o increased sedlmentanon on some .

intertidal flats. Asa conseguence. steepness in the estu-~
‘ary has increased. i.e. shallow subtidal areas have largely -
dlsappeared and the total area of intertidal flats has’
decreased. Furthermore, the mean height of intertidal

flats increased as well as the proportion of high dynamic -
flats ‘within the intertidal area. Although complex by

nature, these morphological and sedimentological

‘ chanves did influence the compositioh of the
" macrobenthic com.rnumtles, and thereby the numbers of -

birds feeding on the estuarine intertidal flats (3. Coosen
pers. comm.). The’ latter examples merely indicate that.
dredging may very well have other, far-reachmg, effects
" than those dealt with in this paper.

Most of the opuons for management as given at the
end of each section in this paper are quahtauve rather
than quantitative. No attempt is made towards an inte-

. grated presentation of the various 1rnpacts with differ- . '

ent weighing factors given to copepods, nematodes
cockles, eelgrass etc. The reason for this is that the
apphcablhty of these .options will very much depend on
‘the local hydrolocxcal (e.g. dispersal of dumped sedi-
ments) and ecolocrlcal (e.g. presence of eelgrass beds

" commercial shellfish stocks) conditions present in dif-

ferent water bodies. As an example, it may for several

reasons be recominended to dump in the outer partof a

* particulariestuary, but if in that outer part important .

_stocks of cockles or eelgrass occur that option ‘will not
hold. Furthermore, the options also relate to differences

in amount and type of dredged sediment, locality of -

(optional) dutnp site and of the method of dumping.
" Therefore, manaoers and authoriti€s ‘have  to' cboose

harbour managers in the Wadden Sed and Ems eswmary,
. in their :(:lpphcatton for new dumping permits, have to -
make clear to Dutch and German ‘authorities that the
durnp site they want to use, and their practice of dump-

mg, does not seriously affect spec1ﬁc natural resgurces.
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