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merates37species.ThelistisprecededbyanintroductiondescribingthehistoryofDutchresearchonin-
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1.Introduction

 Ever since I found thefirstDutch specimensof thepolychaeteMercierella enig-
maticaFauvel,1923(nowFicopomatusenigmaticus) in thebrackish lakeVeerseMeer
(fig.1)in1968(Wolff,1968,1969),Ihavehadaninterestinnon-indigenousmarine
andestuarinespeciesinTheNetherlands.InmyPhDthesis(Wolff,1973)Ienumerated
thenon-indigenousbenthicanimalspeciesoccurringintheestuarineareaoftherivers
Rhine,Meuse, andScheldt (alsoknownas theDelta area) in theSWNetherlands.
FromthattimeonIhavekepttrackofpublicationsonnon-indigenousspeciesinthe
DutchmarineandestuarineenvironmentandIhavepresentedlistsofnon-indige-
nousspeciesintheDutchWaddenSea(Wolff,1992,1996,1999;Wolffetal.,1994).Also
theenumerationbyVaas(1975)of introducedspeciesintheDeltaareawaslargely
basedonmydata.Korringa(1951)andDenHartog&VanderVelde(1987),however,
providedtheirownlistsofnon-indigenousmarineandestuarinespeciesinTheNether-
lands.Stegenga(2002a,b;seealsoStegenga&Prud’hommevanReine,1998)provided
alistofintroducedseaweeds.
 Thispaperattemptstobringtogetherallpublishedevidenceonhuman-caused
introductionsofmarineandestuarinespecies inTheNetherlands.It isbasedonmy
personalexperiencewithmanyofthese
speciesinDutchcoastalwatersandon
whiteandgreyliterature.Ididnotstudy
any collections to check identifications
by others. Instead I relied on critical
evaluations of collected material and
theliteraturebytaxonomicexpertsand
myself.
 Butwhydoes itmakesensetocol-
lectsuchdatafortheterritoryofacoun-
try? Would a listing for an ecological
unit,suchastheNorthSea(seeReiseet
al., 1999),notmakemuchmoresense?
Theanswerisinthenatureofthedata.
Thesearemainlyfoundinalargevariety
of local publications, inmany cases in
theDutchlanguage,makingtheminac-
cessible for most foreign scientists. In
the end, however, such national lists,
suchastheonepresented,andthoseby
Eno et al. (1997) for Great Britain and
Nehring&Leuchs(1999)forGermany,
shouldbecombinedinsurveysofeco-
logicalunits.
 Afterageneralintroductiononnon-
indigenousspecies inTheNetherlands,
thispublicationcontainsalistofDutch
speciesthathavebeenconsideredtobe
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Fig.2.PiddocksinthewoodenhullofanEast-IndiamanasillustratedbyMartinet(1778).
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non-indigenousspeciesbymeorbyotherauthors.InthislistIhavedistinguishedbe-
tweenspeciesthataretrulynon-indigenousinmyopinionandspeciesforwhichinmy
opinionwehaveinsufficientevidenceforanon-indigenousorigin.Inpreparingthislist
Ihavecollectedinformationonallspeciesfoundinsalinitiesover0.5psu.Thismeans
thatafeweuryhalinefreshwaterspecieshavebeenincluded.

2.HistoryofDutchresearchonnon-indigenousspecies

 The recognition that particularmarine or estuarine species occurring inDutch
watershadbeenintroducedintoTheNetherlandsfromotherpartsoftheworldcame
onlygradually.Ofcourse,17thand18thcenturyobserverswillhavenotedthemany
foulingspeciesonshipsreturningfromotherpartsoftheworld.Forexample,anun-
known author described in 1764 the occurrence ofBalanus tintinnabulum (Linnaeus,
1758)onastrandedvesselcomingfromWestAfrica(Holthuis&Heerebout,1972).Mar-
tinet (1778) suggested thatEast-Indiamenhad introduced shipworms (Teredo navalis
Linnaeus,1758),andheshowedanillustrationdepictingwoodfromsuchavesselin-
festedby(unidentifiable)piddocks(fig.2).Darwin’s(1854)publicationsuggestingthat
BalanusamphitriteDarwin,1854,B.improvisusDarwin,1854andafewotherbarnacle
specieshadbeentransportedtopartsoftheirreportedrangeasfoulingonships,will
havebeenreadinTheNetherlands.Hoek(1882)wasaskedtoinvestigatewhetherthe
predatorygastropodOcenebra erinacea Linnaeus, 1758hadbeen introduced intoThe
NetherlandswithFrenchoysters.ButitprobablywasthebivalvePetricolapholadiformis
Lamarck,1818whichwasthefirstnon-indigenousspeciesinTheNetherlandsrecog-
nised immediately as such at its first
Dutchfindin1905(Denker,1907).Next
year,Ostenfeld(1908)cametothecon-
clusion that the planktonic diatom
Odontellasinensis(Greville)Grunowhad
beenintroducedintotheNorthSeafrom
East Asia by ship transport, perhaps
with ballast water. Kerbert (1918) be-
lieved that the nudibranch gastropod
CorambebatavaKerbert,1886,nowadays
knownasC.obscura(Verrill,1870),might
havebeenintroducedintotheZuiderzee
(fig.3)fromtheSargassoSeaonaship’s
hull (Butot, 1984).Also the gastropod
Crepidulafornicata(Linnaeus,1758)was
immediatelyrecognisedasanon-indig-
enous species upon its arrival in The
Netherlands in 1924 (Oorthuys, 1924).
Korringa (1951) was the first author
whosystematicallyconsideredwhether
thespecieshe foundonoysters in the
Oosterschelde estuary around 1940,
could have been introduced. On the
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otherhandDenHartog(1959), inhisextensivedissertationonepilithicalgae inThe
Netherlands,wasunabletorecognisemorethanoneintroducedmacroalgalspeciesin
TheNetherlands, viz. the green algaCodium fragile (Suringar)Harriot.However, he
suspectedthatalsoafewotherspecieshadbeenintroducedwithoysters.Myearlierlist
ofnon-indigenousbenthicanimalspeciesintheDeltaarea(Wolff,1973)wasthefirst
attempttobringtogethermanyscatteredobservationsonnon-indigenousmarineand
estuarinespecies.
 Theearliestobservationsofnon-indigenousspecieshavebeenreconstructedfrom
theliteratureandmuseumcollections.Originallysuchspecieswerenotrecognisedas
foreignersanditisonlywithhindsightthatweconcludethatthosespeciesmusthave
beenintroduced.Thisapplies,forexample,toTeredonavalis(firstrecordedin1730or
earlier),Molgulamanhattensis(DeKay,1843)(1762),Myaarenaria(Linnaeus,1758)(1765),
Rhithropanopeusharrisii(Gould,1841)(firstrecordedin1874),Corambeobscura(1879or
1881),andCordylophoracaspia (Pallas,1771) (1884).PerhapsBalanus improvisus (1827,
butinAntwerp,Belgium,in17thcentury)shouldbeadded.

3.OriginofthemarinefloraandfaunaofTheNetherlands

 ForthepurposeofthispublicationthehistoryofthemarinefaunaandfloraofThe
Netherlandsissupposedtostartatthemaximumofthelast(Weichselian)glaciation
about18,000yearsago.At that time icecapscoveredScandinaviaandScotlandand
becausesealevelwasover100mlowerthannow,thesouthernNorthSeawasdryland
(fig.4).Thecoastalmarinefaunaandfloraatthenorthernshoreofthedrybasinofthe
presentNorthSeawillhavebeensimilar
to thatof thepresentArcticseaswith
noorveryfewspeciesoccurringnowa-
daysinthecoastalwatersofTheNether-
lands(Jansenetal.,1979).Theancestors
of the present biota of the North Sea
willhavebeenlivingWestandSouthof
whatisnowknownastheWesternAp-
proachestotheChannel(Wolff,1972).
 With the rising sea level after the
lastglaciationtheseapenetratedagain
from the West into the Channel and
fromtheNorthintotheNorthSeabasin.
Thehorizontalrateofadvancewillhave
beendependentontheverticalspeedof
sealevelriseandtheslopeoftheland.
Basedontheverticalrateofriseandthe
horizontal distance to be covered be-
tweentheWesternApproachesandthe
presentDutchcoast,thehorizontalad-
vancewillnothavebeenmore thana
few hundreds of meters per year at
maximum.Itisnotdifficulttoconceive

Fig. 4. Topography of NW Europe during the
maximumoftheWeichselianglaciation(18,000years
B.P.).AfterValentin(1957)andSiegert(2001).
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thatthedistributionofmostmarineorganismswillhavebeenabletotrackthisrela-
tivelysmallannualexpansionofthemarinerealm.Hence,Iconcludethatthepresent
floraandfaunaofDutchcoastalandoffshorewatersinthefirstplacehavebeenderived
fromtheglacialbiotalivingWestandSouthoftheentranceoftheChannelduringthe
lastglaciation.
 The fossil recordmight informusabout the species involved in thispost-glacial
migration.Jansenetal.(1979),Denysetal.(1983),andVos&Baardman(1999)show
thatmanypresent-daymolluscspeciesaswellasafewotherspecieswithcalcareous
partsoccur inHolocenesediments fromtheNorthSeaand theWaddenSea.Acon-
spicuously absent species duringmost of the Holocene is the bivalveMya arenaria
(Hessland,1946).
 Forbenthicspeciesthispost-glacialmigrationprocesswillhavedependedonthe
presenceofsuitablesubstratum.WestoftheStraitofDoverthismightnothavebeena
problem,butoncethesouthernNorthSeawasreachedrocky-shorespecieswerecon-
frontedwithanabsenceofsuitablehabitat.Onlywhenhumansconstructedartificial
rocky shores in the formofmoles, jetties and seawalls this situation changed (Den
Hartog,1959;Wolff,1999a;Stegenga,2002b).Sincethisisarelativelyrecentdevelop-
ment, it ispossiblethatnotallrocky-shorespeciesthatpotentiallymightliveinthis
artificialenvironmenthavereachedthisnewhabitat.

4.Naturaldispersalprocesses

 Marineorganismspossessnaturalmechanismsofdispersal.This is immediately
clearforplanktonicandnektonicorganisms(Shanksetal.,2003).Planktoniscarried
withseacurrents.Thisalsoholdstrueforebbandfloodcurrentstransportingwater
andsuspendedmaterialbackandforth.Thelengthofthistidalexcursioncanbeupto
10-20kmpertide.Duetoturbulentmixingprocessespartofthewatertransportedon
theebbwillnotreturnallthewayontheflood(andviceversa)andmaybetransported
furtherwiththenextebb.Thusthecombinationoftidalcurrentsandturbulentmixing
canresultinadirectedtransportofpartofthematerialsuspendedinthewatermass
and,hence, alsoofphytoplanktonandplanktonic stagesof benthicorganisms.This
processatleastpartlyexplainshownewlyintroducedbenthicorganismswithmero-
planktoniclarvaecanshowdispersalagainstthedirectionoftheresidualcurrent.The
residualcurrentisthenetdifferencebetweenthedistanceandamountofwatermoved
duringebbandthatduringflood.AlongtheDutchcoasttheresidualcurrentonaver-
agemovesfromSWtoNE(fig.5)withabout100-150kmpermonth.Onalargerscale,
Kautsky (1988)measured thedispersalof radionuclidewastes releasedatCapde la
Hague inNormandy (fig. 6).He shows that the residual currentmoves thewater
masses in theChannel and the southernNorth Sea in about a year fromCapde la
HaguetotheGermanBight,resultinginanaveragespeedofabout60kmpermonth.
However,onehastotakeintoaccounttherelativelyslowresidualcurrentintheGer-
manBight.Doingso, thedistance fromtheChannel Islands to theDutchDeltaarea
wouldbecoveredinabout3-4monthsandtheDutchWaddenSeawouldbereachedin
about5-6months.Withstrongwesterlywindssuchtransportscangofaster,whereas
strongnortheasterlywinds are able to reverse thedirectionof the current (Prandle,
1978,1984;Salomonetal.,1993).Anyhow,driftingaswellasplanktonicorganisms
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occurring in thewesternpart of theChannel potentiallymay be transported to the
southernNorthSeaand theDutchcoastalarea.Thisalsoapplies tomeroplanktonic
species.However,inthelattercasewehavetoassumethattheseplanktonicstagesof
benthicorganismshavestopoversitesasadultsatintermediatelocations.
 AnotherpathoftransportfindsitsorigininAtlanticwatermovingintotheNorth
SeanorthofScotlandafterwhichpartofthiswatermassmovessouthwardalongthe
BritishcoastuntilthelatitudeofTheNetherlands(fig.5,fig.6).
 Nektonicspeciescanmoveboththroughtransportbycurrentsandbyactiveswim-
ming.Somespecieshavebeenshowntoselectivelyusetidalcurrentsrunningintothe
‘right’direction.Formanyspeciesannualmigrationsareknownbetweenbreedingand
feedingorwinteringareas.ThishasbeendemonstratedintheNorthSeaareaforceta-
ceans,fish,decapodcrustaceans,andsquid.
 AfewspecieshavearrivednaturallyinDutchwatersascommensalsorparasitesof
othermarineorganismsstragglingintothisareafromArcticorAtlanticareasofdistri-
bution.Thisapplies, forexample, tothebarnaclesandothercrustaceansarrivingon
marineturtlesandwhales(Holthuis,1969).Suchspeciesusuallydonotestablishthem-
selvesinDutchwaters,hence,thesehavenotbeenconsideredinthispaper.
 Currentscantransportalsobenthicorganisms.Almostannuallylargequantitiesof
macro-algaewashashoreonthesandyDutchcoast;speciesincludeFucusspp.,Asco-
phyllumnodosum(Linnaeus)LeJolis,Himanthaliaelongata(Linnaeus)S.F.Gray,Halidrys
siliquosa (Linnaeus)Lyngbye, Laminaria spp., Cystoseira spp.,and Sargassum muticum
(Yendo)Fensholt(DenHartog,1959;Prud’hommevanReine,1977,1980).Lucas(1950)
listednolessthan171differentalgalspecieswashedashoreandnineyearslaterDen

Fig.5.ResidualcurrentsintheNorthSeaandthe
Channel.AfterPernetta(1994).

Fig.6.ResidualcurrentsaroundGreatBritain,in
theChannelandintheNorthSeaasderivedfrom
theconcentrationanddistributionofradionuclides
discharged at Sellafield,UnitedKingdom, and
CapdeLaHague,France.AfterKautsky(1988).
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Hartog(1959)statedthatthisnumberhadnearlydoubled.Conspicuousspeciessuchas
Himanthalia,Halidrys,andCystoseiradonotgrowattachedtobenthicsubstratesalong
theDutchcoastandtheymusthavearrivedfromelsewhere.Otherplantandanimal
speciesoccuron these large algae and inparticularon theholdfasts ofHimanthalia;
thesewillbetransportedaswell.ThisagreeswiththefindingsofHobday(2000,2000a)
whoshowedthatinCalifornianwaterskelp(Macrocystispyrifera(Linnaeus)Agardh)
coulddriftwiththecurrentsforabout100dayswhiletransportingalargevarietyof
organisms.
 ThemostlikelyareaoforiginofthebenthicalgaewashedashoreontheDutchcoast
istheChannelarea(DenHartog,1959;Prud’hommevanReine,1977,1980).Himanthalia
elongataevenoccursonlyalongtheshoresofthewesternpartoftheChannel.Thelikeli-
hoodofthisareaoforiginissupportedbyotherobservations.Bunchesofcorkusedby
FrenchandBritishfishermentomarktheirlobsterpotshavebeenfoundwashedashore
ontheDutchcoast,oftenwithbenthicorganismsnotknowfromTheNetherlandsat-
tached.IJzerman(1937)identifiedrockfragmentsattachedtoalgaewashedashorein
TheNetherlandsasoriginatingfromNormandyandsouthernEngland.Lacourt(1949)
listed38bryozoan specieswashedashoreandnotknown tooccur inDutch coastal
waters.DenHartog(1959)listed57plantandanimalspecieswashedashoreonDutch
beacheswhichatthattimeneverhadbeenfoundasindigenousorganismsinDutch
coastalwatersandwhichhededucedtohavearrivedfromtheChannelcoasts.Den
Hartog(1959)alsorecordedsevenspeciesheconsideredlikelytohavearrivedfrom
the (British?)shoresof thenorthernNorthSea.Anotherfourspecies,viz. thebrown
alga Sargassum natans (Linnaeus) Gaillon, the shipworms Bankia fimbriatula Moll &
Roch,1931andNeoteredoreynei(Bartsch,1920),andtheColumbuscrabPlanesminutus
(Linnaeus,1758),hebelievedtohavearrivedfromthecentralAtlanticoreventheWest
Indies.ThefindsoftheWest-AfricanCrassostreadenticulata(Born,1791),washedashore
in1990and lateryears (Rizzi,1992;Verkuil,1992,1998),and theCaribbeanPinctada
imbricata(Röding,1798)foundonthebeachin2002(Cadée,2003)mightalsobecasesof
long-rangetransport.Cadée(2000)discussedtropicaldriftseedsontheDutchcoast,
anotherindicatoroflong-rangetransportbymarinecurrents.So,apparentlythereisa
continuousnaturalimmigrationof‘foreign’plantsandanimalsintothecoastalwaters
ofTheNetherlands.Sincepartofthesespeciesarrivesinreproductivecondition,itmay
beassumedthatseveralindigenousspecieshaveestablishedthemselvesontheDutch
coastasdescendantsoffloatingindividuals.Thisappliesespeciallytothespeciesthat
havecolonisedtheartificialrockyshoresofTheNetherlands(DenHartog,1959;Wolff,
1999a;Stegenga,2002b).
 Itshouldbenotedthatmanhasincreasedthepossibilitiesfortransportbydrifting.
Originally,driftingmaterialwillhaveconsistedmainlyofmacroalgae,shellsofcuttle-
fish, andwooden logs.Manhasaddedmanyothervarietiesofwood,glassobjects,
metallic floats, plastics etc. Especially plastics nowadays constitute a large share of
driftingmaterial.Thismaterialpartlyoriginates fromriverdischarge,butalso from
wastethrownoverboardfromships.
 Driftingmaterialtransportedbycurrentsisalsoundertheinfluenceofthewind.
Foroilslicksatseaitisknownthattheyaretransportedinthedirectionofthewind
withavelocityofabout3%ofthewindspeed.Forexample,3%ofasteady10m.sec-1
wind(Beaufort5)wouldresultinadisplacementofnearly800kmpermonth.Although
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theeffectof thewindonotherdriftingmaterials isnotexactlyknown, thisexample
shows that the effect ofwind canbevery important. Itmeans thatwith favourable
winds driftingmaterial fromNormandymay reach theDutch coast in perhaps 1-2
months.
 I conclude that there is ample evidence thatmarine organisms living elsewhere
alongtheAtlanticcoastsofEuropemaybetransportedtotheDutchcoastbynatural
processes.

5.BiogeographicpositionofDutchcoastalwatersinEurope

 Giventhenaturaldispersalprocessesidentifiedaboveweshouldbeabletodefine
anareafromwhichmarineorganismscaneasilyreachthecoastalwatersofTheNether-
landsbynaturalprocesses.ThedataofDenHartog(1959)citedabovemakeclearthat
thisareaincludesatleasttheChannelareaandtheNorthSea.However,assumingstep-
wisedispersal inwhichone establishedpopulation serves as the sourceof thenext
dispersalevent,thisareamaybemuchlarger.Howmuchlargerisdifficulttodecide,
however.Would,forexample,Brittanybeaboundarybecauseit’sSWcoastischarac-
terisedbyaSouth-goingcurrent?Billotetal.(2003)demonstratedthatthisisnotthe
caseforthekelpLaminariadigitata(Hudson)LamourouxthatinBrittanyshowsgene
flowagainstthedirectionofthecurrents.
 Longhurst(1998)identifiestheNortheastAtlanticShelfProvinceasanecological
andbiogeographicalunitforthepelagicecosystem.Itcomprisesthecontinentalshelfof
WesternEurope,fromNorthernSpaintoDenmarkandincludestheBalticSea.How-
ever,thisbiogeographicalunitisbasedonobserveddistributionpatterns,notondis-
persalprocesses.Thesame isprobably true forearlierbiogeographicsubdivisions. I
assume that the best approximation of
theareafromwhichorganismscanreach
thecoastofTheNetherlandsbynatural
processeshas tobebasedonwindand
current patterns (Pernetta, 1994). This
defines an area including the northern
coastoftheIberianpeninsula,theBayof
Biscay, the waters around the British
Isles, the Channel, the North Sea and
theBaltic (fig.7).Anon-indigenousor-
ganismintroducedanywhereinthisarea
hasafairchancetoultimatelyreachand
establishitselfatthecoastofTheNether-
lands,unlessotherenvironmentalfactors
(temperature, day-length, salinity etc.)
prohibititsoccurrence.Itispossiblethat
the southern boundary of this area oc-
curs even farther to the South since in
winteranorthwardcurrentoccursalong
thePortuguesecoast.Duetothecontin-
uous eastward surface current through

?
?
?
?
?

Fig.7.Areafromwhichmarineorganismsmayreach
TheNetherlandsbynaturaltransportprocesses.
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theStraitofGibraltartheMediterraneanprobablyisnotpartofthisarea.Theimplica-
tionofthislatterconclusionisthattheMediterraneancanbeasourceofnon-indige-
nousspeciesfortheseasofNWEurope.
 Theboundariesoftheareadefinedinthepreviousparagraphshouldnotbeunder-
stoodasabsoluteboundaries,however.Theecologicalcharacteristicsoftheorganisms
tobetransportedplayapartaswell.Amud-burrowingisopodwithoutapelagicstage
nodoubtwillshowlessdispersalthanaplanktonicdiatom.

6.Introductionprocesses

6.1.Dispersalbynaturalprocesses

 Natural processes support the further dispersal of non-indigenous species once
theyhaveestablishedthemselvessomewherealongtheEuropeancoasts.Ironically,this
canbestbedemonstratedbytherangeextensionofnon-indigenousspecies.Thebrown
alga Sargassum muticum, which floats after detachment, spread along the European
coastsafteritsdiscoveryinsouthernEnglandin1973(Boudouresque,1994),andcov-
ered annually on average about 100 km in north-easterly direction and on average
about50kminsouth-westerlydirection(fig.8).However,thedispersalofthisspecies
mayhavebeenaidedbyhumantransportsofoysters.Thisisunlikelyforthebivalve
Ensisdirectus(Conrad,1843)discoveredin1979intheGermanBight.Thisspeciesdis-
persesthroughplanktoniclarvae;itmovedannuallyabout150kminanortherlydirec-
tionandabout50kmagainstthepredominatingcurrentdirectiontowardsthesouth-
west(Luczaketal.,1993;Armonies,2001)(fig.9).Shanksetal.(2003)reviewpelagic
dispersaloflarvaeoffishandinvertebratesandconcludethatinmanyspecieslarvae

Fig. 8. Expansion of the introduced brown alga
Sargassummuticum.AfterBoudouresque(1994).
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Fig.9.ExpansionoftheintroducedbivalveEnsis
directus.NEindicatesdispersalfromtheGerman
Bight to theNorthEast, SW to the SouthWest.
AfterLuczaketal.(1993).

0

100

200

300

400

500

600

700

to
ta

l d
ist

an
ce

 (k
m

)

1977

German Bight

1982 1987 1992

to SWto NE



12 Wolff.Non-indigenousmarineandestuarinespeciesinTheNetherlands.Zool.Med.Leiden79(2005)

cancovertens,ifnothundreds,ofkilometres.Otherspecies,however,coveronlyafew
metres.So,wemayconcludethatintroductionandestablishmentofanon-indigenous
species somewhere along the European coast can be followed bydispersal through
naturalprocessesoveramuchlargerarea.

6.2.Introductionoffoulingspeciesonships’hulls

 Ships’hullsarewellknownasavectorforlong-rangetransportoffoulingspecies.
ThismeansthatonehastoconsidershippingbetweentheMediterraneanandNW
Europeasthefirstpossiblevectorbringingnon-indigenousspeciestothelatterarea.
Historical information is available that the ancient Phoenicians andGreeks already
sailed through the Strait of Gibraltar from theMediterranean towards theAtlantic
(Cunliffe,1997).ThePhoeniciansaresaidtohavefoundedatradingpostnearCadiz,
Spain,in1104BC,althoughthereisnoarchaeologicalevidenceforthis.Inlatercentu-
riestheyprobablyhavemovednorthwardalongtheIberiancoast.Inaboutthesixth
centuryBCalsotheGreekenteredtheAtlantic.Inabout325BCPytheasofMassalia
(Marseilles)reachedtheBritishIslesorevenbeyondandreturned!Ontheotherhand
theGreekextensivelycolonisedtheshoresoftheBlackSeawheretheirvesselscould
pickupPonto-Caspianspecies.ItisconceivablethatthusthefirstMediterraneanand
Ponto-CaspianspeciesreachedtheshoresofAtlanticEurope.Itmightbearguedthat
ancientvesselshardlycarriedanyfoulingorganismsbecausetheyweredrawnontothe
beacheverynightoratleastfrequently.However,archaeologicalfindsandpicturesof
anchorsfromthesameperiodmakethisunlikely.ThecaptureofCadizbytheRomans
in206BCwasthestartofRomancontactsbetweentheAtlanticcoastsofWestandNW
Europe,theMediterranean,andtheBlackSea.Prins(1994)recordsthatsuchcontacts
byRomanandothershipsbetweentheBritishIslesandtheeasternMediterranean
basinlasteduntilabout500AD.However,wehavenobiologicalinformationonthe
influenceof theseancient tradingandnavalcontactsonthedispersalofmarineand
estuarinespecies.Nevertheless,human-aidedexchangeofspeciesbetweentheMedi-
terraneanandBlackSeason theonehandand theAtlantic coastsofEuropeon the
otherhandmaywellhavestartedinantiquity.
 ThenextmajorstepwasmadebytheVikings(Marcus,1980).AlthoughIrishsea-
farersfirstestablishedcontactsbetweenIrelandandIcelandin795ADorearlier,they
werefollowedsoonbytheVikings.DirectcontactsbetweenIcelandandNorwayexisted
sincetheNorsecolonisationofIcelandinabout870.Fromthatyearuntilabout1400
annuallyseveralvesselsmadethecrossing.Inabout982theVikingsdiscoveredGreen-
landandafewyearslatervesselspliedbetweenGreenlandandIcelandalmostannu-
ally.In999thefirstdirectcrossingwasmadefromGreenlandtoNorwayandthisdirect
connectionwasmaintainedtoatleast1385.Fromabout1001theGreenlandersregu-
larlyvisitedNorthAmerica,thelastrecorddatingfrom1347.ANorsesettlementhas
beenunearthedatNewfoundland.However,therearenohistoricaldataindicatingdi-
rectcontactsbetweenNorthAmericaandEurope;Greenlandseemstohavebeenthe
obligatestopoverexceptperhapsforanoccasionalvesseldrivenbygalestoIcelandor
Europe.
 IthasbeenmadeprobablethattheVikingswereresponsibleforthefirstintroduc-
tionofaNorthAmericanspecies(Myaarenaria)intoEurope(Petersenetal.,1992).Ithas
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beensuggestedthatthisspecieswastransportedasfoodinthebilgewaterofavessel
andthrownoverboardafterarrivalinEurope.TransportoffoulingspeciesbyViking
vesselscannotbeexcluded,however,sincethesevesselsstayedinthewaterduringthe
entiresummerseason(Marcus,1980).Anyhow,wehavenodirectevidenceforintro-
duction of North American (including species from Greenland) fouling species by
Norsevessels.
 IntheMiddleAgesshippingcontactsbetweenAtlanticEuropeandtheMediter-
raneanwererestored.TheVikingsenteredtheMediterraneanthroughtheStraitof
Gibraltarforthefirsttimein859.Duringthecrusadesfromthe1096tothe13thcen-
turyDutchandotherNW-EuropeanvesselssailedtotheeasternMediterraneanand
back(Prins,1994).Italianmerchantvessels,ontheotherhand,cametoBruges,Bel-
gium.Thesemediaevalvesselspotentiallyre-establishedthetransportoffoulingspe-
ciesbetweentheMediterraneanandAtlanticEurope.
 Inthe15thcenturythePortuguesestartedtoexplorethewesterncoastofAfrica.
CapeBojadorinMoroccowasreachedin1432andstepbystepthewesterncoastofthe
Africancontinentand itsoffshore islandswerediscovered. In1488BartolomeoDiaz
roundedtheCapeofGoodHopeatthesoutherntipofSouthAfrica.FinallyVascoda
GamasailedtoIndiain1497-98.AfterthePortuguesediscoveryofIndiatheEastIndies
werereachedin1511-13,Chinain1514-15,andJapanin1542.Probablytheintroduction
ofthePacificoyster(Crassostreagigas(Thunberg,1793))strainfromTaiwanintoPortugal

Figure 10. TheDutch colonial and trading empire during the 17th and 18th centuries, showing the
potentialoriginsoffoulingspeciesbroughttoTheNetherlandsbyDutchvessels.AfterWilson(1968),
Gaastra(1991)andDenHeijer(1994).
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(‘Crassostraangulata’)(Boudryetal,1998;O’Foighiletal.,1998)datesbacktothisperiod.
Ifso,thespeciesmusthavebeentransportedasfoulingonaship’shullsincethejour-
neylastedmuchtoolongfortransportonboard.
  In themeantimeChristopherColumbus, supported by the Spanish crown, had
discoveredAmericain1492,followedbyintensiveSpanishcontactswithespeciallythe
Caribbean.In1497JohnCabot,sailingfromEngland,discoveredNewfoundlandand
otherNorthAmericanterritories.In1500thePortugueseCabraldiscoveredBraziland
from1519 to 1522 the shipsof thePortuguesenavigatorFerdinandMagellan sailed
aroundtheworldviaArgentina,thePhilippinesandtheCapeofGoodHope.
 DirectcontactsbetweenTheNetherlandsandothercontinentsstartedattheendof
the16thcentury.TheDutchreachedtheEastIndiesin1596andthisheraldedthestart
ofaglobaltradingnetwork.Regulartradingcontactsexistedforshorterorlongerperiods
duringthe17thand18thcenturieswithNorthAmerica(Nieuw-Amsterdam=NewYork),
theWest Indies,Venezuela, theGuyanas (e.g.Surinam),NEBrazil, theWestAfrican
coast(Mauritania,Senegal,GhanatoNigeria,Angola),SouthAfrica,thePersianGulf,
Pakistan, India,SriLanka,Malaya, Indo-China, Indonesia,China, includingTaiwan,
andJapan(Wilson,1968;Gaastra,1991;DenHeijer,1994)(fig.10).
 Hence, from early in the 16th century organisms from all continents could have
reachedEuropeasfoulingonships’hulls(seealsoCarlton&Hodder,1995).Thesame
appliestowood-boringorganisms(e.g.,Teredo,Limnoria,Chelura).Directtransportto
TheNetherlandsbecamepossiblefromearlyinthe17thcentury.Transportoffouling
speciesonships’hullswillhavecontinuedwellintothe20thcenturyuntiltheuseof
effectiveanti-foulingpaints(sincetheearly1970stributyltin)hasdecreasedtheimpor-
tanceoftransportonships’hulls.Nevertheless,alsotodaythisformoftransportstill
occurs,e.g.,ondrillingrigsmovedfromonelocationtoanother.
 Finally,theroleofpleasurecrafthastobeconsidered.AlthoughIdonotknowof
intercontinentaltransportoffoulingspeciesbysmallcraft,theseseemtoplayarolein
short-distancetransports.Thishasbeenmadeplausibleforthearrivalofbrownalga
Undariapinnatifida(Harvey)SuringarintheUnitedKingdom(Fletcher&Farrell,1999)
andforthebryozoanTricellariainopinatad’Hondt&OcchipintiAmbrogi,1985inThe
NetherlandsandBelgium(DeBlauwe&Faasse,2001).

6.3.Introductionofnon-indigenousspeciesindryballast

 Emptyshipsneedballastforoverseasvoyages.Untilthe20thcenturyballastcould
beanyconvenientmoreorlessdrymaterial.Sand,gravel,androcksfromtheshore,
including intertidalmaterial,havebeenusedasballastwhen theywereathand,al-
thoughterrestrialmaterialseemstohavebeenusedmoreoften(Lindroth,1957).With
ballastfromtheshorecoastalorganismsinevitablywillhavebeentransportedtonew
destinationsandspeciessuchaslittorinidgastropodsandtalitridamphipodswillhave
hadafairchancetosurvivethejourney.However,forthetradebetweenGreatBritain
andNorthAmericamuchmoreballastwastransportedwestwardthaneastwardduethe
natureofthetrade(Lindroth,1957).Basedonthepatternofthetradeitmaybeassumed
thatalsoinTheNetherlandsmoreballastwasusedonout-goingintercontinentalvoy-
agesthaninincomingvessels.Hence,dryballastshouldnotbeoverratedasatransport
mediumtowardsTheNetherlandsformarineandestuarineorganisms.
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6.4.Introductionofnon-indigenousspeciesinballastwater

 Dry ballastwas replaced by ballastwater from the late 1870s onward (Carlton,
1985).Nowadays,millionsoftonsofballastwateraretransportedaroundtheglobean-
nually(CarltonandGeller,1993).Thefirstrecognitionthatamarineorganismcould
havebeenintroducedinballastwaterappliestothediatomOdontellasinensis(=Bid-
dulphiasinensis).Ostenfeld(1908)suggestedthatitsappearanceintheNorthSeain1903
wascausedthroughtransportbyshipby‘forinstance...growinginthewaterofthe
hold’.Recentstudiesofthecontentsofballastwatertankshaveshownthatballast
waterindeedisanimportanttransportmedium.Thisisespeciallytrueforplanktonic
organisms(bothholoplanktonandplanktonicphasesofbenthicspecies)(Carlton,1985,
Carlton&Geller,1993;Hallegraeff,1998;Lavoieetal.,1999;Wonhametal.,2001;Gol-
laschetal.,2002).

6.5.Introductionofnon-indigenousspeciesthroughshellfishimports

 ThereisalonghistoryofoystertransfersinnorthwesternEurope(seealsoWolff&
Reise,2002).Alreadyin1570avesselcarryingflatoysters(OstreaedulisLinnaeus,1758)
fromFrancepaidduesinZeelandinTheNetherlands(DeJonge,1990),althoughitis
notclearwhethertheseoystersweretoberelaid.Asearlyas1714importsofseedoysters
fromDenmarktobecultivatedinthewesternDutchWaddenSeawerereported(Hoek,
1911;vanderVlis,1975).Atleastsincethatyearflatoysterswereexchangedfrequently
betweencultureareasinTheNetherlands,Denmark,Scotland,England,Ireland,and
France (Brittany).Dijkema (1992) reported that shortlybefore1992oysterswere im-
ported intoTheNetherlands fromIreland, theUnitedKingdom,Greece,Turkey, the
UnitedStates,Canada, andevenChile. SeveralEuropean species from the coastsof
NormandyandBrittany,whichtemporarilyoccurredinDutchcoastalwatersandespe-
ciallyintheOosterscheldeestuary,havebeenintroducedthroughtheseoysterimports
(e.g.,PolydorahopluraClaparède,1870,Calyptraeachinensis(Linnaeus,1758),Anomiaephip-
piumLinnaeus, 1758) (Korringa, 1951).Critchley&Dijkema (1984) foundSargassum
muticumattachedtoEuropeanflatoystersOstreaedulisimportedinTheNetherlands.
 Lateinthe19thandearlyinthe20thcenturyAmericanAtlanticoysters(Crassostrea
virginica(Gmelin,1791))wereimportedfromEnglishoysterbedsintoTheNetherlands
inseveralyears(VanBenthemJutting,1943).TheseoysterswereAmericanstockfrom
theUSAandCanadaintroducedintoBritainfromthe1870sto1939(Enoetal.,1997).
TheseoystertransportscoincidedintimewiththeintroductionofspeciesasPetricola
pholadiformisandCrepidulafornicata,althoughithasnotbeenestablishedthatthetrans-
portofthelattertwospeciesfromEnglandtoTheNetherlandswasalsothroughoyster
shipments.
 From1902on,thePacificoyster(Crassostreagigas)wasimportedintothenorth-
westernUnitedStates(Seattle)andintoBritishColumbia,Canada(Drinkwaard,1999).
Naturalspatsettlementoccurredtherein1930.In1964spatfromBritishColumbiawas
importedintoTheNetherlands,in1965intoGreatBritainforcontrolledbreedingofa
hatcherystock(Walne&Helm,1979;Drinkwaard,1999)andfrom1966onintoFrance
(Boudouresqueetal.,1994).In1966spatwasintroducedintoTheNetherlandsdirectly
fromJapan(Wolff&Reise,2002).In1971alsoadultspecimenswereintroducedinto
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TheNetherlandsfromBritishColumbia.In1971-1977(Maurin&LeDantec,1979;Bou-
douresqueetal.,1994)C.gigaswasalso introduced intoFrancedirectly fromJapan.
Aftertheseinitiallong-rangeintroductionsofC.gigasthesamespecieswastransferred
manytimesbetweendifferentEuropeancountries(Drinkwaard,1999).Theimportofthis
specieshasbeenrelatedtotheintroductionofmanyNWPacificspecies,eitherdirectly
fromJapanorviaBritishColumbia.
 ThePortugueseoyster (Crassostrea angulata (Lamarck, 1819)),which is actuallya
strainofC.gigasfromTaiwan(Boudryetal.,1998;O’Foighiletal.,1998),wasdescribed
fromPortugalin1819.Itisunknownhowandwhenitwasintroducedintothatcountry.
Mostlikelyitarrivedasafoulingorganismsomewherebetweentheearly16thcentury
andtheendofthe18thcentury.InthisrespectitshouldbenotedthatthePortuguese
maintainedapresenceatTaiwanuntilearlyinthe17thcentury.Inthesecondhalfofthe
19thcenturyC.angulatawereimportedfromPortugal intoFranceandlateralsointo
TheNetherlands,Germany,GreatBritain,andIreland.Duetodiseasesthespeciesdis-
appearedagainaround1970(Drinkwaard,1999).Noclearexamplesofintroductionsof
otherspecieswithPortugueseoystersareknown.

 ShellfishintroductionshaveoccurredmainlyintheOosterscheldeestuarywhere
thefocusofDutchshellfishcultivationandtradeissituatedatYerseke(DeJonge,1990).
Nowonderthatmanynon-indigenousspeciesinTheNetherlandsareknownonlyfrom
thisestuary.Thissituationalsoexplainswhyemptyshellsofseveralnon-indigenous
molluscs,e.g.Oenopotarufa(Montagu,1803)(Borghouts-Biersteker,1969),Gibbulapen-
nanti(Philippi,1846)andG.umbilicalis(daCosta,1778)(Moolenbeek,2000),havebeen
foundintheOosterscheldeestuarynearYerseke.

6.6.IntroductionofMediterraneanandPonto-Caspianspecies
viafreshwatershippingcanals

 MediterraneanspeciesexpandedtotheNorth,mainlyfromsouthwesternEurope,
throughthecanalnetworkofFrancesincethe18thcentury.Oneofthespeciesbelieved
tohavebeenthusintroducedintoTheNetherlandswastheamphipodOrchestiacavimana
J.Heller,1865(Kinzelbach,1995).
 The freshwater tolerant species of the Ponto-Caspian fauna were able to reach
northwesternEuropewhenthePonto-Caspianriverswereconnectedtothedrainage
systemofnorthwesternEuropebycanals.ThefirstconnectionwastheOginskycanal,
connecting the Pripyat-Dnjepr systemwith theNeman, opened in 1768 (Kolupaila,
1953;Olenin,2002).Arbaciauskas(2002)andNehring&Leuchs(1999)mentionopen-
ingin1803,however.SecondcametheopeningofthePripyat-Bugcanal,connectingthe
DnjeprwiththeVistula,in1775(Jadzewski&Konopacka,2002;Olenin,2002)or1780
(Kinzelbach,1995).ThirdandfourthweretheopeningoftheMariinskijWaterwayin
1810,connectingtheCaspianSeawiththeBalticviatheVolgaandtheNeva,andthe
construction of the Severo-DvisnkiyWaterway in 1829, connecting the Caspian Sea
withtheWhiteSea(Olenin,2002).MorerecentwastheconstructionoftheMain-Dan-
ubecanal,connectingtheDanubewiththeRhine,in1992.(A19thcenturyforerunner
provedrelativelyunimportantandwasfinallycutoffduringtheSecondWorldWar)
(BijdeVaateetal.,2002).Ofcourse,thesefreshwatercanalsaidedtheexpansiononlyof
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species tolerating freshwater which is the case for a fair number of Ponto-Caspian
brackish-waterspecies(Ricciardi&MacIsaac,2000).ExamplesareCordylophoracaspia
andChelicorophiumcurvispinum(G.O.Sars,1895).However,severalofsuchPonto-Cas-
pianspeciessofarhavebeenfoundmainlyoronlyinDutchriversbutnotinbrackish
water.ThisistrueforLimnomysisbenedeniCzerniavsky,1882(Kelleheretal.,1999),Che-
licorophiumcurvispinum(VandenBrinketal.,1993),Echinogammarusischnus(Stebbing,
1898)(vandenBrink,Paffenetal.,1993),Dikerogammarusvillosus(Sowinsky,1894)(Bij
deVaate&Klink,1995),JaeraistriVeuille,1979(Kelleheretal.,2000),andHypaniain-
valida(Grube,1860)(Klink&BijdeVaate,1996).

6.7.Intentionalintroductions

 Asmallnumberofspecieshasbeen introduced intentionally.Thisapplies to the
oysterspecieslistedaboveandtheclamMercenariamercenaria(Linnaeus,1758)directly
introduced intoTheNetherlands (Drinkwaard,1999,1999a). Italsoapplies toasea-
weedspecies (Undariapinnatifida) introduced intoBrittany foraquacultureand later
reachingTheNetherlands throughnatural expansion (Fletcher&Farrell, 1999). It is
true also for the amphipodGammarus tigrinus Sexton, 1939 introduced as fish food
(Pinkster,1975).InEasternEuropemanyPonto-Caspianspeciesofinvertebrateswere
intentionally introduced in lakesandreservoirs in thecatchmentareaof theBaltic
(Arbaciauskas,2002);fromtherethesespeciesmayhavereachedTheNetherlands.The
salt-marshcordgrass(SpartinaanglicaHubbard/S.townsendiiH.etJ.Groves)(Adema
&Mennema,1979;Thijsse,1924)wasintroducedtostimulatelandaccretion.Rainbow
trout(Oncorhynchusmykiss(Waldbaum,1792))wasintroducedforangling.

6.8.Otherwaysofimportofnon-indigenousspecies

 Finally,somespeciesdidarriveinpeculiarways.Thebrackish-watertolerantfresh-
watersnailPotamopyrgusantipodarum(Gray,1843)arrivedinEnglandindrinkingwater
barrelsfromAustralia(Ponder,1988;Enoetal.,1997).Guppies(Lebistesreticulatus(Pe-
ters,1859),nowadaysoccurringinbrackishwater,havenodoubtescapedfromaquaria.
AlsothehorseshoecrabLimuluspolyphemus(Linnaeus,1758)wasintroducedintothe
NorthSeaasaleftoverfromtheaquariumtrade(Nehring&Leuchs,1999).

7.Howtorecogniseanon-indigenousspecies?

 BasedonChapman&Carlton(1991),Boudouresque(1994)andRibera&Boudour-
esque(1995)Ihaveusedthefollowingcriteriatodistinguishnon-indigenousspecies
fromnativespeciesinthemarineandestuarinewatersofTheNetherlands.
1. NewspeciesinDutchwaters.Thisconclusioncanbedrawneasilyforconspicuous

speciesfromtaxonomicgroupsthatarewellresearchedbeforeandaftertheappear-
anceofthenewspecies.TheslipperlimpetCrepidula fornicata isaclearexample.
This criterion is less easily applied to small species from relatively unknown
groups.

2. AgeographicdiscontinuitybetweentheDutch(European)occurrenceandthere-
mainder of the distribution area.An example is the barnacle Elminius modestus
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Darwin,1854;itsEuropeanoccurrenceiswidelyseparatedfromitsoccurrencein
theSWPacific.

3. Localisedoccurrence.OccurrenceofaspeciesonlyinasmallareainDutch(European)
watersmaybeconsideredasanindicationofarecentintroduction.Before1930this
appliedtotheZuiderzeecrabRhithropanopeusharrisii.

4. Expansionofaninitiallylocalisedrange.Expansionofaninitiallylocalisedrange
hasbeenobservedinmanyintroducedexoticsinEuropeanwaters,e.g.Sargassum
muticumandEnsisdirectus.

5. Insufficientnaturaldispersaltoaccountforobserveddistribution.Forexample,a
bottom-dwellingisopodspeciesofcoastalwatersisunlikelytocrossanoceanbasin,
sinceithasnolifestagesuitableforlong-rangetransport.

6. Apopulationexplosion.Severalnon-indigenousspeciesshowaverystrongpopu-
lationdevelopmentaftertheirinitialintroduction.Thisphenomenonhasbeenattrib-
utedtoreleasefromtheiroriginalpredatorsandparasites,butalsotooccupationof
formerlyemptyniches.

7. Associationwithartificialmeansoftransport,e.g.,occurringinshipfouling,inballast
water,oronoysterbeds.

8. Associatedwithordependentonnon-indigenousspecies.Thisappliesespeciallyto
parasitesofothernon-indigenousspecies.

9. Incompletegeneticvariability.Apopulationofanon-indigenousspeciesmaybe
assumedtohavealowergeneticvariationthantheancestralpopulation(s)dueto
thefoundereffect.

10. Distantpopulationsaregeneticallyidentical.Anintroducedspeciesisexpectedto
havethesamegeneticidentityas(partof)itsancestralpopulation.

11. Taxonomicrelationshiptoothernon-indigenousspecies.Aspeciesbelongingtoa
taxonomicgroupofwhichtheothermembersarerestrictedtoadifferentpartofthe
worldmaybesuspectedtooriginatefromthesamearea.

8.Cryptogenicspecies

 Formanyspecieswehavenofirmevidencethattheyhavebeenintroducedalthough
thismaybesuspectedfromanumberofcharacteristics.(1)Theybelongtogroupsthat
areanormalpartofthefoulingcommunityonshipsortheballastwatercontentsin
ships.(2)Theyshowamoreorlesscosmopolitandistributionpatternoratleastthey
occurinmorethanoneoceanbasin,oroneithersideofanocean.(3)Theybelongto
groupsthatinformeryearswerenotwell-knowntaxonomically.Examplesaresponges,
hydroids,entoproctsofthegeneraPedicellinaandBarentsia(Nielsen,1989),bryozoans,
barnacles, tube-building amphipods, and tunicates. Such species have been termed
‘cryptogenic’(Carlton,1996).Thesespecieshavenotbeenincludedinmylistsunlessan
authorhasclaimedthattheyhadbeenintroduced.Inthatcasethisclaimhasbeenin-
vestigated.Myconclusionsfollowfromthespecieslistfollowingthisintroduction.

9.ExoticandNortheastAtlanticnon-indigenousspecies

 InthelistpresentedIhavedistinguishedbetweenNortheastAtlanticspecies,in-
troducedintoTheNetherlandsfromthecoastsofAtlanticEuropebetweennorthern
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NorwayandPortugal (and including theBaltic)on theonehand (fig.7), and intro-
ducedexoticspeciesfromallotherpartsoftheglobe(includingtheMediterranean,the
Black Sea, and theCaspian Sea). Exotic species are thosewhichwere prevented by
naturalbarriersto invadeandcoloniseEuropean(includingDutch)watersalthough
apparentlytheyareabletoliveinthesewaters.NortheastAtlanticspeciescouldhave
arrivedinDutchwatersbynaturalprocessesbutapparentlywereunabletoestablish
themselvesbecauseofunsuitableenvironmentalconditionsnoworinthepast.Thelatter
speciesmaybeintroducedbyhumanactivitiesinDutchcoastalwatersfromelsewhere
inEuropeand theymayeven thrive foranumberofyears,butultimately theydis-
appearagain.Itshouldbenotedthatbeforethewidespreadconstructionofseawalls
with artificial rocky shores along theDutch coast,many rocky-shore specieswould
havebelongedtothiscategoryaswell.

10.Establishmentofexoticnon-indigenousspecies

 Fornon-indigenousbenthic speciesadistinction ismadebetween speciesonly
washedashoreand those foundattached toorburied ina substrate, and likely to
maintainaself-sustainingpopulation.Theformercategoryisconsideredtobe“non-
indigenous,notestablished”.Thelattercategoryisrecordedas“established”,buta
distinction ismadebetween “temporarily established”, “permanently established”
and“recentlyestablished”.Temporarilyestablishedbenthicspeciesarethosewhich
havedisappearedagainafteranumberofyears,whereasthepermanentlyestablished
onesapparentlyhavebecomepartoftheDutchmarineorestuarinefloraandfauna.
Thethirdcategory,“recentlyestablished”,concernsspeciesestablishedlessthan10
yearsago,whichperiodisconsideredtooshorttodeterminewhetheranestablish-
mentispermanent.
 ForneriticspeciesIhavedistinguishedsimilarlybetween“non-indigenous,notes-
tablished” for species found only once, “temporarily established” for species found
onlyanumberofyears,“permanentlyestablished”forthoseoccurring(almost)every
yearandlongerthan10years,and“recentlyestablished”forthosefoundlessthan10
yearsago.SpeciesfoundonlyinballastwaterofvesselsinDutchportshavenotbeen
included.

11.Originofnon-indigenousspecies

 Ilist99exoticnon-indigenousspecies,whereas13recordsaremadeofnon-indig-
enousspeciesoriginatingfromelsewhereinAtlanticEurope.
 Themostlikelyareasoforiginofthe99exoticnon-indigenousspeciesareshown
infig.11.ThemostimportantdonorregionsaretheAtlanticcoastofNorthAmerica
andtheNWPacific,includingJapan,Korea,andChina.ThePonto-Caspianareade-
liversespeciallybrackish-tolerantfreshwaterspecies.Themajorityofspeciesorigi-
natesfromtemperateareas,thusmatchingtheclimateofTheNetherlands.Thesame
observationappliesalsotoallabundantexoticspecies.Most tropicalspecieseither
occur in thermally pollutedwaters (Hydroides elegans (Haswell, 1883), Balanus am-
phitrite,Lebistes reticulatus)orhaveadoubtfulorigin (Pleurosigma simonseniiHasle,
Garveia franciscana(Torrey,1902), Januabrasiliensis(Grube,1872),Megabalanuscocco-
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poma(Darwin,1854),M.tintinnabulum).
Table 1 shows the periods when NW
AtlanticandNWPacificspecies,respec-
tively, reached Europe. Of the species
derivedfromtheAtlanticcoastofNorth
America54%hasarrivedintheperiod
1851-1950whenAmericanAtlanticoys-
ters(Crassostreavirginica)wereimport-
edinEurope.OftheNWPacificspecies
74% arrived in the period 1951-2000
whenPacific oysters (Crassostrea gigas)
wereimportedinEurope.

12.Firstobservationofexoticnon-indigenousspecies

12.1.FirstobservationinEurope

12.1.1.Country

 The exotic non-indigenous species listed as occurring in TheNetherlandsmade
theirfirstappearanceindifferentEuropeancountries.31SpecieswerefoundfirstinThe
Netherlands, but another 66 species
werefirstintroducedintoanotherEuro-
pean country and subsequentlymoved
to The Netherlands, either by natural
processes(currents),or throughhuman
activities. For 2 species I do not know
theirfirstoccurrence.
 ThedistributionoverEuropeof the
first observations is shown in fig. 12.
Next to a fair number of species intro-
duceddirectly intoTheNetherlands, it
appears that Great Britain and France
arethemajorgatewaysforexoticnon-in-
digenous species in The Netherlands.
This survey also shows the importance
ofintra-Europeantransport:nearly70%
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indigenousspeciesfoundinTheNetherlandsbased
ontheinformationpresentedinthelistofspecies.

Table1.Periodswhenexoticnon-indigenousspeciesobservedinTheNetherlandsandoriginatingfrom
theNWAtlanticortheNWPacific,respectively,werefirstrecordedinEurope.

Period  NWAtlanticspecies NWPacificspecies
N   28% 23%
Before1800 7% 0%
1801-1850 7% 9%
1851-1900 36% 13%
1901-1950 18% 4%
1951-2000 32% 74%
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of thenon-indigenous exotic species inTheNetherlands initially established itself
elsewhereinEurope.Thedifferencesbetweenthecountrieswillhavebeencausedby
manyfactors:bettercoverageoftheliteratureinthisstudy(TheNetherlands),higher
shareofshippingtransport(GreatBritain,France,TheNetherlands),noregulations
foroysterimports(TheNetherlands,France),differencesinobservereffortetc.Ihave
noexplanationsfortheverylowshareofBelgiumandtherelativelylowcontribution
fromGermany.

12.1.2.Year

 ThefirstyearsofobservationanywhereinAtlanticEuropeoftheexoticnon-indig-
enousspeciesoccurringinTheNetherlandsareshowninfig.13.Thefiguremakesthe
impressionthattherateofintroductionincreasestowardstheendofthe20thcentury.It
cannotbeexcluded,however,thatthispictureisduetoincreasedobservereffort.On
the other hand, many forms of world-
widetransporthaveincreasedduringthis
period.Lowobserver effort also can ex-
plaintheverylownumberintheperiod
1941-50.Thelowvalueintheperiod1981-
90may reflect a time lagbetween intro-
ductionelsewhere inEuropeandarrival
inTheNetherlands.Thishypothesisisre-
inforcedbytheobservationthat11ofthe
13 species in the period 1991-2000 had
their first European occurrence in The
Netherlands.


12.2.FirstobservationinTheNetherlands

 Thefirstyearsofobservation inTheNetherlandsof theexoticnon-indigenous
speciesoccurringinTheNetherlandsareshowninfig.14.Againanincreaseofthe
invasionrate isnotedtowards theendof the20th century.Again,an increasedob-
servereffortisthefirstfactortobeconsidered.However,measurementsofobserver
effortarenotavailable.Theclearincrease
inobservationsintheperiod1871-80co-
incideswiththebuildingofatransporta-
ble “Zoological Station” by TheNether-
landsZoologicalSocietyinthatperiodto
enableDutchzoologists tostudymarine
organisms. Starting in 1876 the building
was erected at Den Helder (1876, 1880,
1886, 1887),Vlissingen (1877, 1884), Ter-
schelling (1878, 1879), Tholen (1881-83),
andDelfzijl (1885). In 1890 a permanent
buildingwasopenedatDenHelder(Van
Bennekom,2001).
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13.Vectorfortransportofnon-indigenousspecies

13.1.VectorfortransporttoEurope

 ThemostlikelyvectorsforthetransporttoEuropeofexoticnon-indigenousspecies
occurringinTheNetherlandsareshowninfig.15.Formorethan20%ofthespeciesI
cannotdeterminethevectorthatbroughtthemtoEurope.Alsoamongtheremaining
species thereexistmanyuncertainties; thecolumnsreflect themost likelyvectors in
manycases.Hullfouling(28%)andintroductionofshellfish(21%)arethemostimpor-
tantvectors.Interestingisthat,basedon
theobservationsuntilnow,ballastwater
seems tobe relativelyunimportant.On
theotherhand,ballastwateristhemajor
factor for transport operational nowa-
days (Carlton & Geller, 1993); due to
changedpracticesinshippingandshell-
fishculturetheothermajorfactorsareof
reduced importance. Deliberate intro-
ductions cover 7% of all introductions;
this figure is relatively certain. More
Ponto-Caspianspeciesmaybeexpected
toreachAtlanticEuropealongfreshwa-
ter shipping canals and rivers.Vander
Veldeetal.(2002)describeintroductions
offreshwaterspeciesinmoredetail.

13.2.VectorfortransporttoTheNetherlands

 ThemostlikelyvectorsfortransporttoTheNetherlandsofexoticnon-indigenous
species,eitherdirectlyfromotherbiogeographicareas,ordirectlyfromelsewherein
Europe,areshowninfig.16.Atleast20%
ofthespeciesarriveinTheNetherlands
by natural expansion, in most cases
probablyaidedbymarinecurrents.The
twoothermajorvectorsarehullfouling
and introduction of shellfish, whereas
ballastwaterseemsrelativelyunimpor-
tant.However,Iwasunabletotodeter-
mineavectorfor28%ofallintroductions
ofexoticnon-indigenousspecies.
 The vector for transport to The
NetherlandsofNortheastAtlanticnon-
indigenousspeciesisshellfishimportin
9outof13cases.Hullfoulingmayhave
beenthevectorinthreecases,andinone
caseIhavenoindication.
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14.StatusinTheNetherlands

 Thecurrent(2004)statusinTheNetherlandsoftheexoticnon-indigenousspecies
issummarisedinfig.17.Atleast68%ofallexoticnon-indigenousspeciesareperma-
nentlyestablished.About16%ofallintroducedexoticspeciesappearedtobetempo-
rarily established; another 10% have
become established less than 10 years
ago.Mostlikely,judgingfromtheratio
between the two former categories,
mostof these recentlyestablishedspe-
cies will become permanent members
oftheDutchfloraandfauna.Thecate-
gory ‘introduced, but not established’
countsonly5%ofthespecies.Thisisno
doubtastrongunderestimate;accord-
ing to the empirical ‘tens rule’ formu-
lated byWilliamson (1996) only about
10%ofallintroducedspecieswouldbe-
comeestablished.

15.Distributionofnon-indigenousspeciesinTheNetherlands

 Thepresentgeographicaldistributionofthedifferentexoticnon-indigenousspe-
cieswithinTheNetherlandsisshowninfig.18.Thisdistributionpatternshowstwo
hotspots,viz.theOosterscheldeestuaryandthebrackishwaters.About14%ofall
specieshavebeenfoundintheOosterscheldeestuaryonly.Moreover,about55%of
all introduced species occur in this estuarywhereas themuch largerWadden Sea
countsonly30%.TheprominenceoftheOosterscheldeestuaryisascribedtothefact
that thisestuary is thecentreof theDutchshellfishculture. Importationof foreign
shellfishisacommoneventatYerseke,
thetradingcentresituatedonthisestu-
ary. The high numbers of species in
brackishwaterswerementionedbefore
byWolff(1973,1999)and,amongother
factors,ascribedtotheundersaturation
of brackishwaterswith regard to spe-
ciesnumbers.Wolff(1999)alsoconsid-
eredthepossibilitythatthehighnumber
ofbrackish-water species isdue to the
fact that ports are often situated in
brackishwater.Heconcludedthat this
isnot impossiblebut thaton theother
handitshouldbenotedthatmanyports
haveshiftednowadaystomoremarine
conditions.
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17.Listofnon-indigenousmarineandestuarinespeciesinTheNetherlands

17.1.Explanation

 OnthefollowingpagesIpresentasystematiclistofallnon-indigenousmarineand
estuarinespeciesforwhichsufficientevidenceisavailablethattheyhavebeenintro-
ducedintoTheNetherlands.Speciesrecordedasintroduced,butforwhichnoorinsuf-
ficientevidenceforintroductionhasbeenfound,havebeenlistedaswell.
 Ithasbeenattemptedtocollectthefollowinginformationperspecies.
 StatusinTheNetherlands.—ForeachspeciesIhavesummarisedthestatusofits
introduction;inallcasesthisismyconclusionafterstudyingtherelevantdataandthe
literature.SpeciesintroducedintoTheNetherlandsfromtheAtlanticcoastsofEurope
havebeencalled‘Northeast(NE)Atlanticnon-indigenousspecies’,theonesintroduced
fromallotherpartsoftheworld‘exoticnon-indigenousspecies.’Forbenthicspeciesa
distinctionismadebetweenspecimensonlywashedashoreandthosefoundattached
toorburiedinasubstrate.Theformercategoryisconsideredtobe“non-indigenous,
notestablished”.Thelattercategoryisrecordedas“established”,butadistinctionis
madebetween“temporarilyestablished”and“permanentlyestablished”.Temporarily
establishedspeciesarethosewhichhavedisappearedagainafteranumberofyears,
whereasthepermanentlyestablishedonesapparentlyhavebecomepartoftheDutch
marineorestuarinefloraandfauna.ForneriticspeciesIhavedistinguishedbetween
“non-indigenous, not established” for species found only once, “temporarily estab-
lished”forspeciesfoundonlyforanumberofyears,and“permanentlyestablished”
forthoseoccurring(almost)everyyear.Speciesestablishedlessthan10yearsagohave
beenlabelled“recentlyestablished”.Betweenbracketsthecriteriausedtodetermine
whetheraspeciesisintroducedareenumerated(seepage00).
 Vector.—Itisindicatedhowaspeciesprobablyhasbeenintroduced,bothfromits
areaoforiginintoAtlanticEuropeandfromotherEuropeancountriesintoTheNether-
lands.
 Areaoforigin.—The(supposed)areaoforiginisindicated.
 IntroductionintoAtlanticEurope.—Year(orfirstrecord)andcircumstancesofin-
troductionintoAtlanticEurope.
 Introduction intoTheNetherlands.—Year (orfirst record) and circumstances of
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introductionintoTheNetherlandsaswellasinitialdispersalinDutchwaters.
 PresentoccurrenceinTheNetherlands.—Descriptionofthepresentoccurrenceof
aspeciesinTheNetherlands.

17.2.Rhodophyta

Acrochaetiumdensum(Drew)Papenfuss
(Syn.Chromastrumdensum(Drew)Stegenga&Mulder)

 Status inTheNetherlands.—Exoticnon-indigenousspecies (criterion11).Estab-
lishedspecies.
 Vector:Unknown.
 Areaoforigin.—ProbablyPacific(Stegenga&Vroman,1976).
 Introduction intoAtlantic Europe.— First European observation in TheNether-
lands.
 IntroductionintoTheNetherlands.—Firstobservedin1967(Stegenga&Vroman,
1976).
 Presentoccurrence inTheNetherlands.—Apparentlyestablished in theWadden
Sea,LakeGrevelingenandtheOosterscheldeestuary(Stegenga&Mol,1980;Stegenga,
2002a).Dr.H.Stegenga(pers.comm.)alsofoundafewtimesA.catenulatumHowein
thesamearea;this‘species’isconsideredtobethegametophyteofA.densum.

Agardhiellasubulata(C.Agardh)Kraft&Wynne

 Status inTheNetherlands.—Exoticnon-indigenous species (criteria 1, 2, 3).Re-
centlyestablished.
 Vector.—ItarrivedinEuropeperhapswithintroducedshellfish(W.F.Farnhamin
Enoetal.(1997));becauseofthelocationofitsfirstoccurrenceinTheNetherlandsthe
samevectormaybesuspectedforthiscountry.
 Areaoforigin.—AtlanticcoastofNorthAmericafromthetropicstoMassachusetts
orevenCanada(Stegenga,1999a).
 IntroductionintoAtlanticEurope.—FirstobservedintheSolent,England,before
1973(Farnham,1994;Farnham&Irvine,1979)
 IntroductionintoTheNetherlands.—A.subulatawasnotobservedduringthethor-
oughsurveysofthealgalfloraoftheDutchDeltaareabyDenHartog(1959a)andNien-
huis(1980).ObservedfloatingintheOosterscheldeestuarynearYersekeon27.vii.1998;
on8.xii.1998growingattachedtoahardsubstratenearYerseke(Stegenga,1999a).
 PresentoccurrenceinTheNetherlands.—Seeabove;observedinfairamountsgrow-
ing in formeroysterpondsnearYerseke,Oosterscheldeestuary in1999and2000and
abundantlyatTholen,Oosterscheldeestuaryin2003(Stegenga,pers.comm.and2004).It
stillhastobedemonstratedwhetherthisspecieshasestablisheditselfpermanently.

Anotrichiumfurcellatum(J.Agardh)Baldock
(Syn.GriffithsiafurcellataJ.Agardh)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,3).Tempo-
rarilyestablished.
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 Vector.—ItisneitherknownhowitarrivedinAtlanticEurope,norhowitreached
TheNetherlands,althoughtransportwithshellfishmaybesuspected.
 Areaoforigin.—Mediterranean(Maggs&Stegenga,1999).
 Introduction intoAtlantic Europe.—Believed to have been introduced from the
MediterraneantonorthernFrancepriorto1922.IntheNorthSeaonlyknownfromThe
Netherlands(Maggs&Stegenga,1999).
 Introduction into TheNetherlands.—A. furcellatumwas not observedduring
thethoroughsurveyofthealgalfloraoftheDutchDeltaareabyDenHartog(1959a).
The first observation was made in the Oosterschelde estuary in 1968 (Stegenga &
Prud’hommevanReine,1998).However,Dr.H.Stegenga(pers.comm.)foundanother
specimenintheRijksherbarium,Leiden,collected,butnotrecognised,byDenHartog
intheoysterpondsatYersekeon5.viii.1950.
 PresentoccurrenceinTheNetherlands.—OccurredatYersekeandSasvanGoesin
Oosterschelde estuary between 1950 and 1977. Apparently only temporarily estab-
lished.

Antithamnionellaspirographidis(Schiffner)Wollaston

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4).Per-
manentlyestablished.
 Vector.—Wollaston(1968,citedinOtten&Stegenga,1995)recordsarelationship
withharboursandsuggestsdispersaltoAtlanticEuropebyships.Enoetal.(1997)also
suspectdispersalonships’hullsandmooringropes.However,itmayhavecometoThe
Netherlandswithshellfish.
 Areaoforigin.—NorthPacific(Maggs&Stegenga,1999)
 IntroductionintoAtlanticEurope.—1906:Plymouth;1911:Mediterranean(Maggs
&Stegenga,1999).
 IntroductionintoTheNetherlands.—A.spirographidiswasnotobservedduringthe
thoroughsurveysofthealgalfloraoftheDutchDeltaareabyDenHartog(1959a)and
Nienhuis (1980). Introduced around 1974 in theOosterschelde estuarynearYerseke
(Stegenga&Prud’hommevanReine,1998;Maggs&Stegenga,1999).
 PresentoccurrenceinTheNetherlands.—Stegenga&Mol(1983):RareintheOoster-
scheldeestuary.Otten&Stegenga(1995)mentionafewobservationsintheOosterschelde
estuaryuntil1994,whereitwasnotrareintheoysterponds(‘buitenputten’)nearYerseke.
Maggs&Stegenga(1999):‘From1993onwardsrathercommonintheOosterscheldeestu-
ary,withafewcollectionsfromthe...Grevelingen.’.Dr.H.Stegenga(pers.comm.)found
itabundantlyattheentranceoftheSloeharbourintheWesterscheldeestuaryin2000.It
isassumedthatA.spirographidisnowisapermanentlyestablishedspecies.

Antithamnionellaternifolia(J.D.Hooker&Harvey)Lyle
(Syn.AntithamnionellasarniensisLyle)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3).Tempo-
rarilyestablished.
 Vector.—ItwasprobablycarriedtoAtlanticEurope(Channelarea)onthehullsand
mooringropesofships(Enoetal.,1997).FromtheChannelareaitmayhavereached
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TheNetherlandseithertransportedbycurrents(seeOtten&Stegenga,1995),orwith
introducedoysters, since thefirstDutchobservationwas at the centreof theDutch
shellfishtrade.
 Areaoforigin.—SouthernHemisphere,perhapsAustralia(Enoetal.,1997).
 IntroductionintoAtlanticEurope.—FirstEuropeanrecordin1906atPlymouth,UK
(Enoetal.,1997,citingMaggs&Hommersand,1993).‘ThefirstEuropeanrecordwas
fromnorthernFrancein1910:itwasfoundintheChannelIslandsin1921....’(Maggs&
Stegenga,1999).
 IntroductionintoTheNetherlands.—CollectedbyC.denHartognearYersekein
theOosterscheldeestuaryon21.x.1951(Maggs&Stegenga,1999).
 PresentoccurrenceinTheNetherlands.—Singlerecordofanattachedplantfrom
YersekeontheOosterscheldeestuaryin1951(Maggs&Stegenga,1999).Otten&Ste-
genga(1995)werenotawareofthisobservationandstatedthatA.ternifoliahadonly
beenfoundinTheNetherlandswashedashoreonthebeach.Athanasiadis(1990,cited
byOtten&Stegenga,1995),recordsthatA.ternifolia(asA.sarniensis)occursalongthe
WestEuropeancoastfromPortugaltoTheNetherlands.Thelatterlocalityinthisrecord
mustbeerroneous,sincehebaseshimselfonthere-identificationofadrawingofA.
spirographidisinStegenga&Mol(1983).Thisdrawingmostlikelyhasbeenmadeaftera
specimenofA.ternifolia(asA.sarniensis)washedashore.ProbablyEnoetal.(1997),who
recordedthisspeciesfromTheNetherlands,madethesamemistake.Apparentlythis
specieswasonlytemporarilyestablishedinTheNetherlands.

AsparagopsisarmataHarvey

 Status inTheNetherlands.—Exoticnon-indigenous species (criteria 1, 2, 3), not
established.
 Vector.— Itwas introduced intoAtlantic Europe possiblywith oysters, but its
subsequentspreadoccurredprobablylargelybyraftingandfloating(Enoetal.,1997).
ApparentlyitistransportedtoTheNetherlandsbymarinecurrents.
 Areaoforigin.—Australia(Maggs&Stegenga,1999).
 IntroductionintoAtlanticEurope.—ThefirstAtlanticpopulationappearedin1925
atGuétharyintheBayofBiscay,anditwasdiscoveredalmostsimultaneouslyattwo
Mediterraneanlocalities(Maggs&Stegenga,1999).
 IntroductionintoTheNetherlands.—Washesashorefairlyfrequently(Stegenga&
Mol,1983;Maggs&Stegenga,1999).Mostofthismaterialbelongstothesporophytic
generation (‘Falkenbergia rufolanosa (Harvey) F. Schmitz’) (Dr. H. Stegenga, pers.
comm.).
 PresentoccurrenceinTheNetherlands.—Notestablished.

BonnemaisoniahamiferaHariot

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2),notestab-
lished.
 Vector.—Unknownhow this species arrived inAtlantic Europe, although it is
suggested tohavebeen introducedwith shellfish (Enoet al., 1997).Apparently it is
transportedtoTheNetherlandsbycurrents.
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 Areaoforigin.—Pacific,Japan(Stegenga&Mol,1983;Enoetal.,1997).
 IntroductionintoAtlanticEurope.—FirstfoundinEnglandin1890(Maggs&Ste-
genga,1999).
 IntroductionintoTheNetherlands.—Onlyknownfrommaterialwashedashoreon
thebeach(Stegenga&Mol,1983;Maggs&Stegenga,1999).Mostofthismaterialbe-
longstothesporophyticgeneration(‘Trailliella intricataBatters.’)(pers.comm.Dr.H.
Stegenga).
 PresentoccurrenceinTheNetherlands.—Notestablished.

Colaconemadasyae(Collins)Stegenga,Mol,Prud’hommevanReine&Lokhorst
(Syn.AcrochaetiumdasyaeCollins)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criterion8),probably
permanentlyestablished.
 Vector.—Unknown,butlikelytohavebeenintroducedwithitshostDasyabaillou-
viana.
 Areaoforigin.—AtlanticcoastofNorthAmerica(Stegenga&Borsje,1976).
 IntroductionintoAtlanticEurope.—TheDutchobservationsapparentlywerethe
firstonesinEurope(Stegenga&Borsje,1976).
 IntroductionintoTheNetherlands.—Firstobservedinthenon-tidalbrackishGat
vanOuwerkerk(=Inlaag1953)neartheOosterscheldeestuary(Nienhuis,1968;seealso
Stegenga&Borsje,1976).
 PresentoccurrenceinTheNetherlands.—OosterscheldeestuarynearYersekeand
in the brackish Lake Veerse Meer (Stegenga, 2002b). The earlier localities Gat van
OuwerkerkandKanaaldoorZuid-Beveland(Stegenga&Borsje,1976)donotharbour
thisspeciesanylonger.Thespecieswasnotfoundanymoreafter1996(pers.comm.Dr.
W.F.Prud’hommevanReine).

Dasyabaillouviana(S.G.Gmelin)Montagne
(Syn.Dasyapedicellata(C.Agardh)C.Agardh)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,3,7).Perma-
nentlyestablished.
 Vector.—Unknown,althoughDenHartog(1964)notedthatthefirstrecordofa
sessilespecimenoriginatedfromalocalityonlyafewkmfromoysterponds.
 Areaoforigin.—‘....widelydistributedintheMediterranean,westwardstoCadiz,
andontheAtlanticcoastofNorthAmerica...;itappearstobenativetobothofthese
areas.’(DenHartog,1964;Maggs&Stegenga,1999)
 Introduction intoAtlanticEuropeand inTheNetherlands.—ThefirstEuropean
andDutchrecordconcernsaplantwashedashoreatRockanjein1948(Stegenga,2003).
IthadnotbeenfoundattachedinTheNetherlandsbefore1950,althoughitisavery
conspicuousspeciesgrowingto1.75minlength.ItwasfoundintheKanaaldoorZuid-
Beveland,connectedtoOosterscheldeestuary,in1950.In1953itwasobservedinSwe-
denandin1961inDenmark(DenHartog,1964).DenHartog(1959a)didnotrecognise
itasanon-indigenousspecies.
 PresentoccurrenceinTheNetherlands.—DasyaoccurredintheKanaaldoorZuid-
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Bevelandintheperiod1950-1959,andintheInlaag1953nearOuwerkerkfrom1959-
1961(DenHartog,1964(asDasyapedicellata)).OtherauthorsrecorditfromtheKanaal
doorZuid-Beveland, the Inlaag 1953 nearOuwerkerk, theVeerseMeer, theOoster-
scheldeestuary,andLakeGrevelingen(Stegenga&Mol,1983;Stegenga&Prud’homme
vanReine,1998;Maggs&Stegenga,1999;Stegenga,2003).AccordingStegenga(2003)
knownfromtheKanaaldoorZuid-Bevelandupto1967andin2003,fromtheInlaag
1953 near Ouwerkerk up to 1980 and more recently from Kanaal doorWalcheren,
ArnemuidensKanaal,HavenkanaalvanStavenisse.Furthermoreabundanttheinner
partoftheOosterscheldeestuaryin2003(Stegenga,2004).DenHartog&VanderVelde
(1987)believethatDasyaisathermophilousspecies,whichisnotabletomaintainitself
withouthumanmodificationoftheenvironment.Maggs&Stegenga(1999),however,
considerabsenceofwave-actiontheprincipalfactorgoverningitsdistribution.

‘Dasysiphoniasp.’

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,3,4),perma-
nentlyestablished.
 Vector.—Perhapsintroducedwithoysters,bothintoEuropeandintoTheNether-
lands.
 Areaoforigin.—NEAsia(Maggs&Stegenga,1999).
 IntroductionintoAtlanticEurope.—Firstobservedin1994informeroysterponds
inOosterscheldeestuarynearYerseke,TheNetherlands.Theinitialintroductionmay
havebeen intoFrance,perhapswithoysters.Anapparently identical algaoccurs in
Galicia,Spain,since1990(Maggs&Stegenga,1999).
 IntroductionintoTheNetherlands.—Firstobservedin1994informeroysterponds
intheOosterscheldeestuarynearYerseke(Stegenga&Prud’hommevanReine,1998;
Maggs&Stegenga,1999).
 PresentoccurrenceinTheNetherlands.—Common,sometimesabundant,species
inmostoftheOosterscheldeestuaryandoccasionallyinLakeGrevelingen(Maggs&
Stegenga,1999).

GrateloupiaturuturuYamada
(Syn.Grateloupiadoryphora(Mont.)M.Howe)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),per-
manently established. Earlier known in Europe asG. doryphora (Gavio& Fredericq,
2002).
 Vector.— It is suggested that this species has been transportedwith commercial
molluscs,bothtoAtlanticEuropeandtoTheNetherlands(Maggs&Stegenga,1999).
 Areaoforigin.—Pacific(Maggs&Stegenga,1999);Japan,Korea(Gavio&Fredericq,
2002).
 Introduction intoAtlantic Europe.— Discovered in 1969 in the Solent, England
(Maggs&Stegenga,1999).
 IntroductionintoTheNetherlands.—Foundinoysterponds(‘buitenputten’)inthe
OosterscheldeestuarynearYersekeinAugust1993(Stegenga&Otten,1997;Stegenga
&Prud’hommevanReine,1998;Maggs&Stegenga,1999).
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 Present occurrence in TheNetherlands.—Found in oyster ponds in theOoster-
scheldeestuarynearYersekein1993and1996(Maggs&Stegenga,1999).Manylarge
(upto1m)plantsinHavenkanaalvanStavenisseandnearbytidalpoolsin1999and
2000(Dr.H.Stegenga,pers.comm.),abundantintheinnerpartoftheOosterschelde
estuaryin2003(Stegenga,2004).

PolysiphoniaharveyiBailey

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,9,10),
permanentlyestablished.
 Vector.—It isneitherknownhowitarrived inEurope,norhowitreachedThe
Netherlands.
 Area of origin.— Japan (McIvor et
al.,2001).
 IntroductionintoAtlanticEurope.—
Possibly in Brittany, France, in 1832; in
1908 inDorset, England (Maggs&Ste-
genga,1999;McIvoretal.,2001).
 IntroductionintoTheNetherlands.—
FirstobservedintheKanaaldoorZuid-
Beveland in 1960 (Stegenga, 1998; Ste-
genga&Prud’hommevanReine, 1998;
Maggs&Stegenga,1999).
 Present occurrence in The Nether-
lands.—Verycommonandoftenabun-
dant in the Oosterschelde estuary and
LakeGrevelingen(Stegenga,1998).Also
found at Texel (Maggs & Stegenga,
1999).

PolysiphoniasenticulosaHarvey,1862

 Status inTheNetherlands.—Exoticnon-indigenous species (criteria 1, 2, 3, 4),
permanentlyestablished.
 Vector.—It isneitherknownhowitarrived inEurope,norhowitreachedThe
Netherlands.
 Areaoforigin.—NorthPacific(Maggs&Stegenga,1999).
 IntroductionintoAtlanticEuropeandTheNetherlands.—Firstobservedin1993at
GorishoekintheOosterscheldeestuary,TheNetherlands(Stegenga,1998;Stegenga&
Prud’hommevanReine,1998;Maggs&Stegenga,1999).
 PresentoccurrenceinTheNetherlands.—CommoninalargepartoftheOoster-
scheldeestuary,locallyabundantintheoysterpondsatYerseke(Stegenga,1998;Ste-
genga&Prud’hommevanReine,1998(withdistributionmap;fig.19);Maggs&Ste-
genga,1999).AbundantintheinnerpartoftheOosterscheldeestuaryinthesublittoral
fringe and in tidalpools in the colderperiodof theyear (November –April) (pers.
comm.Dr.W.F.Prud’hommevanReine).

Fig.19.ExpandingdistributionofPolysiphoniasen-
ticulosa in theperiod1993-1998.AfterStegenga&
Prud’hommevanReine(1998).
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17.3.Heterokontophyta

17.3.1.Bacillariophyceae

AsterionellaglacialisCastracane
(Syn.AsterionellajaponicaCleveetMöller)

 Wolff (1992,1996)andWolffetal. (1994)erroneouslyconsider thisspecies (asA.
japonica)tobeintroduced.Therearenoindicationsthatthiscommonspecieshasbeen
introducedfromelsewhereintoTheNetherlands.

CoscinodiscuswailesiiGran&Angst

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,4),perma-
nentlyestablished.
 Vector.—Unknown (Eno et al., 1997). ‘Probably introduced to northern Europe
fromtheIndo-PacificwhenFrenchoysterfarmsbegantocultivatetheinfection-re-
sistantCrassostreagigas’(Nehring,1998).Introducedinballastwaterorimportedwith
oysters(Edwardsetal.,2001).AssumedtohavearrivedinTheNetherlandswithsea
currents.
 Area of origin.— Indian andPacificOceans (Eno et al., 1997); northernPacific
(Edwardsetal.,2001).
 Introduction intoAtlanticEurope.—Observed in theWesternApproachesof the
EnglishChannelnearPlymouth,UK,inJanuary1977(Boalch&Harbour,1977).Spread
rapidlytoAtlanticcoastofFranceby1978andNorwayby1979(Laing,1999).
 Introduction into TheNetherlands.—Occurs along theDutch coast since 1978
(Tripos,1995).
 PresentoccurrenceinTheNetherlands.—ThisspeciesisnowpresentinNorthSea
plankton throughout the year (Nehring, 1998; Edwards et al., 2001). Very common
alongtheDutchcoastsince1978(Tripos,1995).

Odontellasinensis(Greville)Grunow
(Syn.BiddulphiasinensisGreville)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,4),perma-
nentlyestablished.
 Vector.—Has been introduced intoAtlantic Europeprobablywith ballastwater
(Ostenfeld,1908).AssumedtohavearrivedinTheNetherlandswithmarinecurrents.
 Areaoforigin.—Chinesewaters?IndianOceanorRedSea?(Enoetal.,1997).
 IntroductionintoAtlanticEurope.—FirstobservationinEuropein1889.Firstobser-
vationintheNorthSea(GermanBight)in1903(Ostenfeld,1908;Enoetal.,1997).
 IntroductionintoTheNetherlands.—In1905observedinDutchwaters(VanBree-
men,1906;VanderWerff&Huls,1959).
 Present occurrence inTheNetherlands.—Fairly common in theNorthSea (Van
Breemen,1906;VanderWerff&Huls,1959;Leewis,1985)
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PleurosigmasimonseniiHasle
(Syn.P.planctonicumSimonsen)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,4),tempo-
rarilyestablished.
 Vector.—UnknownhowitreachedAtlanticEurope.Assumedtohavearrivedin
TheNetherlandsbymarinecurrents.
 Areaoforigin.—WasdescribedfromtheIndianOceanbySimonsenin1974(Enoet
al.,1997)
 Introduction intoAtlanticEurope.—InEurope itwasfirst foundnearUshant (=
Ouessant),France, in1966,butnotimmediatelyidentified.Lateritwasfoundnear
Plymouthin1972,1973,and1974whereitwasthedominantspeciesinthenetphyto-
plankton(Boalch&Harbour,1977).
 IntroductionintoTheNetherlands.—Kat(1982a)describedthespeciesasoccurring
alongtheDutchcoastinNovember1974.ShenorLeewis(1985)foundthespeciessince
then.
 PresentoccurrenceinTheNetherlands.—Apparentlyabsent.

RhizosoleniaindicaPeragallo

 RhizosoleniaindicaislistedasanintroducedspeciesinTheNetherlandsbyWal-
lentinus(2002).However,accordingtomydefinitionsitisanindigenousspeciesof
EuropeanseasextendingintotheNorthSeainwarmperiods(Nehring,1998).

ThalassiosirapunctigeraCastr.
(Syn.Thalassiosiraangstii(Gran)Makarova)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,4),perma-
nentlyestablished.
 Vector.—‘itisassumedthatthisspecieswasintroduced[intoAtlanticEurope]from
the Indo-Pacificalongwithbreedingoysters...’ (Nehring,1998). Introduced intoThe
Netherlandswithmarinecurrents.
 Areaof origin.—Unknown,observedbefore in theNorthPacific and the South
Atlantic,asingleobservationintheCaribbean(Enoetal.,1997).Indo-Pacific(Nehring,
1999).
 IntroductionintoAtlanticEurope.—In1978,T.punctigerawasfoundforthefirst
timeinEuropeanwatersintheEnglishChannelnearPlymouth(Kat,1982)andnear
Helgoland(Enoetal.,1997).In1979itspresenceintheSkagerrakwasproven(Hasle,
1983).
 IntroductionintoTheNetherlands.—ItwasfoundalongtheDutchcoastin1981
(Kat,1982;Enoetal.,1997;Nehring,1998).
 Present occurrence in TheNetherlands.—Present (Tripos, 1995).Nehring (1999)
statesthatitisafrequentspeciesinthe(German?)WaddenSea.
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17.3.2.Phaeophyceae

Botrytellasp.
(Syn.Sorocarpusmicromorus(Bory)Silva)

 Status in TheNetherlands.—Exotic non-indigenous species (criteria 1, 3, 8, 11),
seemstobeestablished.
 Vector.—Unknown.
 Areaoforigin.—ThematerialseemscloselyrelatedtosomePacificspecies (Ste-
genga&Mol,1996).
 IntroductionintoAtlanticEurope.—Unknown.
 IntroductionintoTheNetherlands.—VanGoor(1923):onabuoyintheharbourof
Nieuwediepin1919(asSorocarpusuvaeformis(Lyngb.)Pringsh.).
 PresentoccurrenceinTheNetherlands.—Stegenga&Mol(1996)recordthesame
speciesalsofrom‘tHorntje(NIOZharbour)atTexelin1981andonSargassummuticum
fromthesalineLakeGrevelingenin1993and1995.Apparentlyitisararespecies.

Colpomeniaperegrina(Sauvageau)Hamel
(Syn.Colpomeniasinuosa(Roth)Derb.&Sol.)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),per-
manentlyestablished.
 Vector.—Fletcher&Farrell(1999)consideritlikelythatthisspecieswasintroduced
intoAtlanticEuropefromtheAtlanticcoastofNorthAmericawithjuvenileAmerican
oysters.ItisunknownhowitarrivedinTheNetherlands.
 Areaoforigin.—AtlanticcoastofNorthAmerica.
 IntroductionintoAtlanticEurope.—VanGoor(1923):inEuropeoriginallyonlyin
MediterraneanandAtlanticcoastofSpain,butsince1906alongtheFrenchandEnglish
coasts.Goulletqueretal.(2002):establishedinFranceby1905.Fletcher&Farrell(1999):
arrivedinsouthernEnglandin1907.
 IntroductionintoTheNetherlands.—VanGoor(1923)recordsthatColpomeniasinuosa
(Roth)Derb.&Sol.waswashedashoreinlargequantitybutalsowasfixedonFucusatthe
islandofTerschellinginMay1921.RecordedbyLucas(1950)asC.sinuosa.Stegenga&
Mol(1983)knewthisspeciesonlyaswashedashoreonthebeach.DeGraaf(1989)found
attachedplantsnearDreischor inLakeGrevelingen in1986.Stegenga&Prud’homme
vanReine(1998)statethatitwasintroducedinTheNetherlandsaround1989.
 Present occurrence inTheNetherlands.—Commonand sometimes abundant in
LakeGrevelingen,also in tidalpoolsof theOosterscheldeestuary (Dr.H.Stegenga,
pers.comm.).

Elachistasp.

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,3,8),perma-
nentlyestablished.
 Vector.—UnknownhowthisspeciesarrivedinAtlanticEurope;itarrivedinThe
NetherlandspossiblywithdriftingSargassummuticum.
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 Areaoforigin.—Stegenga(2000c)supposesanoriginintheNWPacific,butisun-
abletoconnectthisspeciestoadescribedspecies.
 IntroductionintoAtlanticEurope.—NotknownfromelsewhereinEurope.
 IntroductionintoTheNetherlands.—Firstobservedin1993asanepiphyteofSar-
gassummuticum(Stegenga&Prud’hommevanReine,1998).
 PresentoccurrenceinTheNetherlands.—CommoninLakeGrevelingen,alsoina
tidalpoolatNeeltjeJans,Oosterscheldeestuary,andinHavenkanaalvanGoes.Itseems
toprefernon-tidalsaltwater(Stegenga,2000c).

LeathesiaverruculiformisY.P.Lee&I.K.Lee

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,8),perma-
nentlyestablished.
 Vector.—UnknownhowthisspeciesarrivedinAtlanticEurope;itpossiblyarrived
inTheNetherlandswithdriftingSargassummuticum.
 Areaoforigin.—NWPacific(Stegenga,2000a).
 IntroductionintoAtlanticEurope.—TheDutchrecordapparentlyisalsothefirst
oneinEurope.
 Introduction intoTheNetherlands.—Stegenga&Prud’hommevanReine (1998)
andStegenga(2000a):epiphyteofSargassummuticum,firstobservedinLakeGrevelingen
nearBruinissein1994.
 PresentoccurrenceinTheNetherlands.—FrequentlyfoundinLakeGrevelingen,also
intidalpoolsatSasvanGoesandatthestormsurgebarrierinOosterscheldeestuary.

Myriactulasp.
(Syn.Myriactularivulariae(Suhr)Feldmann)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,8),perma-
nentlyestablished.
 Vector.—UnknownhowthisspeciesarrivedinAtlanticEurope; it isassumedto
havearrivedinTheNetherlandswithdriftingSargassummuticum.
 Areaoforigin.—Unknown.
 IntroductionintoAtlanticEurope.—KnownonlyfromTheNetherlands(Wallenti-
nus,2002).
 IntroductionintoTheNetherlands.—Stegenga&Prud’hommevanReine(1998):
epiphyteofSargassummuticum,observedondriftingSargassum in1980;around1983
foundonattachedplants.
 PresentoccurrenceinTheNetherlands.—ObservedinLakeGrevelingenin1994-98
and2003,fairlycommoninsomeyears(Dr.H.Stegenga,pers.comm.).

Sargassummuticum(Yendo)Fensholt

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,5,6),
permanentlyestablished.
 Vector.—BelievedtohavebeenintroducedintoAtlanticEuropewithPacificoys-
ters(Critchleyetal.,1990).It is likelytohavereachedTheNetherlandsbydrifting
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withthecurrents(Prud’hommevanReine,1977,1980).However,Critchley&Dijke-
ma (1984)observedyoungplantsoncommercially shippedoystersOstrea edulis in
1982;theyneverthelessassumethatSargassuminTheNetherlandsderivesfromdrift-
ingspecimens.
 Area of origin.—Northwest Pacific: Japan, Russia, Korea, China (Wallentinus,
1999a).
 Introduction into Atlantic Europe.— Observed in 1971 near Bembridge, Isle of
Wight,UK;probablyoriginallyintroducedtotheFrenchsideoftheChannelaround1966
(Enoetal.,1997).Around1980Iobservedlargequantities(tons)ofdriftingS.muticum
atvariousplacesinthesouthernNorthSea.
 IntroductionintoTheNetherlands.—Prud’hommevanReine(1977)andCoppejans
etal. (1980) record thefirstplantswashedashoreat thebeachesofRenesse,Monster,
KatwijkandDenHelder,onTexelinApril-May1977,andonTerschellingin1978.First
attachedplantsfoundin1980onTexel,inLakeGrevelingen,HavenkanaalvanGoes,
andinOosterscheldeestuarynearBurghsluis(Prud’hommevanReine,1980;Nienhuis,
1982;Prud’hommevanReine&Nienhuis,1982)(Critchley&Dijkema(1984)mention
1978asthefirstfindofattachedplants;thisisincorrect).Critchleyetal.(1987)described
thecolonisationofLakeGrevelingenbetween1980and1983aswellastheinitialcolo-
nisationoftheOosterscheldeestuaryinthesameperiod.
 PresentoccurrenceinTheNetherlands.—Stegenga&Mol(1983):Texel,Grevelin-
genandOosterscheldeestuary.Presentlyitisanabundantspecies,especiallyinLake
Grevelingen(Dr.H.Stegenga,pers.comm.).AlsoatEuropoort(Paalvast,1998).

Undariapinnatifida(Harvey)Suringar

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),re-
centlyestablished.
 Vector.—HasbeenimportedinEuropewithoysters,but itwasalsodeliberately
introduced(Floc’hetal.,1991).ItisunknownhowitarrivedinTheNetherlands.
 Area of origin.—Northwest Pacific (China, Japan, Korea, SE Russia) (Stegenga,
1999b;Wallentinus,1999b).
 IntroductionintoAtlanticEurope.—UndariawasfirstobservedinEuropeinÉtang
deThauat theFrenchMediterranean coast in 1971,probably importedwithPacific
oysters.ItwasdeliberatelyintroducedforcultivationpurposesintoBrittanyin1983.In
1987itwasfoundinthewildatOuessant(=Ushant).Fromthereitexpandedalongthe
Europeancoasts:northernSpain(1988),southernEngland(1994),StraitofDover(1998),
Zeebrugge,Belgium(1999)(Floc’hetal.,1991;Stegenga,1999b;Fletcher&Farrell,1999;
Wallentinus,1999b).
 IntroductionintoTheNetherlands.—About15attachedplantswerefoundinthe
Oosterschelde estuarynearYerseke in 1999. Theplants, about 60 cm long, grewon
shellsinformeroysterponds(Stegenga,1999b).
 Present occurrence in TheNetherlands.—Yerseke, Oosterschelde estuary (Ste-
genga,1999b).Inthesameestuaryin2003itisdominantintheinnerparts,especially
in the sublittoral fringe (Drs.W.F. Prud’homme vanReine andH. Stegenga, pers.
comm.).
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17.3.3.Raphidophyceae

Chattonellamarina(Subrahmanyan)Hara&Chihara

 Inthegreyliterature(e.g.,Tripos,1997)ithasbeenstatedthat‘Chattonella’isanex-
otic non-indigenous species inDutchwaters.C. marinaapparently is an established
species,whichisperhapsidenticaltoC.antiqua(Connell,2000).Thefirstobservation
occurredin1991,butitisunclearifthespecieswasoverlookedinearlieryears,because
thefirstfindwasmadewithanewlyappliedimmuno-chemicaltechnique.Sincethat
yearobserved inNorthSea,WaddenSea,Oosterscheldeestuary, andWesterschelde
estuary(Vrielingetal.,1995).

Chattonellaantiqua(Hada)Ono

 Inthegreyliterature(e.g.,Tripos,1997)ithasbeenstatedthat‘Chattonella’isan
exoticnon-indigenousspeciesinDutchwaters.C.antiquaapparentlyisanestablished
species,whichisperhapsidenticaltoC.marina(Connell,2000).Thefirstobservation
occurredin1991,butitisunclearifthespecieswasoverlookedinearlieryearsbecause
thefirstfindwasmadewithanewlyappliedimmuno-chemicaltechnique.Sincethat
yearitwasobservedinasmallnumberofsamplesfromNorthSea,WaddenSea,Oost-
erscheldeestuary,andWesterscheldeestuary(Vrielingetal.,1995).

FibrocapsajaponicaToriumi&Takano

 Itisunknownifthisisanexoticnon-indigenousspeciesinDutchwaters(Kooistra
etal.,2001),orthatitwasoverlookedbefore1991.Apparentlyitisanestablishedspe-
cies.Vrielingetal.(1995)statethatReidetal.(1990)recordF.japonicafromtheBelgian
coast,buttheonlyrhaphidophyceanspeciesmentionedbythelatterauthorsisOlisth-
odiscusluteusN.Carter.Vrielingetal.(1995)recordFibrocapsafromsamplestakenbe-
tweenApril and September 1991 fromDutch coastalwaters,whereas Billard (1992)
foundFibrocapsaoffSaint-Luc-sur-Mer,Calvados,France inOctober1991.Elbrächter
(1999)states‘Asthespecieswasdetectednearlysimultaneouslyandindependentlyat
threeEuropeancoasts,itisnotverylikelythatthespecieswasearlierpresentinour
region.....Alsothegradualincreaseinitsabundancesupportstheviewthatitwasin-
troduced.’However,thefirstobservationinTheNetherlandsin1991wasmadewith
immuno-chemicaltechniquesthatwereappliedforthefirsttimeinthatyear.Sincethat
yearitwasobservedalmostannuallyinsamplesfromNorthSea,WaddenSea,Ooster-
scheldeestuary,andWesterscheldeestuary(Vrielingetal.,1995).Ontheotherhand,
Kooistraetal.(2001)suggestthatF.japonicaisanintroducedPacificspecieswhichre-
centlyspreadacrosstheworldafterhybridisationevents,possiblyintheNorthPacific,
whichledtoenhancedhybridvigour.

Heterosigmaakashiwo(Hada)Hada
(Syn.Heterosigmacarterae(Hulburt)Taylor)

 AccordingtoTripos(1997)anon-indigenousspeciesinTheNetherlands.However,
thisclaimisnotsubstantiated.Thereisevennoclearevidencethatithasbeenintro-
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ducedanywhere(Elbrächter,1999).Connell(2000),however,foundthatisolatesfrom
allovertheworlddidnotdiffergenetically,indicatingrecentandprobablyhuman-as-
sisteddispersal.Thisdoesnotexcludethepossibility thatH.akashiwo isaEuropean
species.ThefirstfindintheDutchWaddenSeawasmadein1992(Tripos,1993;Neh-
ring,1998).

17.4.Dinophyta

Alexandriumleei(Balech)Balech

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
2).Ifso,permanentlyestablished.
 Vector.—Unknown(Elbrächter,1999).
 Areaoforigin.—Korea,GulfofThailand,Philippines(Elbrächter,1999).
 IntroductionintoAtlanticEuropeandinTheNetherlands.—‘Biologicalmonitoring
inDutchcoastalwatersbetween1989and1995revealedtheoccurrenceof...Alexandrium
leei...newforthisregion’(Koeman,1997).Firstobservationin1991(Tripos,1995).
 PresentoccurrenceinTheNetherlands.—Alexandriumleeiwasmainlyfoundoff-
shore(Koeman,1997).

Alexandriumtamarense(Lebour)Balech

 Unclearifthisisanexoticnon-indigenousspecies.Apparently,itisapermanently
establishedspeciesinDutchwaters.ItwasdescribedasanewspeciesfromtheTamar
estuary,England,in1925.However,PSPintoxicationofhumans,consideredacharac-
teristiceffectofthisspecies,hasbeendescribedfromEnglandalreadyin1827(Peper-
zak, 1994).Medlin et al. (1998) found thatpopulations from theOrkney Islands are
more similar toNorthAmericanpopulationsof this species than tootherEuropean
populations.FirstobservationsinDutchwatersweremadein1989(Peperzak,1994).
CystsofAlexandriumspp.werefoundintheNorthSeaonatransectfromTerschelling
toOysterGroundsin1991(Peperzaketal.,1996).

GymnodiniumcatenatumGraham

 Thispossiblynon-indigenousspeciesdoesnotoccurinTheNetherlands,although
someauthorsmake contrasting claims.Elbrächter (1999): ‘Since1993,Nehringhas
reportedontheoccurrenceofGymnodiniumcatenatumcystsfromGermancoastalwa-
tersandsucceededingerminatingthem(Nehring1993,1994,1995).Hespeculated
that thespecies,whichhadbeenintroducedintoSpanishwatersaround1976,was
transportedbycurrentsintotheNorthSeaandtheBaltic.AsshownbyEllegaardet
al.(1998),thespeciesofNorthEuropeanwatersisnotconspecifictothetoxicGymnod-
iniumcatenatum,butisanewlydescribednon-toxicspecies-GymnodiniumnolleriEl-
legaard&Moestrup -whichonly formschainsof twocells. It is alsoknown from
subfossilandfossilsedimentsintheSkagerrakandKattegat.Thereforethereportsof
‘Gymnodiniumcatenatum’ inNorthEuropeanwatersdonot representanexotic, re-
centlyintroducedspeciesbutamisidentificationofagenuinebutoverlookedcompo-
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nentofourwaters.’CystsofpresumablyG.nolleri(notG.catenatum)havebeenfound
intheNorthSeaonatransectfromTerschellingtotheOysterGrounds/DoggersBank
(Peperzaketal.,1996).

GymnodiniummikimotoiMiyake&KominamiexOda
(Syn.GyrodiniumaureolumHulburt)

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
2,4),permanentlyestablished.
 Vector.—Braarud&Heimdal(1970)statethatthisspeciesmayhavebeenintroduced
intoAtlanticEurope,butdonotidentifyavector.‘Howthisspecieswasintroducedinto
Europeanwatersisunknown.’(Elbrächter,1999).Itmayhavebeenintroducedinballast
water.Minchin&Sheehan(1999)believethatitarrivesatnewlocalitiesbyspreadingat
coastalfronts.ItprobablyarrivedinTheNetherlandsbymarinecurrents.
 Areaoforigin.—Elbrächter(1999):‘Morphologicalandmoleculargeneticstudies
showedthattheEuropeanbloom-formingspeciescalledGymnodiniumaureolum,Gym-
nodiniumcf.nagasakienseorGymnodiniumnagasakienseTakayama&Adachi,byvarious
authorsisconspecificwithGymnodiniummikimotoiMiyake&KominamiexOdafrom
Japanesewaters(Gentien,1998;Hansen,1998).’Vrielingetal.(1994)sharethisopinion.
MacDonald (1999),however,believes thatG.mikimotoi andG.aureolum aredifferent
speciesandthattheEuropeanmaterialbelongstothelatterspecies.
 IntroductionintoAtlanticEurope.—FirstrecordedbyBraarud&Heimdal(1970)
ontheSWcoastofNorwayin1966.‘Thespeciesisnowaregularcomponentofneritic
watersoftheNorthSea.’(Elbrächter,1999).
 IntroductionintoTheNetherlands.—ThespecieswasfirstdiscoveredintheDutch
sectoroftheNorthSeain1989(Peperzak,1990,1994).DeGroot&VanBanning(1998):
‘IntheNorthSeaareathedinoflagellateGyrodiniumaureolumisconsideredashaving
beenintroducedin1968(pers.comm.WandaZevenboom,DirectieNoordzee),although
thewidedistributionintheNorthAtlanticandevenworld-wide(Tomas,1997)causes
doubtaboutthis.’
 PresentoccurrenceinTheNetherlands.—InthelastfewyearsintheentireDutch
sectoroftheNorthSea.HighestconcentrationsinthepycnoclineattheOysterGrounds
(Peperzak,1994).

ProrocentrumtriestinumSchiller
(Syn.ProrocentrumredfieldiiBursa)

 Itisunclearwhetherthisisanexoticnon-indigenousspeciesinTheNetherlands.It
isestablishedpermanently inDutchwaters.P. redfieldiihasbeendescribed fromthe
AtlanticcoastofNorthAmerica,butaccordingtoNehring(1998)itisdistributedworld-
wideincoastalwaters.Kat(1979)hasreportedP.triestinum(asP.redfieldii)asbloom-
formingfromtheDutchcoastalareasince1961.
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17.5.Chlorophyta

Codiumfragile(Suringar)Harriotssp.tomentosoides(vanGoor)Silva

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,11),
permanentlyestablished.
 Vector.—IntroducedintoTheNetherlandsbyshipping(DenHartog,1959).Trow-
bridge(1998)concludesthattheprimaryvectorsofspreadofthissubspeciesareshell-
fishandships’hulls;sheconsidersballastwatertransporthighlyunlikely.Chapman
(1999):‘theoriginalvectoroftransporttoEuropeisunknown....transportonoysters
withinEuropeisconsideredmostlikely.’BecausethefirstfindoutsidetheNWPacific
wasinTheNetherlandsatatimewhenPacificoysterswerenotyetcommerciallytrans-
portedtoEurope,transportonaship’shullseemsmostlikely.
 Areaoforigin.—Pacific(VanGoor,1923);PacificaroundJapan(Trowbridge,1998;
Chapman,1999).
 IntroductionintoAtlanticEurope.—Minchin&Sheehan(1999)statethatthissub-
specieshasbeenknownfromIrelandsince1833.However,Trowbridge(1998)concludes
thatCodiumfragilessp.tomentosoideswasintroducedintoIrelandin1941,whereasthe
subspeciesC.fragilessp.atlanticum (A.D.Cotton)SilvafirstappearedonIrishshores
about1808.Probably,Minchin&Sheehan(1999)haveusedthewrongname.Sothefirst
EuropeanfindisatHuisduineninTheNetherlands(VanGoor,1923;Trowbridge,1998;
Chapman,1999).
 IntroductionintoTheNetherlands.—FirstfoundwashedashoreatHuisduinenin
1900, later(1904)alsofoundgrowingat theshorenearDenHelder(VanGoor,1910,
1920,1923;Stegenga&Prud’hommevanReine,1998).Dorsman(1914):‘Thisplantdid
notoccurbefore,andisintroducedfromAmerica.OfteninthebasinsoftheAquarium
ofArtisatAmsterdam.’
 PresentoccurrenceinTheNetherlands.—VanGoor(1923):DenHelder,Texel,Zee-
land.Stegenga&Mol(1983):OccursinalargepartoftheOosterscheldeestuary,atthe
entranceof theWesterscheldeestuary,along theMarsdiepandatWest-Terschelling.
AbundantinLakeGrevelingen(Dr.H.Stegenga,pers.comm.).

UlvapertusaKjellman

 StatusinTheNetherlands.—Anexoticnon-indigenousspecies(criteria1,2),per-
manentlyestablished.
 Vector.—Unknown.
 Areaoforigin.—NorthernPacific(Stegenga&Mol,2002).
 Introduction intoAtlanticEurope.—First recorded fromtheDutchDeltaarea in
1993(Stegenga&Mol,2002).
 IntroductionintoTheNetherlands.—ThefirstobservationsinAtlanticEuropewere
made in theDutchDelta in1995,but later thespecieswas recognised inherbarium
materialcollectedinthesameareain1993(Stegenga&Mol,2002).
 PresentoccurrenceinTheNetherlands.—In2002oneofthemostcommonspecies
ofUlvaintheDeltaareaintheSWNetherlands,especiallyintheOosterscheldeestu-
aryandLakeGrevelingen;alsofoundatTexelinthewesternWaddenSea(Stegenga
&Mol,2002).
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17.6.Tracheophyta(VascularPlants)

CotulacoronopifoliaL.

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,11),
permanentlyestablished.
 Vector.—Unknown.
 Areaoforigin.—SouthAfrica(Cohen&Carlton,1995).However,alreadyfound
inNewZealandduringCook’sdiscoveries.
 IntroductionintoAtlanticEurope.—KnownfromNWGermanysince1739(Men-
nemaetal.,1980).
 IntroductionintoTheNetherlands.—ThefirstobservationinTheNetherlandswas
madeontheseawallofthebrackishZuiderzeenearAmsterdamin1846.In1975the
speciesoccurredalsointhebrackishmarshesoftheDollardnearNieuwe-Statenzijland
inthereclaimedLauwersmeerpolder(Mennemaetal.,1980).
 Present occurrence in TheNetherlands.— Cotula occurs both in brackish and in
freshwatermarshes;itdisappearednearAmsterdam,recentfindshavebeenmadein
Zuid-Flevoland,Lauwersmeer(1975,2002)andDollard(1975,2002)(Mennemaetal.,
1980;ownobservations).

Spartinamaritima(Curt.)Fernald

 Perhapsanexoticnon-indigenousspeciesinTheNetherlands,permanentlyestab-
lishedat least since1834.Chevalier (1923)suggests that ithadbeen introduced into
AtlanticEuropefromAfricabyshipping.Ifintroduced,itisunknownhowitarrivedin
TheNetherlands.ThespeciesisknownfromtheWestCoastofAfricaandEuropefrom
theCapeofGoodHopetoTheNetherlands(Chevalier,1923).ThefirstrecordinBritain
isfromnorthernKentin1629(Grayetal.,1991).ItwasfirstcollectedinTheNether-
landsin1834,bothatWalcherenandatZuid-Beveland(Mennemaetal.,1980).Itwas
formerlyacommonspecies in theestuariesof theDeltaarea,North to thesouthern
shoreofGoeree-Overflakkee,butitdidnotoccurintheWaddenSea.However,already
in1951thespecieshadnearlyvanished(Jansen,1951).In1976and1978itstilloccurred
ononlyonesaltmarshintheOosterscheldeestuary(Mennemaetal.,1980)

SpartinaanglicaHubbard

 Status inTheNetherlands.—Non-indigenousnew species (criteria 1, 3, 4, 6, 7),
permanentlyestablished.
 Vector.—Deliberatelyintroducedforstimulatinglandaccretion.
 Areaoforigin.—England
 IntroductionintoAtlanticEurope.—TheAmericanSpartinaalternifloraLoisl.,intro-
duced into SouthEngland, interbredwith native (?: see above)S. maritima (Curt.)
Fernald,resultinginthebastardSpartinatownsendiiH.&J.Grovesaround1870.The
firstmaterialwascollected in1877,butalready in1870,andperhaps1861, similar
material hadbeen collected.S. neyrautii Foucauld from the Spanish-Frenchborder
(1892) belongs to the same species. Chromosomedoubling inS. townsendi around
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1890resultedinthefertilenewspeciesS.anglicaHubbard(Grayetal.,1991).
 IntroductionintoTheNetherlands.—In192450plantshavebeenimportedfrom
England tobeplanted in theZuid-Sloe estuary. In 1924/25and lateryears also im-
ported fromEngland into other estuaries. Later plants fromZeeland localities have
beenplantedelsewhereinTheNetherlands.Sincethattimethespecieshasestablished
inothersuitableareasveryrapidly(Thijsse,1924;Jansen,1951;Wilderom,1968;Adema
&Mennema,1979).
 Presentoccurrence inTheNetherlands.—The trueS. townsendii hasbeen found
fourtimes(Texel,Oostvoorne,Braakman,AxelseGat);allothercollectedplantsbelong
toS.anglica(Adema&Mennema,1979).VanderMeijdenetal.(1989)presentadistribu-
tionmap(page152):S.anglicaoccursalongtheshoresoftheentireWaddenSeaand
Deltaarea.

17.7.Protista

BonamiaostreaePichot,Comps,Tigé,Grizel&Rabouin,1979

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,3,4,6,7),
permanentlyestablished.
 Vector.—Bonamiaisaparasite,importedwithoystersfromBrittanyintoTheNether-
lands(VanBanning,1988).

 Areaoforigin.—California(Cigarria&Elston,1997);NEPacific(Goulletqueretal.,
2002).
 Introduction intoAtlanticEurope.— Introduced intoBrittanyat the endof the
seventies(Pichotetal.,1979)andintoAsturia,Spain,in1977(Cigarria&Elston,1997).
 IntroductionintoTheNetherlands.—Thespecieswasimportedwithoystersfrom
BrittanyintotheOosterscheldeestuaryin1980(VanBanning,1988).
 Present occurrence in TheNetherlands.— Bonamia occurs in theOosterschelde
estuarysince1980andinLakeGrevelingensince1988(VanBanning,1991).Itcaused
the nearly completedisappearance of theDutch culture of theEuropeanflat oyster
(OstreaedulisLinnaeus,1758).

Haplosporidiumarmoricanum(VanBanning,1977)
(Syn.MinchiniaarmoricanaVanBanning,1977)

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
3,7),notestablished.
 Vector.—This isaparasite. It isunknownhowitarrivedinAtlanticEurope,but
probablyitwasimportedwithoysters.InTheNetherlandsitwasimportedwithoysters
(VanBanning,1977).
 Areaoforigin.—Unknown.
 IntroductionintoAtlanticEuropeandinTheNetherlands.—VanBanning(1977)
described this speciesasMinchinia armoricana. Itoccurred inoysters (Ostrea edulis)
fromtheOosterscheldeestuary,TheNetherlands,importedfromBrittany,France,in
1974.
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 PresentoccurrenceinTheNetherlands.—Occurredexclusivelyinimportedoysters.
Afterremovingallinfectedoystersnotobservedafter1978(VanBanning,1988).

MarteiliarefringensGrizel,Comps,Bonami,Cousserans,Duthoit&LePennec,1974

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
3,4,6,7),notestablished.
 Vector.—Marteilia isaparasite; it isunknownhowitarrivedinAtlanticEurope,
althoughitwasprobablyimportedwithoysters.InTheNetherlandsitwasimported
withoysters(VanBanning,1988).
 Areaoforigin.—Unknown.
 IntroductionintoAtlanticEurope.—ThefirstobservationwasinBrittanyin1968
whereitcausedthe‘Aber’diseaseinEuropeanflatoysters(Grizeletal.,1974;VanBan-
ning,1988).
 IntroductionintoTheNetherlands.—MarteiliawasobservedinOstreaedulisonthe
YersekeBank,Oosterscheldeestuary,since1974,butexclusively inoysters imported
recentlyfromFrance(VanBanning,1988).
 PresentoccurrenceinTheNetherlands.—Marteiliahasbeeneradicatedbyremov-
ing all infected oysters. It was not observed any longer after 1978 (Van Banning,
1988).

17.8.Porifera

HaliclonaloosanoffiHartman,1958

 Perhapsanexoticnon-indigenousspecies,permanentlyestablished.InTheNeth-
erlands so far foundonly in theOosterschelde estuarywhere it is notuncommon
(VanSoest,1976,1977;DeWeerdt,1983).ItisalsoknownfromAmericaandIreland
(DeWeerdt,1983).Itsrestricteddistributionsuggeststhatthisspecieshasbeenim-
portedfromelsewhere,perhapswithoysters.However, it isnotpossible todistin-
guishbetweenanAmericanandaEuropean(oranother)origin(VanSoest,1983).Van
Soest (1976)states that thepossibilityof transportof thisspongebyhumanmeans
(attachedtoshipsetc.) toeitherAtlanticcoastseemssmallbecausematerialofthis
speciesdatesbackasfaras1880.However,heapparentlydoesnotconsiderthepos-
sibilitythatitwasimportedwithAmericanAtlanticoysters(seeCrassostreavirginica
onpage000)inthe19thcentury.

Haliclonarosea(Bowerbank,1866)

PerhapsaNEAtlanticnon-indigenousspecies,possiblyonlytemporarilyestablished.
ItissuspectedthatthisspecieshasbeenimportedfromBrittanywithoysters.How-
ever,itisextremelydifficulttoproveanoriginfromelsewhere(VanSoest,1983).It
wasobservedintheOosterscheldeestuaryatWemeldinge(1976)andonSchouwen
(Plompetoren)in1979(DeWeerdt,1983).Buizer(1989)founditabundantlyinoyster
pondsnearYerseke.Faasse(1991a)recordsitfromtheKanaaldoorWalcherennear
Middelburgin1990.
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Haliclonacf.simplex(Bowerbank,1866)

 Perhapsanon-indigenousspeciesinDutchwaters,possiblyestablishedtemporar-
ily. It issuspectedthatthisspecieshasbeenimportedfromelsewhere,perhapswith
oysters.UnknownifthisisaNEAtlanticoranexoticspecies;perhapsitisanunde-
scribedspecies(DeWeerdt,1983).However,itisextremelydifficulttoproveanexotic
origin(VanSoest,1983).ItwasfirstobservedintheWestgatorMosselkreekintheOost-
erscheldeestuarynearYerseke(DeWeerdt,1983).In1982itwasabundantonoysterlot
264intheOosterscheldeestuary.

Hymeniacidonperlevis(Montagu,1812)

 PerhapsaNEAtlanticnon-indigenousspeciesbutprobablynotestablished.Collect-
edintheOosterscheldeestuarynearWemeldingein1951(VanSoest,1977)andinoyster
pondsatYersekeBankin1989(Buizer,1989).Itissuspectedthatthisspecieshasbeen
importedfromelsewherealongtheAtlanticcoastsofEurope(VanSoest,1983),perhaps
withoysters.However,itsDutchoccurrencemayalsorepresentamarginalpopulation.

MycalemicracanthoxeaBuizer&VanSoest,1977

 Perhaps an exotic non-indigenous species, permanently established. It was de-
scribedfromtheOosterscheldeestuary,TheNetherlands,in1977(Buizer&VanSoest,
1977);itisnotknownfromelsewhere.Vosmaerhascollectedtheoldestspecimensat
BergenopZoom,Oosterscheldeestuary,probablyinthe19thcentury;itisstillpresent
intheOosterscheldeandWesterscheldeestuaries(Buizer&VanSoest,1977).Ifitisin-
troducedintoAtlanticEurope,itremainsunknownhowitarrived.Perhapsitwasim-
portedinTheNetherlandswithoysters(VanSoest,1983).However,thereexistnoother
indicationsforanexoticorigin(VanSoest,1983).

ScyphascaldiensisVanKoolwijk,1982

 Perhapsanexoticnon-indigenousspeciesinTheNetherlands,permanentlyestab-
lished.ItwasdescribedfromtheOosterscheldeestuary,TheNetherlands(VanKool-
wijk,1982).Itissuspectedthatthisspecieshasbeenimportedfromelsewhere,perhaps
withoysters,sinceitisonlyknownfromtheOosterscheldeestuarywherethisspecies
isfairlycommon(VanKoolwijk,1983).However,thereexistnootherindicationsforan
exoticorigin(VanSoest,1983).

17.9.Cnidaria

17.9.1.Hydrozoa

Cordylophoracaspia(Pallas,1771)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2),perma-
nentlyestablished.
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 Vector.—DispersedthroughfreshwatercanalsbetweenthePonto-Caspiandrain-
agebasinand theBalticbasin,probablyas foulingon timber raftsor ships.Further
dispersalinNWEuropeprobablybyplanktoniclarvae,attachedtodriftingplantmate-
rialandashullfouling(BijdeVaateetal.,2002).
 Areaoforigin.—Ponto-Caspianarea(Nehring&Leuchs,1999).
 IntroductionintoAtlanticEurope.—Olenin(2002)recordsitfromtheCuronianand
VistulaLagoonsintheearly1800s,aftertheOginskyandthePripyat-Bugcanalshad
beenopened.Nehring&Leuchs(1999)recordthatAgardhprobablymadethefirstob-
servation in Swedish coastalwaters in 1816. In 1844 itwas foundbyAllman in the
GrandCanalDocks,Dublin, Ireland(Funke,1922,referringtoAllman,1872),andin
1858onbuoysintheElbeestuary,Germany.
 IntroductionintoTheNetherlands.—Theearliestobservationsweremadeinthe
Rotterdamwaterworksin1884andinmouthofEmsestuary(Eemriver?)in1885(Ver-
voort,1964).
 PresentoccurrenceinTheNetherlands.—Funke(1922)recordedCordylophorafrom
variousinlandwaters(a.o.Maastricht)andfromtheZuiderzeeintheharbourofMuiden,
nearDurgerdamand in theEnsgat behindSchokland.WagenaarHummelinck (1936)
gavemanymorerecordsfromtheZuiderzee.Vervoort(1946)alsogavealargenumberof
records.However,Vervoort(1964)identifiedmostoftheformermaterialasGarveiafran-
ciscana (seebelow).HepresentsamapshowingthatthetrueCordylophoraoccurredin
slightlybrackishwaterintheprovincesofFriesland,Noord-andZuid-Holland,Noord-
BrabantandZeelandaswellasintheIJsselmeer.Wolff(unpublished)observedthespe-
ciesinthefreshwatertidalareaoftheBiesbosch(Deeneplaat)in1964.Oosterbaan(1985)
statesthatCordylophoraoccurseverywhereinTheNetherlandsinbrackishtonearlyfresh
waters,butnotinthesea(seealsoVanderVeldeetal.,2002).

Garveiafranciscana(Torrey,1902)
(Syn.PerigonimusmegasKinne,1956)

 Status in The Netherlands.— Exotic
non-indigenous species (criteria 1, 2, 3),
permanentlyestablished
 Vector.—Unknown.
 Area of origin.— Unclear. Vervoort
(1964)mentionsthespeciesfromtheGulfof
Mexico,thePacificandtheAtlanticcoastof
theUSA,India,WestAfricaandAustralia.
Cohen&Carlton(1995)suggest it tobea
nativeofnorthernIndianOceanestuaries.
 Introduction intoAtlanticEurope and
intoTheNetherlands.—AccordingtoVer-
voort (1964) Funke (1922) found the first
Europeanspecimens(asBougainvilliaramo-
sa(Wright))inthesoutheasternZuiderzee
in1920.
 Present occurrence in The Nether-

Fig.20.DistributionofGarveiafranciscanainthe
period 1926-1962. After Vervoort (1964) and
DenHartog(1959a)
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lands.—Garveia occurred in theZuiderzee/IJsselmeer between 1920 and 1934 (Ver-
voort,1964).DenHartog(1959a)foundthespecies(asPerigonimusmegas)abundantly
intheHollandsDiepnearWillemstad(in1958?).Later(1959,1962)Vervoort(1964)re-
cordedthespeciesfromHellevoetsluis(fig.20).Oosterbaan(1985)givesitsdistribution
asformerlyintheZuiderzee,andstillintheOosterscheldeestuary.Faasse&VanMoor-
sel(2003)recordthespeciesfromthebrackisheasternpartoftheWesterscheldeestuary
around2000,thusconfirmingearlierfindsinthisestuaryatDoelandLiefkenshoekin
Belgium(Vervoort,1964).

GonionemusvertensA.Agassiz,1862

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyestablished.
 Vector.—Broch(1929)suspectedtransportinballastwater,butLeloup(1948)be-
lievedthatthespecieshadbeenintroducedwithimportedAmericanoystersCrassostrea
virginica.Tambs-Lyche(1964)andCarlton(1985)assumetransportofthepolyponship
hulls.Edwards(1976)assumesintroductionintoAtlanticEuropewithoysters(Crassos-
treagigas).ItisunknownhowitarrivedinTheNetherlands.Ithasbeensuggestedto
have been introduced intoRammekenshoek creek, TheNetherlands,withpontoons
fromNormandy,whichhadbeenusedtoblockagapintheseawall.
 Areaoforigin.—AtlanticcoastofNorthAmerica (Werner,1950).Pacificcoastof
NorthAmerica, Japan,China (Edwards,1976).Tambs-Lyche (1964) isunable topin-
pointanareaoforigin,butontheotherhandstatesthatithasbeendistributedwidely
byhumanmeans.
 IntroductionintoAtlanticEurope.—Goulletqueretal.(2002)mention19thcentury
findsinPortugal.Tambs-Lyche(1964)andEdwards(1976)recordthespeciesfromNE-
Englandin1913.Broch(1929)mentionsthefirstfindsofthemedusafromtheOslofjord
in1921.Teissier(1932)(notseen)describesthe ‘first’EuropeanfindsfromÎleCallot,
Brittany,in1929and1931.
 Introduction intoTheNetherlands.—Leloup(1948)records thespecies fromOs-
tend,Belgium,notfarfromtheDutchcoast,in1946and1947.InTheNetherlandsitwas
firstobservedinthenon-tidalbrackishcreekRammekenshoekattheformerislandof
Walcherenin1960(Leentvaar,1960,1961).
 PresentoccurrenceinTheNetherlands.—GonionemuswasobservedintheKreek
Rammekenshoekin1960(Leentvaar,1960,1961).Vervoort(1964a)mentions1specimen
fromSasvanGoes,nearWilhelminadorp,on30.vii.1963[SeealsorectificationinZeep-
aard25:4].Bakker(1980,1981)founditintheHavenkanaalvanGoesin1976,andin
LakeGrevelingenfrom1976to1980.Verkuil(1994)recordsitfromLakeGrevelingenin
1982, fromSasvanGoes in1987,andc.15exx fromtheOosterscheldeestuarynear
Lokkersnol,Zierikzee,on14.v.1994(?).FinallythespecieshasbeenfoundintheGoesse
Meerin1995,1996,and2000(M.A.Faasse,pers.comm.).

Nemopsisbachei(L.Agassiz,1849)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2),perma-
nentlyestablished.
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 Vector.—TransportedintoAtlanticEuropeaspolypsonships’hulls(Tambs-Lyche,
1964;Nehring&Leuchs,1999).ItisunknownhowitarrivedinTheNetherlands.
 Area of origin.— North America (Tambs-Lyche, 1964); Atlantic coast of North
America(Thiel,1967).Faasse&Ates(1998)suggestthatperhapsitwasintroducedinto
NorthAmericafromEurope.
 IntroductionintoAtlanticEurope.—Thiel(1967)describesintroductionintoAtlantic
Europe.In1851thefirstobservationwasmadeattheHebrides,in1879itoccurredin
Norway.
 IntroductionintoTheNetherlands.—Thefirstobservationwasmadeintheformer
Zuiderzeein1905(VanBreemen,1907).
 PresentoccurrenceinTheNetherlands.—VanBreemen(1907),Tesch(1912)andVan
Kampen(1922)makeclearthatitwascommonintheformerZuiderzee.Dumoulin(1997)
(notseen)founditatCadzandin1996.Faasse&Ates(1998)recorditfromtheOoster-
scheldeestuarynearBurghsluis,NeeltjeJansandZierikzeein1993and1996,andfrom
theWesterscheldeestuaryneartheintakeofthepowerstationatBorsselein1996en1997.
Dekker(1998)observedNemopsiswashedashoreontheBalgzandin1998;probablyalso
in1997onbeachofTexel.Tulp(2002)foundthemedusaeintheWaddenSeanearLauw-
ersoogbetweenJuneandNovemberin2000and2001;fromtheoccurrenceofverysmall
medusae(<1mm)heconcludedthatthepolypsmustoccurintheWaddenSeaaswell.

Ostroumoviainkermanica(Paltschikowa-Ostroumowa,1925)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2),notestab-
lished.
 Vector.—Possibly transported intoAtlanticEuropeand intoTheNetherlandsas
polyponships’hulls(Saraber,1962).
 Areaoforigin.—Ponto-Caspianarea(Saraber,1962).
 IntroductionintoAtlanticEuropeandTheNetherlands.—ThefindinTheNether-
landsintheNorthSeaCanalatIJmuidenon23.ix.1959,wasthefirstandonlyonein
AtlanticEuropeandTheNetherlands(Saraber,1962).
 PresentoccurrenceinTheNetherlands.—Notobservedagain.

Thieliananavis(Millard,1959)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,3,11),per-
manentlyestablished.
 Vector.—Unknown.
 Areaoforigin.—Faasse&Vervoort(2001)suggestthatthismightbeaPonto-Cas-
pianspecies,althoughsofarithasbeenfoundonlyinSouthAfrica,theBaltic,England,
and The Netherlands. However, Cordylophora inkermanica Marfenin, 1983, from the
BlackSeamaybethesamespecies.
 IntroductionintoAtlanticEurope.—Thefirstobservationisfromthemouthofthe
Nordsee-OstseeKanalintheKielerFördeinGermanyin1960(Thiel,1962).
 IntroductionintoTheNetherlands.—Faasse&Vervoort(2001)showthatthisspecies
wasobservedforthefirsttimeinthenon-tidalGatvanOuwerkerkneartheOoster-
scheldeestuaryin1964.



Wolff.Non-indigenousmarineandestuarinespeciesinTheNetherlands.Zool.Med.Leiden79(2005) 47

 PresentoccurrenceinTheNetherlands.—Thespecieshasnotbeenfoundagainin
theGatvanOuwerkerk. In2000and2001,however, itwasobservedintheGoesse
Meerandin2001(andperhapsin1999)intheWestkapelseKreek.IncontrasttoCordy-
lophoraandGarveia,whichcanbeclassifiedasfreshwater-oligohalineandmesohaline
species,respectively,Thielianaseemstobeapolyhalinespecies(Faasse&Vervoort,
2001).

17.9.2.Anthozoa

Diadumenecincta(Stephenson,1925)

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
2),permanentlyestablished.
 Vector.—ProbablyimportedintoAtlanticEuropeinfoulingonthehullofshipsor
withoysters(Nehring&Leuchs,1999).It isunknownhowitarrivedinTheNether-
lands,althoughnaturalrangeextensionseemspossible.
 Areaoforigin.—Warm-temperateareas,perhapsCalifornia (Nehring&Leuchs,
1999).Cohen&Carlton (1995) assumeanAtlantic origin.Manuel (1988) apparently
considersthistobeanativeBritishspecies.
 IntroductionintoAtlanticEurope.—Stephenson(1925)describedthisspeciesfrom
Plymouth.Thespeciesprobablywasfoundafewyearsearlierforthefirsttime.Icon-
siderittobeanon-indigenousspeciesbecauseofitssuddenappearanceinPlymouth
inthe1920sanditsrestrictedEuropeandistribution.
 Introduction intoTheNetherlands.—Foundaround1925atSchouwenandnear
DenHelder(Pax,1936).
 PresentoccurrenceinTheNetherlands.—Abundant.

Haliplanellalineata(Verrill,1869)
(Syn.Diadumeneluciae(Verrill,1898))

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyestablished.
 Vector.—ProbablyintroducedintoAtlanticEuropeonships’hulls(Gollasch&Rie-
mann-Zürneck,1996).Nehring&Leuchs(1999)considerintroductionwithoystersalso
possible.ItisunknownhowthisspeciesarrivedinTheNetherlands.
 Areaoforigin.—Pacific(Enoetal.,1997).NWPacific(Grosholz&Ruiz,1996).Japan
(Manuel,1988).
 IntroductionintoAtlanticEurope.—ProbablyintroducedfromJapanintotheAtlan-
tictowardstheendofthe19thcentury(Manuel,1988).FirstobservedindockatMilbay
nearPlymouthin1896(Walton,1908).
 IntroductionintoTheNetherlands.—Theoldestobservationwasmadein1912/1913
byTesch (MinutesofameetingofTheNetherlandsZoologicalSociety inTijdschrift
NederlandscheDierkundigeVereeniging(2)3:VIII-IX).Itseemsthatmanylaterrecords
fromDenHelderrefertothesamefind(s)in1912/1913.
 PresentoccurrenceinTheNetherlands.—VanUrk(1956)lists(asDiadumeneluciae)
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allDutchfinds (all fromDenHelder).Braber&Borghouts (1977) record it from the
VeerseMeerin1968en1969atabout18psu.Dekker(1982)founditin1981and1982in
largenumbersonthedikeof‘tHorntje,Texel.On15July1982hefoundthespeciesalso
onthemolesofOost-Vlieland;itdidnotoccurontheHeldersezeeweringoronthedike
nearOudeschild,Texel.Dekker(1982)alsorecordsanunconfirmedfindfromSchouwen
in1951.Dekker(1987)mentions1984:dikeOudeschild;1985:‘tHorntje;severalyears
before1987:DenHelder,FortHarssens(pers.comm.B.Schrieken);1986:Oosterschelde
estuary, Zuidbout nearOuwerkerk andPlompeToren. Faasse (1991) observedHali-
planellaintheVeerseMeernearVeerein1990.Faasse(1991a)foundthespeciesinthe
KanaaldoorWalcherennearVeerein1990.Faasse(1996)recordsfindsintheOoster-
schelde estuary near Prommelsluis, Zierikzee, in 1991 and 1995, in the harbour of
Burghsluis,andintheBoomkilinOosterscheldeestuaryin1995,andintheoutletofthe
powerstationatBorsselein1996.Faasse(1997)givesseveralnewlocalitiesintheOoster-
scheldeestuary,inDenInkelnearKruiningenandintheWesterscheldeestuarynear
Vlissingen.ItwasalsofoundintheWesterscheldeestuarynearTerneuzenandBaar-
land(M.A.Faasse,pers.comm.).

17.10.Platyhelminthes:Turbellaria

Euplanagracilis(Girard,1850)

 StatusinTheNetherlands.—Anexoticnon-indigenousspecies(criteria1,2,3and
5),recentlyintroduced.
 Vector.—Suggestedtohavebeenintroducedinhullfouling(Faasse&Ates,2003).
 Areaoforigin.—AtlanticcoastofNorthAmerica(Faasse&Ates,2003).
 IntroductionintoAtlanticEuropeandintoTheNetherlands.—Thefirstobserva-
tionsofthisspeciesweremadeintheNoordzeekanaalatIJmuideninJulyandDecem-
ber2002(Faasse&Ates,2003).
 PresentoccurrenceinTheNetherlands.—Sofar,onlyknownfromIJmuiden.

Stylochusflevensis(Hofker,1930)

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1
and3),permanently(?)established.
 Vector.—Unknown.
 Areaoforigin.—Unknown.
 IntroductionintoAtlanticEuropeandintoTheNetherlands.—Hofker(1930)de-
scribedthisspeciesfromthebrackishZuiderzeewherethisspecieswasobservedfrom
1921till1932(Hofker,1930;Wibaut–IsebreeMoens,1954).Althoughthespeciesisnot
knownfromanywhereelse,itisunlikelythatthisconcernsanativespecies.
 PresentoccurrenceinTheNetherlands.—Faasse(2003)recordssimilarflatworms
fromthebrackishVeerseMeer(2001)andfromthebrackishNoordzeekanaal(1997).
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17.11.Annelida

17.11.1.Oligochaeta

Tubificoidesheterochaetus(Michaelsen,1926)
(Syn.PeloscolexheterochaetusMichaelsen,1926)

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
2,3,4),ifso,permanentlyestablished.
 Vector.—Unknown.
 Areaoforigin.—Unknown.OccursonbothsidesofthenorthernAtlantic(Giere&
Pfannkuche,1982).
 Introduction intoAtlantic Europe.—Described byMichaelsen as a new species
fromGreifswald,Germany,intheBalticin1926.AlsofoundinFinland,theElbeand
Weserestuaries,Germany,andtheScheldt
estuaryinBelgium(Seysetal.,1999a).
 IntroductionintoTheNetherlands.—
DeVos(1936)statesthatthisspecies(as
Peloscolexheterochaetus)didnotoccurin
her many samples from the brackish
Zuiderzee,TheNetherlands,shecollect-
edandanalysedin1920-21.In1927-1932,
however, itwasthemostabundantoli-
gochaete species in the southern and
easternpart of theZuiderzee. She con-
siders itmore than likely that this spe-
cies has arrived in the Zuiderzee after
1921.Thispointstoanexoticorigin.
 Present occurrence in The Nether-
lands.—Unknown. Verdonschot (1980)
didnotfindthisspeciesinthebrackish
Haringvlietintheperiod1960-1970.Seys
etal.(1999,1999a),however,recordthis
speciesasTubificoidesheterochaetus from
theZeescheldeinBelgiumbetweenAnt-
werpandtheDutchborder,henceinthe
brackishpartofthisestuary(fig.21).

17.11.2.Polychaeta

Aphelochaetamarioni(Saint-Joseph,1894)
(Syn.Tharyxmarioni(Saint-Joseph,1894)

 ItisdoubtfulifthisisanindigenousspeciesinTheNetherlands.Itispermanently
established.Reise(1990;seealsoNehring&Leuchs,1999)statesthatthisspecieshas
beenintroducedintoGermanyattheendofthe1960s.ItwasdescribedfromtheFrench

Fig. 21. Distribution ofTubificoides heterochaetus in
theperiod1927-1999.AfterDeVos(1936)andSeys
(1999).
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sideoftheChannelin1894.OldestrecordsoutsideFrancearefromtheEnglishshoreof
theChanneland(asTharyxmultibranchiis(Grube,1863))fromtheOosterscheldeestu-
ary,TheNetherlands(Korringa,1951).Wolff(1973)foundTharyxmarioni,supposedto
beidenticaltoKorringa’sT.multibranchiis,tobecommonintheDutchDeltaareainthe
period1959-69.ItisalsoremarkablethatHorst,awell-knownDutchspecialistonpoly-
chaetetaxonomyintheearly20thcentury,didnotrecordthiscommonspecies.

Boccardialigerica(Ferronière,1898)
(Syn.PolydoraredekiHorst,1919)

 Unclearifthisisanexoticnon-indigenousspecies.Itispermanentlyestablished.Its
possibleareaoforiginisindebate:North-orSouthAtlanticorNorthPacific(Nehring
&Leuchs,1999),ornativetobrackishwatersofFrance,HollandandGermany(Cohen
&Carlton, 1995). Itwasdescribed frombrackishwaters innorthernFrance in1898.
LateritwasdescribedasPolydoraredekifromthebrackishAlkmaarderMeer,TheNether-
lands,in1919(Horst,1919).ItoccurredinTheNetherlandsinbrackishinlandwatersin
Noord-Holland,Zuiderzee,andHaringvliet-HollandsDiep(Horst,1919;DeVos,1936,
1954;Wolff,1973),but inall theselocalitiesbrackishconditionshaveceasedtoexist.
NowadaysitstilloccursintheZeescheldebetweenAntwerp,Belgium,andtheDutch
border(Seysetal.,1999;Ysebaertetal.,2000).

Branchiommabombyx(Dalyell,1853)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,establishedtem-
porarily.
 Vector.—Unknown.
 Areaoforigin.—AtlanticEurope.
 IntroductionintoTheNetherlands.—Wolff(1974,1999)collectedthisspeciesona
postnearKeersluis,Vlissingen,intheKanaaldoorWalcherenon9.x.1973.Thislocation
showedelevatedwatertemperaturesduetoheatingbyapowerstation.
 PresentoccurrenceinTheNetherlands.—Unknown,norecentrecords.

Ficopomatusenigmaticus(Fauvel,1923)
(Syn.MercierellaenigmaticaFauvel,1923)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyestablished.
 Vector.—Onships’hullsorinballastwater(TenHove,1974).
 Areaoforigin.—SouthwestPacific(Grosholz&Ruiz,1996).SouthernHemisphere
(Enoetal.,1997).
 Introduction intoAtlanticEurope.—Discovered in 1921 anddescribed from the
harbourcanalofCaen,France,byFauvel(1923).InLondonDocksin1922(Enoetal.,
1997).
 Introduction intoTheNetherlands.—Ficopomatuswas found in theVeerseMeer
andtheKanaaldoorWalcherenin1968.Probablyitoccurredinthelatterlocalityalready
in1967(Wolff,1968,1969).
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 PresentoccurrenceinTheNetherlands.—ItwasobservedintheVeerseMeerand
theKanaaldoorWalcherenfrom1968till2000(Wolff,1969;TenHove,1974;Vaas,1975;
Faasse,1991a,andpers.comm.;VanderVeldeetal.,1993;TenHove&Lucas,1996).
Vaas(1975)alsomentionstheBinnenhavenatVlissingen.VanderVeldeetal. (1993)
recordthefirstobservationintheNoordzeekanaalnearVelzeninJanuary1992;probably
itsettledtherein1991.Nehring&Leuchs(1999)observedthespeciesinthe(non-tidal)
harbourofEmden,Germany(closetotheDutchborder),in1975.In2000Ficopomatus
wasfoundintheGoesseMeer(M.A.Faasse,pers.comm.).

Hydroideselegans(Haswell,1883)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,3),tempo-
rarilyestablished.
 Vector.—Onships’hulls(TenHove,1974).
 Area of origin.—Found around theworld in tropical and subtropical seas (Ten
Hove,1974).
 IntroductionintoAtlanticEurope.—NotmentionedbyEnoetal. (1997)forthe
BritishIsles,althoughTenHove(1974)recordsitasintroducedintoGreat-Britain.
 IntroductionintoTheNetherlands.—TenHove(1974)foundthisspeciesnearthe
KeersluisbrugatVlissingenintheKanaaldoorWalchereninSeptember1973.Atthat
timethecanalwasthermallypollutedbythePZEMpowerstationatVlissingen.
 Present occurrence inTheNetherlands.—After thefirst observation in 1973not
foundagain,althoughitwaslookedforseveraltimes(TenHove&Lucas,1996).

Januabrasiliensis(Grube,1872)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),perma-
nently(?)established.
 Vector.—Unknownhow it reachedEurope, possiblywith theRound theWorld
YachtRace;introductionintoTheNetherlandsperhapswithdriftingSargassummuti-
cumorwithleisurecraft(Critchley&Thorp,1985).
 Areaoforigin.—Tropicalareas,includingBrazil(Enoetal.,1997).
 IntroductionintoAtlanticEurope.—In1974inPortsmouthHarbour,theSolent,UK
(Enoetal.,1997).
 IntroductionintoTheNetherlands.—Critchley&Thorp(1985)foundthisspeciesin
theharbourcanalofGoes.
 PresentoccurrenceinTheNetherlands.—Critchley&Thorp(1985)recordit,grow-
ingonSargassummuticumandonnativeZosteramarinaLinnaeus,fromtheHavenkanaal
vanGoes.In2000itwasfoundintheKanaaldoorZuid-Beveland(M.A.Faasse,pers.
comm.).

Marenzelleriacf.wireniAugener,1913
(Syn.Marenzelleriaviridisauct.)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,6,9,
10),permanentlyestablished.
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 Vector.—Ballastwater(Essink,1999).
 Areaoforigin.—Barnes(1994):‘aspeciesnativetotheeasterncoastofNorthAmer-
ica’.Bastropetal.(1997)andBick&Zettler(1997):AtlanticcoastoftheUSA.Nehring
&Leuchs(1999):Arcticwaters(basedonBick&Zettler(1997)!).
 IntroductionintoAtlanticEurope.—Late1970sfoundintheTayestuary,Scotland
(Atkinsetal.,1987)(asM.viridis).Essink(1999)states‘Thefirstrecordsof…Marenzel-
leriaarefrom1982(Forthestuary,Scotland:McLuskyetal.,1993)and1993(sic:should
be1983)(Emsestuary,TheNetherlands;Essink&Kleef,1988)’.
 IntroductionintoTheNetherlands.—FirstobservedinEmsestuaryin1983(asM.
viridis:Essink,1987;Essink&Kleef,1988).
 PresentoccurrenceinTheNetherlands.—In1983-1987Marenzelleriawasabundant
intheDollard(Essink&Kleef,1988)andin1986-87intheBochtvanWatum(Essink&
Kleef,1988).Dekker(1991)founditinthewesternDutchWaddenSeain1990-1991.Es-
sinketal.(1998)presentthepopulationdevelopmentintheDollardintheperiod1983-
1994. Essink (1999) states that ‘On the
eastern shores of the North Sea M. cf.
wirenidispersedfurthersouthwardtothe
coastalwatersoftheSWNetherlands[ac-
cordingtomapin1995]andthewestern
Scheldt estuary [according to map in
1996](J.Craeymeersch,personalcommu-
nication).’Essink (1999)presentsa table
andamap(fig.22),showingthe‘Present
occurrenceinTheNetherlands’.Thisin-
cludes the Dollard since 1983, ‘Gronin-
gen’ (near Noordpolderzijl) since 1994,
Piet Scheveplaat since 1994, sublittoral
westernWaddenSea(nearZuidoostrak)
since1994,Balgzandsince1989,Voordel-
ta (Brouwershavense Gat) since 1995,
Westerscheldeestuary(nearBelgianbor-
der) since 1995 and Nieuwe Waterweg
(nearMaassluis)since1997(seealsoEs-
sink&Dekker,2000).Alsojustacrossthe
Dutch border in theBelgianZeeschelde
(Ysebaertetal.,2000).

MicrophthalmussimilisBobretzky,1870

 Itisdoubtfulifthisisanexoticnon-indigenousspecies,althoughithasbeensug-
gestedtooriginatefromtheBlackSeaortheMediterranean(Nehring&Leuchs,1999).
ThefirstNW-EuropeanobservationwasmadenearNeuwerk,GermanWaddenSea,in
1962. Itwas found later alsonearSylt andWangerooge,Germany, and inDenmark
(Nehring&Leuchs,1999).InTheNetherlandsWolff(1969b,1973)foundthisspecies
attheentranceoftheBrouwershavenseGatin1962or‘63andintheNorthSeaoffthe
Deltaareain1966.ItwasatleasttemporarilyestablishedinTheNetherlands;inGer-
manyithasbeenfoundatseverallocationsinthe1990s(Nehring&Leuchs,1999).

Fig. 22. Distribution ofMarenzelleria cf. wireni in
TheNetherlandsin1999.AfterEssink(1999).
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NereisvirensSars,1835

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,4),perma-
nentlyestablished.
 Vector.—Unknown.
 Areaoforigin.—NorthAtlanticorNorthPacific(Nehring&Leuchs,1999).
 IntroductionintoAtlanticEurope.—Michaelis&Reise(1994)andNehring&Leuchs
(1999)suggestthatN.virensmightbeanexoticnon-indigenousspecies,becausethis
largeandconspicuousspecieswasdescribedfromNorwayonly in1835.Nehring&
Leuchs(1999)recordanumberofobservationsinScandinaviainthe19thcentury.First
observationsintheGermanWaddenSeaoccurredin1923-26(Nehring&Leuchs,1999).
ThesuggestionthatN.virensmighthavebeenintroducedinEuropeissupportedbythe
geneticpopulationstructureofthespeciesstudiedbyBretonetal.(2003).Theyfound
thatallEuropeanpopulationsstudiedweregeneticallyremarkablyuniform;however,
alsoNorthAmericanandJapanesepopulationsweresimilarlyuniform.
 IntroductionintoTheNetherlands.—Horst(1920)observedthespeciesforthefirst
timenearDenHelder,TheNetherlands,in1915.Thisisalsoremarkablylateforthis
largespeciesandforthisauthorwhomatthattimehadstudiedDutchpolychaetesfor
morethan30years.
 PresentoccurrenceinTheNetherlands.—Acommonspeciesnowadays(Korringa,
1951;Wolff,1973,unpublishedobservations).

PolydorahopluraClaparède,1870

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies.Temporarilyes-
tablished.
 Vector.—Introducedwithoysters(Korringa,1951).
 Areaoforigin.—AtlanticEurope,especiallyWesternFrance(Korringa,1951).
 IntroductionintoTheNetherlands.—Korringa(1951)writes‘Polydorahoplura…has
repeatedlybeenimportedwithBrittanyoysters...ItdidreproducesuccessfullyinDutch
watersin1949.’In1950theoystergrowersattemptedtocontrolthisspeciesbecauseof
itsabundance(Korringa,1950a).
 PresentoccurrenceinTheNetherlands.—AnoldrecordbyHorst(1919)fromthe
Alkmaardermeer isbasedonawrong identificationof the tailendofPolydora redeki
Horst,1920(=BoccardialigericaFerronière,1898)(Vorstman,1935).Hofker(1922)‘cau-
tiously’identifiestwolarvaefromDenHelderasP.hoplura.Hoeksema(1983)records
oystershellswithP.hoplura,possiblyfromZeeland(OosterscheldeestuaryorGrevelin-
gen),butperhapsfromFrance.Korringa(1951):‘Polydorahoplura…doesnotbelongto
theregularfaunaofDutchwaters.’

Proceraeacornuta(A.Agassiz,1862)
(Syn.AutolytuscornutusA.Agassiz,1862)

 Perhaps a non-indigenous species inDutchwaters, possibly established perma-
nently.Korringa(1951)consideredthistobeanon-indigenousspecies.Thisisbasedon
Okada(1933),whofoundthisspeciesnearPlymouth,UK,in1929,butnotin1927-28.
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However,thisauthorstatesthattheidentificationofthenewlyfoundspeciesasAu-
tolytus cornutus is tentative. Itwas suggested tohavebeen introduced fromNorth
AmericaintoEuropewithhydroidsonaship’shull(Okada,1933),andperhapstrans-
portedwithoysterstoTheNetherlands(Korringa,1951).Twospecimenswerefound
onoystersfromtheOosterscheldeestuaryon4.iv.1941.Morespecimenswerefound
intheOosterscheldeestuaryin1941,1942,and1943,andintheGrevelingenestuary
in 1941 (Korringa, 1951). Lucas (1957) recorded 2 specimens swimming around at
nightcaughtatZijpe,Schouwen-Duiveland,between4and11.viii.1956(Lucasmade
a(unpublished)taxonomicrevisionofthisgroup).VanNieukerken(1971)refersto
thesamefind.

Sabellariaspinulosa(Leuckart,1849)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,temporarilyes-
tablished.
 Vector.—Introducedwithoysters(Korringa,1951).
 Areaoforigin.—AtlanticEurope,especiallyFrance(Korringa,1951).
 Introduction into The Netherlands.— Korringa (1951) records ‘Occasionally S.
spinulosahasbeenintroducedalivewithoystersfromArcachon,e.g.inApril1947.On
6.x.1947,IfoundlivingSabellariafullofspawnonsuchrelaidoysters.’‘OnlyoncedidI
findthehardsandburrowofSabellariaonaDutchoyster,viz.13.xii.1938.’‘Inthespring
of1938oystersfromBrittanyandArcachonhadbeenrelaidinfairnumbers.’‘Ifound
anotherDutchspecimenonatilecollector,February1950.’
 PresentoccurrenceinTheNetherlands.—AtanartificialreefintheNorthSeaoff
Noordwijk,1991(vanMoorsel,1993).Buitenhaven,Vlissingen,in1996;atWestkapelle
in1996and2001,entranceofOosterscheldeestuaryin1992,1995,2000,and2001,near
ZoutelandeinentranceofWesterscheldeestuaryin2001(Stikvoort&Faasse,2001).It
seemspossiblethatmorerecentlyS.spinulosahasbecomeanormalinhabitantofDutch
coastalwaters,whereasitdidnotoccurnaturallyinKorringa’stime.Thismightbedue
totheseriesofmildwinterssince1990.

SyllidiaarmataQuatrefages,1866
(Syn.MagaliaperarmataMarion&Bobretzky,1875)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,notestablished.
 Vector.—Introducedwithoysters(Korringa,1951).
 Areaoforigin.—AtlanticEurope(Korringa,1951).
 IntroductionintoTheNetherlands.—SuggestedtohavebeenimportedfromBrit-
tany,France,withoysters(Korringa,1951).
 PresentoccurrenceinTheNetherlands.—FoundonanoysterintheOosterschelde
estuaryon30.viii.1943(Korringa,1951).Nootherautochthonousrecords.

SyllisgracilisGrube,1840

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,notestablished.
 Vector.—Introducedwithoysters(Korringa,1951).
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 Areaoforigin.—AtlanticEurope(Korringa,1951).
 IntroductionintoTheNetherlands.—SuggestedtohavebeenimportedfromBrit-
tany,France,withoysters(Korringa,1951).
 PresentoccurrenceinTheNetherlands.—FoundonanoysterintheOosterschelde
estuaryon10.x.1940(Korringa,1951).Nootherautochthonousrecords.

StreblospiobenedictiWebster,1879

 Horst(1910)describedStreblospiodekhuyzenifromthebrackishZuiderzee.Redeke
(1933)foundittobecommoninDutchbrackishinlandwatersandKorringa(1951)
found the species in the Oosterschelde estuary. Wolff (1973) concluded that S.
dekhuyzeniisajuniorsynonymofS.shrubsolii(Buchanan,1899);hefoundthespecies
tobecommonintheHaringvlietestuary.Otherfindsweremadeintheotherestuaries
of theDelta area and even offshore in theNorth Sea. Carlton (1979) suggested S.
shrubsoliitobeidenticaltoS.benedictiWebster,1879,describedfromNorthAmerica.
Thissuggestionapparentlyhasbeenwidelyaccepted(e.g.,Schulzeetal.,2000;Dau-
vinetal.,2003).ThisimpliesthatS.benedictiwouldbeanon-indigenousspeciesin
Europe.However,Daueretal.(2003)showthatmorphologicallyS.shrubsoliiandS.
benedictiaretwodifferentspecies.S.benedictidoesoccurinEurope(Spain),butthere
isnoreasontobelievethatS.benedictioccursinTheNetherlands.

17.12.Nematoda

AnguillicolacrassusKuwahara,Niimi&Itagaki,1974

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,4,7),per-
manentlyestablished.
 Vector.—Thisparasiticnematode,livingintheswim-bladderofeels(Anguillaan-
guilla(Linnaeus,1758)),wasimportedinEuropewithinfectedJapaneseeelsAnguilla
japonicaTemminck&Schlegel,1846;probablyitwasintroducedintoTheNetherlands
withinfectedeelsfromelsewhereinEurope(W.Dekker,pers.comm.).
 Areaoforigin.—Japan(Koops&Hartmann,1989).
 IntroductionintoAtlanticEurope.—ReportedindependentlyfromGermanyand
Italyin1982(Koops&Hartmann,1989).
 IntroductionintoTheNetherlands.—FirstobservedinJuly1985,butprobablyin-
troducedin1984,perhapsevenin1983.InJuly1985alreadyfoundinalargepartofThe
Netherlands(VanBanningetal.,1985).In1986atalmostalllocationssampledbetween
VeerseMeerandLauwersmeer(Dekker&VanWilligen,1989).
 PresentoccurrenceinTheNetherlands.—CommoninDutcheelfromfreshandsalt
watersaswellasfromeelfarmswithapparentlylittleeffectonfishhealth(VanWilligen
etal.,1987;Dekker&VanWilligen,1989;Kamstra,1990).Occursalsoinsmelt(Osmerus
eperlanus(Linnaeus,1758))(Haenen&VanBanning,1990).After1989theprevalenceof
theparasitedeclined(Haenenetal.,1994).
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17.13.Crustacea

17.13.1.Cirripedia

Conchodermaauritum(Linnaeus,1767)

 Status in The Netherlands.— Cosmopolitan non-indigenous species, not estab-
lished.
 Vector.—Probablyonships’hulls(Buizer,1978).
 Areaoforigin.—Cosmopolitan.
 IntroductionintoAtlanticEurope.—Unclear.
 IntroductionintoTheNetherlands.—Itwasfoundattachedtoaship’shull,prob-
ablyindrydock,atDelfzijl.Buizer(1978)publishedanautochthonousrecordfroma
buoyNofTerschellingin1976.
 PresentoccurrenceinTheNetherlands.—Notpresent.

ElminiusmodestusDarwin,1854

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,6,7),
permanentlyestablished.
 Vector.—IntroducedintoEuropeonships’hulls(Bishop,1947).DispersedinEu-
ropebyhullfoulingandmarinecurrents(Crisp,1958).
 Areaoforigin.—NewZealandandsouthernAustralia(Harms,1999).
 IntroductionintoAtlanticEurope.—FirstrecordedinEuropeanwatersin1945on
fouling plates inChichester harbour inWest Sussex, England (Bishop, 1947).After-
wards Stubbings (1950) had data from
ChichesterHarbourandPortsmouthof
1944athisdisposalandfromthesizeof
the collected specimens he concluded
that Elminius must have occurred in
Portsmouthasearlyas1943.Crisp(1958)
deducesthatthespeciesmighthaveset-
tledinSouthamptonWater,England,in
1939.E.modestusisnowconsideredtobe
apermanentmemberofthefoulingcom-
munities from the Shetland Islands
downtoPortugal(Harms,1999).
 IntroductionintoTheNetherlands.—
Boschma (1948) recorded the barnacle
fromtheDutchcoastwhereithadbeen
found first in 1946. These specimens
werefoundatWassenaarseslag(unclear
onwhat substrate)andonbreakwaters
atLoosduinen-Kijkduininautumn1946
(Den Hartog, 1953). It is probable that
ElminiusfirstsettledattheHookofHol-

Fig. 23. Expansion ofElminius modestus along the
Dutchcoast.AfterDenHartog(1953).
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landin1945(DenHartog,1953).DenHartog(1953)presentsamap(fig.23)showing
thatthespecieshadcolonisedalmosttheentireDutchcoastby1951.SeealsoLeenhouts
(1948),Stock(1949),Bloklander(1949),andDenHartog(1953a).
 PresentoccurrenceinTheNetherlands.—Averycommonspeciesalongtheentire
coast(Huwae,1985).

BalanusamphitriteDarwin,1854

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),per-
manentlyestablished.
 Vector.—Probablyintroducedonships’hulls(Darwin,1854;Boschmaetal.,1961),
butperhapsinballastwater.
 Areaoforigin.—Thisbarnacleisoftropicalorigin.Onthebasisoffossilrecords,it
isconsideredtobenativetothesouth-westernPacificandIndianOceans,andtohave
beenintroducedintotheNorthPacificandAtlanticOceans,forwhichnofossilrecords
exist(Enoetal.,1997).Gollasch(2002)callsitawarm-temperatespeciesofJapanand
Korea.
 IntroductionintoAtlanticEurope.—Darwin(1854)alreadymentionedthisspecies
fromtheMediterraneanandthePortuguesecoast.Foundin1914atLaRochelle,France
(Prenant,1929),andin1937inShorehamHarbour,Essex,England(Bishop,1950).In
1952thespecieswasfoundintheharbourofOstendandin1995onagroyneatKoksijde,
Belgium(Kerckhof&Cattrijsse,2001).
 IntroductionintoTheNetherlands.—Boschmaetal.(1961)knewthespeciesonly
frommaterialwashedashoreandfromships’hulls.Establishedspecimenswerefound
inacoolingwaterdischargecanalatVlissingen in1962,1965,and1967 (Borghouts-
Biersteker,1969a).Vaas(1975)mentionsthatthespecieswasfoundintheVeerseMeer
firstin1970,in1975itoccurredalloverthislake.
 PresentoccurrenceinTheNetherlands.—Seldomwashedashoreonthebeach,usu-
allymaterialfromships’hulls(Huwae,1985).Faasse(1991a)found2specimensinthe
KanaaldoorWalcherennearMiddelburg in1990.Faasse (1996) states that thespecies
probablyhasdisappeared from theKanaaldoorWalcheren and theVeerseMeer, but
recordsanewobservationinthecoolingwaterdischargeofthepowerstationatBorssele
in1996.Kerckhof&Cattrijsse(2001)recordthespeciesonbuoysofftheBelgiancoast(and
closetoDutchwaters)in1997-99aswellasfromseverallocalitiesontheBelgiancoast.

Balanusbalanus(Linnaeus,1758)

 PerhapsaNEAtlanticnon-indigenousspecies,temporarilyestablishedintheDutch
coastalwaters.Ontheotherhandthismaybeanoffshorespeciestemporarilyextending
itsrangeintocoastalwaters.ObservedfirstbyFaasse(1990)neartheSchoneWaardin,
Westerscheldeestuary,in1990.Adema(1994)recordsthatthespeciesoccurredonalot
ofconfiscatedmusselsfromtheOosterscheldeestuarysuspectedtohavebeenintro-
ducedillegallyfromabroadin1993.Ademabelievesthatthespecimensrecordedby
Faasse(1990)mayhavebeendescendantsfromsimilarly introducedspecimens. It is
fairlycommoninthedeeperpartsoftheNorthSea(Huwae,1985),althoughnotinthe
southernNorthSea(Kerckhof,2002).
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BalanuseburneusGould,1841

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),tem-
porarilyestablished.
 Vector.—Onships’hulls(Southward&Crisp,1954).
 Areaoforigin.—AtlanticcoastofAmericafromBostontoRiodeJaneiro(Stock,
1995).
 IntroductionintoAtlanticEurope.—AccordingtoSouthward&Crisp(1954)intro-
ducedtoseveralcountriesbyshipping:Spain,France,Mediterranean,BlackSea.
 IntroductionintoTheNetherlands.—Stock(1995)recordsthatitwascollected,but
notrecognised,byMaitland,perhapsinthe1890s,onwood,bluemussels(Mytilus)and
zebramussels(Dreissena)intheIJinletnearAmsterdam.Itwasalsocollectedin1914
fromtwoferriesbetweenMiddelburgandZierikzee(whichhadneverleftDutchwaters).
AdeadspecimenwasfoundonamusselshelldredgedfromtheMiddelgronden(be-
tweenBreezandandMakkum)intheZuiderzeein1930.Huwae(1985)knewaspecimen
fromthebeachofTerschelling.
 PresentoccurrenceinTheNetherlands.—Nodata.

BalanusimprovisusDarwin,1854

 BalanusimprovisusisconsideredbymanyEuropeanauthorstobeanexoticnon-indig-
enousspecies,althoughothersconsiderittobeanativespecies.Itispermanentlyestab-
lished.Ifintroduced,itarrivedonships’hulls(Darwin,1854).Kerckhof&Cattrijsse(2001)
foundthisspeciesinarchaeologicalmaterialfromAntwerp,Belgium,datingbacktothe
17thcentury.However,itwasnotfoundinan9thcenturyexcavationatOstend,Belgium
(Kerckhof,2002).Waardenburg(1827)foundthisspecies(asBalanusovularis)inTheNeth-
erlandsintheNorthSeaandinverylowsalinitiesinthebrackishRiverRhinenearLei-
den(Hoek,1875).Thelowsalinityatthelatterlocalityexcludesanyotherbarnaclespe-
ciespresentlyoccurring inTheNetherlands.Gislén(1950)gives thefirstrecord inthe
Balticin1844andsuggeststhatthisreflectsthecolonisationoftheBaltic.Darwin(1854),
inhisfirstdescription,mentionsthisspeciesfromthecoastsofEngland,Scotland,Bel-
gium(?),NovaScotia,SantaCruzinSouth-PatagoniaandMontevideoinLaPlata.He
mentions a variety assimilis from theWest Indies, viz. Charlestown (USA), and from
Guayaquil,aswellasfromWest-Colombia.Kirchenpauerobservedthespeciesin1858on
buoysintheElbeestuary,Germany(Nehring&Leuchs,1999).Münterfoundit inthe
BalticnearGreifswald,Germany,in1867(Hoek,1875).Cohen&Carlton(1995)consider
ittobeanativeoftheNorthAtlantic.Grosholz&Ruiz(1996)believethespeciestohave
comefromtheNorthWestAtlantic,whereasNehring&Leuchs(1999)write‘DasUrs-
prungsgebietliegtwahrscheinlichinsubtropisch-gemässigtenGewässern.’VanderGaag
etal.(1999)statethat‘ThepaleontologicalandhistoricalrecordsshowB.improvisusmay
haveoriginatedintheOldWorld(Kolosváry,1942)andcouldhavespreadextensively
duringthe20thcentury.’IfKolosváry’s(1942)TertiairyfossilrecordsfromHungaryreally
concernB. improvisus, the speciesmay be ofMediterranean or Ponto-Caspian origin.
However,accordingtoGomoiuetal.(2002)andLeppäkoski’s(1999)reviewitcolonised
theBlackSeain1844or1899andtheCaspianSeaafter1952,pointingtoanon-Ponto-
Caspianorigin.Leppäkoski (1999)believes the species tobeofWestAtlanticorigin. I
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concludethatB.improvisusiseitheraEuropeannativespeciesoranearlyimmigrant.Gol-
lasch(2002)considersittobeacryptogenicspecies.
 ForTheNetherlandsHoek(1875) lists the localitiesAmstelnearUithoornand
Amsterdam,ZuiderzeenearHuissen,NorthSea,andHaarlemmervaartnearLeiden.
HedoesnotmentionthepossibilitythatB.improvisusisanexoticspecies.Inthe19th
andthefirstpartofthe20thcenturythisspeciesoccurredinTheNetherlandsinbrack-
ish inlandwaters and in the brackish formerZuiderzee (Waardenburg, 1827;Hoek,
1875;Groenewegen,1922).Nowadays it isacommonspecies inTheNetherlands in
marine, brackish, and sometimes even nearly freshwaters (Holthuis, 1961;Huwae,
1985;Paalvast,1998;VanderGaagetal.,1999).

Megabalanuscoccopoma(Darwin,1854)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2),notper-
manentlyestablished.
 Vector.—Onships’hulls(Kerckhof&Cattrijsse,2001).
 Areaoforigin.—TropicaleasternPacificcoastsofCentralandSouthAmerica(Kerck-
hof&Cattrijsse,2001).
 IntroductionintoAtlanticEurope.—Firstrecorded,probablyonaship’shull,from
LeHavre,France,in1851(Kerckhof&Cattrijsse,2001).
 IntroductionintoTheNetherlands.—Kerckhof&Cattrijsse(2001)demonstratethat
thebalanidsfoundbyBuizer(1978,1980)onbuoysintheNorthSeaofftheDutchcoast
in1976-77andidentifiedasBalanusperforatus(Buizer,1978)andlaterasMegabalanus
tintinnabulum(Buizer,1980)inrealityareM.coccopoma.
 PresentoccurrenceinTheNetherlands.—NorecentfindsinDutchwaters.Kerck-
hof&Cattrijsse (2001),however, foundthespecies in fairnumbersonbuoysoff the
Belgiancoast,closetoDutchcoastalwaters,in1997-98.

Megabalanustintinnabulum(Linnaeus,1758)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),not
established.
 Vector.—Onships’hulls(Holthuis&Heerebout,1972).
 Areaoforigin.—Tropicalseas(Kerckhof,2002):WestAfrica,Indo-Pacific.
 IntroductionintoAtlanticEurope.—TheDutchspecimensfoundin1764perhaps
werethefirstonesrecognisedinEurope.
 IntroductionintoTheNetherlands.—ThefirstknownDutchspecimenswerefound
on a vessel coming fromWestAfrica (St. George d’Elmina in present Ghana) and
strandedatWijkbijZeeon8.xi.1764(Holthuis&Heerebout,1972).
 PresentoccurrenceinTheNetherlands.—Aftertherecordin1764recentmaterial
frequentlyhasbeenfoundwashedashoreonDutchbeaches(Holthuis&Heerebout,
1972;Huwae,1985).Manyrecordsofthislargebarnacleconcernmaterialfromships’
hullstoberecognisedbytracesofrustonthebottompart.Thematerialfoundin1976-
77onbuoys in theNorthSeaoff theDutchcoastand identifiedasM.tintinnabulum
(Buizer,1980a),concernsM.coccopoma(Kerckhof&Cattrijsse,2001).Kerckhof(2002),
however,foundthepresentspeciesonbuoysofftheBelgiancoastin1997-2001.
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17.13.2.Copepoda

AcartiatonsaDana,1848

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2),perma-
nentlyestablished.
 Vector.—Unknown,possiblyballastwater.
 Areaoforigin.—Unknown.BeforediscoveryinEuropeknownfromtheEastern
coastofNorthAmericaandfromtheIndo-Pacific(Enoetal.,1997).
 IntroductionintoAtlanticEurope.—ThefirstobservationwasmadebyRemy(1927)
inabrackishcanalbetweenCaen,France,andthesea.Brylinski(1981)summarisesthe
Europeandistribution;thespeciesisfoundinbrackishwatersbetweenNormandyand
theGulfofFinland.
 IntroductionintoTheNetherlands.—AcartiawasfirstrecordedbyRedeke(1934,
1935)asanewDutchspecies.Redeke(1934)statesthathehadseenthisspeciesinolder
planktonsamplesfromtheformerZuiderzeetakenbefore1916butafter1912.
 PresentoccurrenceinTheNetherlands.—Wibaut-IsebreeMoens(1954)foundthe
speciesintheIJsselmeerin1932and1933.Bakker(1972)observeditintheVeerseMeer
from1961uptill1971.Bakker&DePauw(1975)observeditalsointheWesterschelde
estuaryin1967-1973.Bakkeretal.(1977)againrecordsitfromtheVeerseMeer,alsoin
1974.Bakker(1978)mentionsitfromLakeGrevelingenafter1976.

EurytemoraamericanaWilliams,1906.

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),perma-
nentlyestablished.
 Vector.—Unknown.
 Areaoforigin.—EastcoastofNorth
America(Bakker,1972).
 Introduction intoAtlantic Europe.—
Gurney (1933) found the species in the
ChannelnearPlymouthandinbrackish
pondsinSussexandontheIsleofWight.
Bakker (1978) believed that the Gulf
Streamhad introducedthespecies.This
isunlikelyforacoastalspecies,however.
 IntroductionintoTheNetherlands.—
Bakker(1972)firstobservedthespecies
intheVeerseMeer,buthadnoinforma-
tionabout thewayof introduction.Dr.
W.Vervoort,aDutchspecialistincope-
podtaxonomy,didnotknowthisspecies
fromTheNetherlands.Drs.M.S.Wilson
(USA) and J.P. Harding (London) con-
firmed the identification (C. Bakker,
pers.comm.).

Fig.24.DistributionofEurytemoraamericanaupto
1988 (Grevelingen, Veerse Meer). After Bakker
(1978,inlitt.).
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 PresentoccurrenceinTheNetherlands.—E.americanawasfoundintheVeerseMeer
from1963until1988,andprobablyalsoafterthisyear(Bakker,1972;Bakker&DePauw,
1975;Bakkeretal.,1977;Bakker,1978,inlitt.).Bakker(1978,inlitt.)recordsitfromthe
GrevelingenLakein1976-1988,andprobablyalsolater.Bakker&DePauw(1975)did
notfindthespeciesintheWesterscheldeestuary(fig.24).

MyicolaostreaeHoshina&Sugiura,1953

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,8),un-
knownifestablished.
 Vector.—ThiscopepodhasnodoubtbeenaccidentallyintroducedintoDutchwaters
withPacificoystersCrassostreagigas(Stock,1993).
 Areaoforigin.—JapaneseandKoreanwaters(Stock,1993).
 IntroductionintoAtlanticEurope.—AccordingtoHis(1979)Comps(1972)foundthis
speciesinPortugueseoystersatMarennes-Oléron,France,in1972.His(1979)recordsthe
speciesalsofromtheBassind’ArcachonandtheGirondeestuaryinFrance.
 IntroductionintoTheNetherlands.—Stock(1993)foundthisspeciesfromMay-
September1992atSchelphoekintheOosterscheldeestuary.Thisconstitutedthefirst
recordintheNorthSea.Theactualintroductionmayhavehappenedmanyyearsbe-
fore,becauseStockapparentlywasthefirstscientisttoinvestigateDutchC.gigasfor
parasiticcopepods.
 PresentoccurrenceinTheNetherlands.—Nodata.

MytilicolaintestinalisSteuer,1902

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,6),
permanentlyestablished.
 Vector.—Introducedwithmussels(MytilusedulisLinnaeus,1758)(Korringa,1951a).
 Area of origin.—Described from theMediterranean near Trieste in 1902 (Steuer,
1902).
 IntroductionintoAtlanticEurope.—ThefirstrecordoutsidetheMediterraneanwas
from theNorthSeaarea (Caspers, 1939;Minchin&Sheehan, 1999). Itwas found in
Germany in1938nearCuxhavenand inOstfriesland,butnot inSchleswig-Holstein
(Caspers,1939).In1950MytilicolaoccurredonlybetweenBorkumandtheElbeestuary
(Korringa,1951a).Korringa(1951a)supposedthatMytilicolahadbeenintroducedinto
theGermanWaddenSeainmusselsgrowingonaship’shull.
 IntroductionintoTheNetherlands.—Korringa(1951a)andStock(1950):Firstob-
servedinmusselsfromZandkreekon9.ix.1949.Inautumn1949itwasobservedalsoin
theWesterscheldeestuary,theOosterscheldeestuaryandtheGrevelingenestuary,but
not in theHaringvliet estuary, at theHookofHolland, at Scheveningen, and in the
WaddenSea.In1950itoccurredeverywhereinZeeland,butnotintheWaddenSea.
ProbablyitwasintroducedintotheZandkreekin1948fromtheGermanWaddenSea
nearBorkumwithseedmussels.Korringa(1952)founditintheWaddenSeain1950
and1951onlyintheSchild,theSpruit,andatEemswadje,butnotintheEilanderbalg
andmoretotheWest.Korringa(1953)recordsthatintheWaddenSeain1952therange
expandedtotheWesttoincludetheEilanderbalgandtheZoutkamperlaag.Korringa
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(1954)recordednofurtherexpansionintheWaddenSeain1953.Vaas(1975)statedthat
Mytilicolaisanon-indigenousspecies,whichinvadedthemusselbedsoftheDeltaarea
in1948;hereferredtoKorringa(1951a).
 PresentoccurrenceinTheNetherlands.—Commonspecies.Stock(1993)foundthe
species inMytilus fromSchelphoek,Oosterscheldeestuary, in1992. Inthefirstyears
afteritsintroductionMytilicolawasconsideredaseriouspestwhichevennecessitated
a redesignofmussel culturepractices.Nowadays,Mytilicola is relativelyharmless
(Engelsman&Haenen,2003).

MytilicolaorientalisMori,1935

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,8),per-
manentlyestablished.
 Vector.—Stock(1993)statesthatitnodoubtwasintroducedaccidentallyintoEurope
withPacificoystersCrassostreagigas.
 Areaoforigin.—OriginallydescribedfromJapan;NorthwestPacific(Grosholz&
Ruiz,1996).EuropeanmaterialmayoriginateeitherfromJapanorfromanotherintro-
ductionintoBritishColumbia,Canada(Holmes,1995).
 IntroductionintoAtlanticEurope.—His(1977,1979)recordsthisspeciesfromthe
Bassind’Arcachon,France,inPacificoystersCrassostreagigasin1977.
 Introduction intoTheNetherlands.—Stock (1993, 1993a)writes that ‘During an
investigationinthesummerof1992onthe largeoysterbedsofSchelphoek(Ooster-
scheldeestuary,Schouwen),largelyconsistingofferalspecimensoftheorientaloyster
Crassostreagigas,anotherMytilicolawasfoundinthegut:M.orientalisMori,1935.’Itoc-
curredalsoinOstreaedulisandMytilusedulis,butinsmallernumbers.Theactualintro-
ductionmayhavehappenedmanyyearsbefore,becauseStockapparentlywasthefirst
scientisttoinvestigateDutchC.gigasforparasiticcopepods.
 PresentoccurrenceinTheNetherlands.—Seeabove.

17.13.3.Mysidacea

HemimysisanomalaG.O.Sars,1907

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),re-
centlyestablished.
 Vector.—EitherbynaturalexpansionfromtheDanubeviaMain-Danubecanaland
theriverRhine,probablyaidedbyshipping,orthroughtransportwithballastwater
fromtheBalticortheBlackSeaorboth(Ketelaarsetal.,1999).
 Areaoforigin.—Ponto-Caspianarea(Ketelaarsetal.,1999).
 IntroductionintoAtlanticEurope.—In1960H.anomalawassuccessfullytransferred
fromtheDnieprhydropowerreservoirtoreservoirsinLithuania.Fromthereitspread
intotheBalticSea,whereitwasfirstrecordedin1992(Ketelaarsetal.,1999).In1997it
wasobservedintheRhineandtheNeckarinGermany,probablyreachingtheserivers
viatheMain-Danubecanal(Faasse,1998a).
 IntroductionintoTheNetherlands.—ObservedintheoligohalineNoorderIJplas
near theCoentunnel,Amsterdam, in June 1997 (Faasse, 1998).Kelleher et al. (1999)
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foundthespeciesinstomachsofyoungfishcaughtintheriverRhinenearNijmegenin
September 1997. Ketelaars et al. (1999) found the species inNovember 1997 in the
Petrusplaat drinkingwater reservoir in the Biesbosch. In 1998 the specieswas also
foundintwootherBiesboschreservoirsandintheAndijkreservoirinNorth-Holland.
In1997and1998alsoobservedintheriverMeuseneartheentranceoftheMaas-Waal-
kanaal,intheriverWaalnearOpijnen,intheMeusenearKeizersveer,andinstomach
contentsofperchfromtheHaringvliet(Kelleheretal.,1999).
 PresentoccurrenceinTheNetherlands.—Seeabove,mostlyinfreshwater.Sofar
onlyonceobservedinbrackishwater,althoughithasbeenfoundinthevicinityofthe
Haringvlietsluicesin1998and1999andintheBathseSpuikanaalin2000(M.A.Faasse,
pers.comm.).

17.13.4.Isopoda

Limnorialignorum(Rathke,1799)

 Perhapsanexoticnon-indigenousspecies,becauseneitherthespeciesnordamage
causedbythisspeciestowoodenconstructionswasobservedbeforethe19thcentury.It
wasdescribedfromScandinaviain1799,andfoundintheBritishIslesin1811.Nine-
teenth-centuryBritishauthorsdiscussedthepossibleintroductionfromAmerica,but
concludedthatLimnoriaisaBritishspecies.In1868itwasdiscoveredinFrance(Hu-
brecht et al., 1893). Limnoriahas not beenmentioned in the references to theDutch
outbreakoftheshipwormTeredonavalisaround1730(Holthuis,1956),nordoVroliket
al.(1860)mentionthisspeciesfromTheNetherlands.However,Hubrechtetal.(1893)
makeclearthatthelatterauthorshadoverlookedLimnoria.ProbablyLimnoriawasob-
served already in 1834 and 1861-62 inDutchwaters. Thefirstpositive observations
weremadein1885-86intheWesterscheldeestuary,theOosterscheldeestuary,alongthe
NorthSeacoastandinthewesternWaddenSea(Hubrechtetal.,1893).Ifintroduced,it
probablywastransportedinwoodenvessels.Itisknownfrommanyplacesaroundthe
globe;someauthorsconsiderittobeacosmopolitanspecies(Holthuis,1956).

LimnoriaquadripunctataHolthuis,1949

 Perhapsanexoticnon-indigenousspecies,notestablished.Perhapstransportedin
woodenvessels,butdriftwoodmaybeanalternative.Holthuis(1956)considersittobe
acosmopolitanspecies.ItwasdescribedfromTheNetherlandsin1949fromdriftwood
materialwashedashoreonthebeach(Holthuis,1956).ItoccursalsoinEngland,South
Africa,NewZealand,andCalifornia(Hayward&Ryland,1995).

17.13.5.Amphipoda

CaprellamuticaSchurin,1935
(Syn.C.machoPlatvoet,DeBruyne&GmelichMeyling,1995)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),perma-
nentlyestablished.
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 Vector.—Unknown.
 Areaoforigin.—EastAsia(W.J.M.Vader,pers.comm.),SeaofJapan(Cohen&Carl-
ton,1995).
 Introduction intoAtlanticEurope.—DescribedfromTheNetherlandsasCaprella
macho.This species appears tobe identical toC. mutica, recentlyalso found inWest
Norway(pers.comm.Dr.W.J.M.Vader).
 IntroductionintoTheNetherlands.—Platvoetetal.(1995)describedCaprellamacho
asanewspeciesfromtheentranceoftheOosterscheldeestuary,TheNetherlands.The
species occurred abundantly at this locality already in 1993, 1994 and 1995 (Faasse,
1996aandpers.comm.).
 PresentoccurrenceinTheNetherlands.—SofaronlyknownfromtheOosterschel-
deestuary.Platvoetetal.(1995)knewitfromBurghsluisenNeeltjeJans.Faasse(1999)
founditin1996atZierikzee(Zeelandbrug),GoesseSas,KatseHoek,Kattendijke,and
‘s-Gravenhoek; in1997hementionsBorsseleat theWesterscheldeestuaryandagain
Zierikzee(Levensstrijd).

Chelicorophiumcurvispinum(G.O.Sars,1895)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyestablished.
 Vector.—ExpandedfromPonto-Caspianareathroughfreshwatercanalsandrivers
(BijdeVaateetal.,2002).
 Areaoforigin.—Ponto-Caspianarea(VanderVeldeetal.,2000).
 IntroductionintoAtlanticEurope.—C.curvispinumhasexpandedfromthePonto-
CaspianareaviatheriversDnjepr,Pripyat,Vistula,Wartheandconnectingcanals.In
1912itwasfoundintheMüggelseenearBerlin.TheRhinewasreachedviatheHavel-
Spreearea,MittellandCanalandDortmund-EmsCanal.Fromthereitspreadalongthe
wholeriveranditstributaries(VanderVeldeetal.,2000).InGermanyitnowoccursin
thebrackishpartoftheElbeestuary(Nehring&Leuchs,1999).
 IntroductionintoTheNetherlands.—Itwasfirstobservedinthefreshwaterpartof
theRhinein1987(VandenBrinketal.,1989,1991).
 Presentoccurrence inTheNetherlands.—VandenBrink&VanderVelde(1992)
founditintheRiverRhine,theRiverWaal,theRiverIJssel,theRiverLek,thelakeIJs-
selmeer,thelakeMarkermeerandinconnectedcanals.VandenBrinketal.(1993)found
itintheZaan(accordingtotheirfig1.)in1991.Theyalsostatethat‘Intheoligohaline
partsoftheLowerRhineestuary,thespeciesco-occurredwiththerelatedbrackish-wa-
terspeciesC.lacustreVanhöffenandC.multisetosumStock.’Platvoet&Pinkster(1995)
founditinthelakesBrielseMeer,Haringvliet,HollandsDiep,Biesbosch,andZoom-
meerandinadjoiningriversin1992,butnotinthesouthernpartoftheDeltaarea.Ap-
parentlyinTheNetherlandsthespecieshardlypenetratesintobrackishwater(Faasse
&VanMoorsel,2000),althoughPaalvast(1998)recordsitfromtheoligohalineHartel-
kanaalnearRotterdam.

GammarustigrinusSexton1939

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyestablished.
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 Vector.— Introduction into Europe
perhaps inballastwater (Hynes, 1955).
Deliberately introduced intoTheNeth-
erlands(Nijssen&Stock,1966).
 Area of origin.— Atlantic coast of
NorthAmericafromSt.Lawrenceestu-
ary to Florida (Nijssen & Stock, 1966;
DenHartog&VanderVelde,1987).
 IntroductionintoAtlanticEurope.—
First observation in Ireland in 1931
(Bassindale,1946).Hynes(1955)assumes
thattheEnglish(?)populationofG.tigri-
nus has been introduced recently, per-
hapswithballastwater.Schmitz (1960)
statesthatheintroducedthespeciesde-
liberatelyintotheriversWeserandWer-
rainGermanyin1957.
 IntroductionintoTheNetherlands.—
Nijssen & Stock (1966) record that Dr.
C.L. Deelder (Netherlands Institute of
FisheriesResearch -RIVO)deliberately
introducedseveraltensofanimalsfrom
LoughNeagh,NorthernIreland,intothe
IJsselmeernearEnkhuizenon29.vii.1960.
(Deelderhimselfstatedthathebelievedthattheanimalshadbeenintroducedwith
ballastwater).ThespecieswasdiscoveredintheIJsselmeernearEnkhuizeninMay
1964(Nijssen&Stock,1966).In1965G.tigrinusoccurredallovertheIJsselmeer,inthe
Randmeren and in a large part of the inlandwaters ofNorth-Holland (Nijssen&
Stock,1966).In1966G.tigrinuswasfoundinOost-FlevolandandFriesland(Pinkster
&Stock,1967).Pinksteretal.(1977:thispapersummarisesalsootherpapersbyDen-
nertetal.(1968)andGras(1971)documentingtherangeextension)presenttherange
extensionuntil1973(fig.25).InthatyearG.tigrinusoccursfromtheEemskanaalen
West-GroningenintheNENetherlands,viaFriesland,Noord-Hollandtothenorth-
ernpartofZuid-HollandandtheborderareasoftheIJsselmeerinUtrechtandGelder-
land.MoreoveritwasfoundatafewplacesontheZuidhollandseeilanden.Theauthors
writethatthespeciesinhabitsfreshandoligohalinewatersbutprobablytheauthors
usedRedeke’sclassificationofbrackishwaters,meaningthat theydidnotfindthe
speciesabove1.8psu.
 PresentoccurrenceinTheNetherlands.—Inadditiontothelocalitiescitedabove
(seealsoPinkster,1975;Pinksteretal.,1980;Pinkster&Platvoet,1983;Platvoet&Pink-
ster,1985;Hauters&Pinkster,1987,andPlatvoetetal.,1989),Peeters(1988)foundthe
species tobeabundant in thebrackish(upto5psu)Noordzeekanaal.Pinksteretal.
(1992)recordthespeciesfromnon-tidalwatersintheentirecoastalareaofTheNether-
landsfromGoeree-OverflakkeetotheEems-Dollardestuary.Itwasalsofoundonthe
FrisianIslands.Platvoet&Pinkster(1995)foundthespeciestobecommoninthenorth-
ernpartoftheDeltaarea,intheZoommeer,andfurtherintheWesterschenge,Zuid-

Fig. 25. Range extension ofGammarus tigrinus in
TheNetherlandsupto1995.AfterNijssen&Stock
(19660,Pinkster&Stock(1967),Pinksteretal.(1977,
1992)andPlatvoet&Pinkster(1995).
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Beveland, and scattered in Zeeuws-Vlaanderen (fig. 25). It penetrated hardly into
brackishwater(Westerschenge,Braakman).Paalvast(1998),however,recordsthespecies
fromoligohalineconditionsintheHartelkanaalnearRotterdam.Faasse&VanMoorsel
(2003)recordthisspeciesfromthemesohalineeasternpartoftheWesterscheldeestuary
around2000.

Incisocalliopeaestuarius(Watling&Maurer,1973)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3and5),
permanentlyestablished.
 Vector.—Hullfoulingorballastwater(Faasse&VanMoorsel,2003).
 Area of origin.—Estuaries on theAtlantic coast ofNorthAmerica (Delaware-
Georgia)(Faasse&VanMoorsel,2003).
 IntroductionintoAtlanticEuropeandTheNetherlands.—FirstEuropeanobserva-
tions(asParapleustesassimilis(G.O.Sars,1882))in1991intheeasternpartoftheWester-
schelde estuary, TheNetherlands (Brummelhuis et al, 1997; Faasse&VanMoorsel,
2003).
 PresentoccurrenceinTheNetherlands.—KnownfromBaarland,Hoedekenskerke,
Walsoorden,andBath in thebrackisheasternpartof theWesterscheldeestuary,The
Netherlands(Faasse&VanMoorsel,2003)andfromtheadjacentZeescheldeinBelgium
(Ysebaertetal.,2000:asPleusymtesglaber(Boeck,1861)).

MelitanitidaSmith,1873

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),recently
established.
 Vector.—Eitherhullfoulingorballastwater(Faasse&VanMoorsel,2003).
 Areaoforigin.—AtlanticcoastofNorthAmerica fromGulfofSt.Lawrence to
Yucatanpeninsula(Cohen&Carlton,1995;Faasse&VanMoorsel,2003).
 IntroductionintoAtlanticEuropeandTheNetherlands.—FirstEuropeanobserva-
tionsin1998intheWesterscheldeestuarynearBath,TheNetherlands(Faasse&Van
Moorsel,2000,2003).
 PresentoccurrenceinTheNetherlands.—AlsofoundatBaarlandandWalsoorden,
Westerscheldeestuary(Faasse&VanMoorsel,2000,2003)andintheNoordzeekanaal
atIJmuiden(Faasse&Ates,2003;vanMoorsel,pers.comm.).

Monocorophiumsextonae(Crawford,1937)

 Severalauthorssuggestthistobeanexoticnon-indigenousspeciesinEuropean
andDutchwaters; ifso, it ispermanentlyestablished.It issuggestedtohavebeen
transportedonships’hulls(Hurley,1954).ItsareaoforiginissuggestedtobeNew
Zealand(Hurley,1954;Enoetal.,1997),buttheonlyevidenceisthatithasbeenfound
inthatcountrybefore1921(Hurley,1954),i.e.earlierthanelsewhere.Crawford(1937)
madethefirstEuropeanobservationatPlymouth,England, in1934.Itwasalsore-
cordedbythisauthorfromWembury,England,andfromoffthemouthoftheTagus,
Portugal,in1930.CrawfordstatesthatitsabundanceatPlymouthinthe1930s‘isthe
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moresurprisingsinceitisnotpresentintherichcollectionofCorophiummadefrom
thesamedredginggrounds in1895-1911. It seemspossible, therefore, that it isnot
indigenousatPlymouth....Icannotguessatitsoriginallocality.’
 InTheNetherlandsitwasfoundattheinnersideofthenorthernmoleatIJmuiden
on11.v.1952(Stock,1952).In1956itwasfoundattheUithuizerwad(Stock&DeVos,
1960).ItwashedashoreonholdfastsofHimanthaliabetweenZandvoortandNoordwijk
inSeptember1953(Stock,1994)andonBuccinumeggsbetweenKatwijkandWassenaar
in1960(Lacourt,1962).ItwasabundantinthePietermankreek,intheOosterschelde
estuarynearYerseke(in1994?)(Stock,1994).Faasse&VanMoorsel(2000)foundit
everywhereonhardsubstratesinhighsalinitiesinLakeGrevelingen,theOosterschelde
estuary,andtheentranceoftheWesterscheldeestuary.

OrchestiacavimanaJ.Heller,1865

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyestablished.
 Vector.—Haspossibly expanded along shipping canals from theMediterranean
throughFrance(Kinzelbach,1972,1995).
 Area of origin.—Probably Ponto-Caspian andEastMediterranean area (Kinzel-
bach,1972).
 IntroductionintoAtlanticEurope.—OrchestiapenetratedfromtheMediterranean
intoFranceinthe18thcentury(Kinzelbach,1995).In1878and1879itwasfoundina
gardenatZaltbommel,althoughnotclosetotheWaalriver,TheNetherlands(Hoek,
1879);itisunclearhowithasarrivedthere.Kinzelbach(1972),referringtoHoek(1879),
mentionsthelocationTiel;thisisincorrect.
 IntroductionintoTheNetherlands.—O.cavimanawasrecordedfirstfromagarden
atZaltbommelin1878(Hoek,1879).
 PresentoccurrenceinTheNetherlands.—Ontheshoresofbrackishandfreshwater,
locallyabundant(Dekker,1978).

Platorchestiaplatensis(Krøyer,1845)

 Status inTheNetherlands.—Exoticnon-indigenous species (criteria 1, 2, 3, 4);
probablyestablishedpermanently.
 Vector.—Dryballast?
 Areaoforigin.—DescribedfromtheLaPlataestuary,Argentina,butdistributed
world-wide(Dahl,1946).
 IntroductionintoAtlanticEurope.—FirstrecordedfromAmrum,Germany,in1931,
butsubsequentinvestigationsshowedthatitdidoccurintheSoundbetweenDenmark
andSwedenintheperiod1860-80.Inthe1940sitoccurredalongtheKattegat,theSound
andthewesternBaltic(Dahl,1946).
 IntroductionintoTheNetherlands.—Stock(1950a)mentionedthisspeciesforthe
firsttimeinhisidentificationguide.Inthemainpaperhestatesthatthisspeciesisnot
known fromTheNetherlands, but in an annexhementionsOrchestia platensis from
Wieringen.
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 PresentoccurrenceinTheNetherlands.—DenHartog(1961)knewthespeciesfrom
DeNormert(=Normerven?)andnearDenOever(1959),bothatWieringen,andfrom
OudeSchildatTexel(1960).DenHartog(1963)onlymentionsthesaltmarshnearDen
Oever:withnumerousO.platensis.ThespecieshasnotbeenfoundintheDeltaarea
(DenHartog,1963;Platvoet&Pinkster,1995).

17.13.6.Decapoda

CallinectessapidusRathbun,1896

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),prob-
ablypermanentlyestablished.
 Vector.—Ballastwater(VanderVeldeetal.,1999).
 Areaoforigin.—AtlanticcoastofAmericafromNovaScotiatoUruguay(Chris-
tiansen,1969).
 IntroductionintoAtlanticEurope.—Alivemalespecimenwasfoundinthehar-
bourofRochefort,SWFrancein1900(Bouvier,1901).DenHartog&Holthuis(1951)
recordedalivefemaleintheZaanin1932,andanotherlivefemaleintheEntrepoth-
aven,Amsterdam,in1934.
 IntroductionintoTheNetherlands.—ThefirstDutchspecimenswererecordedby
DenHartog&Holthuis(1951)whorecordedalivefemaleintheZaanin1932,andan-
other live female in theEntrepothaven,Amsterdam, in 1934. In addition theymen-
tionedtwoboiledspecimensonthebeachnearVlissingenin1950(seealsoHolthuis,
1969).Holthuis(1969)alsorecordsalivespecimenfromNauernain1951aswellas4
deadspecimenswashedashoreatSchiermonnikoogin1967.
 PresentoccurrenceinTheNetherlands.—Adema(1982)recordsmoreboiledani-
malsandpartsofanimalsin1967,alivespecimen25milesNWofIJmuiden(1968),four
livemalesfromtheWesthavenatTerneuzen(1973,twicein1978and1980),andlive
malesfromSluiskil(1980)andWalsoorden-Perkpolder(1980).Adema(1983)founda
livefemalewitheggsintheSchaarvandeSpijkerplaat,NWofTerneuzen.Ates(1990)
writesaboutalivespecimencaughtinthewesternWaddenSeainDecember1989(?)
(DeTyphoon:28.xii.1989).Adema(1991)inadditionmentionsfindsfromtheNoordzee-
kanaalnearNauernain1951and1984,atAntwerp,Belgium,in1981,atIJmuidenand
intheWaddenSeain1984andnearAxelin1986.Timmermans&Melchers(1992)record
thecatchoffivespecimensintheNoordzeekanaalboezemintheperiod1932-1985.No
bluecrabswerecaughtduringsurveysofthiscanalin1985-1990.However,between
27.viii.1991and28.ix.1992ninerecordswith14animalsweremadeintheNoordzeekanaal.
Craeymeersch&Kamermans(1996)mentionfindsintheOosterscheldeestuarynear
ZierikzeeinSeptember1995andnearthestormsurgebarrierinOctober1995.Maeset
al.(1998)foundbluecrabsbetweenJuly1994andJune1995inthecoolingwaterinletof
thepowerstationatDoel,Belgium,ontheWesterscheldeestuary,justacrosstheDutch
border.
 ItseemsthatCallinectesoccurspermanentlyintheWesterscheldeestuaryandadja-
centwatersaswellasintheNoordzeekanaalbetweenAmsterdamandtheNorthSea.
IsolatedfindsweremadeintheOosterscheldeestuaryandtheWaddenSea.
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EriocheirsinensisH.MilneEdwards,1854

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,6,7),
permanentlyestablished.
 Vector.— Introduction into Europe in ballast water (Peters & Panning, 1933).
ReachedtheDutchcoastalwatersbywalkingovertheriverbottomfromGermanrivers
towardstheestuariesandcoastalNorthSeaforreproductionandsubsequenttransport
oflarvaeintoDutchestuariesbytidalcurrents(Kamps,1937).
 Areaoforigin.—EastAsia,fromtheStreetofTaiwan,China,NorthtoKorea(Kamps,
1937;Adema,1991;Hänflingetal.,2002).
 IntroductionintoAtlanticEurope.—ThefirstEuropeanmittencrabwascaughtin
theAller,atributaryoftheWeser,Germany,in1912(Peters&Panning,1933).Hänfling
etal.(2002)concludefrommt-DNAsequencesthattheCentralEuropeanpopulations
derivefrommultipleinvasions.
 IntroductionintoTheNetherlands.—Kamps(1937)describesandreconstructsthe
introductionofthisspecies inTheNetherlands.In1929and1930,mittencrabswere
caughtbyGermanfishermenintheEms-
Dollardestuary.In1930aspecimenwas
caughtinsidethesluicesatTermunterzi-
jl. In 1931 the first observationwas re-
cordedbythescientificworld(Redeke,
1932;Jippes&Kamps,1932).In1931-32
thespecieswasfoundeverywhereinthe
area discharging towards the Lauw-
erszee(Kamps,1937).Thewesternpart
of Friesland was colonised in 1932. In
1931 single mitten crabs were caught
alsoatZaandam,BrielseMaas,Reeuwi-
jkseplassenandRotterdam. In1935-36
the first specimenswere caught in the
Zeeland estuaries. Finally, in 1935 the
Chinesemitten crabwas present in al-
most any suitable part of The Nether-
lands(fig.26).
 Present occurrence in The Nether-
lands.—Abundantspecies,especiallyin
thecoastalareas(Kamps,1937;Wolff&
Sandee,1971;Adema,1980,1991).

Hemigrapsuspenicillatus(DeHaan,1835)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),recently
established.
 Vector.—IntroducedintoEuropeinballastwaterorinhullfouling(Gollasch,1999).
PossiblyintroducedintoTheNetherlandswithoysterimports(Anonymous,2000).
 Areaoforigin.—NorthwesternPacific fromSakhalin toTaiwan (Gollasch, 1999,

Fig.26.RangeextensionofEriocheirsinensis inthe
period1930-1935.AfterKamps(1937).
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2002;d’Udekemd’Acoz&Faasse,2002).
 IntroductionintoAtlanticEurope.—
Collected from the hull of a Japanese
vessel at Bremerhaven, Germany, in
August 1993. First observed on the
shoreinCharenteMaritimenearLaRo-
chelle,France,in1994(Noëletal.,1997),
where it was probably introduced in
1993 (Gollasch, 1999). In 1996 the spe-
cies ranged already from South of the
Loireestuary intonorthernSpainnear
Laredo(Noëletal.,1997).
 Introduction into The Netherlands.
—FirstobservedatSasvanGoes,Ooster-
scheldeestuary,on19.iii.2000;18speci-
menswerecollectedatthesamelocality
in April 2000. Probably it had estab-
lisheditselfin1999(Anonymous,2000;
Nijland & Beekman, 2000). In 2000 it
wasalsoobservedintheOosterschelde
estuary at Yerseke, Wemeldinge, Sas
van Goes, Katse Hoek, and perhaps
Colijnsplaat(Nijland,2000;Faasseetal.,
2002). In 2001 it was observed in the
largerpartoftheOosterscheldeestuary
aswellasattwolocationsintheWester-
schelde estuary (fig. 27) (Faasse et al.,
2002). In 2002 more localities in the
Oosterschelde estuary were colonised
and in the Westerschelde estuary the
species penetrated further landinward
(d’Udekemd’Acoz&Faasse,2002).
 Present occurrence in The Nether-
lands.—SofarknownfromtheOoster-
schelde estuary aswell as theWester-
schelde estuary (Nijland, 2000, 2001;
Faasseetal.,2002;d’Udekemd’Acoz&
Faasse,2002).

Hemigrapsussanguineus
(DeHaan,1835)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),recently
established.
 Vector.—ProbablyintroducedintoEuropeinballastwater(Bretonetal.,2002).It

Fig. 27. Distribution ofHemigrapsus penicillatus in
2000(top),2001,and2002(bottom).AfterFaasseet
al.(2002)andd’Udekemd’Acoz&Faasse(2002).
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isunknownhowithasbeenintroducedintoTheNetherlands.
 Areaoforigin.—NorthwesternPacificfromSakhalintoTaiwan(Bretonetal.,2002,
d’Udekemd’Acoz&Faasse,2002).
 IntroductionintoAtlanticEurope.—CollectedataboutthesametimeatLeHavre,
France (29.viii.1999)andatSchelphoek,Oosterscheldeestuary,TheNetherlands (21.
viii.1999).TheanimalsatLeHavremusthavesettledin1998orearliersincethelocal
populationwasadultandbreeding(Bretonetal.,2002).
 IntroductionintoTheNetherlands.—Seeabove.
 PresentoccurrenceinTheNetherlands.—KnownfromSchelphoekintheOoster-
scheldeestuaryin1999(Bretonetal.,2002)andfromthemoleatHoekvanHollandin
2003and2004(Campbell&Nijland,2004)

Palinuruselephas(Fabricius,1787)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,notestablished.
 Vector.—Perhapsintroducedinshiphullfouling(Holthuis,1950);deliberatelyin-
troduced(Heerebout,2001).
 Areaoforigin.—AtlanticcoastofEuropefromtheBritishIslessouthward(Holthuis,
1950).
 IntroductionintoTheNetherlands.—Holthuis(1950)drawsattentiontoanobser-
vationbySlabberofalargedecapodbefore1769whichmayhavebeenP.elephas.The
animalwas found in the foulingof anEast-Indiaman.Heerebout (2001) records the
deliberateintroductionoftwospecimensintheOosterscheldeestuaryaround1910and
thesubsequentcatchofonespecimenelsewhereinthesameestuaryin1927.
 PresentoccurrenceinTheNetherlands.—Notpresent.

Rhithropanopeusharrisii(Gould,1841)
(Syn.PilumnustridentatusMaitland,1874)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria2,3,4),perma-
nentlyestablished.
 Vector.—Unknown,butprobablynotinballastwater,becauseitwasalreadycom-
monintheZuiderzeein1874(Adema,1991).
 Area of origin.—Atlantic coast ofAmerica fromNewBrunswick toNEBrazil
(Christiansen,1969;Enoetal.,1997).
 Introduction into Atlantic Europe and The Netherlands.— Maitland (1874) de-
scribedthisspeciesfromtheZuiderzeeasPilumnustridentatus.Atthattimethespecies
alreadywascommoninthe‘Kom’oftheZuiderzeeandintheIJinlet(Adema,1991).
Buitendijk&Holthuis(1949)concludedthatPilumnustridentatusisidenticaltoRhithro-
panopeusharrisii.Afterapopulationpeakin1933-36,occurringintheZuiderzeeafterits
closure,thespecieswasfoundalsoelsewhereinEurope.
 PresentoccurrenceinTheNetherlands.—Tesch(1922)recordedthisspecies(as
Heteropanope tridentatus) from the entireZuiderzee, and also fromBovensluis in the
HollandsDiep, theAmstelnearUithoornandtheNoord-HollandsKanaal.Holthuis
(1954)concludedthat therecordfromBovensluis intheHollandsDiepcouldnotbe
trusted.HestatedthatthespeciesincreasedstronglyaftertheclosureoftheZuiderzee
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untilapeakwasreachedin1933-36.ThelastfindintheIJsselmeerwasin1943.Inthe
Noordzeekanaalitoccurreduntil1951,nearDenHelderfrom1948-50andinthe1930s
itlivedalsoinFrieslandandGroningen.Wolff&Sandee(1971)mentionfourobserva-
tionsfromtheHaringvliet-HollandsDieparea.Huwae(1977)andJansens(1977)found
thespeciesin1977intheVeerseMeernearKortgene,nearVrouwenpolderandnearthe
Veerse-Gatdam.Theymentionotherobservationsafter1950fromNiezijl,Dokkumer
Ee,DenHelder(twice),intheNoordzeekanaal(twice),nearWillemstadintheHollands
DiepandintheHaringvliet.Jansens(1977a)foundthespeciestobecommoninthewest-
ernpartoftheVeerseMeerinAugust-October1977.Adema(1980,1981)mentionsVeerse
Meer (1977, 1979, 1980) andNoordzeekanaal (early 1950s, 1952, 1980). Peeters (1988)
foundthespeciesabundantlyintheNoordzeekanaal.Adema(1991)presentsamapofall
recordsaswellasofallrecordsafter1960(Noordzeekanaal,NieuweWaterweg,Haring-
vliet,VeerseMeer,WaalnearNijmegen,ScheldenearAntwerp,Belgium).Itwasfoundin
theRiverRhineupstreamuntil at leastRees inGermany (VanderVeldeet al., 2000).
Faasse(1991a)foundR.harrisiiintheKanaaldoorWalcherennearMiddelburgandnear
Arnemuidenin1991.ItwasfoundatBathintheWesterscheldeestuaryin1998(M.A.
Faasse,pers.comm.;Faasse&VanMoorsel,2003).Thelatterfindshouldbeconnectedto
theoccurrencejustacrosstheDutchborderintheBelgianZeescheldeandadjacentwaters
from1985onwards(Maesetal.,1998;Ysebaertetal.,2000;Wouters,2002).

17.14.Arachnida:Xiphosura

Limuluspolyphemus(Linnaeus,1758)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),not
established.
 Vector.—Deliberatelyintroducedforcommercialpurposes(Lloyd,1874).
 Area of origin.—Atlantic coast ofNorthAmerica fromNova Scotia toYucatan
(Holthuis,1950).
 IntroductionintoAtlanticEurope.—Inthe1860sthefirmHagenbeckimportedan
unknownnumberofhorseshoecrabsintoGermanyfortheaquariumtrade.Because
notallanimalscouldbesoldtheremainderwasliberatednearHelgoland,Germany,in
1866(Lloyd,1874;Holthuis,1950).
 IntroductionintoTheNetherlands.—Fishermencaught4or5liveanimalsinthe
NorthSeaabout11kmoffTerschellingin1873(Holthuis,1950;Wolff,1977;Nehring&
Leuchs,1999).
 PresentoccurrenceinTheNetherlands.—Notpresent.

17.15.Mollusca

17.15.1.Polyplacophora

Lepidopleuruscancellatus(Sowerby,1839)

 PerhapsaNEAtlanticnon-indigenousspecies,notpermanentlyestablished.Van
BenthemJutting&Engel (1936) state thatH.F.Nierstrasz found this speciesonce in
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DutchwatersintheOosterscheldeestuarynearYersekeinJuly1897.Allfurtherrecords
refertothesespecimens,threeofwhicharekeptintheZoologicalMuseumatAmster-
dam.ThissinglefindatYerseke,thecentreoftheDutchshellfishcultures,suggestsan
introductionwithoysters.ItisaEuropeanspecieswhichhasbeendredgedalsointhe
southernNorthSea(Kaas,1952).

17.15.2.Gastropoda

Calliostomazizyphinum(Linneaus,1758)

 StatusinTheNetherlands.—Recentlyestablished.Unclearifthisisanaturalrange
extensionofaNEAtlanticspecies,orthatthisrepresentsahuman-aidedintroduction.
 Vector.—Perhapsintroducedwithoysters(VanBragt,2003).
 Areaoforigin.—AtlanticcoastsofEurope,fromNorwaytotheMediterranean.
 Introduction into TheNetherlands.—First observation at Sas vanGoes,Ooster-
scheldeestuary,in2001.Another3recordsinthesameestuaryin2003(VanBragt,2003;
http://www.anemoon.org/spuisluis).
 Present occurrence in TheNetherlands.—Occurs only inOosterschelde estuary
(VanBragt,2003).

Calyptraeachinensis(Linnaeus,1758)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,temporarilyes-
tablished.
 Vector.—Introducedwithoysters(Kaas&TenBroek,1942).
 Areaoforigin.—AtlanticcoastofEurope.
 IntroductionintoTheNetherlands.—Kaas&TenBroek(1942)record‘Afewtimes
foundinZeeland.ProbablyimportedwithFrenchoysters.’
 PresentoccurrenceinTheNetherlands.—Notpresent.

Corambeobscura(Verrill,1870)
(Syn.CorambebatavaKerbert,1886)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria2,3),tempo-
rarilyestablished.
 Vector.—Unknown.
 Areaoforigin.—AtlanticcoastofUSA.FoundalsoinBrazil(Swennen&Dekker,
1987).
 Introduction intoAtlantic Europe.— First European finds in the Zuiderzee, The
Netherlands,in1879and1881,describedbyKerbert(1886)asCorambebatava.
 IntroductionintoTheNetherlands.—DiscoveredbyDr.C.KerbertintheZuiderzee
nearDurgerdaminNovember1879andAugust1881;in1886describedbyhimasC.
batava.VanBenthemJutting&Engel(1936)andSwennen(1957)donotmentionthat
thisispossiblyanon-indigenousspecies.Butot(1984)suspectedthatC.batavaisanon-
indigenousspecies.Swennen&Dekker(1995)describeatlengththattheanimalsbe-
longtoC.obscura,whichhasbeenintroducedfromtheAtlanticcoastofAmerica.

 http://www.anemoon.org/spuisluis) 
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 PresentoccurrenceinTheNetherlands.—VanBenthemJutting(1922,1936),Van
BenthemJutting&Engel(1936),Swennen(1957),Butot(1984)andSwennen&Dekker
(1987)recordthatC.obscurausedtobecommonintheformerZuiderzeefromspring
toautumn.ItalsooccurredinthewesternWaddenSeanearDenHelder,Wieringen
andTexel.AlaterfindinaditchatTexelin1947(Butot,1984)provedtobeerroneous
(Kuijper,2000).Swennen&Dekker(1995)explainthatC.batavaisajuniorsynonym
ofC.obscura;theyconsiderC.batavatobeanexoticnon-indigenousspecies.
 ItwasacommonspeciesinthebrackishZuiderzeeandthewesternWaddenSea,
but ithasneverbeen found in theNE-or SW-Netherlands.After the closureof the
Zuiderzeein1932C.obscurahasdisappeared;ithasneverbeenfoundagainanditis
probablyextinctinTheNetherlands(seealsoButot,1984).

Crepidulafornicata(Linnaeus,1758)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,7),
permanentlyestablished.
 Vector.—ImportedintoEuropewithAmericanoysters(VanBenthemJutting,1933;
Enoetal.,1997).Korringa(1942)makesprobablethatCrepidulareachedtheDutchcoast
withdriftingmaterial.
 Areaoforigin.—AtlanticcoastofNorthAmericafromNovaScotiatoGulfofMexico
(Nehring&Leuchs,1999).
 IntroductionintoAtlanticEurope.—ThefirstknownoccurrenceinEuropewasin
1872inLiverpoolBay,England,butthepopulationsinthisareahavesincediedout
(Enoetal.,1997).KnowntohavebeenintroducedintoEssex,England,between1887
and1890fromNorthAmerica(Korringa,1942;Enoetal.,1997).Dupontetal.(2003)
concludefrommoleculargeneticdatathattheFrenchpopulationsofCrepidula,estab-
lishedafter1940,derivefromseveralgeneticallydiversesourcepopulations,eitherin
EuropeorinNorthAmerica.
 IntroductionintoTheNetherlands.—LivespecimenshavebeenfoundattheBelgian
coastin1911(Nehring&Leuchs,1999).Oorthuys(1924)recordsemptyshellsattachedto
seaweedwashedashoreonthebeachnearBergen(NH)in1924.VanBenthemJutting
(1933)mentionsthatfirstonlyemptyshellshavebeenfoundatBergen(NH),Schoorl,
Zandvoort,KatwijkandintheGrevelingenestuary.Firstlivespecimenswerecollected
ona largepieceofwreckagewashedashoreatZandvoort inOctober1926 (Korringa,
1942).LivingspecimensoccurredinMay1929attheBolvanLodijkeintheOosterschelde
estuary(VanBenthemJutting,1933;Korringa,1942).Nextyearhundredswerefoundand
‘atthismoment(1932?)itisaverycommonanimalintheZeelandestuaries’(VanBent-
hemJutting,1933).In19414millionkgofCrepidulafromtheOosterscheldeestuarywere
processedforhumanfood(Korringa,1942).IntheWaddenSeaintroducedwithoysters
fromZeeland(Korringa,1942).
 PresentoccurrenceinTheNetherlands.—Commonspecies,especiallyinZeeland
(VanBenthemJutting,1933;Kaas&tenBroek,1942;Korringa,1942;Wolff,1973;De
Bruyne,1994).AlsoinCalandkanaal,BeerkanaalandadjacentharbourbasinsnearRot-
terdam(Paalvast,1998).
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Gibbulacineraria(Linnaeus,1758)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,recentlyestab-
lished.
 Vector.—Probablyintroducedwithoysters(DeBruyne,1994;Wolff,2000).
 Areaoforigin.—AtlanticcoastsofEurope,fromnorthNorwaytoGibraltar.
 IntroductionintoTheNetherlands.—Inthe1980sfoundalivetwiceintheOoster-
scheldeestuarynearYerseke(M.Faasse,pers.comm.;DeBruyne,1994).Observedin
theOosterscheldeestuaryin1994,foundagainin1998,andcommonin1999(Moolen-
beek,1999;Wolff,2000).Alsofoundtherein2000(Moolenbeek,2000;R.Nijland,pers.
comm.).
 Present occurrence in TheNetherlands.—Occurs only inOosterschelde estuary
(Wolff,2000).

Heleobiastagnorum(Gmelin,1791)

 Wolff(1999)suggests,onaccountofitsrestrictedgeographicaldistribution,thatH.
stagnorummightbeanon-indigenousspecies.ThisisapparentlyincorrectsinceBank&
Butot(1984)mentionfossilrecordsfromGreatBritain,TheNetherlandsandGermany.
Gittenberger& Janssen (1998) record fossil occurrence in TheNetherlands inwarm
periodsintheEemienandtheHolocene.

Ocenebraerinacea(Linnaeus,1758)

 Thisspecieshasbeensuggestedtobeanon-indigenous,notestablishedNEAtlantic
species.However,therearenodatasupportingthissuggestion.VanBenthemJutting
(1943),basingherselfonHoek (1882, 1902), records that this specieshasbeen intro-
ducedwithFrenchoysterstothe‘Herkingsebanken’nearBruinisseinabout1880,but
thatitdidnotestablishitself.However,Hoek(1882,1902)himselfwritesthathecould
notfindthespeciesatHerkingen.

Potamopyrgusantipodarum(Gray,1843)
(Syn.HydrobiajenkinsiSmith,1889)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyintroduced.
 Vector.—IntroducedintoEnglandindrinkingwaterbarrelsinshipsfromAustralia
(Enoetal.(1997).UnclearhowitreachedTheNetherlands.
 Areaoforigin.—ThespeciesoriginatesfromNewZealandfromwhenceitwasin-
troducedintoAustralia(Ponder,1988).
 IntroductionintoAtlanticEurope.—Probablyintroducedasearlyas1859.InEurope
Smith(1889)wasfirsttorecogniseit(asHydrobiajenkinsi)fromtheThamesestuary.
 IntroductionintoTheNetherlands.—Scholten(1913)madethefirstDutchfindina
ditchnearAmsterdamin1913(asHydrobiajenkinsiSmith,1889)butthereisnoindica-
tionabouttherealtimeofintroduction.VanBenthemJutting(1922)mentionsthisspe-
cies (asHydrobia jenkinsi) from the Zuiderzee near Blankenham.Nehring& Leuchs
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(1999)statethatthisspecieswasintroducedintoTheNetherlandsin1890;theybase
thiserroneousrecordonVanBenthemJutting(1922)andThienemann(1950).
 PresentoccurrenceinTheNetherlands.—CommoninalargepartofTheNether-
lands (VanBenthem Jutting, 1933;Kaas&TenBroek, 1942;Gittenberger& Janssen,
1998).Itoccursmainlyinfreshtoslightlybrackishnon-tidalwaters.

17.15.3.Bivalvia

AnomiaephippiumLinnaeus,1758

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,temporarilyes-
tablished.
 Vector.—Introducedwithoysters(Korringa,1948,1951).
 Areaoforigin.—AtlanticcoastsofGreatBritainandFrance.
 Introduction into TheNetherlands.—Van Benthem Jutting (1936a), Kaas & Ten
Broek(1942),andVanBenthemJutting (1943)recordthe introductionof thisspecies
intotheOosterscheldeestuarywithFrenchoysters(Ostreaedulis)since1935.Korringa
(1948,1951):‘AttachedtoFrenchoystersAnomiaephippium,knownamongtheDutch
oystermenastheFrenchslippers,hasbeenintroducedintoDutchwaters.Itdoesnot
thrivethereasaruleanditsreproductionisexceptional.InDecember1937Ifounda
young specimen attached to aDutch tile collector.After thewarm summer of 1947
youngspecimens.....couldbefoundinfairnumbersonmusselshellsbroadcastonthe
plotsascollectors.Idonotbelievethatthehydrographicalconditionsprevailinginthe
OosterscheldesuitA.ephippium.’
 PresentoccurrenceinTheNetherlands.—Notpresent.

Corbiculafluminalis(Müller,1774)andC.fluminea(Müller,1774)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),perma-
nentlyestablished.
 Vector.—Ballastwater?(Gittenberger&Janssen,1998).
 Areaoforigin.—AccordingtoKinzelbach(1991)CorbiculaoriginatedfromSE-Anato-
liaandfurtherEast.However,Gittenberger&Janssen(1998)statethatKinzelbach(l.c.)
confoundedthevariousspecies;C.fluminalisshouldoriginatefromSE-Asia,C.fluminea
fromsouthernRussiatoIndonesia.
 IntroductionintoAtlanticEurope.—Mouthon(1981)recordsthepresenceofCor-
biculaintheriverDordogneinwesternFranceandintheTagusinPortugalin1980.In
1984C.fluminalishasbeenobservedintheUnterweser,Germany,fromtheoligohaline
areaupriver(Kinzelbach,1991).
 IntroductionintoTheNetherlands.—Blanken(1990)recordsaCorbiculafromthe
RiverLeknearBergambacht.Thisisfollowedbynumerouspublicationsonnewfinds
inwhichthreedifferentspeciesofCorbiculaarerecorded(e.g.,BijdeVaate&Greijdanus-
Klaas,1990;Gittenberger&VanPeursen,1992).Gittenberger&Janssen(1998),how-
ever,statethatonlyC.flumineaandC.fluminalisoccurinTheNetherlands;theypresent
distributionmapsofbothspecieswith,amongothers,findsinthetidalfreshwaterof
theOudeMaas.Althoughbothspeciesareknowntotoleratehighersalinities,findsin
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brackishwateronlyrecentlyhavebeenmade(Oosterbaan,2002).
 Present occurrence inTheNetherlands.—Gittenberger& Janssen (1998) present
distributionmapsofC.fluminalisandC.flumineainTheNetherlandswith,amongothers,
finds in theOudeMaas.Oosterbaan (2002) recordsC. fluminea from the oligohaline
Hartelkanaal.

Crassostrea‘angulata’(Lamarck,1819)

 Remark.—Crassostrea angulata (Lamarck,1819)hasbeenshown tobe the same
speciesasC.gigas(Thunberg,1793)(Ranson,1948;Menzel,1974;Boudryetal.,1998).
However,duetoitsdifferingintroductionhistoryC.‘angulata’istreatedseparately.
 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7,10),
notpermanentlyestablished.
 Vector.—IntroductionintoPortugalprobablyonships’hulls;fromPortugaldelib-
eratelyintroducedintoTheNetherlands(Wolff&Reise,2002).
 Areaoforigin.—IntroducedintoPortugalfromTaiwan(Boudryetal.,1998),butin
otherEuropeancountriesthespecieshasbeenimportedforcultivationfromPortugal
formanyyears(‘Portugueseoyster’).
 Introduction intoAtlanticEurope.—FromLamarck’sdescription in1819 follows
thatthespeciesoccurredinEuropeatthattime.Ranson(1948),Menzel(1974),Enoetal.
(1997)enBoudryetal.(1998)considerC.‘angulata’tobeidenticaltoCrassostreagigas
(Thunberg,1793).However,O’Foighiletal.(1998)considerC.‘angulata’tobeclosely
related,butnotidenticaltoJapaneseC.gigas.Nevertheless,theyconsiderC.‘angulata’
tobeanintroductionfromAsia.ThissupportstheconclusionofBoudryetal.(1998)
thatC.‘angulata’hasbeenintroducedfromTaiwan.
 IntroductionintoTheNetherlands.—Thespecieshasbeendeliberatelyintroduced
severaltimesintotheZeelandestuaries,butdidnotestablishitself(VanBenthemJutting,
1937,1943;Kaas&TenBroek,1942;Korringa,1965;Wolff&Reise,2002).Thefirstauto-
chthonousindividualwasfoundin1928attachedtoaCerastodermashell,i.e.ithadbeen
borninDutchwaters.After1936thespecieswasregularlyimportedwithFrenchOstrea
edulisLinnaeus, 1758. In1947Portugueseoysterswere introduceddeliberately from
Brittany.In1961-62directimportfromPortugalwasregistered(Korringa,1965).
 PresentoccurrenceinTheNetherlands.—Kaas&TenBroek(1942)statethatitwas
foundafewtimesatYerseke,probablyimportedwithFrenchoysters.Moerdijk(1986),
however,recordsthat‘ItismyimpressionthatC.‘angulata’hasdisappearedfromDutch
watersattheendofthe1960s.’Boudryetal.(1998)statethatbetween1967and1972C.
‘angulata’hasdisappearedfromFrancebecauseofadisease.Drinkwaard(1999a)writes
that‘In1980itwasreportedthatvirtuallynoC.‘angulata’oysterswereleftinDutch
waters.’

Crassostreagigas(Thunberg,1793)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,6,7),
permanentlyestablished.
 Vector.—Deliberatelyintroduced(Drinkwaard,1999a;Wolff&Reise,2002).
 Areaoforigin.—JapanandSE-Asia(Enoetal.(1997).
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 IntroductionintoAtlanticEurope.—OriginallyC.gigaswasintroducedintoPortugal
asC.‘angulata’(seeabove).Muchlater,C.gigaswasdeliberatelyintroducedfromthe
PacificcoastoftheUSAandCanadaaswellasfromJapanintoFrance(1966),theUK
(1965),andTheNetherlands(1964)(Ranson,1948;Menzel,1974;Walne&Helm,1979;
Grizel&Héral, 1991;Enoet al., 1997;Boudryet al., 1998;Drinkwaard, 1999, 1999a;
Wolff&Reise,2002;Goulletqueretal.,2002).SeealsoO’Foighiletal.(1998).
 Introduction intoTheNetherlands.—According toDijkema (1997)Dutch oyster
growersimportedsmallamountsof10mmspatoftheKumamotoandtheMyagistrains
fromJapanin1964.Drinkwaard(1999a),however,writes:‘In1964aDutchoysterfarmer
importedspatofthePacificoysterfromBritishColumbia.’Hecontinues‘Afterthewin-
terof1964/1965,theoysterswere...broughttoanoystercultureplotontheYerseke
Bank...’‘Onthisplotthegrowthwasfollowedtotheendof1965,whentheoysterswere
rakedfromthebottom.’‘In1966experimentswerealsocarriedoutwiththeJapanese
strainfromtheHiroshimaarea,butnearlynothing isreportedabout the introduced
quantities.IncoverttermstheincomingassignmentsofJapanesespatwere‘fair’and
showedaremarkablegrowth.’‘InthecaseoftheDutchC.gigasimportations,itwasnot
predictedthatoffspringweretobeexpected.In1966theoysterfarmerswereinformed
thattheintroductionofthePacificoysterasseedstockwasacceptablesincetheseoys-
terscouldnotreproduceatthelatitudeoftheDutchcoastalwaters.’‘Earlyinthe1970s,
theDutchoyster farmersweregrowingcuppedoystersof thegenusCrassostrea toa
limitedextent.ThesemusthavebeenofPortuguese,Japaneseormixedorigin.’ ‘The
Dutchdidnotexpectaspatfallintheirownwaters.However,in1975thishappened
duringaverywarmsummer....Therealbreakthroughcamewiththespawningagainin
1976.’ ‘... in 1976 spat settlementon jetties and stone-covereddike-feetwasobvious
enough.Inanofficialreportitwasconcludedthat‘Perhapsmeasuresarenecessaryto
nipthisspatfallinthebud!’PoliticalpressurestoppedtheimportationofC.gigasinthe
followingyear.’‘Atthattime20-30millionso-calledweedoysterswastheestimate.The
hand-pickingofoystersalongthedikeswasdecontrolledtoreducethecuppedoysters.’
‘AfterarrivalofthealreadyorderedspatfromJapanandtheUnitedStates,theseim-
portations came to anend in 1977.’ ‘For 1979 it is reported thatmarketableC. gigas
oysterswereimported‘largely’fromFranceandBelgium.’‘...in1981thelittoralzone
outside the culture plots was opened to the public fishery. However, the thinking
changedin1982withanewnaturallarvaloutburstwithupto50cuppedoysterlarvae
per100 litersofOosterscheldeestuarywaterasagainst5O.edulis larvae.Fromthat
timeonthenew‘creuses’wereacceptedasbelongingtothefaunaofTheNetherlands
andthecommercializingoftheDutchcuppedoysterstockcouldreallystart.’
 Drinkwaard(1999a)presentsagraphoftheproductionofC.gigasintheOosterschel-
deestuaryfrom1976to1996.In1987settlementofPacificoystersoccurredinLakeGreve-
lingen.Drinkwaard(1999a)alsostatesthat‘IntheDutchWaddenSea,onlymediumsized
andsomewhatlargercuppedoysterswerereportedbyDutchmusselfarmerswhowere
relayingimportedmusselsfromtheDanishandnorthernGermanWaddenSea.Trans-
port ofmussels from theOosterschelde estuary to theDutchWadden Sea occurred
duringashortperiodbefore1980(Bruins,1983)too.’‘SettlementofC.gigasinlittoral
locationsoftheWesterscheldeestuary(sporadicduringthe1980s,butincreasingduring
thebeginningofthe1990s)mayeitherbeduetospreadingfromtheOosterschelde,orto
theexperimentalnurseryrearingalongthesluicedockofOstend.’
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 Present occurrence in TheNetherlands.—Bruins (1983) recordedC. gigas in the
coolingwaterbasinsoftheTexelpowerstationatOudeschildandalongtheWadden
SeadikeatOudeschildinAugust1983.Thespecimensinthecoolingwaterbasinsper-
hapswere6-7yearsold.Later,findswerereportedfromMarch1982.However,atthe
nearby Shellfish Experimental Station of RIVO (National Institute for Fisheries Re-
search)at ‘tHorntje,Texel,experimentswithoysterswerecarriedout from1976 tot
1978;inthefirstyearC.gigaswasinvolvedaswell.Dankersetal.(2004)recordaPa-
cificoyster foundatWest-Terschelling in1989. In1995oystersof2-3yearsagewere
foundintheMokBay,Texel,andin1997thefirstoysterwasobservedattheVlaktevan
KerkennearTexel(Dankersetal.,2004).Tydeman(1999)foundthousandsofspecimens
(2ndyearanimals)intheEemshaveninOctober1998.HealsoreferstofindsoflivePa-
cificoystersatLauwersoogin1998(NieuweDockumerKrant,17Sept.1998),atAme-
landin1995andatVlielandin1997.ItissaidthatPacificoystersoccurredatSchier-
monnikoogin1998,perhapsinsufficientnumberstobefished.SpecimensatEemshaven
in1999hadamaximumlengthofabout60mm,suggestinganageofabout4years
(Anonymous, 2000). InApril 2000 young specimens were observed at Eemshaven,
HoogWatum and Termunterzijl (here also older specimens) along the Ems estuary
(Wolff,unpubl.observ.).InApril2001theyoccurredfurtherlandwardinthesameestu-
aryatPuntvanReideandGeisedam(Tydemanetal.,2002).InOctober2000specimens
occurredattheSchiermonnikoogtidalflats(J.G.Hiddink,pers.comm.).Cadée(2000a)
describesoccurrenceintheentireDutchWaddenSea.Wehrmannetal.(2000)record
finds in the adjacent East-FrisianWadden Sea,Germany,with the oldest specimens
probablydatingfrom1996.Dankersetal. (2004)summarise thedistributionof the

Fig.28.BedofPacificoysters(Crassostreagigas)atNeeltjeJansintheOosterscheldeestuary,February
1998.PhotographcourtesyDr.A.C.Smaal.
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PacificoysterintheWaddenSeain2003;thespeciesoccursintheentireareaandstarts
todevelopreefs.
 AlongtheNorthSeacoastspecimenswerefoundattheHookofHollandin1983,in
1995livespecimensatKatwijk-Noordwijk,butin2000thespecieswasnotyetknown
fromtheHondsbosscheZeewering(Cadée,2000a).
 Hoeksema(1983)recordedfivelivespecimensfoundintheOosterscheldeestuary
nearZierikzee.Moerdijk (1986) states that the species ‘feltverywell athome in the
Oosterschelde estuary; in no-time the entire estuary had been colonized.’ This con-
cernedseveraltensofmillionsofyoungoysters.Heinisetal.(1995)recordedthatC.
gigas in1989wasestablishedat fouroutoffiveinvestigatedlocations intheOoster-
scheldeestuary.Strongexpansionoccurredintheperiod1989-1993,perhapsalsodueto
thewarmsummersof1989and1992(fig.28).In1994morethan2000tonsofoysters
wereproducedintheOosterscheldeestuary(Drinkwaard,1999a).
 Around2000itwasobservedinincreasingnumbersintheWesterscheldeestuary
at Borssele, Ellewoutsdijk, Baarland, ‘s-Gravenpolder, and Bath (M.A. Faasse, pers.
comm.; Faasse & Van Moorsel, 2003). Ysebaert et al. (2000) record this species (as
CrassostreaangulataLamarck,1819,andOstreasp.)alreadyin1997fromtheBelgianpart
oftheWesterscheldeestuary.
 Also inCalandkanaal,Beerkanaal, andadjacentharbourbasinsnearRotterdam
(Paalvast,1998).

Crassostreavirginica(Gmelin,1791)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),not
established.
 Vector.—Deliberatelyintroduced(Wolff&Reise,2002).
 Area of origin.—Atlantic coast of NorthAmerica (Miller, 2000; Wolff & Reise,
2002).

 IntroductionintoAtlanticEurope.—FirstimportedinBaied’Arcachon,France,in
1861(Goulletqueretal.,2002). ImportedinEnglandin1871(Miller,2000)oraround
1880(Enoetal.,1997)(butCrepidulawhichprobablyarrivedtogetherwiththisoyster
wasalreadyfoundin1872!).
 IntroductionintoTheNetherlands.—VanBenthemJutting(1943):‘viaEnglishoyster
bedsimportedfromtheUSAandCanadainseveralyears.’Notestablished;ithasdis-
appearedafterafewyears(Wolff&Reise,2002).
 PresentoccurrenceinTheNetherlands.—Notpresent.

Dreissenapolymorpha(Pallas,1771)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,4,6,11),per-
manentlyestablished.
 Vector.—NaturalexpansionfromthePonto-Caspiandrainagebasin to theBaltic
basinthroughfreshwatercanals,aidedbytransportoffoulingcommunitiesthrough
thesecanalsbyshipsandtimberrafts.OverseastransportinEuropeontimberonboard
ofships(BijdeVaateetal.,2002).
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 Areaoforigin.—Ponto-Caspianarea(Gittenberger&Janssen,1998).
 IntroductionintoAtlanticEurope.—ReachedAtlanticEuropeaftertheOginskyca-
nalwas opened in 1768; first observed in the Curonian Lagoon, Lithuania, in 1803
(Olenin,2002).
 IntroductionintoTheNetherlands.—FirstcollectedintheriverMaas,nowadays
theborderbetweenTheNetherlandsandBelgium,nearMaaseik,Belgium,in1826(Van
Beneden,1835;Gittenberger&Janssen,1998).AccordingtoVanBenthemJutting(1943)
MytiluslineatusrecordedbyWaardenburg(1827)fromLakeHaarlemmermeer,andin
theriversRhineandLeenearLeidenonstonesandshellsmusthavebeenDreissena
polymorpha.Asthesewaterbodiesmusthavebeenfreshtooligohalineatthattime,I
agreewith this conclusion unless this observation constitutes the earliest record of
Mytilopsisleucophaeata(seebelow).
 Present occurrence in The Netherlands.—Occurs all over The Netherlands in
freshwater lakes, canals and rivers. Tolerates oligohaline conditions; occurs in the
NoordzeekanaalnearAmsterdamtogetherwithMytilopsisleucophaeata(Peeters,1988;
Gittenberger&Janssen,1998)

Ensisdirectus(Conrad,1843)
(Syn.E.americanus(GouldinBinney,1870))

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,6),
permanentlyestablished.
 Vector.—ProbablyintroducedintoEuropeinballastwater(VonCoseletal.,1982).
ArrivedinTheNetherlandsthroughlarvaltransportbymarinecurrents(fig.9).
 Areaoforigin.—AtlanticcoastofNorthAmericafromLabradortoNorthCarolina
(DeBruyne&DeBoer(1984).
 Introduction intoAtlanticEurope.—FirstobservedintheGermanBight in1979,
probablysettledin1978(VonCoseletal.,1982).Beukema&Dekker(1995),however,
recordafewsmallEnsisatthetidalflatsnearTerschelling,TheNetherlands,in1977;
theysuggestthatthesemayhavebeenE.directus.
 IntroductionintoTheNetherlands.—Emptyshellswashedashoreonthebeachof
Schiermonnikoog in1982 (DeBoer&DeBruyne,1983). In1983similarfindson the
beachesofTerschelling,AmelandandSchiermonnikoog(DeBruyne&DeBoer,1984).
Essink(1984)foundthefirstliveE.directusintheWaddenSea;herecordslivespeci-
mensfromtheBochtvanWatumin1981andfromnearlytheentireWaddenSeainthe
nextfewyears.Swennen(1984)foundalivespecimenintheNorthSeaoffTexel.Essink
&Tydeman(1985)recordlivespecimensfromtheyear-class1984on7localitiesinthe
western Wadden Sea. Essink (1986) mentions shells washed ashore at IJmuiden,
Bloemendaal/Zandvoort,Katwijk/Noordwijkin1985.VanUrk(1987)statethatitalso
washedashoreatScheveningen,Kijkduin,Terheyde,andHoekvanHollandin1986
and1987.ItisassumedthatlargenumbersofshellswashedashoreontheNorthSea
beachesimplylivingpopulationsoffthebeach(Essink,1985).
 PresentoccurrenceinTheNetherlands.—Commonspeciesoccurringinwave-and
current-sweptcleansands(DeBruyne,1994;Beukema&Dekker,1995).
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Mercenariamercenaria(Linnaeus,1758)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),but
unclearifestablished.
 Vector.—DeliberatelyintroducedinEurope(Goulletqueretal.,2002).Atleastpart
of theDutch specimenswas introducedaccidentallywithoysters; anotherpartwas
deliberatelyintroduced(seebelow).
 Areaoforigin.—AtlanticcoastofNorthAmericafromNovaScotiatoYucatan(Eno
etal.,1997).
 Introduction intoAtlanticEurope.—First imports inBaied’Arcachon,France, in
1861(Goulletqueretal.,2002).AlivespecimenwasfoundintheHumber,England,in
1864;itisnotpresentatthatlocalityanylonger(Enoetal.,1997).
 IntroductionintoTheNetherlands.—Kaas&TenBroek(1942)andVanBenthem
Jutting (1943) record that shellswereobserveda few timeson theDutchNorthSea
beaches,amongothersatWestkapelle(seeKaas,1937).Allfindsdatefromafter1933.A
livespecimenwasobservedinthesluicedockofOstend,Belgium,inthesameperiod.
ThisspecieshadbeenimportedearlierinFranceforhumanconsumption.Sincethat
timeitislivingalongtheFrenchcoast.Hence,theFlemishandDutchspecimensfound
before 1943 probably have been importedwith French oysters.Wolff (unpublished)
observeddeadspecimensinsituinasaltmarshcreeknearDePietintheVeerseMeerin
1961aftertheclosureoftheVeerseGatthatyear;thesespecimensweresaidtohave
been introduceddeliberatelybyTheNetherlands Institute forFisheriesResearch for
cultureexperiments.L.P.M.J.Wetsteyn(pers.comm.,2000)observed5liveadultspeci-
mens atHogeKraayer in theOosterschelde estuary inDecember 1995, and 1 adult
specimeninthesameestuarynearTholeninsummer2000.Aquasense(1998)records
thatitwas‘introducedintheDutchOosterscheldeestuaryinthe1950s(pers.comm.
L.P.M.J.Wetsteyn)’.
 PresentoccurrenceinTheNetherlands.—Oosterscheldeestuary.

Myaarenaria(Linnaeus,1758)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2),perma-
nentlyestablished.
 Vector.—PerhapsintroducedintoScandinaviainbilgewaterofaVikingvesselre-
turningfromNorthAmerica(Petersenetal.,1992).ItisunknownhowitreachedThe
Netherlands,buttransportoflarvaebymarinecurrentsislikely.
 Areaoforigin.—AtlanticcoastofNorthAmericaandnorthernmostPacific(Cohen
&Carlton,1995).Gollasch(2002)considersittobeacryptogenicspecies,butthiscon-
clusionseemsunwarranted(seebelow).
 Introduction intoAtlantic Europe.—Mya was thought to have been introduced
fromtheAmericancoastduringthe16thor17thcenturybecausethespeciesisabsent
fromearlierfossilmaterial(Hessland,1946).However,thereisevidencethatthisspe-
cieswasintroducedfromAmericatoEuropebefore1245-1295(Petersenetal.,1992).It
hasbeensuggestedthatthelatterintroductionwasduetotransferbytheVikings(Pe-
tersenetal.,1992),butthisposesaproblem.Exceptforanoccasionalvesseldrivenby
gales,therewasnodirecttransportbetweenNorthAmericaandEuropeintheViking
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age(Marcus,1980);GreenlandersvisitedNorthAmericamoreorlessfrequentlyand
therewerelong-rangevoyagesbetweenGreenlandandNorway,butnotbythesame
vessels.SointroducedMyaprobablyshouldhavecomefromGreenland.However,we
havenorecordsof thisspeciesfromGreenland(Ockelmann,1958;HøpnerPetersen,
1978,1999).
 IntroductionintoTheNetherlands.—TheoldestrecordisthatbyBaster(1765)from
thecreekDijkwaternearZierikzee(fig.29),butitprobablywasintroducedearlier.
 PresentoccurrenceinTheNetherlands.—Commonspecies(Havinga,1922;Kaas&
TenBroek,1942;VanBenthemJutting,1943;Wolff,1973;DeBruyne,1994).

MytilopsisleucophaeataConrad,1831
(Syn.Congeriacochleata(KickxinNyst,1835))

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),perma-
nentlyestablished.
 Vector.— Nyst (1835) observed barnacles on the specimens collected from the
ScheldtestuaryatAntwerp,Belgium,andassumedforthatreasonthattheanimalshad
beenintroducedashullfoulingbyocean-goingships.However,thebarnacleBalanus
improvisusDarwin,1854,isknownfromtheScheldtestuarynearAntwerpsincethe17th
century(seepage000),sothemerepresenceofbarnaclesdoesnotprovetransporton
thehullofaship.Gittenberger&Janssen(1998)suggesttransportoflarvaeinballast
water.This,however,isunlikelysinceballastwaterwasnotusedbeforethe1870s(Carl-
ton,1985).Marelli&Gray(1983)suggesttransporton“ballastrocksinsomewhatless
thanwatertightwoodenvessels”.Thispossibilitycannotbeexcluded,butseemsun-
likelybecauseonewouldexpectanaerobicconditionsintheholdofsuchavessel.Given
thetoleranceofhighsalinitiesofallbrackish-waterspecies(Schlieper,1958),Iassume
thatM. leucophaeata has been introduced into Europe and into TheNetherlands on
ships’hulls.
 Areaoforigin.—AtlanticcoastofNorthAmericaandGulfofMexico(Marelli&
Gray,1983;Gittenberger&Janssen,1998).
 IntroductionintoAtlanticEurope.—ThefirstobservationinEuropewasmadein
theScheldtestuarynearAntwerp,Belgium,in1835(Marelli&Gray,1983;Gittenberger
&Janssen,1998).

Fig.29.IllustrationofMyaarenariabyBaster(1765).
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 IntroductionintoTheNetherlands.—VanBenthemJutting(1943):‘Maitlandmade
thefirstDutchfindintheAmstelneartheOmvalin1895(Maitland,1897)’.
 PresentoccurrenceinTheNetherlands.—VanBenthemJutting(1936,1943)records
thatM.leucophaeata(asCongeriacochleata)wasabundantinthewesternmarginofthe
Zuiderzee area; it occurred also in the coastal areas of theWadden Sea, Friesland,
Noord-HollandandZuid-Holland.DuetolargechangesofthesalinityofDutchinland
waters,Mytilopsismaybeexpected tohavedisappeared from the largerpartof this
area.Wolff(1969a)mentionsitintheDutchDeltaareafromnearMaassluisandinthe
KanaaldoorVoorne (asCongeria cochleata);hewasnotawareof recent records from
theselocalities.Peeters(1988)founditabundantintheNoordzeekanaal.Gittenberger
&Janssen(1998)giveanoverviewofallDutchrecordsandmentionrecentobservations
fromtheNoordzeekanaalbetweenIJmuidenandAmsterdamandfromtheRiverWaal
nearNijmegen.Kelleheretal.(1999)recordthespeciesfromthefreshwaterBiesbosch
andsuspectthatvesselsfromthebrackishNoordzeekanaalmayhaveimportedspeci-
mens into theRiverWaal.Kuijper (2000)recordsoccurrence inNoordzeekanaaland
KanaalvanGentnaarTerneuzenaswellasearlierfindsinafewotherlocalities.Faasse
&VanMoorsel(2003)recordM.leucophaeatafromthebrackisheasternpartoftheWest-
erscheldeestuaryaround2000.

Pectenmaximus(Linnaeus,1758)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,notestablished.
 Vector.—Introducedwithoysters(Kaas&TenBroek,1942).
 Areaoforigin.—EuropeanAtlanticspecies.
 Introduction into TheNetherlands.—Kaas&Ten Broek (1942) state ‘Fragments
havebeenfoundregularlyinZeeland.Onceajuvenilespecimenwascollectedalivein
anoysterpondatKattendijke.Probablyintroduced.’
 PresentoccurrenceinTheNetherlands.—Notpresent.

PetricolapholadiformisLamarck,1818

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4,6,7),
permanentlyestablished.
 Vector.—ProbablyintroducedintoEuropewithoysters(Enoetal.,1997).Itisun-
knownhowitreachedTheNetherlands,althoughexpansionofthelarvalstagewith
marinecurrentsislikely.
 Areaoforigin.—AtlanticcoastofNorth-AmericafromGulfofSt.LawrencetoGulf
ofMexico(Cohen&Carlton,1995;Enoetal.,1997).
 IntroductionintoAtlanticEurope.—ItwasprobablyintroducedwithNorth-Amer-
icanoysters,notlaterthan1890,andfoundintheRiverCrouch,Essex,England(Enoet
al.,1997).
 IntroductionintoTheNetherlands.—(Schlesch,1932:notseen)recordsP.pholadi-
formisfromtheBelgian-Dutchcoastin1899.VanBreemen(1907a)andDenker(1907)
recordthisspeciesfromtheDutchcoastin1905;theyconsiderthistobethefirstDutch
record.In1906thespecieswasfoundnearNoordwijk(Icke,1907).
 PresentoccurrenceinTheNetherlands.—Heinsius&Jaspers(1913)considerthis
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species to be common;Dorsman (1919) already records this species from the entire
Dutchcoast.Kaas&TenBroek(1942)statethatthisspeciesincreasesinabundance,and
thatalongtheentirecoastitislocallyveryabundant.VanBenthemJutting(1943)writes
thatP.pholadiformisisoneofthemostcommonspeciesoftheDutchcoast.

Psiloteredomegotara(Forbes&Hanley,1848)

 Itisunclearifthisspeciesisanexoticnon-indigenousspecies.Ifintroduced,probably
inwoodenvessels.ItwasfoundinwoodenfishingvesselsfromScheveningen(Redeke,
1912).DeBruyne(1994)recordsitinwood(ofwracks)alongtheentireDutchcoast.

Spisulasolidissima(Dillwyn,1817)

 Status inTheNetherlands.—Exoticnon-indigenous species (criteria 1, 2, 3), not
established.
 Vector.—Unknown.
 Areaoforigin.—AtlanticcoastofNorthAmericafromNovaScotiatoSouthCaro-
lina(Doeksen,1983).
 IntroductionintoAtlanticEurope.—Unknown.
 IntroductionintoTheNetherlands.—AliveadultspecimenwashedashoreatTer-
schelling(paal17)on25.xii.1982(Doeksen,1983;Stiva,1983).
 PresentoccurrenceinTheNetherlands.—Notpresent.

TeredonavalisLinnaeus,1758

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criterion
1(?),6),permanentlyestablished.Itsmassiveoccurrencein1730-32(Vroliketal.,1860;
VanBenthemJutting,1943)ischaracteristicforanon-indigenousspecies,butthisseems
tobecontradictedbyolderrecordswhich,however,cannotbeverified.
 Vector.—Ifintroduced,mostlikelyinwoodenships.
 Areaoforigin.—ManyclassicalauthorssuchasAristotle,Ovid,andPliny(Vrolik
etal.,1860)knewshipwormsofunknownspecificidentity.Thisknowledgemustrefer
to theMediterranean.Toprevent infestationbyshipwormsseveral formsof coating
andsheathingwereusedbythePhoeniciansandtheGreeks(Gomoiuetal.,2002).A
thousandyearslater,startingin1516severalsourcesreportonshipwormsofunknown
specificidentityintheWestIndiesandAtlanticEurope(Moll,1914).Vroliketal.(1860)
recordfossilfindsfromNWEurope,butitisunclearwhethertheseareofHoloceneage
andbelongtothisspecies.Moll(1914)listsfossilfindsonlybelongingtootherspecies.
VanBenthemJutting(1943)considersT.navalistobeacosmopolitanspecies,probably
originatingfromtheNorthSeaarea.Turner(1966)recordsT.navalisfromtheAtlantic
coast of Europe,Australia, New Zealand, Pacific Islands, SEAsia, Indonesia, New
Guinea,Japan,andWestandEastcoastsofNorthAmerica.Gollasch(1996)assumesa
warm-temperateortropicalorigin,in2002thesameauthorconsidersittobecrypto-
genic.
 IntroductionintoAtlanticEurope.—‘ManfindetinAbhandlungenausneuererZeit
häufigdieVermutungausgedrückt,daszsie inEuropaerstetwaseitAnfangdes18.
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Jahrhunderts,wosiedieholländischenDeichestarkangriff,aufgetretensei,unddasz
siewahrscheinlichdurchSchiffeausAmerikaoderIndieneingeschlepptwordensei.
WennmanaberdiezahlreichenStelleninderälterenLiteraturansieht,sonimmtes
geradezuWunder,wieeinsobekanntesTierfürfasteinJahrtausendsovollständig
aus dem Gesichtskreise der Ingenieure und Naturforscher verschwinden konnte,
daszseineAuffindungimJahre1700geradezualseineneueEntdeckungangesehen
wurde’(Moll,1914).However,Moll’soldrecordsallseemtorefertotheMediterra-
nean.TheoldestrecordsinAtlanticEuropeapparentlycomefromTheNetherlands.
ThereseemtobenorecordsofdamagetoVikingvesselsinnorthernEurope(Hoppe,
2002).
 IntroductionintoTheNetherlands.—ThedescriptionofTeredonavalisbyLinnae-
usin1758wasbasedonmaterialcollectedbySelliusinTheNetherlandsin1730-32.
VanBenthem Jutting (1943) states thatbefore1730T. navalisoccurred sporadically
alongtheDutchcoast.ShereferstoP.C.Hooft(Ned.Historiën,1580)whorecorded
damagetoseawallsinZeeland,however,withoutidentifyingthecause(Moll,1914).
AlsoMartinet (1778) recordsdamage in the16th centuryand indoingsoprobably
basedhimselfonHooft.TheJournaldesSçavans(1665,p.273-275)publishesaletter
fromAmsterdamcomplainingaboutthedamagecausedbyshipworms.Vroliketal.
(1860)citethesame‘JournaldesSavantsdel’an1665’andcitethatvesselsintheIJ
estuarywerevirtuallydestroyedbytheshipworm(butthismayconcernanotherspe-
cies,e.g.PsiloteredomegotaraorTeredonorvagica(Spengler,1792),andtheshipsmay
havecontractedthe‘worms’elsewhere).AlsoMartinet(1778)recordsheavydamage
toherringfishingvesselsin1714and1727.So,anyrecordsbefore1730concerneither
unspecifieddamageoroccurrenceofshipwormsinvessels.Hence,itseemsthatuntil
the18thcenturywehavenoclearindicationsthatT.navalisoccurredinbenthichabi-
tatsinTheNetherlands.
 In1730massivedamagetowoodenconstructionsalongseawallsisrecordedfrom
Zeeland andWest-Friesland (van Benthem Jutting, 1943). Vrolik et al. (1860) record
damagetoseawallsin1730,1731en1732,1770,1827,1858and1859.Inthelatteryear
damagewasrecordedallalongtheDutchcoast.Theystatethat,althoughshipsreturn-
ingfromtheEastIndiesareheldresponsiblefortheintroductionofthesedamaging
animals(see,e.g.,Martinet(1778)),findsofshipwormsinfossilwoodprovethatitisan
endemicspecies.However,thereisnoindicationthatthesefossilfindsrefertothesame
species;infact,most,ifnotall,oftheseseemtobedifferent(Moll,1914).Vroliketal.
(1860)foundarelationshipbetweentheoutbreaksofTeredoanddry,warmsummers
withhighsalinities.
 DenHartog&VanderVelde(1987)considerT.navalistobeanon-indigenousspe-
ciesbutdonotexplainwhy.Wolff(1992,1996,1999)andWolffetal. (1994)consider
Teredoanon-indigenousspeciesintheWaddenSea,Zuiderzee,andDelta,basedonDen
Hartog&VanderVelde(1987)andtheinformationcitedabove.
 PresentoccurrenceinTheNetherlands.—Kaas&TenBroek(1942)describeT.nava-
lisas‘Commonindriftwoodalongtheentirecoast’.VanBenthemJutting(1943)also
considersitcommon.DeBruyne(1994)writes:‘Common,especiallyintheOosterschelde
estuary.’A.Vos(pers.comm.)founditrecentlyabundantinshipwrecksinthewestern
WaddenSea.
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17.16.Bryozoa

Bowerbankiaimbricata(Adams,1798)

 DenHartog&VanderVelde(1987)considerBowerbankiadiv.sp.tobeintroduced
exoticspecies,butdonotexplainwhy.Hence,thisisperhapsanexoticnon-indigenous
species. It is fairlycommonintheestuariesof theDeltaarea(Heerebout,1969). It is
permanentlyestablished.Ifintroduced,itprobablyarrivedonships’hulls.Itsareaof
originisunknown.ItoccursintheEasternAtlanticfromtheBarentsSeatotheMediter-
raneanSeaandalsointheBlackandCaspianSeas(althoughthelattertwolocalities
mayconcernadifferentspecies).IntheWesternAtlanticitrangesfromtheUSAto
Argentina(Hayward,1985).

Bowerbankiagracilis(Leidy,1855)

 DenHartog&VanderVelde(1987)considerBowerbankiadiv.sp.tobeexoticnon-
indigenousspecies,butdonotexplainwhy.Hence,thisisperhapsanexoticnon-indig-
enousspecies.Wolff(1999)considersB.gracilistobeacryptogenicspecies.Itiscommon
intheestuariesandnon-tidalbrackishwatersoftheDeltaarea(Heerebout,1969).Itis
permanentlyestablished.Ifintroduced,itprobablyarrivedonships’hulls.Itsareaof
originisunknown.IntheeasternAtlanticthespeciesoccursfromtheArcticintothe
MediterraneanandtheBlackSea,andinthewesternAtlanticfromGreenlandtoBrazil.
Itisprobablycosmopolitan(Hayward,1985).

BugulasimplexHincks,1886

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
3,4,7),recentlyestablished.
 Vector.—Ifanon-indigenousspecies,probablyintroducedintoEuropeasfouling
onships’hullssinceitwasdescribedfromtheAdriaticSeain1886;itsrecentexpansion
toTheNetherlandsandBelgiumisprobablyduetotransferbyyachts(DeBlauwe&
Faasse,2001).
 Areaoforigin.—KnownfromNWAtlantic,NEAtlantic,Australia,andNewZea-
land(DeBlauwe&Faasse,2001).
 Introduction intoAtlanticEurope.—Described fromtheAdriaticSeabutknown
fromEuropeanAtlanticwaterssincethe19thcentury.Almostallrecordsarefromhar-
boursandports(DeBlauwe&Faasse,2001).
 Introduction intoTheNetherlands.—Firstobserved in themarinaatGoesseSas
alongtheOosterscheldeestuaryin2000(DeBlauwe&Faasse,2001).
 Presentoccurrence inTheNetherlands.—OnlyknownfromGoesseSas,Ooster-
scheldeestuary(DeBlauwe&Faasse,2001).

BugulastoloniferaRyland,1960

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria1,
3,4),permanentlyestablished.
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 Vector.—Onships’hulls?(D’Hondt&Cadée,1994).
 Areaoforigin.—NWAtlantic(Cohen&Carlton,1995).
 IntroductionintoAtlanticEurope.—DescribedfromtheBritishcoastin1960(Ry-
land,1960).Thespeciesexpandsitsdistributionrange.Presentlyitisknownfromboth
sidesoftheAtlanticOceanandfromtheMediterranean;alsofoundatLeHavre,France.
Possiblythisconcernsintroductionsviafoulingonships’hulls;mostnewobservations
arefromthevicinityofharbours(D’Hondt&Cadée,1994).
 IntroductionintoTheNetherlands.—D’Hondt&Cadée(1994)foundthisspecies
onapontoonintheNIOZharbouratTexelinOctober1993.
 PresentoccurrenceinTheNetherlands.—Texel(D’Hondt&Cadée,1994);Middel-
burg,KanaaldoorWalcheren,1990,1992;HavenkanaalGoes,1997;harbourBurghsluis,
1998;harbourScharendijke, 1998;Springersdiep, seasideBrouwerdam,1998 (Faasse,
1998a).

Tricellariainopinatad’Hondt&OcchipintiAmbrogi,1985

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,4,5,7),
recentlyestablished.
 Vector.—Has reachedEuropeprobablyon ships’hulls; transportwithinEurope
probablymainlyonhullsofyachts(DeBlauwe&Faasse,2001).
 Areaoforigin.—ProbablyPacificcoastofNorthAmerica,alsoJapan,Taiwan,Aus-
tralia,andNewZealand(Dyryndaetal.,2000).
 IntroductionintoAtlanticEurope.—Thespecieswasdescribedfromthelagoonof
Venicein1985;itwasfoundalreadyin1982.ThefirstAtlanticoccurrencewasinGalicia,
Spain,in1996(DeBlauwe&Faasse,2001).
 IntroductionintoTheNetherlands.—AfterrecordsfromsouthernEnglandin1998
(Dyryndaetal.,2000),thefirstobservationsinTheNetherlands,Belgium,andFrance
weremadein2000(DeBlauwe&Faasse,2001).Earlierintroduction,in1999orbefore,
islikely,however,inviewofthewidespreadoccurrencein2000.
 PresentoccurrenceinTheNetherlands.—KnownfromtheOosterscheldeestuary,
theentranceoftheWesterscheldeestuary,LakeGrevelingen,andGoesseMeer,inalmost
allcasesfrommarinas(DeBlauwe&Faasse,2001;DeBlauwe,2002).

VictorellapavidaKent,1870

 AccordingtoDenHartog&VanderVelde(1987)thisisanexoticnon-indigenous
speciesinTheNetherlands.Wolff(1999)considersittobeacryptogenicspecies.Itis
commoninnon-tidalbrackishwaterof theDutchDeltaarea (Heerebout,1969). It is
permanentlyestablished.Itsareaoforiginisunknown;thespecieshasacosmopolitan
distribution(Hayward,1985).Cohen&Carlton(1995)arguethatitmaybeanativeof
theIndianOcean.Ifintroduced,itmostlikelyarrivedonships’hulls.

Walkeriauva(Linnaeus,1758)

 Unclearifthisisanon-indigenousspecies.AccordingtoWolff(1999)itisacryp-
togenicspecies.Ifitisintroduced,itprobablyarrivedonships’hulls.Itoccursinthe
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WestAtlanticaswellasintheEastAtlanticfromtheBarentsSeatotheMediterranean
(Hayward,1985).ItisacommonspeciesintheestuariesoftheDeltaarea(Heerebout,
1969).Itispermanentlyestablished.

17.17.Chordata

17.17.1.Urochordata

Aplidiumglabrum(Verrill,1871)

 ThisisperhapsaNEAtlanticnon-indigenousspecies.ItwascollectedintheOoster-
scheldeestuaryatYersekeforthefirsttimein1977and1979(Buizer,1983).In1988it
wasfoundatLokkersnolandBoomkil,Oosterscheldeestuary;in1989inoysterponds
atYersekeBank; entranceof theOosterschelde estuary, and in theGrevelingen lake
(Buizer,1989).AtpresentwidelydistributedinLakeGrevelingen,Oosterscheldeestu-
ary,andHavenkanaalGoes(M.A.Faasse,pers.comm.),suggestingthatthisisacaseof
anaturalrangeextension.

BotrylloidesviolaceusOka,1927

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),re-
centlyestablished.
 Vector.—ProbablyintroducedinEuropeasfoulingonships’hullsorwithoysters
(Faasse&DeBlauwe,2002).ItreachedTheNetherlandsperhapsbyfoulingofpleasure
craft.
 Areaoforigin.—DescribedfromJapan,butlateralsofoundonthePacificandAt-
lanticcoastsofNorthAmericaandinItaly(Faasse&DeBlauwe,2002).
 IntroductionintoAtlanticEurope.—FirstfoundinAtlanticEuropeintheWester-
scheldeestuarynearBreskens,TheNetherlands,in2000(Faasse&DeBlauwe,2002).
 IntroductionintoandpresentoccurrenceinTheNetherlands.—Firstfoundinthe
WesterscheldeestuarynearBreskensin2000.In2002alsointheOosterscheldeestuary
atYersekeandWemeldinge(Faasse&DeBlauwe,2002).

Diplosomalisterianum(MilneEdwards,1841)

 Thismight be aNEAtlantic non-indigenous species since its area of origin is
givenasEuropeanwaters(Millar,1970)andcosmopolitan(Buizer,1983),respectively.
AlthoughBloklanderetal.(1956)statethatthisspecieshadbeenrecordedfromthe
Dutchcoast,Buizer(1983)statesthatitwasfoundforthefirsttimein1977.Faasse
(1991a):‘Until1988D.listerianumwasknownonlyfromthesoutherncoastoftheisle
ofSchouwen-Duiveland.On20.ii.1988B.G.OttenandW.Tinbergenfoundtwocolo-
niesintheOosterscheldeestuaryneartheGoeseSas.In1990Ifoundthespeciesinthe
KanaaldoorWalcherennearVlissingen,Nieuw-enSt.JooslandandVeere.’Atpresent
widely distributed in Lake Grevelingen, Oosterschelde estuary, and Havenkanaal
Goes(M.A.Faasse,pers.comm.),suggestingthatthisisacaseofanaturalrangeex-
tension.
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Molgulamanhattensis(DeKay,1843)

 StatusinTheNetherlands.—Probablyanexoticnon-indigenousspecies(criteria2,
7),permanentlyestablished.
 Vector.—If introduced,onlyhullfoulingcanhavebeenthewayoftransportbe-
causethespeciesoccurredalreadyinTheNetherlandsinthe18thcentury(seebelow).
 Area of origin.—Molgula manhattensis has been recorded from Europe,Atlantic
coast ofNorthAmerica, andAustralia (Monniot, 1969;Millar, 1970; Buizer, 1983).
Hayward&Ryland(1995),however,statethattheEuropeanMolgulatubiferaOersted,
1844is‘ToberegardedasdifferentfromtheAmericanM.manhattensis.’Inthatcasethe
Europeanpopulationshouldnotbeconsideredtobenon-indigenous.Ihavefollowed
Monniot (1969)whostudiedbothAmericanandEuropeanspecimensand foundno
difference.AccordingtoCohen&Carlton(1995)andGrosholz&Ruiz(1996)M.man-
hattensisoriginatesfromtheNWAtlantic.
 IntroductionintoAtlanticEurope.—Engel(1934)andBuizer(1983)statethatthe
speciesrecordedbyBaster(1762)as ‘Zak-pijpofAscidium’growingonthedoorsof
sluicesandlocksintheDijkwaterattheislandofSchouwen,isMolgulamanhattensis
(fig. 30). This identification obviously is based on the resemblance of the primitive
drawingtoMolgula,thelocalityandhabitatwherethespecimenswerefound,andthe
speciesknowntooccurinTheNetherlandsatpresent.
 IntroductionintoTheNetherlands.—Seeabove.DenHartog&VanderVelde(1987)
considerM.manhattensistobeanon-indigenousspecies,butdonotgiveanargumenta-
tion.Wolff (1992, 1996) andWolff et al. (1994) followDenHartog&VanderVelde
(1987).
 PresentoccurrenceinTheNetherlands.—Commonspecies;usedtobeabundantin
theformerZuiderzee(Bloklanderetal.,1956;Buizer,1983).

StyelaclavaHerdman,1882

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,4),per-
manentlyestablished.
 Vector.—Introducedasfoulingonships’hulls,somepopulationsperhapswith
oysters(Lützen,1999).UnknownhowitreachedTheNetherlands.
 Areaoforigin.—AccordingtoLützen(1999)itisindigenoustotheSeaofOkhotsh,
SeaofJapanandthecoastsofJapan,KoreaandnorthernChinaasfarsouthasShang-
hai.

Fig.30.IllustrationofMolgulamanhattensisbyBaster(1762).A:habitus;B:habituswithlightfromthe
back;C:longitudinalsection;D:crosssection
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 IntroductionintoAtlanticEurope.—ProbablyintroducedintoEuropein1952asit
wasfoundinPlymouth,UK,in1953(Buizer,1980a,1983;Enoetal.,1997;Lützen,1999).
Lützen(1999)presentsamapwiththedistributioninEuropefrom1952to1997.Lützen
(1999)writes‘CircumstantialevidencesuggeststhatS.clavawasfirstintroducedinto
Europebyvesselsreturningin1952toDevonport(atPlymouth)andPortsmouthfrom
theKoreanwar(Coughlan,1969)....Probably...manyoftheFrenchandsomeDutch
populationsoriginatedwithspatofthePacificoysterintroducedfromJapan...orwith
oysterstransferredwithintheChannelregion.’
 IntroductionintoTheNetherlands.—FirstobservedinTheNetherlandsinthehar-
bourofDenHelderin1974andafewmonthslateralsointheferryharbouratTexel
(Huwae,1974;Huwae&Lavaleye,1975).AgainafewmonthslateralsointheOoster-
scheldeestuary(Westerwil,1975).
 Present occurrence in The Netherlands.— Common species: Terschelling, Texel,
DenHelder,Grevelingen,Oosterscheldeestuary,KanaaldoorZuid-Beveland,Kanaal
doorWalcheren(Buizer,1980a,1983;Faasse,1991a).AlsoinCalandkanaal,Beerkanaal
andadjacentharbourbasinsnearRotterdam(Paalvast,1998).

17.17.2.Pisces

Atherinaboyeri(Risso,1810)
(Syn.AtherinamochonValenciennes,1835)

 StatusinTheNetherlands.—NEAtlanticnon-indigenousspecies,permanentlyes-
tablished.
 Vector.—Transportofeggsbyships?(VanderVelde&Polderman,1972,1976).
 Areaoforigin.—Mediterraneanspecies(VanderVelde&Polderman,1972).Atlantic
coastofsouthernEurope,southernNorthSea(Nijssen&DeGroot,1987).
 IntroductionintoTheNetherlands.—Schrieken&Swennen(1969)statethatsince
1964thisspecies(asA.mochon)wascaughtinincreasingnumbersinthefishmonitoring
programofVaas(1970)inLakeVeerseMeer.Vaas(1975)believedthattheappearance
of thisspecieswas theresultof improved taxonomicknowledge.However,Vander
Velde&Polderman(1972,1976)concludethatthisspeciescouldbeintroducedthanks
to theheatedcoolingwaterdischarged into the innerharbourofVlissingenandthe
connectedKanaalvanWalcheren (which in turn is connected toLakeVeerseMeer).
Theybelievethattheeggsofthespecieswereintroducedonships’hulls.
 Present occurrence in TheNetherlands.—Known from the connected non-tidal,
brackish systems of inner harbour ofVlissingen,Kanaal doorWalcheren, and Lake
VeerseMeerat leastuntil1990 (Vaas,1970;VanderVelde&Polderman,1972,1976;
Nijssen&DeGroot, 1987;Faasse, 1991a).Dumoulin (1984) found the species in the
brackish creek Braakman, Zeeuws-Vlaanderen, in 1982. Kloosterman & Schrieken
(2003)recordA.boyerifromDenHelder.

GobiusnigerLinnaeus,1758

 AlthoughDenHartog&VanderVelde(1987)listGobiusnigerasanon-indigenous
species, it isbetter toconsider itsappearance inTheNetherlandsasanaturalrange
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extension(seealsoNijssen&deGroot(1987)).Perhapsthiswasmadepossiblebyhu-
man-induced environmental changes in the SWNetherlands. It is known from the
Mediterranean,NE-AtlanticOcean,NorthSea,Norwegiancoast,Skagerrak,Kattegat,
andBaltic(Vaas,1964;Nijssen&DeGroot,1987).Vaas(1964)caughtthefirstspecimen
intheVeerseMeernearKamperlandinautumn1964.Vaasetal.(1975)knewthespecies
fromtheVeerseMeer(1stspecimenin1964,another3specimensinMay1966,inDe-
cember 1969 1 specimen, present in all trawl catches from autumn 1970 onwards),
KanaaldoorWalcheren(since1972),andthesouthernshoreoftheOosterscheldeestu-
ary(since1972).ItoccursnowalsoinLakeGrevelingen.

Lebistesreticulatus(Peters,1859)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),perma-
nentlyestablished.
 Vector.—Releasedaquariumspecimens?(Nijssen&DeGroot,1987).
 Areaoforigin.—NorthernpartofSouth-America(Nijssen&DeGroot,1987),but
exactareanotknown(DeNie,1996).
 IntroductionintoAtlanticEurope.—Unknown.
 IntroductionintoTheNetherlands.—Sincemanyyearsguppieshavebeenobserved
inheated inlandwaters,amongothers thebrackishNoordzeekanaalnear theHoog-
ovensatIJmuiden(DeGroot,1985;Nijssen&DeGroot,1987).DeNie(1996)knows
onlythislocalityinbrackishwaters.
 Present occurrence in TheNetherlands.—DeNie (1996) records one locality in
brackishwater,viz.theNoordzeekanaal.

Oncorhynchusmykiss(Waldbaum,1792)
(Syn.SalmogairdneriRichardson,1836)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),not
established.
 Vector.—Deliberatelyintroducedforanglingpurposes(DeGroot,1985).
 Areaoforigin.—PacificcoastofAsiaSouthtoKamchatkaandAmurRiver(http://
www.fishbase.org); Pacific coast of NorthAmerica fromAlaska toMexico (Vooren,
1972).
 Introduction intoAtlantic Europe.— First deliberate introduction into France in
1882(Nijssen&DeGroot,1987).
 Introduction intoTheNetherlands.—From1898onwardsfishcultivated inGer-
manyhavebeenreleasedfrequentlyintoDutchwaters.Fromthemiddleofthe1960s
(Vooren(1972):1968,1969)alsoreleasedinthebrackishlakeVeerseMeerandlateralso
thebrackishlakeGrevelingen(DeGroot,1985;Nijssen&DeGroot,1987).Steinmetz
(1978)recordsthatsincethefirstintroductionsuntil1978300,000rainbowtrouthave
beenreleasedintotheVeerseMeer.
 Presentoccurrence inTheNetherlands.—Introduced into lakeVeersemeer, lake
Grevelingen and lake OostvoornseMeer (Nijssen & de Groot, 1987; DeNie, 1996).
CaughtintheselakesaswellasintheOosterscheldeestuaryandneartheHaringvliet
sluices,butnotreproducinginthesewaters.

 http://www.fisbase.org); 
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OncorhynchuskisutchWaldbaum,1792

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3,7),not
established.
 Vector.—DeliberatelyintroducedintonorthernFrance;Dutchspecimensprobably
arestrayindividuals(DeGroot,1985).
 Areaoforigin.—NorthPacific:AnadyrRiver,Russia,SouthtoHokkaido,Alaska,
SouthtoBajaCalifornia,Mexico.NorthAmerica(DeGroot,1985).
 IntroductionintoAtlanticEurope.—FirstreleasebyaprivatepartyintheSomme
estuaryinPicardy,France,in1981and1982(DeGroot,1985).

 Introduction into TheNetherlands.—De Groot (1985): ‘a specimen of the coho
salmonwasfirstcaughtinTheNetherlandson16December1982inbrackishwaterof
theCalandkanaal,Europoort,Rotterdam,byanangler.Anotherspecimenwascaughta
fewdayslater.On6January1984anotherfemalecohowascaught,thistimenearIJ-
muiden.TheseareprobablyrelatedtoreleasesbyaprivatepartyintheSommeestuary
inPicardy,Francein1981and1982.’
 PresentoccurrenceinTheNetherlands.—Unknown,probablyabsent.

Trinectesmaculatus(Bloch&Schneider,1801)
(Syn.AchirusfasciatusHubbs,1932)

 StatusinTheNetherlands.—Exoticnon-indigenousspecies(criteria1,2,3),tempo-
rarilyestablished.

Fig.31.SpecimenofTrinectesmaculatuscaughtintheWaddenSeain1984.PhotographcourtesyDr.H.W.
vanderVeer.
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 Vector.—Unknown.
 Areaoforigin.—AtlanticcoastofNorthAmerica.
 IntroductionintoAtlanticEurope.—Noinformation.
 IntroductionintoTheNetherlands.—Onespecimenof13.1cmlength(fig.31)was
caughtaliveattheJavaruggenintheDutchWaddenSeaon14November1984;itlived
inanaquariumatTheNetherlandsInstituteforSeaResearch(NIOZ)forseveralyears
(M.FondsandH.IJ.Witte,pers.comm.).Aquasense(1998):‘IntheoriginalOSPARlist
(...)thefishAchirusfasciatusismentionedasintroducedbyballastwaterinDutchcoast-
alwaters.However,asfarasisknown,thisspeciesisnotyetestablishedinthecoastal
waters.’
 PresentoccurrenceinTheNetherlands.—Notpresent.
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