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Preface

This study was carried ou t under the authority o f the North Sea 
Directorate o f the M in istry o f Transport, Public W orks and W ater 
Management. From the North Sea Directorate, support was given by 
Mrs S. van Gool.

W e acknowledge the many people w ho contributed in one or another 
way to  this ballast w ater study:
-Ship owners and shipping agencies fo r permission to  take ballast water 
samples on board the ir ships and fo r help in the extensive contacts w ith  
the ships before sampling;
-O fficers and crews o f the ships we boarded in order to  obtain ballast 
w ater samples. They provided us w ith  inform ation about ship and 
ballast w ater and assistance during sampling;
-M r E.A. van de Berg, port authority Zeeland Seaports, fo r a llow ing us 
to  sample in the port o f Vlissingen-Oost;
-M r C. de Keijzer, Port o f Rotterdam (GHR), always w illing  to  provide 
us w ith  inform ation;
-M rT .F . M oll, Royal Association o f Netherlands' Shipowners (KNVR), 
fo r provid ing all kinds o f information.

The samples from  the period November 1998 - January 2001 were 
analysed by AquaSense/Tripos (Amsterdam) and from  the period April 
2001 - November 2000 by Koeman & Bijkerk (Haren).
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Samenvatting

Het wereldw ijde transport van ballastwater b lijkt een effectieve 
distributie vector te zijn van talrijke uitheemse organismen. Lozing van 
d it ballastwater kan leiden en heeft geleid to t de introductie van deze 
organismen in allerlei zoete, brakke en zeewater milieus. In veel 
gevallen hadden deze onbedoelde introducties ernstige economische, 
ecologische o f volksgezondheids gevolgen.

De Internationale M aritiem e Organisatie w erkt aan regelgeving om het 
ballastwaterprobleem aan te pakken. Om  een Nederlands standpunt te 
bepalen, initieerde de Directie Noordzee van het M inisterie van Verkeer 
en W aterstaat een aantal ballastwaterstudies. De te beantwoorden 
vragen van deze ballastwaterstudie waren: 1) welke organismen 
worden geïmporteerd in ballastwater van schepen die Nederlandse 
havens aandoen? en 2) kunnen deze organismen overleven in 
Nederlands oppervlakte- en havenwater?

In de periode november 1998 - november 2000 werden 
ballastwatermonsters genomen aan boord van 30 schepen 
(containerschepen, m ulti purpose schepen, chemicaliëntankers en bulk 
carriers) in de havengebieden van Rotterdam, Amsterdam en 
Vlissingen. Het onderzochte ballastwater was in de meeste gevallen 
opgenomen in Europese havens o f estuaria, maar ook cocktails van 
estuarien en oceanisch w ater werden bemonsterd. De tem peratuur van 
het ballastwater verschilde altijd wel een paar graden m et die van het 
havenwater. Het meeste bemonsterde ballastwater was afkom stig u it 
brak water- en zeewatergebieden; bijna alle havenwatermonsters 
werden geclassificeerd ais brak water.

In de geanalyseerde ballastwatermonsters werd een g roo t aantal 
soorten plankton aangetroffen. Het aantal fytoplanktonsoorten en de 
celdichtheden nam significant toe bij een kortere verb lijftijd  van het 
ballastwater in de tanks. Bij de analyse van de ballastwatermonsters 
werd een stringent onderscheid gemaakt tussen soorten die to t op 
soorts-, geslachts- o f groepsniveau gedetermineerd konden worden. Er 
werden 122 soorten fytop lankton (voornamelijk diatomeeën en 
auto trofe  dinoflagellaten), 37 soorten m icrozoöplankton (voornamelijk 
heterotrofe dinoflagellaten en raderdieren) en 12 soorten 
mesozoöplankton (watervlooien en copepoden) to t op soortsniveau 
gedetermineerd. De meeste soorten waren al bekend uit het 
Nederlandse fytop lankton m onitoringprogram ma, andere programma's 
en u it de literatuur. Er werden slechts 3 uitheemse soorten 
dinoflagellaten gevonden in de ballastwatermonsters. Verder werden in 
6 to t 19% (afhankelijk van de soort) van de onderzochte ballast tanks 
diatomeeën, blauwwieren en dinoflagellaten gevonden, waarvan 
toxische effecten op mens en dier bekend zijn.

In de geanalyseerde havenwatermonsters werden 72 soorten 
fytop lankton (voornamelijk diatomeeën en auto trofe  dinoflagellaten) 
en 17 soorten m icrozoöplankton (voornamelijk heterotrofe 
dinoflagellaten) gedetermineerd to t op soortsniveau. Mesozoöplankton 
soorten werden niet aangetroffen ais gevolg van het kleine 
monstervolume.
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Incubatie van ballastwater bij temperaturen van 10 and 20 °C in 
verschillende media en in gefiltreerd havenwater met saliniteiten van 
0.3 to t 30 psu, resulteerde altijd in groei van zeker 5 to t 20 
fytop lankton soorten. O ok een paar potentieel toxische fytop lankton 
soorten, die werden waargenomen in het ballastwater, groeiden in de 
gebruikte media. Vanwege de grote saliniteitstolerantie van 
fytop lankton werd er geen significant verband gevonden tussen het 
aantal opgekomen soorten en het saliniteitsverschil (saliniteitsverschil 
van het gebruikte medium en het ballastwater).

Het b lijkt dat tegelijk met ballastwater veel levend plankton in 
Nederlandse havens w o rd t aangevoerd, inclusief ongewenste 
uitheemse, toxische en potentieel toxische fytoplankton soorten.
Na lozing van ballastwater overleeft een deel van de aangevoerde 
organismen in het Nederlandse oppervlakte- en havenwater. Bij de 
bemonsteringen werd steeds slechts een kleine hoeveelheid van het 
aan boord aanwezige ballastwater bemonsterd. W anneer we onze 
resultaten extrapoleren naar de schaal waarop ballastwater geloosd 
w ord t in Nederland, dan kunnen we aannemen dat ongewenste 
soorten regelmatig in grote hoeveelheden worden aangevoerd in ons 
oppervlakte- en havenwater. W anneer deze soorten m et grote 
regelmaat en aantallen worden geloosd, dan verhoogt d it de kans dat 
lozing plaatsheeft onder specifieke abiotische omstandigheden, die 
gunstig zijn voor deze soorten, bijvoorbeeld een hoge rivierafvoer met 
grote hoeveelheden nutriënten. Samengevat betekent d it dat het in 
Nederlandse havens geloosde ballastwater zeker niet vrij is van risico's, 
zoals bijvoorbeeld groei van uitheemse, toxische o f potentieel toxische 
soorten fytop lankton.

Ballast water 8



Rijksinstituut voo r Kust en Zee/ RIKZ

Summary

The w orld-w ide  transport o f ballast w ater has been shown to  be an 
effective distribution vector fo r numerous non-native organisms. 
Discharge o f this ballast w ater may lead and has led to  the introduction 
o f these organisms into all kinds o f fresh, brackish and seawater 
environments. In many cases, these unintended introductions had 
serious economic, ecological or public health consequences.

The International M aritim e Organization is developing regulations to  
tackle the ballast w ater problem. To define a Dutch point o f view, the 
North Sea Directorate o f the M in istry o f Transport, Public W orks and 
W ater M anagement, initiated a number o f ballast w ater studies. The 
objectives o f this ballast w ater study were to  answer the fo llow ing  
questions: 1) which organisms are imported w ith  ballast w ater in ships 
arriving in Dutch ports? and 2) do these organisms survive in Dutch 
surface and port waters?

During the period November 1998 - November 2000 ballast water 
samples were taken on board o f 30 ships (container ships, m u lti­
purpose ships, chemical tankers and bulk carriers) in the port areas o f 
Rotterdam, Amsterdam and Vlissingen. In most cases the investigated 
ballast w ater was taken up in European ports or estuaries, but also 
mixtures o f estuarine and oceanic waters were sampled. The 
temperatures o f ballast w ater almost always differed by a few  degrees 
from  those o f port water. M ost o f the sampled ballast w ater originated 
from  brackish and seawater environments; port w ater samples almost 
always could be classified as brackish.

A large number o f plankton species was found in the analysed ballast 
w ater samples. The number o f phytoplankton species and cell numbers 
increased significantly when the residence tim e o f the ballast w ater in 
the tanks had been shorter. In the analysed ballast w ater samples a 
conservative distinction was made between species analysed to  species, 
genus or group level. 122 phytoplankton species (mainly diatom and 
autotrophic dinoflagellate species), 37 m icrozooplankton species 
(mainly heterotrophic dinoflagellate and rotife r species) and 12 
mesozooplankton species (cladoceran and copepod species) were 
determined to  species level. M ost species were known already from  the 
Dutch phytoplankton m onitoring programme, from  other programs 
and from  literature. O nly 3 non-native dinoflagellate species were 
found in the ballast w ater samples. Furthermore, we found diatom, 
bluegreen and dinoflagellate species w ith  recorded tox ic  effects on 
humans and animals, in 6 to  19% (depending on the species) o f the 
investigated ballast tanks.

In the analysed port w ater samples, 72 phytoplankton species (mainly 
diatom and autotrophic dinoflagellate species) and 17 
microzooplankton species (mainly heterotrophic dinoflagellate species) 
were determined to  species level. Mesozooplankton species were not 
recorded because o f the small sample volume.

Incubation o f ballast w ater at temperatures o f 10 and 20 °C in d ifferent 
media and in filtered port w ater w ith  salinities o f 0.3 to  30 psu, always 
resulted in grow th o f approximately 5 to  20 phytoplankton species.
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Also a few  potentially toxic phytoplankton species, tha t were observed 
in the ballast w ater samples, grew in the media used. A significant 
relation between the number o f grow ing  species and difference in 
salinity (salinity o f the medium used minus the salinity o f ballast water) 
was not found, very probably because o f the large salinity tolerance 
range o f phytoplankton.

Obviously, many living plankton species are imported w ith  ballast 
w ater into Dutch ports, including unwanted non-native, toxic and 
potentia lly tox ic  phytoplankton species. A fte r the ballast w ater is 
discharged, part o f the imported organisms is able to  survive in Dutch 
surface and port waters. W e sampled only a very small fraction o f 
ballast w ater on board o f each ship. Extrapolating our results to  the 
scale w ith  which ballast w ater is discharged in Dutch surface and port 
waters, we may assume th a t unwanted species are released in large 
numbers into these waters. If these species are being released regularly 
and in large numbers, there is a great chance o f interfacing w ith  
specific abiotic conditions, such as a great river run -o ff fo r example, 
th a t may favour these unwanted species. In summary, ballast water 
discharged into Dutch ports, is certainly not free from  risks, such as, fo r 
example, the g row th o f non-native, toxic or potentially toxic 
phytoplankton species.
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1 Introduction

Since the end o f the nineteenth century ships switched from  carrying 
rocks fo r ballast to  carrying w ater (Carlton, 1985). This ballast w ater is 
needed fo r safety and stability at sea as well as during port operations. 
However, the ballast w ater transported w orld-w ide  has been shown to  
be an effective transport vector o f numerous non-native organisms 
(W illiams et al., 1988; Hallegraeff &  Bolch, 1991; Carlton &  Geller, 
1993; Gollasch, 1996 and Galil &  Hülsmann, 1997). Discharge then 
w ill lead to  the introduction o f these organisms into all kinds o f 
receiving waters. M any introduced organisms w ill not survive upon 
discharge or already form  part o f the receiving ecosystem or survive 
w itho u t causing any harm. An example o f the latest is the American 
razor clam Ensis directus, introduced as larvae in ballast w ater into 
German waters, and now  an abundant species in the Dutch Wadden 
Sea and coastal waters (Essink, 1986). In many cases, however, these 
unintended introductions have had serious economical, ecological or 
human health consequences.

Toxic phytoplankton pose a serious threat to  human health and natural 
and cultivated shellfish and fish resources. For tha t reason there is a lot 
o f concern about the possibility o f w orldw ide transport o f toxic 
phytoplankton species w ith  ballast w ater (and sediments) from  one 
place to  another. For example, transport o f tox ic  dinoflagellates in 
ballast w ater from  Asia to  Australia has been reported by Hallegraeff & 
Bolch (1991). Another tox ic  dinoflagellate, Karenia m ik im o to i, m ight 
have been brought w ith  ballast w ater from  North-Am erica to  Europe in 
the sixties. Since then it has regularly been the cause o f mass m ortality 
o f caged fish and invertebrates (Gollasch et al., 1999). Also, other 
organisms are transported w ith  ballast w ater and introduced elsewhere, 
fo r example bacteria, larvae from  molluscs, Zooplankton and jelly fish. 
Examples o f the large economic and ecological consequences o f these 
introductions have been described in Carlton (1996a), Ruiz et al.
(1997), Cohen & Carlton (1998), Carlton (1999) and M cCarthy & 
Khambaty (1994).

The International M aritim e Organization (IM O ) is developing 
regulations to  tackle the ballast w ater problem. To define a Dutch point 
o f view, the North Sea Directorate o f the M in istry o f Transport, Public 
Works and W ater M anagem ent initiated a number o f ballast water 
studies.

One o f these studies (AquaSense, 1998) focussed on the am ount and 
origin o f ballast w ater in ships entering and leaving the ports o f 
Rotterdam and Amsterdam and the risks o f the introduction o f non­
native species into Dutch coastal waters. The main conclusions were: 
The to ta l am ount o f ballast w ater discharged into Dutch ports is 
estimated to  be approximately 7.5 million tonnes per year (42%  o f all 
discharges in Europe) and the to ta l am ount o f ballastwater loaded is 
estimated to  be approximately 68 million tonnes (86%  o f ballast w ater 
loaded in Europe). W ith  some assumptions it is estimated tha t 
approximately 70%  o f the ballast w ater discharged in Dutch ports was 
taken up in European ports.
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Predictions about possible effects o f introductions into The Netherlands 
were not possible because it is not known which and how  many 
organisms are released in Dutch coastal and port waters. Even if we 
have knowledge about the species th a t are entering w ith  ballast w ater 
(and sediments), and thus having the possibility o f being discharged 
into Dutch waters, we should also have to  know  w hether or not these 
organisms w ill survive in the receiving waters. Taking these conclusions 
into account, it was decided to  start a p ilo t study w ith  a sampling 
programme o f ballast w ater in Dutch ports.

The objectives o f this ballast w ater study were to  answer the fo llow ing  
questions: 1) which organisms are imported w ith  ballast w ater in ships 
arriving in Dutch ports? and 2) do these organisms survive in Dutch 
surface and port waters?
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2 Material and methods

2.1 Sample choice

In 1999 and 2000 it was planned to  take ballast w ater (and if possible 
aiso sediment) samples on board 30 ships in the port areas o f (mainly) 
Rotterdam and Amsterdam. These ships were chosen in a such a way 
as to  reflect the types o f ship and the possible origin o f the ballast 
w ater as was reported in the desk study mentioned earlier (AquaSense, 
1998), emphasizing container ships and m ulti-purpose ships w ith  
European ports as a possible origin o f the ballast water.

2.2 Sampling

Samples were taken during the period November 1998 - M ay 2000.
On every ship visited, 1 -3 ballast tanks were sampled. The temperature 
o f each ballast w ater sample was measured immediately. Salinity (psu) 
was always measured w ith  a W TW  conductivity meter in the 
laboratory a fter the sample had reached a temperature o f 20 °C.

Sampling methods differed fo r each type o f ship, depending on the 
accessibility o f sampling points, which d iffe r per ship type, on the 
willingness o f the ships' officers and available tim e during cargo 
operations. On chemical tankers phytoplankton and Zooplankton 
samples were taken w ith  plankton nets through opened manholes. On 
m ulti-purpose ships sampling was done via a tap near one o f the 
ballast w ater pumps or by hand pum ping w ater through a sounding 
pipe (Figure 1); in one case, sampling was possible by pum ping ballast 
w ater to  the deck wash pump.

Figure 1.
Sampling o f ballast w a te r w ith  a 
hand pum p through a sounding 
pipe in the engine room.
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Sampling on container ships was almost always done via a tap near one 
o f the ballast w ater pumps or by removing the manometer from  the 
ballast w ater pump; occasionally, sampling could be done through 
manholes in a heeling tank w ith  a plankton net and in forepeaks w ith  a 
bucket and on on occasion ballast w ater was sampled from  a deck 
overflow  by the crew. On bulk carriers w itho u t cargo, ballast water 
was sampled from  deck overflows (Figure 2).

Figure 2.
Deck overflows on a bulk carrier.

Phytoplankton samples were taken through opened manholes by 
lowering a 20 pm plankton net once as deeply as possible. W ater 
collected fo r the phytoplankton samples w ith  the other methods 
mentioned, was passed through a 20 pm plankton filter. Together w ith 
each > 20 pm sample a 1 liter sample o f the filtered w ater was taken 
fo r analysis o f phytoplankton < 20 pm. For each phytoplankton sample 
> 20 pm, it was the ambition to  filte r at least 100 I. All phytoplankton 
samples were fixed w ith  add Lugoi (Throndsen, 1978) to  a final 
concentration o f 0 .4% .

Zooplankton samples obtained through manholes were taken by 
lowering a 55 pm plankton net one to  three times as deeply as 
possible. It was the ambition to  filte r at least 300 I. Zooplankton 
samples were fixed w ith  formalin to  a final concentration o f 4% . O nly 
a few  samples were preserved in this way. Later, if Zooplankton was 
visually present in the > 20 pm phytoplankton samples, these samples 
were also used fo r Zooplankton analyses a fte r fixation w ith  Lugoi.

From each ballast tank sampled, a 1 litre live sample was taken, 
transported in grey polythene bottles, and used fo r the incubation 
experiments and the measurement o f salinity.

If possible, sediment was scraped w ith  a filling-kn ife  from  the bottom , 
walls and o ther places in empty and ventilated ballast tanks. Sediment 
samples were always stored in a refrigerator at 5 °C until use.

Starting w ith  the November 1999 samples, the "receiving" port water 
beside the ship was also sampled. Sampling o f surface w ater was done
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w ith  a bucket. From this port water, a Lugol-fixed sample was taken 
fo r analysis o f phytoplankton and the temperature was measured 
immediately.

A live sample o f port w ater was taken fo r use in the incubation 
experiments (see later), to  measure salinity (W TW  conductivity meter) 
and to  determine the nutrient concentrations (after filtra tion through 
W hatman GF/F filters).

From each ship sampled, general inform ation on ship and ballast water 
data was gathered using forms in both Dutch and English (see 
Appendix 1 fo r the English version).

2.3 Incubation experiments

Incubation experiments were performed in 250 ml Erlenmeyer flasks.
All the Erlenmeyer flasks used and also small petri dishes were 
thoroughly cleaned before use. Cleaning comprised rinsing w ith  tap 
water, one night in detergent (Decon), rinsing w ith  demineralized 
water, one n ight in 0.1 % HCl and again rinsing w ith  demineralized 
water. A fte r cleaning, the Erlenmeyer flasks were closed w ith  the small 
glass petri dishes or silicon caps and autoclaved in a high pressure 
cooker.

As a basis fo r the culture media w ater from  the marine tidal basin 
Oosterschelde (salinity approximately 30 - 32 psu) was used. In this 
report the highest salinity used w ill be referred to  as 30 psu. A fte r pre­
filtra tion through 20 pm the w ater was filtered through W hatmann 
GF/F filters. D ilution w ith  demineralized w ater resulted in w ater w ith  
salinities o f 15, 5, 1.3 and 0.3 psu, using 1 liter Duran borosilicate 
bottles w ith  blue polypropylene screw-caps. All bottles containing 1 
litre o f the 0.1, 1.3, 5, 15 and 30 psu media then were autoclaved 
using a high pressure cooker. Dilution and subsequent autoclaving 
hardly influenced salinity and pH o f the media. A fte r cooling nutrients, 
trace metals and vitamins from  sterile stock solutions were added to  
final solutions as described by Peperzak et al. (2000), supplemented 
w ith  Si and Na-EDTA. This results in media w ith  nutrient 
concentrations comparable w ith  spring concentrations in Dutch coastal 
waters and sufficient trace metals and vitamins to  sustain 
phytoplankton grow th.

Also W hatman GF/F filtered port w ater was used as a culture medium. 
N utrient concentrations in this filtered port w ater were also measured 
to  get an insight into w hether or not nutrients are lim iting 
phytoplankton grow th in the incubation experiments.

Incubation experiments w ith  ballast w ater added to  the 5 , 1 5  and 30 
psu media started w ith  the November 1999 samples. Starting at 
August 2000, the 0.3 and 1.3 psu media were sometimes also used 
when fresh ballast w ater was sampled. As soon as possible 20 ml 
ballast w ater was inoculated w ith  a sterile pipette into 200 ml o f each 
o f the media described. In addition, 220 ml unfiltered port w a te rw as 
also incubated. Incubations were done in tw o  culture chambers (Sanyo) 
at 10 and 20 °C. In each culture chamber, tw o  fluorescent lamps 
(Sanyo FL40SS.W/37) were used at a 16:8 hour light:dark cycle at a 
mean ligh t intensity o f approximately 115 pE.m'2s'1 (range 104-127, 
depending on the position in the culture chamber). If sufficient 
phytoplankton grow th was visible (by eye), the Erlenmeyer content
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was fixed w ith  acid Lugoi (Throndsen, 1978) to  a final concentration o f 
0 .4% .

Incubation o f ballast w ater in filtered port w ater samples started w ith  
the December 1999 samples. In a number o f cases we also incubated 
port w ater and port w ater w ith  ballast w ater to  estimate the effect o f 
the autochthonous plankton present on the ballast w ater plankton.

From the available sediment samples the 20-100 pm fraction was 
prepared using artificial seawater and plankton gauze. Small amounts 
o f this fraction were incubated in glass petri dishes w ith  the media 
described above (salinities 5, 15 and 30 psu), temperatures and light 
conditions. The petri dishes were inspected weekly w ith  an inverted 
microscope to  see if g row th o f organisms occurred.

2.4 Plankton analyses and frame of reference

All the Lugoi and formalin samples obtained were stored at 12 °C in 
the dark until analysis. Phytoplankton was analysed using an Olympus 
inverted microscope and (larger) Zooplankton by using a stereo- 
microscope.

Results from  microscopic analyses had to  be compared w ith  knowledge 
about phytoplankton and Zooplankton species already known to  occur 
in Dutch fresh, brackish and marine waters.

As a frame o f reference fo r freshwater phytoplankton species the 
species list, belonging to  Anonymous (2000), was used; this list 
contains more than 1200 phytoplankton and epiphytic diatom species 
observed in fresh w ater from  the provinces o f Noord-Holland and 
Zuid-Holland. For brackish and marine phytoplankton an annotated 
species list (AquaSense, 2000a) was used, containing more than 400 
phytoplankton species observed in Dutch brackish and marine waters 
w ith in  the phytoplankton m onitoring program during the period 1990 
-  1999. Added to  this list were the (yet unpublished) observed species 
from  the m onitoring programme in 2000. These species lists also 
contain many freshwater phytoplankton species th a t were flushed into 
brackish and marine waters, including heterotrophic dinoflagellates. 
Also, other reports provid ing historical data were used: Kat (1977), 
reporting approximately 220 species (mainly diatoms and 
dinoflagellates) observed in the Dutch coastal area during 1973-1976; 
Leewis (1985) w ith  approximately 350 species from  the Dutch coastal 
zone during 1974-1975.

As a frame o f reference fo r marine m icrozooplankton (20 -  200 pm) 
the list w ith  approximately 100 observed species in Dutch marine 
waters from  the m icrozooplankton m onitoring program during the 
period 1994 -  1999 (AquaSense, 2000b) w ill be used. For freshwater 
m icrozooplankton, literature in which m icrozooplankton species 
observed in Dutch freshwater are mentioned, w ill be used.

Observed mesozooplankton (200 -  2000 pm) species w ill be compared 
w ith  literature in which mesozooplankton species observed in Dutch 
fresh and marine waters are mentioned.
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3 Results

3.1 Sampling

During the period November 1998 -  November 2000, ballast water 
was sampled on board 30 ships in the port areas o f Rotterdam 
(Rotterdam and Dordrecht, 20 ships), Amsterdam (Amsterdam and 
Ijmuiden, 6 ships) and Vlissingen (Vlissingen-Oost, 4 ships). An 
overview o f the ports visited, the ships sampled and the types o f ship 
(12 container ships, 9 m ulti-purpose ships, 5 chemical tankers and 4 
bulk carriers) is given in Appendix 2.

In general, a fte r explaining the objectives o f this study, shipowners and 
crews co-operated constructively to  get access to  and to  take ballast 
w ater samples on board the ir ships.

From each ship sampled, data on the year o f delivery, tonnage as Gross 
Registered Tonnage (GRT) and Dead W eight Tonnage (DW T), number 
o f ballast w ater tanks, ballast w ater capacity and the am ount o f ballast 
w ater on board at the tim e o f sampling, are given in Appendix 3. Short 
sea container ships (2699 -  2906 GRT) were among the smallest o f the 
ships sampled and transoceanic container ships (21586 -  91550 GRT) 
among the largest. From the ship types sampled, transoceanic 
container ships had the largest ballast w ater capacity (6511 -  35043 
m3) and also the largest amounts o f ballast w ater (8172 -  11906 m3) 
on board and, in many cases, a mix o f ballast w ater from  d ifferent 
origins. Also, the bulk carriers sampled had a large ballast water 
capacity (7857 -  13431 m3). These bulk carriers arrived w itho u t cargo 
and thus carried a lo t o f ballast w ater (6532 -  11100 m3). A lm ost all o f 
the 30 ships reported to  discharge some or all o f the ir ballast w ater in 
port here.

37 ballast tanks were sampled on board the 30 ships. Table 1 lists the 
sampling methods used on board the d ifferent types o f ship.

Table 1.
Sampling m ethods used.

Sampling method Container Multi­ Chemical Bulk Total
ship purpose tanker carrier

Ballast w a te r pum p 11 7 - 1 19
Deck o v e rflo w 1 - 2 4 7
M a n h o le /p la n k to n  net 1 - 5 - 6
M a n h o le /b u c k e t 2 1 - - 3
S ound ing  p ip e /h a n d  pum p - 2 - - 2
Total 15 10 7 5 37

On container ships and multi-purpose ships, most o f the samples were 
taken at one o f the ballast pumps, by removing the m anometer or, if 
present, from  a stopcock. The last possibility always resulted in a larger 
flo w  than was the case a fte r removing the manometer. In only a few  
cases could samples be taken through an opened manhole on board 
container ships and multi-purpose ships, once w ith  a plankton net in a 
side tank and tw ice in almost empty forepeak tanks w ith  a bucket. Two 
samples on board m ulti-purpose ships were taken from  double bottom
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tanks through one o f the sounding pipes using a hand pump. In most 
cases it was possible to  take a sample o f 25 -  50 litres, but sometimes 
samples were smaller.

On board chemical tankers it was always possible to  sample upper 
w ing  tanks on deck, either through opened manholes or by using a 
deck overflow  and on bulk carriers samples were mostly taken from  
side tanks and a ft peak tanks by using a deck overflow. On chemical 
tankers, as well as on bulk carriers, large samples o f 100 litres or more 
could easily be obtained.

The filtered volumes o f phytoplankton samples ranged from  1 to  172 
litres (average 64 litres) and o f Zooplankton samples from  25 to  344 
litres (average 112 litres). Figures 3 and 4 give more detailed 
inform ation about the distribution o f the filtered amounts o f ballast 
w ater used fo r the phytoplankton and Zooplankton samples.

Figure 3.
Num ber o f samples versus filtered 
volum e o f phytop lankton samples 
(n = 37).

Figure 4.
Num ber o f samples versus filtered 
volum e o f Zooplankton samples 
(n = 17).

3.2 O rig in  o f ballast water

The origin o f the sampled ballast w ater is given in Appendix 4 and 
Figure 5. As explained in section 2.1, most o f the sampled ballast water 
originated from  European ports. 26 o f the 37 samples were taken up at
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one discrete port or route, 9 samples were mixed samples w ith  
d ifferent origins o f ballast w ater uptake and 2 samples had an 
unknown origin. A lm ost all mixed samples w ith  d ifferent ballast water 
origins were taken on board container ships. The 26 samples from  a 
discrete port or route originated from  Europe (17), North-Am erica (3), 
oceanic w ater (3), Asia (1), Australia (1) and New Zealand (1). The 9 
mixed samples were combinations o f w ater from  European ports (4) 
and the other 5 samples were combinations o f w ater from  Europe, 
North-Am erica and oceanic water.

Figure 5.
O rig in  o f the sampled ballast 
water.

3.3 Temperature of ballast water and port water

Temperatures o f ballast w ater and port w ater samples are presented in 
Figure 6. The measured ballast w ater temperatures upon arrival

Figure 6.
Temperature o f ballast w a te r 
(n = 36) and po rt w a te r samples 
(n = 26). Data from  the po rt 
areas o f Rotterdam , Amsterdam 
and Vlissingen.

♦ Ballast water ■ Port water
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ranged from  7.0 to  24.0 °C. Temperatures o f port water, always taken 
a fte r ballast w ater sampling, ranged from  5.0 to  25.0 °C. The
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difference between ballast w ater temperature and port water 
temperature varied between -6 .5  and +5.0 °C (31 combinations). For 
19 temperature combinations, the temperature o f the ballast w ater was 
> the temperature o f the port water, 8 combinations resulted in the 
same w ater temperature and in 4 combinations the temperature o f the 
ballast w ater was < the temperature o f the port water. Flowever, 
w ith in  24 o f the 31 combinations the difference was w ith in  the range 
±2 °C.

3.4 Salinity of ballast water and port water

The measured salinities o f the ballast w ater samples are presented in 
Figure 7. A distinction was made between ballast w ater samples 
originating from  one port (or route) (26) and samples w ith  a mixed (9) 
and unknown (2) origin.

Figure 7.
Num ber o f samples versus 
d iffe ren t salinity ranges of 
ballast w a te r samples (n = 37) 
from  one, mixed o r unknow n 
origin.

The measured salinities o f the samples from  one origin (or route) reflect 
the presence o f fresh, brackish and seawater (including oceanic water) 
in the sampled ballast tanks. W ith  respect to  salinity the fo llow ing  
classification (Kinne, 1971) w ill be fo llowed: fresh (<0.5 psu), brackish 
(0.5 -  30 psu) and seawater (30 -  40 psu). W ith in  all samples, the 
salinity ranged from  0.1 (Antw erp and M ontreal, St. Lawrence River) to
37.2 (Piombino, M editerranean) psu. 12% o f the ballast w ater samples 
from  one origin can be classified as fresh, 46%  as brackish and 42%  as 
seawater.

The measured salinities o f the port w ater samples are given in Figure 8. 
A distinction was made between port w ater samples taken in the port 
areas o f Rotterdam (18), Amsterdam (6) and Vlissingen (2).
Salinities in the port area o f Rotterdam ranged from  0.3 to  28.6 psu, in 
the port area o f Amsterdam from  3.5 to  21.0 psu and in the port area 
o f Vlissingen from  26.3 to  26.8 psu. Salinity in the more than 70 km 
long port area o f Rotterdam is influenced by river w ater on one side 
and seawater on the other. In the port area o f Amsterdam, salinity in 
the ports o f Amsterdam is much lower in Amsterdam itself than in 
IJmuiden, situated behind the sea-locks. The port area o f Vlissingen is 
situated along the mouth o f the Westerschelde and variation w ill not
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be as large as in the port areas o f Rotterdam and Amsterdam. 4%  o f 
the port w ater samples can be classified as fresh and 96%  as brackish.

Figure 8.
Num ber o f samples versus 
d iffe ren t salinity ranges of 
po rt w a te r samples (n = 26) 
from  the po rt areas of 
Rotterdam , Amsterdam and 
Vlissingen.
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3.5 Plankton in ballast water

All observed plankton species in the ballast w ater samples analysed are 
listed in Appendix 5. In this species list, a distinction is made between 
phytoplankton, m icrozooplankton (20 - 200 pm) and mesozooplankton 
(200 -  2000 pm). In practice, some Zooplankton groups like 
heterotrophic dinoflagellates, ciliates, tin tinn ids and ciliates are 
analysed together w ith  the (autotrophic) phytoplankton, but these (and 
some other) groups were consequently categorized as 
m icrozooplankton. Determination to  species level o f plankton was not 
always possible in all the taxonom ical groups distinguished. Very often, 
however, it was possible to  determine a species to  genus level. 
Phytoplankton and Zooplankton th a t could not be categorized w ith in  
the species and genus levels were classified as a group. Hence, a 
distinction was made between three d ifferent levels o f determ ination: 
species level (fo r example Ceratium furca), genus level (fo r example 
Gyrosigma sp.) and group level (fo r example Cryptophyceae < 1 0  pm).

W ith  respect to  phytoplankton we found on average 28 (range 0 to  
59) phytoplankton species, genera and groups per ballast water 
sample. W ith in  the phytoplankton 122 species were determined to  
species level, 58 to  genus level and 36 to  group level (Table 2).

Table 2.
Num ber o f observed 
phytoplankton species, genera 
and groups in ba llas tw ate r 
samples (n = 37).

PHYTOPLANKTON SPECIES GENUS GROUP
Diatom s 85 18 10
D inoflage lla tes 28 6 11
Green algae 5 17 2
Blue green algae 1 7 2
O th e r groups 3 10 11
Total 122 58 36

Diatoms (Bacillariophyceae) and autotrophic dinoflagellates 
(Dinophyceae), almost all brackish and sea w ater species, were the 
most abundant classes w ith  85 and 28 species respectively determined
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to  species level. M ost o f the green algae (Chlorophyceae), almost all 
fresh w ater species, could only be determined to  genus level (17).

Sorting Appendix 5 in order o f cell numbers, high values (criterion 105 
or more cells/l) were found fo r the diatoms Centrales, diameter < 10 
pm, Skeletonema potamos, Skeletonema costatum, Paralia marina  and 
Chaetoceros sub tilis  and fo r the auto trophic dinoflagellates 
Heterocapsa sp., G ym nodin ium , length 10-30 pm and Prorocentrum  
m in im um . High cell numbers (criterion 105or more cells/l) were also 
found fo r the green algae Chlorophyceae, M onoraphid ium  sp., 
Scenedesmus sp. and Crucigenia sp., the autotrophic m icro-flagellates 
Chrysomonadales 2-10 and 0.2-2 pm, the chrysophycean 
Pseudopedinella sp., autotrophic cryptophyceans, the blue green algae 
Chroococcales, M erism opedia  sp., P lankto thrix  sp. and M icrocystis  sp., 
prasinophyceans, the prymnesiophycean Chrysochromulina  sp. and 
unidentifiable species. In most cases, phytoplankton concentrations 
were comparable to  or lower than the concentrations known from  
Dutch coastal waters. However, when voyage tim e had been very 
long, concentrations were much lower. Some species occurred more 
frequently in the analysed ballast w ater samples. High frequencies o f 
occurrence (criterion 50%  or more, see also Appendix 1) were found 
fo r the diatoms Centrales, diameter < 10 and 10-30 pm, Pennales, 
w id th  < 1 0  length < 50 pm and Actinoptychus senarius, 
cryptophyceans < 1 0  pm, and unidentifiable species w ith  diameters < 
3 , 3 - 1 0  and < 10 pm. Comparison w ith  the frame o f reference (see 
section 2.4) showed th a t (almost) all observed species, genera and 
groups were already known from  the Dutch phytoplankton m onitoring 
programme. Alm ost all observed phytoplankton species are harmless. 
O n ly three thecate dinoflagellate species were not yet reported fo r 
Dutch waters and can be considered as non-native (see also section 4.2 
and Appendix 8): Corythodinium  tesselatum  (9 cells/l), Oxytoxum  
scolopax  (264 cells/l) and Perid iniella catenata (1170 cells/l), a chain 
fo rm ing  dinoflagellate species (see Figure 9).

Figure 9.
The armoured dinoflagellate 
Perid in ie lla  catenata found  in a 
ballast w a te r sample from  Finland. 
Length o f the upper specimen 
approxim ately 30 pm. Photo: 
Reinoud Koeman.
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Also a rather large number o f phytoplankton species w ith  a recorded 
tox ic ity  and groups th a t are known to  contain toxic species or strains 
were found in the ballast w ater samples. The toxic and potentia lly toxic 
(see Appendix 8 fo r explanation) species found, belonged to  the classes 
diatoms, bluegreens, dinoflagellates and prymnesians; they w ill be 
discussed in section 4.2 and Appendix 8. Their concentrations were 
comparable w ith  or lower than concentrations known from  Dutch 
coastal waters.

W ith in  the m icrozooplankton 37 species were determined to  species 
level, 22 to  genus level and 30 to  group level (Table 3). Heterotrophic 
dinoflagellates, almost all brackish and sea w ater species, and rotifers 
(Rotifera), almost all fresh w ater species, were the most abundant 
groups w ith  22, and 8 species respectively determined to  species level.

Table 3.
Num ber o f observed 
m icrozooplankton species, 
genera and groups in ballast 
w a te r samples (n = 37).

W ith  respect to  cell numbers (see also Appendix 5), high cell values 
(criterion 104 or more cells/l) were found fo r the ciliates < 20 pm, 
choano-flagellates (Craspedomonadaceae), the heterotrophic 
cryptophyceans Leucocryptos marina  and Leucocryptos sp., the 
heterotrophic dinoflagellate Ebria tripa rtita , heterotrophic micro- 
flagellates length < 10 and > 10 pm, the fresh w ater testacean 
Paulinella  sp. and tin tin  nids w ith  w idth  < 20 pm. High frequencies o f 
occurrence (criterion 25%  or more, see also Appendix 5) were found 
fo r veliger larvae o f bivalves, ciliates < 20 and 20-40 pm, choano- 
flagellates (Craspedomonadaceae), heterotrophic m icro-flagellates 
(Protomonadales) length < 1 0  and > 10 pm, the rotifers Keratella 
cochlearis and Keratella quadrata  (both fresh w ater species) and 
rotifers non det and the tin tin  nids w ith  w id th  < 20 and 20-40 pm and 
Tintinnopsis lacustris. Comparison w ith  the frame o f reference (see 
section 2.4) showed th a t all observed species, genera and groups were 
already known in Dutch waters.

W ith in  the mesozooplankton 12 species were determined to  species 
level, 7 to  genus level and 11 to  group level (Table 4). Cladocerans, 
calanoid copepods and cyclopoid copepods were the most im portant 
groups w ith  4, 4 and 4 species respectively determined to  species level.

Table 4. MESOZOOPLANKTON SPECIES GENUS GROUP
Num ber o f observed C ladocerans 4 2 3
m esozooplankton species, C opepods 8 5 7
genera and groups in ballast 
w a te r samples (n = 17).

O th e r groups 0 0 1
Total 12 7 11

Concentrations o f cladocerans and calanoid and cyclopoid copepods 
were always low. The highest observed densities were recorded fo r 
copepod nauplii. All the  cladocerans were fresh w ater species, the 
calanoid copepods brackish and seawater species and the cyclopoid 
copepods fresh and seawater species. High frequencies o f occurrence 
(criterion 25%,  see also Appendix 5) were found fo r copepod nauplii, 
calanoid copepodites, the calanoid copepods Acartia  sp. (Figure 10)

MICROZOOPLANKTON SPECIES GENUS GROUP
D ino flage lla tes 22 2 6
Rotifers 8 12 1
O th e r groups 7 8 23
Total 37 22 30
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and Eurytemora a ffin is, cyclopoid copepodites, the cyclopoid copepod 
O ithona  sp. and harpacticoid copepods. Comparison w ith  the frame o f 
reference (see section 2.4) showed th a t all observed species, genera 
and groups were already known in Dutch waters.

Figure 10.
A calanoid copepod (Acartia  sp.) 
from  a ballast w a te r sample.

From the ballast w ater data sheets (see Appendix 1) and information 
received from  the ships' crews it was possible to  make a good estimate 
o f the age o f the ballast w ater o f the tanks sampled. Combined w ith 
the results o f the phytoplankton analyses the survival o f phytoplankton 
as a function o f the age o f the sampled ballast w ater was estimated. 
A fte r excluding the samples w ith  a mixed or unknown origin and 
samples w ith  inaccurate inform ation about age o f the ballast water, 22 
samples could be used fo r this purpose. By using these 22 samples, a 
significant (exponential) relation (y = 32 .197*e '0016*, R2 = 0.49, F = 
18.994, p = 0.000) between the number o f surviving phytoplankton 
species (y) and the age o f ballast w ater (x, in days), was found (Figure 
11). Using only the ‘w in te r’ data (O ctober - March, n = 11), no 
significant relationship was found between the number o f surviving 
phytoplankton species and the age o f ballast w ater (R2 = 0.02, F =
0.168, p = 0.691). However, using the ‘summ er’ data (April - 
September), a significant relationship was found again (y = 38.034* 
e 00189*, R2 = 0.68, F = 19.302, p = 0.002).
The same regression model can be used fo r the number o f surviving 
phytoplankton cells instead o f species. Using all the 22 samples no 
significant (exponential) relationship was found fo r the number o f 
surviving cells (y, in cells/l) and the age o f ballast w ater (x, in days) (y = 
85617 7 *e '00216*, R2 = 0.08, F = 1.802, p = 0.195). Using the 'w in te r' 
data (O ctober - M arch) also resulted in an insignificant relationship. 
However, again using the ‘summer' data (April - September), a 
significant relationship was again found (y = 3 *1 0 6e'0 0392*, R2 = 0.69, F 
= 20.190, p = 0.002) (Figure 12). According to  the statistical program 
SYSTAT, these data contain 2 serious outliers. Removing these outliers 
resulted in a more significant relationship (y = 4 * io 6e'00686>!, R2 = 0.93,
F = 95.635, p = 0.000).
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Figure 11.
Relationship between the 
num ber (y, cells/l) o f 
phytoplankton species found 
and the age (x, in days) o f the 
ballast water:
y = 32 .197 *e  0016x, R2 = 0.4871, 
F = 18.994, p = 0.000, n = 22.
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Figure 12.
Relationship between the 
num ber (y, m illion cells/l) of 
phytoplankton cells found  and 
the age (x, in days) o f the ballast 
water:
y = 3 .2 649 *e  0 0392x, R2 = 0.6917, 
F = 20.190, p = 0.002, n = 11.
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3.6 Plankton in port water

All the plankton species observed in port w ater samples are listed in 
Appendix 6. Also, in this species list a distinction is made between 
phytoplankton and microzooplankton. Mesozooplankton species were 
not found in the port w ater samples, very probably because o f the 
small sampled volume (1 litre). As w ith  the ballast w ater samples, a 
distinction was made in three d ifferent levels o f determ ination: species 
level, genus level and group level.

W ith  respect to  phytoplankton, we found on average 30 (range 12 to  
54) phytoplankton species, genera and groups per port w ater sample. 
From the phytoplankton in all port w ater samples, 72 species were 
determined to  species level, 42 to  genus level and 34 to  group level 
(Table 5). Diatoms (Bacillariophyceae) and autotrophic dinoflagellates 
(Dinophyceae), almost all brackish and sea w ater species, were the
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most abundant classes w ith  56 and 13 species respectively determined 
to  species level. M ost o f the green algae (Chlorophyceae), almost all 
fresh w ater species, could only be determined to  genus level (14).

Table 5.
Num ber o f observed 
phytoplankton species, genera 
and groups in po rt w a te r 
samples (n = 23).

PHYTOPLANKTON SPECIES GENUS GROUP
Diatom s 56 10 8
D inoflage lla tes 13 2 11
Green algae 0 14 1
Blue green algae 1 9 3
O th e r groups 2 7 11
Total 72 42 34

High cell numbers (criterion 105or more cells/l) were found fo r the 
diatoms Centrales, diameter < 10 pm, Chaetoceros socialis, 
Leptocylindrus m inim us, Pennales, w idth  <10 length < 50 pm, 
Skeletonema potamos, Skeletonema costatum, Skeletonema 
subsalsum, Stephanodiscus hantzschii, Thalassiosira sp. <30 pm and 
Chaetoceros deb ilis  and the autotrophic dinoflagellates Heterocapsa 
m in im a  cf, Peridiniaceae, diameter 10-30 pm, Dinophyceae and 
Gym nodinium , length 10-30 pm. In the remaining classes/groups (see 
Appendix 2), many species, genera and groups also occurred w ith  cell 
densities > 105 cells/l and, in many cases, even much higher densities 
were recorded. High frequencies o f occurrence (criterion 50%  or more, 
see also Appendix 2) were found fo r the diatoms Centrales, diameter < 
10 pm and Pennales, w id th  < 10 length < 50 pm and the autotrophic 
dinoflagellate G ym nodin ium , length 10-30 pm. W ith in  the remaining 
classes/groups, high frequencies o f occurrence (50%  or more) were 
found fo r the green algae Chlorophyceae, M onoraphid ium  sp. and 
Scenedesmus sp., Chrysomonadales 2-10 pm, Cryptophyceae < 10 and 
> 10 pm, the blue green algae Chroococcales, the euglenophycean 
Eutreptiella  sp., prasinophyceans and unidentifiable species < 3 and 3- 
10 pm. Also a few  toxic and potentially toxic phytoplankton species 
were found in port w ater samples (see Appendix 8).

W ith  respect to  m icrozooplankton, 17 species were determined to  
species level, 3 to  genus level and 12 to  group level (Table 6).

Table 6.
Num ber o f observed 
m icrozooplankton species, 
genera and groups in port 
w a te r samples (n = 23).

MICROZOOPLANKTON SPECIES GENUS GROUP
D inoflage lla tes 15 1 1
Ciliates 1 0 8
O th e r groups 1 2 3
Total 17 3 12

Heterotrophic dinoflagellates, almost all brackish and seawater species, 
formed the most abundant group, w ith  15 species determined to  
species level. Ciliates (naked ciliates and tin tinn ids) were only 
determined to  group level. High cell numbers (criterion 104 or more 
cells/l, see also Appendix 6) were found fo r the choano-flagellates 
(Craspedomonadaceae), the heterotrophic cryptophycean Leucocryptos 
sp., the heterotrophic dinoflagellates Ebria tripa rtita  and 
Protoperid in ium  sp. 30-50  pm, the ciliate M esodin ium  rubrum, 
heterotrophic micro-flagellates (Protomonadales) < 1 0  and > 10 pm, 
the testacean Paulinella  sp. and tin tinn  ids < 20 pm. High frequencies 
o f occurrence (criterion 25%  or more, see also Appendix 2) were found 
fo r ciliates < 20 and 20-40 pm, the heterotrophic dinoflagellate
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Katodin ium  glaucum, heterotrophic m icro-flagellates (Protomonadales) 
< 10 and > 1 0  pm and the tin tin n ids < 20 and 20-40 pm.

3.7 Incubation of ballast water

Alm ost all incubations o f ballast w ater in the d ifferent media used, 
including filtered port water, resulted in moderate to  good grow th o f 
phytoplankton. In only 3 culture flasks did no grow th occur. In general, 
and fo r all salinities used, g row th o f phytoplankton was faster at 20 °C 
than at 10 °C. Cultures were always fixed at a m om ent tha t they still 
looked visually healthy. A t 10 °C the cultures were fixed between 11 
and 22 days and at 20 °C between 7 and 12 days. In general, all 
phytoplankton species th a t were cultured at 10 °C and a given salinity, 
also occurred in the culture flasks at 20 °C at the same salinity. This 
was the case fo r all salinities used. Differences between the salinities 
used were much more pronounced. Because o f the very large similarity 
in temperature data w ith  respect to  the cultured species, a distinction 
w ill only be made between the d ifferent salinities used.

All plankton species tha t were cultured in all the media used, including 
filtered port water, are listed in Appendix 7. Also, in this species list a 
distinction was made between phytoplankton and microzooplankton. 
Mesozooplankton did not occur in the culture flasks. Again, three 
d ifferent levels o f determ ination were used: species level, genus level 
and group level. All cultured species reached concentrations th a t never 
occur in field situations (note th a t the concentrations in Appendix 7 are 
given in cells/l or organisms/l.

An overview o f cultured phytoplankton species is given in Table 7. 
W ith in  the phytoplankton, 48 species, 34 genera and 31 groups were 
distinguished. Diatoms (Bacillariophyceae) were the most abundant 
group w ith  at least 40 species. Also a number o f dinoflagellate species 
and green algae genera was found in the culture flasks.

Table 7.
Num ber o f cultured 
phytoplankton species, genera 
and groups in all media used, 
includ ing po rt w a te r (n = 220 
culture flasks).

PHYTOPLANKTON SPECIES GENUS GROUP
Diatom s 40 15 10
D inoflage lla tes 6 1 5
Green algae 0 12 2
Blue green algae 0 1 3
O th e r groups 2 6 11
Total 48 35 31

Concentrations o f more than one million cells/l were reached by the 
diatoms Centrales, diameter < 10 pm, Skeletonema costatum  and 
Skeletonema potamos  and unidentifiable species < 3 pm; 
concentrations between a half and one million cells/l were reached by 
the diatoms Chaetoceros sp., Delphineus m inutissim a, Pennales w ith  
w id th  < 1 0  and length < 50 pm, Skeletonema sp., Thalassiosira sp. < 
30 pm and the green algae M onoraph id ium  sp.

From the m icrozooplankton, mainly ciliates < 20 pm and heterotrophic 
flagellates were cultured (see Table 8).

Also a number o f potentia lly tox ic  species were cultured from  the 
ballastwater: the diatoms Pseudo-nitzschia sp., Pseudo-nitzschia 
delicatissima  and Pseudo-nitzschia delicatissima  cf, the blue green 
algae Plankto thrix  sp., the dinoflagellate Prorocentrum m in im um  and
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the prymnesian Chrysochromulina  sp. In Appendix 8 more information 
on potentia lly toxic species is given.

Table 8.
Num ber o f cultured 
m icrozooplankton species, 
genera and groups in all media 
used, includ ing po rt w ater 
(n = 220 culture flasks).

Appendix 7 also contains inform ation about the cultured 
phytoplankton species at d ifferent salinities. According to  the 
frequency figures, a number o f phytoplankton species (or better: 
groups) occur w ith in  the entire salinity range used. Examples are 
Centrales w ith  diameter < 1 0  pm, Chaetoceros sp., Cylindrotheca  
closterium , Pennales w ith  w id th  < 10 pm, Skeletonema costatum, 
Thalassiosira sp. < 30 pm, Chrysomonadales 2-10 pm and 
Cryptophyceae. M ost o f the cultured m icrozooplankton th a t occurred 
w ith in  the entire salinity range was formed by heterotrophic flagellates. 
A number o f cultured phytoplankton species had a preference fo r 
lower salinities and did not or almost not occur at the highest salinities: 
Skeletonema potamos, Chlamydomonas sp., Kirchneriella  sp., 
M onoraph id ium  sp. and Scenedesmus sp. N ot surprisingly, these are 
fresh and brackish w ater species. On the o ther hand, a number o f 
cultured phytoplankton species were not or almost not observed a t the 
lower salinities, but became more abundant at the higher salinities: 
Asterionella glacialis, D ytilum  b righ tw e llii, O donte lla  aurita, 
Rhizosolenia  species and Thalassionema nitzschioides, all brackish and 
seawater species.

To test the influence o f salinity on the grow th o f the ballast water 
species, the number o f cultured phytoplankton species (+ genera + 
groups) was plotted against the salinity difference experienced in the 
d ifferent culture media. Salinity difference is defined as the salinity o f 
the medium used minus the salinity o f the incubated ballast water.

A t any salinity difference a number o f phytoplankton species was 
grow ing. Incubation always led to  grow th o f approximately 5 - 1 5  
phytoplankton species in each culture flask. On average we found 8.4 
species per culture flask. Using all culture results from  the media w ith  
salinities from  0.3 to  30 psu and the port w ater (salinity range 0.3 -  
28.6 psu) incubation data results, a f i t  o f the second order polynomal 
relation y = -0.0059x2 - 0 .0464x + 10.074, R2 = 0.1728, n = 220 was 
found. In this relation, y is the number o f cultured phytoplankton 
species and x is the salinity difference as defined above. The salinity 
media d iffe r from  the port w ater media in a way tha t w ith in  the salinity 
media the only d ifferent variable is salinity, which is not the case w ith  
the port w ater media. By not using the port w ater incubation data, a 
better f it  (Figure 13) was found: y = -0.0067x2 - 0 .0429x + 10.247, R2 
= 0.2191, n = 192. Initially we also regressed the grow ing 
phytoplankton species against salinity difference as a percentage o f the 
species originally present in the ballast tanks. On average 30%  (range 
0 to  90% ) o f these species were grow ing  in the cultures. Also this f it  
was very poor (y = -0.0185x2 - 0 .3146x + 34.301, R2 = 0.1078, n = 
192). Because the statistical program Systat does not generate a 
probability fo r a polynomal relation, we have no inform ation on 
probability. In the model used, salinity difference only explains

MICROZOOPLANKTON SPECIES GENUS GROUP
Ciliates 0 0 2
D inoflage lla tes 1 0 0
O th e r groups 0 0 3
Total 1 0 5

Ballast water 28



Rijksinstituut voo r Kust en Zee/ RIKZ

approximately 20%  o f the variation found in the number o f cultured 
phytoplankton species.

Figure 13.
Num ber o f cultured 
phytoplankton species as a 
function  o f salinity difference 
(defined as the salinity o f the 
m edium used minus salinity o f 
ballast water): 
y = -0 .0067x2 -0.0429x +
+ 10.247, R2 = 0 .2191, n = 192.
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Growth was also always found in the cultured port w ater and port 
w ater incubated w ith  ballast water. However, not all species found in 
the port w ater samples, also grew in the cultures. M ost grow th, in 
terms o f species number and cell densities, occurred when salinities o f 
the ballast w ater and the port w ater were comparable. Also, in these 
cases, a number o f ballast w ater species th a t were not present in the 
port w ater sample, were grow ing  between the port w ater species. 
When fresh ballast w ater (salinity 0.3) was added to  port w ater w ith  a 
much higher salinity (21.0), all fresh w ater species like M onoraphid ium  
sp. and Scenedesmus sp. were not found to  be present in the cultures. 
On the contrarary, when seawater was incubated in fresh port water, 
most o f the seawater species did not grow.

Growth o f phytoplankton even occurred a fte r a less favourable 
prehistory fo r the phytoplankton. In one such case, a sample was taken 
in a heeling tank o f a three months old container ship, still strongly 
smelling o f its wall protective coating. Nevertheless, 7 living 
phytoplankton species, although w ith  low  concentrations, were found 
in and cultured from  the ballast w ater o f this tank. On another 
occasion, ballast w ater was sampled from  the aftpeak o f a bulk carrier. 
This w ater was taken up in the Mississippi and the age o f the ballast 
w ater was approximately 30 days. It was used as cooling-water fo r the 
propeller shaft. Nevertheless, the ballast w ater contained 30 
phytoplankton species and also ciliates and many o f the phytoplankton 
species also occurred in the cultures, especially fresh w ater species, fo r 
example green algae like Scenedesmus species (Figure 14).

3.8 Incubation of sediments

M ost g row th o f the tw o  incubated sediments occurred at a salinity 
level o f 15 psu. A t all salinities, especially small solitary diatoms 
(probably Thalassiosira sp., see Figure 15) were found. A t a salinity 
level o f 15 psu, many black thread-like structures tha t looked like fungi

Ballast water 29



Rijksinstituut voo r Kust en Zee/ RIKZ

Figure 14.
Green algae (Scenedesmus 
species), cultured trom  
ballast w a te r th a t was taken 
up in the Mississippi river 
and used as coo ling-w ater 
fo r  the propeller shaft.

also grew. A t a salinity level o f 5 psu, the cryptophycean Cryptomonas 
sp., the green algae Scenedesmus sp. and the diatom Navicula  sp. 
were also observed. A t least one nematode and a num ber o f ciliates 
were found a fte r incubation o f the sediments. The small solitary 
diatoms and the ciliates were not seen in the sediments before 
incubation.

Figure 15.
Small solitary diatoms (probably 
Thalassiosira sp.), cultured from  
a sedim ent sample.
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4 Discussion

4.1 Sampling, representativeness of ballast water samples

In general, sampling on board ships is not as easy as it is fo r example 
on the open sea. The main reason fo r this is tha t the ballast w ater in 
the tanks is not directly w ith in  reach and one has to  sample from  the 
ballast pump, through narrow sounding pipes or through manholes, 
a fte r a member o f the ships' crew has removed 20 -  30 bolts securing 
a manhole cover.

Currently there is no standard method fo r sampling ballast tanks using 
plankton nets, pumps or other devices (Hay et al., 1997). Furthermore, 
a weak point o f all sampling methods on board ships is th a t there is no 
m ethod th a t w ill sample each plankton taxon in a representative way, 
in terms o f sample size, species composition and numbers o f 
organisms. Besides that, it is not always possible to  use each method 
on each type o f ship.

The best results are obtained when sampling w ith  a plankton net 
through opened manholes is possible. The messy task o f removing the 
cover o f a manhole is not always possible because o f overlying cargo, 
strict interpretation o f safety regulations or lack o f personnel during 
busy port schedules (Gollasch, 1996). Depending on the type o f ballast 
tank, consolidation structures between the walls o f the tank and the 
am ount o f ballast w ater in the tank, it is usually possible to  sample part 
o f the w ater column. In this way a large volume o f w ater w ill be 
filtered. However, in most cases it is only possible to  sample the upper 
part o f the w ater column and part o f the larger phytoplankton m ight 
have been precipitated. Mesozooplankton (cladocerans and copepods), 
on the other hand, tend to  concentrate in this upper layer o f the ballast 
tank and are also attracted by light when a manhole cover is removed. 
Sampling via deck overflows has the same advantage th a t large 
amounts o f w ater can be filtered. This w ater originates from  the upper 
part o f the ballast tank from  which part o f the phytoplankton m ight 
have been precipitated, while the mesozooplankton w ill be more 
concentrated. Both methods have the advantage tha t the fast 
sw im m ing mesozooplankton w ill not escape when the plankton net is 
moved fast enough nor from  the very fast w ater flo w  through a deck 
overflow . Thus, sampling w ith  a plankton net through a manhole and 
sampling via deck overflows w ill result in a large sample volume, an 
underestimation o f larger phytoplankton and an overestimation o f the 
mesozooplankton abundance.

Sampling at one o f the ballast pumps resulted in half o f the samples 
(Table 1). In many cases, it was possible to  collect w ater from  a tap in 
line w ith  the ballast pump, which resulted in a flo w  th a t was large 
enough to  fill tw o  or more 25 litre drums. On the other hand, when 
sampling was done afte r removing the manometer it was much more 
tim e consuming to  fill the drums. In general, the w ater flo w  is too  small 
to  sample the fast sw im m ing mesozooplankton in a quantitative way. 
Because in both cases the sampled w ater originates from  the lower part 
o f the ballast tank, there is a real possibility tha t larger phytoplankton 
cells w ill be overestimated and th a t mesozooplankton w ill be
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underestimated fo r the same reasons as mentioned above. However, in 
all ballast pump samples small phytoplankton species were also found.

Sampling through sounding pipes also w ill result in an overestimation 
o f the larger precipitated phytoplankton and an underestimation o f 
mesozooplankton. M oreover, the small w ater flo w  when sampling 
through sounding pipes w ill result in a relative small am ount o f water.

Half o f our samples were ballast pump samples, in which the larger 
phytoplankton m ight be overestimated and mesozooplankton m ight be 
underestimated. One th ird  o f our samples came from  opened 
manholes and deck overflows w ith  possible opposite effects. W e did 
not use more than one method in a ballast tank, so it is speculative to  
try  to  quantify the representativeness o f our samples. Given the large 
number o f observed phytoplankton species (see section 4.2) and the 
rather high concentrations, collected w ith  all methods, it seems likely 
th a t the sampled phytoplankton reasonably reflect the composition and 
concentrations in the sampled ballast tanks. W ith  respect to  the larger 
Zooplankton, the num ber o f species in the sampled tank w ill also be 
sampled but the number o f organisms/l w ill probably be 
overestimated.

4.2 Plankton organisms in ballast water and port water

Before looking at the observed plankton species in the sampled ballast 
water, it is good to  realize th a t fo r many species it is uncertain w hether 
or not they are native, because o f a lack o f historical documentation. 
These are the so-called cryptogenic species. Carlton (1996b) defined a 
cryptogenic species as "a  species tha t is not demonstrably native or 
introduced". An introduced species then is defined as "any species 
intentionally or accidentally transported and released by humans into 
an environm ent outside its present range (From: Code o f Practice o f 
the International Council fo r the Exploration o f the Sea (ICES), W orking 
Group on Introductions and Transfers o f M arine Organisms 
W G ITM O ). In this report, species fo r which historical evidence exists 
from  the references mentioned in section 2.4, w ill be considered as 
native. Species not recorded in these references very probably are 
introduced or overlooked species.

A large number o f plankton species was found in the analysed ballast 
w ater samples. Confining ourselves to  the species tha t could be 
determined to  species level, we found 122 phytoplankton species (a.o. 
85 diatom and 28 autotrophic dinoflagellate species), 37 
microzooplankton species (mainly heterotrophic dinoflagellates and 
rotifers) and 12 mesozooplankton species (mainly cladocerans and 
copepods), see Tables 2, 3 and 4 and Appendix 5. O ur figures are 
conservative estimates, because only the real species were counted. 
Should we also count the species tha t were determined to  genus level 
and o f which genus no other species are determined to  species level 
than the number o f phytoplankton, m icrozooplankton and 
mesozooplankton species would end up being 162, 53 and 16 species 
respectively. U ltimately, the number would be a little higher if we were 
also to  take into account the inform ation o f the recognized 
phytoplankton and Zooplankton groups. All observed species (w ith  the 
exception o f three marine dinoflagellate species, see later) are known 
to  occur in Dutch fresh, brackish or marine waters. Also in other 
shipping studies, fo r example Carlton &  Geller (1993) and Gollasch et 
al. (2001) a predominance o f diatoms and dinoflagellates w ith in  the
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phytoplankton was found. Cohen (1998, Table 5) summarized the 
literature regarding the number o f organisms (also conservatively 
counted) collected in ballast tanks and found a range o f 18 to  136 
phytoplankton species (data from  5 to  159 sampled ships), probably 
also including heterotrophic dinoflagellates, which we have placed in 
the category m icrozooplankton. On average, we found 28 
phytoplankton species, genera and groups per tank w ith  a range from  
0 to  59 (note th a t we excluded the species rich group o f heterotrophic 
dinoflagellates from  these counts). In a recent study even 145 d ifferent 
phytoplankton morphospecies, 132 o f which were diatom species, 
were found in one ship (M cCarthy &  Crowder, 2000). In the above 
mentioned overview, the number o f m icrozooplankton species ranges 
from  3 to  55 species, but the number o f mesozooplankton species is 
larger (because o f summarized data, a precise range estimate cannot 
be given). The reason fo r the large number o f phytoplankton and 
microzooplankton species we found is th a t most o f our sampled ballast 
w ater originated from  nearby locations around the North Sea, leading 
to  a short residence tim e in the ballast tanks and thus contributing to  a 
high rate o f survival. This is clearly shown in Figure 11, illustrating tha t 
the number o f organisms found in ballast tanks is decreases w ith  
increasing age o f the ballast water.

The phytoplankton and microzooplankton concentrations we found in 
the ballast w ater samples are comparable w ith  concentrations known 
from  the Dutch plankton m onitoring programme. M oreover, w ith  
respect to  diatoms and dinoflagellates we found higher concentrations 
than in the summarized data reported by Cohen (1998, Table 6). 
Again, the rather short age o f the sampled ballast water, resulting in a 
high survival rate, must have contributed to  high concentrations o f 
surviving phytoplankton and m icrozooplankton. This is illustrated in 
Figure 12.

The potential o f ballast w ater to  introduce phytoplankton species 
outside the ir native range was firstly suggested by Ostenfeld (1908) 
a fter a phytoplankton bloom o f O donte lla  sinensis was found in the 
Danish part o f the North Sea in 1903. In 1905 O donte lla  sinensis also 
occurred in samples from  Dutch marine waters (Ostenfeld, 1908). 
Nowadays, O donte lla  sinensis is a common diatom species in the 
North Sea and also in Dutch coastal waters. W e found only three non­
native (armoured) dinoflagellate species in the ballast w ater samples 
we analysed:
C orythodinium  tesselatum
This dinoflagellate arrived in ballast w ater (9 cells/l) taken on in 
Piombino, Italy. C orythodinium  tesselatum  is a species from  warm 
temperate to  tropical waters and most records are from  the Atlantic 
Ocean (Steidinger &  Tangen, 1997).
O xytoxum  scolopax
This dinoflagellate was found in a tank (264 cells/l), taken on between 
the Azores and the Channel. O xytoxum  scolopax is a dinoflagellate 
from  warm temperate to  tropical waters, but more typical o f the 
A tlantic Ocean (Steidinger &  Tangen, 1997).
Perid iniella catenata
This chain fo rm ing  dinoflagellate was found in ballast w ater (1170 
cells/l) taken on in Vaasa, Finland. Perid iniella catenata is a brackish 
cold w ater species tha t can form  blooms (Steidinger &  Tangen, 1997).

Toxic phytoplankton pose a serious threat to  human health and natural 
and cultivated shellfish and fish resources. For tha t reason there is a lot
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o f concern about the possibility o f the w orld-w ide  transport o f toxic 
phytoplankton species in ballast w ater (and sediments) from  one place 
to  another. Indeed, the transport o f toxic dinoflagellates from  Asia to  
Australia has been reported by Hallegraeff &  Bolch (1991). In this 
shipping study a number o f toxic and potentia lly tox ic  phytoplankton 
species were found in the ballast w ater samples. An overview o f and 
inform ation on these species is given in Appendix 8. All the observed 
toxic and potentia lly toxic species are known to  occur in Dutch fresh, 
brackish and marine waters. Depending on the species, the frequency 
o f occurrence varied between 3 and 19% o f the analysed ballast w ater 
samples (Appendix 8). Toxic and potentia lly tox ic  species were found in 
all types o f ship and in ballast w ater from  all continents. O f these 
species, the marine dinoflagellate Dinophysis acuminata  causes 
Diarrheic Shellfish Poisoning in humans and resulted in the closure o f 
the shellfish fisheries in the W adden Sea and Oosterschelde (Kat,
1983). A number o f observed potentia lly tox ic  blue greens 
(Aphanizomenon  sp. and M icrocystis  sp.) are responsible almost 
annually fo r closure o f small fresh w ater bodies to  recreation.

In the port w ater samples analysed, we found 72 phytoplankton 
species (o f which 56 were diatom and 13 were autotrophic 
dinoflagellate species) and 17 m icrozooplankton species (o f which 15 
were heterotrophic dinoflagellate species) (see Tables 5 and 6 and 
Appendix 6). As w ith  the ballast w ater samples, the species were 
counted in a conservative way. On average we found 30 
phytoplankton species, genera and groups per port sample w ith  a 
range from  12 to  54 (note tha t we excluded the species rich group o f 
heterotrophic dinoflagellates from  these counts), very often w ith  high 
densities. This high species richness and the high cell densities were not 
expected and were contrary to  w ha t is mostly believed to  be the case 
fo r Dutch port water. Also very striking is the great sim ilarity in ballast 
w ater and port w ater species w ith  a frequency o f occurrence > 40% . 
Also a number o f toxic and potentia lly toxic phytoplankton species 
were found in the port w ater samples; these are described in Appendix 
8 .

4.3 Survival of p lankton organisms

Several studies have reported dramatic declines in the diversity and 
number o f plankton organisms at increasing duration o f the voyage, 
i.e. w ith  the age o f ballast water. The results have been summarized by 
Cohen (1998, Table 7), leading to  the conclusion that, even w ith  large 
declines, considerable diversity and substantial numbers o f living 
organisms may remain in ballast tanks a fter voyages o f 10-20 days. 
Similar results were also reported by Gollasch et al. (2000). O ur results, 
shown in Figures 11 and 12, are in line w ith  these conclusions. Because 
most o f our ballast w ater samples originated from  European ports, 
leading to  short voyage times, this also explains the large number o f 
plankton species and cell numbers found in these samples.

A limited number o f studies on the survival o f organisms afte r transport 
in ballast tanks has been carried out. The highest survival probability is 
expected to  occur a fter the transport o f organisms if there are 
comparable circumstances w ith  respect to  the origin and discharge 
areas. Im portant factors tha t determ ine the chance o f survival are 
climate (Gollasch, 1996) and salinity (Carlton, 1985). Because the 
m ajority o f our samples originated from  European ports, the climate
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factor w ill not be present in our results to  any great extent. Salinity, 
therefore, is then o f more importance.

The survival probability o f organisms w ith  respect to  the salinities o f 
the uptake and discharge areas is depicted in Table 9. Because most o f 
our port w ater is brackish (see Figure 8), there is medium risk w ith  
respect to  organisms from  discharged fresh w ater and high risks fo r 
discharged brackish and seawater.

Table 9.
Survival p robability  o f 
im ported
species by comparison o f the 
salinities o f the uptake region 
and the receiving region (after 
Gollasch, 1996).

Remarkably little research has been done to  test the survival o f ballast 
w ater organisms in receiving waters o f other salinities. In most cases, 
research was done to  the survival o f discharged Zooplankton and 
zoobenthos, fo r example settling o f bivalve, crustacean, polychaete 
and ascidian larvae by Chu et al. (1997) and survival in port sediments 
o f bivalves, crustaceans and polychaetes by Smith et al. (1999).

W e tested the survival o f plankton by culturing ballast w ater in media 
w ith  d ifferent temperatures (10 and 20 °C) and salinities (range 0.3 to  
30 psu, including filtered port water). In all culture flasks, there was a 
good phytoplankton g row th, also in the filtered port water, at least 
indicating th a t the port w ater samples contained enough nutrients to  
support phytoplankton grow th. This is confirmed by the high nutrient 
concentrations found in the port w ater samples (Appendix 9). All these 
concentrations do not lim it phytoplankton grow th when compared 
w ith  the half-saturation constants fo r nutrient uptake by natural 
phytoplankton populations as cited from  literature by Fisher et al. 
(1988).

Temperature only led to  a difference in grow th rate o f the 
phytoplankton, not in species diversity. A fte r all, this is not all to  
surprising because many phytoplankton have a large temperature 
tolerance range, especially diatoms (Baars, 1979) and the majority o f 
the ballast w ater (Table 2) and cultured (Table 7) species were diatoms.

The culturing o f ballastwater showed tha t many phytoplankton species 
also have a large salinity tolerance range, grow ing at salinities between 
5 and 30 psu. Besides that, there were also species found th a t restrict 
the ir salinity tolerance range to  fresh and brackish w ater values or to  
brackish and seawater values. In any case, a large number o f species 
and cells survived in each culture flask. In only a few  cases were 
potentia lly tox ic  phytoplankton species cultured th a t were also present 
in the ballast w ater samples. W e did not manage to  culture the toxic 
dinoflagellates tha t were found in the ballast w ater samples, but it is 
known tha t culturing o f dinoflagellates is d ifficu lt. The m ajority o f 
cultured species were harmless species already present in the ballast 
water. The difference in salinity between ballast w ater and culture 
medium could only explain 20%  o f the variation found in the number 
o f cultured phytoplankton species.

Uptake region Uptake region Uptake region
Discharae reaion Fresh water Brackish water Seawater
Fresh water high medium low
Brackish water medium high high
Seawater low high high
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From each ballast tank investigated, we analysed only a small fraction 
o f the w ater in th a t tank. Each ship has approximately 10 to  40 ballast 
tanks (Appendix 3), which are partly or completely filled. Because we 
sampled 1 to  3 tanks per ship, we sampled only a small fraction o f the 
ballast w ater on board th a t ship. The number o f ships boarded was 30. 
The to ta l number o f ships entering the ports o f Rotterdam and 
Amsterdam each year is approximately 27000, and 9000 respectively 
(AquaSense, 1998). The conclusion can only be tha t enormous 
amounts o f plankton are continuously being introduced when ballast 
w ater is discharged into Dutch surface and port waters. Probably this is 
also the reason tha t we found a great sim ilarity in phytoplankton 
species in ballast w ater and port w ater samples. In any case, the 
number o f phytoplankton species found in Dutch ports was 
unexpectedly high.

Non-native, tox ic  and potentially toxic species are a potential th reat to  
existing ecosystems. For the Dutch situation, the th reat seems the 
greatest when non-native or toxic species are released in, fo r example, 
the port o f Rotterdam and are then transported by the river flow , 
residual currents or secondary uptake, to  areas o f shellfish culture. The 
chance th a t non-native species w ill survive seems smaller than the 
chance o f survival o f tox ic  species. All toxic species th a t we found in 
the ballast w ater samples, are known from  Dutch waters. Because the 
am ount o f w ater analysed was small, we m ight have missed non­
native, toxic or potentially toxic species.

The risks o f these introduced non-native, toxic and potentia lly toxic 
phytoplankton species arise especially from  the regularity and large 
amounts w ith  which ballast w ater is discharged. Unwanted 
phytoplankton species thus discharged, then have a great chance o f 
interfacing w ith  specific abiotic conditions (Carlton, 1996c) such as, fo r 
example, a great river run -o ff w ith  large amounts o f nutrients, tha t 
may favour these unwanted species. Thus, ballast w ater discharged in 
Dutch ports, is certainly not free from  risks, such as, fo r example, the 
grow th o f non-native, toxic or potentially toxic phytoplankton species.
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5 Conclusions

M ost o f the ballast w ater in ships arriving in Dutch ports was taken up 
in ports around the North Sea. As a consequence o f the short voyage 
tim e o f these ships, a large number o f plankton species and cells 
survived in the ballast tanks, and were found in the ballast water 
samples analysed. O nly three non-native phytoplankton species, 
armoured dinoflagellates, were found in the ballast w ater samples 
analysed. All other observed plankton species are known to  occur in 
Dutch fresh, brackish and seawater. Also, a number o f tox ic  and 
potentia lly tox ic  phytoplankton species were found in all ship types, 
not only in ballast w atertaken  up in North Sea ports and estuaries, but 
also in ballast w ater from  other continents, in fresh as well as in 
brackish and seawater.

The survival o f ballast w ater species a fter discharge was tested at tw o  
temperatures in media w ith  d ifferent salinities and in port water. A t 
both temperatures used, the results were very similar. A significant 
relationship between the number o f species grow ing  and the difference 
in salinity (the salinity o f the medium used minus the salinity o f the 
ballast water) was not found, very probably because o f the large 
salinity tolerance range o f phytoplankton. Nevertheless, 5 to  20 
species, including a few  toxic and potentia lly tox ic  species, were always 
grow ing  in the culture media and the port w ater media used. This 
means tha t at least a part o f the plankton w ill g row  fu rthe r in surface 
and port waters a fter being discharged. This m ight also be the 
explanation fo r the large sim ilarity between ballast w ater species and 
port w ater species.

In the relatively small am ount o f ballast w ater investigated, we found a 
large number o f living plankton species, in terms o f species diversity 
and cell numbers, including a few  non-native and a number o f toxic 
and potentia lly tox ic  species. W e sampled only a very small fraction o f 
ballast w ater on board each ship. Extrapolating our results to  the scale 
w ith  which ballast w ater is discharged in Dutch surface and port 
waters, we may assume th a t unwanted non-native, toxic and 
potentia lly tox ic  species are released in large numbers into these 
waters. The risks associated w ith  the introduction o f non-native, toxic 
and potentia lly tox ic  phytoplankton species arise especially from  the 
regularity and large amounts w ith  which ballast w ater is discharged. 
Unwanted phytoplankton species thus discharged, then have a great 
chance o f interfacing w ith  specific abiotic conditions such as, fo r 
example, a great river run -o ff w ith  high levels o f nutrients, th a t may 
favour these unwanted species. Thus, ballast w ater discharged in Dutch 
ports, is certainly not free from  risks, such as, fo r example, the growth 
o f non-native, toxic or potentia lly toxic phytoplankton species.
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Appendix 1.
Sample data sheet.

BALLAST WATER DATA SHEET

Date  / ........./  2 0 ...

Vessel information

Vessel nam e

Vesseltype

T onnage BRT /  Dead W e ig h t / . . .

Year o f de live ry

A rriva l po rt A m s te rd a m /R o tte rd a m /..............

A rriva l d a te /tim e

D epartu re  d a te /tim e

Last v is ited p o rt Departure date/time:
Last p o rt b u t one Departure date/time:
N ext port:

NOTES:

Ballast water information

N u m be r o f BW  tanks

T ota l BW  on board m 3 /  ton

T ota l BW  capacity m3 /  ton

Last p o rt BW  up take

Last p o rt b u t one BW  uptake

D eba llas ting  here: Y /  N

earlier: Y /  N w here :

later: Y /  N w here :

NOTES:

Ballast water 4 5



Rijksinstituut voo r Kust en Zee/ RIKZ

Ballast water 46



Rijksinstituut voo r Kust en Zee/ RIKZ

Appendix 2.
O verview  o f ports visited and ships sampled.

SHIP NR DATE PORT SHIP TYPE
1 0 3 -1 1 -9 8 R otte rdam , Y V C -w e rf/B o ln e s Chem ical tanke r

2 1 7 -0 3 -9 9 V liss ingen -O ost, B ijleveldhaven M u lti-p u rp o s e

3 2 9 -0 3 -9 9 V liss ingen -O ost, B ijleveldhaven M u lti-p u rp o s e

4 2 8 -0 4 -9 9 R otte rdam , Botlekhaven Chem ical tanke r

5 0 1 -1 1 -9 9 R otte rdam , Beatrixhaven C o n ta ine r sh ip(1)

6 0 1 -1 1 -9 9 R otte rdam , Beatrixhaven C o n ta ine r sh ip(1)

7 1 2 -1 1 -9 9 R otte rdam , Beatrixhaven C o n ta ine r sh ip(1)

8 0 9 -1 2 -9 9 R otte rdam , Europahaven C o n ta ine r sh ip(2)

9 2 3 -1 2 -9 9 R otte rdam , Europahaven C o n ta ine r sh ip(2)

10 0 7 -0 1 -0 0 R otte rdam , Europahaven C o n ta ine r sh ip(2)

11 1 9 -0 1 -0 0 R otte rdam , Europahaven C o n ta ine r sh ip(2)

12 2 8 -0 1 -0 0 R otte rdam , Europahaven C o n ta ine r sh ip(2)

13 1 3 -0 4 -0 0 R otte rdam , Europahaven C o n ta ine r sh ip(2)

14 1 4 -0 4 -0 0 R otte rdam , Europahaven C o n ta ine r sh ip(2)

15 1 9 -0 4 -0 0 R otte rdam , Europahaven C o n ta ine r sh ip(2)

16 1 9 -0 4 -0 0 R otte rdam , Europahaven C o n ta ine r sh ip(2)

17 1 6 -0 5 -0 0 A m sterdam , Suezhaven M u lti-p u rp o s e

18 3 1 -0 7 -0 0 V liss ingen -O ost, Handelskade M u lti-p u rp o s e

19 0 2 -0 8 -0 0 IJm uiden, Buitenkade3 Bulk carrier

20 0 7 -0 8 -0 0 IJm uiden, Buitenkade3 Bulk carrier

21 2 9 -0 8 -0 0 R otte rdam , Eerste Petro leum haven Chem ical tanke r

22 3 0 -0 8 -0 0 IJm uiden, Buitenkade3 Bulk carrier

23 1 1 -0 9 -0 0 IJm uiden, Buitenkade3 Bulk carrier

24 1 3 -0 9 -0 0 R otte rdam , W aalhaven M u lti-p u rp o s e

25 2 1 -0 9 -0 0 R otte rdam , B rittann iëhaven M u lti-p u rp o s e

26 0 6 -1 0 -0 0 R otte rdam , W a a lh a v e n /W e rf v /d  Brink Chem ical tanke r

27 1 7 -1 0 -0 0 V liss ingen -O ost, Handelskade M u lti-p u rp o s e

28 2 4 -1 0 -0 0 R otte rdam , W aalhaven M u lti-p u rp o s e

29 1 1 -1 1 -0 0 D ordrech t, Julianahaven Chem ical tanke r

30 1 6 -1 1 -0 0 A m sterdam , Shipdock M u lti-p u rp o s e

(1) Short sea.
(2) Transoceanic.
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Appendix 3.
O verview  o f ship and ballast w ater (BW) data. Ship types arranged according to  increasing Gross 
Registered Tonnage. YEAR = year o f delivery.

SHIP NR SHIP TYPE YEAR TONNAGE TONNAGE NUMBER OF BW CAPACITY BW ON BOARD
(BRT)(3) (DWTX4) BW TANKS (m3)(5) (m3)(5)

6 C o n ta ine r ship(1) 1995 2699 3950 10 2121 64 7

7 C o n ta ine r ship(1) 1995 2699 3950 10 2121 U n kno w n

5 C o n ta ine r ship(1) 1996 2 9 06 3500 10 2 1 4 4 1292

15 C o n ta ine r ship(2) 1982 2 1 5 8 6 2 1 3 7 0 21 6511 U n kno w n

13 C o n ta ine r ship(2) 1995 4 5 6 4 8 47171 19 18695 8172

16 C o n ta ine r ship(2) 1984 4 5 6 4 8 58 86 9 41 19150 11906

8 C o n ta ine r ship(2) 1990 52181 6 0 35 0 29 2 2 12 5 8313

9 C o n ta ine r ship(2) 1991 52181 6 0 35 0 28 2 1 5 8 6 10000

12 C o n ta ine r ship(2) 1989 52191 60 63 9 43 2 2 1 7 8 10052

14 C o n ta ine r ship(2) 1989 52191 60 63 9 43 2 2 1 7 8 U n kno w n

10 C o n ta ine r ship(2) 1997 8 1 48 8 9 0 4 5 6 20 2 9 7 3 8 10180

11 C o n ta ine r ship(2) 1999 9 1 5 5 0 104750 24 35043 8 3 54

17 M u lti-p u rp o s e 1995 2561 3326 18 1489 871

28 M u lti-p u rp o s e 1981 4281 74 36 12 1530 26 0

18 M u lti-p u rp o s e 1984 4983 8038 14 1897 650

3 M u lti-p u rp o s e 1990 7949 12239 16 3 9 1 8 1500

30 M u lti-p u rp o s e 1989 7949 12239 16 3 9 18 92 0

2 M u lti-p u rp o s e 1994 8448 12730 16 4141 3 1 10

27 M u lti-p u rp o s e 1994 8448 12730 16 4141 1600

24 M u lti-p u rp o s e 1997 10990 15634 23 6045 3250

25 M u lti-p u rp o s e 1997 10990 15634 23 6 7 00 20 0

1 Chem ical tan ke r 1996 3419 4442 8 2443 53 8

4 Chem ical tan ke r 1989 3693 50 98 10 2 4 5 0 40 0

26 Chem ical tan ke r 1989 4 2 97 6259 13 2 9 99 2999

29 Chem ical tan ke r 1991 4 2 97 6258 13 2 9 99 1481

21 Chem ical tan ke r 20 00 4 6 70 6414 11 3242 50 0

22 Bulk carrier 1983 16694 26 60 5 16 7 8 5 7 6532

20 Bulk carrier 1985 16697 2 6 6 9 6 17 13431 7800

19 Bulk carrier 1985 16705 2 6 6 7 8 24 13426 7670

23 Bulk carrier 20 00 2 1 3 8 7 3 4 94 7 14 11087 11100

(1) Short sea.
(2) Transoceanic.
(3) GRT (Gross Registered Tonnage) is the estimated maximum ship's carrying capacity, as it is derived 
from  the to ta l volume o f enclosed spaces which are available fo r cargo, stores, crew, passengers etc. 
w ith in  the hull and superstructure.
(4) DW T (Dead W eigh t Tonnage, at summer draught) is the w eight in metric tonnes (1000 kg) o f 
cargo, stores, fuel, crew and passengers carried by a ship when loaded to  the maximum level.
(5) Figures in Italics: values originally given as tonnes and transformed to  m3 by assuming a density o f 
1.025.
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Appendix 4.
Sampled ballast tanks and origin o f the sampled ballast water.

SAMPLE VESSEL TANK O R IG IN 1 O R IG IN 2 O R IG IN 3 O R IG IN 4
NR NR NR
1 1 WB-1C Schelde(Doel)
2 2 DB6SB Tauranga
3 3 DB5SB Melbourne
4 4 WBSB2A Antwerpen(80%) Tees(20%)
5 4 PS2A Antwerpen(80%) Tees(20%)
6 5 Tan k2 0+21 Humber(Hull)
7 6 Tank10+11 Theems(Tilbury)
8 7 Unknown Theems(Tilbury)
9 8 Unknownl Charleston(300t) Le Flavre(200t)
10 8 Unknown2 Charleston(300t) New York(200t)
11 9 WB3-4P Bremerhaven
12 10 WBTK2-3P Felixstowe
13 10 WBTU12-13P Algeciras(700t) Felixstowe(50t)
14 11 WT14-15P Unknown
15 12 DBTK5-6P N. Pacific(200m3) New York(20m3) Felixstowe(147m3)
16 13 Forepeak Jacksonville
17 14 DBTK1-2 Oceanic1(312m3) Oceanic2(187m3) Le Flavre(500m3) Bremerhaven(140m3)
18 14 DBTK5-6 New York(200m3) Le Flavre(167m3)
19 15 Forepeak Unknown
20 16 WT7PS Le Flavre
21 17 DB Vaasa
22 18 DB2B Kaap Verdische Eilanden
23 19 Tank4 Esbjerg
24 20 Tank4+5 Liverpool(?m3) Kanaal(?m3)
25 20 Aftpeak Mississippi(Baton Rouge)
26 21 WB2S Fluelva
27 21 WB1 Kanaal
28 22 Tank3PS Bremen
29 23 Aftpeak St. Lawrence(Montreal)
30 24 DB3S Oceaan (Brazil ie)
31 25 WTTS2SB Oceaan(Azoren-Kanaal)
32 26 Tank9C Antwerpen
33 27 WBST2BB Baai van Tokyo(Funabashi)
34 28 Tank4 Kanaal, western approach
35 29 Tank6 Botlek(Rotterdam)
36 30 Forepeak Gent
37 30 WBT5 Piombino
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Appendix 5.
Phytoplankton and Zooplankton species observed in ballast w ater samples, arranged alphabetically; 
phytoplankton samples: n = 37, Zooplankton samples: n = 19. M IN , M AX = m inimum, maximum 
observed cells/l or organisms/1; FREQUENCY = frequency o f occurrence. Non-native species are marked 
yellow; toxic and potentia lly tox ic  species are marked grey.

PHYTOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

Baci lar ophyceae A ctinocyc lus no rm an ii 6 1073 22
Baci lar ophyceae A ctinocyc lus octonarius 10 1124 8
Baci lar ophyceae A ctinocyc lus sp 9 9 3
Baci lar ophyceae A c tin o p tych u s  senarius 1 3754 53
Baci lar ophyceae A c tin o p tych u s  splendens 9 9 3
Baci lar ophyceae A m p h o ra  sp 6 9 6
Baci lar ophyceae A ste rione lla  fo rm osa 3 3131 19
Baci lar ophyceae A ste rione lla  glacialis 1687 1687 3
Baci lar ophyceae A ste rione lla  kariana 42 63 6
Baci lar ophyceae Aulacoseira g ranu la ta 29 60 11
Baci lar ophyceae Aulacoseira muzzanensis 16310 16 31 0 3
Baci lar ophyceae Aulacoseira sp 31 32 62 0 19
Baci lar ophyceae Bacillaria pax illife r 9 9 3
Baci lar ophyceae Bellerochea malleus 51 51 3
Baci lar ophyceae Brockm annie lla  brockm ann ii 77 37 99 0 11
Baci lar ophyceae Cam pylodiscus sp 6 6 3
Baci lar ophyceae Centrales, d iam e te r < 10 pm 12 5 3 0 8 1 8 9 78
Baci lar ophyceae Centrales, d iam e te r 1 0 -3 0  pm 6 32 61 9 78
Baci lar ophyceae Centrales, d iam e te r 3 0 -5 0  pm 10 160 22
Baci lar ophyceae Centrales, d iam e te r > 50  pm 5 5 3
Baci lar ophyceae C eratau lina pelagica 14 296 6
Baci lar ophyceae Chaetoceros a ffin is 26 26 3
Baci lar ophyceae Chaetoceros danicus 5 40 6
Baci lar ophyceae Chaetoceros debilis 18 3161 19
Baci lar ophyceae Chaetoceros decip iens 125 125 3
Baci lar ophyceae Chaetoceros d idym us 3 133 8
Baci lar ophyceae Chaetoceros sim ilis 6332 6332 3
Baci lar ophyceae Chaetoceros socialis 8 41 97 17
Baci lar ophyceae Chaetoceros sp 2 4 7 7 9 7 39
Baci lar ophyceae Chaetoceros subtilis 20 101972 14
Baci lar ophyceae Chaetoceros teres 16 16 3
Baci lar ophyceae Coscinodiscus com m uta tus 2 115 6
Baci lar ophyceae Coscinodiscus rad ia tus 5 281 8
Baci lar ophyceae Cyclostephanos dubius 1856 1856 3
Baci lar ophyceae C yclote lla  m enegh in iana 6 1623 14
Baci lar ophyceae C yclote lla  sp 3 9297 17
Baci lar ophyceae C y lind ro theca  closterium 2 1858 47
Baci lar ophyceae C ym a top leura  solea 5 5 6
Baci lar ophyceae Cym atosira  belg ica 4641 4641 3
Baci lar ophyceae Delphineis m inutiss im a 83 18995 17
Baci lar ophyceae Delphineis surirella 166 166 3
Baci lar ophyceae D e tonu la  pum ila 10 34 6
Baci lar ophyceae D ia tom a tenuis 8 1547 19
Baci lar ophyceae D ity lum  b rig h tw e llii 2 562 42
Baci lar ophyceae Eucampia zodiacus 97 763 8
Baci lar ophyceae E unotog ram m a dub ium 9 9282 11
Baci lar ophyceae Fragilaria crotonensis 54 54 3
Baci lar ophyceae Fragilaria sp 836 7 2 2 2 6 8
Baci lar ophyceae Fragilaria ulna 5 12 6
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PHYTOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

Bacil ar ophyceae Fragilaria u lna var acus 29 147 6
Bacil ar ophyceae G uinard ia  flaccida 1 1 3
Bacil ar ophyceae G yrosigm a sp 2 281 8
Bacil ar ophyceae Haslea sp 56 40 208 276 6
Bacil ar ophyceae Leptocy lind rus danicus 370 3361 8
Bacil ar ophyceae Leptocy lind rus m editerraneus 6332 6332 3
Bacil ar ophyceae Leptocy lind rus m in im us 3 9295 11
Bacil ar ophyceae L ithodesm ium  un du la tu m 4 567 11
Bacil ar ophyceae M elos ira  num m ulo ides 4 556 6
Bacil ar ophyceae M elos ira  sp 2 300 8
Bacil ar ophyceae M elos ira  varians 20 40 8
Bacil ar ophyceae M in u to ce llu s  scriptus 15240 15 24 0 3
Bacil ar ophyceae Navicula sp 56 4951 17
Bacil ar ophyceae N itzschia coarcta ta 248 3218 6
Bacil ar ophyceae N itzschia sigm a cf 13707 13 70 7 3
Bacil ar ophyceae N itzschia sp 102 13 70 7 19
Bacil ar ophyceae O d o n te lla  au rita 34 1439 25
Bacil ar ophyceae O d o n te lla  au rita  var. m in im a 562 586 6
Bacil ar ophyceae O d o n te lla  m obiliensis 277 277 3
Bacil ar ophyceae O d o n te lla  regia 7 281 6
Bacil ar ophyceae O d o n te lla  rhom bus 10 281 6
Bacil ar ophyceae O d o n te lla  sinensis 4 25 17
Bacil ar ophyceae Paralia m arina 7 1935 68 39
Bacil ar ophyceae Pennales 1535 12 71 8 6
Bacil ar ophyceae Pennales, w id th  < 1 0  leng th  < 50 pm 44 5 0 5 3 0 64
Bacil ar ophyceae Pennales, w id th  < 1 0  leng th  > 50 pm 3 6435 31
Bacil ar ophyceae Pennales, w id th  > 1 0  leng th  > 50 pm 5 50 11
Bacil ar ophyceae P lagiogram m opsis vanheurckii 126 3105 14
Bacil ar ophyceae Pleurosigm a sp 1 254 14
Bacil ar ophyceae Podosira ste lliger 5 65 11
Bacil ar ophyceae Pseudo-nitzsch ia sp 60 3218 14
Bacil ar ophyceae Pseudo-nitzschia delicatissim a 2 2 3
Bacil ar ophyceae Pseudo-nitzschia de licatissim a cf 45 6310 8
Bacil ar ophyceae Pseudo-nitzschia fra u d u le n ta 41 41 3
Bacil ar ophyceae Pseudo-nitzsch ia pungens cf 3 166 14
Bacil ar ophyceae Rhaphoneis am phiceros 4 44 98 33
Bacil ar ophyceae Rhizosolenia alata 1 6 6
Bacil ar ophyceae Rhizosolenia de lica tu la 2 7278 28
Bacil ar ophyceae Rhizosolenia frag iliss im a 12580 12 58 0 3
Bacil ar ophyceae Rhizosolenia pungens 10 10 3
Bacil ar ophyceae Rhizosolenia setigera 5 843 22
Bacil ar ophyceae Rhizosolenia shrubsolei 1 13 17
Bacil ar ophyceae Rhizosolenia sp 6989 3144 3144 3
Bacil ar ophyceae Rhizosolenia s to lte rfo th ii 6 15 6
Bacil ar ophyceae Roperia tesselata 45 260 6
Bacil ar ophyceae Skeletonem a costa tum 25 2039 05 44
Bacil ar ophyceae Skeletonem a po tam os 990 2 6 94 74 5 11
Bacil ar ophyceae Skeletonem a subsalsum 18127 32 61 9 6
Bacil ar ophyceae Stauroneis m em branacea 5 5 3
Bacil ar ophyceae Stephanodiscus hantzschii 3218 6188 6
Bacil ar ophyceae Stephanodiscus sp 237 18641 11
Bacil ar ophyceae S trep to theca tam ensis 1 281 11
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PHYTOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

Bacillariophyceae Surirella sp 3 152 14
Bacillariophyceae Thalassionem a nitzsch io ides 8 5169 42
Bacillariophyceae Thalassiosira eccentrica 2 44 0 17
Bacillariophyceae Thalassiosira hendeyi 154 154 3
Bacillariophyceae Thalassiosira lacustris 114 114 3
Bacillariophyceae Thalassiosira no rdenskioe ld ii 5 3116 8
Bacillariophyceae Thalassiosira punc tigera 8 147 17
Bacillariophyceae Thalassiosira ro tu la 25 843 14
Bacillariophyceae Thalassiosira sp 40 40 3
Bacillariophyceae Thalassiosira sp < 30 pm 3 7 2 9 1 7 39
Bacillariophyceae Thalassiosira sp 3 0 -8 0  pm 8 7028 36
Bacillariophyceae Thalassiosira sp > 80 pm 38 281 6
Bacillariophyceae Trachyneis aspera 52 52 3
Bacillariophyceae T rice ra tium  alternans 4 80 17
C h lorophyceae C h lam ydom onas sp 3105 35 94 0 11
C h lorophyceae Chlorococcales < 20 pm present 281 5
C h lorophyceae C h lorophyceae 3393 2 5 0 3 6 7 7 36
C h lorophyceae C losterium  sp 6 311 6
C h lorophyceae Coelastrum  sp 120 9 7 9 3 7 8
C h lorophyceae Crucigen ia  sp 17021 112401 11
C h lorophyceae Franceia sp 9028 9028 3
C h lorophyceae G loeo tila  pelagica 2 7 70 6 27 70 6 3
C h lorophyceae G loeo tila  sp 221 221 3
C h lorophyceae K irchnerie lla sp 578 14 03 8 11
C h lorophyceae Kolie lla sp 10 12 87 0 14
C h lorophyceae Lagerheim ia sp 152 9028 6
C h lorophyceae M o n o ra p h id iu m  co n to rtu m 1407 2392 6
C h lorophyceae M o n o ra p h id iu m  sp 88 4 9 71 02 36
C h lorophyceae N e ph rocy tium  sp 36113 36113 3
C h lorophyceae O ocystis sp 2128 33 43 0 6
C h lorophyceae Pediastrum  sp 4 14 73 6 28
C h lorophyceae P lanctonem a sp 104 281 6
C h lorophyceae Scenedesmus acum inatus 6 6 3
C h lorophyceae Scenedesmus sp 6 2956 15 43
C h lorophyceae Selenastrum cap rico rnu tum 8865 14353 6
C h lorophyceae T etraedron  sp 8155 8155 3
C h lorophyceae Tetrastrum  sp 608 16 62 6 17
C h lorophyceae Tetrastrum  stau rogen iae fo rm e 141 141 3
C hrysom onadales Chrysom onadales 0 .2 -2  pm 162602 162602 3
C hrysom onadales Chrysom onadales 2 -1 0  pm 1376 2 5 60 40 47
C hrysom onadales Chrysom onadales > 10 pm 152 154 6
Chrysophyceae A ped ine lla  sp in ife ra 48151 48151 3
Chrysophyceae D inob ryon  sp 40 9466 8
Chrysophyceae Pseudopedinella sp 103973 103973 3
C ryp tophyceae C ryp tom onas sp present present 3
C ryp tophyceae C ryp tophyceae 35 2 2 89 16 30
C ryp tophyceae C ryp tophyceae < 10 pm 243 5 8 5 1 1 9 56
C ryp tophyceae C ryp tophyceae > 10 pm 309 66171 39
C ryp tophyceae Cyclostephanos dubius 3105 3105 3
Cyanophyceae A ph an izom e no n  sp 1151 1151 3
Cyanophyceae Chroococcales 21115 3 3 09 19 14
Cyanophyceae H orm ogona les 8155 8155 3
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PHYTOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

Cyanophyceae L im n o th rix  sp 2130 2130 3
Cyanophyceae M erism oped ia  sp 2972 326192 6
Cyanophyceae M icrocystis  sp 2600 1079 58 8
Cyanophyceae P la nk to th rix  agardhii 2 2073 16
Cyanophyceae P la nk to th rix  sp 52 2 5 73 17 19
Cyanophyceae Pseudanabaena sp 7143 7143 3
Cyanophyceae Snowella sp 6100 13 29 8 6
D inophyceae A lexandrium  osten fe ld ii 106 106 3
D inophyceae Ceratium  fu rca 5 69 6
D inophyceae Ceratium  fusus 1 64 11
D inophyceae Ceratium  ho rridu m 27 27 3
D inophyceae Ceratium  linea tum 1 33 6
D inophyceae Ceratium  longipes 11 11 3
D inophyceae Ceratium  m acroceros 1 1 3
D inophyceae C o ry th o d in iu m  tesselatum 9 9 3
D inophyceae D inophyceae 1399 1399 3
D inophyceae D inophyceae cyste 1 1862 25
D inophyceae D inophysis acum inata 1 67 11
D inophyceae D inophysis sp 9 9 3
D inophyceae D issodin ium  pseudo lunu la 5 562 6
D inophyceae Fragilid ium  subg lobosum 1 1 3
D inophyceae G onyau lax sp 2 32 8
D inophyceae G onyau lax sp in ife ra 16 32 6
D inophyceae G onyau lax verio r 48 48 3
D inophyceae G ym nodin iaceae, d iam ete r < 10 pm 932 3105 11
D inophyceae G ym nodin iaceae, d iam ete r 1 0 -3 0  pm 767 8985 14
D inophyceae G ym nod in ium  gracile 6287 6287 3
D inophyceae G ym nod in ium  sim plex 291 31 26 8 11
D inophyceae G ym nod in ium , leng th  < 10 pm 33 62713 11
D inophyceae G ym nod in ium , leng th  1 0 -3 0  pm 79 127123 31
D inophyceae G ym nod in ium , leng th  3 0 -5 0  pm 6 6 3
D inophyceae Heterocapsa m in im a cf 248 32 05 7 19
D inophyceae Heterocapsa niei 44 44 3
D inophyceae Heterocapsa ro tu n d a ta 1535 12 71 8 6
D inophyceae Heterocapsa sp 79 5 4 8 1 9 9 8
D inophyceae Karenia m ik im o to i 1056 3042 8
D inophyceae M esoporos pe rfo ra tus 705 705 3
D inophyceae O x y to x u m  scolopax 264 264 3
D inophyceae O x y to x u m  sp 9 752 11
D inophyceae Peridiniaceae, d iam ete r 1 0 -3 0  pm 1 9519 42
D inophyceae Peridiniaceae, d iam ete r 3 0 -5 0  pm 5 798 11
D inophyceae Peridiniales, d iam ete r 1 0 -3 0  pm 2 15 14
D inophyceae Peridiniales, d iam ete r 3 0 -5 0  pm 2 15 6
D inophyceae Peridin ie lla catenata 1170 1170 3
D inophyceae P rorocen trum  micans 1 3209 33
D inophyceae P rorocen trum  m in im um 5 1041 39 14
D inophyceae P rorocen trum  sp 3 3 3
D inophyceae P rorocen trum  tries tinum 796 2507 8
D inophyceae Pyrophacus ho ro log icum 5 5 3
D inophyceae Scripsiella sp 9 3148 8
D inophyceae S tephanopyxis tu rris 32 32 3
D inophyceae T o ro d in iu m  robustum 704 704 3
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PHYTOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

Euglenophyceae Euglena sp 3 7455 11
Euglenophyceae Euglenophyceae 2013 2569 8
Euglenophyceae Eutreptie lla  sp 42 19 15 0 22
Euglenophyceae Phacus sp 5 271 8
Euglenophyceae Trache lom onas sp 253 311 6
Prasinophyceae Halosphaeraceae 1 1 3
Prasinophyceae Prasinophyceae 158 6 5 04 07 36
Prasinophyceae Pterosperm a sp 10 352 6
Prasinophyceae Pyram im onas sp 1013 16345 11
Prasinophyceae Pyram im onas sp, leng th  < 10 pm 3105 5 0 8 3 4 22
Prym nesiophyceae C hrysoch rom u lina  sp 146 219383 17
Prym nesiophyceae Phaeocystis cell 9315 9315 3
Prym nesiophyceae Phaeocystis flage lla te 37943 37943 3
U n iden tifiab le U n iden tifiab le , d iam ete r < 3 pm 12138 8 3 7 6 9 8 6 64
U n iden tifiab le U n iden tifiab le , d iam ete r 3 -1 0  pm 2748 4 0 2 6 5 5 64
U n iden tifiab le U n iden tifiab le , d iam ete r < 10 pm 258 1533 70 22
U n iden tifiab le U n iden tifiab le , d iam ete r 1 0 -3 0  pm 16 15623 42
X anthophyceae G on ioch loris  sp 348 1547 8
X anthophyceae Trachydiscus sp 66512 66512 3

MICROZOOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
organisms/l organisms/l %

Bivalvia V e liger non de t <0,1 5,8 47
C horeo trich ia C ilia ta  < 20 pm 1,0 22 27 7 47
C horeo trich ia C ilia ta  2 0 -4 0  pm 9,0 2294 47
C horeo trich ia C ilia ta  4 0 -6 0  pm 3,0 292 18
C horeo trich ia C ilia ta  6 0 -8 0  pm 76 76 6
C horeo trich ia C ilia te non de t present present 6
C ilia ta C ilia te non de t 0,3 0,3 6
C irriped ia Balanidae nauplius 0,1 1,3 12
C irriped ia Semibalanus balanoides <0,1 1,1 24
Craspedom onadaceae Craspedom onadaceae 3345 5 6 9 9 4 0 28
C ryp tophyceae Leucocryptos m arina 42 31 29 0 17
C ryp tophyceae Leucocryptos sp 3930 25 43 5 6
D inophyceae D inophyceae he te ro tro p h ic 42 9902 6
D inophyceae D inophysis ro tu n d a ta 6,0 21 6
D inophyceae D iplopsalis sp g r 1,0 43 11
D inophyceae Ebria tr ip a rtita 83 35 94 0 11
D inophyceae G lenod in ium  danicum 53 53 3
D inophyceae G yrod in ium  sp, leng th  1 0 -3 0  pm 541 3906 6
D inophyceae G yrod in ium  sp, leng th  3 0 -5 0  pm 752 752 3
D inophyceae G yrod in ium  spirale 5,0 1254 8
D inophyceae K a tod in ium  g laucum 1755 1755 3
D inophyceae N octiluca scintillans <0,1 <0,1 6
D inophyceae O blea ro tu n d a ta 2,0 251 17
D inophyceae O xyphysis oxytoxo ides 6,0 6,0 3
D inophyceae O xyrrh is  m arina 1160 1160 3
D inophyceae P reperid in ium  m eunierii 5 ,0 5,0 6
D inophyceae P ro tope rid in ium  achrom aticum 213 213 3
D inophyceae P ro tope rid in ium  bipes 67 67 3
D inophyceae P ro tope rid in ium  brevipes 59 61 6
D inophyceae P ro tope rid in ium  con icum 5,0 5,0 3
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MICROZOOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
organisms/l organisms/l %

D inophyceae P ro tope rid in ium  excentricum 5,0 11 6
D inophyceae P ro tope rid in ium  leonis 6,0 16 6
D inophyceae P ro tope rid in ium  m arie lebourae 108 108 3
D inophyceae P ro tope rid in ium  m in u tu m 57 133 8
D inophyceae P ro tope rid in ium  m ite 6,0 37 6
D inophyceae P ro tope rid in ium  p u nc tu la tum 5,0 27 6
D inophyceae P ro tope rid in ium  sp, leng th  1 0 -3 0  pm 1,0 266 11
D inophyceae P ro tope rid in ium  sp, leng th  3 0 -5 0  pm 21 798 8
D inophyceae P ro tope rid in ium  sp, leng th  > 50  pm 5,0 5,0 3
D inophyceae P ro tope rid in ium  steinii 5,0 19 6
D inophyceae P ro tope rid in ium  sub inerm e 3,0 100 6
D inophyceae W a rn o w ia  sp 147 147 3
Echinoderm ata Echinoid larvae <0,1 <0,1 6
H apto ria M eso d in iu m  rub rum 18 251 6
M ysidacea M ysidacea non de t <0,1 <0,1 6
N em atoda N em atode 0,1 18 18
O ligochae ta O ligochae ta  non de t 2,9 2,9 6
O ligochae ta O lig o tr ic h id a <0,1 <0,1 6
Peritrich ia V ortice lla  cf 4 ,5 902 12
Peritrich ia V ortice llidae present present 6
Polychaeta Nereidae non de t 0,5 0,5 6
Polychaeta Polychaeta larvae 0,1 0,1 6
Polychaeta Spionida 1,3 1,3 6
Polychaeta Spionidae non de t 0,1 12,8 18
P rotom onadales H e te ro trop h ic  flage lla te 63 5240 14
P rotom onadales H e te ro trop h ic  flage lla te , leng th  < 10 pm 2653 3 3 68 54 61
P rotom onadales H e te ro trop h ic  flage lla te , leng th  > 10 pm 197 1365 78 50
R ota to ria Asp lanchna sp <0,1 <0,1 6
R o ta to ria Brachionus angularis <0,1 <0,1 6
R o ta to ria Brachionus ca lyciflorus 7,1 7,1 6
R o ta to ria C ephalode lla  sp 0,2 0,7 12
R o ta to ria C o lure lla  sp <0,1 0,7 18
R o ta to ria Epiphanes sp 0,1 0,1 6
R o ta to ria Euchlanis sp 0,2 0,2 6
R o ta to ria Keratella cochlearis <0,1 14 ,89 41
R o ta to ria Keratella quadra ta <0,1 6,5 35
R o ta to ria Lecane bulla 0,2 0,2 6
R o ta to ria Lecane sp <0,1 0,7 12
R o ta to ria Lepadella ovalis 0,2 0,2 6
R o ta to ria Lepadella sp 0,3 0,3 6
R o ta to ria M y tilin a  sp 0,7 0,7 6
R o ta to ria P o lyarthra  sp 0,3 2,6 18
R o ta to ria P om pho lyx  sp 0,7 0,7 6
R o ta to ria Rotaria ne p tun ia 0,7 0,7 6
R o ta to ria R o tife r non de t <0,1 4,3 47
R o ta to ria Synchaeta sp 0,2 1,0 35
R o ta to ria Synchaeta sp cf 0,1 0,1 6
R o ta to ria Trichocerca capucina <0,1 <0,1 6
R o ta to ria Trichocerca sp <0,1 <0,1 6
Testacea Arcella  hem isphaerica 0,1 1,3 12
Testacea Arcella  sp 1,3 1,3 6
Testacea Arcella  vulgaris <0,1 <0,1 6
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MICROZOOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
organisms/l organisms/l %

Testacea C entropyx is  sp 0,3 0,3 6
Testacea D ifflu g ia  sp 0,1 0,1 6
Testacea Euglypha sp 0,2 0,2 6
Testacea Paulinella sp 5 3 5 8 2 4 5 3 5 8 2 4 6
T in tin n idae Parafavella sp 0,5 0,5 6
T in tin n idae T in tin n id a , w id th  < 20 pm 546 15 67 9 53
T in tin n idae T in tin n id a , w id th  2 0 -4 0  pm 5,0 9720 53
T in tin n idae T in tin n id a , w id th  4 0 -6 0  pm 292 292 6
T in tin n idae T in tin n id iu m  fluv ia tile 1,9 1,9 6
T in tin n idae T in tinnops is  lacustris 0,3 14 29
T urbe lla ria F la tw orm  non de t 0,1 0,1 6

MESOZOOPLANKTON IN BALLAST WATER SAMPLES MIN MAX FREQUENCY
organisms/l organisms/l %

A rachn ida H ydracarine <0,1 <0,1 6
C ladocera Bosm ina long irostris <0,1 <0,1 6
C ladocera C eriodaphn ia  sp present present 6
C ladocera Cladocera juven ile 0,3 0,3 6
C ladocera Cladocera non de t <0,1 <0,1 6
C ladocera D aphnia cf am b igua present present 6
C ladocera D aphnia ga leata present present 6
C ladocera D aphnia juven ile <0,1 0,6 12
C ladocera D aphnia pulex present present 6
C ladocera D aphnia sp <0,1 <0,1 6
C opepoda Nauplius 0,3 193 82
C opepoda, C a lanoida A cartia  d iscaudata 0,1 0,1 6
C opepoda, C a lanoida A cartia  sp 0,1 13 29
C opepoda, C a lanoida Calanoid non de t 1,3 1,3 6
C opepoda, C a lanoida C opepod ite <0,1 28 82
C opepoda, C a lanoida E urytem ora affin is <0,1 4 ,7 29
C opepoda, C a lanoida E urytem ora h irundo ides 0,2 0,2 6
C opepoda, C a lanoida E urytem ora lacustris 14 16 12
C opepoda, C a lanoida E urytem ora sp <0,1 4,1 12
C opepoda, C a lanoida Nauplius 13 36 12
C opepoda, C yc lopo ida A can thocyc lops robustus 0,2 0,2 6
C opepoda, C yc lopo ida C opepod ite <0,1 23 65
C opepoda, C yc lopo ida Cyclopidae non de t <0,1 <0,1 6
C opepoda, C yc lopo ida C yclopo id  non de t 0,2 1,1 24
C opepoda, C yc lopo ida Cyclops vicinus 0,2 0,2 6
C opepoda, C yc lopo ida O ith o n a  sp 0,1 4 ,9 47
C opepoda, C yc lopo ida Therm ocyclops crassus 0,1 0,1 6
C opepoda, C yc lopo ida Therm ocyclops crassus cf present present 6
C opepoda, C yc lopo ida Therm ocyclops dybow skii 1,0 1,0 6
C opepoda, H arpactico ida H arpactico id  non de t <0,1 1,9 59
C opepoda, H arpactico ida Laophonte  sp 0,1 0,1 12
C opepoda, H arpactico ida Zaus sp <0,1 4 ,4 24
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Appendix 6.
Phytoplankton and microzooplankton species observed in port w ater samples (n = 23), arranged 
alphabetically. M IN , M AX = m inimum, maximum observed cells/l o r organisms/l; FREQUENCY = 
frequency o f occurrence. Toxic and potentially toxic species are marked grey.

PHYTOPLANKTON IN PORT WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

Bacillar ophyceae A c tino cyc lu s  no rm an ii 25 9 1306 22
Bacillar ophyceae A c tin o p ty c h u s  senarius 88 743 9
Bacillar ophyceae A s te rio ne lla  fo rm o sa 913 5 4 4 7 35
Bacillar ophyceae A s te rio ne lla  glacialis 5 3 7 5 3 7 4
Bacillar ophyceae A u lacose ira  sp 175 3 4 7 4 0 22
Bacillar ophyceae Bacillaria p a x illife r 2 5 8 6 2 5 8 6 4
Bacillar ophyceae B rockm ann ie lla  b ro ckm an n ii 1342 1 7 78 0 9
Bacillar ophyceae C am pylos ira  cym be llifo rm is 1610 1610 4
Bacillar ophyceae Centra les 6511 6511 4
Bacillar ophyceae Centra les, d iam e te r < 10 pm 3853 5 3 3 5 2 0 5 96
Bacillar ophyceae Centra les, d iam e te r 1 0 -3 0  pm 30 4 7 4 5 0 4 48
Bacillar ophyceae C era tau lina  pe lagica 271 9 0 9 7 13
Bacillar ophyceae C haetoceros cera tospo rus cf 7861 7861 4
Bacillar ophyceae C haetoceros costa tus 27 00 3 27 00 3 4
Bacillar ophyceae C haetoceros danicus 3233 3233 4
Bacillar ophyceae C haetoceros debilis 1152 1 0 0 0 0 0 17
Bacillar ophyceae C haetoceros decip iens 2683 2683 4
Bacillar ophyceae C haetoceros d idym us 3 2 59 3 2 59 4
Bacillar ophyceae C haetoceros socialis 2 1 6 7 2 2 5 7 2 9 7 22
Bacillar ophyceae C haetoceros sp 1084 23 58 2 9
Bacillar ophyceae C haetoceros subtilis 2 5 8 6 3 3 8 7 9
Bacillar ophyceae Coscinodiscus co m m u ta tu s 273 542 9
Bacillar ophyceae C yclostephanos dub ius 1622 1 5 87 4 13
Bacillar ophyceae C yc lo te lla  a tom us cf 39841 39841 4
Bacillar ophyceae C yc lo te lla  sp 1632 6 7 7 6 4 30
Bacillar ophyceae C y lin d ro th e ca  c los te rium 1004 13553 26
Bacillar ophyceae D elph ine is  m inu tiss im a 17 45 9 17459 4
Bacillar ophyceae D e to n u la  p u m ila 6 9 8 4 6 9 8 4 4
Bacillar ophyceae D ia tom a  tenu is 202 1622 30
Bacillar ophyceae D ity lum  b rig h tw e llii 2 0 0 0 2 0 0 0 4
Bacillar ophyceae Eucam pia zodiacus 1344 5121 9
Bacillar ophyceae E un o tog ram m a d u b ium 2 5 7 1857 9
Bacillar ophyceae Fragilaria sp 2 4 8 6 8 39 9
Bacillar ophyceae Fragilaria u lna 1616 1616 4
Bacillar ophyceae Fragilaria u lna  var acus 88 1038 26
Bacillar ophyceae G u in a rd ia  flacc ida 25 9 25 9 4
Bacillar ophyceae Lauderia  an nu la ta 2 1 6 7 13501 13
Bacillar ophyceae L ep tocy lind rus  danicus 2333 2 1 8 7 5 13
Bacillar ophyceae L ep tocy lind rus  m in im us 1034 8 4 5 0 3 4 26
Bacillar ophyceae M e lo s ira  sp 4 0 6 4 4 0 9
Bacillar ophyceae M e lo s ira  nu m m u lo id es 124 2 3 4 7 5 13
Bacillar ophyceae M e lo s ira  varians 203 203 4
Bacillar ophyceae N avicu la  sp 271 4 3 2 8 26
Bacillar ophyceae N itzsch ia levidensis 1000 1000 4
Bacillar ophyceae N itzsch ia reversa 1780 1780 4
Bacillar ophyceae N itzsch ia sp 28 5 6 1 2 1 8 39
Bacillar ophyceae O d o n te lla  au rita 4 8 4 9 4 8 4 9 4
Bacillar ophyceae O d o n te lla  m obiliensis 1293 1293 4
Bacillar ophyceae Paralia m arina 4 3 8 25101 30
Bacillar ophyceae Pennales, w id th  < 1 0  le ng th  < 5 0  pm 1693 7 4 4 2 8 5 74
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PHYTOPLANKTON IN PORT WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

Bacillariophyceae Pennales, w id th  < 1 0  le ng th  > 5 0  pm 30 4 5 4 9 4 13
Bacillariophyceae Pennales, w id th  > 1 0  le ng th  > 5 0  pm 542 542 4
Bacillariophyceae P lag iogram m opsis  vanheurck ii 1000 7861 9
Bacillariophyceae P leurosigm a no rm an ii 1056 9 7 7 7 9
Bacillariophyceae P leurosigm a sp 25 9 25 9 4
Bacillariophyceae Podosira s te llige r 129 129 4
Bacillariophyceae P seudo-n itzsch ia  de lica tissim a 3 7 1 4 3 7 1 4 4
Bacillariophyceae P seudo-n itzsch ia  de lica tiss im a cf 2183 2183 4
Bacillariophyceae P seudo-n itzsch ia  fra u d u le n ta 5 1 7 5 1 7 4
Bacillariophyceae P seudo-n itzsch ia  pungens cf 1626 6 3 6 9 0 17
Bacillariophyceae P seudo-n itzsch ia  tu rg id u la 11 63 9 11639 4
Bacillariophyceae R haphoneis am phiceros 2 6 8 4 3 2 8 17
Bacillariophyceae R hizoso len ia  de lica tu la 7 7 6 6052 22
Bacillariophyceae R hizoso len ia  setigera 96 3 2 59 39
Bacillariophyceae R hizoso len ia  shrubso le i 819 819 4
Bacillariophyceae Ske le tonem a costa tum 1173 36 11 52 48
Bacillariophyceae Ske le tonem a po tam os 8 1 09 523831 35
Bacillariophyceae Ske le tonem a subsalsum 11 39 5 2 3 0 3 9 6 35
Bacillariophyceae Stephanod iscus hantzschii 13853 125522 22
Bacillariophyceae Stephanod iscus sp 675 92961 30
Bacillariophyceae Surire lla sp 88 4 3 2 8 26
Bacillariophyceae Thalassionem a n itzsch io ides 202 35141 35
Bacillariophyceae Thalassiosira eccentrica 2 4 8 6 6 4 0 9
Bacillariophyceae Thalassiosira sp < 30  pm 22 5 102191 39
Bacillariophyceae Thalassiosira sp 3 0 -8 0  pm 371 1362 22
C h lo rophyceae C h lam yd om o na s sp 8 6 59 2 6 6 7 6 0 3 30
C h lo rophyceae C h lo rophyceae 2 5 9 7 6 1 2 4 4 8 8 1 2 4 70
C h lo rophyceae C oelastrum  sp 1406 3 1 1 4 13
C h lo rophyceae C ruc igen ia  sp 2 3 1 6 0 4 6 9 5 0 17
C h lo rophyceae G loe o tila  sp 1 6 47 0 1 6 47 0 4
C h lo rophyceae K irchnerie lla  sp 1 6 47 0 9 1 1 8 5 17
C h lo rophyceae Kolie lla  sp 271 8 2 6 9 8 30
C h lo rophyceae Lagerhe im ia  sp 4 3 2 8 4 3 2 8 4
C h lo rophyceae M o n o ra p h id iu m  sp 2 6 8 4 0 0 1 4 0 4 70
C h lo rophyceae O ocystis  sp 25 9 1 1 5 0 9 8 13
C h lo rophyceae P ediastrum  sp 2 5 9 5 4 2 9 4 9
C h lo rophyceae Scenedesmus sp 1004 2 5 2 3 8 3 70
C h lo rophyceae Sperm atozopsis sp 3 0 3 9 5 316511 17
C h lo rophyceae T e tras trum  sp 1 3 67 8 1 8 9 2 8 7 13
C h lo rophyceae T reubaria  sp 8 6 59 8 6 59 4
C hrysom onadales C hrysom onada les 2 -1 0  pm 17313 7 5 7 5 7 6 57
C hrysom onadales C hrysom onada les > 10 pm 1819 1819 4
C hrysophyceae A pe d in e lla  sp in ife ra 2 8 7 7 4 204381 9
C hrysophyceae M a llo m o n a s  sp 22 5 261 9
C hrysophyceae P seudoped ine lla  sp 15 30 5 1 5 15 15 17
C ryp tophyceae C ryp tophyceae 1 0 27 6 203481 22
C ryp tophyceae C ryp to ph yceae  < 10 pm 17313 1 4 2 2 7 2 1 4 74
C ryp tophyceae C ryp to ph yceae  > 10 pm 4 3 2 8 1 9 6 9 6 9 7 78
C yanophyceae A nabaena  sp 9 6 0 3 0 6 4 0 9
C yanophyceae A p h a n izo m e n o n  sp 7 7 8 4 4 1 1 73 75 9
C yanophyceae A p h a n o th e ce  sp 1 5 77 39 1 5 77 39 4
C yanophyceae Chroococcales 15 30 5 8 9 8 0 9 2 9 0 57
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PHYTOPLANKTON IN PORT WATER SAMPLES MIN MAX FREQUENCY
cells/l cells/l %

C yanophyceae C ya n o p h y ta 2 5 7 2 5 7 4
C yanophyceae H orm ogona les 2 7 4 7 6 4 9 2 5 4 13
C yanophyceae L im n o th rix  sp 87 6 4 8 1 1 0 5 9
C yanophyceae M e rism o p e d ia  sp 1 7 36 99 2 6 4 6 3 4 7 9
C yanophyceae M ic ro cys tis  sp 8 2 7 8 32512 13
C yanophyceae P la n k to th rix  agardh ii 4 4 0 2 0 0 8 22
C yanophyceae P la n k to th rix  sp 2 0 2 0 2 2 7 0 4 6 48
C yanophyceae Pseudanabaena sp 9 3 9 0 0 1 5 3 0 4 6 9
C yanophyceae S now e lla  sp 9 7 3 0 5 9 7 3 0 5 4
D inophyceae A le xa n d riu m  tam arense 96 96 4
D inophyceae C era tium  fusus 192 1034 13
D inophyceae D inophyceae 2 2 2 3 0 0 2 2 2 2 3 0 0 2 4
D inophyceae D inophyceae cyste 4 3 2 8 4 3 2 8 4
D inophyceae G onyau lax sp in ife ra 25 9 12105 9
D inophyceae G ym nod in iaceae 9 7 6 7 9 7 6 7 4
D inophyceae G ym nod in iaceae , d iam e te r < 10 pm 147 1 0 98 8 13
D inophyceae G ym nod in iaceae , d iam e te r 1 0 -3 0  pm 101 1004 13
D inophyceae G ym n o d in iu m  sim plex 1616 6 2 5 0 9
D inophyceae G y m n o d in iu m , le ng th  < 10 pm 6 2 5 0 2 4 7 0 5 17
D inophyceae G y m n o d in iu m , le ng th  1 0 -3 0  pm 1702 1 7 2 6 4 6 65
D inophyceae G y m n o d in iu m , le ng th  3 0 -5 0  pm 2 6 8 931 22
D inophyceae H eterocapsa m in im a  cf 3251 1 8 6 7 3 2 1 9 43
D inophyceae H eterocapsa ro tu n d a ta 1004 13735 22
D inophyceae H eterocapsa sp 1297 6 9 4 8 0 13
D inophyceae H eterocapsa tr iq u e tra 271 1 4 54 7 17
D inophyceae M eso po ros  pe rfo ra tus 271 1500 9
D inophyceae Peridin iaceae sp 3 1862 1 1 58 0 9
D inophyceae Peridin iaceae, d iam e te r 1 0 -3 0  pm 2 6 8 6 6 6 9 0 0 7 39
D inophyceae Peridin iaceae, d iam e te r 3 0 -5 0  pm 124 8803 13
D inophyceae P ro ro cen tru m  com pressum 4 6 6 4 6 6 4
D inophyceae P ro ro cen tru m  m icans 96 1552 13
D inophyceae P ro ro cen tru m  m in im um 4 6 6 3 1 25 17
D inophyceae P ro ro cen tru m  tr ie s tin u m 5 1 7 2 0 0 0 13
D inophyceae Scripsiella sp 271 9332 26
D inophyceae T o ro d in iu m  rob us tum 202 2 6 8 9
E uglenophyceae Euglena sp 124 4 8 6 5 9
E uglenophyceae E uglenophyceae 203 293 9
E uglenophyceae E utrep tie lla  sp 1355 4 4 4 6 0 0 52
Prasinophyceae Prasinophyceae 6 6 4 0 5 3 3 5 2 0 5 52
Prasinophyceae P yram im onas sp 1 2 71 8 43 95 2 17
Prasinophyceae P yram im onas sp, le ng th  < 10 pm 6 2 5 0 2 2 7 2 7 2 7 35
Prasinophyceae P yram im onas sp, le ng th  > 10 pm 5 0 0 8 4 6 7 26
P rym nesiophyceae C h ryso ch ro m u lin a  sp 8 6 5 7 4 5 4 5 4 5 43
P rym nesiophyceae Phaeocystis cell 1 8 52 79 1 8 52 79 4
P rym nesiophyceae Phaeocystis co lo n y  (< 1 0 0 ) cell 8 1 6 5 7 8 1 6 5 7 4
R aphidophyceae R aphidophyceae 192 2 9 1 0 9
U n id e n tifia b le U n id e n tifia b le , d iam e te r < 3 pm 4 0 6 5 8 2 2 1 6 3 1 5 2 78
U n id e n tifia b le U n id e n tifia b le , d iam e te r 3 -1 0  pm 51 95 2 1333801 74
U n id e n tifia b le U n id e n tifia b le , d iam e te r < 10 pm 27851 5 0 8 7 0 13
U n id e n tifia b le U n id e n tifia b le , d iam e te r 1 0 -3 0  pm 2 6 8 5 7 5 4 9 17
X an thophyceae Trachyd iscus sp 2 4 7 0 5 141081 9
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MICROZOOPLANKTON IN PORT WATER SAMPLES MIN MAX FREQUENCY
organisms/l organisms/l %

C h o re o trich ia C ilia ta  < 2 0  pm 1000 9 3 7 5 30
C h o re o trich ia C ilia ta  2 0 -4 0  pm 271 3 1 25 26
C h o re o trich ia C ilia ta  6 0 -8 0  pm 96 96 4
C h o re o trich ia C ilia ta  > 80  pm 4 6 6 4 6 6 4
C raspedom onadaceae C raspedom onadaceae 4 3 2 8 31443 9
C ryp tophyceae Leucocryptos sp 1857 1 2 71 8 9
C ryp tophyceae Leucocryptos m arina 25 9 6 6 4 0 9
D inophyceae D ip lopsa lopsis  orb icu laris 25 9 2 0 0 0 9
D inophyceae Ebria tr ip a r t ita 2 6 8 1 8 0 5 7 6 17
D inophyceae G len od in ium  dan icum 81 7 81 7 4
D inophyceae G len od in ium  fo liaceum 192 192 4
D inophyceae G yro d in iu m  spirale 4 6 6 1293 22
D inophyceae K a to d in ium  g laucum 2 6 8 6 2 5 0 26
D inophyceae M ic ra c a n th o d in iu m  sp 3 5 0 0 3 5 0 0 4
D inophyceae N o c tiluca  scin tillans 2 8 8 4 6 6 9
D inophyceae O b le a  ro tu n d a ta 96 25 9 9
D inophyceae P reperid in ium  m eun ie rii 25 9 25 9 4
D inophyceae P ro to p e rid in iu m  ach rom a ticum 7 7 6 5 8 6 9 9
D inophyceae P ro to p e rid in iu m  bipes 25 9 931 13
D inophyceae P ro to p e rid in iu m  m arie lebourae 4 6 6 4 6 6 4
D inophyceae P ro to p e rid in iu m  m in u tu m 25 9 4 6 6 9
D inophyceae P ro to p e rid in iu m  p u n c tu la tu m 96 96 4
D inophyceae P ro to p e rid in iu m  sp, le ng th  3 0 -5 0  pm 35212 35212 4
D inophyceae P ro to p e rid in iu m  sub inerm e 96 25 9 9
H a p to ria M e so d in iu m  rub rum 1167 2 1 8 7 5 17
P ro tom onada les H e te ro tro p h ic  flage lla te 1 2 71 8 3 1 5 6 5 9
P ro tom onada les H e te ro tro p h ic  flage lla te , le ng th  < 10 pm 14151 7 5 5 8 2 0 8 78
P ro tom onada les H e te ro tro p h ic  flage lla te , le ng th  > 10 pm 1819 9 1 8 2 7 70
Testacea P aulinella sp 7 9 3 7 49411 9
T in tin n id a e T in tin n id a , w id th  < 2 0  pm 202 4 0 6 2 5 61
T in tin n id a e T in tin n id a , w id th  2 0 -4 0  pm 202 69 99 65
T in tin n id a e T in tin n id a , w id th  4 0 -6 0  pm 124 5 3 7 22
T in tin n id a e T in tin n id a , w id th  > 80  pm 25 9 25 9 4
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Cultured phytoplankton and microzooplankton species from  ballast w ater in culture media and filtered 
port w ater (n = 220 culture flasks), arranged alphabetically. M IN , M AX = m inimum, maximum 
observed cells/m l or organisms/m l; FREQUENCY = frequency o f occurrence. Toxic and potentia lly toxic 
species are marked grey.

PORT
SALINITIES ALL ALL ALL 0.3-1.3 5 15 30 0.3-28.6
CULTURED PHYTOPLANKTON MIN MAX FREQ FREQ FREQ FREQ FREQ FREQ

n=220 n=220 n=220 n=12 n=60 n=60 n=60

00fMIIC

ce lls /m l ce lls /m l % % % % % %
Bacillariophyceae Actinocyclus normanii 93 466 1 0 0 0 2 4
Bacillariophyceae Actinocyclus sp 559 559 0 0 0 2 0 0
Bacillariophyceae Asterionella glacialis 1 10708 9 0 0 3 28 4
Bacillariophyceae Asterionella kariana 93 686 2 0 0 3 3 0
Bacillariophyceae Attheya sp 93 93 0 0 2 0 0 0
Bacillariophyceae Aulacoseira granulata 20202 20202 0 0 2 0 0 0
Bacillariophyceae Centrales, diameter < 5 pm 3980 350196 12 0 15 17 12 4
Bacillariophyceae Centrales, diameter < 10 pm 101 1979798 70 58 69 71 73 71
Bacillariophyceae Centrales, diameter 10-30 pm 1 101010 19 8 12 20 23 25
Bacillariophyceae Centrales, diameter 30-50  pm 6 811 3 0 0 2 5 11
Bacillariophyceae Cerataulina pelagica 466 5354 2 0 0 3 0 7
Bacillariophyceae Chaetoceros affinis 5051 224242 2 0 0 3 3 0
Bacillariophyceae Chaetoceros ceratosporus 1210 7449 1 0 2 2 0 0
Bacillariophyceae Chaetoceros ceratosporus cf 10152 111111 1 0 0 2 3 0
Bacillariophyceae Chaetoceros costatus 279 279 0 0 2 0 0 0
Bacillariophyceae Chaetoceros debilis 5584 11639 1 0 0 0 3 0
Bacillariophyceae Chaetoceros similis 17766 17766 0 0 0 2 0 0
Bacillariophyceae Chaetoceros simplex var calcitrans 2133 2133 0 0 0 0 0 4
Bacillariophyceae Chaetoceros socialis 85859 85859 0 0 0 0 2 0
Bacillariophyceae Chaetoceros sp 98 878788 37 0 42 39 38 39
Bacillariophyceae Chaetoceros subtilis 244 5587 2 0 2 3 0 4
Bacillariophyceae Chaetoceros wighamii 126263 126263 0 0 0 0 2 0
Bacillariophyceae Coscinodiscus sp 308 308 0 0 2 0 0 0
Bacillariophyceae Cyclotella sp 186 15152 5 17 3 3 3 14
Bacillariophyceae Cyclotella striata 85 85 0 0 0 0 0 4
Bacillariophyceae Cylindrotheca closterium 1 71631 30 17 20 27 47 21
Bacillariophyceae Delphineis minutissima 205 904040 8 0 12 7 8 7
Bacillariophyceae Diatoma tenuis 1 1451 2 17 2 0 0 7
Bacillariophyceae Ditylum brightwellii 2 1397 6 0 0 8 10 7
Bacillariophyceae Entomoneis alata 28 28 0 0 0 0 0 4
Bacillariophyceae Entomoneis sp 466 466 0 0 0 0 2 0
Bacillariophyceae Eunotogramma dubium 265 1006 1 0 0 3 2 0
Bacillariophyceae Fragilaria sp 1 1 0 8 0 0 0 0
Bacillariophyceae Leptocylindrus danicus 1140 1280 1 0 0 2 2 0
Bacillariophyceae Lithodesmium undulatum 49 4190 1 0 0 0 3 0
Bacillariophyceae Melosira varians 6599 6599 0 0 0 0 0 4
Bacillariophyceae Minutocellus polymorphus 15152 60606 1 0 0 0 3 0
Bacillariophyceae Navicula sp 49 1010 3 0 3 2 2 7
Bacillariophyceae Nitzschia fruticosa 13636 15152 1 17 0 0 0 0
Bacillariophyceae Nitzschia longissima 186 186 0 0 0 0 0 4
Bacillariophyceae Nitzschia sp 1 111111 26 75 22 20 28 25
Bacillariophyceae Odontella aurita 2 559 5 0 0 5 15 0
Bacillariophyceae Odontella aurita var. minima 9 427 1 0 0 2 0 4
Bacillariophyceae Odontella mobiliensis 19 931 1 0 0 0 3 4
Bacillariophyceae Odontella sinensis 31 62 1 0 0 2 2 0
Bacillariophyceae Pennales 31 265 1 0 0 5 0 0
Bacillariophyceae Pennales, width < 10 length < 50  pm 53 538200 38 33 39 41 42 29
Bacillariophyceae Pennales, width < 10 length > 50 pm 7 54121 12 0 5 10 18 18
Bacillariophyceae Pennales, width > 1 0  length < 50  pm 94 1794 1 0 2 0 2 0
Bacillariophyceae Pennales, width > 1 0  length > 50  pm 62 62 1 0 0 0 2 4
Bacillariophyceae Pseudo-nitzschia delicatissima 125 125 0 0 0 0 2 0
Bacillariophyceae Pseudo-nitzschia delicatissima cf 5587 14141 1 0 0 0 3 0
Bacillariophyceae Pseudo-nitzschia sp 93 15152 1 8 0 0 2 4
Bacillariophyceae Rhizosolenia delicatula 2 2793 5 0 0 8 7 4
Bacillariophyceae Rhizosolenia setigera 31 427 1 0 0 3 0 0
Bacillariophyceae Rhizosolenia sp 1010 1010 0 0 0 2 0 0
Bacillariophyceae Skeletonema costatum 62 2787879 66 67 58 75 73 54
Bacillariophyceae Skeletonema potamos 1010 1095960 12 25 24 12 3 0
Bacillariophyceae Skeletonema sp 125 639860 12 0 10 8 18 11
Bacillariophyceae Stephanodiscus sp 30303 30303 0 0 0 2 0 0
Bacillariophyceae Surirella sp 93 2700 3 0 5 2 0 11
Bacillariophyceae Thalassionema nitzschioides 1 3259 6 0 2 3 15 7
Bacillariophyceae Thalassiosira decipiens 23350 23350 0 0 0 0 2 0
Bacillariophyceae Thalassiosira nordenskioeldii 499 499 0 0 0 0 0 0
Bacillariophyceae Thalassiosira rotula 2 2 0 0 0 0 2 0
Bacillariophyceae Thalassiosira sp 1010 16162 1 0 0 2 2 4
Bacillariophyceae Thalassiosira sp < 30 pm 1 696970 37 58 32 37 45 25
Bacillariophyceae Thalassiosira sp 30-80  pm 466 739 1 0 0 0 3 0
Chlorophyceae Actinastrum sp 1 37590 4 42 3 0 0 4
Chlorophyceae Chlamydomonas sp 10 10152 8 17 15 2 3 14
Chlorophyceae Chlorophyceae 1 489899 17 83 19 8 8 25
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PORT
SALINITIES ALL ALL ALL 0.3-1.3 5 15 30 0.3-28.6
CULTURED PHYTOPLANKTON MIN MAX FREQ FREQ FREQ FREQ FREQ FREQ

n=220 n=220 n=220 n=12 n=60 n=60 n=60

00fMIIC

cells/ml cells/ml % % % % % %
Chlorophyceae Chlorophyceae 5-10  pm 51 5051 3 0 2 2 2 11
Chlorophyceae Crucigenia sp 1616 2030 1 0 0 0 0 7
Chlorophyceae Gloeotila sp 404 404 0 0 0 0 0 4
Chlorophyceae Kirchneriella sp 19 20202 2 0 8 0 0 0
Chlorophyceae Koliella sp 101 30303 4 33 2 0 0 11
Chlorophyceae Lagerheimia sp 5051 131313 2 17 2 0 0 4
Chlorophyceae Monoraphidium sp 10 595960 21 92 39 12 2 18
Chlorophyceae Pediastrum sp 1 1 0 8 0 0 0 0
Chlorophyceae Scenedesmus sp 1 477273 8 67 10 2 0 11
Chlorophyceae Tetraedron sp 466 931 1 17 0 0 0 0
Chlorophyceae Tetrastrum sp 112 34959 2 25 2 0 0 4
Chrysomonadales Chrysomonadales 0 .2-2  pm 101 106061 9 8 8 8 7 18
Chrysomonadales Chrysomonadales 2-10  pm 1 161616 29 25 19 36 35 25
Chrysophyceae Apedinella spinifera 133 9286 5 0 3 10 3 0
Cryptophyceae Cryptophyceae 51 162717 20 0 22 22 13 36
Cryptophyceae Cryptophyceae < 10 pm 505 119192 11 25 7 10 12 18
Cryptophyceae Cryptophyceae > 10 pm 1 10101 8 17 7 7 7 11
Cyanophyceae Chroococcales 20202 20202 0 0 2 0 0 0
Cyanophyceae Cyanophyceae 1 459596 5 17 8 0 2 11
Cyanophyceae Cyanophyta 12408 29469 1 0 2 2 0 0
Cyanophyceae Hormogonales 265 265 0 0 2 0 0 0
Cyanophyceae Planktothrix sp 3259 3259 0 0 0 2 0 0
Dinophyceae Gymnodinium, length 10-30 pm 47 47 0 0 0 0 0 4
Dinophyceae Heterocapsa minima cf 5 50 1 0 0 2 0 4
Dinophyceae Heterocapsa rotundata 31 1592 2 0 0 0 2 11
Dinophyceae Heterocapsa triquetra 50 50 0 0 0 2 0 0
Dinophyceae Peridiniaceae, diameter < 10 pm 1 663 1 0 0 2 2 4
Dinophyceae Peridiniaceae, diameter 10-30 pm 186 931 1 0 0 0 5 0
Dinophyceae Peridiniales, diameter < 10 pm 531 796 1 0 0 3 2 0
Dinophyceae Peridiniales, diameter 10-30  pm 531 749 1 0 0 3 0 0
Dinophyceae Prorocentrum micans 466 466 0 0 0 2 0 0
Dinophyceae Prorocentrum m inimum 1 2020 3 0 0 3 3 7
Dinophyceae Prorocentrum triestinum 1 931 1 0 0 2 2 4
Dinophyceae Scripsiella sp 93 1397 1 0 0 2 0 4
Euglenophyceae Euglena sp 1 863 2 0 2 3 0 4
Euglenophyceae Euglenophyceae 476 17864 1 0 0 0 0 7
Euglenophyceae Eutreptiella sp 205 2538 3 0 0 3 3 11
Euglenophyceae Trachelomonas sp 1010 1010 0 0 0 2 0 0
Prasinophyceae Prasinocladus sp 606 606 0 0 0 0 0 4
Prasinophyceae Prasinophyceae 293 171717 18 8 19 14 15 36
Prasinophyceae Pyramimonas sp 265 45101 12 0 10 17 17 0
Prasinophyceae Pyramimonas sp, length < 10 pm 1 30303 16 0 14 22 22 4
Prasinophyceae Pyramimonas sp, length > 10 pm 853 5051 2 0 2 2 2 4
Prymnesiophyceai Chrysochromulina sp 1 24242 11 17 7 3 15 29
Prymnesiophyceat Prymnesiaceae 51 3030 1 0 2 0 2 0
Unidentifiable Unidentifiable 113 25913 2 0 0 0 0 18
Unidentifiable Unidentifiable, diameter < 3 pm 152 1896465 48 92 49 41 40 61
Unidentifiable Unidentifiable, diameter < 10 pm 265 143262 5 0 7 3 8 0
Unidentifiable Unidentifiable, diameter 3 -10  pm 61 191919 25 83 24 27 13 25
Unidentifiable Unidentifiable, diameter 10-30 pm 2020 15152 1 0 2 2 0 0
Unidentifiable Unidentifiable, diameter 30 -50  pm 1010 1010 0 0 0 2 0 0
Xanthophyceae Pseudogoniochloris tripus 186 186 0 0 0 0 0 4

PORT
SALINITIES ALL ALL ALL 0.3-1.3 5 15 30 0.3-28.6
CULTURED MICROZOOPLANKTON MIN MAX FREQ FREQ FREQ FREQ FREQ FREQ

n=220 n=220 n=220 n=12 n=60 n=60 n=60

00fMIIC

organism s/m l organism s/m l % % % % % %
Choreotrichia Ciliata < 20  pm 9 36364 8 17 10 3 5 18
Choreotrichia Ciliata 20-40  pm 1 3259 3 0 2 2 3 7
Craspedomonada Craspedomonadaceae 1 48485 15 17 7 15 12 39
Dinophyceae Glenodinium danicum 1 1 0 0 0 0 0 4
Protomonadales Heterotrophic flagellate 133 121507 10 0 8 8 12 18
Protomonadales Heterotrophic flagellate, length < 10 p 1 212121 30 33 32 22 25 54
Protomonadales Heterotrophic flagellate, length > 10 p 1 60606 20 33 15 14 17 43
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Appendix 8.
Inform ation on observed toxic and potentia lly tox ic  phytoplankton species.

In this appendix some information is given on the toxic and potentia lly tox ic  phytoplankton species 
found in the ballast w ater and port w ater samples and in the ballast w ater cultures in d ifferent media. 
For each species, observations in ballast w ater are indicated w ith  (B), in port w ater w ith  (P) and in 
cultures w ith  (C). Inform ation on concentrations and frequency o f occurrence can be found in the 
Appendices 5-7.

Toxic phytoplankton species are species w ith  recorded toxic events from  field situations. Potentially 
toxic phytoplankton species are species o f which tox ic and non-toxic strains are known or species w ith  a 
variable toxicity. The tox ic  and potentially toxic phytoplankton species found in the above mentioned 
samples belonged to  the classes Bacillariophyceae (diatoms), Cyanophyceae (bluegreens or 
cyanobacteria), Dinophyceae (dinoflagellates), Prymnesiophyceae (prymnesiophyceans) and 
Raphidophyceae (raphidophyceans).

Bacillariophyceae (diatom s)
All planktonic diatoms tha t have been confirmed to  be toxic are marine and pennate and belong to  the 
genus Pseudo-nitzschia (Skov et al., 1999). Toxic events associated w ith  diatoms are relatively recent 
and have appeared since 1987. The causative agent was identified as the neurotoxin dom oic add, 
causing Amnesic Shellfish Poisoning (ASP). W ith in  24 hours o f eating poisoned mussels, victims develop 
gastro-intestinal symptoms such as vom iting, diarrhoea, abdominal cramps and gastric bleeding and this 
may be fo llowed by neurological symptoms such as confusion, loss o f memory, coma and even death 
(cited literature in Skov et al., 1999). The main persistent symptom is loss o f memory.
Pseudo-nitzschia sp. (B)(C)
Potentially toxic. Pseudo-nitzschia  sp. can be Pseudo-nitzschia australis o r Pseudo-nitzschia pungens cf 
or Pseudo-nitzschia fraudulenta. Pseudo-nitzschia australis causes (ASP, see above) (Skov et al., 1999), 
but have never been observed in Dutch waters. Pseudo-nitzschia pungens cf: see below. Pseudo­
nitzschia fraudulenta  is not toxic and known from  Dutch marine waters.
Pseudo-nitzschia delicatissima  (B)(P)(C)
Potentially toxic. Possible presence o f toxic strains. Cultured strains o f Pseudo-nitzschia delicatissima  
were able to  produce the neurotoxin domoic add, causing ASP (see above) (Skov et al., 1999).
Regularly found in Dutch marine waters w ith  concentrations o f sometimes more than 100000 cells/l.
Pseudo-nitzschia delicatissima  cf (B)(P)(C)
Potentially toxic. Pseudo-nitzschia delicatissima  cf can be Pseudo-nitzschia pseudodelicatissima  or 
Pseudo-nitzschia delicatissima. From both species, dom oic acid producing strains are known (Skov et 
al., 1999).
Pseudo-nitzschia pungens cf (B)(P)
Potentially toxic. Pseudo-nitzschia pungens cf can be Pseudo-nitzschia pungens or Pseudo-nitzschia 
multiseries.
Pseudo-nitzschia pungens has been found to  produce domoic acid in culture (Subba Rao et al., 1988; 
Skov et al., 1999). Pseudo-nitzschia pungens occurs regularly in Dutch marine waters. Pseudo-nitzschia 
m ultiseries is, very rare, known from  the Dutch W adden Sea and an isolated sample was able to  
produce dom oic add (Vrieling et al., 1996).

Cyanophyceae (bluegreens or cyanobacteria)
Anabaena sp. (P)
Potentially toxic. Possible presence o f toxic strains. Regularly occurring in Dutch fresh waters
Aphanizomenon  sp. (B)(P)
Potentially toxic. Possible presence o f toxic strains. Regularly occurring in Dutch fresh waters
M icrocystis  sp. (B)(P)
Potentially toxic. Possible presence o f toxic strains. Regularly occurring in Dutch fresh waters
Plankto thrix agardhii (B)(P)
Potentially toxic. Possible presence o f toxic strains. Regularly occurring in Dutch fresh waters
Plankto thrix  sp. (B)(P)(C)
Potentially toxic. Possible presence o f toxic strains. Regularly occurring in Dutch fresh waters
Pseudanabaena sp. (B)(P)
Potentially toxic. Possible presence o f toxic strains. Regularly occurring in Dutch fresh waters
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Continued.

Dinophyceae (dinoflage lla tes)
Alexandrium  ostenfe ld ii (B)
Toxic. Alexandrium  ostenfe ld ii may possibly cause Paralytic Shellfish Poisoning (PSP) in humans.
Typical symptoms o f PSP are headache, nausea, vom iting, respiratory d ifficulties and in extreme cases 
death through respiratory paralysis (Hallegraeff, 1993). Samples isolated from  Danish waters appeared 
to  be toxic fo r tin tinn id  ciliates Hansen et al. (1992); tox ic  isolates were also found in New Zealand 
waters (Mackenzie et al., 1996). In culture experiments, Alexandrium  ostenfe ld ii grew  at temperatures 
between 11.3 and 23.7 °C and at salinities between 10 and 40 psu (0stergaard Jensen & Moestrup, 
1997). This dinoflagellate is known to  occur in Dutch marine waters, but is rare.
Alexandrium  tamarense (P)
Toxic. Alexandrium  tamarense produces PSP (see above) toxins and is tox ic  to  humans, birds and fish 
(Larsen & Moestrup, 1989). This dinoflagellate causes many problems w ith  respect to  mussel culture 
(Nuzzi &  Waters, 1993) in countries all over the world. It is known to  occur w ith  low  concentrations in 
Dutch marine waters.
Dinophysis acum inata  (B)
Toxic. Dinophysis acuminata  causes Diarrheic Shellfish Poisoning (DSP) a fter eating poisoned mussels 
tha t consumed this dinoflagellate. The most characteristic symptoms are diarrhoea, nausea, vom iting 
and abdominal pain (Hallegraeff, 1993). Since 1961, several cases o f DSP w ith  gastro-intestinal 
complaints from  consumers were observed in the Oosterschelde and since 1976 also in the Dutch 
Wadden Sea (Kat, 1983). This dinoflagellate is known from  Dutch brackish and marine waters, mostly 
w ith  low  concentrations, and in some years it is even absent. The last problems w ith  Dinophysis 
acuminata  in the Dutch Wadden Sea date from  1987 (pers. comm. L. Peperzak).
Dinophysis rotundata  (B)
Toxic. From this heterotrophic member o f the genus Dinophysis toxic Japanese strains are known. 
Occurs regularly in Dutch brackish and marine waters.
Dinophysis  sp. (B)
Toxic. Small Dinophysis species tha t are d ifficu lt to  determine. A lm ost certainly contain toxic species. 
Occurring in Dutch brackish and marine waters.
Karenia m ik im o to i (synonyms: Pyrodin ium  aureolum . G ym nodin ium  m ik im o to i)  (B)
Toxic. This species produces a chemical which attacks cell membranes, especially gili membranes and 
was originally described in north-eastern USA. This dinoflagellate was observed fo r the first tim e in 
European waters in 1966 w ith  linked mortalities o f aquatic organisms (Braarud & Heimdal, 1970). Since 
then, several cases o f mass occurrence have been reported from  north European waters, sometimes 
w ith  m orta lity o f various marine fish and invertebrates (Fig. 3 and Table 1 in Tangen, 1977). The first 
observations o f Gyrodinium  cf. aureolum  in the stratified Dutch part o f the North Sea date from  1989 
and were reported by Peperzak (1990). Shortly a fte r this report Gyrodinium  cf. aureolum was also 
reported in the Dutch phytoplankton m onitoring programme (Rademaker, 1990). During the early 
nineties, high concentrations were found in the therm ocline at offshore stations at the Oystergrounds. 
A fte r the early nineties, it has occurred now and then w ith  low  concentrations in m onitoring samples 
from  Dutch marine waters. Recently, this species was renamed Karenia m ik im o to i (Daugbjerg et al., 
2000).
Prorocentrum m in im um
Potentially toxic. In the North Sea region, this dinoflagellate was first recorded in The Netherlands in 
1976 by Kat (1979). Its appearance in the Dutch Wadden Sea coincided w ith  gastro-in testinal illness in 
25 consumers o f cooked mussels from  the Dutch W adden Sea. However, a causal relationship between 
this mussel poisoning and the presence o f Prorocentrum m in im um , could not be confirmed. In 1989 
the tox ic ity  o f Prorocentrum m in im um  was described as ‘Some clones toxic to  mice' (Larsen & 
M oestrup, 1989). In European waters Prorocentrum m in im um  has been associated w ith  some cases o f 
venerupin shellfish poisoning (VSP) (Tangen, 1983; Silva, 1985). A recent study has shown tha t 
senescent cultures o f Prorocentrum m in im um  can produce toxins (Grzebyk et al., 1997). These authors 
also discussed the potential risks o f human poisoning from  the consumption o f shellfish harvested 
during or a fter toxic blooms o f Prorocentrum m in im um . They conclude th a t several additional, complex 
conditions are needed fo r the development o f tox ic ity  in Prorocentrum m in im um  blooms. During the 
summer months, Prorocentrum m in im um  occurs w ith  densities > 10000 cells/l in Dutch coastal waters.
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Prymnesiophyceae (prymnesiophyceans)
Chrysochromulina  sp.(B)(P)(C)
Potentially toxic. M ay contain tox ic  species. A massive bloom o f Chrysochromulina poly lep is  occurred 
in 1988 in Danish, Swedish and Norwegian coastal waters and caused the extensive m orta lity o f caged 
fish and zoobenthos (Kaas et al., 1991). Another Chrysochromulina  bloom, this tim e o f the species 
Chrysochromulina leadbeateri, occurred in 1991 in Norway and killed 700 tonnes o f A tlantic salmon 
(Tangen, 1991). Regularly found w ith  high densities in Dutch coastal and offshore waters.

Raphidophyceae (raphidophyceans)
Raphidophyceae (P)
Toxic to  fish. A number o f raphidophycean species has been found regularly in Dutch coastal and 
offshore waters.
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Appendix 9.
N utrient concentrations in port w ater samples.

PORT DATE TIME N03N 02N N02N NH4N P04P SILI N03N
pm pm pm pm pm pm

Rotterdam, YVC-werf/Bolnes 03-11-98 no sample
Vlissingen-Oost, Bijleveldhaven 17-03-99 no sample
Vlissingen-Oost, Bijleveldhaven 29-03-99 no sample
Rotterdam, Botlekhaven 28-04-99 no sample
Rotterdam, Beatrixhaven 01-11-99 no sample
Rotterdam, Beatrixhaven 01-11-99 no sample
Rotterdam, Beatrixhaven 12-11-99 no sample
Rotterdam, Europahaven 09-12-99 1225 92,8 1,8 7,4 2,3 44,5 90,7
Rotterdam, Europahaven 23-12-99 1700 143,5 1,4 7,1 2,4 64,1 142,1
Rotterdam, Europahaven 07-01-00 1000 124,2 1,2 6,9 2,2 59,1 122,8
Rotterdam, Europahaven 19-01-00 1045 183,5 2,8 9,1 2,6 87,2 180,6
Rotterdam, Europahaven 28-01-00 0940 129,2 1,6 8,4 2,1 60,9 127,1
Rotterdam, Europahaven 13-04-00 1400 129,9 1,1 6,2 1,7 47,4 128,5
Rotterdam, Europahaven 14-04-00 1450 129,2 1,1 5,3 1,5 46,3 127,8
Rotterdam, Europahaven 19-04-00 1135 124,9 1,0 5,4 1,5 40,9 124,2
Rotterdam, Europahaven 19-04-00 1400 134,2 1,0 4,9 1,5 43,1 133,5
Amsterdam, Suezhaven 16-05-00 1310 71,3 3,7 6,9 0,2 20,3 67,6
Vlissingen-Oost, Handelskade 31-07-00 1550 85,7 2,1 10,6 3,1 23,0 83,5
IJmuiden, Buitenkade3 02-08-00 1325 59,8 2,6 21,7 2,5 26,5 57,3
IJmuiden, Buitenkade3 07-08-00 1535 49,3 1,6 17,7 1,8 18,8 47,6
Rotterdam, Eerste Petroleumhaven 29-08-00 2100 145,6 1,0 8,2 3,2 68,4 144,9
IJmuiden, Buitenkade3 30-08-00 1055 61,2 5,2 25,3 2,6 33,4 56,0
IJmuiden, Buitenkade3 11-09-00 1440 61,2 4,4 20,6 2,9 39,9 56,8
Rotterdam, Waalhaven 13-09-00 1020 175,6 0,7 5,1 3,3 80,8 174,9
Rotterdam, Brittanniëhaven 21-09-00 1625 75,7 1,4 8,4 2,3 36,7 74,3
Rotterdam, Waalhaven/Werf v/d Brink 06-10-00 1335 183,5 0,9 7,0 3,4 90,4 182,8
Vlissingen-Oost, Handelskade 17-10-00 0920 82,1 1,3 4,2 3,8 34,1 80,7
Rotterdam, Waalhaven 24-10-00 1245 199,2 1,1 5,8 3,1 107,5 198,5
Dordrecht, Julianahaven 11-11-00 1625 194,2 1,6 9,3 3,3 116,8 192,8
Amsterdam, Shipdock 16-11-00 1400 194,2 5,4 22,0 5,7 142,1 188,5
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