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ABSTRACT: The numbers  of exotic species introduced into brackish waters (5-20 psu) and high- 
salinity waters (> 20 psu) in the Nether lands  are hypothesized to reflect species richness in such 
waters e lsewhere in the world. Notwithstanding the fact that species numbers  m brackish waters 
all over the world are lower than in high-salinity waters, the numbers  of introduced species in 
these waters in the Nether lands  are about  equal. Alternative hypotheses  to explain this phenome-  
non are: (1) because  most ports are situated in brackish regions, brackish-water  species stand a 
better  chance of being transported; (2) because  brackish-water  species are more tolerant of condi- 
tions in ballast water  tanks, these species have a bet ter  chance of being t ransported alive than 
high-salinity species; and  (3) because brackish waters have few species, it is easier for an intro- 
duced species to es tabhsh  itself in brackish waters. None of the latter three hypotheses  can be re- 
jected and probably they all play a part  in explaining the phenomenon.  The third hypothesis, how- 
ever, seems most likely. 

I N T R O D U C T I O N  

T h e  w e l l - k n o w n  r e l a t i o n s h i p  b e t w e e n  sa l in i ty  a n d  s p e c i e s  n u m b e r s  w a s  f irst  

d e m o n s t r a t e d  b y  R e m a n e  (1934, 1971).  H i g h  s p e c i e s  n u m b e r s  o c c u r  b o t h  in  f r e s h w a t e r  

a n d  s e a w a t e r ,  w h e r e a s  b r a c k i s h  w a t e r s  a re  c h a r a c t e r i z e d  b y  a low n u m b e r  of spec ies ,  

s o m e  of w h i c h  a re  c h a r a c t e r i s t i c  of b r a c k i s h  w a t e r s .  A l t h o u g h  o r ig ina l l y  t h e  r e l a t i o n s h i p  

s h o w n  b y  R e m a n e  w a s  b a s e d  o n  d a t a  f r o m  t h e  Bal t ic  a n d  o t h e r  r e g i o n s  of n o r t h e r n  E u -  

rope ,  t h e  r e l a t i o n s h i p  a l so  a p p e a r s  to h o l d  for m a n y  o t h e r  p a r t s  of t h e  wor ld ,  e .g.  t h e  

B l a c k  S e a  ( R e m a n e ,  1971), t h e  A t l a n t i c  coas t  of N o r t h  A m e r i c a  (Boesch ,  1972),  a n d  

S o u t h  Af r i ca  (Day, 1981). I a s s u m e  t h a t  l ow  s p e c i e s  n u m b e r s  a re  a f e a t u r e  of b r a c k i s h  

w a t e r s  all  o v e r  t h e  wor ld .  

In r e l a t i o n  to t h e  i n t r o d u c t i o n  of exo t i c  s p e c i e s  to o t h e r  pa r t s  of t h e  w o r l d  it m i g h t  

b e  a s s u m e d  as  a f irst  a p p r o x i m a t i o n  t h a t  b r a c k i s h - w a t e r  s p e c i e s  h a v e  t h e  s a m e  c h a n c e  

of b e i n g  t r a n s p o r t e d  as  h a v e  h i g h - s a l i n i t y  s p e c i e s  or f r e s h w a t e r  spec i e s .  H e n c e ,  I for-  

m u l a t e  as a n  h y p o t h e s i s  to b e  t e s t e d  t h a t  t h e  n u m b e r  of exot ic  s p e c i e s  i n t r o d u c e d  in to  

b r a c k i s h  w a t e r s  is c o n s i d e r a b l y  less  t h a n  t h e  n u m b e r  of s u c h  s p e c i e s  i n t r o d u c e d  i n to  

h i g h - s a l i n i t y  coa s t a l  w a t e r s .  

As  b r a c k i s h - w a t e r  s p e c i e s  I c o n s i d e r  t h o s e  i n h a b i t i n g  p a r t s  of e s t u a r i e s  a n d  l a g o o n s  

w i t h  a sa l in i ty  n o r m a l l y  b e t w e e n  a b o u t  5 a n d  20 psu .  H i g h - s a l i n i t y  s p e c i e s  a re  d e f i n e d  
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as species living in the parts of estuaries with a salinity be tween  about 20 psu and that 

of ful l-strength seawater.  

MATERIALS AND METHODS 

This study has been  based on existing data  on benthic macrofauna {> 1 mm) from 

three es tuanne  and lagoonal  areas in the Netherlands.  Included in this survey  are 

species from the Cnidaria,  Mollusca, Polychaeta,  Oligochaeta ,  Decapoda,  Isopoda, Am- 

phipoda  and Cirripedia.  

The  first of the areas invest igated is the estuar ine area of the rivers Rhine, Meuse  

and Scheldt  in the southwestern  part of the Netherlands.  collectively known  as the 

Delta area. Until 1970 this area was character ized by a number  of we l l -deve loped  

macro- to mesot idal  estuaries with large brackish-water  and high-salinity zones as well 

as a large number  of non-tidal  brackish water  ponds and pools. The benthic  macro- 

fauna of this area was descr ibed in considerable  detail  by Wolff (1973, and re ferences  

therein) with the except ion of the Oligochaeta .  The latter group was descr ibed by Ver- 

donschot  (1981) and Verdonschot et al. (1982). Addit ional  data were  de r ived  from 

Braber & Borghouts (1977) (sea anemones) ,  Hee rebou t  (1970) and Jebram (1968) (Bry- 

ozoa), and Swennen  (1961) (Nudibranchia).  

The second area is the former Zuiderzee.  This was a large (about 4000 km ~) brack- 

ish-water  area in the centre of the Nether lands  with a transition to the Wadden  Sea in 

the northern part of the Nether lands  which had and has a higher  salinity. The  Zuiderzee  

was d a m m e d  and turned into a f reshwater  lake in 1932, but before a detai led examina-  

tion of its flora and fauna had been  made.  This has resulted in two Dutch- l anguage  

books (Redeke, 1922, 1936). Later, a third book (De Beaufort, t954) was publ i shed  on 

the process of change  towards a f reshwater  lake; this book also contains information on 

the situation before the dam was built in 1932. The  Zuiderzee  formed a transition be- 

tween  a meso- to microtidal estuary in the north and a more lagoon-l ike water  body 

with a very l imited tidal range in the south. After its f reshening in 1932 the Noord- 

zeekanaa l  be tween  Amste rdam and the North Sea remained  a brackish-water  habitat.  

The  third area is the Eros estuary with the Dollard embaymen t  in the nor theas tern  

part of the Nether lands.  This is a macro-  to mesot idal  estuary with ex tended  high-sal in-  

ity and brackish-water  areas. Dit tmer (I 981) and Michael is  ( 1981) summar ized  the oc- 

currence  and distribution of the benthic  fauna in this estuary based on earl ier  publica-  

tions as well as unpubl ished data. Since these  two authors also describe the  benthic  

fauna of the nearby  Weser  estuary in Ge rmany  in their publications, this es tuary is in- 

c luded in this paper  as well.  

In addition to the reviews on the benth ic  fauna of the three estuarine areas  men-  

t ioned above, [ have  collected all publ i shed  data (many in Dutch- language  periodicals) 

on introductions of exotic species into high-sal ini ty and brackish waters in the Nether -  

lands. Exotic species have  been  def ined as species originally not occurring a long the 

Atlantic coasts of Europe (Gibraltar to North Cape), brought  into the area through some 

sort of human activity, and having es tabl ished reproducing  populations. Hence ,  Medi-  

te r ranean and Ponto-Caspian species have  b e e n  considered as exotics. Those  species  

occurring be tween  Gibral tar  and the North Cape  are assumed to be able to arrive in 



Exot ic  i n v a d e r s  of the  m e s o - o l i g o h a l i n e  z o n e  of e s t u a r i e s  395 

Du tch  coas ta l  w a t e r s  by  na tu r a l  p r o c e s s e s  (main ly  t r anspo r t  by  cur ren ts ) ;  if t h e y  do not  

occur  there ,  s o m e  o t h e r  e n v i r o n m e n t a l  fac tor  a p p a r e n t l y  res t r ic t s  the i r  d i s t r ibu t ion .  

RESULTS 

Table  1 lists the  i n t r o d u c e d  s p e c i e s  occu r r i ng  in b r a c k i s h  w a t e r s  in t h e  N e t h e r l a n d s .  

Table  2 lists t he  i n t r o d u c e d  s p e c i e s  occu r r ing  in the  h igh - sa l i n i t y  pa r t s  of t h e  e s tua r i e s  

s tud ied .  N o t e  tha t  s o m e  s p e c i e s  a r e  n o r m a l  i n h a b i t a n t s  of bo th  types  of w a t e r s .  For the  

t ime b e i n g  I e s t i m a t e  tha t  16 exot ic  s p e c i e s  h a v e  e s t a b l i s h e d  themse l .ves  p e r m a n e n t l y  

or at  l eas t  for s e v e r a l  y e a r s  in the  b r a c k i s h  w a t e r s  of t he  N e t h e r l a n d s ,  w h e r e a s  14 exot ic  

s p e c i e s  are  k n o w n  to h a v e  e s t a b l i s h e d  t h e m s e l v e s  in t he  w a t e r s  wi th  a h i g h e r  salinity. 

The  total  n u m b e r  of s p e c i e s  of the  t a x o n o m i c  g r o u p s  c o n s i d e r e d  in t he  b r a c k i s h  wa-  

ters  is a b o u t  80 (Verdonscho t ,  1981; V e r d o n s c h o t  et  al., 1982; Wolff, 1973 a n d  u n p u b -  

l i shed  work) ,  w h e r e a s  t he  total  n u m b e r  in the  h ighe r - sa l in i ty  w a t e r s  is a b o u t  250 (Ver- 

donscho t ,  1981; Wolff, 1973 a n d  u n p u b l i s h e d  work).  H e n c e ,  the  p e r c e n t a g e  of exot ic  

s p e c i e s  in Du tch  b r a c k i s h  w a t e r s  is a b o u t  20%, w h e r e a s  t h e  p e r c e n t a g e  in h igh - sa l in i ty  

w a t e r s  is n e a r l y  6%.  

Table 1. Species known or suspected of having been introduced into brackish waters of the 
Netherlands. T = occurs in tida} waters; S = occurs in stagnant waters; E = established; E? = estab- 
lishment uncertain. Note that the former Zuiderzee ceased to exist in 1932; hence, any species in- 
troduced later cannot have occurred in this water body. (E) = introductions after 1932 in the brack- 
ish Noordzeekanaal. References denote major publications in which introduction of a species into 

the Netherlands is documented 

Species Type Delta Zuider- Ems/ References 
zee f e s e r  

Cordylophora caspia T S 
Bimeria franciscana T 
Haliplanella lineata S 

Potamopyrgus antipodarurn T S 
Corambe obscura T S 
Mytilopsis leucophaeta S 
Mya arenaria T 
Marenzelleriu cf. wireni T 

Ficopomatus enigmaticus S 

Rhithropanopeus harnsii T S 
Eriocheir sinensis T 
Callinectes sapidus T S 

Gammarus tigrinus T 
Balanus amphitrite S 

Balanus eburneus T? S 
Bulunus improvisus T 

E E E Vervoort, 1964 
E E E Vervoort, 1964 
E - - Braber & Borghouts, 1977; 

Faasse, 1997 
E E E Jutting, I933 
- E - Swennen & Dekker, 1995 
E g - Jutting, 1943 
E E E Hessland, 1945 
E E Essink & Kleef, 1988; 

Bick & Zettler, 1997 
E (E) E Wolff, 1969; Van der Velde 

et al., 1993 
E E - Buitendijk & Holthuis, 1949 
E E Kamps, 1937 
E? (E) - Timmermans & Melchers, 

1992 
E s Nijssen & Stock, 1966 
E? Borghouts-Biersteker, 1969; 

Vaas, 1975; Faasse, 1996 
E? E? Stock, 1995 
E E E Barnes, 1994 
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Table 2. Species known or suspected of having been  introduced into high-salinity waters  of the 
Netherlands.  T = occurs in tidal waters; L = occurs in s tagnant  waters; E -- established; E? = estab- 
l ishment  doubtful; NE = not established. References denote  publications in which introduction of 

a species into the Nether lands  is documented  

Species Type Delta Zuider- Ems/ References 
zee Weser 

Haliplanella lineata T S E E - 
Crepidula iornicata T E E E 
Crassostrea gigas T E E - 
Mercenariu mercenaria T NE - 
Petricolu pholadiformis T E E E 
Teredo navalis T E E 
Ensis directus T E E E 

(E. americunus) 
Mya arenariu T E E E 
Polydora hoplura T NE - - 
Hydroides elegans S NE - 

Junuu brasiliensis S E? 
Cuprella macho T E? 
Callinectes supidus T E? 

Eriocheir sinensis T E E E 
Elminius modestus  T E E E 
Balanus amphitrite S E? - 

Faasse, 1997 
Jutting, 1933 
Drinkwaard, 1999 
Personal observations ( 1961 ) 
Jutting, 1943 
Jutting, 1943 
Essink, 1985 

Hessland, 1945 
Korringa, 1951 
Ten Hove, 1974; 
Ten Hove & Lucas, 1996 
Critchley & Thorp, 1985 
Platvoet et al., 1995 
Craeymeersch & 
Kamermans, 1996 
Kamps, 1937 
Den Hartog, 1953 
Borghouts-Biersteker, 1969; 
Vaas, 1975; Faasse, 1996 

D I S C U S S I O N  A N D  C O N C L U S I O N S  

T h e  h y p o t h e s i s  t h a t  t h e  n u m b e r  of i n t r o d u c e d  s p e c i e s  in b r a c k i s h  w a t e r s  wil l  b e  

l o w e r  t h a n  t h a t  in  h i g h - s a l i n i t y  w a t e r s  b e c a u s e  t h e  l a t t e r  t y p e  of w a t e r s  h a s  m o r e  

s p e c i e s  a v a i l a b l e  for t r a n s p o r t  c a n  b e  r e j e c t e d .  Be fo re  I try to f ind  a l t e r n a t i v e  e x p l a n a -  

t ions  I will  c o n s i d e r  t h e  q u a l i t y  of m y  da ta .  

Wolff (1973), Vaas  (1975), D e n  H a r t o g  & V a n  d e r  V e l d e  (1987) a n d  Wolff  (1992) h a v e  

p r e v i o u s l y  p r o v i d e d  e a r l i e r  lists of s p e c i e s  i n t r o d u c e d  in to  t h e  N e t h e r l a n d s .  T h e  di f fer-  

e n c e s  b e t w e e n  t h e i r  l ists a n d  t h e  lists in  th i s  p a p e r  a r e  d u e  to t he  e x c l u s i o n  in  th i s  p a -  

p e r  of (1) f r e s h w a t e r  spec ies ,  (2) a n u m b e r  of t a x o n o m i c  g r o u p s  (e.g. C o p e p o d a ,  Tun i -  

ca ta ,  Pisces ,  A lgae ) ,  (3) p l a n k t o n i c  spec i e s ,  a n d  (4) i n t r o d u c e d  s p e c i e s  w h i c h  a r e  n a t i v e  

to o t h e r  p a r t s  of t he  A t l a n t i c  c o a s t l i n e  of E u r o p e  (e.g. 8 r a n c h i o m m a  b o m b y x ,  Cras- 

so s t r ea  angu la tu ) .  I c o n c l u d e  t h a t  D u t c h  r e s e a r c h e r s  a g r e e  o n  w h i c h  exo t i c  m a r i n e  a n d  

b r a c k i s h - w a t e r  s p e c i e s  h a v e  b e e n  i n t r o d u c e d  in to  t h e  N e t h e r l a n d s .  T h e  o n l y  e x c e p t i o n  

is O r c h e s t i a  p la t ens i s ,  w h i c h  D e n  H a r t o g  & V a n  d e r  V e l d e  (1987) c o n s i d e r  a n  in t ro -  

d u c e d  b r a c k i s h - w a t e r  spec i e s .  H o w e v e r ,  D e n  H a r t o g  (1963) m e n t i o n s  O. p l a t e n s i s  on ly  

f rom a s a l t m a r s h  n e a r  D e n  O e v e r  in  t h e  D u t c h  W a d d e n  Sea ,  i.e. t h e  m a r i n e  p a r t  of t h e  

f o r m e r  Z u i d e r z e e  s y s t em ,  a n d  for t h a t  r e a s o n  I d o u b t  w h e t h e r  it s h o u l d  b e  c o n s i d e r e d  a 

b r a c k i s h - w a t e r  spec i e s .  H e n c e ,  it h a s  no t  b e e n  l i s t e d  in  T a b l e  1 or 2. 
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As well as the species listed in Tables 1 and 2, cryptogenic species might be pre- 
sent. This category is not well researched so it is not possible to present  lists at this mo- 
ment.  However, for brackish waters the bryozoans Bowerbankia gracitis, Victorefta 
pavida, and Valkeria uva as well as the mud snail Heleobia stagnorum might be con- 
sidered as such. For the first three species this is concluded from their cosmopolitan 
distribution, for the latter one from its occurrence in only one isolated locality in the 
Nether lands (Bank et al., 1979). 

Since our first hypothesis had to be rejected, alternative hypotheses can be looked 
for. Three prime candidates  are: 

1. Because most ports are situated in brackish regions, brackish-water  species stand a 
better chance of being transported. 

2. Because brackish-water  species are more tolerant of conditions in ballast water 
tanks, these species have a better chance of be ing transported alive than high-salin- 
ity species. 

3. Because brackish waters have few species, it is easier for an introduced species to 
establish itself m brackish waters (Wolff, 1973). 

It seems a reasonable  assumption that most ports si tuated on estuaries nowadays  origi- 
nated on the freshwater tidal reaches of these estuaries (e.g. London, Rotterdam, 
Antwerp, Hamburg,  Baltimore, Calcutta). Here, fresh water was available for consump- 
tion by man and animals, whereas  sea-going ships could still reach these locations with 
the flood tide. In the course of their deve lopment  these ports will have expanded  on the 
downstream side of their original location, whereas dredging activities will have deep- 
ened  the estuarine channels .  Both activities will have resulted in promoting brackish 
conditions in the ports. Indeed, many harbour  basins nowadays  contain brackish water. 
This century the seaward movement  of ports has resulted in the creation of a few deep- 
water ports, which are usually situated in areas with full s trength seawater. Thus, at first 
sight the hypothesis that the high n u m b e r  of introduced brackish-water  species reflects 
the location of ports along estuarine gradients  seems to be confirmed, l do not see a pos- 
sibility to test this hypothesis now, al though in future the seaward movement  of ports 
might result in a relatively higher introduction rate of high-salinity species. 

The second hypothesis, higher tolerance of brackish-water  species for bal last-water  
tank conditions, is supported by physiological data (Vernberg, 1983). Estuar ine species 
can be characterized broadly as be ing more euryhal ine  and more eurythermal  than 
open-ocean  forms. Many have evolved considerable  tolerance for oxygen deprivation. 
As a group, these organisms have evolved a wide range  of physiological adaptations 
that permit  them to utilize the fluctuations of the estuarine envi ronment  to their advan-  
tage. There is no doubt  that the same species will be better  adapted to temporary life in 
ballast water  tanks than high-salinity species. However, how important  have these 
adaptations been  in facilitating transport? Ballast water has been used since the 1880s 
(Carlton & Geller, 1993). Of the species listed in Table 1, at least four species occurred 
in Dutch waters before this date and, hence,  were probably not t ransported in ballast 
water - A'Iyu urenaria, which was introduced many  centuries ago (Hessland, 1945; Pe- 
tersen et al., 1992); Rhithropunopeus harrisii, which was described as a new species 
(Pilumnus tridentutus Maitland) from the former Zuiderzee in 1874; and Corambe oh- 
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scura w h i c h  w a s  d e s c r i b e d  as  a n e w  s p e c i e s  (Corambe batava Kerber t )  f r om t h e  f o r m e r  

Z u i d e r z e e  in 1886, b u t  t h e  s p e c i m e n s  w e r e  d i s c o v e r e d  as  e a r l y  as  1881. Also,  Cordylo- 
phora cuspia o c c u r r e d  in D u t c h  w a t e r s  as  ea r ly  as  1874 (Vervoort ,  1946). In a d d i t i o n ,  spe -  

c ies  l ike  Haliplanella lineata, Ficopomatus enigmat icus  a n d  Balanus spp.  m a y  h a v e  b e e n  

t r a n s p o r t e d  on  sh ip  hul ls .  A l t h o u g h  t h e  h y p o t h e s i s  t h a t  b r a c k i s h - w a t e r  s p e c i e s  a r e  m o r e  

ea s i ly  t r a n s p o r t e d  in b a l l a s t  w a t e r  b e c a u s e  of t h e i r  h i g h e r  p h y s i o l o g i c a l  t o l e r a n c e  c a n -  

no t  b e  r e fu t ed ,  m y  d a t a  s u g g e s t  t h a t  a t  l e a s t  ha l f  a n d  p r o b a b l y  e v e n  m o r e  of t h e  i n t ro -  

d u c e d  b r a c k i s h - w a t e r  s p e c i e s  h a v e  b e e n  t r a n s p o r t e d  b y  m e a n s  o t h e r  t h a n  b a l l a s t  wa te r .  

T h e  t h i r d  h y p o t h e s i s  s t a t e s  t h a t  b r a c k i s h  w a t e r s  a r e  eas i ly  i n v a d e d ,  b e c a u s e  o n l y  

f ew s p e c i e s  i n h a b i t  th is  h a b i t a t .  D u t c h  ( a n d  N W  E u r o p e a n )  b r a c k i s h  water ,  t hus ,  s h o u l d  

h a v e  e m p t y  n i ches .  T h e  e x i s t e n c e  of e m p t y  n i c h e s  c a n  b e  a s s u m e d ,  b a s e d  o n  t h e  fol- 

l o w i n g  e x e m p l a r y  o b s e r v a t i o n s .  A f ew  c e n t u r i e s  ago,  no  s p e c i e s  of c r a b s  o c c u r r e d  in t h e  

b r a c k i s h  w a t e r s  in  t he  N e t h e r l a n d s  or e l s e w h e r e  in E u r o p e .  N o w a d a y s ,  a t  l e a s t  t h r e e  

d i f f e r e n t  s p e c i e s  (Callinectes, Eriocheir, Rhithropanopeus) occur.  Similar ly,  f i l t e r - f eed -  

ing  m o l l u s c s  w e r e  a b s e n t  f rom t ida l  b r a c k i s h  w a t e r s  in  N W  E u r o p e .  In th is  case ,  on ly  

o n e  s p e c i e s  (Mya)  is p r e s e n t  now. A n o t h e r  a r g u m e n t  t h a t  c a n  b e  r a i s e d  is t h a t  no  in t ro -  

d u c t i o n  of exo t i c  s p e c i e s  h a s  r e s u l t e d  in t h e  e x t i n c t i o n  of n a t i v e  b r a c k i s h - w a t e r  spec i e s ,  

bu t  th is  is a lso t r ue  for t he  h i g h - s a l i n i t y  i n t r o d u c t i o n s  (Wolff, to b e  p u b l i s h e d ) .  A g a i n ,  it 

will  b e  di f f icul t  to t es t  th i s  h y p o t h e s i s ,  b u t  o n  t he  o t h e r  h a n d  w e  h a v e  no  a r g u m e n t s  to 

c o n t r a d i c t  it. 

In c o n c l u s i o n ,  I b e l i e v e  t h a t  of the  t h r e e  h y p o t h e s e s  f o r m u l a t e d  a b o v e ,  al l  m a y  h a v e  

p l a y e d  t h e i r  p a r t  in  e n h a n c i n g  t he  n u m b e r  of exo t ic  b r a c k i s h - w a t e r  s p e c i e s  in  D u t c h  

( and  N W  E u r o p e a n )  b r a c k i s h  wa te r s ,  b u t  t h a t  t h e  las t  o n e  ( e m p t y  n i ches )  s e e m s  m o s t  

likely. 
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