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A B S T R A C T

M o t e  t h a n  3D  s p e c i e s  o f  a n th  ro p o c h o  r o u s  im m ig r a n ts  h a v e  b een  reported  from  th e  B a lt ic  Seu least  

o f t h e  A r k o n a  B a s in ,  a p p r o x .  1 3 ° t ) .  A b o u t  o n e  third o f  th e m  o r ig in a te  fr o m  N o r t h  A m e r ic a .  Intro* 

d u c e d  s p e c i e s  ¡ire m a in ly  res tr ic ted  t o  t h e  fresh en ed  havs a n d  river m o u t h s  o f  t h e  S o u th ern  Baltic  

r e g io n .  M o s t  o f  t h e m  b e l o n g  t o  th e  l i t to ra l  o r  s h a l lo w  su b l i t  coral su b system s.

E x a m p l e s  o f  m o d e s  o f  d isp e r s a l  a n d  s o m e  f o o d  ch a in s  b a s e d  cm in tr o d u ce d  sp ec ie s  are  g iven .  

S o m e  r e la t io n s h ip s  b e t w e e n  e x o t i c  a n d  n a t iv e  sp ec ie s  are  d isc u s se d .  T h e r e  arc  a few h arm fu l  spec ies  

a m o n g  t h e s e  in v a d e r s .

I m m ig r a t io n  w i t h  m a n ' s  a id  is stil l o c cu rr in g .  T h is  p ro cess  ca n  be character ized  as  (al an  u n ­
d e s i r a b le  c o n t a m i n a t i o n  o l  th e  B a lt ic  S ea  b io ta  by  a lien  e le m e n ts ,  (b)  an  artific ia l ,  a n th r o p o g e n ic  

in c r e a s e  o f  s p e c i e s  d iv e r s i t y ,  and  (c)  a n  o n g o i n g  recovery  from  th e  h e a v y  red u ct io n  in th e  num ber  

o f  s p e c i e s  o m s c d  by t h e  la s t  g la c ia t io n  a n d  th e  su b s e q u e n t  d e v e lo p m e n ta l  p h a s e s  o f  th e  Baltic  Sea.

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

B o th  p la n t  a n d  a n im a l species n o t  native  to  the  B altic Sea have been in tro d u ced , 
in te n tio n a lly  o r  u n in te n tio n a lly , in to  th e  B altic d u rin g  h is to ric  tim e. T h e  Baltic 
Sea is o n e  o f  th e  m o s t th o ro u g h ly  investigated  sea areas in th e  w o rld . T he 
a p p e a ra n c e  o f  a  n ew  species m ig h t th e re fo re  be ex p ec ted  to  be o bserved  and  
re p o r te d  w ith o u t  d e lay . In  fac t, how ev er, b io log ical stud ies o f  th e  B altic Sea are 
very  u n ev en ly  d is tr ib u te d  in sp ace  a n d  tim e . It is n o t  a lw ay s easy to  say w h e th e r 
a  ‘n e w ' spec ies h a s  been  o v e rlo o k e d  in  p rev io u s stu d ies  o r  w h e th e r i t  is a  real 
n e w c o m e r. Som e fau n is tica lly  a n d  flo ristica lly  in te re stin g  findings rem ain  u n ­
p u b lish e d , etc.

In  sp ite  o f  th e se  d ifficu lties , th is  p a p e r  in tends to  give an  overview ' o f  the  
re c e n t d is tr ib u tio n  o f  in tro d u c e d  species in th e  B altic Sea a n d  to  ev a lu a te  their 
im p o r ta n c e  in  th e  B altic  a n d  its co asta l ecosystem s. T h e  p rim ary  aim  is to  
i l lu s tra te  th e  in flu en ce  o f  m an  on the  d is tr ib u tio n  o f  o rgan ism s a t  the  single 
spec ies level. T h is  a p p ro a c h  is q u ite  d iffe ren t from  th a t  o f  p o llu tio n  an d  e u tro ­
p h ic a tio n  s tu d ie s  w h ic h  d ea l w ith  recen t changes in  th e  re la tive im p o rtan ce  o f 
spec ies a lre a d y  ex is tin g  w ith in  a  ce rta in  com m unity .
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T h e  recen t h is to ry  o f  so m e foreign  in tro d u c tio n s , th e ir  sp re ad  ea s tw a rd  and 
n o r th w a rd  a n d  th e ir success in es tab lish in g  p o p u la tio n s  has been described  
p rev io u s ly  b y  N ik o la jcv  (195 1 9 7 4 ) a n d  Z h u ra v e l (1 9 6 9 ) . J ä rv e k ü lg  (1979)
h as  p re sen ted  d is tr ib u tio n  m aps fo r  a  m ajo rity  o f  B altic in v e rte b ra te s , am ong  
th e m  a  n u m b er o f  in tro d u ced  species. E lm gren  (1984) h a s  given a list o f  n ew ­
co m ers , m an y  o f w h ich  are  o f f re sh w a te r  o rig in  ( f o r a  rev iew , see T h ien em an ii 

1950).

I w i s h  t o  a c k n o w l e d g e  rho ass is ta n ce  g iven  b y  rhe staH m em b er s  ar th e  l m m m e  o í  O c e a n o lo g y ,  

1‘o l i sh  A c a d e m y  o f  S c ien ces ,  S o p o t ,  a s  w e l l  a s  m y  Pulish  c o l le a g u e s  in G d a n s k ,  G d y n ia .  Szczec in  

a n d  W a r s a w  f o r  he lp fu l  a ss is ta n ce  and  h o sp i ta l i ty .  | am g r a te fu l  t o  D r  R .E Im g rtm , O r K. J a / d / c w s l d  

i t ' d  P r o fe s so r  L. 7 .m u d iu \ s k i  feve K elp tui  c o r r e s p o n d e n c e .  T h i s  s t u d y  w a s  in  p a c t  su p p o rted  b y  

g r a m s  fr o m  t h e  Polish  and  F m m s h  A c a d e m ic s  o f  Sciences .

M A T E R IA L  A N D  M E T H O D S

T h is  review* is b ased  u p o n  lite ra tu re  ava ilab le  a t  som e F inn ish  an d  Polish  li­
b ra r ie s . F o r p u rp o se s  o f co m p ariso n , u n p u b lish ed  b e n th o s  d a ta  from  H uso  
B iological S ta tio n  (A land Islands) have been used. Som e q u a lita tiv e  sam pling  
w a s  d o n e  b y  h a n d -n e ts  an d  b o tto m  d red g e  a t  th e  B io log ical S ta tio n  o f  the  
U n iversity  o f  G d a n sk  in  G o rk i W sch o d n ic , P o lan d , in S ep tem b er 1982. Som e o f 
these localities  in  M artw a  W isla  (D ead V istu la) have been  p rev io u sly  sn id ied  by 
e .g .,  A rn d t (1 9 6 5 ), Ja fd zew sk i (1 9 6 7 ), a n d  T u ro b o y sk i (1 9 7 5 ).

R E S U L T S  A N D  D IS C U S S IO N

C o m m en ts  oti in d iv id u a l species

A te n ta tiv e  lis t o n  a n th ro p o  ch o ro  us im m ig ran ts  in  th e  B altic  S ea, e a s t o f  the 
A rk o n a  B asin, is g iven  below  w ith  som e co m m en ts  o n  th e  ind iv idua l species.

P lants

T h e  n u m b e r o f  in tro d u ce d  aq u a tic  p la n t species seem s to  b e  very  lo w ; 1 have 
fo u n d  in fo rm a tio n  o n  th ree  species: B id d u lp h ia  sinensis  Grew-. (B acillariophy­
ceae), a n  In d o -P acific  p h y to p lan k to n  species, firs t reco rd ed  in  E u ro p e  in  1903, 
fo u n d  a t  leas t in  ( .d a f isk  Bay a n d  o ff  the  L ith u an ian  c o a s t (N ik o la jev  1951). 
A cco rd in g  to  P a n k o w  (1 9 7 6 ), how ever, ir o ccu rs  in a ll tem p e ra te  seas. Chara  
co n n iven s  B raun (C harales) has been  k n o w n  from  b a lla s t s ites  s ince th e  I S50s 
fro m  th e  S B altic to  th e  Ö re g ru n d  a rea  in  the  n o r th  (L u th er 1 9 7 9 ), co m m o n  in 
th e  V istu la  F ir th , fo r ex am p le  (PIinski e t a i  1978). E lo d ea  canadensis  M ichx. 
( p e n n a to p h y ta )  (from  N . A m erica), found  in  b rack ish  w a te r  from  th e  G erm an 
c o a s t to  N  G u lf  o f  B o th n ia  w a s  a lready  k n o w n  in  th e  1 8 % s  (L u th e r 1 9 5 1 , Julin  
1967).
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C o e len te ra ta

C o rd y lo p h o ra  casp ia  (P ali.) (P o n to -C asp ian  species). O n e  o f th o se  4  o r  5 spe­
cies o f  im m ig ra n ts  re liab ly  re p o rte d  u n til the  beg in n in g  o f  the  2 0 th  century  
(N ik o la je v  1 9 7 4 ). V ery  co m m o n  from  S B altic (Z m u d zin sk i 1974) to  th e  N  
B oth  ni an  Bay (H a a h te la  1 964). C o n sid e red  a co sm o p o litan  species by e .g ., 
T h ie n e m a n ii  (1950).

P o lych a e ta

P o ly d o ra  re d e k i  H o rs t  (W  E u ro p e ). K now n  from  Kiel; firs t reco rd ed  in SW 
F in la n d  in  1963  (E lia so n  H aah re ía  19 6 9 ).  A t p re sen t found  from  th e  A land 
Is la n d s  in  th e  w e s t to  P o rv o o /B o rg á  in  th e  east (B o n sd o rff 1981 . H a ls in ah o  
1 9 8 4 ). O b v io u s ly  n o t  re p o rte d  fro m  areas  betw een  the  SW B altic an d  th e  Fin­
n ish  c o a s t.

M o llu sca

D re issen a  p o ly m o r p h a  (Pali.) (P o n ro -C a sp ia n  species). F ound  in  S B altic la ­
g o o n s  since th e  ea r ly  1800s? now  u p  to  the  S tockho lm  a rch ip e lag o  (T hienc- 
m a n n  1 9 5 0 ) a n d  th e  G u lf  o f  R iga (Jä rvekü lg  1 9 7 9 ), in  p laces very nu m ero u s.

M y a  a renaria  (L.) (N  A m erica). ‘N o  o th e r  co u rse  rem ains o p en  th a n  to  assum e 
th a t  M . a ren a ria  h a s  been  tran sfe rre d  from  A m erica to  E u ro p e  th ro u g h  the 
ag en cy  o f  m a n  . . .  d u rin g  the  1 6 th  o r  1 7 th  ce n tu ry ’, {H essland 1 9 4 6 ), u n in ten ­
tio n a lly  by sh ip s  o r  in ten tio n a lly  fo r  use  as b a it . A t p re sen t o n e  o f  th e  m ost 
c o m m o n  b iv a lv es , u p  to  N  B o th n ian  Sea.

P o ta m o p y r g u s  je n k in s i  (Sm ith) (N ew  Z ea lan d ). F ound  firs t in th e  B altic in 
1 8 8 7 . G o t la n d  1 9 2 0 , A la n d  Islan d s 1926 . N o w  in th e  w hole B altic , in  certain  
h a b i ta ts  v e ry  n u m e ro u s .

C ru sta cea

E r io c h e ir  s in e n s is  M iJn e -E d w ard s  (SE A sia). R eco rd ed  fo r  the  firs t tim e in  the  
B a ltic  S ea in  th e  e a r ly  1930s, w ith in  less th a n  2 0  y ea rs  sp read  (as ad u lts  on ly ) to  
th e  in n e rm o s t  B o th n ia n  Bay. A  steady  cessa tio n  o f  its invasion  h a s  been noted  
s in ce  th e  in itia l c o lo n iz a tio n  in  th e  1930s (G ra b d a  1973).

O rc o n e c te s  lim o su s  (R af.) (N  A m erica). T h is  crayfish  is fo u n d  in co asta l la­
g o o n s  a n d  riv e r m o u th s  o f  the  S Baltic, e.g., in  Szczecin an d  V istula L agoon, in 
s a lin ity  levels u p  to  2%o (Z m u d zin sk i 1 9 61 ; J. K ossakow ski, Z . P iesik, pers. 
co m  m .).

R hithropanopeus ha rris i (G o u ld ) (N  A m erica). F irs t reco rded  in P o lan d  1951. 
S ince th e  1960s c o m m o n  in D ead  V istu la  (decreased o r  d isap p ea red  in th e  late
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1 9 7 0 s) a n d  V istu la  F irth , as w ell as m  G d an sk  Bay. A p p aren tly  decreased  in 
n u m b e rs  a f te r in itia l co lo n iza tio n  (K ujava 1963, T u ro b o y sk i 1973).

A ca rtia  to n sa  D a n a  (N  A m erica). Found In 1952  in  G d a n sk  Bay, 1934  in  the  
G u lf  o f  F in lan d . A p p ears  com m only  in  p lan k to n , in genera l n o t  n u m ero u s . 
O ccas io n a lly , h o w ev er, u p  to  20 %  o f  Z o o p la n k to n  a b u n d a n ce  (in V istu la  F irth i 
A d am k iew ic z -C h o jn ac k a  1978).

C o ro p h iu m  cu rv isp in u m  Sars (P o n to -C asp ian  species). F irst reco rded  in S 
B a ltic  f ir th s  in  1920-3ÛS (Ja id zew sk i 1980). In  som e slightly  b rack ish  coasta l 
w a te rs  u p  to  th e  S p a r t  o f  th e  G u lf o f  R iga  (Jä rvekü lg  1979).

A cclim atiza tion  a ttem p ts  have been m ad e  w ith  som e crustacean  species in som e 
re se rv o irs  in  th e  B altic region o f  th e  USSR as w ell as in  th e  K uronsk ij F irth  
(C h a e to g a m m a ru s  w a rp a ch o w sky i  Sars, O b eso g a m m a ru s crassus  (Sars), P on­
to g a m m a ru s  ro b u sto id e s  (Sars), H em im ysis  anom ala  Sars, L im n o m y s is  bene­
d e n i  C z e m .. a n d  M eso m ysis  k o w a lew sky i  C zern .). I d o  n o t, how ev er, have any 
in fo rm a tio n  w h e th e r  these in tro d u c tio n s  w e ce successful oc n o t. M . k o w a le w ­
s k y i  seem s to  b e  the  on ly  species w hich h a s  a lso  been re p o rted  fro m  th e  o p en  sea 
(Jä rv ek ü lg  1 9 6 5 , L uksenas 1967 , Z huravel 1972 , M is ta u ta ité  ôc K ubhckas 
1975}.

B ryo zo a

V ic to re lla  p a v id a  K en t (C o sm o p o litan , W olff (1972); acco rd in g  to  Bacescu 
(1 9 6 6 ) a  P o n to -C asp ian  species). A t p laces fro m  K iel to  K a lm ar, a t  G erm an  
a n d  P o lish  co as ts , F innish  S c o a s t (F o rsm an  1972).

Varia

!"here a re  som e in v erteb ra tes  considered  a s  in tro d u ced  species b y  various 
a u th o rs  b u t  I have n o t  been  ab le  to  find ad d itio n a l in fo rm a tio n  to  co n firm  or 
d isp ro v e  these sta tem en ts. T h e  s ta tu s  o f  the  follow ing species is th u s  still unclear:

B alanus im p ro visu s  D arw . (C rustacea, C irripedia). A ccording to  L u ther (1950), 
o b serv ed  firs t tim e  in  1844.

C o r o p h iu m  m u ltis e to su m  S tock  (C ru s tacea , A m p h ip o d a). F o u n d  by Ja id ie w - 
ski (1 9 7 6 ) o f f  th e  Polish  co ast. T h e  m an n e r o f its d ispersal is u n k n o w n , possibly 
a n th ro p o c h o ro u s  (K. Jazd zew sk i, pers. com m ,).

O rch e s tia  p la ten sis  K ro y er (C ru stacea , A m p h ip o d a). C o n sid e red  as a n th ro p o ­
c h o ro u s  by E lm gren  (1 9 8 4 ). A re la ted  species, Talorchestia  desh a yesi (A udouin) 
w a s  a ssu m ed  to  be b ird  tra n sp o r te d  to  the  Polish c o a s t by N a w o d z iñ sk a  &  
D rzycim sk i (1 9 6 3 ).
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P a la em o n e te s  varians  (Leach) ¡C ru stacea , D ecap o d a ) is m en tio n ed  am o n g  
in tro d u c e d  spec ies by E lm g ren  (1 9 8 4 ).

C o n g eria  co ch lea ta  (N y s t)  (M o llu sca , B ivalvia) h a s  been reco rd ed  o n ce  in  ca. 
1 9 3 0  o n  th e  E  c o a s t  o f  G d a n sk  Bay (cf. T h ien em an n  1950).

T h e o d o x u s  flu v ia tilis  (1..) (M o llu sca , G a stro p o d a ) is, acco rd in g  to  N ik o la jev  
(1 9 7 4 ) , an  ea rly  im m ig ra n t belo n g in g  to  the  P o n to -C a sp ian  com plex .

Pisces

T h e re  a re  o n ly  sp o ra d ic  n o tes  o n  th e  o ccu rren ce  o f  in tro d u ced  fish species in  the 
B altic . S ingle in d iv id u a ls  o f  th e  fo llo w in g  species can  be ca u g h t (K oli 1966  and  
p e rs . c o m m ., O tre r lin d  1 9 7 0 , K arpev ich  1 9 7 5 , Solovjova 1 9 7 6 , W cstm an  &c 
T u u n a in e n  1 9 8 1 , A n d reasso n  6c P e tersso n  1 9 8 2 , M . H im b erg , pers. com m .); 
A c ip e n se r  g u e ld e n s ta e d ti  B ra n d t (R u ssian  s tu rg eo n ), A . baeri B ran d t (S iberian  
s tu rg e o n ) , S a lm o  g a ird n er i R ich , (ra in b o w  tro u t ,  n a tiv e  to  N  A m erica. C o m ­
m o n ly  re a re d  o n  fish  fa rm s, an n u a l p ro d u c tio n  in b rack ish  w a te r  in  F in lan d , for 
ex a m p le , 2 2 0 0  to n s  in  1 9 8 1 ), Sa lve linus n a m a ycu sh  W alb . (lake  tro u t,  N  A m e­
rica ) O n c o rh y n c h u s  g o rb u sch a  (W alb .) (p in k  sa lm o n , N  Pacific co as ts ) , O . ke ta  
(W alb .) (chum  sa lm o n , N  Pacific coasts), C oregonus p e led  (G m cl.) (pe led  w h ite- 
fish , S ib e rian  lak es), a n d  Ic ta lu ru s m elas  (R afin .) (b lack  b u llh ead , N  A m erica). 
S o m e c y p n n id  species (e .g ., C yp rin u s  carpio  L ., co m m o n  carp , o rig in a lly  from  
A sia) m ay  a lso  b e  reco rd e d  in b rack ish  w a te r. M o s t o f  th ese  species d o  no t 
o c c u r  a s  s e lf -m a in ta in e d  p o p u la tio n s , i.e ., th ey  a re  n o t  ab le  to  rep ro d u ce  in  the 
B a ltic  Sea o r  in  its  d ra in a g e  a rea .

A v e s

B ra n ta  ca n a d en sis  (L .) (C an a d a  g oose , N  A m erica). In tro d u c ed  ca. 1930  in to  
S w ed en  (a p p ro x . 3 0 0 0 0  in d iv id u a ls  in  1 981). Iii F in lan d  since 1 9 6 4 , n o w  100- 
150  in d iv id u a ls . A p p a re n tly  th e  co m m o n est g o o se  in th e  B altic reg ion  (F ab ri­
c iu s  1 983).

M a m m a lia

M u s te la  xdson  S chreb . (m in k , N  A m erica). A fugitive from  fu r  farm s. In  su itab le  
h a b i ta ts  a ro u n d  th e  B a ltic  S ea, a lso  in  th e  o u te rm o s t a rch ip e lag o  a rcas  in  th e  N 
B a ltic  a rea .

O n d a tr a  z ib e th ic a  L. (m u sk ra t, N  A m erica). In tro d u ced  in to  E uro p e  in 1906. 
A rtim o  (1 9 6 0 ) fo u n d  a  d isp ersa l ra te  o f  4 -1 2 0  km  a " 1 in S F in land . A lready 
o b se rv e d  in  th e  la te  1950s o n  th e  o u te rm o s t is lan d s in N  Q u a rk  a n d  o n  islands 
iso la te d  b y  a  15 k m  w id e  o p e n -w a te r  a rea  from  th e  m ain  A land  Islan d s (H ildén  
6c S tén  1 9 6 4 ). T h e  m u s k ra t  n o w  co lon izes N  Sw eden, inch the  co ast o f  the
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B o th n ia n  Bay, w h e re  th e  flu c tu a tin g  w a te r  level an d  the  scarcity  o f  the  m acro- 
p h y te  v eg e ta tio n  are  lim itin g  fac to rs  (D anell 1 978). F o u n d , e.g. in  co asta l la­
g o o n s , n o t  o n  th e  sea sh o re , a lo n g  th e  Polish  co ast (5. S traw insk i, M . G ro - 

m a d z k i, pecs, co m  end»

N y c te re u te s  p ro cy o n o id e s  (G ray) (racco o n -lik e  dog , E A sia). S porad ica lly  on 
sea  sh o re s  a lo n g  the  so u th e rn  an d  ea s te rn  coasts , ea tin g  dead  fish an d  w ate r 
fow l. A s tro n g  e x p a n s io n  a lo n g  the  Polish coasts  d u rin g  the  la s t 15 years (Krzy- 
w iriski &  W to d ek , in press).

D istribu tion

D is tr ib u tio n  o f  in tro d u ce d  ben th ic  species is p resen ted  in Fig. 1. V ertically , 
m o s t in tro d u ce d  species a re  restric ted  to  the  litto ra l o r  u p p e r su b litto ra l zones 
o r  to  th e  u p p e rm o st pelag ia l layer (e.g. A cartia , larvae o f R itb ro p a n o p eu s  and  
D  re issena). Som e ex cep tio n s  can  be m en tio n ed . M ya  can  be fo u n d  d o w n  to  a 
d e p th  o f  2 0 * 3 0  m , a t  least. O n  sheltered  sed im en ta tio n  b o tto m s , P olydora  has 
been  reco rd e d  a t  2 9  m (H a ls in a h o  1 984) an d  P o ta m o p yrg u s  a t  23 m d ep th  (Fig. 
2 ) . M o s t o f  th e  species co n cern ed  a re  invaders from  the  so u th . T h e ir  n o rth w a rd  
sp re ad  is o b v io u sly  lim ited  by low  tem p e ra tu re  com bined  w ith  u n fav o u rab le  
sa lin ity  co n d itio n s . In the  S B altic b o th  ex p o sed  litto ra l h a b ita ts  a s  well as 
d ee p e r so ft b o tto m s  seem  to  be en tire ly  free from  in tro d u ced  species (e.g. 
Z m u d z iñ sk i &: O stro w sk i 1982).

B iogeograph ica i origin, rou tes o f  d ispersal

O f  th e  3 3  species listed  above  (species m en tio n ed  u n d er ‘V a ria ' n o t  included) 6 
fish  species h av e  b een  in ten tio n a lly  in tro d u ced  in to  the  B altic Sea, 14 species 
tra n s fe rre d  u n in ten tio n a lly  (passive d ispersal w ith  m an ’s a id ) an d  13 species 
in ten tio n a lly  p lan ted  in ad jacen t bod ies o f  fresh  w ate r an d  from  th ere  sp read  to  
th e  B altic coasts . 16 species m ay be co n sid ered  tran so cean ic  im m igran ts  (irie!, 
tw o  sa lm o n id  species from  the  N  Pacific reg ion); n o t (ess th a n  11 o f  these 
o r ig in a te  fro m  N  A m erica. ' I h e  P o n to -C asp ian  com plex , o ften  considered  an 
im p o rta n t so u rc e  o f B altic Sea im m ig ran ts, is represen ted  b y  2 -3  species only 
o u ts id e  riv e r m o u th s. A ccord ing  to  W o lff (1 9 7 2 ), th e re  is n o t  a  single species in 
th e  N W  E u ro p e an  b rack ish  w a te r  fau n a  certain ly  o rig in a tin g  from  th e  P on to- 
C a sp ia n  a rea . T h e  ex ac t m an n e r of d ispersal is u n k n o w n  in m o st cases. T here  
a re  ex am p le s  o f  b a lla s t species {Chara, Elodea, E riocheir, R itb ro p a n o p eu s , 
A ca r tia , My a ( f ) ,  P o ta m o p yrg u s), species a ttach ed  to  the  b o tto m s  o f ships (C or­
d y lo p h o ra , P o lydora , D reissena , C o ro p h iu m , V ictorella), an d  o f species sp read  
a lo n g  riv e r system s fro m  ad jacen t lakes a n d  reservoirs in  w h ich  th ey  have accli­
m atized  a s  eco n o m ically  useful species (species o f M ysidacea an d  G am m arid ae  
listed  ab o v e , O rco n ectes, Ic ta lurus, C yprinus, Sa lvelinus, O n d a tra ).
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E lo d e a  
c a n o *  
cj e n s i s

E r io c h e i r  s in e n s i s  
P o tam o p y rg u s  j e n ­

kinsi
C o rd y lo p h o ra  c a s p ia

C h a r a  
c o n n i v e n s

Mya a r e n a r i a

Po lydora  
r e d e k

V ic to re l la  
p a v id a

O r c o n e c t e s  
l im o su s

D r e i s s e n a
po lym orpha

C oroph ium  
c u rv i s p in u m

M esom ysis  kow alew skyi

C h a e to g a m m a r u s  w a rp a ­
chowskyi. O b e s o g a m m a ­
r u s  c r a s s u s .  P o n to g a m ­
m a ru s  ro b u s to id e s .  H em i­
m y s is  a n o m a l a .  L im n o ­
m y s is  b e n e d e n i  

'R i th ro p a n o p e u s  
h a r r is i

F i (*. 1 .  D i s t r ib u t io n  o f  non*pr1 .ig ic  sp e c ie s  in tr o d u ce d  in to  th e  Baltic  Sea feast  o f  th e  A rk on a  

B a s in ) ,  in  p ar t  a c c o r d in g  t o  Järv ek ü lg  Í 1 9 7 9 ) .

M a n -in tro d u c e d  species in  m a n -m a d e  hab ita ts

A n th ro p o c h o ro u s  im m igran ts  a re  generally n e ith er com m on n o r num erous. T he 
m o s t m a rk e d  e x c e p tio n s  a r e  D reissena  w h ich  p red o m in a te s  in  th e  Szczecin 
F irth  (a b u n d a n c e  m ax . 10s in d . • m -2 ; W ik to r  1969), M ya, P o ta m o p yrg u s  and , 
in so m e  F in n ish  co as ta l a rea s , P olydora . A n exam ple from  the  A land a rch i­
p e lag o  c a n  b e  g iven . A t 6  so f t-b o tto m  sta tio n s  (depth  ¿ 0  m ), m o n ito red  by 
H u so  B io log ica l S ta tio n , a  to ta l  o f  23 tax a  w as reco rded  in 1977-1981 (n 
sam p les  =  2 6 3 ) . A m o n g  th ese , tw o  in tro d u ced  species w ere  fo u n d : P o ta m o ­
p y rg u s  (f req u en c y  o f  o ccu rren ce  1 6 %  o f  sam ples taken ) an d  M y a  (2 % ).
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T h e  ab u n d a n c e  o f  in tro d u ce d  species in  som e specific h a b ita ts , s tro n g ly  in­
flu en ced  by m an , is w o r th  n o tin g . T h e  firth s  a lo n g  th e  S B altic co ast a re  heavily 
e u tro p h ic a te d  an d  h e re  a den se  p o p u la tio n  o f filter feeders ( D reissena ) can  be 
m a in ta in ed . O n  ex trem ely  so ft b o tto m s , rich  in  o rg an ic  m a te ria l, P o ta m o p yrg u s  
m ad e  u p  5 7 %  o f  th e  cotal ab u n d an ce  in  sam ples tak en  by m yself ar d ep th s  of 
1 .5 -3  m  in  D e ad  V istu la , P o lan d , in  S ep tem ber 1982. O n  secondary  h a rd  b o t­
to m s  (piles) in  th e  sam e a rea , s tud ied  by A rn d t (1 9 6 5 ), no less th a n  5 species 
o u t  o f  a  cotal o f  15 species w ere  in tro d u ced  im m igran ts  ( C o rd y lo p h o ra , D reis­
sena , P o ta m o p yrg u s , R ith ro p a n o p eu s , V ictorella ).

O n  th e  co a s ts  o f  F in land  som e 2 -3  im m igran ts  can  b e  fo u n d  m ore regularly . 
E .g ., in  a  Z o s te ra  com m unity  in  W  p a r t o f  th e  G u lf o f  F in land , only  P otam o­
p y rg u s  a n d  M y a  w e re  reco rd ed  am o n g  a to ta l  o f  5 8  tax a  o f p la n ts  an d  an im als 
(L a p p a la in e n  e t a l. 1 9 7 7 ). A t sligh tly  p o llu ted  so ft-b o tto m  localities in SW 
F in la n d , th e  in tro d u c e d  species found  w e re  P o ta m o p yrg u s  ( ran k  by frequence 
13, a m o n g  a  to ta l  o f  3 3  ta x a  cau g h t a t  2 3 2  sta tio n s  in  1 9 6 5 -1 9 7 3  by L eppä- 
k o sk i 1 9 7 5 ), M y a  (ran k  20) an d  P olydora  (21). O n  h a rd  b o tto m s, C o rd y lo ­
p h o r a  is th e  on ly  im m ig ra n t o f  im p o rtan ce . It a lso  occurs a t  g rea te r dep ths: 
b e lo w  8 -9  m  it h a s  m o re  an d  m o re  rep laced  M ytilu s  edulis  L, o n  artific ia l 
su b s tra te s  s tu d ied  by K au tsk y  (1 9 8 2 ), co -o ccu rrin g  w ith  L a o m ed ea  loveni 
(A lim .), B a la n u s im p ro v isu s  (L .), an d  Electra crustu len ta  Pallas.

R ela tio n s  w ith  o th er  species , in c lu d in g  m a n

F o o d  cha ins
A ll t ro p h ic  levels a re  rep resen ted  am o n g  the  in tro d u ced  o rgan ism s. T h e  m o st 
successfu l species a re  m em b ers  o f d e tritu s  fo o d  chains [D reissena, P o tam o- 
p y rg u s \  Fig. 2 ) . In  th e  o p e n  B altic p ro p e r, the  in tro d u ced  elem ent is o f  no 
im p o rta n c e  {cf., e.g. th e  C asp ian  Sea, in  w h ich  invaders m ay a c c o u n t fo r 80- 
1 0 0 %  o f  th e  to ta l  b io m ass  o f  z o o b cn th o s  (K asym ov 1982)), ín  ce rta in  coasta l 
w a te rs ,  fo o d  ch a in s  an d  w ho le  b e n th k  co m m unities m ay , b o th  s tru c tu ra lly  and  
fu n c tio n a lly , b e  b ased  u p o n  in v ad ers. In  the  early  1960s, D reissena  m ade u p  no 
less th a n  8 8 %  o f  th e  to ta l  b en th ic  b io m ass  in th e  Szo-ecin F irth  (m ax . 2 0  k g  • 
m 2; W ik to r  1 969). H e re  th e  A m erican  crayfish  O rconectes  feeds m ain ly  upon  
th e  P o n to -C a s p ia n  co e len te ra te  C o rd y lo p h o ra  (Piesik 1 9 7 4 ), w h ich  u se s  p la n k ­
to n ic  la rv a e  o f  th e  P o n to -C asp ian  b ivalve D reissena  (W ik to r 1 969). Y oung 
D reissen a  a r e  o f  im p o rta n c e  as food  fo r  ce rta in  fish an d  w a te r  fow l (cf. S tañczy- 
k o w sk a  1 9 7 7 ). In  D e ad  V istu la  ad u lt R ith ro p a n o p eu s  feed m ain ly  u p o n  D reis­
sena  w h e re a s  y o u n g  in d iv id u a ls  co n su m e C ord ylo p h o ra  (K u)aw a 1 9 6 3 , T u to -  
b o y sk i 1 9 7 3 ). R ith ro p a n o p eu s  has been a  valuable food item  fo r bo ttom -feed ing  
fish  in  th e  G d a n sk  Bay (K u jaw a 1 963). Such in structive  ex am p les  o f  food  chain  
re la tio n s  b e tw een  tw o  o r  th ree  in tro d u ced  species ca n n o t be found  in  th e  N  
B a ltic  a re a .
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F i c .  2 .  M a c r o z o o b e n t h o s  at  a  m o n i to r in g  sta t ion  in the inner part o f  the A la n d  arch ipe lago  (Ekman*  

B irge  b o a o m  g r a b ;  0 .6  m m  m esh sieve).  1, C'h in m o m u s p ¡u m osu $-% tou p  l a n a e ;  2 ,  P o ta m o th r ix  

h a m m o n ie n s is  ( M i d i . ) ;  3 .  'I any a d i n a e  spp. larvae; 4 ,  P o n to p o re ia  a ffin is  Ltndstr.; 5 ,  P e lo sc o le x  

h e te r o c h a e tu s  ( M ic h  ); 6 ,  C h ir o n o m in a e  sp. I; 7 ,  C h ir o n o m in a e  S p .  II; 8 ,  L im n o d r ilu s  sp . juv.;

9, M e sid o te a  e n to m o n  (L.)*

Habitat changes
Sessile sp ec ie s , such  a s  C o rd y lo p h o ra  a n d  D reissena, ch an g e  the  p h y sica l s tru c ­
tu re  o f  a h a b ita t .  D reissena  c rea te s  secondary  h a rd  b o tto m s , th u s  m u ltip ly ing  
th e  su rfa c e  av a ila b le  fo r  o th e r  sessile form s an d  for D reissena  itself. It a lso  acts 
a s  a  ‘se d im e n t t r a p ',  tu rn in g  huge am o u n ts  o f  seston  in to  ex cre ted  pseudofaeces 
w h ic h  c re a te  so f t s u b s tra te s , rich  in  o rg an ic  m a te ria l, fo r d ep o sit-feed in g , in- 
fa u n a l spec ies. W ik to r  (1 9 6 9 ) fo u n d  th a t  the  b io m ass o f  o th e r  zo o b en th u s  w as 
tw ice  a s  h ig h  in  th e  v ic in ity  o f  D reissena  beds as in o th e r  p a rts  o f  the  Szczecin 
F ir th .

Coexistence w ith native species
T h e  re la tiv e ly  h ig h  n u m b e r o f  species in tro d u ced  by m an  in to  N W  E u ro p ean  
b ra c k is h  w a te rs  p o in ts  to  th e  fac t th a t  a  n u m b er o f  h a b ita ts  an d  niches have 
b een  u n s a tu ra te d  (V aas  1 975). [n the  strongly  d ilu ted  w a te r o f  the  B altic coasta l 
la g o o n s , filte r-feed in g  b ivalves d id  n o t  o cc u r o n  firm  b o tto m s ; th e  in tro d u c tio n  
o f  D reissen a  filled th is  g ap  (cf, W o lff (1969) fo r  D u tch  estuaries). In p a r ts  o f  the 
Szczecin  F ir th , D reissen a  an d  M y tilu s  co -o ccu r b u t  they d o  n o t  basica lly  over­
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la p  (L. S zlauer, Z . P iesik, p ers . com m .) o w in g  to  iso la tio n  by the  sa lin ity  g ra d i­
e n t.  P o m a io p y rg u s  lives a s  th e  on ly  g a s tro p o d  o n  su b litto ra l so f t b o tto m s  in  the 
N  B altic  ( h g .  2 ) , E riocheir  as the  on ly  d ecap o d  c rab , O n d a tra  as the  on ly  shore- 
liv ing  ro d e n t  e tc . It is, how ev er, d ifficu lt to  define  a  ‘free n ich e '; as p o in ted  o u t 
b y  Li ÔC M o y le  ¡1 9 8 1 ), an  in tro d u ce d  species m ay  a d o p t a  d iffe ren t realized  
n ich e  as a  response  to  new  eco log ical co n d itio n s . T h e re  a re  on ly  3 few  w ell- 
s tu d ied  ex am p le s  o f  in terspecific  co m p etitio n  betw een  n a tiv e  an d  in tro d u ced  
species. O n  th e  o th e r  h a n d , w e d o  n o t  h av e  ad eq u a te  d a ta  o n  p re -in tro d u c tio n  
c o n d itio n s  fo r  ev a lu a tin g  the  im p ac t o f  an  in tro d u c tio n  (cf. H ed g p e th  1980). 
T h e  m o s t in te re stin g  p a irs  o f  species m ighr be, e.g. D reissena -  M y tilu s , B ran ta - 
A n s e r  a n ser  (L .), P o ta m o p yrg u s  — o th e r  species o f H y d ro b iid ae  {com petition  in 
p a r t  re d u ced  by sp a tia l seg regation , cf. H yi leb erg 1 9 7 8 ), a n d  C o rd yU ip h o ra -  
L a o m ed e a  (a m o n g  o th e r  species o f  sessile fo rm s, cf. K au tsky  A 9 8 2 ).

A s fa r  a s  I k n o w , th e  ex o tic  species concerned  have been  free fro m  exo tic  
d iseases a n d  p a ra s ite s  w h en  in tro d u ce d  in to  th e  B altic a f te r a s tepw ise sp read in g  
in  fre sh w a te r system s o r  along  the  N o r th  Sea coast. Som e invaders a re  k n o w n  as 
n u isan ce  o rg an ism s: E riocheir  an d  C ord ylo p h o ra  m ay cau se  d am ag e  to  fishing 
g e a r , D reissena  a n d  C o rd y lo p h o ra  o cc u r as fo u ling  o rgan ism s in  co o lin g  sys­
tem s an d  o v e rg ro w  u n d e rw a te r co n stru c tio n s . T h e  m usk  ra r m ay  d am ag e  sh o re  
m ead o w s a n d  co n s tru c tio n s ; th e  m in k  ag a in  is k n o w n  as a  p re d a to r  o n  w ate r 
fow l.

M a n  seem s to  be u n ab le  to  in ten tio n a lly  m an ip u la te  the  species co m p o sitio n  
o f  th e  B altic  Sea (cf. L cppäkosk i 1980), T h e  invader e lem en t has, generally  
sp e a k in g , o cc u p ie d  o n ly  m arg in a l a re a s  an d  in  m o st cases on ly  m arg in a l niches. 
B io g eo g rap h ica ily , how ev er, th is  c lem ent signifies a g re a t ad d itio n  to  th e  B altic 
fa u n a  a n d  flo ra , w ith  resp ec t to  th e  n a tu ra lly  low  n u m b er o f  species p resent. 
F o r  a  co n se rv a tio n is t, th is ad d itio n  ind icates co n tam in a tio n  o f the  b io ta  by 
fo re ig n  e lem en ts , th e  in v asio n  o f  w h ich  h a s  been  de term in ed  in  p a r t  by m ere  
ch an ce , in  p a r t  by m an ’s eco n o m ic  in terests a n d  activ ities (p lan n ed  acc lim a tiza ­
t io n s , c re a tin g  a  n e tw o rk  o f  can a ls  jo in in g  river system s, d ev e lo p m en t o f  tra n s ­
o ce an ic  t ra d e ) . F ro m  an  eco lo g is t's  p o in t  o f  view , these species have c o n trib u ted  
to  species d iversity  a n d  co m m u n ity  s tru c tu re , crea ted  n ew  in terspecific  (e.g. 
c o m p e titiv e  a n d  tro p h ic )  re la tio n sh ip s , etc.

A b io g eo g ra p h e r m ay  h av e  q u ite  a  d iffe ren t view . T h e  B altic Sea is a  fa irly  
y o u n g  b o d y  o t  b ra ck ish  w a te r . T h e  sp o n tan eo u s  d ispersa l o f  species is d ifficult 
b ecau se  o f  its g eo g rap h ica l iso la tio n , by lan d  o r  by m arin e  w ate r, from  estuaries 
a n d  o th e r  b rack ish  w a te r  a reas . T h u s , in tro d u c tio n  by h u m an  ac tiv ities  helps 
o rg a n ism s  to  c ro ss  ecological d ispersa l b a rrie rs . T h e  n u m b er o f species is still 
lo w  a f te r  th e  la s t  g lac ia tio n  an d  th e  severe d is tu rb an ces , e.g. fre sh w a te r periods, 
fo llo w in g  it. T h e  p re sen t b rack ish  w a te r  b io ta  o f  the  B altic h av e  been  form ed 
d u rin g  th e  la s t  7000 -8 0 0 U  year* an d  i t  is obv ious th a t th is p rocess is still go ing  
o n . T h e  e n r ic h m e n t o f  th e  B altic fau n a  an d  flo ra  by in tro d u ce d  species can ,
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f ro m  th is  p o in t  o f  v iew , be in te rp re te d  as a successive recovery  from  th e  last 
g la c ia tio n , a n th ro p o c h u ru u s  d isp ersa l being  a  sp read in g  m echan ism  com ple­
m e n ta ry  to  o th e r  m a n n e rs  o f  d ispersa l.

M y  o b s e rv a tio n s  co n firm  th e  h y p o th es is  p re sen ted  by W o lff (1974) th a t  n o n - 
tid a f b ra c k ish  w a te r  ecosystem s a re  m o re  o p en  to  in tro d u ce d  species co m p ared  
w ith  o th e r  b e n th ic  h a b ita ts  (m arin e , tidal b rack ish , o r  fresh w ater). G rad u a l 
ch a n g e s  in  th e  B a ltic  ecosystem  a re  m o n ito red  from  m an y  aspects w ith in  the  
f ra m e w o rk  o f  in te rn a tio n a l co o p e ra tio n . W e have to  b e a r  in m in d  th a t  ‘co n tro l 
o f  th e  c o m p o s it io n  o f  th e  f lo ra  an d  fa u n a  o f  the  B altic Sea is a m a tte r  w o rth
in c lu d in g  in  th e  p r o g r a m s  co n cern ed  w ith  the  p ro tec tio n  o f the  w a te rs  of
th e  B a ltic  Sea b a s in ' (N ik o la je v  1974).

R E F E R E N C E S
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