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Are there two species of the polychaete genus Marenzelleria in Europe?

R e c e iv e d :  19 M ay  1 9 9 4 /  A ccep ted : 3 0  A u g u s t  1 9 9 4

Abstract North Sea and Baltic Sea populations o f the in­
troduced polychaete M arenzelleria viridis (Verrili, 1873) 
reproduce at different times (spring and autumn, respec­
tively). Enzyme separation by starch gel electrophoresis 
revealed major differences between specim ens from the 
Baltic Sea and those from the North Sea (collected in 1992 
and 1993) but a high degree of hom ogeneity among pop­
ulations from the same sea. Three enzyme loci, glucose-6- 
phosphate isom erase (GPI-A, GPI-B) and m alate dehy­
drogenase (M DH ), were fixed to 100% by different alleles 
in the North and Baltic Sea populations, respectively. D if­
ferent alleles are dom inant for m itochondrial aspartate 
am inotransferase (mAAT) with allele frequencies of ca. 
0.97 in all sampled populations from the North Sea and 
Baltic Sea, respectively, but heterozygotes w ere found in 
all populations. These genetic differences could be due to 
environm entally induced selection or genetically different 
origins of the populations, suggesting that populations of 
the genus M arenzelleria  in  the North and Baltic Seas may 
be two different species.

Introduction

M arenzelleria viridis (Verrili, 1873; syn. Scolecolepides 
viridis, Verrili, 1873), a spionid polychaete form erly con­
sidered indigenous to the North A m erican A tlantic coast, 
has been colonizing brackish w ater ecosystem s in the 
North and Baltic Seas for m ore than 10 yr. It is proliferat­
ing rapidly in some areas of these seas and has becom e an 
im portant component of the m acrozoobenthos in many b i­
otopes.

M arenzelleria viridis was discovered in European wa­
ters in the Forth estuary (west North Sea) in 1982 (McLu-
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sky et al. 1993), and in  1983 specimens were found in the 
Ems estuary (N etherlands, southeast North Sea; Essink and 
K leef 1988). A ccording to Essink and Kleef (1993), the 
species had spread in to  the Baltic Sea by 1985 (Bick and 
Burckhardt 1989; Fig. 1 present study). If  the species con­
tinues to spread at its present rate, it can be expected to 
colonized most suitable European biotopes within the near 
future.

Essink and K leef (1993) suspect that M arenzelleria vir­
idis was transported across the A tlantic to Europe as lar­
vae or juveniles in the ballast water of tankers, and this 
could also account fo r its appearance in the Baltic Sea. 
Moreover, after studying the time sequence for records of 
M. viridis in Europe, they formulated a hypothesis regard­
ing the possible mode by which the spionid polychaete was 
able to spread within the North and Baltic Seas. A ccord­
ing to their hypothesis, colonization of the southeast (Ems 
estuary) and northwest North Sea (Tay Estuary in Scot­
land) resulted from two distinct im m igration events. There­
after, the spionid spread with the anti-clockwise water cir­
culation system (Lozan et al. 1990; Otto et al. 1990), pos­
sibly entering the Baltic Sea in the ballast water of ships 
or with the water flowing from the North Sea into the B al­
tic.

Since the planktic larvae o f M arenzelleria viridis have 
a life-span of several weeks and often occur in abundances 
of several million individuals m-3, and since juveniles can 
also be present in considerable numbers in the plankton 
(Bochert et al. 1994), the modes o f im m igration to Europe 
and propagation in the North Sea hypothesized by Essink 
and K leef (1993) appear probable (Carlton and Geller 
1993).

There are two reasons for questioning Essink and 
K leef’s (1993) assumption that colonization of the Baltic 
Sea started with polychaetes from the North Sea: (1) The 
North A m erican (George 1966; Dauer et al. 1982) and 
North Sea (Atkins et al. 1987; Essink and K leef 1993) pop­
ulations of Marenzelleria viridis reproduce in spring, their 
pelagic larvae being found from February to May. The Bal­
tic population (Bochert e t al. 1994) reproduces in autumn, 
and pelagic larvae in this area are present from  September
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F ig .  1 M a r e n z e l le r ia  sp p . D is ­
tr ib u tio n  in  th e  N orth  S e a  and  
B a lt ic  S e a . A ra b ic  nu m bers  
(o p e n  c ir c le s )  rep resen t c o l le c ­
t io n s  o f  M . v ir id is ,  L atin  n u m ­
b e rs  ( f i l le d  c ir c le s )  c o lle c t io n s  
o f  M . w ire n i .  A rro w s in d ica te  
s a m p lin g  s ite s  fo r  p resen t 
s tu d y . N o rth  S ea : 1 M cL u sk y  
e t a l. (1 9 9 3 ) ;  2  (E m s l , E m s 2 )  
E ss in k  an d  K le e f  ( 1 9 8 8 ); 3  A t­
k in s  e t a l. (1 9 8 7 ) ;  4  L e lin g  
(1 9 8 6 ) ;  5  (W eser  estu a ry ); 6 ,
8  E ss in k  and K le e f  (1 9 9 3 ) ;
7  K irk egaard  (1 9 9 0 ) ;  9  D e k ­
k er  (1 9 9 1 ) .  /  W o h len b erg  
(1 9 3 7 ) ;  II  O tte  ( 1 9 7 9 ) ; / / /  A t­
k in s  e t a l. ( 1 9 8 7 ) .  B a ltic  Sea:
/  (B o d d e n  c h a in  sou th  o f  
D a r ss -Z in g s t);  2  B ic k  and  
B u rck h ard t (1 9 8 9 ) ;  3  (O d er­
b u ch t) G ru szk a  (1 9 9 1 ) ;  4 ,
5  C h u b a rev a  an d  O len in
(1 9 9 2 ) ;  Z m u d zin sk i et al.
(1 9 9 3 ) ;  6, 7 , 8  A n d ersin  e t al. 
(p er so n a l c o m m u n ic a tio n );
9  P e r sso n  (1 9 9 1 ) ;  IO  A n d ersin  
e t  al. (p er so n a l c o m m u n ic a ­
t io n ), N o rk k o  e t a l. (1 9 9 3 ) ;
I I  G r e ifsw a ld e r  B o d d e n )  
G ru szk a  (1 9 9 1 )
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to December. (2) Finds of M. viridis have so far been rare 
in the Baltic Sea west of the D arss-Zingst Peninsula (M eck­
lenburg Bay, Kiel Bay, W ismar Bay), where only isolated 
specim ens have been reported. I f  the species entered the 
Baltic Sea in ballast water or in the water flowing from the 
North Sea (ca. 1200 km2 yr-1; Lozan et al. 1990), one 
would expect abundances to be far higher in these areas, 
particularly since the species was able to spread to other 
parts of the North and Baltic Seas so quickly and success­
fully.

We em ployed starch gel electrophoresis in order to an­
swer the following questions: Do genetic differences exist 
between the North Sea and Baltic populations o f M aren­
zelleria  viridis in addition to the above m entioned differ­
ence in reproduction period, and, if such differences exist, 
what caused them?

As far as we know, no biochem ical genetic studies have 
been undertaken for either the genus M arenzelleria  or the 
species M. viridis. Therefore, besides studying the com po­
sition o f the North Sea and Baltic populations, we were 
also seeking suitable methods for dem onstrating the cor­
responding zymograms and detectable polym orphic and 
genetically interpretable enzyme loci.

Materials and m ethods

P o ly c h a e te s

A ll w o r m s  u s e d  fo r  th e  s tu d ie s  d e scr ib ed  h ere  w e re  ad u lt M a r e n z e l­
le r ia  v ir id is  s p e c im e n s  that w e r e  stored  at - 7 0  ' C  u n til prepared for

T a b le  1 M a r e n z e l le r ia  v ir id is .  P o p u la tio n s  s tu d ied  and sam p lin g  
s ite s . E m s 1 and E m s 2  are tw o  sa m p le s  c o lle c te d  at d ifferen t tim es  
in  the sa m e  area (D o lla r d , E m s  estuary )

S a m p lin g  s ite S a m p le  c o lle c t io n

N orth  S ea
D o lla rd , E m s estu ary , H o lla n d S ep  1 9 9 2  (E m s 1)

A p r  1993  (E m s 2)
W eser  e stu a r y /B lex ter  P la te A pr 1993

B a lt ic  S ea
B o d d e n  ch a in  so u th  o f  D a rss-Z in g st:

B lie se n r a d e , B o d s te d te r  B od d en S e p  1992
K ö r k w itz , S a a ier  B o d d e n M ar 1992
B orn , B o d sted ter  B o d d e n M ar 1992
D a b itz , G rab ow  B o d d e n S e p  1992

G r e ifsw a ld e r  B o d d en M ar 1993
O derb u ch t A p r  1993

a n a ly s is  or  u sed  im m e d ia te ly  a fter  sa m p lin g . F or  sa m p lin g  s ite s  and  
d ates  s e c  T ab le  1.

T h e  s a lin it ie s  f lu c tu a ted  at th e  sa m p lin g  s ite s  in  b o th  th e  N orth  
S e a  (8  to  21  fbo) and th e  B a lt ic  S ea  (D a r ss -Z in g s t  B o d d en  chain: 
K ö rk w itz  4  to  lO'/cc D a b itz ; O derbucht: ca . 7%o; G r e ifsw a ld e r  B o d ­
den: ca . 7 .8 S0 0 ).

W orm s w e re  c o lle c te d  fro m  th e  w a d d en s  o f  th e  N orth  S e a , from  
sh a llo w  r eg io n s  up to 1 m d ee p  in the D a r ss -Z in g s t  b od d en  ch a in  o f  
th e  B a ltic  S e a , and d o w n  to  10  m in th e  G r e ifsw a ld e r  B o d d en  and  
O d erb u ch t. M a r e n z e l le r ia  v ir id is  in d iv id u a ls  w e r e  fo u n d  in m u ddy  
and sa n d y  s e d im e n ts  at all sa m p lin g  s ite s ,  bu t a b u n d a n ces  w e re  h ig h ­
er  in  m u d d y sed im e n ts  (E ss in k  and K le e f  1 9 9 3 ). Further in form ation  
c o n c er n in g  th e  hab itats and a b io t ic  fa c to rs  can  b e  fo u n d  in  th e  p u b ­
lic a tio n s  o f  E ss in k  and K le e f  ( 1 9 9 3 ) and B ic k  and B urck hardt (1 9 8 9 ) .

A ll  c h e m ic a ls  u sed  w e re  from  S I G M A , B o eh r in g e r , R oth , 
A ld r ic h  or M erck .
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H o rizo n ta l starch  g e l  e le c tro p h o r es is  (S G E ) w a s  u sed  to  d e ter ­
m in e  a lle le  fr e q u e n c ie s  a t th e  g iv e n  lo c i .  T h e  f o l lo w in g  b u ffers  w ere  
u sed : (I) A m in e -c itra te  (M o r p h o lin e ) , pH  6 .1  (M u rp h y  et al. 1 9 9 0 ), 
m o d ifie d . E lec tro d e  bu ffer: 0 .0 4  M  c itr ic  a c id , 0 .0 1  M E D T A ,0 .0 1  M  
M g C l2, a d ju sted  to p H  6.1 b y  ad d in g  A -(3 -a m in o p ro p y I)-m o rp h o -  
l in e . G e l buffer: 1 :1 9  d ilu tio n  o f  e le c tr o d e  bu ffer. (II) S e e  (I ) , bu t pH  
a d ju sted  to 6 .5 .  (III) T r is -m a le ic  a n h y d r id e -E D T A , p H  6 .9  (P asteu r  
e t al.

S tarch  g e l e le c tro p h o r es is

T h e  11.5%  g e ls  w e re  m a d e  fr o m  a m ix tu re  o f  starch  h y d ro ly sa te s  
( t im e  o f  h y d ro ly s is : 0 ,  5 0 , 6 0 , 7 0 ,  8 0  m in ; Dr. M arek , B rn o , p e r so n ­
a l c o m m u n ic a tio n ) .

B a lt ic N orth S ea

F ig . 2  M a r e n z e l le r ia  v i r i d i s .  S u p ern atan t aspartate  a m in o tra n sfe ­
rase  (sA A T )  in  p o p u la t io n s  from  th e  N orth  S e a  and B a lt ic  S e a . T he  
m o st c o m m o n  a l le le  s A A T * 2  in  a ll p o p u la tio n s  d en o ted  b y  2 . T he  
rare a lle le s  *1  and *3  a ls o  sh o w n

E le c tro p h o r es is

S G E  w a s  carried  o u t in  M u ltip h o r  II h o r izo n ta l e le c tro p h o r es is  c h a m ­
bers w ith  c o o l in g  p la tes  from  P h a rm a cia -L K B . T h e  c o o lin g  p la tes  
w e r e  c o o le d  to  b e lo w  8 ° C  b y  an  ex tern a l c o o lin g  c ircu la tio n . T h e  
p o w e r  p ack  w a s  an E  4 4 3  fr o m  C on sort.

S a m p le  preparation

W h o le  in d iv id u a ls  (1 0  to  10 0  m g ) w e re  h o m o g e n iz e d  in  b id is t ille d  
w a ter  or g e l b u ffer  (w e ig h t: v o lu m e  ca. 1 :1 .5 )  by u ltra so n ic  d is in te ­
g ra tion  (h o m o g e n iz er : H D  6 0 ,  B a n d e lin ). B o th  liq u id  p h a ses  w ere  
fo u n d  to b e  e q u a lly  su ita b le . A fte r  c en tr ifu g a t io n  (K  2 3  c en tr ifu g e , 
J a n etzk y ) at 7 0 0 0  g  and 4  ’C fo r  3 0  m in , the su p ern atan t w a s  p la ced  
o n  th e  g e l o n  str ip es  o f  f ilte r  pap er  (F iltrak  F N  8; 2  to  3  x  10 m m ) 
8 cm  from  th e  c a th o d e  e n d  o f  th e  g e l. E le c tro p h o r e s is  w a s  term in a t­
ed  a fter  the sa m p le s  (c o n ta in in g  b r o m p h en o lb lu e) h ad  m ig ra ted  ca. 
10  cm  tow ard s th e  a n o d e . T h e  g e l  w a s  cu t in to  la y ers  ca . 2  m m  th ick , 
w h ic h  w ere  p la c e d  in  s o lu t io n s  c o n ta in in g  sta in s  s p e c if ic  to  th e  v a r­
io u s  e n z y m e s  (P asteu r  e t a l. 1 9 8 8 ; M u rp h y e t a l. 19 9 0 ; M a y  1 9 9 2 ) 
a n d  in cu b a ted  at 37  °C .

S ta in in g  w a s  term in a ted  b y  d e c a n tin g  th e  s o lu tio n  w ith  th e  sta in  
a n d  w a sh in g  th e  g e l w ith  w ater. T h e  g e l w'as f ix e d  in  a  m ix tu re  o f  
w a ter  and g ly c e r o l (1: 1) to  p rev en t fa d in g  o f  th e  g e ls  s ta in ed  w ith  
M T T  (3 - [4 ,5 -d im e th y lth ia z o l-2 -y l] -2 ,5 -d ip h e n y lte tr a z o liu m  b ro ­
m id e  or th ia zo ly l b lu e ) and sto red  in  a refrigera tor  fo r  p h otograp h y .

T h e  resu lts  o f  sep a ra tio n  fo r  e n z y m e s  w e re  th e  sa m e  fo r  fro zen  
w h o le  in d iv id u a ls  and fo r  fr e sh  sa m p le s .

R esults

The enzyme nom enclature is as proposed by Shaklee et al. 
(1990). The first survey involved 13 enzymes. The activ­
ities of alcohol dehydrogenase, fum arate hydratase, g lu­
cose dehydrogenase, glutam ate dehydrogenase, L-iditol 
dehydrogenase, L-lactate dehydrogenase, mannose-6- 
phosphate isomerase, octanol dehydrogenase, superoxide 
dismutase and phosphogluconate dehydrogenase were 
very low or not detectable.

Aspartate am inotransferase (AAT; E.C. 2.6.1.1; 
dimer; buffers I, II, III)

In Marenzelleria, viridis AAT has two loci named accord­
ing to their migration properties (Harris and Hopkinson 
1976). They are supernatant AAT (s A A T *) and m itochon­
drial AAT (mAAT*), w hich m igrate towards the anode and

N.S. B a ltic

F ig . 3  M a r e n z e l le r ia  v i r i d i s .  M ito ch o n d r ia l aspartate  am in otran s­
fer a se  in  N o r th  S e a  and B a lt ic  S e a  s p e c im en s . T h e  m o st  co m m o n  a l­
le le  m A A T * 3  in  N o r th  S e a  (N .S .)M . v ir id is  d e n o ted  b y  3  and the m ost 
c o m m o n  a l le le  m A A T 'f2  in  B a lt ic  p o ly c h a e te s  b y  2. F ig u re  a lso  sh o w s  
h e te r o z y g o te s  m A A T  2 /3  in  both  p o p u la tio n s

cathode, respectively.
In the case o f sAAT, the four alleles we found are de­

noted sA A T *l, *2, *3 and *4 , respectively, starting with 
the one that migrates farthest towards the anode. The three 
alleles o f mAAT are denoted m A A T*l, *2 and *5, respec­
tively, starting with the allele that m igrated farthest towards 
the cathode.

sAAT (locus A)

Table 2 lists the individuals in our samples according to 
sam pling site and allele frequency. Allele sAAT*2 predom ­
inates in the specimens from the North Sea (« = 411) and 
Baltic Sea (« = 534; Fig. 2 present study).

Heterozygous individuals of the types 1/2, 2/3 and 1/4 
were rare, and no homozygous individuals o f the types 1/1, 
3/3 or 4/4 were found. This also applies to heterozygous 
com binations o f these alleles.

mAAT

The distribution o f the alleles we found was not identical 
in the North Sea and Baltic Sea populations. The predom ­
inant allele was mAAT*3 in the North Sea populations 
(« = 355) and mAAT-2  in  the Baltic populations (Table 2, 
Fig. 3). Heterozygous individuals o f type 2/3 were found 
in both the North Sea and Baltic populations. The charac­
teristic zymogram for heterozygous with 25%  2/2,50%  2/3 
and 25% 3/3 was obtained by mixing hom ogenates of ho­
mozygous worm s of types 2/2 and 3/3, freezing the mix-
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T a b le  2  M a r e n z e l le r ia  v ir id is .  A l le le  fr e q u e n c ie s  for  th e  e n z y m e s  sA A T , m A A T , (M D H /M E ), G P I -A , and G P I-B  in  th e  in v e s tig a te d  p o p ­
u la tio n . M o st co m m o n  fr e q u e n c ie s  sh o w n  in  b o ld fa c e

E n z y m e  S a m p lin g  s ite s
A l le le  ----------------------------------------------------------------------------------------

N orth  S e a  B a lt ic  S ea

E m s 1 E m s 2 B le x te r  P la te B lie se n r a d e K ö rk w itz B o m D a b itz G re ifsw  a ld er  B o d d en O derbucht

sA A T n - 80 197 1 34 73 9 0 118 61 105 87
A lle le 1 0 0 0 0 0 .0 0 6 0 .0 0 8 0 0 0 .0 0 6

2 1 0 .9 9 7 0 .9 9 6 1 0 .9 9 4 0 .9 8 8 1 0 .9 9 5 0 .9 8 8
3 0 0 .0 0 3 0 .0 0 4 0 0 0 0 0 .0 0 5 0 .0 0 6
4 0 0 0 0 0 0 .0 0 4 0 0 0

m A A T n  = 67 190 14 4 5 2 119 102 2 3 158 7 0
A lle le 1 0 0 0 0 0 0 .0 0 5 0 0 0 .0 0 7

2 0 .0 3 0 0 .0 2 9 0 .0 1 7 0 .9 8 1 0 .9 7 5 0 .9 9 0 0 .9 3 5 0 .9 8 1 0 .9 7 1
3 0 .9 7 0 0 .9 7 1 0 .9 8 3 0 .0 1 9 0 .0 2 5 0 .0 0 5 0 .0 6 5 0 .0 1 9 0 .0 2 2

M D H /M E n = 2 5 2 2 0 0 14 9 23 7 90 118 98 161 7 6
B an d A 1 1 1 1 1 1 1 1 1

B 0 0 0 1 1 1 1 1 1
B' 1 1 1 0 0 0 0 0 0
C 0 0 0 1 1 1 1 1 1
C ' 1 1 1 0 0 0 0 0 0

G P I-A n = 2 3 2 — — - - - —

A lle le 1 0 .2 5 9 - - - - - - -

2 0 .4 6 9 - ■ - - - - - -
3 0 .2 7 2 - - - - - - - -

G P I-B n = 2 3 2 172 139 - - - - - -
A l le le 1 0 .2 4 4 0 .1 8 9 0 .1 8 0 - - - - - -

2 0 .4 7 2 0 .5 3 2 0 .6 1 5 - - - - - -

3 0 .2 8 4 0 .2 7 9 0 .2 0 5 - - - - - -

ture and subsequently thawing it again. Homozygous in­
dividuals with the allele *3 , which predom inates among 
the North Sea populations, were also found in Baltic pop­
ulations. Allele *7 is very rare.

M alate dehydrogenase (M DH; E.C. 1.1.1.37)/ 
malic enzyme (ME; E.C. 1.1.1.40; buffers I, II)

No polym orphous loci were found in the North Sea or in 
Baltic populations for these enzymes. We were unable to 
shed light onto the genetic basis for the electropherograms 
we obtained for the N A D +-specific dim er M DH or the 
NA D P+-specific tetram er M E since no alleles were found 
for the same pattern in either case. However, the MDH/ME 
zym ogram s obtained for all polychaetes perm it 100% ac­
curate differentiation between worms from the North Sea 
and those from  the Baltic (Fig. 4).

The electropherogram s of individuals from the Baltic 
and North Seas exhibit several bands. Band A, which is 
nearest the anode, shows the highest activity for all in ­
dividuals when stained specifically for M DH (+N A D ) and 
ME (+N A D P).

Band B is actually the marker distinguishing all Baltic 
individuals studied so far ( n  = 780; Table 2) from those col­
lected from  the North Sea (n = 601), owing to the striking 
differences in electrophoretic mobility.

Band C contains considerably less activity, but here too 
the electrophoretic mobility for N orth Sea individuals is

North S e c

M
F ig . 4  M a r e n z e l le r ia  v ir id is .  M a la te  d e h y d r o g e n a s e /m a lic  e n z y m e  
in  in d iv id u a ls  from  the B a lt ic  S e a  and N o rth  S ea . B a n d s  in  th e  z y ­
m o g ra m  c la s s if ie d  a s A , B  . . .  a c co r d in g  to th e ir  e le c tr o p h o r e t ic  m o ­
b il it ie s  tow ard s th e  a n o d e. D if f e r e n c e s  b e tw e e n  s p e c im e n s  fro m  both  
p o p u la tio n s  v is ib le  in  b an d s B /B '  and C IC '. M  are sa m p le s  from  N e ­
re is  d iv e r s ic o lo r .  A c t iv ity  in  ban d s D  is  v e r y  lo w

N o r t h  S e a  B a l t i c

?

3

F ig . 5  M a r e n z e l le r ia  v ir id is .  G lu c o s e -6 -p h o sp h a te  is o m e r a s e  in 
N o rth  S e a  and B a lt ic  S e a  s p e c im e n s . F ig u r e  s h o w s  m ark ed  d iffer ­
e n c e s  at th ese  tw o  lo c i  b e tw e e n  p o p u la tio n s . T h e  o b s e r v e d  a lle le s  o f  
G P I-A  (n ea rest th e  a n o d e) and G P I-B  d en o ted  b y  1, 2  and 3 , r e sp e c ­
tiv e ly . R u n n in g  tim e: 4  to 5 h

A ;m



513

F ig . 6  M a r e n z e l le r ia  v ir id is .  G lu c o s e -6 -p h o sp h a te  is o m e r a s e  in 
B a lt ic  s p e c im e n s . In cre a se  in  ru n n in g  t im e  (7  to 8  h ) o f  e le c tr o p h o ­
res is  e n h a n c e s  r e s o lu t io n  at the tw o  G P I lo c i .  O b se rv e d  a lle le s  for  
G P I-A  (n ea r e st th e  a n o d e) and G P I-B  d e n o ted  b y  1, 2 ,  3 , 4 , 5 ? , 6 , 7? , 
8 and 1, 2 ,  3 ,  4 ,  5 ,  6 ,  r e sp e c tiv e ly . Q u e s tio n  m arks fo r  a l le le s  * 5  and  
* 7  o f  G P I-A  in d ic a te  that a lle le s  ca n  n o t d e f in ite ly  b e  id e n t if ie d

appreciably different to that for individuals from  the B al­
tic. Several additional bands, D, with very low enzyme ac­
tivities were also found.

G lucose-6-phosphate isomerase (GPI; E.C. 5.3.1.9; 
dimer; buffer I)

O ur experim ents show that GPI is encoded at two loci in 
each o f the populations we investigated (Fig. 5). The same 
figure indicates that the alleles located at the tw o highly 
polym orphous loci are completely different in individuals 
from  the North Sea (n = 683) and Baltic (n = 892) popula­
tions. The resolution of the alleles of individuals from B al­
tic populations can be enhanced by increasing the running 
tim e (Fig. 6).

North Sea populations

The locus that migrated farthest tow ards the anode is de­
noted GPI-A*, and its alleles are denoted *1, *2 and *3, 
respectively, starting with the one nearest the anode. The 
alleles o f GPI-B*  are likewise denoted *1, *2 and *3, also 
starting w ith the one nearest the anode. Three alleles were 
found w ith the allele frequencies stated in Table 2 at each 
of these loci.

Baltic populations

N either of the tw o GPI loci in any o f the individuals we 
studied from  the Baltic Sea expressed the alleles that were 
typical o f the North Sea populations, nor were alleles typ­
ical o f Baltic specim ens expressed at either GPI locus from 
North Sea individuals.

At least six alleles were found at each locus (Fig. 6). 
U nfortunately, we have not yet been able identify the num ­
ber o f alleles or their frequencies with absolute certainty.

Like M DH/M E, the two GPI loci are diagnostic (Avise 
1974) and allow M arenzelleria viridis individuals from  the 
North Sea to be differentiated from  Baltic individuals.

Discussion and concSysions

Our investigations in to  the genetic structure of the poly­
chaete M arenzelleria viridis  have revealed m ajor differ­
ences between the N o rth  Sea and Baltic populations, al­
though the structure w ith in  each of these populations is 
largely hom ogeneous. Considerable genetic differences 
between isolated populations of marine invertebrates have 
been described several tim es, for instance in the case of the 
common mussel M ytilu s  edulis (e.g. Johannesson et al. 
1990).

The results presen ted  here are particularly interesting 
because it has been on ly  a little m ore than 10 yr since Ma­
renzelleria viridis w as first reported in European coastal 
waters (Atkins et al. 1987; Essink and K leef 1988; Bick 
and Burkhardt 1989).

Like the genetic d ifference we have discovered, the dif­
ferent reproduction periods (North Sea and North A m eri­
can populations in spring , Baltic populations in autumn) 
(George 1966; Atkins e t al. 1987; Essink and K leef 1993; 
Bochert et al. 1994) suggest that the North and Baltic Seas 
populations may d iffer fundamentally. Only speculative 
reasons can be given fo r the different reproduction periods 
(Bochert et al. 1994) since no com parative experimental 
studies have been perform ed. Both reproduction period and 
the genetic results vary only slightly within each of the two 
distribution areas (Essink and Kleef 1993; M cLusky et al. 
1993; Bochert et al. 1994; our results).

At least two hypotheses can be form ulated to explain 
the differences: (1) The genetic differences have arisen due 
to the selective pressure o f environm ental factors. (2) The 
polychaetes in the N orth and Baltic Seas are o f different 
genetic origins.

If, like Essink and K leef (1993), we assum e that M a­
renzelleria viridis was im ported to Europe from  a single 
North American population during an im m igration event 
(possibly two discrete im m igration waves into the North 
Sea according Essink and K leef 1993), the effects of envi­
ronmental selection pressures (hypothesis 1 above) would 
provide an acceptable explanation o f the differences ob­
served so far. The gametes o f numerous spawning M. vir­
idis individuals are released into the water sim ultaneously 
during the reproduction phase. The larval stage following 
fertilization leads a planktic life for several weeks (George 
1966). Bochert et al. (1994) reported abundances of 
2 1 .8 x 1 06 larvae m~3 of w ater and initial colonization den­
sities of up to 270 000 ind m~2 of sedim ent by juvenile ben- 
thic forms in the bodden chain south of D arss-Zingst (Bal­
tic Sea). These figures show  vividly the enormous poten­
tial o f the species for colonizing new habitats and also, if 
they possess polym orphous enzymes, for possible environ­
mentally induced short-term  selection. However, we found 
absolutely no common allele for three enzyme loci 
{GPI-A, GPI-B  and MDH/M E), and other alleles are almost 
com pletely fixed for each of the mAAT that migrate to­
wards the cathode. Although the adaptive benefits o f alle­
lic isozym e polymorphism is a controversial subject, many 
studies suggest that it does confer adaptational ability, in ­
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eluding N evo’s (1990) field studies and laboratory experi­
ments showing that pollution can act as a selection factor. 
He concluded that a species with a higher level o f isozyme 
diversity would be more resistant to pollutants than one 
with a low isozym e diversity. Pollution could conceivably 
act as a selection factor in North Sea and Baltic estuaries. 
In view o f Sm ith’s (1964) investigations with N ereis d i­
versicolor, the influence of salinity on the larval develop­
ment of M arenzelleria viridis must naturally also be re­
garded as a possible selection factor causing the genetic 
differences we found between the M. viridis populations 
in the N orth Sea and Baltic Sea, respectively. However, 
since the selection hypothesis has not been supported by 
appropriate studies it remains pure speculation.

Atkins et al. (1987) considered another, perhaps rather 
im probable, explanation for the origin of the European M a­
renzelleria viridis populations besides Essink and K leef’s 
(1993) colonization model: “If, however, the two forms 
[M. viridis and M. wireni] are synonymous, then an origin 
in the European Arctic is possible, and natural processes 
may be sufficient to account for the presence o f the Tay 
p o p u la tio n .. . ”

The m orphological similarity of M arenzelleria viridis 
to M. wireni form s the basis for this possible explanation. 
M aciolek (1984) revised the description of the genus M a­
renzelleria com prising the species M. wireni, M. viridis 
and M. jo n esi and assigned the common North American 
estuarine species known previously as Scolecolepides v ir­
idis to this genus. Discussing the species, she mentioned 
that “M arenzelleria viridis is very sim ilar to M. wireni ( Au- 
gener). The two species differ only in subtle resp ec ts . . . ” 
However, M. wireni is reportedly restricted largely to the 
Arctic Circle, where it usually occurs in low abundances 
(Holm quist 1967, 1973; M aciolek 1984). It has also been 
found in waddens o f the island Sylt in the southern North 
Sea (M icrospio wireni, Wohlenberg 1937; Otte 1979) and 
possibly in the Forth estuary (Atkins et al. 1987) in the 
northwest N orth Sea. Its presence in the Sylt waddens in 
1937 and 1979 suggest that small populations o f M. wireni 
exist in the North Sea and could provide starting points for 
the possible colonization o f estuaries.

Besides the isolated finds of M arenzelleria wireni in the 
North Sea (W ohlenberg 1937; Otte 1979), some evidence 
also shows that M. wireni is able to migrate into estuaries 
where it can survive and reproduce at low salinities (be­
low 1 %c) (H olm quist 1967, 1973). Although little is known 
concerning the biology o f M. wireni, these reports suggest 
that both M. viridis and M. wireni can successfully colo­
nize the sam e biotope (estuaries, brackish waters).

Unfortunately, the planned studies into the differentia­
tion o f M arenzelleria viridis and/or M. wireni that Atkins 
et al. (1987) m entioned have never been published to our 
knowledge. Therefore, at present it is im possible to pre­
clude definitely the simultaneous presence o f both M. vir­
idis (very probably im ported as larvae or juveniles in the 
ballast water of ships) and M. wireni (from European A rc­
tic waters) in the North Sea and/or the Baltic.

The available literature concerning the population ge­
netics of, and differentiation between, polychaete species

seems to indicate that popu la tions of the genus M arenzel­
leria  in the North and B a ltic  Seas are not o f identical ori­
gin. Grassle (1984) and G rassle and Grassle (1976, 1978) 
analyzed a group of sib ling  species o f cosm opolitan poly­
chaete worms from the genus Capitella  which were origi­
nally thought to be o f the  same species, Capitella capit­
ata. The six sibling species they identified differ only 
slightly in m orphology, and exact assignm ent is also 
im possible on the basis o f  life history alone. However, 
the sibling species can be identified with certainty if an 
analysis of eight genetic loci is taken into account in 
addition to the above traits. Grassle (1984) and Grassle 
and G rassle’s (1976 ,1978) conclusions were confirm ed by 
Wu et al. (1988), w ho identified at least three sibling 
species in the Capitella  group by means o f a sim ilar ap­
proach.

Manchenko and R adashevsky (1993) were able to dis­
tinguish two sibling species of the Polydora ciliata  com­
plex as a result o f allozym e variation revealed by starch 
gel electrophoresis of 18 enzym es (27 loci) and ecological 
differences.

Studying six enzym es from two m orphological varia­
tions o f Arenicola m arina  (the blow lug and black lug) in 
South Wales, Cadman and Nelson-Sm ith (1990) found a 
high value for N ei’s genetic distance and a low one for ge­
netic identity. They therefore concluded that the two 
m orphs constitute separate species.

All species of the genus Nephtys (N. longosetosa, N. 
caeca, N. cirrosa and N. hombergii) can be identified by 
analyzing six isoenzym es and the unspecific protein pat­
tern (Schm idt and W estheide 1992). U sing the sam e traits, 
these two authors also found out that N. longosetosa  is a 
com plex consisting of tw o m orphologically identical spe­
cies.

Population genetic studies (Hateley et al. 1992; Fong 
and Garthwaite 1994) have revealed considerable genetic 
differences between Nereis diversicolor populations in 
geographically close regions. In contrast, our results re­
vealed much smaller genetic differences between M aren­
zelleria viridis populations living at much greater distances 
from each other in the North and Baltic Seas. This is al­
most certainly linked to the long planctic phase o f M. vir­
idis larvae (Bochert et al. 1994).

Summarizing, we see that biochemical studies have led 
to the description and differentiation o f polychaete species 
and in several cases to their separation into sibling species 
and even populations. This approach, therefore, appears 
suitable for settling various questions relating to the poly­
chaetes, including the problem s we have addressed.

We found that the North Sea and Baltic Sea populations 
of M arenzelleria viridis had no common alleles for two 
gene loci (GPI-A*, GPI-B*) and M DH/M E although hun­
dreds o f worms collected in some cases on different occa­
sions from each population were studied. In other words, 
so far, each of these three enzymes is sufficient to identify 
the origin of an individual with absolute certainty [diag­
nostic loci in Avise’s (1974) sense]. The alleles for the 
mAAT are also fixed to a great degree, although heterozy­
gotes also occur in this case.
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Our results so far perm it us to conclude provisionally 
that, if  the selection hypothesis (hypothesis 1) proves to be 
wrong, the North Sea and Baltic Sea populations o f the ge­
nus M arenzelleria  are of different genetic origin (hypoth­
esis 2). The genetic differences we have found might re­
flect the genetic statuses of M. viridis and M. wireni, re ­
spectively, or genetically distinct populations of M. viridis 
imported from different parts of the North American east 
coast.

It is possible that samples from  hitherto unknown, but 
quite conceivable, hybrid zones colonized by the North Sea 
and Baltic populations (species?) (Hewitt 1988), cross­
breeding of worm s from these two populations, exam ina­
tion of autochthonous North American M arenzelleria vir­
idis and Arctic M. wireni populations and studies into the 
effects of environm ental conditions as possible selection 
factors will help to identify the causes of the differences.
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