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ABSTRACT: The metabolic responses of NIurenzelleriu cf. wirenJ, a newly established polychaete 
worm within North Sea estuaries, to various kinds of environmental  stress are summarised.  With 
respect to salinity, NI. cf. wireni is able to deal with variations within a wide range. In the process 
of osmotic acclimation, free amino acids are involved. The major amino acid in terms of osmotic ef- 
lector is glycine, followed by alanine. Under  severe hypoxia, M. cf. wireni switches to an anaero- 
bic metabolism, but at a very low oxygen partial pressure (< 3 kPa), which indicates efficient utili- 
sation of oxygen. Anaerobic energy production occurs predominant ly via the succinate-propionate 
pathway. When exposed to hydrogen sulphide, M. cf. wireni is able to cope with high sulphide 
concentrations (up to 3 mmol 1-~), but the pat tern of end products of the anaerobic  energy metabo- 
lism changes.  In terms of sulphide tolerance, NI. cf. wireni probably is even bet ter  adapted  than 
other, indigenous polychaetes. However, in comparison with the sibling species Murenzelleria 
viridi.s, which appeared  at the same time in European waters but mainly inhabits  the coastal inlets 
of the Baltic Sea in high numbers,  the metabolic capabilities of NI. cf. wireni seem to be more lim- 
ited at higher  sulphide concentrations (>1 mmol 1 ~). This might have an influence on the distribu- 
tion pattern of the two sibling species. 

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

In t he  la te  1970s a n d  ea r ly  1980s, a n  u n k n o w n  b u r r o w - l i v i n g  p o l y c h a e t e  w o r m  w a s  

d i s c o v e r e d  in s e v e r a l  N o r t h  Sea  e s t u a r i e s  a n d  co as t a l  in l e t s  of t h e  Bal t ic  (Atk ins  et  al., 

1987; Ell iot  & Kings ton ,  1987; Bick & B u r c k h a r d t ,  1989; E s s i n k  & Kleef ,  1993). D u r i n g  

t h e  n e x t  10 years ,  it s p r e a d  r ap id ly  a n d  b e c a m e  a n  i m p o r t a n t  m e m b e r  of t h e  m a c -  

r o b e n t h i c  c o m m u n i t y  w i t h i n  n o r t h w e s t  E u r o p e a n  c o a s t a l  w a t e r s  (E s s i n k  & Kleef,  1993; 

Bick  & Zet t ler ,  1997; Zet t ler ,  1997; E s s i n k  et  al., 1998). S i n c e  th is  w o r m  v e r y  m u c h  re -  

s e m b l e d  t h e  s p i o n i d  Marenze l ler iu  viridis, w h i c h  o r i g i n a t e s  f rom t h e  e a s t  coas t  of N o r t h  

A m e r i c a ,  it w a s  a s s i g n e d  to th is  spec i e s .  

C o a s t a l  a r e a s  a n d  e s t u a r i e s  a re  k n o w n  to b e  e n v i r o n m e n t s  w h e r e  c o n d i t i o n s  m a y  

f l u c t u a t e  w i d e l y  a n d  a r e  no t  h i g h l y  p r e d i c t a b l e .  It is o b v i o u s  t ha t  s u c h  h a b i t a t s  c a n  on ly  

b e  i n v a d e d  b y  s p e c i e s  c a p a b l e  of r e s p o n d i n g  to p h y s i o l o g i c a l  c h a l l e n g e s  i m p o s e d  b y  

h i g h l y  v a r i a b l e  p h y s i c a l  a n d  c h e m i c a l  e n v i r o n m e n t a l  co n d i t i o n s .  R e s p o n s e s  to e n v i r o n -  

m e n t a l  f l uc tua t i ons ,  h o w e v e r ,  c a n n o t  b e  r e s t r i c t e d  to a m e r e  p a s s i v e  t o l e r a n c e ,  b u t  a lso  

i n c l u d e  b i o c h e m i c a l  a n d  p h y s i o l o g i c a l  f e a t u r e s ,  In o r d e r  to e l u c i d a t e  w h e t h e r  t h e  n o n -  

i n d i g e n o u s  w o r m  h a s  spec i f ic  e c o p h y s i o l o g i c a l  ab i l i t i e s  to c o p e  w i t h  e n v i r o n m e n t a l  
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stress, several  laboratory studies were  conducted.  The present  paper  aims to give an 

overv iew of the results obtained on the metabol ic  responses of M a r e n z e l l e r i a  ssp. The 

main focus is on the North Sea populat ions from the Ems and the Tay estuary. These  

populat ions are at present  descr ibed as type I (Bastrop et al., 1997) or M a r e n z e l l e r i a  cf. 

w i r e n i  (Bick & Zettler, 1997). 

METABOLIC RESPONSE TO SALINITY VARfATIONS 

Most North Sea estuaries are subjec ted  to a semi-diurnal  tidal regime, with a tidal 

range  of up to some metres  and large fluctuations in salinity. In the Tay estuary (Scot- 

land), for instance, salinity covers a range  be tween  20'7,,, and 6%,, (Williams & West, 

1975) and in the Ems estuary (The Nether lands)  salimty varies be tween  25'Y,,,, and 5%. 

(Essink et al., 1998). Therefore,  mainta in ing  the proper  salt and water  ba lance  of cells 

and body fluids is one of the grea ter  cha l lenges  benthic  organisms have to face when  

inhabi t ing such an envi ronment  successfully. 

Many marine invertebrates  are osmoconformers.  When transferred from one salin- 

ity reg ime to another, they will gain or lose water  a long the osmotic gradient  set up by 

the transfer. In order to counteract  the swell ing or shnnk ing  and prevent  osmotic lysis 

they have to perform active isosmotic vo lume regulation. Since the discoveries  of 

Florkin (1956, 1962) and Duchateau-I3osson & Florkm (t961) free amino acids have 

been  known as a group of organic compounds  which act as intracellular osmotic effec- 

tors. Their  involvement  in osmoregulat ion has been  shown for several  mar ine  inverte-  

brates (Oglesby, 1978; Gilles, 1987). 

In NI. cf. w i r e n i ,  too, free amino acids take part  in the regulat ion of intracel lular  vol- 

time. Their  content  varies be tween  60 and 250 btmol g-1 dry wt and is strongly re la ted to 

the salinity of the pore water  (Fig. 1). When exper imenta l ly  accl imated to various salin- 

Fig. 1. Marenze l ler ia  cf. wireni .  Total amount of major free amino acids (gmol g-~ dry wt) in worms 
from the Tay (Scotland) and the Eros estuary (The Netherlands) under various environmental 

salinity regimes. Mean + SEM,n  = 8 
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Fig. 2. Nlarenzelleria cf. wireni. Total amount  of major free amino acids (pmol cj ~ dry wt) after a 2 -  

week acclimation. Mean + SEM, n = 8 

ity regimes (for experimental  details see Schiedek, 1997b) the relationship be tween  
saIinity and the content  of free amino acids is even more pronounced  (Fig. 2). Never- 
theless, these concentrat ions are clearly lower than in other euryhal ine  polychaetes. In 
the lugworm Arenicola marina, for instance, the content  of free amino acids in the body 
wall musculature  amounts  to about  1100 ~mol g-1 dry wt in full-strength sea water 
(Schottler et al., 1990). After osmotic acclimation to a salinity of 12'7,. it is reduced to 
about  500 ~mol g-~ dry wt (Schiedek & Sch6ttler, 1989). A somewhat  similar content  
(450 ~mol g-~ dry wt ) was recorded in Scoloplos armiger (for the entire organisms) un-  
der this salinity regime (Schiedek & Sch~Sttler, 1989). In the ragworm Hediste diversi- 
color, the intracellular content of free amino acids in the tissues is clearly lower under  
these conditions (200 jzmol g-~ dry wt), but still higher than in NI. cf. wireni (130 ~mol g-t 
dry wt; Fig. 2). This indicates that the importance of free amino acids as osmotic effec- 
tors differs among polychaete species, but the pool size of amino acids does not always 
imply salinity tolerance. The ragworm H. diversicolor, for instance, is know n  to inhabi t  
not only mar ine  habitats (salinity 32%o), but also brackish waters down to almost fresh 
water  (Hohendorf, 1963). At salinities below 14%o it performs osmoregulation,  whereas 
at higher saiinities it reacts as an osmoconformer (Hohendorf, 1963). Measurements  of 
the osmolarity of the coelomic fluids in M. cf. wireni have revealed that at salinities be- 
low 10%o it is also able to hyperregulate,  whereas  at higher salinities the coelomic fluids 
are almost isosmotic to the ambient  medium (Bastrop et al., 1997). This demonstrates that 
not only free amino acids but also other mechanisms are involved in osmotic acclimation. 

The amino acids taking part in intracellular osmoregulation vary from species to 
species, but usually appear  to be a combinat ion of non-essent ia l  amino acids, such as 
glycine, alanine,  proline, glutamate,  taurine and occasionally aspartate or g]utamine 

(Og]esby, 1978; Gilles, 1987). In M. cf. wireni, glycine represents the maior amino acid 
in terms of an osmotic effector, followed by alanine,  irrespective of the ambien t  salinity 
(Fig. 3). In the Murenzelleria populations that successfully invaded the coastal waters of 
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Fig. 3. Marenzelleria cf. wireni. Content of free amino acids, glycine and alanine I~mol g-~ dry wt) 
in worms from the Tay and Ems estuary under various environmental salinity regimes. Mean _+ 

SEM, n = 8 

the Baltic Sea (M. viridis), not glycine but a lan ine  was the most important amino  acid 
when  the worms were exper imental ly  acclimated to a salinity greater  than 10'7,,, 
(Schiedek, 1997b). The leading role of a lanine  at higher salinities is rather exceptional.  
In other marine  polychaete species, either glycine is the favoured amino acid, as in M. 
cf. wireni, juveni le  Arenicola marina (Schiedek & Sch6ttler, 1991), Neanthes  succinea 

and  Leonereis culveri (KOnig et al., 1981), or both, a lanine  and glycine have nearly the 
same value, as in H. diversicolor, even after acclimation to a salinity below 10'7oo (Hills- 
m a n n  et al., 1991). However, in H. diversicolor, a further amino acid, proline, is of im- 
portance for osmotic adaptat ion (Hii lsmann et al., 1991). The physiological funct ion of 
the increased a lanine  content  in M. viridis at higher salinities is not clear at present ,  but 
the two sibling species evident ly  differ in their metabolic response dur ing accl imation 
to salinities above 10'7oo. In the coastal inlets of the Baltic, salinity usually covers the 
range  0.5-10%o. From taxonomic studies (Bick & Zettler, 1997) and populat ion genet ic  
analysis (Bastrop et al., 1997) it is suggested  that M. cf. wireni (type I) colonise habitats  
with a higher salinity and/or  those where  salinity tends to fluctuate considerably (North 
Sea estuary), whereas  M. viridis predominant ly  settles in oligohaline to mesohal ine  ar- 
eas (such as the Baltic). 

Despite the differences in the distribution pat tern  and the importance of s ingle 
amino acids, both Marenzelleria species are able to deal with a wide range  of salinity 
regimes when  exper imental ly  exposed. In M. viridis it ranges from 0.5%o up to 30%~ 
(Bochert, 1997) and  in M. cf. wireni from 0.5%0 to 32%o (Schiedek, unpub l i shed  data). 
However, with regard to reproduction and  development ,  envi ronmenta l  salinity seems 
to have an influence. For M. viridis (Baltic Sea) it was shown that males and  females 

failed to reach maturi ty within 5 months  at a salinity > 25%o and gametes  were  signifi- 
cantly less mature at a salinity of 30%0 (Bochert, 1997). Furthermore, differences in the 
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spawning  season be tween  M. cf. wireni (spring) a nd  M. viridis (autumn) are obvious 
(Essink & Kleef, 1993; Bochert, 1997), Since no experiments  have been  performed it can 
only be speculated whether  these differences are due to additional stress caused by 

fluctuations in salinity or the tidal regime within the North Sea estuary. Considerat ing 
the different origins of the two sibling species (Bastrop et al., 1997), it is also likely that 
the differences in the reproduction period are genetical ly determined.  

ENERGY PRODUCTION AT LOW OXYGEN CONCENTRATIONS: 

The tidal rise and fall of the sea not only causes fluctuations in salinity, but  also re- 
stricts the availability of oxygen to sediment- l iv ing organisms. In such periods of envi- 
ronmental ly  induced hypoxia, most benthic  species therefore are not capable  of taking 
up oxygen at a sufficient rate in order to meet  their energy requirements.  As a result, 
many  marine  invertebrates  have to switch to an anaerobic  energy metabol ism (for re- 

view see Sch6ttler & Bennet,  1991; Grieshaber  et al., 1994). 
In M. cf. wireni, anaerobic energy product ion started at a very low oxygen partial 

pressure (< 3 kPa), indicat ing efficient utilisation of oxygen (Schiedek, 1997a), probably 
because  of the specific morphology of the worms. As they are long and  thin, they have 
a relatively large surface area to volume ratio which supports oxygen transport  by 

means  of diffusion even at low partial pressure.  During severe hypoxia, energy  produc- 
tion occurs via the succinate-propionate  pa thway and via anaerobic glycolysis. The lat- 
ter is te rminated  by octopine (Schiedek, 1997a). The formation of 0ctopine or other 
opines (e.g. s t rombine or alanopine) instead of lactate is very common in mar ine  inver- 
tebrates (Grieshaber & Kreutzer, 1986). However, in polychaetes predominant ly  strom- 
bine or a lanopine  are formed dur ing env i ronmenta l  anaerobiosis, whereas  octopine is 
more typical for molluscs (Grieshaber & Kreutzer, 1986~ Grieshaber  et al., 1994~. Con- 
cerning the anaerobic  energy production in total, glycolysis appears to be of only minor 
importance in/M. cf. wireni, because  the amount  of octopine accumulated is relatively 
low (about 1 gmol g-t dry wt). In the catworm Neph ty s  hombergi ,  for example,  about 
25 gmol g ~ dry wt of glycolytic end  products (strombine and alanopine) are accumu- 
lated within 24 h of anaerobiosis (Arndt & Schiedek, 1997). In the ragworm H. diversi- 
color, D-lactate amounts  to 70 gmol g-1 dry wt (Sch6ttler et al., 1990). The differences in 
the importance of glycolysis within the three polychaete species might  reflect their 

lifestyle. The predators H. diversicolor and N. homberg i  are very active animals  which 
may require energy rather instantaneously.  Glycolysis offers such an opportunity. For 
the suspension feeder M. cf. wireni, l iving in a pe rmanen t  burrow, short-term energy 
production via anaerobic  glycolysis does not  appear  to confer any part icular advantage.  

In contrast to other mar ine  polychaetes, M. cf. wireni switches to an anaerobic  en- 
ergy production using the succinate-propionate  pa thway more or less directly after the 
onset of anoxia. The short-chain fatty acid propionate,  an important end  product of 
anaerobiosis  (Sch6ttler & Bennet,  t991), is a l ready detectable after 3 h of exper imenta l  

anoxia (Schiedek, 1997a). 
During prolonged anaerobic  conditions, the b reakdown of glycogen is the main  

source of energy  production. The glycogen stored in the tissues of mar ine  invertebrates  
can account for as much as 35% of the animal 's  dry weight  (De Zwaan  and  Zandee,  
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Table 1. Glycogen content (pmol glycosyl units g t dry wt) in Marenzelleria spp. and other marine 
polychaetes, n = 6-8 

North Sea Baltic sea 

Marenzelleria viridis 
Marenzelleria cf, wireni 105 _+ 36 
Arenicola marina (juvenile) 158 + 48 
Scoloplos armiger 121 • 19 
H. diversicolor 411 + 74 

Arenicola marina (adult) 354 + 58 
Nephtys hombergi 117 + 39 

197 + 48 

156 _+ 81 " 

Schiedek, 1997a 
Schiedek, 1997a 
Schiedek & SchSttler, 1990 
SchSttler & Grieshaber, 1988 
SchSttler et aL, 1990 
�9 Schiedek, unpublished data 
SchSttler et al., 1990 
Arndt & Schiedek, 1997 

1972). In Marenzelleria spp. the glycogen content  is not that high and  differs be tween  
North Sea and  Baltic populat ions (Table 1). Although its concentrat ion is somewhat  
lower in M. cf. wireni, both species utilised nearly the same amount  of g lycogen during 
24 h of anoxia (Schiedek, 1997a). 

In juveni le  Arenicola marina and adult  Scoloplos armiger the glycogen pool is also 
relatively small (Table 1), but like M. cf. wireni, both worms are able to ma in ta in  a fully 
aerobic metabol ism down to an oxygen partial pressure below 3 kPa. Furthermore,  all 
three polychaetes have in common only moderate  resistance to anoxia (SchSttler & 
Grieshaber,  1988; Schiedek & SchSttler, 1990; Schiedek, 1997a). Higher  amounts  of 
glycogen are present  in H. diversicolor and adult  A. marina (Table 1). These p o l y -  
chaetes are known  to sustain anoxia for several  days (SchSttler & Bennet,  1991). 

The glycogen pool of the free-living, bur rowing predator, N. hornbergi, is also rela- 
tively low. In contrast to M. cf. wireni and  other mar ine  polychaetes, the phosphagen  
store (phosphoglycocyamine) of this mobile worm is remarkably  high (about 160 pmol 
g-i dry wt). During envi ronmenta l  stress it is used as the primary energy source (Arndt 
& Schiedek, 1997). The phosphagen  pool (phospho-L-arginine) in NI. cf. wireni amounts  
to 25 pmol g-1 dry wt (Schiedek, 1997a). A similar value, but a different compound  
(phosphotaurocyamine),  is g iven in juveni le  A. marina (Schiedek & SchSttler, 1990), 
whereas  in S. armiger the phosphagen  content  (phosphoglycocyamine and  phospho- 
creatine) amounts  to about  80 pmol g~l dry wt (SchSttler & Grieshaber, 1988). 

INFLUENCE OF HYDROGEN SULPHIDE 

Beneath  the oxidised surface layer of almost all mar ine  sediments  a sulphide-con-  
ta in ing reduced zone occurs which results from dissimilatory sulphate reduct ion (Jor- 
gensen  & Fenchel,  1974). Sulphide concentrat ions in the sediment  pore water  of mar ine  
habitats  range  from a few up to several millimoles per  litre (Bagarinao, 1992) depend-  
ing upon  the sediment  structure and the organic mat ter  content.  In the Tay estuary, for 
instance,  sulphide concentrat ions in the pore water  range  from 0.05 to 0.5 mmol  1 -~ dur- 

ing low tide (Schiedek et al., 1997). For estuar ine benthic  species this might not  really be 
a problem, since low oxygen concentrat ions require a switch from aerobic to anaerobic  
metabol ism irrespective of the presence  of hydrogen  sulphide. However, in the pres- 
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Fig. 4. Succinate content (gmol g-* dry wt) after hypoxic incubation (0-24 h) in the absence or pres- 
ence of hydrogen sulphide. Mean • SEM, n = 4 

ence of sulphide this switch already occurs at a higher oxygen partial pressure depending 
upon the ambient  sulphide concentration, as studies on A. marina  have revealed (V6Ikei & 
Grieshaber, 1992, 1994). Relying on anaerobic metabolism does not provide complete pro- 
tection against  this harmful toxin. Sulphide exposure often results in reduced survival 
as various studies have shown (for review see Vismann, 1991; Diaz & Rosenberg, 1995). 

When experimental ly exposed to hydrogen sulphide, NI. cf. w i r e n i  is able to cope 
with clearly higher sulphide concentrat ions (up to 3 mmol 1 -I) than other marine poly- 
chaetes (Schiedek et al., 1997). Nevertheless,  survival is already reduced in the pres- 
ence of 1 mmol sulphide 1-1 from about  6.5 days (LT~o, severe hypoxia) to 4.5 clays (LTs0, 
1 mM sulphide). Furthermore, the pat tern of end products of anaerobic energy metab-  
olism changes.  In the presence of sulphide (1 mmol 1-1) succinate accumulat ion is al- 
ready increased (Fig. 4), whereas anaerobic  energy production via glycolysis (end prod- 
uct octopine) is not significantly higher (Schiedek et al., 1997). Enhanced  octopine ac- 
cumula t ion  (up to 23 gmol g-i dry wt) within 24 h of severe hypoxia only accurs when  
the worms were exposed to a sulphide concentrat ion of 3 mmol 1 -t (Schiedek et al., 
1997). Under  these conditions, not only octopine is accumula ted  to a significantly higher 
degree, but  also succinate (Fig. 4 ). Owing to technical problems it was not possible to 
determine the short-chain fatty acids, propionate and  acetate, in the "sulphide experi- 
ments" .  Therefore, an overall energy ba lance  cannot  be calculated. The high succinate 
content  after only 1 h of sulphide exposure, however, suggests an enhanced  anaerobic 
metabol ism in the presence of a higher sulphide concentrat ion (3 mmol l-t), probably to 
provide energy in order to escape from this hostile environment .  The elevated produc- 
tion of octopine would under l ine  this, in particular, since it is known that marine  inver- 
tebrates accumulate  octopine when  performing ex tended  muscle activity until  exhaus- 
tion (Grieshaber et aI., 1994). 

Not only NI. cf. w i r e n i  is able to cope with enhanced  sulphide concentrations, but  
also NI. viridis; however, in the latter the increase in succinate accumulat ion is less pro- 
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nounced  under  these conditions (Schiedek, 1997b). Furthermore,  survival is not re- 

duced  in the p resence  of hydrogen  sulphide at comparab le  concentrat ions (Bochert et 

al., 1997). This suggests  that the sibling species gradual ly  differ m their metabol ic  re- 

sponses. The metabol ic  capabili t ies of M. cf. wiren i  appear  to be more l imited when  ex- 

posed to hydrogen  sulphide in h igher  concentrat ions (> 1 mmol  l-l), but further experi-  

ments  are needed  to prove this hypothesis.  

As already ment ioned  above,  in the Tay estuary sulphide occurs only in modera te  

concentrat ions (up to 0.5 mmol l-~), whereas  in the coastal areas of the Baltic (Darss 

Zingst bodden  chain), it reaches values  of about  4.2 mmol 1 -I (Bochert et a l ,  1997). This 

provides further ev idence  that the sulphide concentrat ions  in the sed iment  might  have 

an inf luence on successful  se t t lement  and, therefore,  on the distribution pat tern  of the 

two sibling Marenze l l e r ia  species. 

The harmful effect of sulphide is mainly due to its inhibit ion of the cytochrome c ox- 

idase by reversibly binding at the haeme  site to cytochrome aa3, the last complex of the 

respiratory electron transport chain (National Research Council, 1979). In order to deal  

with this toxic substance,  sulphide needs  to be oxidised to a less or non-toxic sulphur  

compound.  In many  species the favoured oxidation product  is thiosulphate (Grieshaber  

& V61kel, 1998). In M. cf. wireni  thiosulphate  is also present  after sulphide exposure  

even  during severe  hypoxia (Schiedek et al., 1997). It is de tec table  directly after the on- 

set of hypoxia and amounts  to about  7 pmol g-~ dry wt, a value which is relat ively low 

w h e n  compared  to M. viridis or other  polychaetes .  In M. viridis about 30 pmol g-1 dry wt 

appears  in the worms after 6 h of sulphide exposure  (Schiedek, 1997b). A clearly h igher  

content  is a l ready present  in the muscle tissue of the lugworm A. marina  after exposure  

to 0.1 mmol 1-1 sulphide and anoxia (Grieshaber  et al., 1995). The reasons for the lower 

thiosulphate concentrat ions in M. cf. wiren i  as compared  to A. marina are not known at 

present.  

CONCLUDING  REMARKS 

The newly establ ished polychaete  worm, M. cf. wireni ,  is capable  of coping with 

different kinds of envi ronmenta l  stress (Table 2). Regarding  the metabol ic  responses  to 

variations in salinity or exposure  to hypoxia, no significant differences b e t w e e n  M. cf. 

wireni  and other, indigenous  species have  b e e n  found. Nevertheless ,  with respect  to 

sulphide tolerance the neozoan  spionid appears  to be better  adapted  than other, nat ive 

Table 2. Metabolic features of Marenzelleria ssp. - an overview 

Marenzelleria of. wireni Marenzelleria viridis 

Salinity tolerance 32 - 0.5%~ 30 - 0.5%o 
Main free amino acid (salinity 15%o) Glycine Alanine 
Start anaerobic energy production < 3 kPa < 3 kPa 
Glycolysis • • 
Succinate-pathway ++ ++ 
H2S tolerance Up to 3 mmol 1-1 Up to 3 mmol 1-1 
H2S detoxification + + 
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po lychae te s ,  e . g . H ,  diversicolor. W h e n  c o m p a r e d  to the  s ibl ing species ,  M. viridis, w h i c h  

a p p e a r e d  at t he  s a m e  t ime in E u r o p e a n  w a t e r s  a n d  p r e d o m i n a n t l y  i n h a b i t s  t h e  coas ta l  

in le t s  of t he  Balt ic Sea  in h i g h  n u m b e r s ,  t h e  m e t a b o l i c  capab i l i t i e s  of M. cf. wiren i  s e e m  

to be  m o r e  l imi ted  w h e n  e x p o s e d  to h i g h e r  h y d r o g e n  s u l p h i d e  c o n c e n t r a t i o n s  (~ 1 m m o l  

1-~). T h e  shif t  in the  i m p o r t a n c e  of d i f f e r en t  f ree  a m i n o  ac ids  af ter  a c c l i m a t i o n  to sal ini-  

t ies  a b o v e  10%o s u g g e s t s  s o m e  d i f f e r e n c e s  in t he  osmot ic  a d a p t a t i o n  b e t w e e n  t h e  t w o  

s ib l ing  spec ies .  H o w e v e r ,  f u r t he r  e x p e r i m e n t s  are  n e e d e d  to p rove  this h y p o t h e s i s .  
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