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ABSTRACT: Natura l  W a d d e n  Sea water  t aken  from the North Sea (island of Sylt) was  p u m p e d  at 
rates of 150 and  300 1 h -1 through a 4 1 plexiglass  tube  moun ted  on  a wooden tr ipod on  the  beach.  
The tube was densely  filled wi th  numerous  c leaned  mussels,  Mytilus edulis. HPLC analysis  of sea  
water showed that  total dissolved amino acids are patchi ly  distr ibuted,  varying by  100 % within  15 
man, though proportions of individual  amino acids were  remarkably  constant.  Total amino-acid  
concentrat ions were 1528 _. 669 nM (N ~ 3) in October  1983 and  1198 _ 597 n M  (N = 7) in July 
1984. Samples t aken  at the ent rance  and  the outlet  of the  exper imenta l  musse l  bed  revea led  that  the 
mussels had  t aken  up 29 to 66 % of the amino  acids dissolved in sea water.  Uptake  was observed for 
all amino acids detected in the  chromatograms.  78 % of up take  resul ted  from the  5 most  concen-  
trated amino acids: serine, a lanine,  g lyc ine/ threonine ,  orni thine,  aspart ic  acid. The nutr i t ional  
profit obta ined from uptake  of dissolved amino acids amounted  to 12 % (N ~ 5, range  5-23 %, flow 
rate 150 1 h -1) and  to 24 % (N = 3, range  13-38 %, flow rate 3001 h -1) of metabol ic  rate. The present  
data suggest  that  amino-acid concentra t ion  p redominan t ly  de te rmines  the  magn i tude  of the 
nutri t ional  profit obta ined  from uptake,  and  to a smaller  extent  the  flow rate. These  f indings  are in  
contrast  to results  of previous studies on Asterias rubens, in terac t ing in smal l -volume closed 
systems with the na tura l  bacter ia l  sea  wate r  flora (Siebers, 1982). In these  exper iments ,  bacteria,  
due to rapid uptake,  outcompeted  the  sea stars in  absorpt ion of dissolved amino acids. The present  
results suggest  that  b ivalve  mussels,  can, due to thei r  large gill  surface areas and  the great  amounts  
of water  pumped  through their  mant le  cavity, successfully compete  wi th  bac ter ia  in  up take  of 
dissolved organic matter. Mussels,  therefore, sugges tedly  play an  impor tan t  role in  cycling dis- 
solved organic matter.  

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

Al l  s o f t - b o d i e d  m a r i n e  i n v e r t e b r a t e s  so  fa r  i n v e s t i g a t e d ,  h a v e  r e v e a l e d  t h e  c a p a b i l -  

i ty of a b s o r p t i o n  ac ros s  t h e i r  b o d y  s u r f a c e s  of l o w  m o l e c u l a r  w e i g h t  o r g a n i c  c o m p o u n d s  

d i s s o l v e d  i n  t r a c e  a m o u n t s  i n  n a t u r a l  w a t e r  b o d i e s .  I t  h a s  b e e n  s h o w n  t h a t  t h e  s u b s t a n c e s  

t a k e n  u p  w e r e  i n c o r p o r a t e d  i n t o  t i s s u e s  a n d  p r o c e s s e d  v i a  m e t a b o l i c  p a t h w a y s  ( J e r g e n -  

sen ,  1976; S t e w a r t ,  1979; S t e p h e n s ,  1981). 

By v i r t u e  of t h e  h i g h  r a t e  of w a t e r  f l o w  t h r o u g h  t h e i r  m a n t l e  c a v i t y  a n d  t h e  l a r g e  

su r f ace  a r e a  of t h e i r  gi l ls ,  b i v a l v e  m o l l u s c s  h a v e  b e e n  f r e q u e n t l y  u s e d  to s t u d y  u p t a k e  of 

d i s s o l v e d  o r g a n i c  m a t t e r  (DOM).  E x p e r i m e n t a l  a p p r o a c h e s  i n c l u d e d  e m p l o y m e n t  of 

i s o l a t e d  g i l l  t i s s u e  ( B a m f o r d  & G i n g l e s ,  1974;  Bamforc l  & M c C r e a ,  1975;  S t e w a r t  & 

Bamford ,  1975, 1976;  W r i g h t  e t  al., 1975; B a m f o r d  & C a m p b e l l ,  1976;  S t e w a r t ,  1977, 

1978, 1981; W r i g h t  & S t e p h e n s ,  1977; G o m m e ,  1982;  W r i g h t ,  1982;  W r i g h t  e t  al., 1984) 
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and  whole  an imals  {Anderson & Bedford, 1973; P6quinat ,  1973; Crowe et al., 1977; 
Stewart, 1977, 1981; M a n a h a n  et al., 1982; Jergensen ,  1982, 1983; Wright, 1982; Man- 
ahan  et al., 1983}. Uptake of DOM in b iva lve  larvae has b e e n  s tudied by Fankboner  & De 
Burgh (1978), M a n a h a n  (1983a, b), M a n a h a n  & Richardson (1983), and  M a n a h a n  et al. 
{1983). 

These exper iments  have shown that the gills of bivalves  are primari ly responsible 
for the removal  of dissolved amino  acids. The uptake  is an  active process, which 
proceeds select ively via specific carriers for sugars  and  amino  acids agains t  a concentra- 
t ion g rad ien t  of several  orders of magni tude .  The process is furthermore dependen t  on 
the external  sa l ini ty  and  Na-concent ra t ion  and  is suscept ible  to the presence of 
metabol ic  inhibitors.  

Several  s tudies  were  concerned  with removal  of dissolved amino  acids during a 
s ingle  passage  of water  through the mant le  cavity by compar ing  amino-ac id  concentra- 
t ion in  the inha len t  and  excurrent  water  (Wright & Stephens,  1978; M a n a h a n  et al., 1982; 
Wright, 1982; M a n a h a n  et al., 1983). These  s tudies  showed that b ivalves  are capable of 
r emoving  large fractions of amino  acids du r ing  a s ingle  passage  of water  through the 
mant le  cavity. Uptake proceeded at normal  env i ronmen ta l  concentrat ions of a few 
btmotes 1-1 and  provided - on a ca lcula t ion basis  - a s ignif icant  supp lementa ry  nutri- 
t ional  i npu t  of reduced  carbon and  amino  ni t rogen.  

The effective K t of g lycine  up take  by intact  mussels  was b e t w e e n  2 and  5 ~tM, an 
order of magn i t ude  lower  than  K t - va lues  ob ta ined  from isolated gill  tissues. Wright & 
Stephens  {1978} a t t r ibuted  this inc reased  affinity in  intact  ind iv idua l s  of Mytilus callfor- 
nianus to an  increase  in  the effective th ickness  of unst i r red layers on the surface of 
isolated gills. 

All these studies have in common that  they were performed in  closed systems with 
re la t ively small  vo lumes  of usua l ly  less than  500 ml  of mostly artificial sea water, to 
which, with one except ion in  the work by M a n a h a n  et al. (1982}, ind iv idua l  amino acids 
were  added  by  the exper imental is t .  

Our  exper iments  with mussels,  Mytllus edulls, were des igned  to work a step closer 
to in-s i tu  condi t ions  encoun te red  in coastal waters. They were performed on the beach of 
List in  the North of the i s land of Sylt (North Sea), us ing  unprocessed  sea water  in  an open 
system, which was directly p u m p e d  from the W a d d e n  Sea through an  experimental  
musse l  bed. At the en t rance  and  the exit of this musse l  bed, sea water samples  were 
t aken  and  ins tan t ly  ana lyzed  for dissolved amino  acids by HPLC. The data obtained 
were  then  used for calculat ions  of potent ia l  nut r i t iona l  benef i ts  from amino  acid uptake. 

MATERIALS AND METHODS 

T h e  e x p e r i m e n t a l  m u s s e l  b e d  

Sea water  from the W a d d e n  Sea was p u m p e d  through a 4 1 plexiglass tube  of 103 cm 
leng th  and  7 cm inne r  diameter ,  which  was moun ted  on a wooden  tr ipod located close to 
the h ighwate r  l ine  on  the beach  {Pig. 1). In order to secure cont inuous  p u m p i n g  during 
the t idal  rhythm, the electric p u m p  was pos i t ioned below low tide surface level. The 
plexiglass  tube  was dense ly  fi l led with mussels,  Mytllus edulis, which had been  freshly 
col lected in  a nea r -by  musse l  area. The mussels  had  shell  lengths  of about  5 cm.,In 
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October  1983 we used  184 spec imens  wi th  a total fresh w e i g h t  ( including shells} of 

2737 g. In Ju ly  1984, we  used  153 musse ls  wi th  a total  fresh w e i g h t  of 2235 g. Before 
insert ion into the tube, the mussel  shel ls  w e r e  c l eaned  wi th  a coarse brush. Sea  wa te r  
was p u m p e d  through the tube at f low rates of 150 and 300 1 h -1. The  musse l  shel ls  

opened  wi th in  a few minutes ,  and ac t ive  p u m p i n g  was  observed.  Sea  wa te r  samples  

were  then  taken  s imul taneous ly  at the en t rance  and  the out let  of the musse l  tube  in order  
to de te rmine  the potent ia l  d i f ferences  in  concent ra t ions  of d isso lved  amino  acids  result-  

ing from uptake  by the mussels.  Sea  water  t empera tu res  were  14 °C in October  1983 and  

16 °C in Ju ly  1984. 

H P L C  a n a l y s i s  of d i s s o l v e d  a m i n o  a c i d s  

Sea water  samples  (approx. 5 ml) t aken  at the en t rance  and the out let  of the 
plexiglass  tube were  f i l tered through a 0.22 Inn Mil l ipore  fil ter and stored deep- f rozen  

(-25 °C) for no longer  than 1 h prior to analysis.  

Fluorescent  der ivat ives  of sea wate r  samples  were  p repa red  according  to Liebezei t  

& Dawson (1981) by addi t ion  of 0.1 ml  0.4 M K-borate buffer, pH  11.6, and 0.01 ml  OPA 
reagen t  (50 mg o -ph tha ld i a ldehyde  + 0.5 mt me thano l  + 0.025 ml mercap toe thanol )  to 
1 ml of sea water.  The  reac t ion  was  t e rmina t ed  after 2 rain by addi t ion  of 0.1 ml  1 M 

NaH2PO 4 (Jones et  a l ,  1981). Thereaf ter ,  0.2 ml  of de r iva t i zed  solut ion w e r e  in j ec ted  
onto the column. 

10 
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1 : electric pump 7:connection 

2: rubber tube 8: p[exiglass tube 
3: tow tide level 9: bucket 
z,: high tide level 10: tr ipod 
5: funnel 11 :dam 
6:over f low 

Fig. 1. Mytilus edulis. Schematic representation of the experimental mussel bed enclosed in a flow- 
through system. The tube was filled with 184 mussels in October 1983 and with 153 mussels in July 

1984. The flow rates of sea water were 150 and 300 1 h -1 
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The  HPLC sys tem (LDC, Mil ton  Roy) cons i s ted  of 2 pumps ,  cont ro l led  by  a gradient  
former,  a 0.2 ml  loop in se r t ed  in  a Rheodyne  in jec t ion  port, a n d  the  co lumn (25x0.4 cm), 
f i l l ed  wi th  RP 18 p h a s e  (Spher isorb  ODS 5~). The  co lumn was  p ro tec ted  by  a precolunm 
(2x0.4 cm) f i l l ed  wi th  the  o r ig ina l  RP 18 phase .  Ind iv idua l  OPA der iva t ives  of amino 
ac ids  e lu t ing  from the co lumn were  de t ec t ed  b y  a f luorimeter ,  r ecorded  and in tegra ted  
on a S h i m a d z u  C-RIB recorder / in tegra to r .  

Sepa ra t i on  of the  de r iva t ive  mix ture  was  pe r fo rmed  accord ing  to IAndroth & Mopper  
(1979) by  a l i nea r  e lu t ion  g r a d i e n t  of A 0.05 M Na2HPOJNaH2PO 4, pH 7.2 and B 
methano l ,  s tar t ing wi th  15 % B and,  af ter  a 5 rain delay,  c h a n g i n g  to 60 % B wi th in  45 
mAn. The  flow was  1.2 ml min  -1, the  resu l t ing  p ressu re  was  3000 PSI. Quant i f ica t ion  was 
o b t a i n e d  by  compar i son  of p e a k  a reas  wi th  those  of a s t anda rd  amino-ac id  mixture. 
Repl ica te  HPLC ana lyses  of i nd iv idua l  s amp le s  showed  smal l  var ia t ions  of usua l ly  less 
t han  3 % in s ing le  componen t s  and  to ta l  amino  ac id  levels .  

RESULTS 

H P L C  s p e c t r a  

HPLC spec t ra  o b t a i n e d  from s a m p l e s  t a k e n  at  the  en t rance  and  the out le t  of the 
p l ex ig l a s s  tube  con ta in ing  the  e x p e r i m e n t a l  musse l  b e d  are  shown in F igure  2. Com- 
p a r e d  wi th  the  spec t rum of the  s t anda rd  a m i n o - a c i d  mixture  (Fig. 2A), sea  wate r  (Fig. 2B) 
con t a ined  p rac t i ca l ly  a l l  amino  ac ids  no rma l ly  found  in p ro te in  hydro lysa tes ,  however,  
in  h igh ly  d i f fer ing  concentra t ions .  Base l ine  inc rease  at  the  end  of the  ch romatogram may 
resul t  f rom f luorescent  ma te r i a l s  in  sea  w a t e r  e lu t ing  in the  n e i g h b o u r h o o d  of the last  2 
amino  acids,  o m i t h i n e  and  lysine.  Sea  wa te r  composi t ions  of amino  ac ids  conta ining 
l a rge  propor t ions  of a spa r t i c  acid,  ser ine,  g lyc ine ,  a l a n i n e  and  bas ic  compounds  such as 
o m i t h i n e  and  lys ine  are  we l l  k n o w n  from l i t e ra ture  (Dawson & Pri tchard,  1978). 

Var ia t ions  in  total  concen t ra t ions  of d i s so lved  amino  ac ids  d e t e c t e d  in samples  
t a k e n  at  the  en t rance  of the  musse l  t ube  w e r e  cons ide rab ly  high,  amoun t ing  to 1528 -+ 
669 nM (n----3, Oc tober  1984) a n d  1198±597 nM (n--7,  Ju ly  1984), though  re la t ive  
propor t ions  of i n d i v i d u a l  componen t s  we re  r e m a r k a b l y  constant .  In 1983, s amples  were 
t a k e n  at  6 -8  h in tervals .  In 1984, we  fo l lowed  a m i n o - a c i d  leve ls  in sea  wa te r  from low 
t ide  to h igh  t ide,  w h e n  coas ta l  wa te r  s t r e a m e d  e a s t w a r d  to the  W a d d e n  Sea  th rough  the 
gap  b e t w e e n  the  i s lands  Sylt  and  Reme. The  fo l lowing  da ta  g ive  an  impress ion  on the 
ve loc i ty  of changes  of total  amino  ac ids  in  coas ta l  water .  We s ta r ted  at  low t ide  (7.30 
a. m.) and  m e a s u r e d  in  dup l i ca t e  ana lyses  total  a m i n o - a c i d  concent ra t ions  of 1006 nM at 
9.25 a. m., 2419 nM at  9.45, 954 n M  at 10.35, 1257 nM at  10.50, 651 nM at 11.05, 1367 nM 
at 12.12 p. m., and  730 n M  at 12.20. These  da t a  imp ly  that  the  pa tchy  dis t r ibut ion of 
amino  ac ids  in  coas ta l  wa te r  is not  co r r e l a t ed  to the  t ida l  cycle.  The concentra t ions  of 
amino  ac ids  found in our  e x p e r i m e n t s  1983 and  1984 cor respond  c losely  to pub l i shed  
va lues  for total  a m i n o - a c i d  concent ra t ions  m e a s u r e d  in  coasta l  waters ,  amoun t ing  to 500 
to 2000 n M  (North, 1975; J e rgensen ,  1976a). 
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Fig. 2. Mytilus edulis. HPLC spectra of amino acids in sea water samples  taken at the entrance (B) 
and the outlet (C) of the experimental  mussel  bed in comparison to a standard amino acid mixture 

(A) (8 pmoles  per component)  
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A m i n o - a c i d  u p t a k e  b y  Myt i lu s  edu l i s  

Visual  compar ison  of chromatograms  ob ta ined  from samples  t aken  at the entrance 

(Fig. 2B) with  samples  t aken  at the out let  (Fig. 2C) of the exper imenta l  mussel bed 

ind ica tes  that  all  amino  acids w e r e  r educed  at the outlet.  Quant i ta t ive  analysis of 
another  run, also pe r fo rmed  wi th  a sea wa te r  f low of 150 1 h -1, conf i rmed that all amino- 
acids, wi thout  except ion,  were  r educed  at the out le t  of the p lex ig lass  tube (Table 1). 

78 % of the total d i f ference resul ted  from the 5 most concent ra ted  amino-acids:  serine, 

a lanine ,  g lyc ine / th reon ine ,  omi th ine ,  and aspart ic  acid. But even  the less concentrated 

amino-ac ids :  g lu tamic  acid, asparagine ,  and  p h e n y l a l a n i n e  were  s ignif icant ly  reduced 

to leve ls  be low  10 nM. Total  amino-ac ids  w e r e  r educed  from 765 nM by 354 nM (46 % of 

total). 
For controls, empty  musse l  shells co l lec ted  in the W a d d e n  Sea  at low tide were  used. 

Mussels  wi th  their  two shells  still  connec ted  to each  other  were  c leaned  as the experi- 

menta l s  and kept  c losed unde r  wa te r  wi th  an  elast ic  thread. W h e n  these  controls were  
inser ted  into the tube,  we  could not de tec t  a decrease  in dissolved amino acids at the 

out le t  compared  to en t rance  levels .  On  the contrary, w e  found a s l ight  increase  of 5-10 % 
(n=4) .  This increase  may be  due to analyt ica l  variations,  short- term concentrat ion 

changes  and  potent ia l ly  also to microorganisms  d e g r a d i n g  the prote inous  matrix of the 
outer  shel l  surface. This  degrada t ion  may occur  at much  reduced  rates in intact l ive 

mussels .  

E s t i m a t i o n  of nu t r i t i ona l  bene f i t s  

The total fresh w e i g h t  of mussels  consis ted of 37 % sea wate r  conta ined  in the 

man t l e  cavity, 37 % empty  shells, and 26 % total wet  mussel  tissue; that is 712 g wet 

Table 1. MFtilus edulis. Amino acid concentrations in sea water samples taken at the entrance and 
the outlet of the experimental mussel bed (N = 184, 1983, 14 °C, flow rate = 150 1 h -1) 

Amino acid Concentration (nM) at Difference 
Entrance Outlet (%) 

Asp 41 22 46 
Glu 16 10 38 
Asn 8 3 63 
Ser 147 60 59 
Glu 5 3 40 
Gly/Thr i 13 51 55 
Tau 14 6 57 
Ala 120 56 53 
Arg 10 9 10 
Tyr 15 7 53 
Val 23 9 61 
Phe 11 5 55 
Ile 15 6 60 
Leu 21 13 38 
Orn 93 48 48 
Lys 113 103 9 

Total 765 411 46 
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tissue in 1983 and 581 g in 1984. Cons ide r ing  the dry flesh w e i g h t  of Myti lus  edulis  
obta ined from a salinity of 30 %0 to be 22.4 ± 1.4 g (n=  12) per  100 g fresh w e i g h t  (Keuker, 
pers. comm.), the musse l  bed  conta ined  159 g dry t issue w e i g h t  in 1983 and 130 g in 
1984. Mussels of 0.85 g dry we igh t  (per individual)  used  in our exper iments  consume 

oxygen  at 15 °C at rates of approx. 0.5 ml 02 g dry weight-1 h -1 (Bayne, 1975; Jo rgensen ,  
1976b; H a m b u r g e r  et al., 1983). 

Uptake  of total amino acids in expe r imen t  1 (see Tables  1, 2) was  354 nM. At a f low 
rate of 150 1 h -1, up take  amoun ted  to 53.1 ~rnoles h -1 in the musse l  bed  or, set t ing the 

mean  molecu la r  we igh t  of the amino  acid mix ture  t aken  up as 100 g mole  -1, 5.31 mg. 
Tak ing  1 mg  of mixed  amino  acids as e q u i v a l e n t  to 1 ml  0 2 for comple te  oxidation,  the 

amino acids taken  up are equ iva l en t  to 5.31 mt 02. This  figure,  w h e n  compared  to total  

02 up take  of 79.5 ml h -1, amounts  to 7 % of me tabo l i c  rate  (see Tab le  2). 

The  nutr i t ional  profit ob ta ined  from up take  of d isso lved  amino  acids  amoun ted  to 12 % 
(N=5 ,  range  5-23 %) of the metabo l i c  rate at a f low rate of 150 1 h -1 and  to 24 % (N=3 ,  

range  13-38 %) of metabol ic  rate at a f low rate of 300 I h -1 (Table 2). It is obvious  that  the 

g iven  amino-ac id  concent ra t ion  p redominan t ly  de te rmines  the m a g n i t u d e  of the nutri-  

t ional profit ob ta ined  from uptake,  and to a smal le r  extent  the f low rate. 

DISCUSSION 

Since the p ioneer  work  by Lindroth & Moppe r  (1979), it is poss ible  to separa te  amino 
acids as their  f luorescent  p reco lumn o -ph tha ld i a ldehyde  der iva t ives  by means  of 

reversed  phase  HPLC. This p rocedure  is so sensi t ive  that  the de tec t ion  l imit  l ies in the 
femtomole  range  and amino acids natura l ly  occurr ing  in coastal  waters  at total concen-  

trations b e t w e e n  0.5 and 2 ~M can successful ly be  ana lyzed  wi thout  prior c lean-up  or 
concentra t ion steps. Our data  confirm previous  reports  on amino-ac id  concentra t ions  in 

Table 2. Mytilus edulis. Nutritional profit obtained from uptake of dissolved amino acids from 
natural sea water in an experimental flow-through mussel bed. Water temperatures: 14 °C (in 1983) 

and 16 °C (in 1984) 

Experiment Amino-acid concentrations Flow rate Uptake of amino % Metabolic 
No. (nM) at (1 h -1) acids (mg, h -1) rate 

Entrance Outlet 

1 (1983} 765 411 150 5.3 7 
2 (1983) 1805 900 150 13.6 17 
3 (1984) 1007 592 150 6.2 10 
4 (1984) 2419 1423 150 14.9 23 
5 (1984) 954 735 150 3.3 5 

Mean 12 
Range 5-23 

6 (1983) 2015 1435 300 17.4 22 
7 (1984) 1257 432 300 24.8 38 
8 (1984) 651 361 300 8.7 13 

Mean 24 
Range 13-38 
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coastal waters, r ang ing  b e t w e e n  0.5 and  2.0 ~ (North, 1975; Jergensen,  1976a). In 
addit ion,  we could show that total amino-ac id  levels vary great ly wi th in  short time 
periods, a l though ind iv idua l  proportions were remarkab ly  constant. The patchy distribu- 
t ion of total dissolved amino  acids is obviously  not  due  to the momenta ry  state of the tidal 
cycle. 

Our  up take  exper iments  a imed  to s imula te  in-s i tu  condit ions as closely as possible 
by use of mussels  in  a dense ly  crowded mussel  bed  enclosed in  an open flow-through 
system. Employment  of natural ,  unprocessed  sea water  directly p u m p e d  through the 
mussel  bed  gua ran t eed  that there was no man ipu la t ion  of the medium.  

These  exper iments  showed that Mytilus edulis can  deple te  the sea water  of indi- 
v idua l  amino acids down to concentra t ions  be low 10 nM and  total amino acids to levels 
about  0.4 nM. The mussels  took up b e t w e e n  30 and  50 % of the amino  acids dissolved in 
coastal water  and  ob ta ined  nut r i t iona l  benef i ts  from the up take  equ iva len t  to 5 to 38 % 
of metabol ic  rate. These f indings  agree wel l  with the results ob ta ined  by the authors 
measur ing  amino  acid up take  dur ing  a s ingle  passage of water  through the mant le  
cavity of b iva lves  (for l i terature see , ,Introduction"). Our  results suggest  that the mag- 
n i tude  of nut r i t ional  profit depends  on the momen ta ry  amino-ac id  concentrat ion and to a 
minor  degree  on the flow rate of water  through the tube, which may have a natural  
correlate in  the m o v e m e n t  of sea water  across mussel  beds. 

Regard ing  the nut r i t ion  of bivalves,  our results confirm previous publ icat ions  (for 
l i terature see , ,Introduction") that bes ides  re ten t ion  of part icles by the gills uptake  of 
dissolved organic  matter  provides a s ignif icant  supp lemen ta ry  nutr i t ional  input.  This 
source is cont inuous ly  avai lable ,  though vary ing  with DOM concentra t ions  and  tem- 
p e r a t u r e - d e p e n d i n g  metabol ic  rates. 

The flow rates of sea water  through the musse l  tube  can be compared with the 
fi l tration rates in  Mytilus edulis. Fil trat ion rates follow the genera l  al lometric equat ion  F 
= a W b where  F = fil tration rate (1 h-l), W = dry t issue weight  (g), a and  b ----- constants, 
which d e p e n d  on species, deve lopmen ta l  stage and  exper imenta l  variables.  By us ing the 
data  for a and  b ob ta ined  at tempera tures  close to 15 °C by several  authors, we calculated 
the fil tration rates of ind iv idua l s  of Mytilus edufis of 0.85 g dry weight  used in our 
exper iments .  Mul t ip l ica t ion  with the n u m b e r  of ind iv idua l s  enclosed  in  the exper imen-  
tal mussel  bed  (184 in  1983) resul ted in  an  est imate of the fil tration rate of total mussels 
in  the exper iments ,  a m o u n t i n g  to 221 1 h -1 (data from Wil lemsen,  1952), 327 1 h -1 (data 
from Theede,  1963), 398 1 h -1 (data from Winter,  1973) and  1413 1 h -1 (data from Riisg~rd 
& Mehlenberg ,  1979). Compar i son  of f i l trat ion rates with the flow rates of sea water 
through the mussel  tube  shows that with one except ion (data from Riisg~rd & Mehlen-  
berg, 1979) the fi l trat ion rates calcula ted are in  the order of the exper imenta l  flow rates 
employed  (150 and  300 1 h-l). 

Since u n d e r  na tu ra l  condi t ions  the degree  of water  exchange  in  the vicinity of a 
mussel  bed  is u n k n o w n ,  bu t  cer ta inly  varies greatly, it must  be  assumed that sea water 
may  pass the man t l e  cavity several  times. This is cer tainly also the case in  our 
exper iments  and  provides an  exp lana t ion  for the h igher  nut r i t ional  profits obta ined at 
the h igher  flow rate of 300 1 h-L 

The f ind ings  that  mussels  can effectively absorb DOM from the low concentrat ions 
encoun te red  in  their  na tura l  env i ronmen t  and  that these up take  processes provide 
s ignif icant  nut r i t ional  profit are in  contrast  to previous results (Siebers, 1982) obtained 
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f rom e x p e r i m e n t s  o n  i n t e r a c t i o n s  b e t w e e n  t h e  s e a  s tar ,  A s t e r i a s  rubens ,  a n d  t h e  n a t u r a l  

b a c t e r i a l  w a t e r  f lora .  In t h e s e  e x p e r i m e n t s ,  p e r f o r m e d  in  c l o s e d  s y s t e m s ,  b a c t e r i a  

o u t c o m p e t e d  t h e  s e a  s t a r s  i n  a b s o r p t i o n  of d i s s o l v e d  a m i n o  ac ids ,  d u e  to r a p i d  u p t a k e .  

T h e  d e d u c t i o n  t h a t  b a c t e r i a  i n s t a n t l y  r e s p o n d  to s u i t a b l e  l e v e l s  of D O M  w i t h  e f f e c t i v e  

u p t a k e ,  t h u s  k e e p i n g  l o c a l  c o n c e n t r a t i o n s  a t  s u c h  l o w  l e v e l s  t h a t  n o  n u t r i t i o n a l l y  

s i g n i f i c a n t  u p t a k e  c a n  t a k e  p l a c e  i n  i n v e r t e b r a t e s  c a n  - o n  t h e  b a s i s  of o u r  p r e s e n t  

r e s u l t s  w i t h  M y t i l u s  e d u l i s  - n o  l o n g e r  b e  r e g a r d e d  as  v a l i d .  O b v i o u s l y ,  b a c t e r i a l  u p t a k e  

a n d  g r o w t h  d o e s  n o t  r e s u l t  i n  c o n c e n t r a t i o n s  of D O M  too  l o w  to b e  u s e d  b y  M y t i l u s .  In  

t h i s  con t ex t ,  m e c h a n i s m s  of a n t i b a c t e r i a l  a c t i v i t y  i n  s e a  w a t e r  ( M o e b u s ,  1972 a--d) m a y  

p l a y  a ro le .  It s e e m s  t h a t  a t  l e a s t  a f e w  m e t a z o a n s ,  a m o n g  t h e m  s e v e r a l  b i v a l v e  m u s s e l s ,  

can ,  d u e  to  t h e i r  l a r g e  g i l l  s u r f a c e  a r e a s  a n d  t h e  g r e a t  a m o u n t s  of  w a t e r  p u m p e d  t h r o u g h  

t h e i r  m a n t l e  cav i ty ,  s u c c e s s f u l l y  c o m p e t e  w i t h  b a c t e r i a  i n  u p t a k e  of D O M .  

O u r  r e su l t s ,  t h a t  t h e  m u s s e l  b e d  e n c l o s e d  i n  a n  o p e n  f l o w - t h r o u g h  p l e x i g l a s s  t u b e  
d e p l e t e d  t h e  s e a  w a t e r  b y  30  to 50  % of o r i g i n a l l y  d i s s o l v e d  a m i n o  ac ids ,  a r e  a l so  i n  

c o n t r a s t  to  t h e  s t a t e m e n t  b y  S e p e r s  (1977) w h o  a r g u e d  t h a t  i n  n a t u r a l  w a t e r s  t h e  u p t a k e  

of d i s s o l v e d  o r g a n i c  c o m p o u n d s  is  p r i m a r i l y  a b a c t e r i a l  p r o c e s s .  O u r  p r e s e n t  f i n d i n g s  

s u g g e s t  t h a t  m u s s e l  b e d s  i n  s h a l l o w  c o a s t a l  w a t e r s  e x p o s e d  to  t i d a l  m o v e m e n t s  of l a r g e  

s e a  w a t e r  m a s s e s  p l a y  a s i g n i f i c a n t  r o l e  i n  r e c y c l i n g  of D O M .  
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