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ABSTRACT: The mode of anaerobic energy production of juvenile Arenicola marina (0-generation) 
was investigated under experimental conditions and in the biotope. Under experimental anaerobic 
conditions, juvenile A. marina produce energy by the pathways known from the adults and other 
euryoxic invertebrates with succinate and the volatile fatty acids, acetate and propionate, as main 
end products. However, the juvenile lugworms are less resistent to anoxia than the adults. The 
reasons for this might be their small glycogen stores and their limited ability to reduce the metabolic 
rate. Nevertheless, on the tidal fiats the juveniles settle particularly in the area next to the high tide 
line, which offers such extreme conditions that adult lugworms cannot live there. This different 
behaviour can be explained by the dissimilar ability to use oxygen at very low partial pressures. 
Juveniles maintain an aerobic energy metabolism even at a Pwo2 of 15 Torr at which adults are forced 
to produce energy exclusively by the less effective anaerobic mode. In the field, no indications of an 
anaerobic energy metabolism were detected in juveniles even after an exposure of 8 hours. 

INTRODUCTION 

The lugworm Arenicola marina is an important  m e m b e r  of the macrozoobenthos,  

which plays a considerable role in the ecotone Wadden  Sea. 

Al though this polychaete  can be found in all areas of the tidal flats, there are some 
differences in the distribution pattern of its age groups (Thamdrup, 1935; Wohlenberg,  

1937; Smidt, 1951; Beukema & de Vlas, 1979; Pollack, 1979; Reise, 1981). The adults 
settle predominant ly  in the mi'ddle and lower parts of the tidal flats, whereas  the juveni les  

(0-generation) hve closer to the shore. They are often found in high densities just be low 

the high tide line in so called "Brutwatten" (Wohlenberg,  1937) or "nursery beds"  (Reise, 
1985). These nursery beds are more shel tered than the rest of the tidal flats. There  is no 

competi t ion be tween  adults and juveniles,  and predat ion pressure is low (Witte & de 

Wilde, 1979; Reise, 1985). 
On the other hand, the area next to the high tide hne offers ext reme hying conditions. 

There,  average  exposure  is more than ten hours, with the consequence  that  various 
physical  parameters ,  such as temperature,  salinity or the availability of oxygen,  are 

subject  to considerable variations. 
At low tide no oxygenic surface water  can be pumped,  and benthic animals like 

Arenicola marina that are not able to use atmospheric oxygen have  to supply their  energy  

demand  via anaerobic pathways, as was shown by several  field investigations (Pionetti & 

Toulmond, 1980; Sch6ttler et al., 1984; Sch6ttler, 1989). 
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Under  these  circumstances,  Arenicola marina uses those p a t h w a y s  for anaerobic  
ene rgy  product ion which are characteris t ic  for all euryoxic inver tebra tes  wi th  the  excep-  
tion of the  ar thropods  (Zebe & Sch6ttler, 1986). Glycogen  is b r o k e n  d o w n  via  mala te  to 
the volati le fatty acids, p ropiona te  and acetate.  Compared  with a n a e r o b i c  glycolysis 
these  pa thways  are  advan tageous  because  the energy  yield is near ly  doub led .  However ,  
compared  to aerobic  ene rgy  product ion this yield is modest .  

Never theless ,  under  exper imenta l  condit ions Arenicola marina can survive per iods  
of anoxia  las t ing more  than four days. The only possible  explana t ion  of th i s  p h e n o m e n o n  
is that  the animals,  as a further adaptat ion,  reduce  their  me tabohc  r a t e  s ignif icant ly 
(Sch6ttler, 1986), thus be ing  ab le  to outlast  per iods  of anoxia  in a s t a t e  of s t rongly 
r educed  activity. 

In r ega rd  to the  fact that  the juveni le  lugworms are in a state of p e r m a n e n t  growth 
and  as a consequence  have  to mee t  a compara t ive ly  high d e m a n d  for  energy,  it is 
surpr is ing that  they  live in these  areas  of ex t ended  exposure.  

This l eads  to the  assumpt ion  that  there  must  be  special  phys io log ica l  mechan i sms  in 
the  juveni le  Arenicola marina, which enable  them to react  to hypoxic  or anox ic  si tuations 
at low tide without  suffering grea ter  d a m a g e  to their  further d e v e l o p m e n t .  

In this paper ,  da ta  of the energy  product ion of juveni le  Arenicola marina  from both 
the labora tory  and  the natura l  envi ronment  are presented .  

MATERIAL AND METHODS 

A n i m a l s  

Juveni le  Arenicola marina (0-generation) were  d~g out from the t i d a l  fiats at List on 
the is land of Sylt (Nordfriesland/PRG). Before be ing  used  in the e x p e r i m e n t s  they  were  
kep t  in tanks  with well  ae ra ted  runn ing  artificial seawate r  (32 %0 S) at  8 - 1 0  ~ without  
sed iment  and  food for a per iod  not ex tend ing  5 days.  Previous e x p e r i m e n t s  have  shown 
that  s tarvat ion over  this per iod  does  not inf luence the  mode  of anae rob i c  metabol ism.  

E x p e r i m e n t a l  p r o c e d u r e  

Anaerobic  incubation 

All exper iments  were  per formed at  12 ~ Prior to their  use in the  exper iments ,  the 
worms were  a d a p t e d  to the t empera tu re  in we l l - ae ra t ed  artificial s e a w a t e r  (32 %0 S) for 
24 h. For the incubat ions,  250-ml round  flasks e q u i p p e d  with specia l  f i t t ings for gass ing  
(Sch6tfler & Schroff, 1976) were  used. The flasks were  filled with 150 ml of the artificial 
seawate r  and  gassed  for 30 min with ni trogen.  Three  worms with an  a v e r a g e  ind iv idua l  
we igh t  of 170 _+ 50 m g  were  a d d e d  and  gass ing cont inued  for a fur ther  30 rain. Finally, 
the s top-cocks were  closed. 

Determination of  oxygen  uptake  and incubation at di f ferent  Pwo2 

All gas mixtures  were  p r e p a r e d  from pure  n i t rogen and pure  o x y g e n  us ing  a gas  
mixing  pump  (M 1007a, W6sthoff, Bochum, FRG). The oxygen  u p t a k e  at  different  Pw% 
was  measu red  in a f low-through system. The animals  were  i ncuba t ed  in special  cham- 
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bers without sediment.  The rate of oxygen consumption was measured cont inuously with 
an Orbisphere oxygen electrode (Model 2115 connected to an oxygen indicator Orbis- 
phere 2609). 

Preparations of extracts 

At the end of an incubat ion period, the worms were rapidly blotted on paper  tissue 
and opened by a lateral incision. After dissection the body-wall  musculature  was frozen 
in liquid nitrogen. The frozen mater ial  was stored at - 7 0  ~ 

For further extraction, the frozen body-wall  musculature was ground to a fine 
powder in a mortar cooled by hquid nitrogen. The powder was added to 5 vols of ice-cold 
3 tool/1 perchloric acid, stirred until  thawing, and  homogenized in an Ultra-Turrax 
homogenizer.  After centrifugation (20 min; 30 000x g), the supernatant  was neutral ized 
by adding  K2COa (5 mol/1). Special care was taken to avoid alkahne pH. The neutral ized 
extract was centrifuged for 20 rain at 45 000x g. All steps were performed at 0--4 ~ 

Measurements of metabofites 

ATP, ADP, AMP, D-and L-alanine, succinate (Bergmeyer, 1984, 1985), phospho- 
taurocyamine (P6rtner et al., 1979) were estimated by standard enzymatic  methods. 
Extraction and hydrolysis of glycogen were performed according to Sch6tfler (1978). 
Volatile fatty acids were measured after steam destillation of the incubat ion water  by gas- 
liquid chromatography (Kluytmans et al., 1975). 

Separation and determination of amino acids by HPLC 

The amino acids were dansylated (Wiedmeier et al., 1982) and separated on a 
reverse phase column (Spherisorb ODS 2, 5 gm) at a temperature  of 55 ~ A multistep 
gradient  eluation was used with a flow rate of 1.0 ml/min. ,Solvent A: 50 mmol/1 formic 
acid and 60 mmol/1 acetic acid, pH 3.0. Solvent B: 50 mmol/1 formic acid, 60 mmol/1 acetic 
acid, 35 % 2-propanol, pH 2.9. The separated dansyl derivates were detected at 254 nm. 

F ie ld  i n v e s t i g a t i o n s  

The field investigations were carried out on the tidal flats to the north of the island of 
Sylt (Nordfriesland/FRG). Three stations were selected: A = sand flat, B = sand-mud  flat 
and C = mud flat. Juveni le  lugworms (0-generation) were dug out as soon as the water 
had receded and  after 8 hours of exposure. They were immediately washed  with 
seawater and quickly dissected. The body-wall  musculature was blotted dry and  frozen 
in liquid nitrogen. 

Further extraction was carried out as described above. 

Sta t is t ics  

All results are presented as mean  values __ SD. Significance was de termined by 
Student 's  t-test (t0.os). 
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RESULTS 

E x p e r i m e n t a l  anoxia 

Under anaerobic conditions at 12 ~ juvenile Arenicola marina survived only 
periods shorter than 48 hours. Therefore, time course experiments were limited to 
24 hours. 

During the first six hours after onset of anaerobic conditions, the juvenile lugworms 
mobilize 75 % of their phosphagen store (25 ~mol g dry wt-1). Thereafter, only minimal 
degradation of phosphotaurocyamine occurred (Table i). The energy charge, which is a 

Table 1. Juvenile Arenicola marina. Concentrations of adenine nucleotides and taurocyaminephos- 
phate {TCP) (~rnoles g dry wt,  1) and the calculated energy charge (E.C.) in the body-wall 

musculature after anaerobic incubation. Mean values • SD, N = 4 

Incubation ATP ADP AMP Z E.C. TCP 
time (h) 

0 7.74___0.44 2.16_-+0.41 0.92___0.28 1 0 . 8 2  0.82___0.02 27.1___2.8 
1 5.67 • 0.28 2.38 • 0.74 0.95 • 0.25 9.00 0.76 4- 0.01 15.8 • 2.7 
6 5.22• 3.34--+0.71 1.58• 10 .14  0.68• 7.0• 

12 5.01 • 1.00 3.30• 2.43• 1 0 . 7 4  0.62• 5 . 2 •  
24 4.61• 4.19• 2.36• 1 1 . 1 6  0.60• 5.9++.1.5 

sensitive indicator of stress situations, decreased rapidly from 0.82 to 0.70 in the first 
hours of anoxia and  dropped to a value of nearly 0.6 after 24 hours {Table 1). The content  
of the adenine  nucleotides remained constant. 

The utilization of aspartate was restricted to the initial stage of anaerobiosis  {Fig. 1}. 
In this period, its amount  was reduced by at least 50 % (16 ~mol g dry wt-1). D,L-alanine, 
a glycolytic end  product in euryoxic animals, was accumulated {approx. 60 ~tmoI g dry 
wt -1) dur ing the first 12 hours of anoxia (Fig. 1). The determinat ion of this amino  acid was 
done by HPLC {High Performance Liquid Chromatography). Using the method 
described, it was not possible to distinguish the D and L stereoisomere. However, in 
enzymatic  tests it could be shown that in juveni le  A r e n i c o l a  m a r i n a  both the L- and D- 
form exist. 

As a typical end  product of short envi ronmenta l  anaerobiosis, succinate,  too, was 
accumula ted  dur ing the first 12 hours at an amount  of at least 15 ~tmol g dr-,/wt -~ {Fig, 2). 

The volatile fatty acids, acetate and  propionate, characteristical end  products  of long 
envi ronmenta l  anaerobiosis, could only be measured  in the incubat ion  water,  because 
the remain ing  volume of the extracts was too small after de terminat ion  of the other 
metabolites. After 6 hours these two fatty acids could be detected in the incuba t ion  water 
for the first time. After 24 hours the ratio of propionate to acetate was 5 : 1 (Table 2). On 
the assumption that the body-wall  musculature  represents  80 % of the an ima l ' s  tissues, 
we calculated the quanti ty of the volatile fatty acids produced by this t issue (Table 3}. 
According to this, the share of volatile fatty acids originating from the  body-wall  
musculature  and given off to the incubat ion  water amounted  to 7 ~tmol g dry  wt -I acetate 
and  35 ~mol g dry wt -1 propionate. 
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Fig. 1. Juvenile Arenicola  marina. Concentration of the amino acids aspartate and D,L-alanine 
(Fmoles g dry wt -1) after anaerobic incubation. Mean values + SD, N = 4 
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Fig. 2. Juvenile Arenicola  marina. Concentration of succinate (~moles g dry wt -1) after anaerobic 
incubation. Mean values + SD, N = 4 

Glycogen 

As shown in Table 4, the glycogen stores of the juvenile Arenicola marina are rather 

small. In addition to this, the following relation is discernible: with increasing body 
weight of the juveniles the glycogen content g dry wt -I increases, too. 
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Table 2. Juvenile Arenicola marina. Concentrations of the volatile fatty acids propionate  and acetate 
(~moles wet  wt -1) in the incubation water after anaerobic incubation. Mean  values _ SD, N = 4 

Incubation Acetate Propionate 
t ime (h) 

0 - -  - -  

1 - -  - -  

6 0.08 -+ 0,02 0.25 -+ 0.12 
12 0.46 ___ 0.11 1.90 -+ 0.31 
24 1.10 -+ 0.30 5.63 -+ 0.43 

Table 3. Juvenile  Arenicola marina. Calculated quantity of the volatile fatty acids propionate and  
acetate (~moles g dry wt -1) produced by the body-wail  musculature.  Mean  values  _+ SD, N = 4 

Incubation Acetate Propionate 
t ime (h) 

0 - -  - -  

1 - -  - -  

6 0.49--+0.12 1.54 -+ 0.74 
12 2.83 _+ 0.68 11.70 -+ 1.9I 
24 6.78 _ 1.85 34.68 -+ 2.65 

Table 4. Juvenile  Arenicola marina. Glycogen content (gmoles glycosyl units g dry wt  -~) in relation 
to the individual weight  of the worms. Mean  values _. SD 

Individual 100-200 mg 200-300 mg 300-400 mg 400-500 mg 500-1000 mg 
weight  N =  10 N = 8  N =  9 N = 7  N = 5  

Glycogen 46.0 _+ 11.0 70.4 _ 15.9 95.2 -- 13.7 125.8 _+ 19.8 157.3 _ 48.0 

F i e l d  i n v e s t i g a t i o n s  

W i t h  r e f e r e n c e  to l a b o r a t o r y  e x p e r i m e n t s ,  t h e  a c c u m u l a t i o n  of s u c c i n a t e  c a n  b e  

r e g a r d e d  as  a s i g n i f i c a n t  i n d i c a t o r  of a n a e r o b i c  e n e r g y  p r o d u c t i o n  in  b o t h  j u v e n i l e  a n d  

a d u l t  Arenico la  marina.  By m e a n s  of th i s  i nd ica to r ,  w e  e x a m i n e d  w h e t h e r  or  n o t  

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

J u v e n i l e  l u g w o r m s  w e r e  d u g  ou t  as soon  as  t h e  w a t e r  r e c e d e d  (O h ;  control )  a n d  

a f t e r  8 h o u r s  of e x p o s u r e .  Th i s  p e r i o d  w a s  c h o s e n  w i t h  r e g a r d  to t h e  c o m p a r a b i l i t y  of 

t h e s e  r e su l t s  w i t h  p u b l i s h e d  d a t a  of a d u l t  Arenicola  mar ina  ( S c h 6 t t l e r  e t  al., 1984; 

Sch6 t t l e r ,  1989). In all  a n i m a l s  p r e p a r e d  8 h a f te r  e x p o s u r e ,  t h e  a m o u n t  of s u c c i n a t e  in  t h e  

b o d y - w a l l  m u s c u l a t u r e  w a s  on ly  s l igh t ly  h i g h e r  t h a n  in  t h e  con t ro l s  (Tab le  5). T h i s  r e s u l t  

w a s  n o t  i n f l u e n c e d  b y  t h e  t y p e  of flat, b e c a u s e  t h e r e  w a s  n o  d i f f e r e n c e  b e t w e e n  s t a t i o n  A 

( s a n d  flat), s t a t i o n  B ( s a n d - m u d  flat) a n d  s t a t i o n  C ( m u d  flat). A d d i t i o n a l l y ,  a t  all  t h r e e  
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Table 5. Juvenile Arenicola marina. Concentrations of succinate and the amino acids aspartate and 
D, L-alanine (~rnoles g dry wt -1) in the body-wall musculature at the beginning of low tide (0 h) and 

after 8 h of exposure. Mean values • SD, N = 10 

Time of Succinate Aspartate D, L-Alanine 
exposure 

station A 0.70 __ 0.15 40.2 • 6.1 78.5 • 13.3 
0 h station B 0.89 • 0.27 36.8 • 9.3 79.4 • 8.9 

station C 0.75 • 0.21 41.4 • 7.8 66.5 • 9.8 

station A 2.56 • 1.80 35.3 • 9.6 89.3 • 13.9 
8 h station B 3.04 • 2.20 28.1 • 10.9 90.4 • 17.6 

station C 2.15• 35.9• 6.7 7 6 . 9 •  15.6 

s tat ions no s igni f icant  c h a n g e s  in the  amoun t s  of the  amino  acids  a spa r t a t e  and  D,L- 

a l an ine  w e r e  d e t e r m i n e d  (Table 5). 

D e t e r m i n a t i o n  of  o x y g e n  u p t a k e  a n d  i n c u b a t i o n  a t  d i f f e r e n t  Pwo2 

T h e  da ta  o b t a i n e d  in the  field i n d u c e d  fur ther  l abora to ry  expe r imen t s .  For  a pe r iod  of 

24 hours  w e  m e a s u r e d  the  o x y g e n  u p t a k e  at  d i f fe ren t  Pwo~. U n d e r  no rmox ic  condi t ions ,  

j u v e n i l e  l u g w o r m s  c o n s u m e  2 ~mol 02  g f w - l h  -1 (Fig. 3). F rom a Pwo, of 120 Torr  d o w n  to 8 

Torr  the  o x y g e n  consumpt ion  is r e d u c e d  constant ly ,  bu t  e v e n  at a Pwo~ of 8 Tor t  it 
a m o u n t s  to a qua r t e r  of its va lue  u n d e r  no rmox ic  condi t ions.  

T h e s e  da t a  w e r e  c o m p l e t e d  b.y inves t iga t ion  of the  l owes t  Pwo2 at w h i c h  j u v e n i l e  
Arenicola  mar ina  are  able  to ma in ta in  an  ae rob ic  me tabo l i sm.  As in the  e x p e r i m e n t s  

d e s c r i b e d  above ,  the  an imals  w e r e  e x p o s e d  for 24 hours  to d i f fe ren t  Pwo,. A l t h o u g h  the  

p h o s p h a g e n  store was  mobi l i zed  and  the  e n e r g y  c h a r g e  d r o p p e d  from 0.86 to 0.78 at a 
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Fig. 3. Juvenile Arenicola marina. Oxygen consumption at different Pwo2 
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Pwo2 of 30 Tor r  ( T a b l e  6), t h e  first  c l e a r  s i gn  for t h e  sh i f t  to  a n a e r o b i c  m e t a b o l i s m  w a s  

f o u n d  a t  a Pwo2 of 15 Torr.  A t  th i s  Pwo2 a s ig rd f i can t  d e g r a d a t i o n  of a s p a r t a t e  a n d  a 

s i g n i f i c a n t  a c c u m u l a t i o n  of D , L - a l a n i n e  a n d  s u c c i n a t e  o c c u r r e d  (Figs 4, 5). T h i s  b e c a m e  

m o r e  o b v i o u s  a t  a n  Pwo2 of 8 Torr.  A t  t h i s  o x y g e n  p r e s s u r e ,  t h e  vo la t i l e  f a t t y  ac ids ,  a c e t a t e  

a n d  p r o p i o n a t e ,  w e r e  d e t e c t a b l e  for  t h e  first  t i m e  in  t h e  i n c u b a t i o n  w a t e r  (Tab l e s  7, 8). 

E v e n  u n d e r  t h e s e  s e v e r e  h y p o x i c  cond i t i ons ,  h o w e v e r ,  t h e  e x t e n t  of a n a e r o b i c  e n e r g y  

p r o d u c t i o n  w a s  m u c h  l o w e r  t h a n  u n d e r  a n o x i c  cond i t ions .  

D I S C U S S I O N  

T h e  e x p e r i m e n t a l  d a t a  o n  a n o x i a  d e m o n s t r a t e  t h a t  j u v e n i l e  A r e n i c o l a  m a r i n a  u s e  t h e  

s a m e  p a t h w a y s  of a n a e r o b i c  e n e r g y  p r o d u c t i o n  as  t h e  a d u l t s  (Rev iew:  S c h 6 t f l e r ,  1986). 

C o n s i d e r i n g  t he  t i m e  of s u s t a i n i n g  anox i a ,  i t  is r e m a r k a b l e  t h a t  t h e  j u v e n i l e  A.  m a r i n a  

Table 6. Juvenile Arenicola marina. Concentrat ions of the adenine  nucleot ides and  taurocy- 
aminephospha te  (TCP) (~noles g dry wt -1) and  the calculated energy charge (E.C.) in the body-wall  

musculature after 24 h of incubat ion at different Pwo~. Mean  values _+ SD, N = 4 

P~,o~ ATP ADP AMP Z H.C. TCP 
(Ton) 

Normoxic 6.38 _+ 0.57 1.74 _+ 0.36 0.36 _ 0.14 8.48 0.86 _ 0.02 30.4 __. 3.8 
30 6.05 _+0.30 2.85 _ 0.46 0.66 + 0.21 9.56 0.78 + 0.02 10.5 _ 3.5 
15 5.54 _+ 0.39 2.35 _+ 0.41 1.31 -+ 0.16 9.20 0.73 _ 0.02 10.1 -+ 4.5 
8 5.48-+0.29 2.98_+0.33 1.02_+0.25 9.48 0.74_+0.02 11.4 -+ 3,9 

Anoxic 4.66 _+ 0.77 3.92 _+ 0.92 1.56 _+ 0.35 10.14 0.65 _+ 0.06 8.6 _+ 1.8 
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Fig. 4. Juvenile  Arenicola marina. Concentrat ion of the amino acids aspar ta te  a n d  D,L-alanine 
(~'noles g dry wt -1) in the body-wall  musculature after 24 h of incubat ion at different  P,-o~. Mean  

values ___ SD, N = 4 
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Fig. 5. Juven i l e  Arenicola marina. C oncen t r a t i on  of succ ina te  (~moles g dry  wt  -I) in t he  body-waU 
m u s c u l a t u r e  af ter  24 h of i ncuba t i on  at  d i f ferent  Pwo2. M e a n  v a l u e s  • SD, N - 4 

Tab le  7. Juven i l e  Arenicola manna. C oncen t r a t i ons  of the  volati le fat ty  ac ids  p rop iona t e  a n d  ace t a t e  
(~moles  we t  wt  -I)  in t he  incuba t ion  wa t e r  af ter  24 h of i ncuba t i on  at d i f ferent  Pwo2. M e a n  v a l u e s  • 

SD, N=4  

Pwo2 Ace ta te  P rop iona te  
(Torr) 

Normox ic  - - 
30 0.08 • 0.02 - 
15 0.09 _. 0.05 0 . I0  • 0.02 

8 0.19 _ 0.07 0.60 • 0.54 
Anoxic  0.78 • 0.44 5.75 _ 1.08 

Tab l e  8. Juven i l e  Arenicola marina. C al cu l a t ed  quan t i t y  of the  volat i le  fat ty  ac ids  p rop iona t e  a n d  
ace t a t e  (~moles g dry wt  -1) p r o d u c e d  by  t he  body-wa l l  m u s c u l a t u r e  af ter  24 h of i n c u b a t i o n  at 

different  Pwo2. M e a n  va lue s  _+ SD, N = 4 

Pwo~ Ace ta te  P rop iona te  
(Tort) 

Normoxic  - - 
30 0.49 __ 0,12 - 
15 0.55 +_ 0,31 0.62 --- 0.12 

8 1.17 _ 0,43 3.70 ___ 3.30 
Anoxic  4.80 ___ 2,71 35.42 ___ 6.65 
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turned  out to be  less resis tent  than the adults.  One reason for this might  b e  the  fact that  
the g lycogen  stores of the juveni les  are considerably  smaller.  (The size of the  stores are  
obviously d e p e n d e n t  on the weight  of the  worms and consequent ly  on thei r  age.) 
However ,  the  drastic decrease  in the energy  charge even in the first few hours of 
anaerobiosis  indicates  that  the small  g lycogen  stores are only one factor a n d  one that  has  
a hmit ing effect solely during p ro longed  anoxia.  

The ene rgy  charge  drops more rapid ly  than in adul t  lugworms a l though  the juveni les  
p roduce  ene rgy  in the same quanti t ies  as were  found in adults  (Sch6ttler,  1986). 
Obviously,  juveni le  Arenicola marina are  not  able  to reduce  their  ene rgy  d e m a n d  to the  
same extent  as the adults. This may  be  caused  by the p r e d o m i n a n c e  of anabol ic  
metabol i sm in the juveniles.  

From this point  of view it s eemed  incomprehens ib le  that  juveni le  Arenicola marina 

show only a sl ight  t endency  for anaerobios is  in their  b io tope even af ter  p ro longed  
exposure.  Adul t  lugworms,  however,  who as a rule do not set t le in such e xpose d  areas  
produce  ene rgy  anaerobica l ly  dur ing low tide (Pionetti & Toulmond,  1980 Sch6tt ler  et 
al., 1984; Sch6ttler, 1989). 

This a p p a r e n t  inconsis tency could be  exp la ined  when  the oxygen  consumpt ion  h a d  
been  de te rmined .  Under  normoxic conditions,  juveni le  Arenicola marina clearly use  
more oxygen  than  the adults. Adults  have  a similar high oxygen  consumpt ion  only at 
t imes when  their  reproduct ive  cells are deve lop ing  (Sch6ttler, 1989). 

At r educed  Pwo2 both adults  and  juveni les  react  as oxyconformers,  i.e. the  oxygen  
consumpt ion depends  on the Pwo~. However ,  under  strong hypoxia  the  reduct ion  of 
oxygen  consumpt ion  is significantly lower  in juveni les  than that  found in the  adul ts  
(Toulmond, 1975). This correlates with the  fact that  juveni le  Arenicola mar ina  do not start  
to accumula te  the typical  end  products  of anaerobiosis,  until  a Pwo= < 20 Tor t  is reached.  
Even at a Pwo= of 8 Torr, only a part  of their  ene rgy  is p roduced  anaerobica l ly .  However ,  
at such a low Pwo=, they  have  to reduce  the metabol ic  rate  to 25 %. Even  then, energy  
product ion is more  effective than under  anaerobic  conditions. In contrast,  adu l t  A. marina 

must  comple te ly  switch over  to anaerob ic  ene rgy  product ion at a Pwo= of 15 Torr 
(Sch6ttler et  al., 1983). The reasons for such differences in the use of oxygen  at low Pwo= 
can only be  specu la ted  on. Both adults  and  juveni les  take up oxygen  not  only  across the 
gills but  also th rough  the whole  body  surface. In juveniles,  however ,  the ratio b e t w e e n  
surface a rea  and  body  volume is re la t ively h igher  and, besides,  the b o d y - w a l l  is consider-  
ably  thinner.  This may  be the reason for the  be t t e r  uti l ization of oxygen  b y  the juveni les  
at low Pwo~. 

From the da ta  repor ted  in this study, it can be  concluded  that  the  successful  
se t t lement  of juveni le  Arenicola marina in such nursery  beds  cannot  only b e  exp la ined  by  
ecological  factors, such as minor intra-  and  interspecif ic  competit ion,  l imi ted  p reda t ion  
and  sufficient food resources,  but  is also b a s e d  on specific physiologica l  adap ta t ions  such 
as the desc r ibed  r emarkab le  abil i ty to use oxygen  for energy  product ion even  at  very low 

Pwo~. 
For p e r m a n e n t  se t t lement  in such ex t reme areas,  this ab ih ty  seems to be  a crucial  

prerequis i te  that  guaran tees  a cont inuous development .  
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