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ABSTRACT Properties of the pum p and  filter system w ere  s tud ied  in the occasionally suspension- 
feeding polychaete  Nereis diversicolor. Feeding behav iour  was o bse rved  on worm s in glass tubes
im m ersed  in seawater.  W hen  algal cells w ere  a d d ed  to the su rrounding  w a te r  the  worm  m ad e  a funnel- 
sh ap ed  ne t-bag  th rough  which w a ter  was p u m p ed  by m ean s  of vigorously un d u la t in g  m ovem en ts  of the 
body. Particles su sp en d ed  in the inhalan t  water  w ere  re ta ined  by the ne t  a n d  later  sw allow ed by the 
worm. The  times spen t  on ne t-spinning, w a ter -pum ping  th rough  the com ple te  ne t  bag, an d  ne t-ea t ing  
were: 97 ±  35, 191 ±  58, and  16 ±  4 s, respectively. S te reo typed  suspens ion -feed ing  b e hav iou r  was 
continuously recorded  for 10 h by m eans  of a com pute r-a ided  monitoring system. The  volume of w a ter  
c leared  of algal cells (Rhodomonas baltica, d iam ete r  = 6.3 pm) per  unit t ime (clearance) was m easu red  
in worms of different size. C learance  (C, pi s ” 1) as a function of body dry wt (W, mg) was: C = 3.52 + 
2.4614/ (17 °C). The  c learance  of 6.3 pm algal cells was 86 % of directly m ea su re d  p u m p in g  rate, while 
the c learance  rates of 7.5 and  13.1 pm particles w ere  identical with the directly m ea su re d  p u m p in g  rate, 
thus indicating 100 % re tention efficiency of particles > 7 .5  pm. For smaller  particles  the re tention 
efficiency rapidly decreased  to abou t  30 % for 3 pm particles.  In order to characterize  the N ereis  pum p 
the relation b e tw ee n  im posed  hydrostatic  back  pressure  and  p u m ping  ra te  w as m ea su re d  in a n u m b er  
of worms. In several cases the p u m ping  rate was not influenced by the im posed  b a c k  pressure  up  to
3 mm H 20 ;  bu t  at h igher back  p ressures the p u m p in g  rate  was r e d u ced  s im ultaneously  with a reduction  
in the undulat ion  frequency. The m axim um  pressure  h e ad  was a round  8 m m  H 20 .  It was found that 
N. diversicolor p um ps  about 40 1 of w a ter  per  ml oxygen consum ed, and  the  worm  thus fulfills conditions 
for subsis ting exclusively as a suspension feeder. The  populat ion  p u m p in g  ra te  at the collecting site 
(2400 ind. m -2 ) was est im ated  to 9.8 m 3 d _ 1 or 10 times the whole  w a ter  column daily. This ind ica tes  that  
N. diversicolor is a hitherto  u n de rva lued  key organism  in the control of p h y top lank ton  production  in 
shallow brackish  w a te r  areas.

INTRODUCTION

T h e  p o ly c h a e te  N e re is  d iversico lo r  is a  co m m o n  a n d  
a b u n d a n t  sp ec ie s  on sha l low  so f t-bo t tom s in  n o r t h 
w e s te rn  E urope .  T h e  w o rm  is a lm o s t  en t i re ly  re s tr ic ted  
to th e  littoral z o n e  w h e r e  it lives in a U - s h a p e d  b u r ro w  
in the  sed im en t .  N . d iversico lo r  h a s  b e e n  d e s c r ib e d  as  a 
ca rn ivo re  a n d /o r  sca v e n g e r ,  b u t  a lso  as  a  su s p e n s io n -  
f e e d e r  a n d  a de tr i t ivore ,  f e e d in g  pa r t ly  by  sw a l lo w in g  
su rface  m u d  a ro u n d  th e  o p e n in g s  of th e  b u r ro w  (Wells 
& D ales  1951, G o e rk e  1966, E v ans  1971). As a p re d a to r  
N . d iversico lo r  h a s  b e e n  s u g g e s te d  to b e  a n  im p o r ta n t  
s t ru c tu r in g  factor in  so f t-bo t tom  c o m m u n it ie s  (Rönn et 
al. 1988). O th e r  s tu d ie s  do not, h o w e v e r ,  in d ica te  th a t  
N. d iversico lo r  is an  eff ic ien t p r e d a to r  (O lafsson  & 
Pers son  1986).

T h e  o c c u r re n c e  of a  f i l te r - feed in g  m e c h a n is m  in 
N e re is  d iversico lo r  w a s  first d e s c r ib e d  by  H ar ley

(1950), a n d  la te r  co n f i rm e d  b y  G o e rk e  (1966). A w a te r  
c u r r e n t  is c re a t e d  b y  u n d u la t i n g  b o d y  m o v e m e n ts  a n d  
d r iv e n  th ro u g h  a m u c o u s  n e t  ac ross  th e  bu rro w .  S u s 
p e n d e d  food p a r t ic le s  a re  r e t a in e d  in  th e  n e t  w h ich  is 
s u b s e q u e n t ly  e a te n .  T h is  f i l t e r - f eed in g  m e c h a n i s m  h as  
b e e n  a s s u m e d  to b e  p a r t  of th e  w o rm 's  n o rm a l  b e 
h av iour ,  b u t  th e r e  is h a rd ly  a n y  in fo rm a t io n  a b o u t  
p u m p i n g  ra tes ,  p a r t ic le  r e t e n t io n  eff ic iency, p u m p  
charac te r is t ic s ,  or th e  im p o r t a n c e  of th e  fe e d in g  
m e c h a n i s m  in th e  e v e ry d a y  life of th e  an im a l .

T h e  a im  of th e  p r e s e n t  w o rk  w a s  to s tu d y  a n d  c h a r a c 
te r ize  th e  p u m p  a n d  fi lter sy s te m  of ac tiv e ly  s u s p e n 
s io n - fe e d in g  N e re is  d ivers ico lo r  w ith  sp ec ia l  r e f e re n c e  
to th e  p o te n t ia l  e co lo g ica l  s ig n if ic an ce  of th e  filter- 
fe e d in g  m e c h a n is m .  M o re o v e r ,  it w a s  in t e r e s t in g  to 
c o m p a re  N . d ivers ico lo r  w ith  2 o th e r  sp e c ie s  of s u s p e n 
s io n - fe e d in g  p o ly c h a e te s ,  C h a e to p te ru s  v a r io p e d a tu s  
(R iisgärd  1989) a n d  S a b e lla  p e n ic i llu s  (R iisgärd  &
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Iva rs so n  1990). All 3 p o ly c h a e te  sp e c ie s  h a v e  a d a p te d  
to th e  s a m e  m o d e  of life, b u t  th ey  h a v e  c o p e d  in 
d i f fe re n t  w a y s  w ith  th e  b a s ic  d e m a n d s  of w a te r  p ro 
cess ing .

MATERIALS AND METHODS

R a g w o r m s  N e r e is  d ive rs ico lo r  O. F. M ü l le r  w e r e  co l
l e c te d  in  M a y  1990 from  m u d  flats a t  w a te r  d e p th s  of 
a b o u t  0.5 m  in th e  in n e r  p a r t  of th e  b r a c k i s h  (ca 10 % o  S) 
O d e n s e  Fjord, D e n m a rk .  T e n  r a n d o m ly  c h o se n  s e d i 
m e n t  co re  s a m p le s  (67 c m 2, 15 cm  d e e p )  w e r e  t a k e n  
a lo n g  th e  c o as t  a t  K æ rb y  F e d  a n d  s ieved .  W o rm s  th a t  
w e re  r e t a in e d  b y  th e  s ieve  (1 m m  m e s h  size) w e re  
b r o u g h t  to  th e  lab o ra to ry  a n d  in d iv id u a l ly  w e ig h e d  to 
d e t e r m i n e  th e  p o p u la t io n  s ize d is tr ib u t io n  a n d  densi ty .  
T h e  w o r m s  w e re  th e n  t a k e n  to a  n e a r  c o n s ta n t  t e m p e r 
a tu r e  ro o m  (17 °C) a t  th e  B iological Ins ti tu te ,  U n ive rs i ty  
of O d e n s e ,  a n d  k e p t  in  a q u a r i a  w i th  18 %0 S s e a w a te r .

To  a l low  o b s e rv a t io n s  of f e e d in g  b e h a v io u r  a n d  to 
p e r fo rm  d irec t  m e a s u r e m e n t s  of p u m p i n g  ra te s ,  the  
w o rm s  w e r e  t r a n s fe r re d  to 12 or 6 cm  lo n g  g la ss  tu b es  
of a n  in n e r  d ia m e te r  c o m p a r a b le  to t h a t  of th e  n a tu r a l  
tu b e .  T h e  tu b e s  w ith  w o rm s  w e re  k e p t  in  a q u a r i a  w ith  
s e a w a te r  un ti l  e x p e r im e n t s  c ou ld  b e  p e r fo rm e d .  
W orm s to b e  u s e d  in  c le a r a n c e  e x p e r im e n t s  u s in g  th e  
'suc t io n  m e t h o d ’ (see  be low ) w e r e  a l lo w e d  to b u r ro w  
s ing ly  in  200 ml g lass  b e a k e r s  p la c e d  in  a q u a r i a  w ith  
s e d i m e n t  from  th e  co l lec t in g  site. T h e  s e a w a te r  in  the  
a q u a r i a  w a s  c h a n g e d  e v e ry  w e e k ,  a n d  f re sh  s e a w a te r  
w a s  u s e d  in all e x p e r im e n ts .  A f te r  th e  first w e e k  of 
r e s id e n c e  in  th e  la b o ra to ry  (d u r in g  w h ic h  a n u m b e r  of 
in ju re d  w o rm s  d ied)  a lm o s t  n o  m o r ta l i ty  w a s  n o t ic ed  
d u r in g  th e  fo l low ing  3 mo.

D ire c t  m e a s u r e m e n t s  of p u m p i n g  ra te s  of N e re is  
d ive rs ico lo r  a t  d if fe ren t  h y d ro s ta t i c  b a c k -p r e s s u re s  
( im p o sed  b e t w e e n  th e  in le t  a n d  o u tle t  of th e  g lass  
tube) ,  w h i le  s im u l ta n e o u s ly  r e c o r d in g  p u m p i n g  m o v e 
m en ts ,  w e r e  p e r fo rm e d  by  m e a n s  of th e  e x p e r im e n ta l  
s e t -u p  p rev io u s ly  u s e d  for th e  s u s p e n s io n - f e e d in g  
p o ly c h a e te  C h a e to p te ru s  v a r io p e d a tu s  (R iisgärd  1989). 
A  s c h e m a t ic  d r a w in g  of th e  s e t -u p  is s h o w n  in  Fig. 1. 
A n a q u a r i u m  w a s  d iv id e d  in to  2 c h a m b e r s  (Cj a n d  C 2) 
by  a w a ll  w i th  a ho le  th r o u g h  w h ic h  th e  g lass  tu b e  w ith  
th e  e x p e n m e n t a l  w o rm  w a s  in se r ted .  T h e  w a te r  level 
in  th e  e x h a la n t  c h a m b e r  (C 2) w a s  m o n i to r e d  w ith  a 
la s e r  b e a m  s t r ik in g  a m irro r  f ixed  to a f loa t ing  p in g -  
p o n g  ba l l  w h ic h  re f le c te d  th e  la s e r  b e a m  on to  a  scale. 
W h e n  a s h u n t  c o n n e c t in g  th e  2 c h a m b e r s  w a s  c losed  
th e  w a te r  t r a n sp o r t  of th e  w o rm  w a s  c o u n te r b a la n c e d  
by p u m p i n g  e q u iv a l e n t  v o lu m e s  of w a te r  f rom  a r e s e r 
vo ir  in to  Q  a n d  ou t  of C 2 in to  a m e a s u r in g  b e a k e r .  This 
w a s  d o n e  b y  ad ju s t in g  th e  p u m p ,  th u s  m a in ta in in g  th e  
d e f lec t io n  of th e  la s e r  a t  a f ixed p o in t  on  th e  sca le  
e q u iv a l e n t  to a  k n o w n  h y d ro s ta t ic  b a c k  p re s su re .  T h e
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Fig. 1. (A) Experim ental  se t-up  used  for direct m ea su re m e n t  of 
p u m p in g  rates at different hydrostatic  p ressures  imposed 
b e tw ee n  inlet an d  outlet end  of glass tube  with Nereis diver
sicolor inserted in the wall separa t ing  the inhalan t  (Cd and 
ex h a lan t  ch am ber  (C2). W ater level in C 2 is monitored  with a 
laser b eam  striking a mirror (m) fixed on a te the red  floating 
p ing -pong  ball. Pum ping  rate of the worm  is equal  to volume 
of w a te r  collected in the b e ak e r  (b) w h e n  the laser deflection 
point is m ain ta ined  in a constant  position on the scale. D raw 
ing partly modified from Riisgärd (1989). (B) Lateral view of N. 
diversicolor in a glass tube. Drawing based  on photograph  

(Fig. 3A)

v o lu m e  of w a te r  co llec ted  in  th e  b e a k e r  p e r  u n i t  t im e 
e q u a l l e d  th e  p u m p in g  rate .  F resh  s e a w a te r  a n d  a d d i 
t ion  of a lg a l  cells (ca IO4 R h o d o m o n a s  ba ltica  cells 
m l -1 ) w e re  a d o p te d  as  a s t a n d a rd  p ro c e d u re .  T ran s fe r  
of th e  g lass  tu b e  w ith  N. d iversico lo r  from th e  ho ld in g  
a q u a r iu m  to th e  a p p a r a tu s  for d irec t  m e a s u r e m e n t  of 
p u m p in g  ra te s  u su a l ly  d is tu rb e d  th e  w o rm  for only a 
shor t  per iod .  A fter  5 to 15 m in  th e  w o rm  r e s u m e d  ac tive  
feed in g .  All m e a s u r e m e n ts  w e re  m a d e  on  w o rm s 
p u m p in g  w a te r  th r o u g h  a  m u c o u s  net.  In sev e ra l  cases  
th e  u n d u la t io n  f r e q u e n c y  w a s  s im u l tan e o u s ly  re c o rd e d  
by  m e a n s  of a P an aso n ic  V HS m ovie  c a m e ra  (NV-M5).

T h e  v o lu m e  of w a te r  c le a re d  of a lg a l  cells p e r  unit  
t im e  (c learance)  w a s  m e a s u r e d  in N e re is  d iversico lo r  
w ith in  the  e x p e n m e n ta l  g la s s  tu b e  by  m e a n s  of th e  
c le a ra n c e  m e th o d ' ,  or by  m e a n s  of th e  suct ion 

m e th o d '  in w o rm s  w ith in  the i r  n a tu r a l  tu b e s  in s e d i 
m en t .  W h e n  th e  'c le a r a n c e  m e t h o d 1 w a s  u s e d  c le a r 
a n c e  (C) w a s  c a lc u la te d  from th e  ra te  by w h ic h  a lga l  
cells  R h o d o m o n a s  ba ltica  w e re  c lea red  from s u s p e n 
sions by  m e a n s  of th e  e q u a t io n :  C  = ( V7f)ln(C0/ C t), 
w h e r e  V  = v o lu m e  of su s p e n s io n ,  t = time, C0 a n d  C, = 
a lg a l  c o n c e n t ra t io n  a t  t im e  0 a n d  t im e  t. U sua lly  the
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in d iv id u a l  sp e c im e n s  w e re  p la c e d  in  1 1 g lass  b e a k e r s  
w ith  a  k n o w n  v o lu m e  of s e a w a te r  w ith  a lg a e  a d d e d  to 
co n c en t ra t io n s  of 4 x  IO3 to 4 x  IO4 cells m l " 1. A d e 
q u a te  m ix in g  of the  s u s p e n s io n  w a s  e n s u r e d  by  a e r a 
tion. S am p le s  (15 ml) for d e te rm in a t io n  of a lga l cell 
c o n cen t ra t io n  w e re  t a k e n  a t  5 or 10 m in t im e  in tervals .  
T h e  contro l w a s  a n e w ly  e m p t ie d  g lass  tube ,  f lu shed  
w ith  s e a w a te r  by m e a n s  of a peris ta l t ic  p u m p  th a t  
re c i rcu la ted  th e  w a te r  in th e  g lass  b e a k e r .  N o r e d u c 
tion of a lg a l  co n c e n t ra t io n  in  controls  w a s  s e e n  over 
120 min.

To d e te r m in e  c le a ra n c e  by  m e a n s  of th e  ‘suct ion  
m e th o d '  (M o h le n b e rg  & R iisgärd  1979) th e  se d im e n t -  
c o n ta in in g  b e a k e r  w ith  th e  w o rm  in its n a tu r a l  tu b e  
w a s  p la c e d  in  a  6 1 a q u a r iu m  w ith  s e a w a te r  co n ta in in g  
a d d e d  R h o d o m o n a s  ba ltica  cells. S a m p le s  of in h a le d  
a n d  e x h a le d  w a te r  w e re  s u c k e d  th r o u g h  g lass  tu b es  
p la c e d  2 to 4 m m  a b o v e  th e  w o rm 's  in h a l a n t  a n d  
e x h a la n t  tu b e  o p e n in g s  (see Fig. 2). T h e  flow ra te

ad ju stab le  holder

— g la s s  tube

sedim ent

— perista ltic  
pump

inha lan t w ater — —  ex h a lan t w ater

Fig. 2. Experimental se t-up  for c learance  m easurem en ts  by 
m eans  of the suction m ethod '.  The  glass tubes, p laced  about 
3 mm above the sed im en t  surface, collect w a ter  from the 
inhalant  and  exhalan t  regions by m eans  of a peris taltic pum p

th r o u g h  th e  g lass  tu b e s  w a s  v a r ie d  from 5 to 40 ml 
m in -1 b y  m e a n s  of a n  a d ju s ta b le  p eris ta l t ic  p u m p .  T h e  
v o lu m e  of ex h a le d  w a te r  c le a re d  of p a r t ic le s  p e r  u n i t  
t im e  (F) w a s  ca lc u la te d  as: Y  = F(1 — Ce/C,), w h e re  F i s  
th e  flow ra te  th ro u g h  th e  g lass  tube ,  a n d  Q  a n d  Ce the  
co n c e n t ra t io n s  of a lg a l  cells in the  w a te r  co l lec ted  
s im u l tan eo u s ly  from th e  in h a la n t  a n d  e x h a la n t  c u r 

ren ts ,  re spec t iv e ly .  At h ig h  flow ra tes ,  w h e n  all the  
e x h a le d  w a te r  w a s  s u c k e d  th r o u g h  th e  g la s s  tu b e ,  th e  
c le a ra n c e  b e c a m e  i n d e p e n d e n t  of flow ra te  a n d  r e p 
r e s e n ta t iv e  of th e  t rue  c le a ra n c e  (C) of th e  w orm.

In all e x p e r im e n ts ,  th e  a p p ro x im a te ly  sp h e r ica l  
(d iam e te r  6.3 pm) f lag e l la te  R h o d o m o n a s  baltica  w as  
u s e d  as  food. T h e  a lg a e  w e re  c u l t iv a te d  a t  a  c o n s ta n t  
d ilu tion  ra te  of ca  1/4 d _1. T h e  g ro w th  m e d iu m  w as  
e n r i c h e d  18 %o S n a tu r a l  s e a w a te r .  In  o n e  se r ie s  of 
e x p e r im e n ts  ( r e ten t io n  efficiency) a m ix tu re  of a lga l  
spec ie s  -  N a n o ch lo r is  a to m u s  (2 to 3 pm), Iso ch rysis  
g a lb a n a  (4 to 5 pm), P yra m ifo rm is  sp. (5 to 8 pm), 
R h o d o m o n a s  ba ltica  (5 to 7 pm), a n d  la te x  b e a d s  (13.1 
pm) -  w a s  u s e d  for s im u l ta n e o u s  m e a s u r e m e n t s  of 
c le a ra n c e  of p a r t ic le s  of d if fe ren t  size.

A n  E lzone  e lec t ro n ic  p a r t ic le  c o u n te r  (M odel  80 xy 
fi t ted  w i th  a 76 pm  orifice tu b e )  w a s  u s e d  to d e te r m in e  
p a r t ic le  size d is t r ibu t io ns  a n d  c o n ce n t ra t io n s .

T h e  p u m p i n g  ac tiv ity  of N e r e is  d ivers ico lo r  w ith in  
th e  e x p e r im e n ta l  g la s s  tu b e  w a s  m o n i to r e d  d u r in g  
p ro lo n g e d  p e r io d s  by  m e a n s  of a m o d if ied  ve rs io n  of 
the  c o m p u te r - a id e d  p h y s io lo g ica l  m o n i to r in g  sys tem  
(C A P M O N ) d e v e lo p e d  b y  D e p le d g e  & A n d e r s e n  
(1990). A n  in f ra re d  p h o to t r a n s d u c e r  w a s  a t t a c h e d  to 
the  g lass  tu b e ,  a n d  th e  p u m p i n g  m o v e m e n ts  of the  
w o rm  re c o r d e d  as s t ro k es  m i n -1 a n d  s to re d  on  a c o m 
p u te r  disc for la te r  analys is .

T h e  o x y g e n  co n su m p t io n  of N e re is  d ivers ico lo r  w as  
m e a s u r e d  by  p la c in g  th e  g lass  tu b e  w i th  th e  w o rm  in a 
tes t  tu b e  filled w ith  30 ml o x y g e n - s a tu r a t e d  s e a w a te r  
w ith  a d d e d  a lg a e  a n d  c losed  w ith  a  r u b b e r  s topper .  
T h e  p u m p i n g  ac tiv ity  of th e  w o rm  e n s u r e d  m ix ing  of 
th e  w a te r  (17 °C) in  th e  re sp ira t io n  tu b e .  T h e  o x y g e n  
co n c e n t ra t io n  of th e  w a te r  in th e  tes t  tu b e  w a s  m e a 
s u r e d  a f te r  220 m in  w ith  an  o x y g e n  e le c t ro d e  
(R adiom eter)  m o u n t e d  in  a c o n s ta n t  t e m p e r a t u r e  cell. 
W a te r  s a m p le s  for o x y g e n  m e a s u r e m e n t s  w e re  t a k e n  in 
th e  m id d le  of th e  re s p ira t io n  tu b e  by  m e a n s  of a sy r ing e  
e x te n d e d  w i th  a  7 cm  p las t ic  tube .

A fte r  th e  e x p e r im e n ts ,  w e t  w e ig h ts  (after 5 m in  
d ra in a g e  on fi lter p a p e r )  a n d  dry  w e ig h t s  (90 °C, 24 h) 
w e re  d e te rm in e d .

RESULTS 

Suspension-feeding behaviour

F e e d in g - b e h a v io u r a l  o b s e rv a t io n s  w e re  m a d e  on 
N e re is  d iversico lo r  in  g lass  tu b e s  im m e r s e d  in s e a 
w a te r .  W h e n  a  s u s p e n s io n  of a lg a l  cells  (R h o d o m o n a s  
baltica)  w a s  a d d e d ,  th e  w o rm  m o v e d ,  w i th in  5 to 15 
min, to o n e  e n d  of th e  g lass  tu b e .  T h e re  it f ixed  m u c o u s  
th r e a d s  to the  g lass  wall,  fo rm in g  th e  c ircu la r  o p e n in g  
of a  n e t  bag ,  w h ic h  w a s  c o m p le te d  (p ro b ab ly  by  s p in 
n in g  th r e a d s  s e c r e te d  b y  a n u m b e r  of a n te r io r  p a ra -
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p o d ia l  g land s )  as th e  w o rm  slowly re t r e a t e d  d o w n  the  
tu b e ,  m o v in g  th e  a n te r io r  e n d  from s ide  to s id e  in s e m i
circles. W hile  m a k in g  th e  fu n n e l - s h a p e d  n e t - b a g ,  a n d  
for a p e r io d  a f te r  th e  b a g  w a s  co m p le te d ,  th e  w o rm  
p u m p e d  w a te r  th ro u g h  th e  n e t  b y  m e a n s  of v igorously  
u n d u la t i n g  m o v e m e n ts  of th e  body . Part ic les  s u s 
p e n d e d  in  th e  in h a la n t  w a te r  w e re  r e t a in e d  b y  th e  n e t  
a n d  a f te r  a ce r ta in  p e r io d  of p u m p i n g  th e  w o rm  m o v ed  
fo rw ard ,  sw a l lo w in g  th e  n e t  b a g  a n d  its e n t r a p p e d  food 
p ar t ic les .  T h e  d im e n s io n s  of th e  n e t  b a g  as  r e l a te d  to 
th e  g la ss  t u b e  d ia m e te r  a n d  l e n g th  of th e  w o rm , as  well 
as th e  p os i t ion  of th e  w o rm 's  h e a d  w ith in  th e  f e e d in g  
b ag ,  a p p e a r  in  Fig. 3. T e n  fe e d in g  cycles  in  2 w o rm s 
(# 1  a n d  # 3 )  w e re  a n a ly s e d  b y  v ideo  rec o rd in g s .  T h e  
t im es  s p e n t  on  n e t - sp in n in g ,  w a te r - p u m p i n g  th ro u g h  
th e  c o m p le te  n e t  b ag ,  a n d  n e t - e a t in g  w e re :  97 ±  35, 
191 ±  58, a n d  16 ±  4 s, re spec t iv e ly .  O th e r  re c o rd in g s  
of f e e d in g  cycles w e re  m a d e  w ith  th e  C A P M O N  sys tem  
(see  Fig. 4). W h e n  a lg a l  cells  w e re  s u s p e n d e d  in th e  
w a te r ,  th e  w o rm  s ta r te d  fe e d in g  co n tinu ou s ly .  Periods  
of v ig o ro u s  p u m p i n g  a t  ce r ta in  h ig h  u n d u la t io n  f r e 
q u e n c ie s  w e re  in t e r ru p t e d  by  n e t - e a t in g  a n d  ne t-  
s p in n in g  p e r io ds .  S u ch  s te r e o ty p e d  s u s p e n s io n - f e e d 
in g  b e h a v io u r  w a s  c o n t in u o u s ly  r e c o r d e d  for 10 h (Fig. 
4E, F). B es id e s  in d iv id u a l  d i f fe ren ces  in u n d u la t io n  
f r e q u e n c ie s  a n d  t im e  p e r io d s  of feed in g -c y c le s ,  t e m 
p e r a t u r e  h a d  a  n o t i c e a b le  effec t  on  th e  p u m p i n g  ac t iv 
ity (Fig. 4B). D u r in g  th e  p u m p i n g  p h a s e  of th e  fe e d in g  
cycle  th e  u n d u la t io n  f r e q u e n c y  w as  o b s e r v e d  to 
d e c r e a s e  slightly. G ra d u a l ly  in c re a s in g  r e s i s t a n c e  d u e  
to a n  in c r e a s in g  n u m b e r  of c a p tu r e d  pa r t ic le s  in  th e  
m u c o u s  n e t  b a g  m a y  e x p la in  this  p h e n o m e n o n  (see 
be low ).

C learance, pum ping rate and retention eiliciency

E x a m p le s  of c le a ra n c e  ra te s  m e a s u r e d  by  th e  c le a r 
a n c e  m e th o d '  a n d  th e  'suc t ion  m e th o d '  a re  s h o w n  in 
Figs. 5 & 6, re spec t iv e ly .  All d a ta  o b ta in e d  on  c le a ra n c e  
a n d  u n re s t r i c te d  (i.e. ze ro  b a c k  p re s su re )  p u m p i n g  ra te  
m e a s u r e d  by  m e a n s  of th e  d irec t  m e th o d  a re  p la c e d  
to g e th e r  in  T a b le  1. C le a ra n c e  as a fun c t io n  of b o d y  
size is s h o w n  in  Fig. 7. It c an  b e  se e n  th a t  th e r e  is go od  
a g r e e m e n t  b e tw e e n  the  2 c le a ra n c e  m e th o d s .  This 
in d ic a te s  th a t  th e re  a re  no d i f fe ren ce s  b e tw e e n  ra te s  of 
w a te r  p ro c e s s in g  in w o rm s  in n a tu r a l  s e d im e n t  tu b es  
a n d  w o rm s  t r a n s fe r re d  to e x p e r im e n ta l  g lass  tu b es .  O n 
a m e a n  bas is  th e  c le a r a n c e  of 6.3 iim a lg a l  cells  is a b o u t  
86 % of th e  d irec tly  m e a s u r e d  p u m p i n g  ra te s  (Table  1). 
T h is  in d ic a te s  th a t  6 to 7 pm p a r t ic le s  a re  b e in g  
re t a in e d  by  th e  m u c o u s  n e t  b a g  w ith  80 to 90 % 
eff ic iency. This  s u g g e s t io n  is s u p p o r te d  by  th e  r e t e n 
tion eff ic iency  e x p e r im e n t  s h o w n  in Fig. 8. It is s een  
th a t  th e  c le a ra n c e  ra te s  of 7.5 a n d  13.1 um  p a r t ic le s  are

A
i '

B Nereis g lass  tube 
mucous net

g lass  tube

glass  tube

Fig. 3. Nereis diversicolor. (A) Photograph of N. diversicolor 
# 1  lodged  in a glass tube  (length = 12 cm, inner d iam ete r  = 
4.4 mm). The  worm is seen  from the side so that  the u n d u la t 
ing body movements ,  which p roduce  a w a ter  current through 
the tube, can  be seen. W hen the w a ter  passes th rough  the 
tube it is filtered through a mucous net bag  (length = 6.3 cm, 
d iam ete r  2.6 mm) which has b e en  m ad e  visible by m eans  of 
su sp en d ed  carmine pow der  a d d ed  to the inlet with a pipette  
The area  of the net bag  is calcula ted to be  5.2 cm 2, and  with a 
p u m p in g  rate of 0.132 cm3 s 1 (Table 1) the flow velocity 
th rough  the net is 0.132/5.2 = 0.3 m m  s " 1 (B) Magnification of 
anterior  end  of the sam e worm as shown in (A). (C) Near 
dorsal-ventral  view of worm #1  while swallowing the mucous 
ne t  bag  3 min after pho tograph  (A) was taken. (D) Macro 
photog raphy  of anterior end  of N. diversicolor #11 in a glass 
tube (inner d iam ete r  2.3 mm, outer  d iam eter  3 9 mm). The 
h e ad  with fo rward-stretched peris tomial cirri is seen  within 
the m ucous b ag  which has been  m ade  visible by m eans  of 
t rapped  algal cells. The  ne t  bag  surrounds the peris tomium 
and  seems to be fastened to the body just beh ind  the 'h e a d ’

sim ilar  a n d  n e a r ly  id en t ica l  w ith  th e  d irec tly  m e a s u re d  
p u m p in g  rate, th u s  in d ic a t in g  a  100 % re ten t io n  effi
c iency  of part ic les  la rg e r  th a n  7.5 pm . For sm a lle r  
pa r t ic le s  th e  re te n t io n  eff ic iency rap id ly  d e c re a s e s  to 
a b o u t 30  % for 3 um  part ic les.

T h e  re sp ira t io n  ra tes  m e a s u r e d  in 4 N e re is  d iv e r s i
color  lo d g e d  in g lass  tu b e s  a re  s h o w n  in T a b le  1. 
T h e  m e a n  re sp ira t io n  ra te  of th e  4 w o rm s  w as
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Fig. 4. Nereis diversicolor. Pum ping activity in worms re 
corded by m eans  of an infrared photo transducer  fastened to 
the glass tube. Undulating  body m ovem ents  were  monitored 
as strokes m in -1 a n d  plotted as a function of time (note 
different time scale). (A) N. diversicolor #18 monitored during 
650 min. During the first 530 min the worm w as unfed. Algal 
cells were  then  a d d ed  (arrow), and  the worm sta rted  to pum p 
at a high constant rate. (B) Pum ping  activity in N. diversicolor 
# 1 6  recorded  at 12 °C during  the first 75 min and then, after 
the tem pera tu re  was e levated  to 19 °C, during  an 85 min 
period. The  algal concentra tion  was ca 2 x IO4 cells m l-1 It 
can be seen  that the m ean  stroke frequency of 45 to 50 strokes 
m in -1 at 12 °C increased to 65 to 70 strokes m i n ' 1 at 19 °C. 
(C) Exam ples of feeding cycles in N. diversicolor #16 .  P u m p 
ing periods of 5 to 6 min were  followed by ne t-ea t ing  and  net-  
spinning periods during  which the stroke frequency was zero 
(net-eating) or reduced  (net-spinning). The algal concen
tration was 1.2 x IO4 cells m l ' 1 in (C) and 2.5 x IO4 in (D). 
Note the systematically reduced  stroke frequency during the 
pu m ping  periods (probably due  to increased resistance in the 
ne t  bag  as algal cells were  trapped).  (E, F) Pum ping  activity in 
N. diversicolor # 1 6  fed IO4 algal cells m l ' 1 during  600 min 
(15 °C). It can be seen  that the p u m ping  activity was high and 
near  constant (65 to 75 strokes min" '] during  the whole 
period. The irregular  and very high stroke frequencies  som e
times seen  are not real, bu t  due  to double  recording of 
undulat ing  m ovem ents  w h en  the worm had p laced  itself 

inappropriate ly  in relation to the pho to transducer
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Fig, 5. Nereis diversicolor. C learance  of algal cells 
(Rhodomonas baltica) in 7 exper im en ts  with N. diversicolor in 
glass tubes  (17 °C) Regression lines and  es t im ated  c learances 
are shown. W ater-pum ping  u n d u la t in g  body m ovem ents  
(counted by eye and  stopwatch  at each  sam pling time) were  
n e a r  constant  for the individual w orm  during  the experim ental  
period. Stroke frequencies  and volume of sea w ate r  u sed  in the 
different experim ents  (V, ml): # 1  =  84 strokes m i n ' 1 (V = 
500 ml), # 2  = 96 (open symbols: V = 800 ml; closed symbols: 
V = 1500 ml), # 3  = 75 (900), # 4  = 91 (650), # 1 6  = 74 (500), 

# 1 8  = 78 (500)
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Fig. 6. Nereis diversicolor. C lea rance  (Y) as a function of 
suction flow rate in glass tubes  collecting w a ter  from inhalan t  
an d  exhalan t  tube  op en in g  (FI) in 5 experim ents  with worms 
within their na tura l  tubes  in sed im en t  (see Fig. 2). Lines for 
c learance  = flow rate ( Y = FI) are shown; curves are d raw n  by 
eye. T he  p la teaus  rep re se n t  the true c learances  (C) of the 

worms

0.0126 ±  0.0026 ml h “ 1. T h e  m e a n  b o d y  dry  w t w a s  
51.5 ±  5.0 mg, a n d  from th e  re la t io n sh ip  b e tw e e n  
c le a ra n c e  a n d  b o d y  size (Fig. 7), a n d  a s s u m in g  a r e t e n 
tion eff ic iency of 86 % (T ab le  1), th e  m e a n  p u m p in g  
ra te  is e s t im a te d  a t  0.54 1 h _1. T h u s  th e  w a te r  p ro c e s 

sing  c ap ac i ty  is fo u n d  to b e  0 .54 /0 .0126  =  43 1 of w a te r  
f i l te red  p e r  ml of o x y g e n  co n su m e d .

T h e  s ize d is tr ibu t ion  a n d  p o p u la t io n  d e n s i ty  of 
N e re is  d ivers ico lo r  a t  K æ rb y  Fed, O d e n s e  Fjord, 
a p p e a r s  in  T a b le  2. B ased  on  th e  e s t im a te d  in d iv id u a l
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Tab le  1. N ereis diversicolor. Body weight, p u m p in g  rate, c learance  of Rhodomonas baltica cells (diameter =  6.3 ^m) m easured  by 
m eans oí 'clearance m ethod  in worms in glass tubes (CM) or by m ean s  of suction m ethod ' in worms in their natural tubes in 
sed im en t  (SM), and  respiration rate. M ean  values und  s tandard  deviation from replicate experim ents  (n) are shown. The  m ean  

value of C /P i s  a m easu re  for the m ucous n e t  re tention  efficiency of 6.3 j.im particles

Worm
*

Wet weight  
(mg)

Dry weight  
(mg)

Pum ping  rate (P) 
(Mi s " 1)

C lea rance  (C) 
(ul s - 1)

C/P
(%)

Respiration rate  
(pi 0 2 h “ 1)

1 246 25 132 102 (CM) 77 _
2 292 42 - 139 ±  6 (n = 2) (CM) - -
3 294 34 112 128 (CM) 114 -
4 265 28 141 ±  24 (n =  9) 101 (CM) 72 -

5 319 43 168 ±  13 (n =  5) 86 ±  22 (n = 3) (CM) 51 -
6 358 46 121 ± 2 0  (n = 4) 116 (CM) 96 -

7 72 10 - 9 (CM) - -
8 108 14 - 8 (CM) - -
9 57 7 - 8 (CM) - -

10 26 4 - 13 (CM) - -
11 75 6 - 18 (CM) - -
12 101 13 - 11 (CM) - -
13 378 47 112 ±  8 (n =  3) 121 (CM) 108 -
14 68 7 - 16 (CM) - -
15 343 36 157 ±  3 (n =  2) 117 (CM) 75 -

16 378 46 - 75 (CM), 108 (SM) - 12.2
17 316 31 132 ±  12 (n =  5) 129 (CM) 98 -

18 427 50 - 68 (CM), 83 (SM) - 9.4
19 401 50 - - - -

20 367 63 - 133 (CM) - -

21 437 58 - 172 (CM) - 15.8
22 416 52 - 158 (CM) - 13.0

M ean  ±  SD: 86 ±  20
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Fig. 7. Nereis diversicolor. C lea rance  of algal cells (6.3 um) as 
a function of worm  dry weight. O p e n  symbols rep re sen t  data  
o b ta in e d  by m ean s  ol the 'c learance  m ethod ' with worms in 
glass tubes; closed symbols r e p re sen t  va lues ob ta ined  by 
m ean s  of the 'suction m ethod ' with worms in na tura l  tubes  in 
sed im ent.  Regression line and  its equation  are shown. The 
equat ion  for c learance  (C, ul s~ ')  as a function of body wet  

w e igh t  (W, mg) was: C = -  13.44 + 0.40W (r =  0.945)

Fig. 8. Nereis diversicolor. S im ultaneously m easu red  c lear
ance  of different sized particles in replicate  experim ents  with 
N. diversicolor #15. The  curve is d raw n  by eye, and  the 
directly m easu red  p u m ping  rate on the sam e  worm (Table 1) is 
indicated. The figure shows that  particles above 7.5 (im are 
c leared  at a constant rate  identical with the p u m p in g  rate (i.e. 
the particles are re ta ined  with 100 % efficiency by the mucous

net)

c le a r a n c e  of w o rm s  in th e  d if fe ren t  s ize  g rou ps ,  a n d  
a s s u m in g  a  r e t e n t io n  eff ic iency  of 86 %, th e  total p o p u 
la t ion  p u m p in g  ra te  (= fi ltra tion ra te  = c le a ra n c e  of 
100 % re t a in e d  part ic les) w a s  c a lc u la te d  to b e  9.8 m 3 
d - 1 , w h ic h  is a b o u t  10 t im es  th e  w h o le  w a te r  co lu m n  at 
th e  co l lec t ing  site.

Back pressure-pum ping rate characteristic

In o rd e r  to c h a r a c t e n z e  th e  N e re is  p u m p  th e  r e la t io n 
sh ip  b e tw e e n  im p o se d  p ressu re ,  A H l2, a n d  p u m p in g  
rate ,  P, i.e. th e  b a c k  p re s s u re -p u m p in g  ra te  c h a ra c 
teristic , w a s  m e a s u r e d  in 6 w o rm s  (Fig. 9). F rom  Fig. 9 it
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Table  2. Nereis diversicolor. Size distribution, populat ion  density and  es t im ated  populat ion  p u m p in g  rate of worm s at Kaerby Fed, 
O dense  Fjord, Denmark. The p u m ping  rate of the whole populat ion  is calcula ted  as total c learance  (6.3 pm algal cells) x 100/86

(retention efficiency = 86 %) = 8.4 x 1.16 = 9.8 m 3 d -1

Range
G roup size 

(wet wt, mg)
M ean  size

Density 

(ind. m -2 )
Individual 

(,ul s -1 in d . -1

Clearance
Size group 

) ( l h -1 )

< 5 0 50 1090 7 26
50-100 75 343 17 20

100-150 125 269 37 35
150-200 175 134 57 27
200-250 225 149 77 41
250-300 275 164 97 57
300-350 325 90 117 38
350-100 375 119 137 59
400-150 425 45 157 25
450-500 475 15 177 10
500-550 525 15 197 11

Total = 2433 Total = 349 = 8.4 m 3 d -1

u p  to a t  le a s t  3 m m  H 20 ;  b u t  a t  h ig h e r  b a c k  p re s su re s  
th e  p u m p in g  ra te  w a s  r e d u c e d  s im u l ta n e o u s ly  w i th  a 
re d u c t io n  in  th e  u n d u la t io n  f r equ ency .

DISCUSSION

T h e  p r e s e n t  w o rk  h a s  s h o w n  th a t  N e re is  d ivers ico lo r  
b e h a v e s  as a typ ica l  m a r in e  s u s p e n s io n  f e e d e r  w h e n  
food pa r t ic le s  a re  p r e s e n t  in  th e  s u r ro u n d in g  w a te r .  
T h e  w o rm  p u m p s  w a te r  a t  a h ig h  c o n s ta n t  r a te  (Figs. 4 
& 7) th r o u g h  a m u c o u s  b a g  (Fig. 3) w h ic h  re ta in s  
s u s p e n d e d  p a r t ic le s  > 7 . 5  pm w ith  100 % eff ic iency  
(Fig. 8). To o b ta in  e n o u g h  food to cov er  th e  m in im a l  
e n e r g y  re q u i r e m e n ts ,  as a s s e s s e d  from ra te s  of o x y g e n  
c o n s u m e d  (J o rg e n s e n  1975), m a r in e  s u s p e n s io n  f e e d 
e rs  n e e d  to fi lter m o re  th a n  10 1 of w a te r  p e r  m l of 
o x y g e n  c o n su m e d .  In th e  p r e s e n t  w o rk  it w a s  fo un d  
th a t  N . d iversico lo r  p u m p s  a b o u t  40 1 of w a te r  p e r  ml 
o x y g e n  c o n su m e d .  T h e  w o rm  th u s  fulfills th e  c o n d i 
tions for su b s is t in g  exc lu s iv e ly  as a s u s p e n s io n  feede r .  
T h e  e s t im a te d  p o p u la t io n  p u m p i n g  ra te  (T ab le  2), 
w h ic h  m a y  b e  10 t im es  th e  w h o le  w a te r  co lu m n  daily, 
in d ic a te s  th a t  N . d ivers ico lo r  is a  h i th e r to  u n d e r v a l u e d  
k e y  o rg a n i sm  in th e  co n tro l  of p h y to p la n k to n  p r o d u c 
t ion  in  sh a l low  b ra c k i s h  w a te r  a reas ,  w h e r e  p o p u la t io n  
d e n s i t ie s  of N . d ivers ico lo r  a re  c o m p a r a b le  w ith  th e  
2400 ind. m -2 re p o r te d  in  th e  p r e s e n t  w ork ; cf. 3700 
' la rg e '  N. d ivers ico lo r  m -2 in  th e  V e l le ru p  Vig, 
D e n m a r k  (R asm u ssen  1973); 2000 to 20 000 m T 2 
(0.5 m m  sieve) on  th e  s o u th w e s te rn  co as t  of S w e d e n  
(O lafsson  & P e rs so n  1986). It r e m a in s  u n k n o w n  to w h a t  
e x te n t  N. d ivers ico lo r  u t i l izes  its p o te n t ia l  to su b s is t  on 
s u s p e n d e d  food p a r t ic le s  in  n a tu re .  It s e e m s  well 
d o c u m e n t e d  th a t  th e  w o rm  c an  ac t  as  a p r e d a to r /

is se e n  th a t  th e  p u m p in g  ra te  a t  zero  b a c k  p re s su re  
var ie s  to som e  e x te n t  d e p e n d in g  on  th e  u n d u la t io n  
f re q u en cy .  T h e  b a c k  p re s s u re -p u m p in g  r a te  m e a s u r e 
m e n ts  w e re  no t  s t ra ig h t fo rw ard  to p e rfo rm  b e c a u s e  the  
w o rm s  r e s p o n d e d  to th e  im p o se d  b a c k  p re s s u re  by 
re v e r s in g  th e m se lv e s  in  th e  g lass  tu b e ,  thu s  c h a n g in g  
th e  d irec t io n  of w a te r  flow. T h ere fo re ,  th e  m a x im u m  
b a c k  p re s s u re  a t  ze ro  p u m p in g  ra te  w a s  n o t  d e t e r 
m in ed ,  b u t  to ju d g e  from  th e  s h a p e  of th e  cu rv e s  in  Fig. 
9 th e  m a x im u m  p re s su re  h e a d  m a y  b e  a ro u n d  8 m m  
H 20 .  In sev e ra l  c a ses  it w a s  fo u n d  th a t  th e  p u m p in g  
ra te  no t  w as  in f lu e n c e d  b y  the  im p o se d  b a c k  p re s su re s
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sc a v e n g e r ,  co n f i rm e d  by  e.g . f r a g m e n ts  of C oro p h iu m  
fo u n d  in  th e  g u ts  of w ild  w o rm s  (Rönn e t  al. 1988). 
D u r in g  th e  p r e s e n t  s tu d y  s ta rv e d  N . d ivers ico lo r  w as  
s e e n  to c r e e p  ou t  of its b u r ro w  a n d  g rab ,  w i th  its 
p o w e r fu l  jaw s,  p iece s  of m u sse l  m e a t  p la c e d  on the  
s e d i m e n t  su r face  4 to 8 cm from  th e  t u b e  o p en in g .  
W ith in  a few  m in u te s  th e  m e a t  w a s  d r a g g e d  d o w n  into 
th e  tu b e  to b e  e a te n  by  the  w orm . In co n c lu s io n  N. 
d ive rs ico lo r  m a y  b e  c o n s id e re d  a s u s p e n s io n  feeder ,  
w h e n  a  su ff ic ien t n u m b e r  of a lg a l  cells a r e  p r e s e n t  in 
th e  w a te r ,  b u t  th e  w o rm  m a y  o ccas iona l ly  ac t  as a 
p r e d a to r / s c a v e n g e r .  T h is  s t a te m e n t  e m p h a s iz e s  the  
n e e d  for m o re  k n o w le d g e  a b o u t  th e  in te rp la y  b e tw e e n  
th e  s u s p e n s io n - f e e d in g  ac tiv ity  of N . d ivers ico lo r  a n d  
ac tu a l  a lg a l  c o n c e n t ra t io n s  m  sh a l lo w  so f t-bo t tom  
a rea s ,  a n d  th e  re la t iv e  im p o r ta n c e  of a l t e rn a t iv e  n u t r i 
t iona l possibil it ies .

T h e  N e re is  d ivers ico lo r  p u m p  a n d  fi lter sy s tem  m a y  
b e  c o m p a r e d  to th a t  of 2 o th e r  s u s p e n s io n - f e e d in g  
p o ly c h a e te s ,  C h a e to p te ru s  v a r io p e d a tu s  (R iisgärd  
1989) a n d  S a b e lla  p e n ic illu s  (R iisgärd  & Iv a rsso n  1990). 
All 3 p o ly c h a e te  sp e c ie s  h a v e  a d a p te d  to th e  s a m e  
m o d e  of life, i.e. s u s p e n s io n  feed in g ,  b u t  h a v e  
d e v e lo p e d  v e ry  d if fe re n t  p u m p  a n d  fi lter sy s tem s  to 
co m p ly  w i th  th e  b as ic  d e m a n d s  of f i l te r - feed ing :  to 
p ro c e s s  l a r g e  v o lu m e s  of w a te r  for a m o d e s t  y ie ld  of 
food. W a te r -p ro c e s s in g  ca p a c i t ie s  of 25 to 50 1 of w a te r  
f i l te red  p e r  ml of o x y g e n  c o n s u m e d  in  C. va rio p ed a tu s, 
a n d  a b o u t  350 1 p e r  ml o x y g e n  in S. p en ic illu s , m a y  b e  
c o m p a r e d  to 43 1 p e r  ml o x y g e n  c o n s u m e d  by  N e re is  
diversico lor. C. v a r io p e d a tu s  r e ta in s  p a r t ic le s  d o w n  to 
a b o u t  1.5 [im w ith  100 % eff ic iency  w ith  its m u c o u s  net, 
w h i le  th e  re te n t io n  e ff ic iency  in  N . d ivers ico lo r  rap id ly  
d e c l in e s  b e lo w  7 pm. In th e  ciliary f e e d in g  S. p e n ic illu s  
th e  r e te n t io n  eff ic iency  d ec l in e s  b e lo w  3 pm. In S. 
p e n ic i l lu s  it w a s  fo u n d  th a t  th e  c le a ra n c e  is h ig h  a n d  
c o n s ta n t  at a lg a l  (D una lie lla  m arina , ca  6 pm) c o n c e n 
t ra t ion s  b e lo w  a b o u t  4 x IO3 cells m l - 1 , b u t  a t  h ig h e r  
a lg a l  c o n c e n t ra t io n s  th e  fi ltration ra te  is re d u c e d ,  p r o b 
a b ly  d u e  to o v e r lo a d in g  of th e  gut. In th e  p r e s e n t  w o rk  
no  re d u c t io n  in  fi lt ra tion  ra te  w a s  n o t ic ed  d u r in g  10 h at 
IO4 a lg a l  cells m l ' 1 (Fig. 4E, F) or d u r in g  ca 3 h  at 2 x 
IO4 cells  m l -1 (Fig. 4B). S u ch  d i f fe ren ce s  m a y  ref lec t  
ev o lu t io n a ry  a d a p ta t io n s  of th e  p u m p ,  fi lter a n d  d ig e s 
tive sy s te m  to b io to p es  d if fe r ing  in  size a n d  a m o u n ts  of 
s u s p e n d e d  food p a r t ic le s  (’o p t im iz e d  p u m p s ’). It is 
u n l ik e ly  th a t  th e  o b s e r v e d  d i f fe ren ce s  a re  d u e  to l im i ta 
tions im p o s e d  by  e n e rg e t ic  e x p e n s e s  of w a te r  p ro c e s 
sing, b e c a u s e  th e  p o w e r  o u tp u t  (P) a s  r e la te d  to 
m e ta b o l ic  ra te  (R) is: P /R  = 0.4 % in S. p e n ic i llu s  a n d  
4 % in C. v a r io p e d a tu s  (Riisgärd & Iv arsson  1990). T he  
p o w e r  o u tp u t  from th e  N. d iv e r s ic o lo rp u m p ,  c a lc u la te d  
as p u m p i n g  p re s s u re  t im es  p u m p in g  ra te ,  c a n n o t  be  
est im ated , w i th o u t  k n o w le d g e  of th e  sy s tem  res is tan ce .  
T h e  p re s s u re  d ro p  acro ss  th e  m u c o u s  n e t  is s u g g e s te d

to b e  th e  m a in  c o m p o n e n t  of the  sy s tem  res is tance ,  b u t  
w i th o u t  k n o w le d g e  of th e  m u co u s  n e t  d im en s io n s  the  
p re s s u re  d rop  c a n n o t  b e  ca lcu la ted .  A qua l i f ied  a s s e s s 
m e n t  of th e  re s is tan ce  m ay  h o w e v e r  be  m a d e .  T h e  flow 
v e loc i ty  th ro u g h  the  m u c o u s  n e t  of N. d iversico lo r  w as  
fo u n d  to b e  0.3 m m  s -1 (see tex t to Fig. 3) w h ich  m a y  be  
c o m p a r e d  to 0.15 m m  s -1 in  C. va riopeda tu s. B ecause  
th e  re te n t io n  eff ic iency is h ig h e r  in C. va rio p ed a tu s  
(pore w id th  a b o u t  1.5 um) th a n  in N . d iversico lo r  (pore 
w id th  a b o u t  7 pm) th e  p re s su re  d rop  across  the  m u co u s  
n e ts  of the  2 w o rm s  is likely  to b e  similar  (i.e. a b o u t  
0.7 m m  H 20 ) .  T h e  p o w e r  o u tp u t  from  th e  2 ty pes  of 
m u s c u la r  p is ton  p u m p s  m a y  th u s  b e  m u c h  th e  sam e . 
T h e  o x y g e n  c o n su m p tio n  of a 50 m g  dry  b o d y  w e ig h t  
C. va rio p ed a tu s  w a s  fo u n d  to b e  19 pi h _1 b y  R iisgärd  
(1989), w h ic h  m a y  b e  c o m p a re d  to a b o u t  13 pi h -1 for a 
N . d iversico lo r  of sim ilar size (Table  1). T here fo re ,  th e  
m e ta b o l ic  p o w e r  u s e d  for w a te r  p u m p i n g  in  th e  2 
p o ly c h a e te  sp ec ie s  se e m s  to b e  similar. T h e  s a m e  c o n 
c lus ion  m a y  b e  a d v a n c e d  for th e  b a c k  p r e s s u r e - p u m p 
in g  ra te  c h a rac te r is t ic  (and  th us  for th e  p u m p  c h a r a c 
teristic) of th e  2 species .  T h e  fi lter a n d  p u m p  sys tem  of 
N . d iversico lo r  is s t r ik ing ly  similar  to th a t  of the  d e f in 
itely  s u s p e n s io n - fe e d in g  C. vario p ed a tu s. T h e  o p e r a t 
in g  p re s su re  in th e  ciliary c ro w n -f i la m e n t  p u m p  S. 
p e n ic illu s  is re la t ive ly  low, ca 0.02 m m  H 20 ,  c o m p a re d  
to th e  m u s c u la r  p is to n  p u m p  in C. v a r io p ed a tu s  ( and  N. 
diversico lor), ca  0.7 m m  H 20 .  T h e  m e ta b o l ic  ra te  of a 
50 m g  dry w t  S. p e n ic illu s  is 18 pi 0 2 h _ l , c o m p a r e d  to 
19 a n d  13 pi 0 2 h -1 in C. va rio p ed a tu s  a n d  N. d iv e r 
sicolor, respec t ive ly .  This  in d ic a te s  th a t  th e  e n e rg e t ic  
costs of th e  d if fe ren t  fi lter a n d  p u m p  sys tem s  
d e v e lo p e d  in th e  3 p o ly c h a e te  sp e c ie s  a re  q u i te  sim ilar 
an d  no t  a l im iting  fac tor (b ec au se  th e  p o w e r  o u tp u t  in  
all cases  only  m a k e s  up  a m ino r  frac tion  of th e  to tal 
m e tab o l ic  ra te  of the  worm).

T h e  p re s e n t  w o rk  re c o g n ise s  the  im p o r ta n c e  of d i s 
t in g u is h in g  b e tw e e n  r e s tm g /u n fe d  a n d  ac tive ly  s u s 
p e n s io n - fe e d in g  w o rm s  (Fig. 4A). O bviously , th e  v e n t i 
la t io n  p a t t e rn s  a n d  ra te s  m e a s u r e d  by Wells & D ales
(1951), E v ans  e t  al. (1974), Scott et al. (1976), Foster-  
S m ith  (1978), a n d  K n s te n s e n  (1981, 1983a, b) in N e re is  
d iversico lo r  a n d  o th e r  p o ss ib le  s u s p e n s io n - fe e d in g  
p o ly c h a e te s  do no t  r e p r e s e n t  s u s p e n s io n - fe e d in g  
w orm s.
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