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ABSTRACT: F eed in g  b eh av io r of th e  am p h ip o d  C orophium  vo lu ta tor  (Pallas), re la te d  to p a rtic le  size 
w as stu d ied  by com paring  carbon  conten t in in g es ted  food and  faeces w ith  carbon  co n ten t in th e  food 
offered. A ssim ilation  efficiency is in d e p e n d e n t of p a rtic le  size. In a d d itio n  to sw allow ing  p a rtic les , C. 
volutator  b row ses upon p a rtic les (ep ipsam m ic brow sing) of bo th  sm alle r and  la rg e r size th an  the  
m axim um  th a t can be  sw allow ed . E pipsam m ic brow sing  is re sp o n sib le  for ab o u t 90 % of to ta l carbon  
ingestion  u n d e r the  ex p erim en ta l conditions. S can n in g  e lec tro n  m icroscopy of g n a th o p o d s  rev ea ls  
s truc tu res acco u n tin g  for th is feed in g  m echanism . E p ipsam m ic  brow sing  w as not p rev iously  d esc rib ed  
for C. volutator, w hich  m ay be a h igh ly  se lec tive  deposit feeder

INTRODUCTION

Reports on selective feed ing  by deposit  feeders are 
num erous  (Odum, 1968; H ughes,  1970; Brinkhurst, 
1972; Fenchel,  1972; Whitlatch, 1974; Fenchel et al., 
1975; H ylleberg, 1975; H ylleberg  and  Galucci, 1975; 
Lopez and  Kofoed, 1980). Selecting  organic m atte r  can 
occur in 3 basic  ways: (1) Selecting  fine partic les with  a 
favorable surface-to-volum e ratio and  thus a h igh  
organic content (Odum, 1968; Whitlatch, 1974; Fenchel 
et al., 1975; Hylleberg , 1975; H ylleberg  and  Galucci, 
1975). (2) Browsing up o n  particle surfaces and  scraping 
off a t tached  micro-organisms, the reby  enrich ing  food 
w ith  organic m atte r  (Wieser, 1956; Lopez and  Kofoed, 
1980). (3) Selecting  non-surface-bound organic m atte r  
or particles especially  rich in a t tached  organics (Whit­
latch, 1974; Hylleberg, 1975). In a depos it- feed ing  a n i ­
m al more than  one of these  s trategies  can be  u sed  for 
se lec ting  organic m atte r  (Fenchel, 1972; Whitlatch, 
1974; Hylleberg , 1975; H ylleberg  and  Galucci, 1975; 
Lopez and  Kofoed, 1980).

T he  deposit-feed ing  am ph ipod  C orophium  voluta tor  
is a com mon inhab i tan t  of fine silty hab i ta ts  (Meadows, 
1964) and  selects fine particles w h en  feed ing  (Fenchel, 
1972). All protozoans, 98 % of the bac teria  and  more 
than  80 % of the diatoms inges ted  are  rem oved  during  
pas sag e  th rough  the gut (Fenchel, 1972). At present,  
the re  is little information on the  feed ing  m echan ism

under ly ing  particle  se lection  or on the assim ilation  
efficiency of different com ponents  of the  diet. The 
p resen t  study  w as therefore u n d e r ta k e n  to clarify the 
feed ing  m echan ism  of C. volu ta tor  and  to es tab lish  
w h e th e r  the  ingestion  of o rgan ic  m atte r  can  be  
e n h a n ce d  by a com bination  of the  m echan ism s  ou t­
l ined  above.

MATERIALS AND METHODS

C orophium  vo lu ta tor  (Pallas) w ere  collected  at 
Lango, Funen, D enm ark . They w ere  stored in sed im en t 
and  seaw ate r  (18 %o S) from the  sam p ling  locality 
u n d e r  12 h l igh t-dark  cycle at ex pe r im en ta l  te m p e ra ­
ture (20 °C in Exper im en t I, 15 °C in  E xper im en t II). 
F em ales  abou t 6 m m  from rostrum to telson w ere  used  
for experim ents .  S eaw a te r  for expe r im en ts  w as  filtered 
(W hatm ann GF-filter). Two types of expe r im en ts  w ere  
carried  out. In the  first, rep re se n t in g  n ea r -n a tu ra l  con­
ditions, an im als  es tab l ished  in burrow s w ere  fed with  
s ize-fractionated  sedim ent.  In the  other, an im als  w ere  
p laced  in artificial burrow s and  fed w ith  size fraction­
a ted  g lass spheres  colonised with  the  sessile dia tom  
A m phora  perpusilla . Wre call the m ater ia l  offered to 
an im als  the 'food complex', w h ich  il lustrates tha t this 
m ateria l is com posed  partly  of food partic les  and  partly  
of inorgan ic  partic les  with  no food value.
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Ingestion  Rate and A ssim ilation  Efficiency with Frac­
tionated, Labelled Sedim ent

P r e p a r a t i o n  o f  f o o d  c o m p l e x .  Sedim ent 
fractions (<20 um, 25 to 32 pm, 32 to 40 um, 40 to 
63 um, 63 to 80 pm, 80 to 125 pm, 125 to 250 pm, 250 to 
500 !un) w ere  p rep a re d  by w e t  s ieving of freshly col­
lected  surface sed im ent.  Each fraction w as w ashed  
thorough ly  to e l im ina te  sm a lle r  particles.

Glass flasks w ith  10 % se d im e n t  suspension  in s e a ­
w ate r  w ere  a d d e d  400 pCi H 14C 0 3 I-1 , and  incuba ted  
in a ro ta ting  w hee l  in l ight for 3 d. Im m ediate ly  before 
use the food com plex  w as w ash e d  3 times with  s e a ­
w ate r  by  sed im en ta tion  and  décantation .  In this w ay 
both  excess 14C and  less d en se  organic m ater ia l  not 
bound  to partic le  surfaces w ere  e l im inated .  The 2 
finest fractions w ere  cen tr ifuged  b e tw e e n  washings. 
T he  food com plex w as re su sp e n d e d  in seawater.

E x p e r i m e n t a l  p r o c e d u r e .  O ne  day prior to 
the  feed ing  experim ents ,  the  am ph ipods  w ere  a l low ed 
to acc l im ate  in p lastic  bea k e rs  (38 mm  diam eter)  con ­
ta in ing  15 mm  roughly  sorted  se d im en t  (125 to 250 pm) 
covered w ith  seaw ater .  T hree  fem ales  w ere  p ipe tted  
into each  b e a k e r  g iv ing  a popu la t ion  density  w ith in  
the norm al ran g e  of 1000 to 4000 m ~ 2 (Muus, 1967). 
Most am ph ipods  bu rrow ed  im m edia te ly .  O nly  beakers  
with all test  ind iv idua ls  es tab l ished  in burrow s were  
used  in the  experim ent.

Exper im en ts  started  by rem oving  the w a te r  from 
bea k e rs  tak ing  care not to disturb es tab l ished  
am phipods.  The se d im en t  surface was then  covered 
with  a 3 to 5 m m  layer of the  food complex. D uring  this 
opera tion  food com plex and  under ly ing  sed im en t were 
se p a ra te d  w ith  a p lastic  shee t  to m in im ize mixing. 
W hen the  p lastic  shee t  w as w ithdraw n, am phipods  
im m edia te ly  e lo n g a te d  the  m ounds  of the ir  burrow s 
through  the food complex. F eed in g  then took p la ce  at 
the surface of the  14C -labe l led  sed im en t w ith in  a few 
m inutes. The p rocedu re  in d u ced  a few test ind iv iduals  
to start sw im m ing , these  w ere  rem oved  and  only the 
rem a in ing  ind iv iduals  considered.  After 20 min 
am ph ipods  w ere  se p a ra te d  from food, w ashed  
thoroughly  with  se aw a te r  an d  p laced  in a vial with 
5 ml se aw ate r  to c lear  the ir  guts. This defaeca tion  
period las ted  60 min. P re lim inary  exper im en ts  with 
dye partic les  show ed  a gu t-p assag e  time not shorter 
than  20 m in and  microscopic exam ina tions  revea led  
tha t the  gu t  w as  em p tie d  w ith in  the defaeca tion  
period.

The expe r im en t  was d es ig n ed  to obta in  data  accord ­
ing to the  ene rgy  equation :  C =  P +  F +  U- I - R.  C on­
sum ption  (C) w as es t im a ted  by summ ation, ass im ila ­
tion efficiency (a) by insert ion  in a =  (C — F)/C. Par­
ticula te and  dissolved organ ic  carbon  w ere  assum ed  to 
express de faeca ted  (F) and  excreted  (U) carbon re sp e c ­

tively. Acitivity after defaeca tion  (P) was ob ta ined  by 
transferr ing  am phipods  to another  vial w ith  3 ml tissue 
solubilizer and  scintil lation liqu id  (Lumasol- 
ve : Lipoluma : water, 1 :1 0 :0 .2 ) .  Faeces (F) w ere  col­
lected  on a 0.45 pm M illipore filter separa ting  the 
content in the f irs t-m entioned vial into particu la te  and 
dissolved material. The vial was w ashed  with  3 ml 
distilled water.  The dissolved fractions, contain ing 
respired  carbon  dioxide (R) and  excreted  o rganic  car­
bon (U), w ere  acidified with 1 m l  0.5 M H 2S 0 4. For 
10 min, C 0 2 was w ash e d  out of the  liquid  p hase  by 
aeration; it w as then  collected by 5 ml C 0 2 absorber 
(ethanolam in: e thy leneglycolm onom ethyle ther ,  1 :7 
(v : v)) in a vial on a v igeraux  funnel. The v igeraux 
funnel was w ashed  w ith  5 ml C 0 2 absorber. During  
separation, a suction pum p  w as in continous operation, 
and  all operations w ere  m a d e  without open ing  the 
system (and vials w ere  used  directly for collection). To 
each  vial 10 ml Lum agel w as added . The 0.45 pm M il­
l ipore filter w ith  adher ing  m ateria l w as p laced  in a vial 
and  5 ml Lum agel added . A small am ount of the food 
com plex w as p laced  on another  0.45 pm Millipore fil­
ter. After w ash ings  with  distilled w ate r  to el im inate  
salts and  determ ina tion  of dry weight,  the  filter was 
p laced  in a vial and 5 ml lum age l added . Sam ples 
w ere  counted to 10 000 counts or 10 m in  and  corrected 
to dpm  by the external s tandard  m ethod  in a liquid 
scintil lation counter  (Searle, M ark  III).

Egestion Rate and Carbon Content in Food and Faeces 
with Fractionated, C olonized  Glass Spheres

D e s c r i p t i o n  o f  a r t i f i c i a l  b u r r o w .  Bur­
rows w ere  drilled in P lexi-glass blocks ( 4 x 4 x 6  cm). 
The hole h ad  the form of a Y with  u p p e r  branches  
pro longed  by up tu rned  vertical holes. The d iam eter  of 
the low er b ranch  was only 1 mm, and  too narrow  for 
am phipods  to enter. This functioned  as a faeces trap. 
The u p p e r  b ranch  had  a d iam ete r  of 2 mm  and  formed 
the  main burrow. The vertical d im ension  of the main 
burrow  w as 3 cm. F eed ing  activity could be w atched  
and  faeces collected w ithou t d is tu rb ing  the 
am phipods.  These w ere  p laced  singly in the burrows 
with  a pipette .

P r e p a r a t i o n  o f  f o o d  c o m p l e x .  The sessile 
d iatom A m phora  perpusilla  (20 to 25 pm in length) was 
isolated from the sam pling  locality and  grown in 
axenic  culture. The diatoms w ere  grown on sterilized, 
s ize-fractionated  glass spheres  (<20 pm, 20 to 30 pm, 
40 to 80 pm, 63 to 80 pm, 80 to 160 pm, 250 to 500 pm) 
for 2 to 4 wk d e p e n d in g  on d eg re e  of colonisation 
desired. Cultures w ere  grow n in light in 100 ml Erlen- 
m eyer flasks with stirring in an enriched  seaw ater  
m ed ium  for m arine  diatoms (ESW) (Fenchel and  Hem-
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m ingsen, 1974). Before use, the food com plex was 
shaken  on a W hirlymixer for 30 s to de tach  flocculent 
m ateria l and  w ash ed  th ree  tim es in sterile seaw ater  by 
décantation . Microscopic exam ina tion  revea led  that 
the majority of the diatoms were a t tached  to the sur­
face of glass spheres. Glass beads  were  used  since 
the ir  surface area is easily calculated.

F e e d i n g  e x p e r i m e n t s .  The food complex 
was p laced  near  the upper  m ounds of the artificial 
burrow, w here  am phipods  had  acclim ated  for at least 
3 d. Norm al feed ing  behavior, i .e. sc rap ing  food into 
the burrow, was observed. Only rarely was it necessary 
to p ipe tte  food directly into the  burrow. Faecal pellets  
w ere  collected every hour and  were  carefully s e p a ­
ra ted  with a micropipette  from m ateria l sc raped  into 
the burrow  bu t not inges ted  by the am phipod . Pellets 
w ere  im m idiately  rinsed twice in distilled w ate r  to 
el im inate  salt, p laced  in p re -w e ighed  a lum in ium  boats 
and  frozen. Sam ples w ere  f reeze-dried  and  dry w eigh t 
de term ined  on a m icrobalance (Mettler ME 22). S am ­
ples of the food com plex were  h an d led  similarly. C a r­
bon content was m easu red  using  a C-H-N analyzer  
(Hewlett Packard, 185 B) connected  to an  in tegrator 
(Hewlett Packard, 3380 A). N um bers  of glass spheres 
in sam ples  w ere  counted  u n d e r  an  inverted  microscope 
(Diavert) at 100 x or 320 x magnification.

C a l c u l a t i o n s .  The en r ichm ent ratio for in g e s ­
tion is defined  as ratio of carbon content in the material 
inges ted  to carbon conten t in the food com plex offered. 
The carbon content in inges ted  m ateria l is ca lcula ted  
from carbon content in faecal pellets; app ly ing  correc­
tion for assimilation of the organic fraction, the follow­
ing argum ents  are used:

X mg carbon m g - 1 faecal pellets  am ount to (k ■ X) mg 
organic m atter  m g ' 1 faecal pellets. A ssum ing the 
difference 1 — (k-X) mg m g -1 faecal pelle ts  s tands 
for non-assim ilab le  inorganic  material, the carbon con­
tent per  mg inges ted  m ateria l is ca lcu la ted  as I =  
[X /  (1 —a)] /  [(k-X /  (1 —a)) +  1 —(k-X)] =  [ ( ( l - a ) /X )  
+  a k ] “ \  w here  a =  assimilation  efficiency for
organic matter; k =  conversion factor for w e ig h t  of 
organic carbon and  w eigh t  of o rganic matter; a =  0.85 
and  k =  1.9 (Winberg, 1971).

Rate of assim ilated  carbon is ca lcu la ted  from [(mg 
faeces ind iv idua l“ 1 h _1) ( p g  carbon m g -1 faeces) ■ a]/ 
[1 — a]. Assimilated carbon per  mg food com plex h a n d ­
led  is ca lcu la ted  from [rate of ass im ila ted  carbon]/[rate 
of handling]; rate of han d l in g  is ob ta ined  from [(mg 
faeces in d .“ 1 h ' ^ - f g g  carbon m g -1 faeces)]/[(pg car­
bon m g -1 food complex) • (1 — a)]. C arbon egestion  due 
to deposit feeding is ca lcu la ted  from [(1 —a)-(pg car­
bon m g “ 1 food complex) ■ (no. of glass spheres  m g -1 
faeces)]/[no. of g lass spheres  m g -1 food complex]. The 
ratio be tw e en  deposit feed ing  and  total feed ing  is 
ob ta ined  from [pg carbon  m g -1 faeces by deposit

feeding]/[pg  carbon m g “ 1 faeces]. Rate of surface 
brow sing  is ca lcu la ted  from ]((pg carbon m g “ 1 
faeces) - (mg faeces in d .“ 1 h “ 1 ))/(((j.g carbon m g “ 1 food 
complex) • (1 — a))] - [(no. of glass spheres  m g “ 1 food 
complex) (|xm2 glass s p h e re “ 1)]. The surface area  of 
spheres  is g iven as geom etr ic  m ean  values with  upper  
and  low er particle sizes of fractions as limits. A ssim ila­
tion efficiency a is 0.85.

S tandard  deviations (SD) of ca lcu la ted  values are 
es t im ated  as oAB =  A B ( ( oa/ A)2 +  (ob/B)2)Vî and 
a A/B =  A/B ((oa/A)2 +  (ob/B)2)'/j. N um bers  of expe r i­
m ents  are g iven in paren theses .

Ivlev’s (1961) se lectivity  index  is used  as a m easure  
for the deg ree  of se lec tive feeding. The index  is 
defined  as E¡ =  (r,— p,)/(r, +  p¡); values  b e tw e e n  — 1 
and  + 1 ,  r¡ and  p, rep resen t  the fraction of any in g re ­
d ien t  in the  inges ted  food and  the  offered food, respec­
tively. Positive values  ind ica te  selective feed ing  in 
favour of the ex am ined  ingred ien t.

Structure of the Feeding Apparatus

G nathopods  w ere  gently  ex tracted  by p u l l in g  with a 
pair  of forceps. A dhering  muscles  w ere  cut away with  a 
scalpe l and  the d issected  a p p e n d a g e s  w a sh e d  in dist i l­
led  w ater  to e l im ina te  salt and  f reeze-dried .  A p p e n ­
dages  were  fixed to stubs w ith  silverglue, coa ted  with 
a 200-Â layer of gold and  observed  u n d e r  a scann ing  
electron microscope (SEM).

RESULTS

Rate of han d l in g  expresses  the  am oun t of food com ­
plex processed  per  ind iv idual  per  hour. This is id e n t i ­
cal to rate  of consum ption  if feed ing  is non-selective; 
in case of selective feed ing  it exceeds  consum ption 
rate. Rate of h a n d l in g  com prises the m in im um  am ount 
of food com plex hand led ,  as sum ing  100 % efficiency 
w hile  browsing  food off partic le  surfaces.

Different formulas are used  for ca lcu la t ing  rates of 
h a n d l in g  in E xperim ents  I and  II. In Exper im en t I, rate 
of han d l in g  is b ased  on inges ted  m ater ia l  and  ob ta ined  
as ratio b e tw e en  rate of 14C inges tion  (dpm in d .“ 1 h “ 1) 
and  activity of the  food com plex  (dpm m g “ 1). In E xper­
im ent II rate  of h a n d l in g  is b ased  on eg e s te d  m ateria l 
and  ca lcu la ted  as ratio b e tw e e n  rate  of carbon egestion  
(mgC in d .“ 1 h “ 1) and  carbon  conten t in the  food com ­
plex  (mg C m g “ 1). Correction for ass im ila ted  material, 
i.e. m ult ip lication  of the  la tte r  w ith  ( 1—a) “ 1 rende rs  the 
rates  com parable .

Ingestion  Rate and A ssim ilation  Efficiency w ith Frac­
tionated, Labelled Sedim ent

Table  1 shows tha t  rate of h a n d l in g  does not vary 
s ignificantly  for partic le  sizes be low  63 pm bu t at 63 to
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T ab le  1. C orophium  volutator. Rate of h a n d lin g  of food com ­
p lex  re la te d  to p a rtic le  size. Rate of h an d lin g  is ca lcu la ted  as 
ra tio  b e tw e e n  14C in g estio n  (dpm  in d .-1 h -1 ) and  acitiv ity  of 
food com plex  (dpm  m g -1 ). Dry w e ig h t of test in d iv id u a ls  and 

d iam e te r of faecal p e lle ts  a re  in d ica ted

Particle Rate of consum ptions Rate of h an d lin g
size ±  SD ±  SD
(pm) (dpm  in d .-1 h-1) (mg in d .-1 h-1)

<  20 791 ±  469 (4) 0.2 ±  0.1
2 5 -  32 7139 ±  410 (2) 0.3 ±  0.1
3 2 -  40 1066 ±  456 (3) 0.2 ±  0.1
4 0 -  63 542 ±  87 (5) 0.4 ±  0.1
6 3 -  80 8986 ±  1568 (3) 4.0 ±  0.9
80-125 4700 ±  540 (4) 5.8 ± 0.9

125-250 3688 ±  1977 (4) 3.0 ±  1.7
250-500 5689 ±  1596 (5) 9.5 ±  2.7

Dry w e ig h t ind. 1 =  ca 1.5 mg
D iam eter of faecal p e lle ts  =  ca 150 pm

80 (im the rate  inc reases  from 0.4 m g in d . -1 h -1 to 
4.0 m g in d .-1 h -1 . At particle  fractions from 80 pm to 
500 pm the  rate  of h a n d l in g  increases  from 4.0 to
9.5 m g in d . -1 h -1 , d ropp ing  to 3.0 mg in d . -1 h -1 at 
part ic le  sizes of 125 to 250 pm.

Assim ilat ion  efficiency (Table 2) shows no change 
w ith  partic le  size (Students T-test, P<0.05), y ie ld ing  a 
m e a n  va lue  of 0.87 ±  0.04. In p e rcen t  of assim ila ted  
carbon, m ean  values  for DOC (U), C 0 2 (R) and  P were  
8, 24 and  69 respectively.

T ab le  2. C orophium  volutator. A ssim ilation  effic iency  of frac­
tio n a ted  HC -lab e lled  surface  sed im en t

Particle
size
(pm)

A ssim ilation
efficiency

(%) SD

No. of 
ex p erim en ts

<  20 85 5 4
2 5 -  32 83 2 2
3 2 -  40 82 7 3
4 0 -  63 83 6 5
6 3 -  80 90 2 3
80-125 89 4 4

125-250 90 3 4
250-500 92 4 5

Egestion Rate and Carbon Content in Food and Faeces 
With Fractionated, C olon ized  Glass Spheres

Rate of egestion  increases  significantly  for the 3 
lowest partic le  sizes, from 11 pg in d . -1 h -1 at particle 
sizes below  20 pm to a m ax im um  of 74 pg in d . -1 h -1 
at 40 to 80 pm. A bove tha t partic le  size there  is a

s light and  not significant decrease  in  egestion  rate to 
40 pg ind .-1 h -1 at 250 to 500 pm (Fig. 1).

Rate of hand l ing  (Fig. 1) is not corrected for ass im i­
la ted  material. It increases significantly at all particle 
sizes from 25 pg ind .-1 h -1 at particle sizes below 
20 pm to 182 pg in d . -1 h -1 at 40 to 80 pm. Above 63 pm 
the increase is more p ronounced: from 332 pg in d . -1 
h -1 at 63 to 80 pm to 2.5 mg in d .-1 h -1 at 250 to 
500 pm.

3

2

o

10 100 1000
P a r t i c l e  d i a m e t e r  [ ml

Fig. 1. C orophium  volutator. R ates of h a n d lin g  of food com ­
p lex  (1) and  eg estio n  (2) re la ted  to p a rtic le  size. Rate of 
h a n d lin g  is c a lcu la ted  as ra tio  b e tw ee n  carb o n  eg es tio n  ra te  
an d  carbon  co n ten t in  food com plex: it is no t co rrected  for 

a ssim ila ted  m ateria l

Table  3 shows that carbon content in  the faeces 
exceeds carbon content in the  food complex at all 
particle sizes. The en r ichm en t of o rganic  carbon  in the 
ingested  m ateria l rela tive to the food com plex offered 
increases from a factor of 9 at partic le  sizes less than 
20 pm to a factor of 16 at 20 to 30 pm. At 40 to 80 pm the 
en r ichm en t factor drops to 12; it increases to a factor of 
30 at particle sizes of 63 to 80 pm; a factor of 116, at 80 
to 160 pm; and  a factor of 240, at 250 to 500 pm.

Ivlev's (1961) selectivity index, b ased  on data in 
Table  3, yields E, values from 0.81 to 0.99.

T he  carbon content per  glass sphere  gives a refer­
ence s tandard  w hich is more re liab le  than  w eigh t for 
the carbon content in food com plex and  faeces. Fig. 2 
illustrates a double  log plot of ng carbon per  glass 
sphe re  in food complex and  faeces. The slopes of the 
regression  lines are  1.8 an d  1.6 respectively. Carbon 
content per  glass sphere  in faeces always exceeds the 
co rresponding  va lue  for the  food complex. The particle 
fraction <  20 pm was om itted  w h en  calculating  the 
regression line because  particles in this fraction are 
sm alle r  than  the diatoms, hence  it is uncer ta in  w hether  
dia toms are bound  to particle  surfaces or to each  other.

From data in Fig. 2 the carbon en r ichm en t  ratio is
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T ab le  3. C orophium  volutator. C arbon  con ten t in food com plex an d  faecal pe lle ts , and  e n rich m en t ratio  for in g es te d  m ate ria l

Particle  size 
(pm)

C arbon  con ten t in food 
com plex ± SD (pg m g“1)

C arbon  co n ten t in faecal 
p e lle ts  ±  SD (pg m g“1)

C arbon  en rich m en t ra tio  
for in g es ted  m ate ria l ±  SD

<  20 24.3 ±  0.9 (3) 53.5 ±  13.5 (4) 9 + 2
2 0 -  30 12.0 ±  1.6 (3) 43.5 ± 6.5 (2) 16 ±  3
4 0 -  80 12.9 ±  1.6 (7) 32.2 ±  9.4 (6) 12 ±  1
63 - 80 6.7 ±  1.2 (6) 46.1 ±  13.3 (12) 30 ±  11
80-160 2.6 ±  1.0 (12) 89.1 ±  33.8 (10) 116 ±  62

250-500 1.0 ±  0.0 (6) 61.6 ±  22.6 (4) 240 ±  88

100

o
CL

Co
-Q
o

10 100 1000

P a r t i c l e  d i a m e t e r  ( ^ m)

Fig. 2. C orophium  volutator. P artic le  surface re la tio n  of car­
bon con ten t in  food com plex (1) an d  faecal p e lle ts  (2). R egres­
sions: log Y =  1.8 log X — 2.9 (r2 =  0.99, N =  5) (food com ­
plex), log Y =  1.6 log X -  2.2 (r2 =  0.91, N =  4) (faecal p e l­
lets), w here  Y =  ng  carbon /no . of partic les; X =  p a rtic le  
d iam e te r (pm). C arbon  co n ten t in fractions < 2 0  pm not 

in c lu d ed  in reg ress ions (see text)

ob ta ined  as ratio of carbon content per  glass sphere 
inges ted  to that offered. C arbon  content per  glass 
sphere  inges ted  is ca lcu la ted  from the  carbon content 
p e r  g lass sphere  in  faecal pe l le ts  corrected  for ass im i­
la ted  material, i.e. m ult ip licated  with  (1 -a ) -1 . The 
en r ichm ent ratio does not change  significantly  with 
particle  size and  the m ean  va lue  ±  SD is 20 ±  14.

The rate of ass im ila ted  carbon  (Table 4) increases 
from 3.4 pg in d . -1 h -1 at a  part ic le  size less th a n  20 pm 
to 6.7 pg in d . -1 h -1 at 20 to 30 pm; it increases further 
to a m ean  level of 15.2 pg in d . -1 h -1 above tha t pa r t i ­
cle size.

A ssim ilated carbon  p e r  mg food com plex han d led  
decreases  from 20.7 pg m g -1 at a particle  size less than  
20 pm to 0.9 pg m g - 1 at particle  sizes of 250 to 500 pm.

T able  5 shows, tha t deposit feed ing  rela tive to total

T ab le  4. C orophium  volutator. A ssim ilation  ra te  of carbon  and  
a ssim ila ted  carbon  p e r  m g food com plex  h a n d led , as a fu n c ­

tion  of p a rtic le  size

Particle
size
(pm)

A ssim ila tion rate  
of carbon  

(pg in d .“1 h _1)

A ssim ila ted  carbon  
pe r m g food 

co m plex  h a n d le d  
(pg m g “1)

<  20 3.4 ±  2.3 20.7 ±  0.8
2 0 -  30 6.7 ±  1.6 10.2 ±  1.4
4 0 -  80 13.5 ±  7.0 11.0 ±  1.4
6 3 -  80 14.1 ±  9.8 5.7 ±  1.0
80-160 19.2 ±  10.9 2.2 ±  0.9

250-500 14.0 ±  10.4 0.9 ±  0.0

T ab le  5. C orophium  volutator. Ratio of d e p o sit feed in g  to to ta l 
feed in g  (deposit feed in g  +  brow sing) as a function  of p a rtic le

size

Particle
size
(pm)

C arb o n  eg es tio n  due  
to dep o sit feed in g  ±  SD 

(pg m g“1)

Ratio of d ep o sit 
feed in g  ±  SD 

X IO“3

<  20 2.5 ±  0.5 47 ±  15
2 0 -  30 1.6 ±  0.3 37 ±  8
4 0 -  80 2.5 ±  0.4 78 ±  26
6 3 -  80 2.3 ±  0.7 49 ±  21
80-160 4.5 ±  2.5 50 ±  34

250-500 - 0

feed ing  never  exceeds  1 0 % .  The ratio  shows a 
m in im um  value  of 3.7 % for partic le  sizes of 20 to 
30 pm; this is s ignificantly  low er th a n  the 7.8 % for 
part ic le  sizes of 40 to 80 pm. D ifferences at o ther  p a r t i ­
cle sizes are s tatistically  not significant.

T able  6 lists surface b row sing  rates  at various pa r t i ­
cle sizes. Rates increase  from 11.3 m m 2 in d . -1 h -1 at 
partic le  sizes less th a n  20 pm to a m e a n  leve l  of
134.5 m m 2 in d .-1 h -1 above 40 pm.

Structure of F eeding Apparatus

D ense toothlike s tructures are found a long  the  se tae 
on  the ca rpopodite  of the first g na thopod  (Fig. 3). Prox-
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T ab le  6. C orophium  volutator. Rate of surface b row sing  as a 
function  of p a rtic le  size

P artic le
size
(um)

S p h ere
surface
((im2)

Surface b row sing  
ra te  ±  SD 

(m m 2 in d . '1 h_1)

<  20 628 11.3 ±  8.3oCO!oC
S 2042 39.8 ±  10.6

4 0 -  80 12566 109.2 ±  59.4
6 3 -  80 16487 113.0 ± 80.7
80-160 50265 145.1 ±  102.7

250-500 490874 170.7 ±  95.7

im al to the se tae  the  tee th  are  a r ranged  in 2 rows; they 
fuse into 1 row in the distal se tae  parts. The teeth  in 1 
row are  p la ce d  2 to 3 pm apa r t  and  the  leng th  of 1 tooth 
is 10 pm. Setae  on the second  gnathopods  b ea r  fine 
bristles; these  form a reg u la r  netw ork  with m esh  size of 
abou t 4 um.

DISCUSSION

M icroorganism s are  cons idered  to be  an  im portant 
food source for deposit  feeders  (e.g. Newell,  1965; 
Fenchel,  1970, 1972; Lopez et al., 1977). At incubation  
periods of only 3 d, 14C -labelled  m ateria l in food is 
b e l iev e d  to consist m ain ly  of dia tom s and  bacteria . 
Assim ilation efficiencies found in this study are 
slightly  h igher,  b u t  com parab le  with  data  from li te ra­
tu re  on these  food items. H arg rave  (1970) reports that 
the  am p h ip o d  H yale lla  azteca  assim ilates dia tom s and 
bac te ria  w ith  efficiencies of 75 % and  60 to 83 %, 
respectively. The co rrespond ing  values  for the proso- 
b ranch  H ydrobia  ventrosa  are 60 to 71 % and  75 % 
(Kofoed, 1975); they are  47 % and  43 % for the 
h o lo thur ian  P arastichopus p a rv im en s is  (Yingst, 1976). 
Later exper im en ts  u n d e r  sim ilar conditions revealed  
som e defaeca tion  following the defaeca tion  period of 
60 min. W hile this could cause  an  overestim ation  of 
assim ila tion  efficiency, ca lculations show ed  tha t  the 
m e an  assim ila tion  efficiency w ould  m axim ally  be  low ­
ered  from 87 % to 83 %.

In long- term  expe r im en ts  H argrave  (1971) d e te r ­
m ined  tha t  the am ph ipod  H yale lla  azteca  lost 36 % of 
the  as s im ila ted  en e rgy  as soluble excretory products. 
The p resen t study docum ents  a dissolved fraction of 
8 % of the  assim ila ted  m a ter ia l  even  in expe r im en ts  of 
short duration  (60 min).

W hen  corrected for assim ila ted  m ateria l,  rates  of 
h a n d l in g  recorded  in E xperim ents  I and  II (Table 1, 
Fig. 1) are a l ike in spite of very  different exper im en ta l  
designs, thus ind ica t ing  that the constra ined  cond i­
tions in Exper im en t II d id  not modify feed ing  behavior.

According to Fig. 1, ra te  of egestion  is sm alle r  than 
even  the  uncorrec ted  ra te  of han d l in g  at all particle

i < 3 um

Fig. 3. C orophium  volutator. T o o th h k e  s truc tu res on se tae  of 
carp o p o d ite  of second  g n athopod

4 6 |jm
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sizes studied. This indicates  that only a fraction of the 
m ateria l h an d led  is consumed. The consum ed m ateria l 
is r icher in organic content than  the food complex 
offered, i.e. selection for o rganic  m atter  occurs. The 
exper im en ts  are des igned  so tha t the carbon source is 
a t tached  to partic le  surfaces. The exponen t for the 
regression for carbon content per  glass sphere in the 
food com plex (Fig. 2) is close to 2, supporting  micros­
copic observations which revea led  that d iatoms in food 
w ere  associa ted  with particle  surfaces. Food selection 
must thus occur in terms of ep ipsam m ic  browsing.

Selection for o rganic carbon is shown w hen  using 
Ivlev's (1961) selectivity index  as well as by en r ich ­
m en t ratios for ingested  material.  Ivlev's selectivity 
index (E¡) p roduces values close to the up p er  limit 
( +  1); this docum ents  a h igh  d eg re e  of selectivity for 
carbon at all particle sizes. The 2 en r ichm ent ratios for 
inges ted  m ateria l b ased  on carbon content per  mg 
sam ple  (dry wt) and  carbon content per  glass sphere, 
respectively, are  w ith in  the  sam e range  -  except at 
particle sizes of 80 to 160 pm w here  the former ratio 
increases. This difference can be exp la ined  as a se lec ­
tion for fine particles; it results in lower values  for 
carbon content per  glass sphere  ingested , thus causing 
underes tim ation  in the en r ichm en t ratio. The en r ich ­
m ent ratio for ingestion, b ased  on carbon content per 
mg sam ple  (dry wt), indicates  that en r ichm ent 
increases with  particle  size.

The ra te  of assim ila ted  carbon  shows tha t C orophium  
volutator  obta ins more carbon p e r  hour w h en  browsing  
large particles rela tive to small partic les (Table 4). 
C om pared  to the  rate  of ass im ila ted  carbon  ca lcu la ted  
from da ta  by H argrave  (1971) on H yale lla  azteca  (1.1 pg 
carbon in d .-1 h -1, dry wt 700 pg in d . -1), rates of ass im i­
lation in the  p resen t s tudy account for the carbon n eeds  
of C. voluta tor (3A  to 14.0 fig carbon in d . -1 h -1 , dry wt 
1500 |xg in d . -1).

Epipsam m ic brow sing  has  not b ee n  descr ibed  p rev i­
ously for C orophium  volutator. Hart (1930) and 
M eadow s and  Reid (1966) report that C. volutator  
selects food with the sieves formed by setae on its first 
and  second gnathopods. Active sifting takes  p lace  by 
moving the gnathopods  up and  dow n aga ins t  each 
other. Fenchel et al. (1975) used  pho to-m icrographs to 
study the structure of the feed ing  appara tus .  They 
report tha t bristles on the  se tae  of the  second 
gnathopods  form  a regu la r  network with a m esh  size of 
about 4 pm. The setae on the  first gna thopods  a p p e a r  
in a thicker, less-ordered  layer and  the filter is more 
difficult to evaluate .  This supports  observations in the 
p resen t study. Moreover, scann ing  electron micros­
copy reveals toothlike s tructures a long the se tae of the 
first gnathopod. T hese  tee th  probab ly  scrape assim il­
able food off sed im en t partic les  collected on the filter 
formed by the second gnathopods.

Only a few deposit  feeders  have b e e n  descr ibed  
previously  as be in g  ab le  to brow se on particles  in 
addi t ion  to sw allow ing  particles. W ieser  (1956) found 
that in sand  p redom inan tly  finer than  150 pm and  in 
mud, C um ella  vu lgaris  (Crustacea, C um acea)  feeds as 
a deposit  feeder, w h ile  in sand  p redom inan tly  coarser 
than 150 pm it feeds as an  ep is tra te  feeder, i.e. tak ing  
ind iv idual  sand  grains  b e tw e en  its m axillipeds and 
maxillae, and  sc rap ing  food off the g rain  surface using  
m axil lu lae  and m andib les .  Lopez and  Kofoed (1980) 
showed, that 3 species  of H ydrobia  and  P otam opyrgus  
je n k in s i  are capab le  of ep ipsam m ic  brow sing  by t a k ­
ing partic les  into their  buccal  cavity, sc rap ing  off 
a t tached  m icroorganism s w ith  the radu la  and  then  
spit t ing  out of the particles.

A m phipods  o ther  th a n  C orophium  voluta tor  are able  
to c lean  sand  grains. N ico la isen  and  Kanneworff (1969) 
reported  tha t the d iets  of B athyporeia  p ilosa  an d  B. 
sarsi consist of m atte r  ad h e r in g  to sand  grains. The 
sand  grains  are h a n d le d  one by one and  c leaned  with 
the m outhpar ts  by b iting  and  scraping. No sand  grains  
were  found in the guts of B. p ilosa  and  B. sarsi.

For H ydrobia  u lvae  the  ratio of deposit  feed ing  to 
total feed ing  is e s t im ated  to be abou t 15 % for particles 
sm alle r  than  160 pm (Lopez and  Kofoed, 1980). In the 
p resen t study, the ratio is som ew hat lower bu t  w ith in  
the sam e ran g e  (Table 5). Both s tud ies  ind icate  a h igh  
deg ree  of se lection  even  at small partic le  sizes. Surface 
feed ing  rate  is also w ith in  the  sam e range  in the  2 
studies. H. u lvae  is most efficient in surface exp lo ita ­
tion at small part ic le  sizes, w h ile  Corophium  voluta tor  
is most efficient at la rge  partic le  sizes. This is p robably  
due  to d ifferent feed ing  m echan ism s  u sed  by the 2 
species. Above a particle  size of 40 pm the rate of 
surface b row sing  by C. vo lu ta tor  shows no s ignificant 
variation. At partic le  sizes be low  40 pm rate  of surface 
browsing  drops to very low values, ind icat ing  ineffi­
cient browsing. In nature , C. voluta tor m ight ch a n g e  to 
a more favorable feed ing  m echan ism  at small particle 
sizes, e.g. a specific se lection  for o rganic m ater ia l  not 
bound  to sed im en t particles.  This hypothesis  is su p ­
ported  by selection for o rganic  carbon  at partic le  sizes 
of 20 to 30 pm, w here  d ia tom s and  inorganic  partic les 
are of equa l  size an d  the  se lection  not due  to size 
differences. At part ic le  sizes be low  20 pm, inorganic  
particles tend  to be  sm alle r  than  diatoms an d  the 
selection  for o rgan ic  carbon  cannot b e  exp la ined  as 
selection  for fine particles.  The possible feed ing  
s tra teg ies  at this par tic le -s ize  ran g e  w ould  b e  nega tive  
selection  for small (inorganic) partic les or specific 
se lection  for non-surface  b o u n d  o rganic  matter.

It m ay be a rg u e d  tha t the results  in this study can  be 
e xp la ined  by selection  for fine partic les  as w ell  as by 
browsing. A selection  for fine m ateria l w ith in  each  
particle  fraction canno t b e  exc luded , bu t  se lection  for
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fine par t ic les  alone cannot account for the  differences 
in ca rbon  conten t found in food and  faeces.
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