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ABSTRACT

Meiofauna  diets  and  behavioral  patterns  are  relatively  unknown  despite  the  fact
that  in  any  system,  predatory  relationships  and  behavioral  responses  may  play  an
important  role  in  determining  community  structure.  Therefore,  observations  on  food
preferences,  feeding  behavior,  and  encounter  interactions  of  members  of  a  meiofauna
assemblage  were  made  in  the  laboratory  in  dishes  of  natural  sediment.  The  diets  and
behavior  of  two  turbellarian  species,  Neochildia  fusca  and  Archiloa  wilsoni  were  ex-
amined  in  detail.  Both  are  predators  and  both  feed  on  a  variety  of  other  taxa,  including
the  temporary  meiofauna.  Based  upon  the  results  of  these  experiments,  a  potential
food  web  was  constructed  among  the  temporary  and  permanent  meiofauna.  The  be-
havioral  responses  of  these  turbellarians  and  other  members  of  the  meiofaunal  assem-
blage  at  times  of  encounter  were  also  observed,  categorized,  and  quantified.  Implications
of  these  behaviors  are  discussed.

INTRODUCTION

The  meiofauna  represent  a  very  abundant  and  potentially  important  component
of  marine  soft-sediment  communities  and  yet  knowledge  about  the  feeding  habits  of
and  behavioral  interactions  among  the  meiofauna  are  scarce.  The  food  preferences  of
some  microbial-feeding  harpacticoid  copepods  (Lee  et  al,  1977;  Rieper,  1978,  1982;
Vanden  Berghe  and  Bergmans,  1981)  and  nematodes  (Tietjen  and  Lee,  1977)  are
partially  known  from  experiments  using  radiolabeling  techniques.  Information  about
turbellarian  diets  arises  mostly  from  remains  visible  in  the  guts  of  occasional  animals
(Straarup,  1970,  and  references  therein),  although  a  few  largely  anecdotal  observations
have  been  reported  (Meixner,  1938;  Pawlak,  1969;  Straarup,  1970).  For  many  tur-
bellarian  species,  gut  contents  are  unidentifiable,  or  items  in  the  gut  (such  as  diatom
frustules)  may  have  a  secondary  origin  (i.e.,  may  have  been  present  in  the  gut  of  the
prey  species  consumed).  Systematic  observations  of  the  feeding  behavior  of  and  the
various  predatory  and  aggressive  behavioral  interactions  among  the  meiofauna  are
almost  completely  lacking.

In  any  system  of  interacting  species,  species  recognition  and  differential  behavioral
responses  at  times  of  encounter  should  play  a  role  in  establishing  and  maintaining
patterns  of  co-existence.  Therefore,  the  study  of  behavioral  interactions  and  natural
history  of  the  fauna  is  extremely  important,  especially  since  interpretations  of  manip-
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ulative  field  experiments  often  rest  heavily  on  assumptions  about  the  natural  history
and  behavior  of  the  manipulated  species  (Dayton,  1979;  Peterson,  1979).  If  the  ma-
nipulated  species  is  known  to  be  a  predator  on  another  species,  then  a  reduction  in
the  abundance  of  that  prey  species  seems  easily  interpretable.  However,  behavioral
avoidance  of  the  manipulated  species  by  the  prey  species  could  equally  well  explain
lower  densities  of  this  prey  species  in  experimental  plots.  Without  some  independent
observation  on  mechanism,  it  is  impossible  to  tell  if  the  negative  result  of  a  manip-
ulation  is  due  to  predation,  behavioral  avoidance,  competition,  or  physical  disturbance.

Therefore,  observations  on  the  food  preferences,  feeding  behavior,  and  encounter
interactions  of  members  of  a  meiofauna  assemblage  were  undertaken.  Because  the
meiofauna  are  both  small  and  live  in  the  sediments,  field  observations  are  difficult.
Thus  laboratory  experiments  were  designed  to  get  initial  information  on  some  common
meiofaunal  taxa.  Since  so  little  is  known  about  the  diets  of  turbellarians,  and  yet
turbellarian  predators  could  be  feeding  on  both  permanent  and  temporary  meiofauna
(i.e.,  the  juvenile  macrofauna,  as  defined  by  Mclntyre,  1969),  major  emphasis  was
placed  on  determining  the  diets  and  behavioral  patterns  of  two  turbellarian  species
common  in  muddy-sand  habitats,  an  acoel,  Neochildia  fusca  (Bush,  1975),  and  a
proseriate,  Arcluloa  wilsoni  (Stirewalt  et  ai,  1940).  The  behavioral  responses  of  other
assemblage  members  to  encounter  with  these  two  turbellarian  species  were  also  ob-
served.

MATERIALS  AND  METHODS

Sediment  was  collected  from  several  shallow-  water  muddy-sand  sites  in  Bogue
and  Back  Sounds,  North  Carolina,  but  principally  from  Tar  Landing  Bay,  a  shallow-
water  embayment  on  the  southeast  end  of  Bogue  Sound  (34  42'  N,  76  42'  W).  The
surface  2  to  3  cm  of  sediment  was  collected  and  transported  back  to  the  laboratory.
Sediment  was  then  spooned  into  flasks  and  mixed  with  a  MgCl  2  solution  isotonic  to
seawater  (30  ppt),  shaken,  and  allowed  to  sit  for  15  minutes.  Then  the  flasks  were
shaken  again,  and  the  supernatant  decanted  through  a  63  yum  sieve.  The  material
collected  on  the  sieve  was  rinsed  gently  with  seawater,  and  the  sieve  placed  in  a  Petri
dish  with  a  small  amount  of  seawater.  After  at  least  1  hour,  sieves  and  Petri  dishes
were  examined  under  a  dissecting  microscope  and  experimental  animals  were  removed
by pipette.

Feeding  experiments

Experimental  animals  were  placed  into  culture  dishes  (3  cm  diameter)  which  con-
tained  approximately  5  ml  of  63  /im  filtered  natural  seawater  and  approximately
1  ml  of  sediment  in  the  center  of  the  dish.  Seawater  in  each  dish  was  changed  daily
by  pipette  (under  the  microscope).  Combinations  of  individual  meiofauna  and  their
suspected  prey  were  established.  Each  combination  was  checked  twice  daily  under  the
dissecting  microscope  to  determine  if  the  prey  had  been  eaten.  Animals  usually  stayed
in  the  center  of  the  dish,  and  could  be  easily  located  by  spreading  the  sediment  grains
apart  with  a  dissecting  needle.  As  soon  as  the  prey  was  eaten,  or  if,  after  three  successive
days,  no  predation  had  occurred,  the  trial  was  terminated.

Combinations  of  Neochildia  fusca  and  Arcluloa  wilsoni  with  their  suspected  prey
were  emphasized.  Unless  otherwise  stated,  only  robust,  active  individuals  were  used
in  the  experiments.  Some  specific  trials  were  made  with  wounded  animals  (either  the
body  wall  was  pricked  with  the  dissecting  needle,  or  the  shell  was  broken),  to  see  if
there  was  a  greater  response  to  prey  in  this  condition.
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Interaction  observations

Interactions  between  meiofauna  (both  permanent  and  temporary,  i.e.,  the  juvenile
macrofauna)  were  observed  under  two  sets  of  conditions.

Under  the  dissecting  microscope  (observations  from  above).  Specific  pairs  of  meio-
fauna  were  placed  in  culture  dishes,  set  up  in  the  same  way  as  in  the  feeding  experiments,
or  whole  assemblages  were  placed  in  Petri  dishes  with  a  layer  of  sediment  several  sand
grains  thick.  The  majority  of  the  observations  were  made  on  animals  in  the  Petri  dish
situation.  Fields  of  view  in  the  center  of  the  Petri  dish  were  haphazardly  located  until
an  individual  was  observed.  This  individual  was  then  observed  until  it  disappeared
under  the  sediment  surface  again  or  30  min  had  passed.  Then  a  new  field  of  view  and
a  new  individual  were  located  to  prevent  making  too  many  observations  on  the  same
individual.  Usually,  this  was  not  a  problem,  as  animals  disappeared  from  view  long
before  the  half  hour  was  over.  After  several  such  observations,  major  encounter  types
and  responses  were  put  into  categories  and  the  frequency  of  each  response  to  a  particular
type  of  encounter  was  recorded.  Truly  unique  behaviors  also  were  recorded  separately.

Under  the  inverted  microscope  (observations  from  below).  Again,  whole  assemblages
were  placed  in  Petri  dishes  with  enough  sediment  to  cover  the  dish  completely  with
a  layer  of  sediment  several  sand  grains  thick.  Since  most  meiofauna  are  positively
geotactic  (Boaden,  1977)  and  burrow  down  into  the  sediments,  this  was  an  attempt
to  observe  the  animals  in  as  nearly  a  natural  condition  as  possible.  A  red  filter  was
placed  over  the  light  source  to  minimize  light  interference  with  behavior.  Observations
were  made  in  the  same  manner  as  under  the  dissecting  microscope.

More  than  500  hours  were  spent  observing  these  animals,  about  400  from  above,
and  100  from  below.  A  total  of  more  than  1600  interactions  were  witnessed.  Obser-
vations  from  above  and  below  were  combined  in  all  the  following  tables.

Observations  on  undisturbed  sediment  cores

Square  cores  (10  cm  by  10  cm)  were  taken  with  a  coring  box  which  fit  into  a
freezer  box  with  the  same  dimensions.  Cores  were  covered,  transported  back  to  the
laboratory  and  placed  in  aquaria  with  running  seawater,  uncovered,  and  left  for  ap-
proximately  12  hours.  Then  an  individual  core  was  placed  into  a  smaller  aquarium
where  the  surface  of  the  core  was  covered  by  approximately  3  cm  of  seawater  and
over  which  a  dissecting  microscope  was  mounted  on  a  swing  arm.  Again  fields  of  view
were  located  haphazardly,  and  no  individual  was  watched  for  more  than  one  half
hour.  Observations  were  made  on  the  animals  visible  or  appearing  at  the  sediment
surface.  All  observations  were  timed  and  all  animal  movements  were  recorded.

RESULTS

Feeding  experiments

Both  Neochildia  and  Archiloa  did  eat  a  wide  variety  of  the  prey  species  offered,
including  both  temporary  and  permanent  meiofauna  (Table  I).  But  both  also  could
be  very  selective  in  some  instances,  for  example  neither  would  eat  the  maldanid  Ax-
iothella  mucosa,  but  both  would  eat  Clymenella  torquata.  Archiloa  fed  much  more
readily  on  nematodes  and  copepods  than  Neochildia  did.  Neither  ate  bivalves,  and
Neochildia  would  not  eat  juvenile  amphipods.  The  percentage  eaten  in  Table  I  includes
both  animals  completely  consumed  and  those  where  one  third  or  more  of  the  body
was  missing.  These  animals  usually  died  within  24  hours.  Table  II  summarizes  these
incidences  of  partial  predation.  Archiloa  was  much  more  prone  to  eat  only  part  of  its



400 M.  C.  WATZIN

TABLE I

The results of the feeding experiments with Neochildia fusca and Archiloa wilsoni

n = the number of trials with that potential prey taxon.
% eaten = the percentage of trials in which Neochildia or Archiloa consumed the prey.
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TABLE II

Incidences of partial predation by Neochildia fusca and Archiloa wilsoni

The partial predation column represents the number of times where less than the whole animal was
consumed. The total no. eaten column represents the total number of individuals eaten in the feeding
experiments.

prey  than  was  Neochildia.  Also  Archiloa  ate  almost  every  wounded  animal  which  was
offered  to  it  (Table  III),  whereas  Neochildia  did  not  eat  a  single  wounded  animal.

Behavioral  observations

Neochildia  fusca.  Neochildia  fusca  is  a  relatively  large  (0.1-3  mm  in  length)  elon-
gated-oval  shaped  turbellarian  with  a  ventral  mouth  in  approximately  the  center  of
the  body.  Neochildia,  like  all  acoels,  does  not  have  a  true  gut,  but  rather  a  central
digestive  parenchyma.  Neochildia  moves  rapidly  and  easily  through  the  sediment.  It
employs  several  different  strategies  in  feeding.  The  first  is  a  "sit  and  wait"  strategy.
The  posterior  portion  of  the  body  is  anchored  down  in  the  sediment  and  the  anterior
one  half  to  two  thirds  of  the  body  is  arched  up  above  the  sediment  with  the  sides  of
the  body  folded  slightly  underneath  and  inward.  Bush  (  1  975)  also  observed  this  behavior
and  as  she  notes,  it  makes  the  animal  an  excellent  trap  for  passing  prey.  An  animal
moving  under  the  raised  end  of  the  turbellarian  is  quickly  pounced  upon.  The  cupped
portion  of  Neochildia'^  body  serves  to  hold  the  prey  from  escaping  as  it  is  quickly
pushed  and  sucked  up  into  the  mouth.

TABLE III

Incidences of predation on wounded animals

Prey species Neochildia fusca Archiloa wilsoni

Streblospio benedicti 13-18 setigers
Terebellidae
Copepoda
Bivalvia (broken shell)
Oligochaeta

3
3
4
2
3

Streblospio, terebellids, copepods, and oligochaetes were pricked with a dissecting needle. The bivalve
shells were broken with forceps. Four replicates of each taxa were offered to each of the two turbellarians.
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TABLE IV

Response of Neochildia fusca to encounter with a variety of other taxa
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TABLE IV (Continued)

Response of Neochildia fusca

See text for more complete descriptions of encounter type and response categories. Sm., med., Ig. refer
to the sizes listed in Table I.

Other  strategies  are  more  active.  Neochildia  often  swims  along  the  surface  of  the
sediment,  again  with  the  anterior  end  of  the  body  slightly  raised  and  cupped  inward.
It  also  moves  through  the  sediment  in  a  flattened  position.  When  a  prey  is  encountered
on  its  side  or  from  the  rear,  Neochildia  very  rapidly  moves  over  it  or  pins  it  to  a  sand
grain,  again  cupping  its  body  around  the  prey  to  prevent  escape.  Events  of  partial
predation  usually  occurred  with  larger,  vermiform  prey.  The  victim's  body  was  broken
off  when  there  appeared  to  be  no  more  room  in  Neochildia^  digestive  parenchyma.
However  Neochildia^  central  parenchyma  appeared  to  be  very  extensible,  and  Neo-
childia  ate  many  animals  as  big  or  slightly  bigger  than  itself.

Encounter  types  were  put  into  two  categories,  head  on,  and  side  on.  Head  on  is
defined  as  the  meeting  of  the  animal  being  observed  (in  this  case  Neochildia}  and  the
other  animal  on  the  anterior  most  one  fourth  of  the  body  (for  turbellarians  and  nem-
atodes)  or  the  part  of  the  body  denned  as  the  head  (for  polychaetes,  oligochaetes,  and
copepods).  Side  on  is  denned  as  the  meeting  of  the  head  of  the  animal  being  observed
with  the  lower  three  fourths  of  the  body  of  the  animal  it  encounters.

Responses  of  the  animal  under  observation  were  put  into  four  categories;  (  1  )  violent
recoil,  (2)  stop  and  back  away,  (3)  move  over  or  under,  and  (4)  attack.  For  Neochildia,
these  categories  are  further  defined  as  follows:  (1)  violent  recoil  as  soon  as  body
contact  is  made  between  the  two  animals,  Neochildia  immediately  and  violently  draws
back  by  very  abruptly  contracting  the  muscles  in  the  anterior  end  of  the  body.  This
is  immediately  followed  by  a  change  in  direction  and  rapid  movement  away  from  the
animal  it  just  encountered.  (2)  Stop  and  back  away  when  body  contact  is  made,
Neochildia  quickly  stops  forward  motion,  then  moves  backwards  and  away  from  the
animal  it  encountered.  When  forward  motion  ceases,  the  body  does  not  contract  as
it  does  in  category  one.  (3)  Move  over  or  under  Neochildia  simply  changes  the  plane
of  motion  very  slightly  and  moves  over  or  under  the  animal  it  encountered.  (4)  Attack
Neochildia  may  back  off  for  a  fraction  of  a  second,  but  then  rapidly  moves  over  the
animal  it  encountered,  cups  its  body  around  it,  and  then  consumes,  or  tries  to  consume
all  or  part  of  it.

Table  IV  summarizes  Neochildia^  responses  to  both  types  of  encounter  with  a
wide  variety  of  other  taxa.  The  violent  recoil  reaction  never  occurred  when  Neochildia
encountered  the  other  individual  on  the  side  except  in  the  case  of  Neochildia-Neochildia
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interactions.  This  strong  intraspecific  avoidance  reaction  was  more  pronounced  than
Neochildia^  reaction  to  any  other  species.  With  all  taxa,  Neochildia  was  much  more
likely  to  attack  and  eat  an  individual  if  it  was  encountered  from  the  side  rather  than
head on.

The  two  attacks  on  bivalves  were  both  unsuccessful.  In  both  cases,  Neochildia
encountered  the  foot  of  the  bivalve  and  then  cupped  its  body  around  the  clam.  However,
the  bivalve  quickly  withdrew  its  foot  and  closed  its  shell  before  Neochildia  could  ingest
any  clam  body  parts,  and  Neochildia  did  not  try  to  engulf  the  whole  animal,  shell  and
all.  Once  the  bivalve  was  closed,  Neochildia  let  go  of  it  and  moved  on.

Archiloa  wilsoni.  Archiloa  is  slightly  smaller  than  Neochildia  (0.1-2  mm  length)
and  thinner  with  a  pointed  tail.  The  mouth,  with  a  long,  cylindrical  plicate  pharynx,
is  located  about  two  thirds  of  the  way  down  the  body,  opening  on  the  ventral  side.  It
also  moves  readily  and  rapidly  through  the  sediment.  The  feeding  behavior  of  Archiloa
was  observed  much  less  often  than  that  of  Neochildia  even  though  more  individuals
of  this  species  were  observed.  It  rarely  ate  the  first  day  after  extraction.  In  the  feeding
experiments,  its  prey,  with  few  exceptions,  were  only  found  missing  on  the  second  or
third  day.  Initially  some  animals  were  observed  until  the  sixth  day.  However  if  Archiloa
had  not  eaten  by  day  3,  it  never  ate.  By  day  4,  it  appeared  emaciated  and  behaved
abnormally.

The  feeding  behavior  of  Archiloa  was  similar  with  all  types  of  prey.  After  encoun-
tering  a  potential  prey,  Archiloa  would  swim  along  side  of  it,  quickly  evert  its  pharynx,
thrust  it  into  the  victim,  and  suck  the  animal,  or  only  the  internal  organs  and  fluids,
into  its  own  digestive  cavity.  Copepods  were  attacked  on  the  ventral  side,  between  the
legs.  Usually  the  carapace  was  not  ingested.  Several  times  with  larger  polychaetes,
only  a  portion  of  the  body  was  consumed  before  the  animal  broke  away  or  was  released
by  Archiloa.  This  must  have  been  the  case  with  the  victims  of  partial  predation  in
Table  II.  Once  with  a  larger  spionid  and  twice  with  larger  oligochaetes,  Archiloa  would
feed  for  a  minute  or  two,  then  begin  to  move  through  the  sediment  with  the  victim
still  only  partly  ingested,  but  still  tightly  held  by  the  pharynx.  With  one  oligochaete,
a  few  minutes  later  Archiloa  stopped  and  ingested  a  little  more  of  its  victim,  then
started  moving  again.  Eventually,  in  all  three  cases,  the  sand  grains  pulled  what  re-
mained  of  the  prey  away  from  the  pharynx,  and  Archiloa  kept  going  without  it.

Archiloa  readily  preyed  on  wounded  animals  (Table  III).  This  was  first  observed
with  a  copepod,  and  subsequently  with  another  copepod  and  an  oligochaete.  In  all
three  of  these  cases,  within  5  minutes,  Archiloa  swam  over  to  the  injured  individual,
moved  along  side  of  it,  then  quickly  attacked  and  ate  it.

Encounter  types  and  categories  of  responses  are  defined  for  Archiloa  as  they  were
for  Neochildia,  except  for  attack.  In  an  attack,  Archiloa  swims  along  side  the  encoun-
tered  animal,  and  rapidly  everts  the  pharynx  trying  to  thrust  it  into  its  victim  to
consume  all  or  part  of  it.

Table  V  summarizes  Archiloa's  responses  to  encounter  with  other  taxa.  Archiloa
showed  the  violent  recoil  reaction  to  a  much  wider  array  of  taxa  than  did  Neochildia.
Again,  however,  this  response  was  much  more  common  in  head  on  encounters  than
in  encounters  to  the  side.  The  response  of  Archiloa  to  intraspecific  encounters  most
frequently  yielded  the  violent  recoil  reaction,  but  not  as  overwhelmingly  as  Neochildia  's
reaction  to  intraspecific  encounter.  In  all  encounters  of  Archiloa  with  Neochildia,  the
response  was  the  violent  recoil.  Several  times  after  an  encounter  of  this  type,  Neochildia
quickly  turned,  chased,  and  attacked  Archiloa.  Three  of  Archiloa"^,  attacks  on  Stre-
blospio  (2  medium,  1  large)  were  not  completed.  The  pharynx  was  everted  and  touched
Streblospio's  body,  but  there  appeared  to  be  no  suction  and  the  animal  was  quickly
released.



TABLE V

Responses o/"Archiloa wilsoni to encounter with a variety of other taxa

See text for more complete descriptions of encounter type and response categories. Sm, med., Ig. refer
to the sizes listed in Table I.
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Enhydrosoma  sp.  Enhydrosoma  is  frequently  the  most  abundant  harpacticoid  co-
pepod  in  the  Tar  Landing  Bay  assemblage.  It  is  a  small  (200-500  yum)  vermiform
copepod  which  moves  easily  and  quickly  between  and  around  sand  grains.  It  is  assumed
to  be  a  deposit  feeder.  Some  observations  were  made  (Table  VI).  Encounter  types  are
as  described  for  Neochildia.  Response  categories  differ  as  follows.  (  1  )  Violent  recall
no  perceptable  stopping  is  observed.  Enhydrosoma  nearly  instantaneously  changes
direction  180  and  rapidly  swims  away  from  the  encountered  individual.  (2)  Stop  and
move  away  All  forward  motion  ceases.  Then  Enhydrosoma  changes  direction  and
swims  away.  The  primary  difference  between  this  response  and  the  first  response  is  in
the  presence  of  the  stop  and  the  speed  with  which  the  whole  reaction  takes  place.  (3)
Move  over  or  under  as  with  Neochildia,  the  plane  of  movement  is  slightly  altered,
and  Enhydrosoma  simply  swims  over,  under,  or  around  the  encountered  animal.  (4)
Circle  the  response  category  is  unique  to  Enhydrosoma.  It  simply  moves  off  the
animal,  then  swims  around  it  in  a  circle  several  times,  appearing  occasionally  to  touch
it  with  the  legs  or  antennae.

The  circle  response  was  exhibited  particularly  to  Streblospio  and  bivalves  (Table
VI).  In  the  case  of  Streblospio,  the  response  seemed  to  be  elicited  by  encounter  with
the  partial  tube  of  Streblospio  as  much  as  it  was  by  an  encounter  with  the  animal
itself.  The  violent  recoil  response  was  only  exhibited  in  six  cases,  all  of  these  head  on

TABLE VI

Responses oj Enhydrosoma sp. to encounter with a variety of other taxa

Response of Enhydrosoma sp.

Bivalvia

See text for more complete descriptions of encounter type and response categories.
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encounters.  While  major  attention  was  focused  on  Enhydrosoma  in  these  observations,
some  note  was  taken  of  what  the  other  animal  did  after  Enhydrosoma  encountered
it.  Bivalves  quickly  closed  their  shells.  Particularly  when  the  circle  response  was  ini-
tiated,  Streblospio,  capitellids,  and  Axiothella  withdrew  or  tried  to  move  away  from
Enhydrosoma.  Nematodes  always  responded  by  moving  away.

Nematodes.  Identification  of  nematodes  was  not  undertaken.  Therefore  it  is  not
known  how  many  species  are  included  in  this  group.  The  only  criterion  used  in  selecting
individuals  to  observe  was  reasonably  large  size.  These  results  are  only  intended  to
indicate  the  general  breadth  of  nematode  behavior.  Encounter  types  and  response
categories  are  as  described  for  Enhydrosoma,  except  that  the  direction  change  in  violent
recoil  is  rarely  as  great  as  180.

Nematodes  move  through  the  sediments  by  both  pushing  on  sand  grains  and
moving  sand  grains  from  their  directional  paths  (Pitcher,  1975).  When  there  is  very
little  sediment,  nematodes  flex  their  muscles,  but  do  not  move  in  any  direction,  and
simply  whiplash  back  and  forth.  This  behavior  was  observed  frequently  in  culture
dishes,  and  did  sometimes  result  in  damage  to  individuals  of  other  species  (i.e.,  tentacle
loss  in  spionids).  However  when  sufficient  sediment  is  present,  muscle  contraction
results  only  in  the  nematode  moving  quickly  through  the  sediment.  Therefore  only
reactions  seen  while  following  nematodes  in  sufficient  sediment  in  Petri  dishes  are
reported here.

Table  VII  summarizes  the  responses  of  nematodes  to  other  taxa.  Like  the  two
turbellarians  and  Enhydrosoma,  the  violent  recoil  response  most  often  followed  head
on  encounters.  Unlike  the  two  turbellarians,  the  nematode-nematode  encounter  did
not  yield  the  violent  recoil  reaction.  In  most  cases  the  two  nematodes  simply  moved
past  each  other,  or  stopped,  changed  direction,  and  moved  away  from  each  other.  In
general,  the  other  taxa  responded  to  nematode  encounter  by  movement  away.

Nematodes  are  known  to  excrete  mucus  (Riemann  and  Schrage,  1978).  Some
secrete  copious  amounts  which  very  visibly  binds  the  sediment  and  detritus  together
in  long  strings.  This  mucus  apparently  remains  sticky  for  quite  awhile  after  it  has  been
secreted,  and  I  have  often  observed  that  other  meiofauna  become  tangled  in  this
mucus.  In  four  cases,  these  tangled  individuals  were  encountered  by  one  of  the  two
turbellarians  predators,  and  became  easy  prey,  as  they  could  not  swim  away.

Temporary  meiofauna.  Reactions  of  temporary  meiofauna  to  encounters  with
Neochildia  and  Archiloa  also  were  observed  (Table  VIII).  Because  many  of  these  taxa
are  not  mobile,  following  an  individual  and  recording  its  responses  to  encounter  with
other  individuals  was  not  always  feasible.  Therefore  animals  were  first  observed  and
put  into  mobility  categories.  Sedentary  species  never  moved  more  than  half  a  body
length.  The  two  maldanid  species  (Clymenella  torquata,  Axiothella  mucosa]  would
construct  partial  tubes  around  themselves  and  usually  only  moved  within  the  confines
of  these  tubes.  The  occasionally  mobile  taxa  usually  stayed  in  one  place,  but  would
occasionally  move  away  a  short  distance,  and  then  remain  stationary  again.  The
spionids  (Streblospio  benedict  i  and  Polydora  sp.)  also  constructed  tubes  around  them-
selves  and  would  move  their  anterior  ends  in  and  out  of  the  tube,  but  only  occasionally
would  leave  their  tubes  and  move  to  a  new  area.  This  was  usually  in  response  to  some
outside  disturbance.  Sedentary  and  occasionally  mobile  taxa  were  observed  in  place.
Since  they  rarely  ran  into  other  individuals,  their  responses  to  other  animals  running
into  their  head  region  were  also  recorded.  Mobile  taxa  moved  actively  through  the
sediments  and  were  followed  through  the  sediments  in  the  same  manner  as  before.

Responses  of  these  temporary  meiofauna  to  Neochildia  fusca  and  Archiloa  wilsoni
again  were  put  into  categories.  The  categories  are  defined  as  follows:  (  1  )  withdraw
the  animal  rapidly  draws  back  into  its  tube  in  the  case  of  the  tube  dwellers,  or  simply
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TABLE VII

Responses ofnematodes to encounter with a variety of other laxa

Bivalvia

Response of Nematoda

See text for more complete descriptions encounter type and response categories.

draws  or  backs  away  rapidly  in  the  case  of  the  non-tube  dwellers.  This  response  does
not  include  movement  of  more  than  one  body  length  of  the  animal.  (2)  Move  away
the  animal  may  draw  back  momentarily,  but  then  quickly  moves  off  in  a  direction
away  from  the  turbellarian  it  encountered.  (3)  Move  forward  the  animal  moves
forward,  directly  into  the  turbellarian  it  has  just  encountered,  forcing  it  to  alter  its
path.  (4)  No  movement  the  animal  simply  stops  all  forward  motion  and  re-
mains  still.

The  spionids  responded  to  both  turbellarians  in  the  same  way,  either  withdrawing
into  the  tube  and  then  just  remaining  there  for  several  minutes  afterwards,  or  by
moving  out  of  the  tube  and  away  from  the  turbellarian.  Moving  out  of  the  tube  twice
resulted  in  the  spionid  being  chased  and  eaten  by  Neochildia.  Archiloa  on  two  occasions
went  down  into  a  spionid  tube  after  the  animal  withdrew.  In  neither  case,  however,
did  Archiloa  attack  the  spionid.  This  does  not,  however  imply  that  Archiloa  could  not
attack  and  eat  a  spionid  in  its  tube.

Terebellids  also  responded  in  one  of  two  ways.  If  the  encounter  was  with  one  or
several  of  the  terebellid's  tentacles,  it  would  draw  in  the  tentacles  and  back  away.
However  if  the  encounter  was  with  the  very  base  of  the  tentacle  or  with  the  head  of
the  animal,  it  immediately  and  violently  moved  forward,  thrashing  its  tentacles  and
whiplashing  its  body.  This  response  quickly  moved  the  animal  away  from  the  turbel-
larian,  and  made  it  very  difficult  to  chase  and  capture.
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Cirratulids  responded,  like  spionids,  by  either  withdrawing  (though  they  did  not
build  tubes,  so  they  just  moved  back)  or  moving  away.  On  one  occasion  each  with
both  Neochildia  and  Archiloa,  the  animal  autonomized  part  of  its  gills  and  left  them
behind.

Among  the  four  mobile,  predatory  taxa  (syllids,  nereids,  Glycera,  and  arabellids),
withdrawal  was  almost  never  a  response.  Glycera  on  two  occasions  everted  its  pharynx
upon  encountering  Neochildia,  although  on  neither  occasion  did  it  successfully  hit
the  turbellarian.  Three  nereids  also  everted  their  jaws  (at  2  Neochildia,  1  Archiloa)
although  they  also  did  not  actually  catch  the  turbellarian.

On  all  occasions,  bivalves  responded  to  turbellarians  by  drawing  in  the  foot  and
closing  up  the  shell.  The  bivalve  usually  remained  closed  for  several  (2-5)  minutes
after  the  encounter.

Observations  of  undisturbed  sediment  cores

These  observations  showed  that  most  of  the  permanent  meiofauna  spend  very
little  time  exposed  on  the  sediment  surface.  Animals  frequently  moved  just  under  the
uppermost  layer  of  sand  grains.  In  over  30  hours  of  observations,  nematodes  were
never  seen  on  the  surface  for  more  than  a  few  seconds.  They  would  break  the  sediment
surface,  then  quickly  burrow  back  down  again.  Copepods,  turbellarians,  and  ostracods
were  more  active  on  the  surface,  but  still  spent  the  majority  of  their  time  in  the
sediment.  Copepod  and  ostracod  movements  were  responsible  for  stirring  up  and
moving  around  fecal  pellets  and  sediment  grains.

Both  Neochildia  and  Archiloa  frequently  came  to  the  surface,  would  move  along
the  surface  for  a  short  while  (30  s  to  5  min),  then  burrowed  back  down  underneath
the  sediment  grains  again.  Only  one  attack  on  the  surface  was  witnessed.  This  was  a
Neochildia  which  swam  (flat)  into  another  small  turbellarian  (Convoluta  sp.),  pinned
it  to  a  sediment  grain,  and  ate  it.  Right  after  ingestion,  Neochildia  moved  below  the
sediment  surface  again.

Spionids  were  active  in  the  cores.  A  few  juvenile  Streblospio  were  observed  feeding,
usually  with  the  tentacles  up  in  the  water  column.  Copepods  sometimes  swam  into
the  base  of  a  Streblospio  tube,  which  resulted  in  the  spionid's  withdrawal  response  in
three  out  of  five  encounters.  A  large  epibenthic  copepod  simply  swam  up  into  the
water  column  and  swam  over  Streblospio^  tentacle  field.  One  Archiloa  was  observed
swimming  around  a  Streblospio  tube,  after  which  it  burrowed  down  between  the  sed-
iment  grains  near  the  tube.

DISCUSSION

Feeding  experiments

In  interpreting  feeding  experiments  of  this  type,  it  is  important  to  remember  that
what  an  animal  does  in  the  laboratory  is  not  always  the  same  as  what  it  does  in  nature.
These  experiments  offered  the  turbellarians  only  one  potential  food  source  at  a  time.
In  nature,  they,  of  course,  would  have  a  whole  range  of  food  sources  to  choose  from.
Nevertheless,  these  experiments  do  adequately  test  the  simple  capability  and/or  in-
clination  of  the  predators  to  eat  the  various  prey  offered  to  them  and  indicate  the
general  breadth  of  their  diets.

Clearly  Neochildia  fusca  and  Archiloa  vcilsoni  share  a  number  of  prey  species  in
common.  However  it  is  difficult  to  make  comparisons  between  species  on  relative
preference  for  a  particular  prey  species  since  Archiloa  was  somewhat  more  reluctant
to  feed  in  the  laboratory.  Very  large  differences  in  percentages  eaten  (Table  I)  though
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may  in  fact  be  meaningful.  Archiloa  seemed  to  have  a  greater  preference  for  copepods,
juvenile  amphipods,  and  nematodes  than  did  Neochildia.  This  may  have  something
to  do  with  the  way  each  feeds.  A  copepod  or  amphipod,  with  its  unmalleable  carapace
may  be  difficult  for  Neochildia  to  stuff  into  its  mouth.  Nematodes  may  be  difficult  for
Neochildia  to  pin  down  and/or  position  under  its  mouth.  Bush  (1975),  however,  reports
finding  copepod  and  nematode  pieces  in  the  parenchyma  of  mature  Neochildia.  Thus,
either  Neochildia  will  occasionally  feed  on  these  animals,  or  these  animals  were  in  the
gut  of  another  prey  species  which  Neochildia  ate,  like  Archiloa,  a  nereid,  or  a  syllid.

It  is  difficult  to  know  exactly  why  Clymenella  was  eaten  by  both  turbellarians,  and
the  confamilial  Axiothella  was  not  (Table  I).  Clymenella  has  a  pelagic  larval  stage,
while  Axiothella  has  benthic  larvae  which  develop  in  a  mucus  egg  case  (Newell,  195  1  ).
Axiothella  is  not  available  to  the  turbellarians  until  it  leaves  the  egg  case.  Both  Neo-
childia  and  Archiloa  seem  to  be  incapable  of  penetrating  the  egg  case.  The  juvenile
Axiothella  offered  were  those  which  had  just  left  the  decomposing  egg  case,  and  perhaps
had  a  bit  of  the  mucus  still  clinging  to  their  bodies.  Maybe  this  mucus  prevents  their
being  recognized  as  prey  upon  encounter.  The  replication  of  these  trials  was  not  as
large  as  with  some  others,  so  the  possibility  remains  that  these  results  are  artificial.
The  behavioral  observations  (Tables  IV,  V)  also  show  an  attack  on  Clymenella  and
not  Axiothella,  but  generally  the  turbellarians  withdrew  from,  or  ignored  both  mal-
danids.

Archiloa  was  much  more  likely  to  consume  only  part  of  its  prey  than  was  Neochildia.
Again  this  may  largely  be  due  to  differences  in  feeding  mechanisms.  Neochildia  con-
sumed  its  prey  with  extraordinary  speed  and  its  central  parenchyma  is  extremely
extensible.  There  is  very  little  time  for  the  prey  to  escape.  Archiloa  takes  much  longer
to  suck  out  or  consume  its  prey,  and  is  less  effective  in  pinning  its  prey  down,  affording
the  prey  greater  opportunity  for  escape.  Also,  Archiloa  is  not  capable  of  entirely  con-
suming  a  prey  individual  much  larger  than  itself  (as  a  >  1  mm  oligochaete  is).  A
portion  of  these  larger  prey  appears  to  be  enough  to  completely  fill  the  gut.

It  has  been  suggested  that  patterns  of  turbellarian  feeding  are  directly  related  to
the  type  of  pharynx  that  each  turbellarian  possesses  (Meixner,  1938;  Hyman,  1951;
Bilio,  1967;  Straarup,  1970).  Turbellarians  with  simple  pharynges  or  lacking  pharynges
must  engulf  their  prey  whole,  and  thus  are  limited  in  the  size  of  prey  that  they  can
ingest.  Those  with  plicate  or  rosulate  pharynges  which  are  eversible  are  able  to  suck
out  larger  prey.  The  results  of  these  experiments  tend  to  support  this  idea.  Archiloa,
with  its  plicate  pharynx,  was  able  to  feed  on  some  large  prey  (i.e.,  large  oligochaetes
and  nereids)  which  seemed  to  be  unavailable  to  Neochildia  which  does  not  have  a
pharynx  (Table  I).

The  difference  in  response  of  Neochildia  and  Archiloa  to  wounded  prey  was  striking
(Table  III).  Other  proseriates  have  been  found  in  the  field  clumped  around  dead  animals
(Bush,  1966)  or  have  been  collected  using  freshly  killed  meat  as  bait  (Bush,  1966;
Riser,  1981).  Vernberg  and  Coull  (1981)  reported  proseriates  swarming  around  and
rapidly  consuming  recently  killed  copepods,  and  suggested  that  these  flatworms  had
chemotactic  abilities.  Perhaps  the  proseriates  as  a  group  are  able  to  biochemically
detect  the  presence  of  wounded  animals,  by  diffusing  body  fluids,  and  follow  the
gradient  in  these  fluids  to  their  source.  Also  relying  on  baited  trap  evidence,  Gerlach
(1977)  suggested  that  nematodes  could  do  this.  If  Archiloa  is  at  least  partially  a  scavenger
as  much  as  a  true  predator,  this  would  make  available  to  it  a  food  resource  which
Neochildia  does  not  appear  to  utilize.

Clearly  the  temporary  meiofauna  are  potentially  an  important  component  of  both
these  turbellarian's  diets,  however  the  temporary  meiofauna  are  not  always  abundant.
During  the  times  of  the  year  when  young  macrofauna  are  not  settling  in  high  densities.



412  M.  C.  WATZIN

perhaps  food  does  become  limiting.  The  seasonal  influx  of  large  numbers  of  juvenile
polychaetes  may  allow  turbellarian  densities  to  increase  to  a  level  not  otherwise  possible,
and  may  give  some  of  the  other  permanent  meiofauna,  such  as  the  copepods,  some
relief  from  intense  predation,  and  the  opportunity  for  population  density  increase
as well.

Behavioral  observations

Neither  observational  method,  from  above  or  below,  proved  to  be  superior  to  the
other.  In  both  cases,  if  sediment  is  present  in  the  dish,  as  it  must  be  for  observations
to  even  approach  natural  conditions,  animals  are  lost  from  view  as  soon  as  they  move
under  or  over  a  single  layer  of  sand  grains.  This  is  the  major  stumbling  block  to  good
observations  of  meiofauna  behavior.  Even  when  the  animals  are  visible,  they  will  only
be  doing  something  of  interest  to  the  observer  (like  encountering  each  other)  in  a
fraction  of  that  time.  I  chose  to  do  more  observations  from  above  because  the  dissecting
microscope,  with  its  zoom  lens,  made  it  possible  to  follow  an  animal  longer  when  it
did  appear  (by  zooming  down  to  lower  power  if  it  was  moving  out  of  the  field  of  view
too  quickly),  or  to  see  something  in  more  detail  as  it  was  happening  (by  zooming  up
to  a  higher  power).  Switching  lenses  on  the  inverted  scope  to  do  this  often  resulted  in
losing  the  animal  or  missing  the  action.  Thus  perhaps  the  most  important  criterion
is  not  viewing  angle,  but  the  lens  capabilities  of  the  microscope.

Because  time  was  taken  to  observe  these  animals  in  the  sediments,  most  behaviors
observed  probably  do  approach  natural  responses.  Mobile  taxa  moved  around,  tube-
dwellers  did  build  tubes.  The  angle  of  the  tubes  was  probably  more  horizontal  than  it
would  have  been  in  the  field  and  appeared  in  the  undisturbed  cores,  and  it  is  possible
there  is  some  artifact  associated  with  this.  Juvenile  terebellids  did  not  construct  well
defined  tubes  or  burrows,  but  only  covered  themselves  with  a  few  sediment  grains  and
detritus  particles  and  laid  on  the  surface  of  the  sediments.  This  may  be  normal  behavior
for  juvenile  terebellids.  Hunt  (1981)  speculated  that  juvenile  terebellids  may  be  rela-
tively  immobile  as  soon  as  they  settle,  but  did  not  know  whether  they  constructed
burrows  immediately.  A  juvenile  terebellid  has  only  a  few  tentacles  and  very  incomplete
segmentation.  The  whiplash/thrashing  response  is  a  good  indication  that  the  muscu-
lature  is  already  fairly  well  developed,  but  most  polychaetes  rely  on  complete  inter-
segmental  walls  and  a  complete  coelom  to  burrow  efficiently  (Trueman  and  Ansell,
1969).  Juveniles  may  not  yet  be  capable  of  effective  burrowing.  The  whiplash  response
may  be  a  uniquely  juvenile  response,  which  effectively  protects  them  from  small  pred-
ators  like  turbellarians,  until  they  are  able  to  burrow  into  the  sediments,  and  can
respond  by  withdrawal,  or  they  are  simply  too  big  to  be  eaten  by  these  predators.

Many  side  encounters  ofNeochildia  and  Archiloa  occurred  with  Streblospio  (Tables
IV,  V).  In  dishes  of  sediment,  Streblospio  builds  a  tube  which  may  be  shorter  than  it
is  in  nature.  When  Streblospio  is  withdrawn  in  its  tube,  often  its  posterior  end  would
be  out  of  the  end  of  the  tube,  and  attack  would  occur  on  this  portion  of  the  animal.
Of  course  Streblospio  had  no  tube  when  dishes  of  animals  were  first  established,  and
during  this  time,  animals  encountered  on  the  side  were  very  frequently  attacked  and
eaten.  Extrapolating  to  nature  then,  Streblospio  is  probably  most  vulnerable  right  after
settlement,  but  before  it  has  constructed  a  complete  tube.  Once  the  tube  is  made,  the
animal  is  afforded  some  protection,  but  is  still  vulnerable  to  (less  frequent)  head  on
attack  when  extended  out  of  the  tube,  or  attack  from  behind  when  the  animal  is  down
in  the  base  of  its  tube.  Since  it  is  nearly  impossible  to  observe  animals  in  the  base  of
their  tubes  in  the  natural  bottom  (or  in  undisturbed  cores),  I  do  not  know  how  common
the  latter  may  be.  Certainly  as  the  animal  grows  larger,  and  its  tube  extends  below  the
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redox  layer  where  these  turbellarians  are  not  found,  attack  from  behind  would  not
occur.  Also  the  natural  sediments  tend  to  be  more  consolidated  than  sediments  in  a
Petri  dish,  and  penetration  of  the  spionid  beyond  the  end  of  the  tube  is  probably  more
difficult  and  less  common.

All  the  animals  observed  responded  much  more  abruptly  to  head  on  encounters
than  to  side  on  encounters  (Tables  IV-VII).  For  the  predators  (Neochildia  and  Ar-
chiloa),  the  overwhelming  majority  of  attacks  on  prey  came  from  the  side  rather  than
from  the  front.  Most  of  the  sensory  apparatus  is  located  on  the  anterior  of  these
animals.  Perhaps  the  response  of  the  prey  is  important  in  the  decision  to  attack.  In
head  on  encounter,  the  potential  prey  has  also  just  sensed  the  presence  of  the  predator,
and  is  in  equally  good  position  to  react  in  a  way  which  might  injure  the  predator.  In
side  encounter,  the  prey  may  not  be  "aware"  of  what  has  just  touched  its  side  (predator
or  benign  species),  or  even  that  something  has  encountered  it,  and  may  make  no
attempt  to  move  away.

The  temporary  meiofauna  can  be  divided  into  two  groups  based  on  their  responses
to  encounters  with  Neochildia  and  Archiloa.  The  first  group  responded  by  withdrawal
or  movement  away  from  the  turbellarians  (spionids,  capitellids,  orbiniids,  cirratulids,
maldanids,  oligochaetes),  whereas  the  second  group  either  did  not  respond  at  all,  or
continued  moving  forward,  forcing  the  turbellarian  out  of  its  way  (syllids,  nereids,
glycerids,  arabellids)  (Table  VIII).  The  first  group  consists  of  non-aggressive,  largely
deposit  feeding  taxa  (Fauchald  and  Jumars,  1979;  pers.  obs.).  Despite  the  ability  of
some  spionids  to  interact  aggressively  intrafamilially  (Levin,  198  1  ),  spionids  and  indeed
all  the  taxa  in  group  one  probably  have  little  defense  against  a  predator  except  moving
away.  The  taxa  in  group  two  are  all  themselves  predatory  (Fauchald  and  Jumars,  1  979)
and  aggressive.  They  could  defend  themselves  against,  and  even  prey  upon  these  tur-
bellarians,  although  I  never  witnessed  such  predation.

Avoidance  reactions,  particularly  the  movement  away  of  the  taxa  in  group  one
above,  and  the  unique  thrashing  movement  of  terebellid  juveniles  are,  of  course,  adap-
tive,  since  both  Neochildia  and  Archiloa  can  prey  on  these  animals.  However,  inde-
pendent  of  such  predation,  these  reactions  could  result  in  negative  correlations  between
densities  of  both  Neochildia  and  Archiloa  and  these  taxa  in  the  natural  environment.
Data  from  other  field  experiments  (Watzin,  1983),  show  that  experimental  increases
in  turbellarian  density  did  result  in  reduced  densities  of  some  of  these  groups.  Both
predation  and  behavioral  avoidance  probably  contributed  to  this  result.  A  survey  of
benthic  habitats  generally  shows  much  higher  densities  of  turbellarians  in  sands  than
in  muds  (Mclntyre,  1969).  The  opposite  trend  tends  to  hold  for  the  polychaetes,  espe-
cially  some  of  the  opportunistic  groups  such  as  spionids  and  capitellids  (Sanders,  1  958;
Commito,  1976).  While  it  may  be  argued  that  this  distribution  pattern  is,  in  part,  due
to  higher  organic  carbon  concentrations  in  muds  (more  food),  or  substrate  stability
requirements  of  polychaetes,  it  may  also  be  due,  in  part,  to  the  higher  densities  of
turbellarian  predators  in  sandy  habitats  which  may  be  discouraging  settlement  of  poly-
chaete  juveniles,  and  reducing  densities  of  those  that  do  settle  by  predation.

There  were  trends  in  the  responses  of  juvenile  macrofauna  to  encounter  with
copepods.  Streblospio,  capitellids,  oligochaetes,  and  Axiothella  all  responded  to  en-
counter  with  Enhydrosoma  by  moving  away.  Particularly  the  circling  response  of
Enhydrosoma  induced  these  animals  to  move  away.  This,  combined  with  my  obser-
vations  and  those  of  others  (Cullen,  1973;  Rhoads  et  al,  1977),  of  the  ability  of  copepods
to  disrupt  the  sediment  surface  which  may  make  it  difficult  for  these  animals  to  con-
struct  and  maintain  tubes  and  burrows,  suggests  a  negative  effect  of  copepods  on  these
taxa.  Again,  other  experiments  (Watzin,  1  983)  show  reduced  densities  of  some  of  these
groups  in  the  field  in  the  presence  of  high  densities  of  copepods  and  nematodes.
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Permanent  Meiofauna Temporary  Meiofauna

Horpacticoid Copepoda,
other

Syllidae,<8setigers

Nephtyidae

Nereidae, <7setigers
j^>>^*^

* Polydora sp.

Streblospio benedicti

Prionospio sp.

Mocrostomum beoufortensis

Turbellarian A

Convoluta sp. Neochildia fusca

Archiloa wilsoni

Clymenella torquata

Terebellidae

Enhydrosoma sp.

Nereidae, 8-12 setigers

Oligochaeta, < 1 mm

Scale - Imm

Amphipoda
Bivalvia,
shell broken

-,
Oligochaeta, > 1mm

FIGURE 1. A potential food web among the permanent and temporary meiofauna. All animals were
drawn to the same scale using a camera lucida.
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This  paper  represents  a  first  attempt  to  directly  observe  and  interpret  the  "black-
box"  of  meiofaunal  trophic  and  behavioral  relationships.  All  meiofauna  are  not  simply
"packagers"  of  microbial  biomass  (Coull  and  Bell,  1979),  but  occupy  several  trophic
levels  even  before  passage  to  epibenthic  predators  or  deposit  feeders  such  as  fish
(Bregnballe,  1961;  Feller  and  Kaczynski,  1975)  or  shrimp  (Bell  and  Coull,  1978).
Previous  attempts  have  been  made  at  constructing  benthic  food  webs  which  include
the  meiofauna,  but  they  have  focused  on  the  pathways  between  micro-organisms  and
meiofauna  (Fenchel,  1970;  Coull,  1973),  or  between  permanent  meiofauna  and  mac-
rofaunal  consumers  (Ankar,  1977;  Elmgren,  1978).  Based  upon  the  results  of  these
feeding  experiments,  I  have  constructed  a  hypothetical  food  web  among  the  permanent
and  temporary  meiofauna  (Fig.  1).

Turbellarians  prey  on  a  wide  variety  of  other  meiofaunal  taxa,  and  may  play  a
role  in  structuring  meiofaunal  and  macrofaunal  communities  independent  of  the
structure  imposed  on  these  communities  by  even  higher  trophic  levels.  Some  nematodes
are  also  probably  predaceous,  but  the  appropriate  feeding  experiments  and  observations
have  not  yet  been  done  to  determine  this.  Before  we  can  completely  understand  either
what  factors  and  interactions  control  meiofaunal  densities  and  diversities,  or  what
role  the  meiofauna  play  in  benthic  systems  as  a  whole,  the  complex  of  interactions
between  the  meiofauna  must  be  better  documented.

ACKNOWLEDGMENTS

This  work  was  supported  by  the  University  of  North  Carolina  at  Chapel  Hill,
Curriculum  in  Marine  Sciences,  the  Lerner-Gray  Fund  for  Marine  Research  of  the
American  Museum  of  Natural  History,  a  National  Science  Foundation  Doctoral  Dis-
sertation  Improvement  Grant  (OCE  8  106883),  and  National  Science  Foundation  Grant
OCE  7909323  to  C.  H.  Peterson.  I  thank  S.  R.  Fegley,  A.  B.  McCrary,  C.  H.  Peterson,
S.  R.  Reice,  G.  W.  Thayer,  and  especially  R.  M.  Rieger  for  suggesting  improvements
to  the  manuscript.  Val  and  Henry  Page  assisted  in  the  preparation  of  Figure  1  .

LITERATURE  CITED

ANKAR, S. 1977. The soft bottom ecosystem of the Northern Baltic Proper with special reference to the
macrofauna. Conlr. Asko. Lab. Univ. Stockholm 19: 1-62.

BELL, S. S., AND B. C COULL. 1978. Field evidence that shrimp predation regulates meiofauna. Oecologia
35: 141-148.

BILIO, M. 1967. Nahrungsbeziehungen der Turbellarien in Kustensalzweisen. Helgol. Wiss. Meeresunters.
15:602-621.

BREGNBALLE, F. 1961. Plaice and flounder as consumers of the microscopic bottom fauna. Meddr. Danm.
Fisk. -Og Havunders. N.S. 3: 133-182.

BOADEN, P. J. S. 1977. The behavior of Monocelis lineata (Miiller) (Turbellaria Proseriata) in a false otoplanid
zone. Acta Zoologica Fennica 154: 37-46.

BUSH, L. F. 1966. Distribution of sand fauna in beaches at Miami. Florida. Bull. Mar. Sci. 16: 58-75.
BUSH, L. F. 1975. Biology of Neochildia fusca n. gen., n. sp. from the northeastern coast of the United States

(Platyhelminthes: Turbellaria). Biol. Bull. 148: 35-48.
COMMITO, J. A. 1976. Predation, competition, life history strategies, and the regulation of estuarine soft-

bottom community structure, Ph.D. Dissertation, Duke University, Durham, NC. 201 pp.
COULL, B. C. 1973. Estuarine meiofauna: a review: trophic relationships and microbial interactions. Pp.

499-512 in Estuarine Microbial Ecology, L. H. Stevenson and R. R. Colwell, eds. University of
South Carolina Press, Columbia.

COULL, B. C., AND S. S. BELL. 1979. Perspectives of meiofaunal ecology. Pp. 189-216 in Ecological Processes
in Coastal and Marine Systems, R. J. Livingston, ed. Plenum Press, New York.

CULLEN, D. J. 1973. Bioturbation of superficial marine sediments by interstitial meiobenthos. Nature 242:
323-324.

DAYTON, P. K. 1979. Ecology: a science and a religion. Pp. 3-18 in Ecological Processes in Coastal and
Marine Systems, R. J. Livingston, ed. Plenum Press, New York.



416  M.  C.  WATZIN

ELMGREN, R. 1978. Structure and dynamics of Baltic benthos communities, with particular reference to
the relationship between macro- and meiofauna. Kieler Meeresfors. 4: 1-22.

FAUCHALD, K., AND P. A. JUMARS. 1979. The diet of worms: a study of polychaete feeding guilds. Oceanogr.
Mar. Biol. Ann. Rev. 17: 193-284.

FELLER, R. J., AND V. W. KACZYNSKJ. 1975. Size selective predation by juvenile chum salmon (Oncorhynckus
keta) on epibenthic prey in Puget Sound. J. Fish. Res. Board Can. 32: 1419-1429.

FENCHEL, T. 1970. Studies on the decomposition of organic detritus derived from the turtle grass Thalassia
testudinum. Limnol. Oceanogr. 15: 14-20.

GERLACH, S. A. 1 977. Attraction to decaying organisms as a possible cause for patchy distribution of nematodes
in a Bermuda beach. Ophelia 16: 151-165.

HUNT, J. H. 1981. The importance of adult-larval interaction in determining abundance patterns of soft-
sediment infauna. Masters Thesis, University of North Carolina at Chapel Hill, Chapel Hill, NC.
58pp.

HYMAN, L. H. 1951. The Invertebrates, Vol. 2. Platyhelminthes and Rhychocoela. The Acoelomate Bilateria.
McGraw-Hill, New York. 550 pp.

LEE, J. J., J. H. TIETJEN, C. MASTROPAOLO, AND H. RUBIN. Food quality and the heterogeneous spatial
distribution of meiofauna. Helgol. Wiss. Meeresunters. 30: 272-282.

LEVIN, L. A. 1981. Dispersion, feeding behavior and competition in two spionid polychaetes. J. Mar. Res.
39:99-117.

MclNTYRE, A. D. 1969. Ecology of marine meiobenthos. Biol. Rev. 44: 245-290.
MEIXNER, J. 1938. Turbellaria (Strudelwurmer). Tierwelt N. -u. Ostsee. IV b, 145 pp.
NEWELL, G. E. 1951. The life-history of Clymenella torquata (Leidy) (Polychaeta). Proc. Zool. Soc. Land.

121:561-586.
PAWLAK, R. 1969. Zur Systematik und Okologie (Lebenszyklen, populationsdynamik) der Turbellarien-

Gattung Paramalostomum. Helgol. Wiss. Meeresunters. 19: 417-454.
PETERSON, C. H. 1979. Predation, competitive exclusion, and diversity in the soft-sediment communities

of estuaries and lagoons. Pp. 233-264 in Ecological Processes in Coastal and Marine Systems,
R. J. Livingston, ed. Plenum Press, New York.

PITCHER, R. S. 1975. Factors influencing the movement of nematodes in soil. Pp. 39-407 in Nematode
Vectors of Plant Viruses. F. Lambert, C. E. Taylor and J. W. Seinhorst, eds. NATO Advanced
Study Institute Series A, Life Sciences, Vol. 2.

RHOADS, D. C., R. C. ALLER, AND M. B. GOLDHABER. 1977. The influence of colonizing benthos on
physical properties and chemical diagenesis of the estuarine seafloor. Pp. 113-138 in Ecology of
Marine Benthos. B. C. Coull, ed. University of South Carolina Press, Columbia.

RIEMANN, F., AND M. ScHRAGE. 1978. The mucus trap hypothesis on feeding of aquatic nematodes and
implications for biodegredation and sediment texture. Oecologia 34: 75-88.

RIEPER, M. 1978. Bacteria as food for marine harpacticoid copepods. Mar. Biol. 45: 337-345.
RIEPER, M. 1982. Feeding preferences of marine harpacticoid copepods for various species of bacteria. Mar.

Ecol. Prog. Ser. 7: 303-307.
RISER, N. W. 1981. New England Coelogynoporidae. Hydrobiologia 84: 139-145.
SANDERS, H. L. 1958. Benthic studies in Buzzards Bay. I. Animal-sediment relationships. Limnol. Oceanogr.

3: 245-258.
STIREWALT, M. A., W. A. KEPNER, AND F. F. FERGUSON. 1940. A new turbellarian worm (Alloeocoele)

from Beaufort, North Carolina, Archiloa wilsoni n. sp. J. Elisha Mitchell Sci. Soc. 56: 123-134.
STRAARUP, B. J. 1970. On the ecology of turbellarians in a sheltered brackish shallow-water bay. Ophelia

1: 185-216.
TIETJEN, J. H., AND J. H. LEE. 1977. Feeding behavior of marine nematodes. Pp. 21-36 in Ecology of

Marine Benthos, B. C. Coull, ed. University of South Carolina Press, Columbia.
TRUEMAN, E. R., AND A. D. ANSELL. 1969. The mechanisms of burrowing into soft substrata by marine

animals. Oceanogr. Mar. Biol. Ann. Rev. 1: 315-366.
VANDEN BERGHE, W., AND M. BERGMANS. 1981. Differential food preferences in three co-occurring species

of Tisbe (Copepoda, Harpacticoida). Mar. Ecol. Prog. Ser. 4: 213-219.
VERNBERG, W. B., AND B. C. COULL. 1981. Meiofauna. Pp. 147-177 in Functional Adaptations of Marine

Organisms, F. J. Vernberg and W. B. Vernberg, eds. Academic Press, New York.
WATZIN, M. C. 1983. The effects of meiofauna on settling macrofauna: meiofauna may structure macrofaunal

communities. Oecologia 59: 163-166.



Watzin, Mary C. 1985. "INTERACTIONS AMONG TEMPORARY AND
PERMANENT MEIOFAUNA: OBSERVATIONS ON THE FEEDING AND BEHAVIOR
OF SELECTED TAXA." The Biological bulletin 169, 397–416. 
https://doi.org/10.2307/1541491.

View This Item Online: https://www.biodiversitylibrary.org/item/17239
DOI: https://doi.org/10.2307/1541491
Permalink: https://www.biodiversitylibrary.org/partpdf/24823

Holding Institution 
MBLWHOI Library

Sponsored by 
MBLWHOI Library

Copyright & Reuse 
Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: University of Chicago
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 25 August 2023 at 14:10 UTC

https://doi.org/10.2307/1541491
https://www.biodiversitylibrary.org/item/17239
https://doi.org/10.2307/1541491
https://www.biodiversitylibrary.org/partpdf/24823
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

