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ABSTRACT: Many benthic species have been recorded to occur in the water column above the tidal 
fiats in K6nigshafen. They were either passively suspended from the sediment or performed active 
migrations. Concerning both number of species and organisms, active migrations were more 
important. The causes for these migrations range from (1) individual escape from a sudden threat 
such as predator attack, over (2) group evasion of local subpopulations to avoid environmental 
deterioration, to (3) habitat changing of entire populations. The temporal scales involved range from 
seconds to seasons, and the spatial scales from cm to kin. Such changes of distribution patterns have 
been demonstrated in juvenile molluscs and in meiofaunai copepods and plathelminths. Since 
migrations may interfere with many kinds of population studies in the field, new methods and 
concepts need to be developed to avoid and overcome pitfalls. As a precaution, the migration 
potential of benthic species should be taken into account in any field study including population 
parameters. 

INTRODUCTION 

Over the past decades, an  increasingly long list has been  made  of the benthic  species 
observed in the water column. The existence of daily or seasonal swimming activity is 
well established in various taxa such as Amphipoda (cf. Sainte-Marie & Brunel, 1985; 
Essink et al., 1989), Cumacea  (cf. Maquart-Moulin,  1991), and Isopoda (cf. Warman  et al., 
1991). Most of these species will readily demonstrate  their swimming capabilities w h e n  
kept in aquaria. However, species unab le  to swim actively have been  observed in  the 
water Column as well. They may have been  passively eroded from the sediment  by strong 
currents or wave action which is, of course, also a possible cause for the water  co lumn 
entry of species which are able to swim. Other species actively enter  the water  column to 
get transported passively with the currents. Examples of the latter group are floating mud  
snails (Newell, 1962) or byssus-drift  of bivalves (cf. Sigurdsson et al., 1976; Beukema & de 
Vlas, 1989). 

In benthic field research, the possibility of passive removal of specimens from the 
sediment  needs to be taken  into account whenever  current velocity or wave height  
exceed the long-term average, particularly during gales. Disregarding the potential  of 
many :species to perform active migrations (i.e. swimming, floating, byssus-drift) may 
introduce severe bias into many  benthic studies whenever  these migrations are quant i ta-  
tively important. The distributional pat tern of migrat ing species observed in  the field has 
to be regarded as a snap-shot  which may have strongly changed by the next  day. On the 
other hand, periodical sampling may reveal essentially the same distributional patterns,  
which is usually interpreted as a sign of stability in space and time, but  in fact may be the 
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resul t  of in termit tent  changes  (cf. Armonies ,  1990). In field exper iments  u s i n g  cages  for 
p reda tor  inclusion, a lack of s ignif icant  dec rease  in 'prey '  a b u n d a n c e  in t he  enclosures  
w h e n  compared  to appropr ia te  controls would  certainly be  in te rpre ted  as 'no  p reda t ion /  
dis turbance-effect ' .  However ,  this in te rpre ta t ion  is only true if the  p rey  is r ea l ly  seden ta ry  
and  therefore unab le  to leave or en ter  the  cage.  Otherwise,  p r eda t i on /d i s t u rbance  effects 
may  have  b e e n  compensa ted  for by  immigra t ion  of p rey  specimens.  If a p reda tor  
dec imates  its prey,  immigra t ion  of p rey  into the  cages  might  resul t  in an  unde re s t ima t ion  
of the p reda tor  effect. 

Because  of the  effects such dis t r ibut ional  changes  may  exer t  on f ie ld  studies,  the  
critical quest ion is whe the r  migra t ions  of ben th ic  species  are quant i ta t ive ly  important .  In 
the  case of pass ive  erosion, a correlat ion is expec ted  b e t w e e n  the n u m b e r  of e roded  
spec imens  on the one hand  and  current  veloci ty and wave  he ight  on the  other. The 
number  of t ranspor ted  organisms will be  negl ig ib le  b e y o n d  a threshold  v a l u e  of current  
veloci ty n e e d e d  for sed iment  erosion. As current  velocity increases  above  this  threshold  
the  number  of e roded  spec imens  will app roach  the densi ty  of the ent i re  popula t ion  
according to the species-specif ic  and  age-  (size-)specific suscept ib i l i ty  to erosion.  

Active migrat ions  do not  necessar i ly  d e p e n d  on current  velocity but  m a y  be  influ- 
enced  by a var ie ty  of physical  and  biotic factors. The  effects of some of those  factors have  
b e e n  s tudied  in meio-  and  macrofauna l  popula t ions  of the K6nigshafen ~vvadden area. 
This pape r  gives an  overview of these  s tudies  to shed  some l ight  on the m o d e ,  quant i ta-  
t ive impor tance ,  and  potent ia l  causes  of act ive migrat ions  of ben th ic  spec i e s  in the  
W a d d e n  Sea. It tu rned  out that  the relat ive pauc i ty  of observat ions  of be n th i c  organisms 
in the water  column did not or iginate  from a pauci ty  of migratory species.  Ins tead ,  it may  
be  due to the fact that  most benth ic  biologists  prefer  low t ide to high tide, a n d  dayl igh t  to 
the  dark  of the  night,  when  going out for sampling.  

STUDY AREA 

The K6nigshafen is a w a d d e n  a rea  pos i t ioned  at the nor thern  end  of t h e  Is land of Sy!t 
in the North Sea. It is a she l te red  bay  formed by  a curving chain  of sand  d u n e s  which are 
r ep laced  by  a dike in the southern part.  An artificial is land "Uth6rn" s e p a r a t e s  the  bay  
into a nor thern and  a southern part.  Most  of the  s tudies  on drift ing ben thos  were  done in 
the  southern part ,  compris ing 0.75 k m  2 of most ly sandy  t idal  fiats. M u d d y  s e d i m e n t  only 
occurs in a small  semi-enc losed  bay  b e t w e e n  the d ike  and a sandy  ba r  in the southern-  
most  part.  Tides are semi-diurnal  with an ave rage  ampl i tude  of 1.8 m. A more  de ta i led  
descr ipt ion of the area  is g iven in Reise (1985). 

METHODS USED FOR THE STUDY OF DRIFTING BENTHOS IN K(~NIGSHAFEN 

F i e l d  m e t h o d s  

For point  es t imates  of a b u n d a n c e  of ben th ic  species  in  the wa te r  column,  three  
methods  were  used:  (1) Scooping of a def ined  volume of wate r  from the wa te r  surface 
wi th  a bucke t  was  sufficient to demons t ra te  d iurna l  differences of me io fauna l  a b u n d a n c e  
in the wa[er  column (Fig. 1A; Armonies ,  1989c). {2) A column of wa te r  w a s  col lected by  
lower ing  a plast ic  p ipe  from the wa te r  surface down to the  sed iment  sur face  {Fig. 1B; 
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Armonies, 1989c). As an alternative, the same kind of pipe was enclosed in a box, either 
t ransparent  or black, to estimate the n u m b e r  of meiofaunal  organisms en te r ing  the water 
column within 3 minutes  in daylight or strongly d immed light, respect ively (Fig. 1C; 
Armonies, 1989a). (3) A p lankton  net  moun ted  on a sledge (Fig. 1D) was used  to integrate  
abundance  over spatial scales of 10 to 25 m (Armonies, 1989c). 

The volumes of water filtered or collected with the above gear were appropriate for 
meiofauna, but  too small for most of the macrofaunal  drifters. Therefore, p lankton nets  
were anchored at fixed sampling stations, and at a fixed distance above the sediment,  to 
integrate drifting macrobenthos over a longer  period, usually a tidal cycle. Because wind  
exerts a strong influence on the direction of the currents in the shallow waters of 
K6nigshafen, all nets were constructed in a m a n n e r  guaran tee ing  free rotation around 
the vertical axis and, thus, self-adjustment  of the nets into the currents. Two designs were 
used, either equipped with double nets  or with a single net  (Fig. 1E-G). The double net  
type (Fig. 1G) was used for s imultaneous comparisons of the filtering efficiency, for the 
various taxa, of long (1 m) versus short (0.5 m) nets, narrow (0.5 mm) versus wide (1 mm) 
meshes, and  to test the effects of inner  cones and  terminal  collecting devices (Armonies, 
1992). A short net  (0.5 m long, diameter  of opening  0.2 m) with 0.5-mm mesh,  formed like 
a bag, turned out to be most efficient in collecting drifting molluscs (i.e. bad  swimmers). 
Inner  cones proved useful for the better  swimmers like ampliipods and cumaceans ,  and  a 
terminal  collecting device improved ma in tenance  of the more delicate forms like small 
polychaetes (Armonies, 1992). After these comparisons, the one-net  modification was 
used to collect drifting molluscs (Armonies & Hartke, 1994; Armonies, 1994). For stratified 
water column sampling, several nets may be mounted  above each other in the two-net  
design, or several i ndependen t  one-ne t  gears are placed besides each other. An alterna- 
tive is to lower a p lankton net  into the water column for a defined period down to a 
defined distance above the sediment  (Fig. 1H). This was done from a tower placed on the 
tidal fiats. Unlike the other tools for macrobenthic  drifters, submerging  nets  from a tower 
enables studies on temporal  scales shorter than a tidal cycle. 

All the methods listed above est imate the al~undance of benthic organisms drifting in 
the water column, i.e. the n u m b e r  of drifters passing a site. This is not necessari ly 
indicative of the n u m b e r  of drifters l and ing  at a site. Therefore, sediment  traps have b e e n  
used to estimate the n u m b e r  of drifters re turn ing  to the sediment  (Fig. lI; Armonies & 
Hartke, 1994; Armonies, 1994). Compar ing  the number  of organisms caught  per m 2 of 
trap opening  with abundance  in the ambien t  sediment  yields estimates of the rates of 
turnover of the specimens in the sediment.  

In order to distinguish be tween  specimens which were passively eroded from the 
sediment  and  those which performed active migrations, time series measuremen t s  were 
the s tandard mode for macrobenthic  studies. Abundance  of passively eroded specimens 
in the water column was expected and  observed (see below) to increase with increasing 
current velocity. An estimate of the actual current  velocity was derived from a hydro- 
graphic model  of the K6nigshafen area (Backhaus & Hartke, University of Hamburg)  fed 
with measurements  of wind speed obta ined  from the Meteorological Station in List. For 
active migrators there was a reversed relationship be tween  current velocity and  abun-  
dance  in  the water column (see below). Thus, active migrators became rarer in the water  
column as current velocity increased, while the species which were passively eroded 
from the sediment  became more a b u n d a n t  at the same time. 
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L a b o r a t o r y  m e t h o d s  

In labora tory  exper iments  the distinction be tw e e n  pass ive  d i sp lacement  and  active 
migrat ions is no problem,  since currents,  wave  action, and  faunal  sed iment  d is turbers  can 
he exc luded  (unless specificaUy tested). However ,  laboratory  exper iments  are  a lways  in 
dange r  of p roduc ing  mere  artifacts, above  all because  of the restr ic ted spat ia l  d imen-  
sions. This may  par t icular ly  be  the case in exper iments  on migrat ions  be c a use  space  is 
one of the s tudied  parameters .  Therefore,  labora tory  exper iments  have only b e e n  m a d e  
with meiofaunal  organisms.  As an example ,  for a l - r am harpact icoid  a Petri dish 8 cm in 
d iamete r  (i.e. 80 t imes the body  length) may  be  equiva lent  to a sports field for a h u m a n  
being,  l imited but  not very narrow. 

Sed iment  cores collected in the field and conta ining the spec imens  to be  tes ted  were  
submerged  into aquaria .  The size of indiv idual  sed iment  samples  var ied  b e t w e e n  2 and 
100 cm 2 surface area  and the size of the aquar ia  r anged  b e t w e e n  0.5 and 50 dm 3. The 
factors tes ted  in these  exper iments  inc luded  the specific composit ion of swimmers,  
pe rcen tage  emigra t ion  from the sed iment  cores into the wa te r  column dur ing  a t idal  
cycle, the dis tance meiofauna  swims above  the sed iment  (Armonies, 1988a), inf luence of 
hydrograph ic  factors (Armonies, 1988b), and  inf luence of physical  factors such as light, 
tempera ture ,  oxygen,  and  salinity (Armonies, 1988c). The exper imenta l  se tup differed 
among  these  exper iments  and  the de ta i led  descr ipt ions  will, for conciseness,  not  be  
r e p e a t e d  here.  

LABORATORY STUDIES ON MEIOFAUNAL MIGRATIONS 

Exper imenta l  submergence  of na tura l  sed iment  (containing the spec imens  to be  
tested) within glass jars into aquar ia  r evea led  that  Copepoda ,  Ostracoda,  Plathelminthes ,  
Polychaeta,  and  juveni le  Bivalvia all act ively left the glass jars in the absence  of currents.  
This migratory activity was mainly  res t r ic ted to the  dark  (s imulated night). Al though  most 
of the meiofaunal  a s semblage  were  Nematoda ,  not  a s ingle spec imen  was found moving 
act ively out of jars (Armonies, 1988a). While  ostracods and bivalves  left the jars by 
cl imbing up the glass walls, harpact icoids  and  pla thelminths  mostly swam free in the  
wate r  column (Fig. 2; Armonies,  1988a, b). Most  of the migratory activity occurred within 
the first hour of the exper iment  in the active swimmers  (Copepoda  and Plathelminthes) ,  
while  most of the ostracods cl i inbed up the glass walls  during the second  hour (Armonies,  
1988a). Because of this short t ime scale the migrat ions are unl ikely  to be  a mere  
labora tory  artifact, e.g. from r educed  oxygen  concentrat ions in the absence  of currents.  
Treat ing meiofauna  as a whole, these  results  show that  the taxonomic composi t ion will 
s trongly affect migratory activity. 

Flume exper iments  r evea led  also differences be tween  taxa. Migra tory  activity 
showed no clear d e p e n d e n c e  on current  speed  (in the range  0 to 10 cm s -1) in Ostracoda.  
The numbers  of Nema toda  in the wate r  co lumn corre la ted  posi t ively with current  
velocity, showing a very low a b u n d a n c e  in w e a k  flow (1 cm s -1 or less) and  a s teep  
increase  as flow increased  above  3 cm s -1 and  e roded  the first par t ic les  from the sed iment  
surface (Armonies, 1988b). This correlat ion was  expec ted  in the case  of passive resuspen-  
sion of organisms from the sed iment  surface. The reverse  was  true for C o p e p o d a  and  
Plathelminthes.  Both were  most a b u n d a n t  in the  wa te r  column under  low flow condit ions 
(~ 1 cm s -1) and  showed a strong decrease  of abundance  in the  water  column as flow 
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increased above 3 cm s -1. A current  velocity of 30 cm s -~ caused severe erosion of the 
tested sediment  and  resuspension of all the meiofauna (Fig. 3). In the absence  of flow, 
hydrostatic pressure did not affect the rates of emergence  (Armonies, 1988b). From these 
results it seems that Copepoda and Plathelminthes use periods of weak  flow for their 
migrations into the water column. As flow increases, active migrations ceased unti l  the 
currents become strong enough  for sediment  erosion. Then, all benthic  taxa appear  in the 
water column. This non- l inear  response of the a bunda nc e  of benthos  in the water  column 
to current velocity enables  a statistical distinction be tween  active migrat ions and  passive 
erosion of specimens in the field. 

Direct observations of the swimming behaviour  of harpacticoids and  pla thelminths  in 
aquaria  revealed species-specific differences in the time spent  in the water  column and  
the achieved distance above the sediment.  The distributions of both parameters  were 
bimodal, i.e. they showed one peak  at a period of a few seconds and  a he ight  above the 
sediment  of a few cm, and a second peak at a period of a few minutes  a nd  a height  of 
more than 10 cm, respectively. From this it seems there are at least two types of 
swimming events. The first covers excursions of less than 30 s to less than  4 cm height 
above the sediment.  The second includes excursions of 1 rain to 1 h covering the entire 
water column offered in these experiments  (i.e. 25 cm). The horizontal d is tance covered 
by both types of swimming events  showed a un imodal  distribution which is thought  to be 
an artifact of the exper imental  no-flow conditions (Armonies, 1988b). However,  it is 
currently not clear whether  the distinction of these two types of swimming  events  is an 
artifact of the restricted n u m b e r  of species tested in these experiments.  

Besides current  velocity, physical factors like light, temperature,  oxygen,  and  salinity 
affect the migratory behaviour  of meiofauna (Fig. 4; Armonies, 1988c). The effects of ]ight 
and  temperature  were similar in all taxa studied. The n u m b e r  of spec imens  leaving 
experimental ly submerged  sediment  was highest  in the dark and  decreased with increas- 
ing light intensi ty (in the range  0 to 1000 btmol m -2 s - i )  and  there was  a positive 
correlation be tween  ambient  temperature  and migratory activity in the r ange  5 to 25 ~ 
When  oxygen was experimental ly changed by ~torage of the sediment  samples  in the 
dark or with light, respectively, the number  of copepods leaving these samples  during 
subsequent  submersion into aquaria  did not differ be tween  treatments.  However ,  signifi- 
cantly more Plathelminthes left the sediment  previously stored in the dark (oxygen 
saturation < 50 %) than the samples stored in light {oxygen saturation > 100 %). On the 
species level, some species of plathetminths left the sediment  irrespective of the previous 
treatment,  while others only left the sediment  when  oxygen concentra t ion had  deterior- 
ated (Armonies, 1988c). 

When specimens were given the chance to emigrate into water  of different salinity, 
copepods and ostracods showed equally high activity in the range  of salinities natural ly  
occurring in the field (i.e. 25 to 35 psu) but  a significantly reduced activity outside this 
range  (Armonies, 1988c). In plathelminths there was an inverse relat ionship be tween  
migratory activity and  salinity of the overlying water. That is, the  majori ty of plathel- 
minths contained in the tested sediment  seem to be attracted by brackish water  (also see 
Armonies, 1986, 1988d). This was also evident  in a reciprocal exper iment  where  the 
interstitial salinity was manipula ted  and emigration into ambient  seawater  was  measured  
(Armonies, 1988c). In these experiments,  plathelminths tended  to leave sed imen t  where  
salinities were higher than 30 and  to stay within a lower salinity sediment .  In copepods, 
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e m e r g e n c e  was strongest  at salinity levels be tw een  25 and 45 and aec reased  towards 

ei ther side of the range  of sahnities tested {5 to 59 psu.) 
The species composit ion of copepods is ra ther  narrow in the tidal flats of K6nigs- 

hafen, with a strong dominance  of a few, mostly epibenthic,  species (i.e. the harpacticoids 

Harpacticus flexus and Tachidius discipes and the cyclopoid Cyclopina rotundipes in 
summer  and the harpacticoid Amphiascoides debilis in spring). Therefore,  the reactions 

to physical  factors will have  been  largely de te rmined  by these dominants.  Plathelmin- 

thes, on the other hand, are rich in species both on the tidal flats of K6nigshafen (some 
250 species, Reise, 1988) and among  the active swimmers.  Therefore,  plathelminths were  

used to look for correlations be tween  swimming activity and preferred food, morphology,  
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and  their distributional patterns in  the sediment  (Armonies, 1989b). It t u r n e d  out that 
swimming  activity in plathelminths was strongest among  the species  feeding on 
copepods or diatoms and  lowest among those feeding on nematodes  or bacter ia .  During 
low tide, swimmers mostly resided close to the sediment  surface while the subsurface 
dwellers were all non-swimmers.  Finally, body pigmenta t ion  and p i g m e n t e d  eye-spots 
were more common among swimmers than  among species behav ing  l ike  ' sedentary '  
species. In summary, the assemblage of plathelminths  on the tidal flats of K6nigshafen 
may be divided into 'truly benthic '  species (which have hitherto not b e e n  found swim- 
ming  in the water column), facultative swimmers (which can be exper imenta l ly  stimu- 
lated to swim, e.g. by decreasing oxygen or increasing salinity), and obhgatory  swimmers 
which seem to enter  the water column whenever  possible. However, there  are no clear- 
cut boundar ies  be tween  these groups. They just seem to be stages in a cont inuous  range 
of l ife styles from benthic  to exclusively planktonic  (Armonies, 1989b). Possibly, the 
situation is similar in copepods. 

FIELD STUDIES ON MEIOFAUNAL DRIFT 

Laboratory experiments predicted higher  meiofaunal  swimming activity during 
night  than day and  in slow moving seawater  than in strong currents (Figs 2, 3). Field 
measurements  confirmed these predictions (Armonies, 1989c). As in the laboratory, 
copepods were the most a b u n d a n t  taxon among  the meiobenthic  swimmers  in the field 
(species list for copepods in Armonies, 1989c; for plathelminths  in Armonies,  1989b). Two 
factors contr ibuted to the numerica l  dominance  of copepods among the benth ic  organ- 
isms in the water column: (1) a high frequency of migrations per  individual ,  and  (2) a high 
a b u n d a n c e  of copepods within the s tudied area. As a consequence  of meiofaunal  
swimming,  both abundance  and biomass of mesozooplankton may be  twice as high 
dur ing  night  than dur ing daylight  in the shallow waters of K6nigshafen (Armonies, 
1989c). However, some meiofaunal  swimmers were also observed dur ing  daylight. 
Exper imental  shading of the sediment  increased a bunda nc e  of swimming  copepods 
significantly within three minutes  (Armonies, 1989a). Shading by dense  patches of 
phytoplankton and by seafoam (formed by wave action from the remainders  of colonial 
Phaeocystis globosa) was found to exert a similar effect with a comparable  increase in 
meiofaunal  swimmers (Armonies, 1989a). 

Meiofauna enter ing the water  co lumn at night will either encoun te r  ebbing  or 
flowing waters causing a seaward or l andward  transport of the specimens  while drifting 
m the water  column. Imagine a t ransect  of three sites from low tide levels to high tide 
level (Fig. 5). Specimens enter ing the water column at the most seaward site during a 
flood tide will be transported in a l andward  direction where  they enter  the sediment  as 
the sun rises. This will increase a b u n d a n c e  in the sediment  at the l andward  sites and 
decrease abundance  at the seaward site (unless the losses at low tide level  are compen-  
sated for by immigrat ion from the subtidal  area). About one week  later, night t ime will 
co indde  with ebb ing  tides. Specimens now enter ing the water  column will be  trans- 
ported in a seaward direction, decreasing a bunda nc e  in the sed iment  of the upper  
intertidal zone and increasing a b u n d a n c e  in the lower intert idal  zone. Thus, as a 
consequence  of the preference for migra t ing in the dark, local changes of a b u n d a n c e  in 
the sediment  are expected with a t endency  towards an increase dur ing  one  week  and  a 
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Fig. 5. Transport of nocturnally migrat ing organisms with the tida! currents. When  darkness  
coincides with flooding waters the entire populat ion is shifted in a landward direction (E). This 
causes an increase in abundance  in the sediment  at the landward sites and a decrease at the 
seaward limit of the population (A, C). In areas in between,  abundance  may appear  u n c h a n g e d  
because immigration compensates for emigration of specimens (B). A few days later, darkness  will 
coincide with ebbing waters  and the entire process is reversed (D). Thus, abundance  in the sediment  
shows weekly alternations of positive and  negat ive deviations (A, C) from the seasonal t rend (B), at 
least at the landward and seaward limits of distribution. However, unusual  changes  in direction of 

the tidal currents may result in aperiodic imports or exports of specimens 

d e c r e a s e  d u r i n g  t h e  n e x t  w e e k  (Fig. 5). Th i s  r e g u l a r  p a t t e r n  is p a r t i c u l a r l y  e x p e c t e d  in  

r a t h e r  w i d e l y  d i s t r i b u t e d  s pec i e s  a n d  in  a r e a s  w h e r e  t he  d i r e c t i o n s  of t h e  e b b i n g  a n d  

f l ood ing  w a t e r s  a r e  d i a m e t r i c a l l y  o p p o s e d .  H o w e v e r ,  no  c h a n g e s  of a b u n d a n c e  i n  t h e  

s e d i m e n t  m a y  b e  o b s e r v e d  in  t h e  m i d - i n t e r t i d a l  z o n e  b e c a u s e  l a n d w a r d  t r a n s p o r t  m a y  b e  

c o m p e n s a t e d  for b y  i m m i g r a t i o n  f rom s e a w a r d  s i tes  a n d  v ice  ve r sa .  In th i s  case ,  t h e  
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appa ren t  constancy of abundance  is a resul t  of an equa l  ba l ance  b e t w e e n  emigra t ion  and  
immigrat ion.  

Week ly  sed iment  sampl ing  i ndeed  showed  the exis tence of such shor t - te rm tempora l  
changes  of a b u n d a n c e  in the  taxa copepoda  and  p la the lminths  (Fig. 5; Armonies ,  1990). 
However ,  r egu la r  pa t te rns  of ups  and  downs of a b u n d a n c e  in the  s ed imen t  were  only 
observed  in species  which  occur all  over the s tudied  a rea  in similar a bunda nc e .  In this 
case, w ind- induced  changes  in the direct ion of the t idal  currents  m a y  not  show up in the  
tempora l  series of local abundance  (Fig. 5). Locally res t r ic ted popula t ions ,  on the  other  
hand,  may  b e  comple te ly  carr ied out  of the  s tudied  a rea  or may  temporar i ly  show up. In 
this case, a b u n d a n c e  in the sed iment  will s t rongly d e p e n d  on the ac tual  d i rect ion of the  
t idal  currents  which changes  with wind  direct ion and  speed.  As a result,  the  changes  of 
a b u n d a n c e  in the sed iment  are  not  p red ic tab le  in these  species  in KSnigshafen.  There-  
fore, a re l iable  es t imate  of ave rage  a b u n d a n c e  in the sed iment  will  only b e  ob ta ined  b y  
sufficiently r e p e a t e d  or la rge-sca le  spat ia l  sampl ing  in taxa  conta ining e m e r g e n t  spec ies  
(Armonies, 1990). 

FIELD STUDIES ON MACROFAUNAL DRIFT 

S p e c i e s  c o m p o s i t i o n  a n d  m o d e  of w a t e r - c o l u m n  e n t r y  

Juveni le  molluscs are the most  a b u n d a n t  benth ic  pos t la rvae  in the  t idal  waters  of 
K6nigshafen in summer.  Therefore,  the  des ign  of the p lank ton  nets  was  opt imized  
towards  a most  efficient collection of these  specimens.  Never theless ,  m a n y  other  ben th ic  
taxa were  also obse rved  (Table 1), ind ica t ing  that  migrat ions  are not  conf ined to molluscs. 
However ,  s ince only a hmi ted  number  of sites of most ly  s andy  sed imen t  has  b e e n  s tudied,  
the list is ne i ther  complete  nor represen ta t ive  of the ent i re  area.  O n  the basis  of 
observat ions  of the wea the r  condit ions dur ing  and p reced ing  the invest igat ions,  and  of 
the l ight conditions,  the most l ikely mode  of wate r  column en t rance  can  be  es t imated.  
This requires  two assumptions:  (1} that  a h igher  a b u n d a n c e  in the  wa te r  co lumn dur ing  
stormy wea the r  than during a calm sea is indica t ive  of pass ive  erosion of the spec imens  
from the sediment ,  and  (2) that  h igher  a b u n d a n c e  in the dark  than  in day l igh t  is 
indicat ive of active wate r -co lumn entrance,  p rov ided  w e a the r  condi t ions  were  similar. 
T h e s e  two assumpt ions  were  der ived  from the more a b u n d a n t  meio-  and  macroben th ic  
Species (see above  and  below}. However ,  there  are  a few exceptions,  e.g. a p re fe rence  for 
dayhght  in mud  snails Hydrobia ulvae. 

Crus taceans  en te r  the wa te r  co lumn mainly  by  active swimming,  a n d  bivalves  by  
byssus-drif t ing.  Both active swimming  and  pass ive  erosion occur in annehds .  Only in the  
lat ter  taxon are there  some a b u n d a n t  spec ies  in the  sed iment  that  have  not  ye t  shown up 
in the wate r  column, e.g. the po lychae tes  Heteromastus filiforrrds and  Capitella capitata. 
Apar t  from these  exceptions,  Table  1 r eads  l ike a list of the  abundan t  spec ies  at the  sites 
studied.  Thus, at least  the potent ia l  for migra t ion  is ra ther  gene ra l  in the  benthos  of 
Kbnigshafen.  

R h y t h m s  of m i g r a t o r y  a c t i v i t y  

Time series ana lyses  of a b u n d a n c e  in the  p lank ton  nets  anchored  at f ixed sites 
r evea led  rhythms of migra tory  act ivi ty on var ious  scales  in all of the  a b u n d a n t  posf larval  
molluscs in K6nigshafen.  A diurnal  rhy thm was  genera l ly  observed.  F loa t ing  m u d  snai ls  
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Table I, Macrobenthic driftfauna in KSnigshafen. Author's own observations during summer 
1990-1992 (mostly not previously published). Abundance (Ab.) categories: 0 single specimen; + 
several observations of single specimens; # several observations, high abundance; + + regular, low 
abundance; # #  regular, high abundance. 'Mode of water column entry' is a best estimate according 

to the currently available data 

Species Size range Mode of water Ab. Remarks 
(ram) column entry 

POLYCHAETA 
Phyllodoce mucosa 10-40 ? + + after gales 
Eteone longa 10-20 ?active # during cairn weather  
Nereis diversicolor 5-20 active # during calm weather  
Nephtys hombergii 40 0 
Scoloplos armiger 5-20 ?active # #  also algal rafting 
Lanice conchilega 15 0 
Pygospio elegans 10-12 ?active + 
Polydora figni 0 
Spio ffllcornis ?passive + 
Arenicola mar/na 1-10 active + juvenile migrations 

in spring and autumn 

OLIGOCHAETA 
Paranais litoralis 
Tubificoides benedeni 

GASTROPODA 
Hydrobia ulvae 
Littorina saxatilis 
Littorina mariae 

BIVALVIA 
Cerastoderma edule 
Macoma balttn'ca 
Ensis americanus 
h4ytilus edulis 
Venerupis puflastra 
Mya arenana 

ISOPODA 
Idotea baltica 

DECAPODA 
Crangon crangon 
Carcinus maenas (juveniles 
and megalopae) 

l~upagurus bernhardus 
(megalopae) 

AMPHIPODA 
Hyperia galba 

Apherusa bispinosa 
Atylus falca tus 
Atylus swammerdami 
Bathyporeia elegans 
Bathyporeia guflliamsoniana 
Ba thyporeia pelagica 
Ba thyporeia pflosa 

8-15 ?active # early summer only 
passive + during stormy weather  

0,5-5 floating # #  
3 0 
3 0 

0,5-4 byssus-drift 
0,5-4 byssus-drift 

1-18 byssus-drift 
1-2 byssus-drift 
1-2 byssus-drift 
1-2 byssus-drift 

active 
active 

active 

?active 
active 
active 
active 
ac~ve 
ac~ve 

# #  
# #  

# #  ?also other modes 
+ §  
+ +  
§  

+ ?algal rafting 

# #  
# #  

++  

++  

0 
+ 
++  
+ 
+ 
+ 
+ 
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Table 1 (Continued) 

Species Size range Mode of water Ab. Remarks 
(mm) column entry 

AMPHIPODA 
Bathyporeia sarsi active + 
Calh'opius lae~qusculus 0 
Chaetogammarus marinus active # #  
Corophium arenanum active + 
Corophium volutator 0 
Dyopedos monacanthus active + 
Gammarus salinus active # #  
Haustorius arenarius 0 
Microprotopus longimanus ?active + 
Microprotopus maculatus acitve # 
Mefita sp. 0 
Pontocrates altamarinus acitve + 

CUMACEA 
Bodotria arenosa 0 
Bodotria pulchella ?active + 
Bodotria scorpioides active + + 
Cumopsis goodsiri ?active + 
Diastflis bradyi ?active + 
Lamprops &sciata active + + 
Pseudocuma gilsoni ?active + 

Hydrobia ulvae were  more abundant  during dayhght  than in the dark whi le  the reverse  

was true for the abundant  bivalves (cockles Cerastoderma edule, clams M a c o m a  balthi- 

ca, and razor clams Ensis americanus). Seasonal  abundance  in the wa te r  column is 

mainly a function of abundance  in the sed iment  and individual  size. Migra tory  activity in 
summer  was confined to individuals smaller than 4 ram. Seasonal  a b u n d a n c e  of this size 

class in the sediment  limits the abundance  of migrators in the water  co lumn (Armonies, 

1992). In the bivalves there are addit ional  rhythms linked with lunar  phases.  A semi- 

lunar periodicity, with peak  abundances  during spring tides, occurs in C. edule and E. 
americanus (Armonies, 1992). Whereas  the above  rhythms were  i n d e p e n d e n t  of the 

intertidal position, M. balthica seems to be a special  case. A 10-day rhythm of swimming 

activity was observed  at a lower intert idal  site in 1991 (Armonies, 1992) and at a mid 

intertidal site of K6nigshafen in summer  1992. However ,  the period of the rhy thm tended  
to be longer at low tide level  and shorter in the upper  intertidal zone where  the ampli tude 

of the rhythms became  smaller  at the same t ime (Armonies, unpubl.). This may be a case 
of interference be tween  a rather  low ampli tude semi-lunar  rhythm and a diurnal  rhythm. 

The diurnal rhythm largely de te rmined  the combined effect in the upper  inter t idal  zone, 

whereas  the semi- lunar  periodicity increased  in importance further d o w n  the tidal 

gradient.  
The diurnal and semi-lunar  rhythms of migratory activity may be dis tor ted by the 

actual wind conditions. Wind exerts its inf luence in three ways, by c h a n g i n g  the direct ion 

of the tidal currents in the shal low waters  of the Wadden  Sea, by c h a n g i n g  the ave rage  

current velocities, and by creat ing waves.  A change  of the direction of the  tidal waters  
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introduces addi t ional  variabi l i ty  into the t ime series of migra tory  activity since the  wate r  
pass ing  the p lank ton  nets  may  have been  loaded  with drifters in a reas  with an  ambien t  
densi ty  of juveni les  h igher  or lower than overall  average.  More p ronounced  is the  effect 
of var ia t ions in current  velocity. As was the case in the meiofaunal  swimming  behav iour  
in flume exper iments  (see above), inc reased  current  veloci ty in the field corre la ted  
nega t ive ly  wi th  abundance  of molluscs in the wate r  column (Armonies, 1992). Addi t iona l  
s tudies indicate  also a changed  species-specif ic  ver t ical  distr ibution pa t t e rn  of drifters in 
the wa te r  column. As current  velocity increases,  the h ighes t  concentra t ion of drifters in 
the wate r  column is found closer to the sed iment  surface; this effect was s t ronges t  in mud  
snails and  clams (Armonies, unpubl.) .  Possibly the current  velocity at the wa te r  surface is 
too strong, then, to support  byssus-drif t ing,  while  the currents  closer to the  sed iment  
surface may  still be  favourable  for drifting. Wave  effects have hitherto not  b e e n  s tud ied  
because ,  due to the shel tered  posit ion of southern KSnigshafen,  waves  >-10 cm he igh t  
are not f requent  enough.  

Ef fec t s  of m i g r a t i o n s  

The change  in distr ibutional  pat terns  caused  by  migrat ions of juveni les  was s tud ied  
in two species,  mud  snails I-Iydrobia ulvae and  clams Macoma balthica. With r ega rd  to M. 
balthica, a b u n d a n c e  and growth were  s tudied at 6 sites a long a t ransect  b e t w e e n  low tide 
level  and  high t ide level  (Armonies & Hel lwig-Armonies ,  1992). While  spatfaU mainly  
occurred in the lower intert idal  zone, subsequen t  migrat ions  t u r n e d  the pa t t e rn  towards  
h igher  a b u n d a n c e  in the upper  inter t idal  within three  months.  Growth of the  spat  was 
faster in the uppe r  inter t idal  throughout  this period: Since the average  size of drift ing 
organisms in the water  column did not s ignif icantly change  seasonal ly  (Armonies,  1992), 
the faster growth of spat  in the uppe r  inter t idal  results  in a lower  rate of emigra t ion  from 
these  sites than from the lower intert idal  with slow indiv idual  growth. It is an open 
question, however ,  whe the r  this is the only mechan i sm causing the accumula t ion  of 
juveni les  in the uppe r  inter t idal  during summer.  

In southern Kbnigshafen,  be tween  the d ike  and a s eaward  sandy  bar, a semi- 
enclosed m u d d y  bay  of about  50 000 m 2 is p resen t  that  is dense ly  popu la t ed  with m u d  
snails throughout  the year.  Using a hydrograph ic  model  of the K6nigshafen area,  
Armonies  & Har tke  (1994) mode l led  the direct ions of the t idal  currents for various wind  
directions to predic t  the routes of dispersal  of juveni le  mud  snails out  of this semi- 
enclosed bay.  Float ing juveni les  indeed  accumula ted  in two pa tches  on the p red ic ted  
routes and temporar i ly  a t ta ined abundances  > 100 000 m -2. H o w e v e r ,  vir tual ly all the 
juveni les  left these  pa tches  again  in late summer  and re tu rned  to the adul t  popula t ions  
(Fig. 6). Thus, migrat ions did  not result  in a p e r m a n e n t  en l a rgemen t  of the  occupied  area  
but  may  have  re l eased  juveni les  from compet i t ion  with adul ts  and  may  have  e na b l e d  
genet ic  transfer  b e t w e e n  populat ions.  

T u r n o v e r  of j u v e n i l e  m o l l u s c s  in  t h e  s e d i m e n t  

Turnover  of juveni le  molluscs was s tudied  in KSnigshafen sed iments  dur ing  summer,  
1992 (Armonies, 1994; Armonies  & Hartke,  1994). Based  on week ly  intervals  (because of 
the short- term rhythms of migratory activity, see above),  turnover  t ime of individuals  
var ied  strongly with season and lunar  phases .  Be tween  June  and August ,  the ca lcula ted  
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Fig. 6. Seasonal dynamics of juvenile mud snails Hydrobia ulvae. A: Patches of juveniles (light 
shading) were found in late June, 1992, caused by floating juveniles arriving from a densely 
populated adult site (dark shading). B: During July the juvenile patches were maintained by equal 
emigration and immigration, with individuals staying at the same site for about 2 days on average. 
C: In August, emigration from the juvenile patches dominated over immigration until they were 

completely depopulated again in September. Arrows indicate transport while afloat 
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values  r a n g e d  b e t w e e n  18 days and 3 min (Armonies & Hartke,  1994; Armonies ,  1994). 
On average ,  juveni les  of Macoma balthica, Cerastoderma edule, and  Hydrobia ulvae 
s tayed  no longer  than  1 to 2 days at the same site in summer.  Turnover  t ime was  most ly  
shorter  in the lower than  in the uppe r  intertidal,  which  may  be  a consequence  of the  
shorter  per iod  of submergence  in the  u p p e r  intert idal .  

DISCUSSION AND CONCLUSIONS 

H o w  to d e a l  w i t h  d r i f t i n g  b e n t h o s  

The  high mobil i ty observed  in some benth ic  taxa leads  to methodologica l  difficulties 
for a lmost  any further s tudy on these  populat ions.  Mobil i ty  is too high to be  neg lec t ed  but  
often too low to app ly  s tandard  methods  for sampl ing  plankton.  Thus, a combina t ion  of 
methods  is needed .  This does not  mean,  however ,  that  a s imple addi t ion of ben th ic  and  
p lanktonic  methods  would  suffice. Apar t  from difficulties in apply ing  t radi t ional  p lank ton  
gears  in shallow waters,  the inherent  assumpt ions  in the logic of methods  will not  be  met.  
For example ,  in p lank ton  ecology there  is normal ly  no need  to assume that  d i sappea r -  
ance of nonlarval  spec imens  from the wa te r  column had  another  reason than mortali ty.  
Therefore,  new methods  need  to be  d e v e l o p e d  ref lect ing both the potent ia l  for shor t - term 
and smal l -sca le  spat ia l  variability. For the  s tudy of drift processes,  h igh  f r equency  
sampl ing  with repl icat ion in both the  sed iment  and  the wate r  column worked  qui te  wel l  
in the  above  studies on molluscs. But many  quest ions remain  unanswered ,  e.g. how m a n y  
migrat ions do individuals  perform per  night,  and  wha t  is the d is tance  covered? Fur ther  
work, par t icular ly  exper imental ,  is n e e d e d  to unde r s t and  the various steps involved in 
drift processes.  

The  effects of migrat ions  can be  s tud ied  by  r e p e a t e d  ma pp ing  of a sufficiently la rge  
area.  The bet ter  o ther  sources of spat ia l  and  tempora l  var iabi l i ty  can be  de t e rmine d  
independent ly ,  the longer  the intervals  b e t w e e n  m a p p i n g  events  m a y  become.  In this 
context,  a hydrograph ic  model  of the s tud ied  area  is a va luab le  tool since it can show the 
potent ia l  for t ransport  be tween  sites. Coupl ing  such a model  with an ecological  s u b m o d e l  
might  result  in predic t ions  of the changes  in dis t r ibut ional  pa t te rns  as far as they  are  due  
to migra t ions  with the currents. A very  bas ic  a t t empt  in this field has b e e n  m a d e  b y  
Armonies  & Har tke  (1994). 

T h e  p u r p o s e  of d r i f t i n g  in  t h e  w a t e r  c o l u m n  

Migrat ions  (defined as the act of moving  from one spat ial  unit  to another)  ach ieved  
by drift ing or swimming in the wa te r  column may  be  d iv ided  into active and inact ive  
migrat ions.  In inact ive migrations,  both  the init iat ion and  the mechanisms  of migra t ion  
are b e y o n d  the control of the animal  concerned  but  are  imposed  On the animal  by  some 
envi ronmenta l  force that  overrules the  normal  s t a t ion-keep ing  mechanisms  of the  an imal  
(Baker, 1978). The definit ion of migra t ions  covers the  suspension of benthic  animals  by  
ei ther  currents  and  wave  action or by  biotic d is turbance ,  e.g. dur ing the feed ing  act ivi ty 
of ep iben th ic  species.  The  migrat ions direct ly  resul t ing from such d i s tu rbance  even t s  a re  
beyond  the control of the organisms and  thus have  no purpose.  Never theless ,  the  effects 



316 W. Armonies 

of inactive migrations may be worthwhile s tudying in  the case of large-scale spatial 

disturbances.  
Active migrations, on the other hand, imply an active initiation of migrat ions by the 

animals. According to the time scales involved, the reasons for leaving the sediment  may 
be ar ranged in a series rang ing  from sudden  threats requir ing an immedia te  response to 
adaptive migrations in the life history of a specimen, 

I n d i v i d u a 1 e s c a p e - migrations are a reaction to an  unexpec ted  threat  such as 
a predator attack that demands  an immediate  response. Typically, such migrat ions may 
have a t ime scale of seconds; they concern single individuals,  and  may be  effective on a 
very small spatial scale (Fig. 7): 

Individual  escape from the sediment  as a predator-avoidance react ion has b e e n  
repeatedly demonstra ted {cf. Ambrose, 1984). Although a single event  (i.e. w h e n  regard- 
ing one single specimen) is hard to predict, the combined effect of all predators on a local 
populat ion of prey specimens may result in a negat ive  correlation b e t w e e n  local predator 
and  prey abundances ,  hence  affect small-scale spatial distribution. However,  if the prey 
is able to perceive the presence of the predator, it is certainly advantageous  to leave this 

p l a c e  before an attack occurs. As an adaptive strategy, the prey should avoid areas with 
high predator  abundance .  On the other hand,  the predator should attack its prey while it 
has no chance to escape, e.g. during low tide in the present  context. Both strategies have 

b e e n  shown to occur among  predatory nemer t ines  and their prey on the tidal flats of 
KSnigshafen (Thiel & Reise, 1993). 

G r o u p e v a s i o n - migrations are reactions to factors accumula t ing  over some 
time and requir ing a response in the near  future (in the present  context  this may 
commonly be the next  nocturnal  high tide). Examples are envi ronmenta l  deteriorat ion or 
resource depletion, ei ther physical (e.g. oxygen, temperature,  salinity) or biotic (e.g. 
overcrowding, interspecific competition). These migrations concern local groups of speci- 
mens  on a time scale of hours to days and  require a larger spatial scale in order to be 
effective. 

In group evasion from a physically deteriorated env i ronment  or as a consequence  of 
resource depletion, specimens get  a chance to find more ben ign  conditions. As an 
adaptive strategy, specimens need  to find a ba lance  be tween  the risks of migrat ion in the 
water column, the risks of staying in the sediment,  and the chance to find a bet ter  habitat. 
An evaluat ion of the latter two factors will depend  on the individual  demands  with 
respect to habitat  quality. The result will vary with the species. But some general  
suggestions of methods to reduce the risks during migrations in the water co lumn may be 
given. These include avoidance of visually hun t ing  predators by nocturna l  migrat ion and  
avoidance of stronger currents which could carry the migrants  beyond the suitable range 
of habitats. As was demonstra ted above, most specimens indeed  favour night t ime to 
daytime and  weak  currents to strong currents for their migrations in K6nigshafen.  An 
increasing number  of studies show that group evasion really does occur in  various taxa 
and habitats. Examples are plathelminth evasion from intertidal sed iment  covered by 
algal mats that cause oxygen depletion (Reise, 1983), dens i ty -dependen t  emigrat ion in 
subtidal amphipods (Ambrose, 1986), and emigrat ion of Corophium volutator in  experi- 
ments  with increased abundance  of the sediment  disturber and  predator Nereis diversi- 
color (R6nn et al., 1988). 

H a b i t a t  c h a n g i n g  of  p o p u l a t i o n s  - prospective migrat ions not neces- 
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sarily indicated by actual constraints, concerning populations or age groups (evolutionary 
adaptations, Fig. 7). A typical example may be winter migrations of M a c o m a  0-group to 
another habitat of the Wadden Sea (Beukema & de Vlas, 1989). The time and spatial 
scales may be much smaller in meiobenthic than in macrobenthic species. 

Habitat changing of populations occurs in temporal scales of hours to seasons, and in 
spatial scales of cm to kin. Since these migrations are not necessarily driven by exogene- 
ous factors (although such factors may function as a zeitgeber), they have the highest 
adaptive value in the series. Examples range from the nocturnal emergence of benthic 
harpacticoid copepods for food uptake in the water column (Decho, 1986) to seasonal 
changes of the occupied position in the tidal gradient in the polychaete Arenicola marina 

(Beukema & de Vlas, 1979; Reise, 1985) or the bivalve Macoma balthica (Beukema & de 
Vlas, 1989; Armonies & Hellwig-Armonies, 1992; Beukema, 1993). Since in this type of 
migration entire populations or age classes are concerned, its quantitative effects are 
presumably the strongest. The specific advantages of change of habitat  are also the most 
diverse among the various types of migrations. This is expected because all factors 
causing escape and evasion migrations may also lead to an adaptive change of habitat if 
they are sufficiently frequent and regular in time. Additional advantages  of habitat 
changing are only valid during certain phases in the life history. Examples are migrations 
for moulting, mating, or breeding (Bell et al., 1988; Waiters, 1991). In addition, migrations 
may be indicated if juveniles and adults differ in their ranges of environmental  factors 
preferred or tolerated. 

However, although migrations may be an advantageous reaction to many risks, they 
do not seem to be equally important in all taxa. In nematodes, for example, active 
migrations are rather uncommon (Heip et al., 1985). Nematodes often have high rates of 
reproduction, many generations per year, and a wide tolerance towards environmental 
factors (Heip et al., 1985). These features may be regarded as a (non-exclusive) alterna- 
tive to migrations ensuring species survival while the habitat deteriorates in various 
temporal scales. 

C o n s e q u e n c e s  for b e n t h i c  f ie ld  r e s e a r c h  

In meiofauna, migrations were found to be quantitatively significant in about half of 
the species studied. In molluscs, drifting turned out to be quantitatively important in all 
species occurring in K6nigshafen except in Littorina and Retusa obtusa (which does not 
mean, however, that the latter species do not migrate, but only that they did not show up 
in the water column in summer). We observed most of the polychaete species occurring at 
the studied sites also drifting or swimming in the water column. Therefore, there is no 
reason to assume, a priori, that migrations were less important in polychaetes. Finally, 
swimming in amphipods, cumaceans, and isopods is already a well-known phenomenon 
(Sainte-Marie & Brunel. 1985; Maquart-Moulin, 1991; Warman et al., 1991). Since 
migrations may change local abundances and size distribution, they are likely to interfere 
with all kinds of field studies on populations (e.g. growth, production, survival) unless an 
experimental approach is followed that excludes migration. 

Unfortunately, the potential of species for migrations is not easily estimated because 
it may vary over seasons and during the specific life-history. Rhythms of migratory 
activity, like the peaks of abundance of drifting cockles and razor clams during spring 
tides, further add to the complexity. To avoid pitfalls, individual biologists may escape 
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f rom the  i n c a l c u l a b l e  e f fec t s  of m i g r a t i o n s  b y  t u r n i n g  t o w a r d s  c o n t r o l l e d  l a b o r a t o r y  

e x p e r i m e n t s ,  w i t h  all  t h e  k n o w n  cons t r a i n t s .  Bu t  s i n c e  u n e a s i n e s s  c o n c e r n i n g  t h e  

p o t e n t i a l  for  m i g r a t i o n s  h a s  a c c u m u l a t e d  o v e r  t he  p a s t  yea r s ,  g r o u p s  of f i e ld  eco log i s t s  

wil l  c e r t a i n l y  n e e d  to a v o i d  t h e  pi t fa l l s  b y  d e v e l o p i n g  n e w  m e t h o d s  a n d  c o n c e p t s  for  f ie ld  

r e s e a r c h .  F ina l ly ,  a t  l e a s t  loca l  p o p u l a t i o n s  of eco log i s t s  wil l  h a v e  to c h a n g e  t h e i r  v i e w s  

a b o u t  h a b i t a t - d e p e n d e n c e  of spec ies ,  s t u d y i n g  b e n t h i c  p o p u l a t i o n s  in  t h e  s e d i m e n t ,  i n  

t h e  w a t e r  co lum n ,  or bo th ,  d e p e n d i n g  o n  w h a t  is m o r e  s u i t a b l e  d u r i n g  t h e  n e x t  s t ep  of 

t h e i r  ana lys i s .  G e n e r a l l y ,  i n  t h e  s t u d y  of b e n t h i c  c o m m u n i t i e s  a n d  p o p u l a t i o n s  a r e p e a t e d  

m a p p i n g  a p p r o a c h  s e e m s  to b e  t he  a p p r o p r i a t e  a l t e r n a t i v e  to ' s t a t i on  s a m p l i n g ' .  In  a 

d i s c u s s i o n  of t h e  m o s a i c - c y c l e  c o n c e p t  of m a r i n e  e c o s y s t e m s ,  Re ise  (1991) c a m e  to t h e  

s a m e  conc lu s io n ;  a l b e i t  h e r e  t h e  a r g u m e n t  is a ' h o l o b e n t h i c '  one .  
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