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ABSTRACT: Juvenile mud snails Hydrobia ulvae disperse by floating at the water surface in 
summer. The routes of dispersal are determined by the hydrography of the specific area and can be 
successfully predicted by a hydrographic model. Along these routes, juveniles may aggregate in 
temporary "satellite" sites. Turnover of organisms was high at these sites. On average, an individual 
only stayed for 2 days in June and July, and a few hours in August. Consequently, abundance may 
vary by an order of magnitude within a few days. In August, the satellite sites were depopulated 
again, presumably due to behavioural changes. Because of the high mobility, caution is advised 
when including juveniIe mud snails in descriptive or experimental field studies. High turnover rates 
of individuals in the sediment have also been recorded for juvenile bivalves and various meiofaunal 
taxa. The value of single-site sampling may therefore be questioned with respect to migrating 
benthic species. Instead, a mapping of resident and satellite subpopulations is recommended. 

INTRODUCTION 

Increasing ev idence  suggests  that many benthic organisms living in shallow waters 
are highly mobile via the water  column. According to the depth within the sediment ,  they 

are more or less susceptible to resuspension by tidal currents, particularly dur ing stormy 
weather .  But many  benthic species may also enter  the water  column actively. Swimming 

may occur rather regularly in many crustaceans (e.g. harpacticoids: Waiters, 1988; 

isopods: Jones & Naylor, 1970; amphipods:  Preece, 1971; cumaceans:  Macquar t -Moul in ,  
1991). In polychaetes,  swimming seems to occur more episodically, since be ing  restricted 

to certain seasons, e.g. winter  migrations of Nereis  virens (Dean, 1978), or phases  of 
individual  development ,  as in the lugworm Arenicola marina (Beukema et al., 1978; 

Farke & Berghuis, 1979). In molluscs, byssus drift or floating of juveni les  seems to be 

widespread  (Williams & Porter, 1971; Sigurdsson et al., 1976; Little & Nix, 1976; Johan-  

nesson, 1988; Beukema  & de Vlas, 1989; Martel  & Chia, 1991). 
Byssus-drift depends  on both active behaviour  of the organisms (excavat ing from 

deeper  sediment  layers to the surface, production of byssus-threads or a mucous  float), 
and the existence of water  currents lifting the specimens  from the sediment  surface and 

carrying them away. The active component  allows the specimens to de termine  the t iming 

of transport, whi le  the direction of transport depends  on the hydrography of the surround- 
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ing area. Unpubl ished prel iminary results suggest  that current velocity inf luences  settle- 
ment  as well. 

Migratory rhythms and the effects of migrations on distribution pat terns  were studied 
in detail in the most a b u n d a n t  mollusc species of the intertidal sandflats n e a r  the Island of 
Sylt in the northern Wadden  Sea. In earlier papers, we described the temporal  rhythms of 
migratory activity and  the effects of migration on distribution pat terns  of Macorna 
balthica recruits (Armonies, 1992; Armonies & Hellwig-Armonies,  1992). Therefore, we 
will now concentrate on the effects of migrations in mud snails HFdrobia ulvae. 

In 1991, drifting mud snails were scarce before mid-June and floaters were then 
mainly year-old organisms (Armonies, 1992). From mid-June  to the end  of September,  
abundance  of drifting mud snails was one to three orders of magni tude  higher,  and the 
floating specimens were mainly (98 %) juveniles  with < 2 mm shell-length. Floating mud 
snails were more a b u n d a n t  in the water  column during daylight than in the dark, but  no 
further rhythm of migratory activity could be detected (Armonies, 1992). In 1992, the 
temporal pat tern of floating mud snails was similar. 

MATERIALS AND METHODS 

The study was conducted in the K6nigshafen Wadden  area near  the Island of Sylt 
(North Sea, Fig. 1). A general  description of the area and its biota is given in  Reise (1985). 
Abundance  pat terns of Hydrobia ulvae in the sediment  were studied at 22 sites of the 
southern K6nigshafen ("Oddewatt") intertidal flats in March, July/August ,  and  Sep- 
tember, 1991 (Fig. 1). Ten replicate sediment  cores having a 10 c m  2 cross-sectional area 
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Fig. 1. Distribution of Hydrobia ulvae in Oddewatt near the Island of Sylt in March, 1991. Intensity of 
hatching indicates abundance (see Fig. 4). Broken line: mean low-tide level; dotted line: mean tidal 
level. Spots indicate sampling sites; S denotes the site where turnover was measured in 1992; TLB = 

"Tonnenlegerbucht" 
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a n d  5 cm d e p t h  w e r e  co l l ec t ed  at e a c h  of the  si tes  a n d  on  e a c h  of the  da tes .  In the  

labora tory ,  s p e c i m e n s  w e r e  s e p a r a t e d  f rom the  bu lk  of the  s e d i m e n t  u s i n g  a s h a k i n g -  

d e c a n t a t i o n  p r o c e d u r e  (see A r m o n i e s  & Hel lwig ,  1986), wi th  s u b s e q u e n t  s i ev ing  of the  

d e c a n t e d  w a t e r  t h r o u g h  0.25 m m  m e s h e s .  The  h y d r o g r a p h i c  plots  (Fig. 3) are  d e r i v e d  

f rom a l a r g e r - s c a l e  n u m e r i c a l  m o d e l  d e v e l o p e d  by  J. B a c k h a u s  a n d  D. Har tke ,  Un ive r s i ty  

of H a m b u r g .  

A b u n d a n c e  of H. u l v a e  in a t e m p o r a r y  sa te l l i te  si te w a s  s t u d i ed  in t he  K 6 n i g s h a f e n  

W a d d e n  area,  200 m N o r t h  of O d d e w a t t ,  b e t w e e n  J u n e  4th a n d  A u g u s t  31st, 1992 (Fig. 1, 

S). T e n  r ep l i ca t e  s e d i m e n t  cores  w e r e  co l l ec t ed  at  w e e k l y  in tervals ,  a n d  e v a l u a t e d  as 

above ,  f rom a 10 x 10 m plot  in the  m i d  in ter t ida l .  At  t he  s a m e  site, a ho r i zon ta l  p l a n k t o n  

Fig. 2. Trap used to estimate the number of floaters sinking to the sediment. The trap consists of 2 
concentric plastic pipes. The outer pipe (15 cm diameter, 50 cm long) prevents collapse of the 
ambient sediment as the inner pipe (the trap s. str.) is removed. It protrudes above the sediment 
surface by about 2 cm. The inner pipe (35 cm long, 12 cm inner diameter) bears a plastic ring at its 
top end, tightly sealing both pipes. Once an individual is trapped in the inner pipe, a funnel reduces 
the chance for escape. At the lower end, the inner pipe is sealed by a removable lid made from a 
narrow plastic ring covered with gauze of 0.063 mm mesh. The wall of the inner pipe was pierced 
below the rim of the funnel to allow an escape of air when the tide comes in. These holes were 
covered by 0.063 mm gauze as well. The trap is emptied by removing the inner pipe, and opening 
the lower mesh cover. Both pipes were covered by a piece of wire mesh (5 mm mesh width) anchored 
in the sediment by pins (not indicated in Fig. 2). These meshes prevent the inner trap from floating 

and keep larger epifauna, such as shore crabs, out of the trap 
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net  (anchored at a vertical pipe) cont inuously recorded the number  of drifting organisms 
passing the area. The net  (0.5 mm mesh width) adjusts itself to the direction of the 
currents (see Armonies, 1994, for a more detai led description). A trap sunk  into the 
sediment  (Fig. 2) was used to estimate the n u m b e r  of floaters re turning to the sediment  at 
this site. Both sediment  traps and p lankton  nets were emptied and reset once a day. 

Turnover was calculated as the ratio be tween  the n u m b e r  of organisms caught  per 
m 2 of trap opening  during one week, and the average abundance  per m 2 of ambient  
sediment  (the m e a n  abundance  from sediment  samples collected at the b e g i n n i n g  and 
the end of the respective week). Turnover  has thus the unit  w e e k - 1  and  its reciprocal 
gives the average length of time an individual  stays at the same site. 

RESULTS 

W i n t e r  d i s t r i b u t i o n  of m u d  sna i l s  

In March 1991, the abundance  of mud  snails was <500 m -2 at most of the sites. A 
higher abundance  only occurred in two isolated patches: (1) at the nor thwestern  border 
of Oddewatt  (4800 m -2) in sandy sediment  with a moderate silt content  (about 2 % of 
sediment  dry weight), and (2) in a semi-enclosed bay "Tonnenlegerbucht"  in muddy 
sediment  (52200 m-2; TLB in Fig. 1). The same distribution pat tern  was observed in 
March/April,  1992. 

D i r e c t i o n  of the  t i da l  c u r r e n t s  

Since in winter  and spring Hydrobia ulvae is only abundan t  in the upper  intertidal, 
specimens can only be transported be tween  about  2 h before high tide w h e n  the high- 
density sites are flooded and, afterwards, with the ebbing waters. Since the flooding 
water mainly flows towards the land, efficient transportat ion out of the semi-enclosed bay 
may only occur with the ebbing  waters. In these shallow waters, the direction of the ebb 
current  is strongly modified by wind (Fig. 3). Northern wind increases the velocity of the 
tidal current without significantly changing  its direction. Southern wind, however,  may 
completely alter the direction of the ebbing  water  (Fig. 3). Intermittent  w i n d  directions 
show intermit tent  effects. Thus, starting from the high-densi ty patch of mud  snails  in TLB 
(Fig. 1), there are two main routes of ant icipated transportation. The nor thern  route (of 
southern winds) leads longshore towards the second patch of mud snails  observed in 
March. The southern route leads around the sandy hook. separat ing TLB from the lower 
intertidal and  further south east towards the lower intertidal. Since only a few mud  snails 
have been  found bur ied in the sediment  along the southern route in March  (< 100 m-2), 
this area is well-suited to test for the ant icipated transportat ion of drifting m u d  snails (see 
below). 

Summer distribution of mud snails 

Distribution of Hydrobia ulvae in July/August reveals dispersion along both routes. 
Particularly high abundance occurred in a patch outside the sandy hook along the 
southern route (> 100000 m-2; Fig, 4). Specimens within this patch consisted of > 95 % 
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Fig. 3. Direction of the tidal currents in Oddewatt, 1 h after high tide, assuming no wind, and 
southern and northern winds of 9 m/s. Current velocity increases with arrow complexity 

juveniles  with < 2 mm shell length, whereas the presumed original populat ion in TLB 
consisted of 80 to 90 % adults having > 2 mm length simultaneously.  Thus, it seems the 
young left the densely populated TLB site and dispersed with the ebb ing  water both in a 
southerly and a northerly direction (Fig. 4). However, dispersal along both routes did not 
result in a cont inuous en la rgement  of the occupied area. Until September,  abundance  
dropped by one order of magni tude  at the newly-occupied upper  intertidal sites, and  the 
high-densi ty  patch in southern Oddewatt  disappeared almost completely (< 1000 m -2 

left). 

H i g h  t u r n o v e r  i n  t e m p o r a r y  sa te l l i t e  s i tes  

Abundance  of H. u l v a e  in the sediment  was low (< 1000 m-2/, unti l  drifting juveniles 
arrived in mid-June,  1992; then abundance  increased to > 100 000 m -2 within two weeks 
(Fig. 5A). At the end  of July, abundance  decreased again to the ear ly-June level. 
Throughout  the period studied, the daily number  of organisms collected by the traps sunk 
into the sediment  was of the same order of magn i tude  as abundance  estimates from the 
ambient  sediment  (Fig. 5A). On average, individuals may have stayed at this site for 
about  2 days in June  and July and possibly only for a few hours in August  (Fig. 5D). 
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Fig. 4. Distribution of I-Iydrobia ulvae in Oddewat t  near  the Island of Sylt in Ju ly /Augus t  and in 
September,  1991. Explanations as in Fig. 1 

A b u n d a n c e  of f loa te rs  p a s s i n g  th i s  s i te  d e c r e a s e d  b y  a b o u t  o n e  o r d e r  of m a g n i t u d e  in  

A u g u s t  (Fig. 5B). Th i s  w o u l d  h a v e  c a u s e d  t he  s imi la r  d e c r e a s e  in  t h e  n u m b e r  of 

o r g a n i s m s  c o l l e c t e d  b y  t he  s e d i m e n t  t r a p s  (Fig. 5A). H o w e v e r ,  b e h a v i o u r  of  t h e  f l oa t i ng  

m u d  sna i l s  a lso  c h a n g e d .  T h e  ra t io  b e t w e e n  t h e  n u m b e r  of /-/. ulvae s i m u l t a n e o u s l y  

c a u g h t  b y  t h e  t r a p s  a n d  p l a n k t o n  n e t s  s i g n i f i c a n t l y  d e c r e a s e d  o v e r  t i m e  (Fig. 5C), 

i n d i c a t i n g  a d e c r e a s i n g  p r o p o r t i o n  of t h e  f l oa t e r s  s i n k i n g  to t he  s e d i m e n t .  A t  t h e  s a m e  

t ime,  t u r n o v e r  r a t e s  of t h e  s p e c i m e n s  in  t h e  s e d i m e n t  g r e a t l y  i n c r e a s e d  (Fig. 5D). Thus ,  

t h e  d e p o p u l a t i o n  of t h e  s a t e t h t e  s i t es  in  A u g u s t  m a y  b e  d u e  to a c o m b i n a t i o n  of 3 fac tors :  

(1) a n  ove ra l l  d e c r e a s e  in  f l oa t e r  a b u n d a n c e ;  (2) a d e c r e a s e  in  t he  p e r c e n t a g e  of f loa te r s  

s i n k i n g  to t h e  s e d i m e n t ;  a n d  (3) a d e c r e a s e  in  t h e  p e r i o d  of t i m e  i n d i v i d u a l s  s t ay  at  t h e  

site. 

Pig. 5. Dynamics of Hydrobia ulvae juveniles in a temporary satellite site in summer,  1992. A: 
Abundance  in the  sediment  (broken line) and daily n u m b e r  of colonizers to the sed imen t  (trap) per  
m 2 of surface area. B: Abundance  of floaters in the water  column (individuals pe r  net  of 20 cm 
diameter  per  day; distance of the centre of the net  from the sediment  was 20 cm). C: Proportion of 
floaters sinking to the sediment  est imated as the ratio be tween  the numbers  of colonizers (trap), and  
simultaneously floating specimens (net). The decreas ing t rend (Spearman's  r ank  correlat ion coeffi- 

dent ,  r = -0.875, p < 0.001) indicates a behavioura l  change over time. D: Turnover  per  week  
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DISCUSSION AND CONCLUSIONS 

The age structure found in the temporary high-densi ty  area in southern  Oddewatt  
(> 95 % juveniles  < 2 mm length) is nearly identical  to the distribution of size classes in 
floating mud  snails as recorded by cont inuous p lankton net  records (97-98 % juveniles  
< 2  mm length: Armonies, 1992; Little & Nix, 1976). This, and the high turnover  rates, 
corroborate the hypothesis that the specimens in the temporary satellite sites indeed 
arrived by floating, and not as larvae. The low percentage  of juveniles in  TLB and  the 
direct connect ion be tween  TLB and the satellites by the tidal currents further confirm this 
assumption. Obviously, floating juveniles,  not planktonic  larvae, are the ma in  stages of 
dispersal in Hydrobia ulvae. This may explain the short durat ion of the p lanktonic  larval 
phase (Thorson, 1946). 

On the other hand,  abundance  of mud  snails in the densely popula ted  TLB area 
remained  remarkably  stable throughout  this study (March, 1 9 9 1 : 5 2 2 0 0  m-2; July/  
August:  59300 m-2; September:  57600 m-2; March, 1992 :64400  m-2). It may be 
speculated that this is the carrying capacity of this area, and emigrat ion is density- 
dependent ,  as with Hydrobia ventrosa (Levinton, 1979). An alternative would  be an age/  
s ize-dependent  shift in the mode of feeding. Juveni les  may preferentially scrape epi- 
growth from sand grains (epipsammic browsing: Lopez & Kofoed, 1980), while adults 
ingest  individual  mobile diatoms or swallow mud  particles with the associated microflora 
(Fenchel & Kofoed, 1976; Lopez & Levinton, 1978). In this case, juveni les  might find 
suitable habitats in seaward sandy flats which are not accessible to adults  (e.g. Reise, 
1987). A presumed shift in the preferred diet could also explain why the juveni les  stay for 
shorter periods at the satellite sites, while they grow. However, floating m u d  snails may 
also gain a part of their food whilst afloat, by ingest ing their mucous float with adher ing 
particles (Newell, 1962). 

As a result of frequent  migrations, the distribution pat terns of juveni le  mud  snails are 
highly variable over time. This should be taken into account  in both descriptive and  
exper imental  field studies. Since the direction of transportat ion partly depends  on actual 
wind conditions, short-term transportation directions cannot  be properly calculated a 
prion. Without a map of adult  distribution and a hydrographic model, est imation of 
transportat ion rates is not even possible a posteriori. In such cases, it is sugges ted  that 
one avoid using juveni le  Hydrobia ulvae as an exper imental  species or a moni tor ing tool 
(as indeed  decided by Beukema, 1991). However,  since other species, such as juveni le  
bivalves, show a similarly high degree of mobility, avoidance of a (still increasing) 
n u m b e r  of species is certainly not an  advisable strategy to cope with unexpec ted  
mobility. Concerning  migrations of some meiofaunal  taxa in the same area, large-scale 
spatial sampling and/or  several replications in time were suggested to overcome the 
difficulties involved with the mobihty of species (Armonies, 1990). The same strategy may 
be useful in macrofaunal  studies. A hydrographic model  of the area s tudied is a valuable  
tool in order to determine the area which needs  to be sampled. 
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