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ABSTRACT: On the tidal flats of the island of Sylt (eastern part of the North Sea) the quantity of 
micro- and meiofauna associated with shoots of seagrass (Zostera no]tii), with infaunal bivalves 
(Macoma balthica), and with tubes and burrows of polychaetes (Pygospio elegans, Pectinaria 
korenL Nereis diversicolor, Nereis virens, Arenicota marina)was found to add up to 5 to 33 % of the 
overall abundance.  These structures, taken together, account for 10 to 50 % of the faunal abundance 
on an average tidal flat at Sylt. The quantitative effect of biogenic structures at the sediment  surface 
(casts and funnels) is small compared to that of tubes and burrows penetrat ing the anaerobic 
subsurface layer. In providing stable oxic microenvironments these elite structures frequently bring 
together more individuals than occur in the entire reducing sediment  below surface. Faunal 
composition of irrigated dwell ings of large infauna is different from that of the oxic surface 
sediment. The common denominator of all elite structures of the subsurface is an oxic halo. Burrows 
without such a halo are unattractive. There is no evidence that owners of burrows prey on their 
smaller inmates. 

I N T R O D U C T I O N  

W h e n  d i g g i n g  u p  s e d i m e n t s  out  on  t h e  t ida l  f ia ts  in  t h e  W a d d e n  Sea,  a t r i co lo r  

a p p e a r s  of b r o w n  in  t h e  su r f ace  l aye r  (0 .2-2 cm),  n e x t  b l a c k  (10-15 cm) a n d  t h e n  g r e y  at  

t he  bo t tom:  B r o w n  f rom i ron  h y d r o x i d e s  p r e v a i l i n g  u n d e r  oxic  c o n d i t i o n s ,  b l a c k  a n d  

g r e y  f rom i ron  s u l f i de s  a n d  i ron  b i s u l f i d e s  i n d i c a t i n g  an  a n a e r o b i c ,  r e d u c i n g  e n v i r o n -  

men t .  In c lo se -up ,  t h e  b l a c k  z o n e  is p i e r c e d  w i t h  n u m e r o u s  b r o w n i s h  or l i gh t  g r e y  

t u n n e l s ,  p o c k e t s  a n d  layers ,  all  t r aces  of m a c r o f a u n a l  a c t i v i t i e s  b e l o w  the  su r face .  I 

s t u d i e d  t h e  q u a n t i t a t i v e  e f fec t s  of such  b i o g e n i c  s t r u c t u r e s  on s m a l l  z o o b e n t h o s  (micro-  

a n d  m e i o f a u n a ) .  T h e  m a g n i t u d e  of t h e s e  e f fec t s  is s u c h  tha t  t h e y  h a v e  to b e  c o n s i d e r e d  

in  e s t i m a t e s  on  m e i o f a u n a l  a b u n d a n c e ;  t h e r e  is a s t r o n g  p r e f e r e n c e  of t h e  e n t i r e  

s u b s u r f a c e  f a u n a  for t h e  v i c in i ty  of i r r i g a t e d  b u r r o w s ,  a n d  t h e s e  o b s e r v a t i o n s  g i v e  f u r t h e r  

s u p p o r t  to t h e  o p i n i o n  tha t  b io t i c  f ac to r s  p l a y  a ro le  in  d e t e r m i n i n g  t h e  a b u n d a n c e  a n d  

d i s t r i b u t i o n  in  m a r i n e  s h a l l o w  w a t e r  c o m m u n i t i e s .  
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AREA AND MET H O D S  

All  f ield inves t iga t ions  were  carr ied out on the t idal  flats in K6nigshafen,  a bay on 

the i s land of Sylt (North Sea). The  flats are  shel tered,  bare,  re la t ive ly  coarse gra ined  

(median  456 ~tm, sort ing coeff icient  1.5), wi th  var iab le  amounts  of detritus, and popu-  
la ted  by an abundan t  macrofauna  (Wohlenberg,  1937; Reise, 1978}. Tidal  range  is 1.7 m, 

sal ini ty remains  close to 31%o S, t empera tu res  in summer  may reach 30 °C in residual  

water  dur ing  low tide, and about  every  other  win te r  ice deve lops  in the shallows. 
Sampl ing  was done in summer,  at low t ides and at day time, wi th  tubes of 1 or 2 cm 2 

cross section. Out on the flats, cores w e r e  cut at intervals  of 0.5 or 1 cm to study the 

ver t ical  dis tr ibut ion of small  fauna. When  sampl ing  burrows, these were  put r ight in the 
cen ter  of the corer. To extract  animals,  1 or 2 cm ~ units of sed iment  were  washed  in a 

b e a k e r  wi th  f i l tered sea water,  shaken  and decan ta ted  into a set of 8 to 12 petri  dishes. 
These  and the res idual  sand were  sea rched  for micro- and meiofauna  under  a stereo- 

microscope.  Organisms  were  p ipe t t ed  for count ing purposes.  Turbel lar ia ,  Gnatho-  
s tomulida,  A n n e l i d a  and a few more were  ident i f ied  to species  level .  Only postnaupl iar  
Copepoda  are included.  Counts  on Ci l ia ta  refer  to those > 200 ~m in length.  In early 

inves t iga t ions  (1978) they have  not b e e n  inc luded  at all. Zooflagel la tes  were  dis- 

regarded.  
Because  of the t ime consuming  t rea tment  of samples,  repl icates  are few (3 to 14) and 

specif ical ly  those from burrows show large  variances.  This, and because  non-random- 

ness wi th  s ingular  peaks  of except iona l  h igh  densi ty  in infaunal  populat ions  is common 

(Reise, 1979a), force me to confine statistical t rea tment  to the conservat ive  Wilcoxon two- 
sample  test, based  on var iance  b e t w e e n  ranks rather  than on actual  abundances .  This 

test does  not overra te  s ingular  excep t iona l  values.  Differences in rank distr ibution are 

t aken  as s ignif icant  wi th  P < 0.05, 

RESULTS 

Zos t e ra  no l t i i  H o r n e m .  

This small  seagrass  forms a dense  cover  from J u n e  to N o v e m b e r  on shel tered  flats 

b e t w e e n  0 and + 0.5 m N N  at Sylt. The  rh izome creeps  2 to 4 cm be low the surface, and 

the roots crea te  a meshwork  3 to 8 cm deep.  From nodes,  b ranches  wi th  2 to 5 leaves  or 
short gene ra t i ve  shoots ex tend  to the surface. Z. noltil occurs in patches.  

In Ju ly  1980, s ed imen t  was  oxic in the upper  5 mm, and it was b lack below. With a 
corer of 2 cm 2 cross sect ion I sampled  sed imen t  immed ia t e ly  sur rounding  vert ical  shoots, 

and sed imen t  just outs ide  pa tches  of seagrass,  
Around seagrasses  the a b u n d a n c e  of me io fauna  was h igher  (Table 1). Differences 

are s ignif icant  at depth  in[ervals  1-2 cm and 2-3 cm and for total cores. Variabil i ty 
b e t w e e n  cores is inc reased  by the p resence  of seagrass.  Nema toda  comprise 6 1 %  of the 

total and show the genera l  pat tern  most  c lear ly  whi le  other  taxa show the same trend at 
lower  levels  of s ignif icance.  The depth  interval  1-3 cm of increased  abundance  implies  

that ver t ical  b ranches  and shoots cause the difference.  By rotat ing in the tidal currents 

they b reak  up the r educ ing  sed imen t  and a l low an increased  depth  range  of meiofauna.  
Roots have  no effect. 



A b u n d a n c e  o f  s m a l l  z o o b e n t h o s  4 1 5  

T a b l e  I. Tota l  f a u n a  a n d  N e m a t o d a  in  2 cm2-cores  f rom p a t c h e s  of s e a g r a s s  a n d  f rom b a r e  a reas .  
M e a n  ± s,d., n = 5; v a l u e s  s i g n i f i c a n t l y  h i g h e r  t h a n  cont ro ls  a re  m a r k e d  w i th  an* (P < 0.05, 

W i l c o x o n  t w o - s a m p l e  test);  s a n d y  t idal  flat  in K 6 n i g s h a f e n ,  Ju ly  1980 

D e p t h  in  Tota l  f a u n a  • 2 c m  -2 N e m a t o d a  cm -2 
s e d i m e n t  (cm) w i t h  s e a g r a s s  no s e a g r a s s  wi th  s e a g r a s s  no s e a g r a s s  

0 -1  307 ± 109 237 ± 55 145 ± 81 119 ± 38 
1-2  141 ± 77* 31 ± 24 122 ± 76" 27 ± 14 
2 - 3  74 ± 75" 7 ± 5 70 ± 72" 7 ± 5 
3 - 4  15 ± 11 4 ± 3 11 ± 8 3 ± 2 
4 - 5  3 ±  5 1 ±  1 2 ±  4 1 ±  1 

0 -5  539 ± 249* 282 ± 49 349 ± 231" 153 ± 38 

M a c o m a  b a l t h i c a  (L.)  

T h i s  t e l l i n i d  b e l o n g s  to  t h e  m o s t  c o m m o n  of  t h e  b i v a l v e s  i n  t h e  W a d d e n  S e a .  T h e  

v e r t i c a l  p o s i t i o n  w i t h i n  s e d i m e n t  i s  a f u n c t i o n  o f  s i z e ,  a n d  a d u l t s  u s u a l l y  s t a y  a t  a d e p t h  

o f  3 to  8 c m .  T h e  i n h a l e n t  s i p h o n  e x t e n d s  to  t h e  s u r f a c e  w h i l e  t h e  e x h a l e n t  s i p h o n  i s  

m u c h  s h o r t e r  a n d  e n d s  b e l o w .  I n  a s e t  o f  6 s a m p l e s  t a k e n  f r o m  a s a n d y  f l a t  i n  J u l y ,  o n e  

Fig. 1. Ver t ica l  p a t t e r n  of N e m a t o d a  a n d  T u r b e l l a r i a  in a 2 cm2-core  w i th  Macoma balthica (12 m m  
length) ,  a n d  in 5 cores  w i t h o u t  th is  b iva lve .  U p p e r  4 m m  of s e d i m e n t  b rown i sh ,  b e l o w  b lack ;  core 
l e n g t h  5 cm, d iv ided  into 0.5 cm in te rva l s ;  i n d i v i d u a l s  . cm-3; s a n d y  flat  at m i d  t ide  in K 6 n i g s h a f e n ,  

J u l y  1980 

M e a n  of Macoma Pos i t ion  of Macoma M e a n  of 
5 controls  s a m p l e  Macoma balthica s a m p l e  5 cont ro ls  

N e m a t o d a  T u r b e l l a r i a  

54 104 
65 42 
17 14 

6 27 
5 121 
2 239 
2 236 
0 25 
0 1 
1 4 

2 5 
1 1 
0 0 
0 0 
3 0 
8 0 

10 0 
3 0 
0 0 
0 0 

h a p p e n e d  to  i n c l u d e  M. balthica. A t  t h e  d e p t h  w h e r e  t h e  t e l l i n i d  i s  p o s i t i o n e d ,  

N e m a t o d a  a n d  T u r b e l l a r i a  i n c r e a s e  f a r  b e y o n d  c o n t r o l  v a l u e s  (F ig .  1). I n  t h i s  c o r e ,  

N e m a t o d a  b e l o w  2 c m  2 a m o u n t  to  8 1 3  a g a i n s t  153  +--38 i n  5 c o n t r o l s .  T u r b e l t a r i a  

(Neoschizorhynchus parvorostro A x  & H e l l e r ,  Carenscoilia n o v .  s p e c . ,  Retronectes n o v .  

s p e c . )  g a t h e r  c l o s e  to  t h e  b i v a l v e  i n  u n u s u a l l y  h i g h  n u m b e r s .  
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Pygosp io  e l egans  C l a p .  

Th is  s p i o n i d  po lychaeLe  l i ves  in  ve r t i c a l  t ub es ,  4 to 7 c m  in l e n g t h  a n d  t m m  

d i a m e t e r .  F r e q u e n t l y  t u b e s  a r e  Y - s h a p e d ,  w i t h  t w o  c h i m n e y s  at  t h e  s e d i m e n t  sur face .  

W o r m s  f e e d  on  d e p o s i t s  a t  t h e  s u r f a c e  s u r r o u n d i n g  t h e  t u b es ,  T h e  l o w e r  e n d  of t h e  t u b e s  

is o p e n  a n d  w-orms d e p o s i t  f a e c e s  d o w n  the re .  T h e  t u b e  is i r r i g a t e d  by  c i l ia ry  mot ion .  

Table 2 Nematoda - 2 cm .2 in samples containing t~*gospio elege~n.~ {r~ : .3'; ,'::omp~red to those 
which do not (n ~= 6). Mean ± s.d.~ significance marked by* (P <: 0.05, Wilcoxon two-sample test)} 

sandy flat at mid tide in Konigshafen, June 1979 

Depth in sed iment  With No 
(ram) Pygospio etegans P},goSg~o elegans 

0 -  25 182 ± t7 :150 m 70 
25- 50 I43 :± 86' 40 :: 30 
50- 75 IL17 :it 110" t4 ::. 8 
75~d00 6 :± 8 3 :L: 3 

0-100 449 ± 174 ~ 207 2:81 

On  a s a n d y  f la t  in  J u n e  1979~ the  m.ean d e n s i t y  of a d u l t  f~ olegans (> 5 m m  leng th )  

w a s  8 - 100 cm '2. In a se t  of 10 s a m p l e s  (2 cm 2, i 0  cm d ep t h )  3 h a p p e n e d  to i n c l u d e  one  

adu l t  J~, elegans w i t h  the  t u b e  at  the  center~ C o m p a r i s o n  s h o w s  tha t  N e m a t o d a  arc; a b o u t  

twice, as  a b u n d a n t  a l o n g s i d e  t h e s e  p o ] y c h a e t e  t u b e s  (Table  2}. 'Fhe i n c r e a s e  is d u e  to 

s i g n i f i c a n t l y  h i g h e r  a b t ~ n d a n c e  at  a d e p t h  of 25-75  ram, w h i c h  c o r r e s p o n d s  to t he  b l a c k  

s e d i m e n t  p e n e t r a t e d  by  the  t u b e  (Fig. 2), T h e  overa l l  q u a n t i t a t i v e  e f fec t  of P. eIegans on 

N e m a t o d a  of t he  fb~t is an incr~*.ase of 19 %. ( 7 o n s i d e r i n g  t h e  r e d u c i n g  s u b s u r f a c e  layer  

(> 1 c m  depth}  a lone ,  t he  i n c r e a s e  is 35 %. Ci ] ia ta  s h o w  the  s a m e  t r e n d  bu t  d i f f e r e n c e s  

a re  no t  s i gn i f i c an t .  To t h e  tota l  f a u n a  t u b e s  a d d  6 %, a n d  to t h e  s u b s u r f a c e  farina 13 %. 

O n e  s a m p l e  of th is  se t  c o n t a i n e d  a j u v e n i l e  Corophiu.m arenarium Crawf. ,  li~ ing  in a 

.Jo.s~oaped t u b e  d o w n  to 2,5 c m  (Fig. 2}. This  s a m p l e  w a s  no  con t ro l  to the  Py~loslaio- 
s a m p l e s  b e c a u s e  of a h i g h  n u m b e r  of N e m a t o d a  c lose  to 0~e tube° 

Pygos[,'lO Pyc~c, SpiO CoIoph[Llm 

.......... T - - F ~ - - T ' - - "  

20 0 20 

Fig, 2. Nematoda - 2 crn -2 in 2 s~mlples with ,Pygospio eleg~ns, 2 with no macrofmm~:~, and oue with 
a juvenile <,For~td~ium ~xena~Jum Invidivuais . cm ~3 in 0.5 c:mdntervais down to a depth of 10 cm; 

sandy flat at mid tide in Konigshafen June 1979 
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P e c d n a r i a  k o r e n i  M a l m g .  

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

s a n d  g r a in s ,  A n a r r o w  c h i m n e y  o p e n s  o n  to t h e  s e d i m e n t  su r f ace ,  A t  t h e  l o w e r  o p e n i n g  of 

t he  c o n e  t h e  w o r m  co l l ec t s  s m a l l  par t : ic les  w i t h  i ts  t e n t a c l e s .  A r e s p i r a t o r y  c u r r e n t  is 

d r a w n  in to  t h e  c o n e  a l o n g  t h e  w o r m ' s  v e n t r a l  s ide ,  i n t e r r u p t e d  b y  b r i e f  a n d  s t r o n g  

c u r r e n t s  b a c k  to t h e  s u r f a c e  a l o n g  t h e  d o r s a l  s i de  (Wi lcke ,  1952).  T h e  l a t t e r  t r a n s p o r t s  

u n w a n t e d  p a r t i c l e s  to t h e  su r f ace .  

Ne T~atoda C[tiata 

M[c[ophthalmus abe r rans  Tubificidae 

F:ig, 3. Small zoobenthos cm -~ in the vicinity of Pectiz~aria kore:~ff (cone length  5 cm). Squares 
indicate p~sit:~ns of ~.m:Lsaruples. A layeL of semi-fluid mud ( I -2  ram) covers [he sueface, the next  
!0-15  mm a~e grey and  below the  sed iment  is b l a c k  In f~'ont of cone, brownish  h~]o with co~rse 
materials,  surrounded by l ight  grey colou~ed sand, 2 samples  at left and right at lower end  of cone 

with b~ownish silty sediment~ flat at low {ide in KSnigsb.afe~, August  1980 

In f ron t  of t h e  l o w e r  o p e n i n g  a h a l o  of ox ic  s e d i m e n t  w i t h  a b u n d a n t  s h e l l  f r a g m e n t s  

a n d  u t h e r  c o a r s e  m a t e r i a l s  w a s  o b s e r v e d  I m m e d i a t e l y  s u r r o u n d i n  9 t h e  l o w e r  e n d  of the  

cone ,  f i ne  a n d  s i l ty  m a t e r i a l s  w e r e  a c c u m u l a t e d .  In  1980 o n e o y e a r  o l d  P. kor~=÷~ ( c o n e  

lenc~th 5--7 cm) p o p u l a t e d  t he  l o w e r  f la ts  in  K 0 n i g s h a f e n  ( t 0 - 6 0  - re-:z). At  [.he s i t e  of 

invest i¢~a[ion,  s e d i m e n t  w as  ox ic  in  t h e  u p p e r  t .5  c m  a n d  b e l o w  it "was b l a c k .  At  a d e p t h  

of 5 to 7 c m  I f r e q u e n t l y  e n c o u n t e r e d  a l a y e r  r i ch  in  s h e l l  f r a g m e n t s ,  p a r t i c u l a r l y  in  t h e  

v i c i n i t y  of P. korenff, P r o b a b l y  t h i s  l a y e r  ]s c a u s e d  b y  i ts  s e l e c t i v e  f e e d i n g .  
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In M a r c h  1980 I took  a se t  of 1 c m  3 s a m p l e s  f r o m  ox ic  h a l o s  in  f ron t  of P. koreni  
(n = 9) a n d  in  t h e  b l a c k  s e d i m e n t  n e a r b y  (n -= 8), b o t h  6 - 7  cm b e l o w  t h e  sur face .  

A b u n d a n c e  of N e m a t o d a  a n d  s m a l l  A n n e l i d a  w e r e  s i g n i f i c a n t l y  h i g h e r  in ha los :  

N e m a t o d a  12 ___ 10 v e r s u s  2 _+ 3, A n n e l i d a  4 + 4 v e r s u s  n o n e .  O t h e r  t axa  w e r e  p r e s e n t  

w i t h  f e w  i n d i v i d u a l s  only,  

In A u g u s t  1980 I m a p p e d  t h e  d i s t r i b u t i o n  of sma l l  b e n t h i c  f a u n a  in  t h e  v ic in i ty  of P. 

koren i  w i t h  a se t  of 22 s a m p l e s  of 1 cm 3 e a c h  (Fig. 3). A b u n d a n c e  of N e m a t o d a  w a s  not  

p a r t i c u l a r l y  h i g h  w i t h i n  t h e  oxic  r e g i o n  in  f ront  of t h e  c o n e  bu t  t he  si l ty s e d i m e n t  

s u r r o u n d i n g  t h e  l o w e r  e n d  of t he  c o n e  c o n t a i n e d  e x c e p t i o n a l  d e n s i t i e s ,  C i l i a t a  w e r e  f ew  

in  t h e  h a l o  w i t h  a t e n d e n c y  to i n c r e a s e  t o w a r d s  t he  b l a c k  r eg ion .  T h e  sma l l  p o l y c h a e t e  

Microph tha lmus  aberrans ( W e b s t e r  & Bened ic t )  g a t h e r s  in  s p e c t a c u l a r  n u m b e r s  w i t h i n  

t h e  h a l o  r i gh t  in  f ront  of t h e  cone .  A l e s s  p r o n o u n c e d  a g g r e g a t i o n  is f o r m e d  by  the  

T u b i f i c i d a e  ( E d u k e m i u s  bened i i  [ d ' U d e k e m ]  a n d  Tubif icoides  pseudogas ter  [Dahi]). A 

f e w  C o p e p o d a ,  O s t r a c o d a ,  G a s t r o t r i c h a  a n d  T u r b e l l a r i a  w e r e  a l so  e n c o u n t e r e d  in  t h e  

h a l o  bu t  no t  in  t h e  b l a c k  s e d i m e n t  n e a r b y ,  

N e r e i s t f i v e r s i c o l o r O .  F. M f i l l e r  

Th is  n e r e i d  p o l y c h a e t e  l ives  in  a b r a n c h e d  b u r r o w ,  y o u n g  o n e s  w i t h  o n e  o p e n i n g ,  

a n d  o l d e r  w o r m s  w i t h  two  or m o r e  o p e n i n g s  at  t he  s e d i m e n t  s u r f a c e  w h e r e  f e e d i n g  t akes  

p l a c e .  U s u a l l y  t he  b u r r o w s  cons i s t  of a m a i n  ve r t i ca l  sha f t  e x t e n d i n g  to a d e p t h  of 15 to 

20 cm on  the  f lat  i n v e s t i g a t e d .  S o m e  of t h e s e  are  b l i n d  ends ,  o t h e r s  b e n d  u p w a r d s  a g a i n  

Table 3. Small zoobenthos cm -3 around burrows of Nereis diversicolor, 2-16 cm below sediment 
surface (n = 14), away from burrows at same depth (n = 14), and from oxic sediment surface 
{n = 4). Mean _+ s.d.; all taxa are more abundant  around burrows than controls (P <: 0,05, Wilcoxon 

two-sample test); sandy tidal flat in front of the harbour laboratory List, August 1978 

Taxa Burrows at Controls at Surface layer 
2-16 cm depth 2-16 cm depth 0-2 cm depth 

Nematoda 73.9 _ 63.7 8.3 _+ 10.1 122,3 _+ 64.1 
Gnathostomulida 0.9 _+ 2.1 0.2 0 
Turbellaria 3.2 _+ 3.6 0.1 7.5 +_ 7.0 
Oligochaeta 0.6 __+ 0.8 0.1 0.8 _+ 0.5 
Copepoda 16,0 _+ 20.3 3.1 _+ 6,3 19.5 ___ 15.9 

Total fauna 95,4 _+ 82.2 12.3 ___ 13,4 164,3 _+ 87,5 

m a k i n g  a V - s h a p e d  b u r r o w .  M o s t  b r a n c h e s  o c c u r  in  t h e  u p p e r  10 cm. S o m e  of t h e m  run  

h o r i z o n t a l l y  jus t  b e l o w  the  su r face .  T h e  i n n e r  d i a m e t e r  of t h e  sha f t s  is 3 -4  mm.  Bur rows  

a re  l i n e d  w i t h  a d a r k i s h  t a p e t u m  a n d  a re  s u r r o u n d e d  by  a ha lo  of oxic  s e d i m e n t  (1-2  

mm).  S o m e  b l i n d  e n d s  a re  f i l l ed  w i t h  feca l  pe l l e t s ,  a n d  s e v e r a l  b r a n c h e s  s e e m  to be  

a b a n d o n e d  or to b e  r a r e ly  in  use .  W o r m s  i r r i ga t e  t h e i r  b u r r o w s  w i t h  u n d u l a t i n g  b o d y  

m o v e m e n t s .  

O n  a s a n d y  f lat  in  f ron t  of t h e  h a r b o u r  l a b o r a t o r y  of t he  l i t tora l  s t a t i on  List, N. 

diversicolor occur s  in  h i g h  d e n s i t y  (1036 • m -2 in  S e p t e m b e r  1977, 1076 • m -2 in  J u n e  

1978). In A u g u s t  1978, t h e  u p p e r  2 c m  of s e d i m e n t  w e r e  oxic,  b e l o w  it t u r n e d  g r e y  or 
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b lack .  P r o m  s e v e r a l  b u r r o w s  I t ook  1 c m  3 s a m p l e s  at  v a r i o u s  d e p t h s  b e t w e e n  2 - 1 6  c m  

t o g e t h e r  w i t h  c o n t ro l s  at  l e a s t  5 cm a p a r t  f rom t h e  n e a r e s t  b u r r o w .  T h e  a b u n d a n c e  of 

m e i o f a u n a  a l o n g s i d e  b u r r o w s  is s e v e r a l  t i m e s  h i g h e r  t h a n  in t h e  b l a c k  s e d i m e n t  a n d  

s imi la r  to t h e  f a u n a  of t he  oxic  s u r f a c e  l a y e r  (Table  3). N e m a t o d a  w e r e  p a r t i c u l a r l y  

a b u n d a n t  n e a r  t h e  b l i n d  e n d s  w i t h  f eca l  p e l l e t s  (up to 197 • cm-3), a n d  C o p e p o d a  w e r e  

m o s t  n u m e r o u s  in  b u r r o w  r e g i o n s  b e l o w  10 c m  d e p t h :  2 - 1 0  c m  w i t h  4 ----- 3 " c m  -3, 10 -16  

c m  w i t h  33 +- 22 - c m  -3. A s s u m i n g  for N. diversicolor a d e n s i t y  of 1000 • m -2 a n d  a n  

e s t i m a t e d  b u r r o w  l e n g t h  of 20 c m  w i t h i n  t h e  r e d u c i n g  layer ,  a b u n d a n c e  on  th i s  f la t  for 

smal l  f a u n a  w i t h  a n d  w i t h o u t  N. diversicolor c a n  b e  c a l c u l a t e d  w i t h  t he  d a t a  g i v e n  in  

t ab l e  3. C o m p a r e d  to t h e  h y p o t h e t i c a l  s i t u a t i o n  w i t h o u t  b u r r o w s ,  p e r c e n t a g e s  of i n c r e a s e  

are:  C o p e p o d a  31, O l i g o c h a e t a  a n d  t h e  e n t i r e  f a u n a  33, N e m a t o d a  36, T u r b e l l a r i a  38, 

G n a t h o s t o m u l i d a  50. C o n s i d e r i n g  t h e  s u b s u r f a c e  f a u n a  a l o n e ,  i n d i v i d u a l s  a r o u n d  b u r -  

rows  o u t n u m b e r  t h o s e  w i t h i n  t he  e n t i r e  r e d u c i n g  zone .  

N e r e i s  v i r e n s  S a r s  

Th is  l a r g e  p o l y c h a e t e  l i ves  in  a c o m p l e x  b u r r o w ,  e s s e n t i a l l y  c o m p o s e d  of U - s h a p e d  

e l e m e n t s  w i t h  s e v e r a l  o p e n i n g s  at  t h e  s e d i m e n t  su r face .  M o s t  b r a n c h e s  a re  in  t he  u p p e r  

10 cm. Bur rows  h a v e  an  i n n e r  d i a m e t e r  of 5 ram, a re  l i n e d  w i t h  a t a p e t u m  a n d  are  

s u r r o u n d e d  by  a n a r r o w  z o n e  of oxic  s e d i m e n t  a n d  a w i d e r  h a l o  of l i g h t  g r e y  s e d i m e n t ,  

v a r y i n g  in ex t en t .  In s o m e  of t h e  u p p e r  b r a n c h e s ,  N. virens h a s  p u l l e d  d o w n  a l g a e  

(Cladophora spec .  a n d  Enteromorpha spec . ) .  

O n  a f lat  at  l o w  t ide  l eve l  of s i l t y - s a n d  s e d i m e n t ,  I f o u n d  a p o p u l a t i o n  of o n e - y e a r  o ld  

N. virens w i t h  90 • m -2 ( c a l c u l a t e d  f rom 18 s a m p l e s  of 100 c m  2 e a c h  t a k e n  in  A u g u s t  

1980). T h r e e  s e d i m e n t  co res  of 100 cm 2 w e r e  s l i c e d  to a d e p t h  of 18 c m  a n d  the  to ta l  

l e n g t h  of b u r r o w s  w a s  m e a s u r e d  to 47 cm, 62 cm a n d  66 cm. Th is  a m o u n t  to 58 m • m -2. 

B u r r o w s  a re  p o p u l a t e d  b y  an  a b u n d a n t  m e i o f a u n a  (Tab le  4). W h i l e  a t  t h e  s e d i m e n t  

su r f ace  t h e  f a u n a  is d o m i n a t e d  b y  G a s t r o t r i c h a  ( T u r b a n e l l a  cornuta R e m a n e  w i t h  u p  to 

1150 • cm -3) a n d  Ci l ia ta ,  b u r r o w s  a re  d o m i n a t e d  b y  N e m a t o d a  (up to 519 • cm-3). 

C o m p a r e d  to con t ro l s  f rom t h e  b l a c k  s e d i m e n t  3 to 5 c m  a p a r t  f rom b u r r o w s ,  al l  t axa  

Table 4. Small zoobenthos - cm -3 around burrows of Nereis virens, 9-10 cm below sediment  surface 
(n = 10), away from burrows at same depth (n = 10), and from oxic sediment  surface (n = 6), Mean 
+_ s.d.; all taxa are more abundant  at burrows than controls (P < 0.05, Witcoxon two-sample test); 

flat at low tide in KSnigshafen, August 1980 

Taxa Burrows at Controls at Surface layer 
9-10 cm depth 9-10 cm depth 0-1 cm depth 

Ciliata 17 _-!- 12 1.1 + 1.4 130 ± 41 
Gastrotricha 3.3 _ 4.4 0 495 + 412 
Nematoda 346 ___ 110 9 ± 11 54 _+ 8 
Gnathostomulida 3.4 + 3.7 0.1 0.1 
Turbellaria 2.9 _ 2.6 0.1 7.7 ± 4.4 
Annelida 0.8 ± 1.0 0 1.3 _ 1.4 
Copepoda 2.6 ± 2.0 0 13.2 ___ 5.5 

Total fauna 379 _+ 124 10 ± 11 717 ± 405 
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Table 5. Horizontal profile of contiguous 1 cm3-cubes through a burrow of Nereis virens at 8 cm 
below surface. The burrow is l ined by a brownish halo merging into light grey coloured sand, the 
general  sediment  is dark grey or black. Detritus content increases from right to left, Individuals 

cm-3; flat at low tide in K6nigshafen, August 1980 

Colour of sediment  
Taxa black dark grey brown halo light grey dark grey dark grey 

Ciliata 0 4 8 9 5 0 
Gastrotricha 0 0 5 0 0 0 
Nematoda 14 178 157 65 14 0 
Gnathostomulida 0 2 1 3 1 0 
Turbellaria 0 1 3 0 0 0 
Oligochaeta 0 0 1 0 0 0 
Copepoda 0 0 3 0 0 0 

w e r e  s i g n i f i c a n t l y  m o r e  a b u n d a n t  a t  b u r r o w s .  F i n e  s c a l e  ana lys i s ,  c a r r i e d  out  on  a cross  

s e c t i o n  of a b u r r o w ,  s h o w s  t h a t  m o s t  m e i o f a u n a  s t ays  d i r ec t ly  n e a r  t h e  b u r r o w  bu t  

Ci l ia ta ,  N e m a t o d a  a n d  G n a t h o s t o m u l i d a  are  f o u n d  1-2  cm a p a r t  as w e l l  (Table  5)~ 

A r o u g h  c a l c u l a t i o n  s h o w s  tha t  N. v irens  b u r r o w s  a d d  24 % to t he  tota l  a b u n d a n c e  of 

s m a l l  z o o b e n t h o s  on  tha t  flat.  N u m b e r s  of N e m a t o d a  a re  e v e n  r a i s e d  b y  94 %. In 

G n a t h o s t o m u l i d a ,  n u m b e r s  are  t w i c e  as h i g h  w i t h  b u r r o w s .  If t he  s u b s u r f a c e  s e d i m e n t  is 

c o n s i d e r e d  a l o n e ,  t h e r e  a r e  m o r e  i n d i v i d u a l s  b o u n d  to b u r r o w s  t h a n  occu r  in  t he  e n t i r e  

s u b s u r f a c e  layer .  

A r e n i c o l a  m a r i n a  (L.) 

L u g w o r m s  l ive  in  U - s h a p e d  b u r r o w s  w h i c h  c o n s i s t  (1) of a t e m p o r a r y  s t ruc ture ,  

s t a r t i n g  w i t h  a f u n n e l  at  t h e  s e d i m e n t  su r f ace  w h i c h  m e r g e s  in to  a ve r t i ca l  h e a d  shaft .  

H e r e  s u r f a c e  s e d i m e n t  s l i d e s  d o w n w a r d s  a n d  g e t s  i n g e s t e d  by  the  l u g w o r m  in a p o c k e t  

r e g i o n  at  t h e  b a s e  of t h e  bu r row .  (2) T h e  w o r m  i tse l f  s t ays  in  a h o r i z o n t a l  g a l l e r y  at  15-20  

cm d e p t h .  (3) To d e f e c a t e  i n g e s t e d  s e d i m e n t  w o r m s  m o v e  u p w a r d s  t h r o u g h  a p e r m a n e n t  

ta i l  shaf t ,  a n d  p r o d u c e  m o u n d s  of c o i l e d  c a s t i n g s  r i g h t  a b o v e  at  t he  sur face .  For  

r e s p i r a t i o n ,  l u g w o r m s  p u m p  w a t e r  t h r o u g h  t h e  tai l  sha f t  d o w n  in to  t h e  ga l le ry .  

A d e s c r i p t i o n  of m e i o f a u n a  f o u n d  in  d i f f e r e n t  r e g i o n s  of t he  A r e n i c o l a - b u r r o w  has  

b e e n  g i v e n  by  Re i se  & Ax (1979). H e r e  s o m e  a d d i t i o n s  a re  p r e s e n t e d .  N e m a t o d a  p r e f e r  

Table 6. Meiofauna . 10 cm -3 in normal subsurface sediment  (> 1 cm depth) and around burrow 
structures genera ted  by Arenicola marina. Mean ___ s.d. from 3 head shafts, 3 tail shafts and 5 

pockets; sandy flat at mid tide in K6nigshafen, June/July 1978 

Taxa Normal subsurface Burrow of Arenicola marina 
sediment  head shaft pocket tail shaft 

Nematoda 67 + 21 417 + 285 79 + 45 395 + 40 
Turbellaria 1.5 15 _+ 14 77 ___ 55 23 _+ 9 
Copepoda 1.1 30 _+ 28 110 + 130 33 _+ 19 

Total fauna 74 4- 21 515 + 223 395 + 130 503 + 81 
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Table 7. Small zoobenthos  . cm -3 in normal  surface sed imen t  (0-1 cm depth) and  where  modified by 
Arenicola marina to funnels  and  casts. M e a n  ± s.d., n = 6; a = without  Archilopsis unfpunctata, 
b = cockles on 25 cmR; + = significant  preference,  -- = s ignif icant  avoidance  (P < 0.05, Wilcoxon 

two-sample  test); sandy flat at mid  tide in K6nigshafen,  July 1978 

Taxa Flat surface Funnel  Cast  

Turbellaria ~ 10.8 + 3.2 + 4,2 ± 2,4 5.2 _+ 4,2 
Nematoda  137 ± 36 + 48 ± 27 62 + 15 
Gastrotricha 1.3 + 1.0 + 0 0.2 
Cerastoderma edule {< 4 ram) b 18.5 ± 2.9 + 8.2 ± 5,2 6.2 _+ 1.7 
Hydrobia ulvae 18.0 + 4.7 19.5 ± 16.3 2.3 ± 1.4 
Total fauna 302 + 69 367 ± 114 137 ± 33-  
Copepoda 110 + 43 274 ± 111 + 43 + 26-  
Annel ida  8.3 ± 4.5 10.0 ± 9.1 6.5 + 2.0 
Foraminifera 0.6 + 0.9 1.3 ± 1.0 3.8 _ 3.1 + 
Archilopsis unipunctata 1.8 ± 2.2 2.3 ± 2.7 6.5 ± 4.0 + 

t h e  u p p e r  r e g i o n s  of t h e  b u r r o w  w h i l e  C o p e p o d a  a n d  T u r b e l l a r i a  a re  m o s t  n u m e r o u s  in  

t h e  p o c k e t ,  a n d  t h e  l a t t e r  in  t h e  l o w e r  ta i l  s h a f t  too (Fig. 4). V a r i a b i l i t y  b e t w e e n  b u r r o w s  

is h i g h .  A b u n d a n c e  of al l  s m a l l  f a u n a  is  5 to 7 t i m e s  h i g h e r  a t  b u r r o w s  t h a n  in  t h e  n o r m a l  

s u b s u r f a c e  s e d i m e n t  ( T a b l e  6). 

At  t h e  s e d i m e n t  s u r f a c e ,  f u n n e l s  a n d  c a s t s  d i f fe r  in  m e i o f a u n a l  a b u n d a n c e  f r o m e a c h  

o t h e r  a n d  f r o m  t h e  f la t  s u r f a c e  ( T a b l e  7). M o s t  T u r b e l l a r i a ,  N e m a t o d a ,  G a s t r o t r i c h a  a n d  

c o c k l e  s p a t  s t a y  a w a y  f r o m  c a s t s  a n d  f u n n e l s ,  w h i l e  t h e  g a s t r o p o d  Hydrobia ulvae 

( P e n n a n t )  a v o i d s  c a s t s  on ly ,  W h e n  t h e  t i d e  is  out ,  C o p e p o d a  a g g r e g a t e  i n  f u n n e l s  w h i c h  

r e p r e s e n t  t i n y  l o w t i d e  p o n d s .  T h e y  a v o i d  c a s t s  too. C o n t r a r y  to a l l  o t h e r s ,  F o r a m i n i f e r a  

a n d  t h e  t u r b e l l a r i a n  Archilopsis  unipunctata (Fabr.)  a r e  m o s t  a b u n d a n t  w i t h i n  ca s t s .  

G e n e r a l l y ,  s u r f a c e  s t r u c t u r e s  g e n e r a t e d  b y  t h e  l u g w o r m  t e n d  to d e c r e a s e  a n d  

b u r r o w s  t e n d  to i n c r e a s e  a b u n d a n c e  of s m a l l  z o o b e n t h o s .  B a s e d  o n  i n v e s t i g a t i o n s  

c a r r i e d  ou t  in  dune~July 1978 o n  a s a n d y  f la t  a t  m i d  t i d e  l eve l ,  t h e  o v e r a l l  q u a n t i t a t i v e  

ef fec t  of l u g w o r m  b u r r o w s  is  e s t i m a t e d .  A b u n d a n c e  of A. marina w a s  43 • m -2. A r e a s  of 

s i n g l e  c a s t s  a n d  f u n n e l s  c o v e r  a p p r o x i m a t e l y  7 c m  2. H e a d  s h a f t s  c o m p r i s e  15 c m  3, 

p o c k e t s  10 c m  3, ta i l  s h a f t s  112 c m  3. T a k i n g  t h e  d a t a  o n  a b u n d a n c e  f r o m  t a b l e s  6 a n d  7, 

t h e  n e t  a m o u n t  of c h a n g e  d u e  to s t r u c t u r e s  g e n e r a t e d  b y  A. marina is c a l c u l a t e d  

(Tab le  8). B e c a u s e  t h e  f a u n a  of t h e  s u r f a c e  l a y e r  d o m i n a t e s  w i t h  a b o u t  70 %, t h e  o v e r a l l  

i n c r e a s e  c a u s e d  b y  A. marina is o n l y  5 %. C o n s i d e r i n g  t h e  s u b s u r f a c e  l a y e r  a l o n e ,  t h e  

Table 8. Percentages  of decrease  { - )  and increase (+)  in small  zoobenthos  because  of sed imen t  
structures genera ted  by Arenicola marina on a sandy  flat at mid tide in K6nigshafen,  J u n e / J u l y  1978 

Taxa Surface layer Subsurface  layer Entire sed imen t  

Nematoda  --4 q- 17 + 5  
Turbel lar ia  --2 + 68 + 9  
Copepoda + 3  + 136 + 5  

Total fauna  --1 + 22 + 5  
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Fig, 4, M e i o f a u n a  c m  -a alongside head shaft (H), pocket (P) and tail shaft (T) of ArenieoIa-burrow 
a n d  i n  n o r m a l  s e d i m e n t  d o w n  to  i 6  cm. b e l o w  s u r f a c e  M e a n s  of  3 b u r r o w s  a n d  3 c o n t r o l s  s a n d y  f i a t  

a t  m i d  t i d e  f n  K ~ n i g s h a f e ~ ,  ~hme/ J~f ly  1978  

effect of lugworms is qui te  r emarkab le  in some taxa, and a 22 % increase for the total 
fauna. 

On another  ArenicoIaoflat, quant i ta t ive  inves t iga t ions  were  carr ied out in June  1980, 

with respect  ~:o Turbe l la r ia  and Gnathos tomul ida  only. Here,  an overal l  increase in 
a b u n d a n c e  due  to Arenicola~burrows amounts  to 10 % in Tu~bellaria and 18 % in 
Gnathos tomul ida .  
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DISCUSSION 

Why does small  zoobenthos gather  in  h igh n u m b e r s  a round  burrows and  tubes  of large 
species? There will be  a variety of reasons for the various species; however,  an oxic halo 
sur rounding  these structures w h e n  pene t r a t ing  the reduc ing  subsurface sed iment  is the 
common denomina tor  of all of them, Crucial  ev idence  is the indifference of micro- and  
meiofauna to burrows of Heteromastus  fi t i formis (Clap.). This capi tel l id  polychaete,  
a l though feeding on part icles wi th in  reduc ing  sed iment  at a depth of 10 to 15 cm, does 
not irrigate its burrow. Instead, an e longa ted  tail  is kept  in the oxic layer  above to take 
up oxygen. These burrows are not l ined  by an oxic halo. 

May we regard irr igated dwel l ings  of large in fauna l  species simply as narrow 
protrusions of the oxic surface layer, inhab i t ed  by the same assemblage  of small  species? 
This is evident ly  not the case. Nei ther  the quant i ta t ive  ratios be t w e e n  major  taxa nor the 
species composit ion is the same (see Reise & Ax, 1979). In many  physical  aspects the 
burrow env i ronment  is different: high sed iment  stability, mucus  l in ing  of the burrow 
wall, no dislocating currents, stable temperatures ,  no light, etc. Aller & Yingst (1978) 
described the specific b iogeochemist ry  of an i rr igated polychaete  burrow, and  found 
highest  concentrat ions of metals, sulfides, ammonium,  ATP, high rates of sulfate reduc- 
t ion and  rapid decomposi t ion in  the burrow wall. The rapid change  in sed iment  colour 
from brown over grey to b lack  wi th in  small  distance from the burrow implies  a steep 
gradient  from aerobic to anaerobic  conditions,  an ideal  s i tuat ion for an active microbial  
sulfur cycle. On re t i rement  of the owner  and  irrigator of the burrow, the smal ler  inmates  
must be able to endure  anaerobic  condit ions or move out quickly. 

Do burrow owners  take advan tage  of the small  organisms attracted? Hyl leberg  
(1975) proposed a concept of ga rden ing  in lugworms:  in the pocket region of the burrow, 
irrigation enhances  bacterial  growth which attracts flagellates,  ciliates and nematodes  
and this entire communi ty  serves as food to the lugworm. The concept  is der ived from 
invest igat ions on Abarenicola pacifica Healy & Wells, and  probably  does not apply  to A. 
marina. Residence t ime of sed iment  in the head shaft is a few hours only (Rijken, 1979). 
H igh 'number s  of ciliates, tu rbe l la r ians  and  copepods in  the pocket  region are found in 
the coarse gra ined  sand which accumula tes  be low the head  shaft because  A. marina 
ingests small  particles only. Hence  these organisms are saved from get t ing swallowed.  

Numbers  of nematodes  are high a longs ide  burrows of Nereis  virens and  N. diver- 

sicotor. The latter is a predator  on nematodes  (Reise, 1979b) and  most l ikely N. virens 

does the same. Burrows, however,  are l ined  with a firm tape tum of mucus  and  most 
nematodes  stay on the other side. I observed no signs of p rey ing  beyond  the tapetum. On  
the other hand,  in some branches  feces are accumula ted  and  in others pu l l ed -down  
green algae decompose. This might  be  at tempts at ga rden ing  (see also Woodin,  1977a). 

What is the overall  quant i ta t ive  effect of b iogenic  structures on meiofauna  of t idal  
flats? Surface structures genera ted  by  A. marina tend to decrease total a b u n d a n c e  (in the 
order of 1% only). The same was observed for copepods where  other polychaetes  
generate  structures at the surface and with mounds  of en te ropneus ts  (Thistle 1979, 1980). 
Burrows of fiddler crabs are avoided by copepods whi le  nematodes  are attracted (Bell et. 
al., 1978). The vicini ty of tube-caps  of the polychaete  Diopatra cuprea serves as a refuge 
to smaller  polychaetes (Woodin, 1977b). Fecal cones of Molpadia oolitica (Pourt.) 
(Holothuroidea) provide a stable surface to small  suspens ion  feeders (Rhoads & Young, 
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1971) .  E f f e c t s  of  b i o g e n i c  s u r f a c e  s t r u c t u r e s  o n  s m a l l  z o o b e n t h o s  a r e  a w i d e s p r e a d  

p h e n o m e n o n .  H o w e v e r ,  t h e  e x a m p l e s  c i t e d  a b o v e  s u g g e s t  t h a t  p o s i t i v e  a n d  n e g a t i v e  

e f f e c t s  m i g h t  b e  i n  b a l a n c e .  

T h i s  i s  q u i t e  d i f f e r e n t  w i t h  b u r r o w s  a n d  t u b e s  p e n e t r a t i n g  t h e  a n a e r o b i c  s u b s u r f a c e  

s e d i m e n t .  T h e y  c o n s t i t u t e  e 1 i t e s t r u c t u r e s to t h e  f a u n a l  a s s e m b l a g e  b e c a u s e  t h e y  

t i e  u p  m o r e  t h a n  t h e i r  s p a t i a l  s h a r e  of  o v e r a l l  a b u n d a n c e .  D e n s e  a s s e m b l a g e s  of N e r e i s  

s p p .  d o u b l e  t h e  t o t a l  n u m b e r  of  s u b s u r f a c e  f a u n a  a n d  s o m e  t a x a  o c c u r  a l m o s t  e x c l u s i v e l y  

a r o u n d  b u r r o w s .  O n  a s a n d y  f la t ,  w h e r e  A. m a r i n a  a n d  P. e l e g a n s  h a v e  b e e n  s t u d i e d ,  

t h e i r  b u r r o w s  a d d  22  ÷ 13 = 35  % to  t h e  s u b s u r f a c e  f a u n a ,  for  n e m a t o d e s  a l o n e  

17 + 35  = 52  %.  O t h e r  t a x a ,  l i k e  C o p e p o d a  a n d  G n a t h o s t o m u l i d a  a r e  d o u b l e d  b y  

A r e n i c o l a - b u r r o w s .  T h u s  i t  a p p e a r s  t h a t  b u r r o w s  a n d  t u b e s  c o n t r i b u t e  t h e  m a j o r  c o m p o -  

n e n t  to  t h e  s u b s u r f a c e  z o o b e n t h o s .  

W h e n  s u r f a c e  a n d  s u b s u r f a c e  f a u n a  a r e  t a k e n  t o g e t h e r ,  b i o g e n i c  s t r u c t u r e s  h a v e  

b e e n  f o u n d  to  a c c o u n t  for  5 to 33 % of  t o t a l  a b u n d a n c e .  T h e s e  p e r c e n t a g e s  a r e  d e r i v e d  

f r o m  t h e  s i n g l e  s t r u c t u r e s  i n v e s t i g a t e d  b u t  u s u a l l y  s e v e r a l  o c c u r  t o g e t h e r  o n  t h e  s a m e  

f la t .  T h u s ,  for  a n  a v e r a g e  t i d a l  f l a t  o n  t h e  i s l a n d  of  Sy l t ,  t h e  c o m b i n e d  e f f e c t  w i l l  a c c o u n t  

for  10 to  5 0  %.  A s a m p l i n g  s t r a t e g y ,  n o t  p a y i n g  s p e c i a l  a t t e n t i o n  to b i o g e n i c  e l i t e  

s t r u c t u r e s  w i l l  u n d e r e s t i m a t e  t h e  a b u n d a n c e  of  m e i o f a u n a  c o n s i d e r a b l y .  
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