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ABSTRACT: The horizontal mesoscale distribution of Marenzelleria viridis (Verrill, 1873), a spionid 
polychaete introduced from North American coastal waters during the 1980s, was studied in shallow 
water in the southern Baltic (German coast). The polychaete achieved an individual dominance of 
80 % and abundances up to around 8500 ind./m z. Samples taken from a small (1.2 m • 1.2 m, 6 x 6 
samples, depth 0-35 cm) and a large station grid (5.5 m • 5.5 m, 11 x 11 samples, depth 0-35 cm) 
were used to calculate dispersion indices for subpopulations of adult and juvenile M. viridis and 
subdominant chironimids (the Chironomus plumosus and Ch. halophilus complexes). The distribu- 
tion patterns were significantly patchy. The patch sizes were estimated with the help of the 
dispersion indices and by analysing the correlograms in which spatial autocorrelations such as 
Moran's I and Geary's c values were plotted versus the field distance k. The patch sizes were 
heterogenous. The smallest patches found were 0.04 m z. The largest sizes observed were 9 m 2. It is 
conceivable that smaller patches merge to form larger aggregations. Calculation of the abundance 
and rank correlations between subpoputations revealed significant positive relationships. These 
indicate principal suspension feeding. Sediment structure, substrate preference, feeding mode and 
biotic or abiotic attraction centres are considered to be the main causes of aggregation and the 
positive correlations. 

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

Popula t ion  d is t r ibut ions  re f lec t  the  d y n a m i c s  and  even t s  of the  life cycle,  i n c l u d i n g  
birth, dea th  and  m i g r a t i o n  (Poole, 1974). T h e y  are  i n f l u e n c e d  by  both  biot ic  a n d  abiot ic  

factors,  a m o n g  w h i c h  only  h e t e r o g e n e i t y  of the  e n v i r o n m e n t  (e.g. w a t e r  dep th ,  s ed imen t ,  

exposure) ,  in te rac t ions  b e t w e e n  ind iv idua l s  of one  or  more  spec ies  (for i n s t a n c e  compe t i -  
tion, p reda t ion)  and,  natural ly ,  a n t h r o p o g e n i c  i n f luences  (pollution) will  be  m e n t i o n e d  as 
e x a m p l e s  (Pielou, 1977; Reise,  1991; Sastre ,  1985). 

Mos t  ana lyses  of the  smal l - sca le  d is t r ibu t ion  of aqua t i c  life forms a n a l y s e d  (e.g. de  
A l a v a  & Defoe ,  1991; Eckman ,  1979; Trueb lood ,  1991) h a v e  dea l t  wi th  s h a l l o w - w a t e r  

areas ,  bu t  s o m e  h a v e  b e e n  p e r f o r m e d  for d e e p  sea  r eg ions  (Jumars ,  1975; J u m a r s  & 

Eckman ,  1983) and  the  pe l ag i c  z o n e  (McGurk ,  1987). Dis t r ibut ion  pa t t e rns  can  b e  pa tchy ,  
r andom,  or un i fo rm  (Pielou, 1969, 1977). 

Mos t  spec ies ,  i n c l u d i n g  musse l s  (Burla et  al., 1974; Sastre,  1985), m e i o b e n t h i c  
c rus t aceans  (Kern & BeU, 1984; Sun  & F leege r ,  1991) and  o the r  e v e r t e b r a t e s  (cf. Brey, 

1989; Reise, 1987; de  A l a v a  & Defoe ,  1991; T i tmus  & Badcock ,  1981) a re  pa tch i ly  
dis t r ibuted.  T h e  d is t r ibu t ions  of mos t  p o l y c h a e t e s  are  also c h a r a c t e r i z e d  by  a g g r e g a t i o n s  
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(e.g. Angel  & Angel,  1967; Brey, 1989; Reise, 1979). In contrast, species exhibit ing 
territorial behaviour  are usually uniformly distributed (Anderson & Kendziorek, 1982; 
Gage & Coghill, 1977; Reise, !979; Roe, 1975). Levin (1981) showed that two spionid 
polychaetes (Pseudopolydora paucibranchiata, Streblospio benedicti) also fit into this 
scheme, be ing  uniformly and randomly distributed. 

The purpose of our studies was to describe the horizontal distribution pat tern of 
Marenzelleria viridis (Verrill, 1873), a spionid from North American coastal waters that 
appeared in the North and Baltic seas dur ing the 1980s. It has spread rapidly since it first 
invaded the in land  coastal waters of the Baltic sea and is now the dominan t  species 
among the macrozoobenthos in many  parts of the Baltic (Norkko et al., 1993; Persson, 
1994; Zettler et al., 1995). It is hoped that the results presented here will provide a basis 
for future macrozoobenthos studies and for the selection of sampling methods that are 
more suitable for our investigation area. 

METHODS 

The invest igat ion area (Fig. 1), the series of lagoons (each is a "Bodden" [German]) 
south of the Darss-Zingst Peninsula,  is northeast  of Rostock, has a length of about  40 km 
from west to east and occupies an area of 196.7 km 2 (Correns, 1976). Its salinity is 
relatively low (5%o) and is subject to seasonal  and in te rannual  fluctuations owing to 
freshwater inflows and its connect ion to the Baltic sea (Zettler et al., 1995). Al though the 
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Fig. i. Investigation area: the series of lagoons (Bodden) south of Darss-Zingst 
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Table  1. Abiot ic  pa rame te r s  and  a b u n d a n c e s  dur ing  the p resen t  s tudy 
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Salinity Org. conten t  M e a n  grain  Degree  of ~ ind . /m 2 ~ ind . /m 2 
(7o.) (%) size (mm) sort ing M. viridis chi ronomids  

5.0 __ 0.45 1.23 • 0.69 0.28 • 0.05 1.45 • 0.21 8492 • 973 1699 • 74 

~ 0  cm 

U U I V V I W X  

/ . , - I .  2 r. - - * /  

~ ~ w . t  d prevalent 
direct ion 

Fig. 2. Grids for the  d ispers ion s tudies  (large grid = 30.25 m 2, small grid = 1.44 m 2, head  = 0.5 m) 

m e a n  d e p t h  a t  S t a t i o n  A w a s  0.6 m ,  t h e  s e d i m e n t  w a s  a l so  e x p o s e d  o c c a s i o n a l l y  a t  th i s  

s t a t i on .  T h e  b i o t i c  a n d  a b i o t i c  p a r a m e t e r s  a r e  g i v e n  in  T a b l e  1. 

To  m e a s u r e  t h e  d i s p e r s i o n ,  a n  a r e a  of  30 .25  m 2 a t  S t a t i o n  A w a s  d i v i d e d  i n t o  121 

s u b u n i t s  w i t h  a n  a r e a  of  0.25 m 2 e a c h  (Fig.  2). S a m p l e s  w e r e  c o l l e c t e d  b y  c o r e r  

(78.5 c m  2 • 35 c m  d e e p )  f r o m  t h e  c e n t r e  of  e a c h  s u b u n i t .  To  p e r m i t  t h e  i n v e s t i g a t i o n  of 

s m a l l e r  a r e a s ,  a n  a r e a  m e a s u r i n g  1.44 m 2 w a s  sp l i t  i n to  36 s u b u n i t s  of  0.04 m 2 e a c h ,  f r o m  

w h i c h  s a m p l e s  w e r e  t a k e n  w i t h  a s m a l l e r  c o r e r  (21.65 c m  2 • 35 cm).  Al l  s a m p l e s  w e r e  

s i e v e d  (0.5 m m  m e s h )  a n d  f i x e d  in  b o r a x - b u f f e r e d  f o r m a l i n .  

M o r i s i t a ' s  (1959)* m e t h o d  w a s  u s e d  to  a n a l y s e  t h e  t w o - d i m e n s i o n a l  d i s t r i b u t i o n  

p a t t e r n ,  a n d  t h e  a b u n d a n c e s  f o u n d  in  t h e  s a m p l e s  w e r e  u s e d  for  t h e  c a l c u l a t i o n s .  T h e  

i n d i c e s  w e r e  c a l c u l a t e d  for  t h e  o r i g i n a l  a r e a  a n d  for  t h e  p r o g r e s s i v e  a d d i t i o n  ( c u m u l a t i o n )  

of  t h e  s u b u n i t s  to  f o r m  s q u a r e s  (n 2 for  n = 1 to 5). T h e  c u m u l a t i o n  of  t h e  s e p a r a t e  a r e a s  

b e g a n  w i t h  A1 (Fig.  2). L l o y d  (1967) a n d  I w a o  (1972) h a v e  p u b l i s h e d  d i f f e r e n t  m e t h o d s  

* Morisita {1959): I(~) = n - [ZXi ' (Xi -  1)1 / [N - ( N -  1)] 

n = n u m b e r  of subuni ts ;  N = n u m b e r  of individuals  in the  whole  area;  Xi = n u m b e r  of individuals  in 
the  subuni ts  
I(~l < 1 uniform distribution; I(~) = 1 r andom distribution; Its) > 1 pa t chy  distr ibution 
FI~- n = (I(51 " ( N - l )  + n - N ) / ( n - 1 )  
If the  left term is smal ler  than  the r ight  te rm for F(p;fl;f2) t hen  p <0.01 or 0.05 
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Table 2. Dispersion analyses after Morisita (1959), Lloyd (1967) and Iwao ti972); significances 
denoted by * for p<0.05,  *" for p<0.01 and * *" for p<0.001 

Morisita (1959) Small grid Large grid 

Area (m 2) 0.04 0.16 0.36 0.25 1 2.25 4 6.25 
Adult N/. viridis 1.863"" 1.375"" L198"* 2.613"* 1.524"" 1.378"" 1.404"* 1.085"* 
Juvenile h//. viridis 1.035 1.026' 1 . 0 0 1  1.103"* 1.042" * 1.03"* 1.036' * 1.022"* 
Ad. and juv. ~f. viridis 1.058"* 1.023" 1 1.130"* 1.061"* 1.047"* 1.056"* 1.028"* 
Chironomids 1.105 0.955 0.994 1.350" " 1.087" * 1.072"* 1.02" " 1.053"* 

Lloyd (1967) 
Adulth4. viridis 1.875"** 1.416"** 1.259' '" 2.626"*" 1.537"** 1.423"*" 1.537"** 1.113"** 
Juvenile 5/I. viridis 1.035 1 . 0 2 9  1 . 0 0 2  1.103"** 1.044' '" 1.034"** 1.048"** 1.029"*" 
Ad. and juv. hi. viridis 1.059" * 1.025" 1 1.131" * * 1.064" *" 1.053"* " 1.075"" " 1.022'* * 
Chironomids 1.106 0.95 0.992 1.352"* 1.124"** 1.081"** 1.026" 1.07"* 

Iwao (1972) 
Adult M. viridis 1.875 1.263 1.134 2.626 1.082 1.33 1.739 0.601 
Juvenile N[. viridis 1.035 1 . 0 2 6  0.981 1.103 1.024 1.026 1.065 0.997 
Ad. and juv. f~l. viridis 1.059 1.014 0.98 1.131 1.04 1.044 1.104 0.944 
Chironomids 1.106 0.898 1.026 1.352 1.046 1.04 0.949 1.119 

for c a l cu l a t i ng  d i s p e r s i o n  indices .  L loyd ' s  (1967) " i n d e x  of p a t c h i n e s s "  is p rac t ica l ly  

iden t i ca l  to t he  Mor is i ta  i n d e x  a n d  y ie lds  no add i t i ona l  i n fo rma t ion  (Burla e t  al., 1974; 

Patil & Sti teler ,  1974; Pielou,  1969, 1977). T h e  resu l t s  a re  c o m p a r e d  in T a b l e  2. 

In Mor i s i t a ' s  (1959) m e t h o d ,  t he  d i s p e r s i o n  ind ices  are  p l o t t ed  ve r sus  t h e  c o r r e s p o n d -  

ing  areas .  This  cu rve  s h o w s  the  " p a t c h  s izes" .  

The  a u t h o r s  also c a l c u l a t e d  Cliff & O r d ' s  (1973, 1981) spat ia l  au t o co r r e l a t i o n ,  a 

m e t h o d  v a l i d a t e d  a n d  i n t r o d u c e d  by  J u m a r s  et  al. (1977) for a n a l y s i n g  spa t i a l  au toco r r e -  

la t ions  of a b u n d a n c e s  in  t he  m a r i n e  b e n t h o s .  T h e  spa t ia l  au toco r r e l a t i on  e x p r e s s e s  t he  

d e p e n d e n c e  of t he  m a g n i t u d e  of a va r i ab l e  (in our  ca se  the  a b u n d a n c e  in a field) on  the  

s ize of the  s a m e  va r i ab l e  in g e o g r a p h i c a l l y  a d j o i n i n g  loca t ions  (Sokal, 1979). T h e  i n d i ce s  

ca l cu l a t ed  for all po s s ib l e  c o m b i n a t i o n s  of f ie lds  (joins) for e a c h  d i s t a n c e  k ( n u m b e r  of 

fields) a re  a m e a s u r e  of the  co r re l a t ion  b e t w e e n  the  a b u n d a n c e s  in  all f i e lds  w i th  t he  

d i s t a n c e  k (Brey, 1989; J u m a r s  et  al., 1977). Both  M o r a n ' s  a n d  G e a r y ' s  i n d i c e s  for t h e s e  

ca lcu la t ions  (Cliff & Ord,  1973, 1981; J u m a r s  e t  al., 1977) w e r e  used .  M o r a n ' s  i n d e x  I is 

i n f l u e n c e d  b y  e a c h  d e v i a t i o n  f rom the  m e a n  a n d  by  the  loca t ion  of e x t r e m e s ,  w h e r e a s  

G e a r y ' s  c is a m e a s u r e  of t he  equa l i t y  of a d j o i n i n g  a b u n d a n c e s  as a f u n c t i o n  of t he  

d i s t a n c e  (k) b e t w e e n  the  f ie lds  (Sokal, i979).  By p lo t t i ng  the  i nd ices  v e r s u s  t he  d i s t a n c e s  

b e t w e e n  f ie lds  in a co r r e log ram,  t he  r e su l t s  can  b e  i n t e r p r e t e d  to y ie ld  t h e  d i s t r i bu t ion  

p a t t e r n  a n d  t h e  p a t c h  sizes.  

T h e  v a l u e  of I va r i e s  b e t w e e n  - 1  (pe r fec t  n e g a t i v e  au tocor re la t ion)  a n d  + 1 (pe r fec t  

pos i t ive  au tocor re la t ion) .  The  t r a n s f o r m a t i o n  c -- ( -  1 - c) + 1 w a s  a p p l i e d  to G e a r y ' s  i n d e x  

to p e r m i t  b o t h  p a r a m e t e r s  to b e  p l o t t e d  s ide  by  side.  Brey (1989) a n d  Soka l  (1979) u s e d  

s imilar  t r a n s f o r m a t i o n s .  In our  case ,  c < 0 m e a n s  a n e g a t i v e  au toco r re l a t i on ,  c = 0 m e a n s  

no au toco r re l a t i on ,  a n d  c >  0 m e a n s  a pos i t ive  au tocor re l a t ion .  S ince  t h e  d i s t r i b u t i o n s  of 

b o t h  M o r a n ' s  I a n d  G e a r y ' s  c a re  a sympto t i c a l l y  normal ,  it is pos s ib l e  to u s e  t h e  n o r m a l  

s t a n d a r d  d i s t r i bu t ion  a n d  to tes t  for s ign i f i can t  d i f f e r e n c e s  (Chff & Ord,  1973; Brey,  pers .  
comm.)  
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After calculating the autocorrelation, we also analysed the correlations be tween  the 
rank numbers  of subpopulat ions and different species using Spearman 's  rank correlation 
coefficient (Sokal & Rohlf, 1981). Reise's (1979) "rotation method" was used to describe 
spatial interactions be tween  subpopulat ions (adult and juveni le  Marenzelleria viridis) 
and be tween  M. viridis and chironomids, and to permit comparison with Spearman 's  
rank correlation. This involves calculating first the "index of patchiness" (Lloyd, 1967) for 
the real distributions (C) of two subpopulat ions that are be ing compared (addition of the 
abundances  in the fields concerned), whereby one pattern is rotated through 90 ~ 180 ~ 
and 270 ~ and the index (C(rl) is calculated again for each of these angles. The m e a n  of the 
indices for the rotated distributions and the standard deviation are then calculated. If no 
correlation exists, the indices for the real and  rotated distributions will not differ signifi- 
cantly. The correlation is positive for C > C(r) and negative for C < C(r ). 

RESULTS 

D i s p e r s i o n  a n a l y s i s  

Adult Marenzelleria viridis 

The abundances  of adult  M. viridis are shown in Figure 3. The distribution of the 
polychaete was distinctly patchy (I(,~)> 1, p < 0.01) in both the large and small grids. The 
same result for each cumulat ion of grid squares (1 m 2, 2.25 m 2, 4 m 2, 6.25 m 2) w a s  

obtained (Table 2, Fig. 4). 
Analysis of the spatial autocorrelation yielded no significant values for the small grid 

(Table 3, Fig. 5). However, significant positive autocorrelations were found at the field 
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Fig. 3. Distribution of adult M. viridis 
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Fig, 4. Morisita's (1959) indices for adult M. viridis (G = small grid, ~> = large grid); solid characters 
significant at the p <0.05 level. See Table 2 for further information on significances 

distances k = l  and  k--3 in the large grid (Table 4, Fig. 5). A significant negat ive 
correlation was found at the greatest possible distance (k=10). 

Juveni le  M. vir idis  

Patchiness was also evident  in the horizontal distribution of juveni le  M. vir idis  

(Table 2, Figs 6, 7). Dispersion analysis by Morisita's (1959) method for the large grid 
indicated a significantly patchy distribution up to the fourth level of cumula t ion  (6.25 m2). 
In the small grid, the distribution of M. vir idis  juveni les  was significantly patchy (p < 0.05) 
only for areas of 0.16 m 2. 

Analysis us ing Cliff & Ord's (1973) method yields no significance in the small grid 
(Table 3, Fig. 8). In the large grid, significant positive autocorrelations for field distances 
up to k=3  and  exclusively negat ive autocorrelations for greater distances be tween  fields 
(Table 4, Fig. 8) were found. 

Total populat ion of M. vir idis  

Addit ion of the juveni le  and adult  M. vir idis  abundances  resulted in a significantly 
patchy distribution in the large grid (Table 2, Figs 9, 10). A similar picture was obtained 
by adding  the different subunits.  In the small grid, significant patchiness of the M. vir idis  

distribution was found only for areas of 0.04 and 0.16 m 2. The distribution for an area of 
0.36 m 2 was random, 
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Fig. 5. Cliff & Ord's (1973) spatial autocorrelation for adult 54. vimdis; solid characters significant at 
the p <0.05 level. See Tables 3 and 4 for further information on significances 
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Fig. 6. Distribution of juvenile N/. viridis 

The spat ia l  autocorrela t ion si tuat ion was similar to that for h//. viridis juveni les .  No 
signif icant  autocorrela t ion was found in the small  grid (Table 3, Fig. 11). Signif icant  
posit ive autocorre la t ions  exis ted  up to a d is tance  be tw e e n  fields of k=3 .  Nega t ive  
autocorre la t ions  were  found for the joins at  d is tances  of k = 6  to 10 b e t w e e n  fields 
(Table 4, Fig. 11). 

Chi ronomids  

The chi ronomids  b e l o n g e d  to the Chironomus plumosus and Ch. halophilus com- 
plexes.  Signif icant  pa tchiness  was  r evea led  at all cumulat ion levels (0.25 to 6.25 m 2) in 
the  large grid by  Morisi ta 's  (1959) me thod  (Table 2, Figs 12, 13). In the small  gr id the 
distr ibution was not  pa tchy but  uniform or random.  

The spat ia l  autocorrela t ion was  also ana lysed  for the chironomids.  Signif icant  posi- 
tive and nega t ive  values  were  found only for field d is tances  of k = 2  and  k = 6  respec t ive ly  
in the large  grid (Table 4, Fig. 14). 

R a n k  a n d  a b u n d a n c e  c o r r e l a t i o n  

Spea rman ' s  r ank  correlat ion 

Calcula t ion of Spea rman ' s  r ank  correlat ion revea led  a signif icant  re la t ionship  
(p < 0.01) b e t w e e n  the distr ibut ions of adul t  and  juveni le  M. viddis (Table 5). In addit ion,  
a s ignif icant  posi t ive correlat ion (p < 0.001) b e t w e e n  the whole  M. viridis popu la t ion  and 
the chironomids was  found. Al though  no r ank  correlat ion was found b e t w e e n  adul t  M. 
viridis and chironomids,  the correla t ion b e t w e e n  juveni le  M. viridis and  ch i ronomids  was  
posit ive at the p < 0 . 0 0 1  level. 
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Fig. 7. Mor i s i t a ' s  (1959) ind ices  for juven i l e  M. viridis (A = smal l  grid,  O = l a rge  grid);  solid 
cha rac te r s  s ign i f i can t  at the  p < 0.05 level.  See Tab le  2 for fur ther  in format ion  on s ign i f i cances  

Tab le  3. Cliff & Ord ' s  (1973) spa t ia l  au tocor re la t ion  for the  smal l  gr id  (1.44 m2); no s i gn i f i c ances  w e r e  
m e a s u r e d  

Dis tance  k = 1 k = 2 k = 3 k = 4 k = 5 
Jo ins  220 320 324 256 140 

J u v e n i l e  M. viridis 
Moran ' s  I - 0 . 0 0 8  - 0 . 0 1 2  - 0 . 0 1 2  - 0 . 0 9  - 0 . 0 3 4  
Gea ry ' s  c = ( c ' - I )  + 1 - 0 . 1 0 9  - 0 . 0 3 3  - 0 . 0 0 6  - 0 . 0 4  0.239 

Adu l t  N/. viridis 
Moran ' s  I 0.047 0.082 - 0 . 0 6 6  -0 .137  - 0 . 1 0 4  
G e a r y ' s  c = (c ~  + 1 0.154 0.176 - 0 . 0 0 9  -0 .167  - 0 . 3 1 5  

Ad. and  juv. M. viridis 
Moran ' s  I - 0 . 1  0.02 - 0 . 0 0 4  - 0 . 0 3 8  - 0 . 0 5 6  
Gea ry ' s  c = ( c ' - 1 )  + 1 - 0 . 1 5 4  0.031 0.016 -0 .031  0.125 

Ch i ronomids  
Moran ' s  I - 0 . 0 3 4  - 0 . 0 9 5  0.024 0.013 - 0 . 0 4 1  
Gea ry ' s  c = ( c " - 1 )  + 1 0.033 0.019 0.076 - 0 . 0 8 9  0.009 
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Fig. 8. Cliff & Ord's (1973) spatial autocorrelation for juvenile M. v/r/dis; solid characters significant 
at the p < 0.05 level. For further information on significances, see Tables 3 and 4 



T
a

b
le

 4
. 

C
li

ff
 &

 O
rd

's
 (

1
9

7
3

) 
sp

a
ti

a
l 

a
u

to
c

o
rr

e
la

ti
o

n
 f

o
r 

th
e

 l
a

rg
e

 g
ri

d
 (

3
0

.2
5

 m
2

);
 s

ig
n

if
ic

a
n

c
e

s 
d

e
n

o
te

d
 

b
y

 "
 f

o
r 

p 
<

 0
.0

5
, 

' 
* 

fo
r 

p 
<

 0
.0

1
 a

n
d

 
* 

' 
* 

fo
r 

p 
<

0
.0

0
1

 

D
is

ta
n

c
e

 
k 

=
 

1 
k 

=
 

2 
k 

=
 

3 
k 

=
 

4 
k 

=
 

5 
k 

=
 

6 
k 

=
 

7 
k 

=
 

8 
k 

=
 

9 
k 

=
 

1
0

 

Jo
in

s 
8

4
0

 
1

4
4

0
 

1
8

2
4

 
2

0
1

6
 

2
0

4
0

 
1

9
2

0
 

1
6

8
0

 
1

3
4

4
 

9
3

6
 

4
8

0
 

Ju
v

e
n

il
e

 
M

. 
vi

ri
di

s 
M

o
ra

n
's

I 
0

.1
3

1
"*

 
0

.1
2

8
'*

*
 

0
.0

8
"*

 
0

.0
1

7
 

-0
.1

0
3

"*
*

 
-0

.0
9

7
*

*
 

-0
.0

7
8

*
 

-0
.0

3
2

 
-0

.1
4

2
'*

 
-0

.1
2

9
' 

G
e

a
ry

's
 

c 
=

 
(c

'-
1

) 
+

 
1 

0
.1

6
7

' 
" 

0
,1

5
6

""
 

0
.0

8
7

 
0

,0
5

7
 

-0
.0

2
9

 
-0

.0
6

3
 

-0
.1

1
2

 
-0

.0
0

7
 

-0
.1

1
 

-0
.3

3
5

 

A
d

u
lt

 
M

. 
vi

ri
di

s 
M

o
ra

n
's

 
I 

0
.2

1
7

 .
..

. 
0

.0
4

7
 

0
.0

6
8

*
 

0
.0

0
9

 
0

.0
0

5
 

0
,0

1
 

-0
.0

5
2

 
-0

.0
7

 
-0

.0
8

9
 

-0
.1

9
9

" 
* 

G
e

a
ry

's
 

c 
=

 
(c

*
-1

) 
+

 
1 

0
.2

6
4

 .
..

. 
0

.0
3

2
 

0
.1

1
1

" 
0

.0
5

3
 

0
.0

1
 

0
.0

3
3

 
-0

.0
8

1
 

-0
.1

3
8

 
-0

.0
4

5
 

-0
.4

3
7

*
 

A
d

. 
a

n
d

 
ju

v
. 

JV
I.

 v
ir

id
is

 
M

o
ra

n
's

I 
0

.2
6

8
"*

 
0

.1
1

5
'*

" 
0

.1
0

7
"*

 
0

.0
3

5
 

-0
.0

4
2

 
-0

.0
7

4
*

 
-0

.1
0

2
"*

 
-0

.0
7

5
 

-0
.1

9
1

"*
" 

-0
.2

8
1

'*
*

 

G
e

a
ry

's
 

c 
=

 
(c

*
-1

) 
+

 
1 

0
.3

2
1

"*
*

 
0

.1
5

0
'"

 
0

.1
3

9
' 

* 
0

,0
9

1
 

-0
.0

2
 

-0
.0

2
7

 
-0

.1
4

3
" 

-0
.1

0
2

 
-0

.1
8

7
 

-0
.5

9
1

"*
 

C
h

ir
o

n
o

m
id

s 
M

o
ra

n
's

 
I 

0
.0

0
5

 
0

.0
8

1
' 

0
.0

4
8

 
0

.0
1

1
 

-0
.0

1
 

-0
.0

4
1

 
-0

.0
6

7
 

-0
.0

2
9

 
-0

.0
8

 
-0

.0
6

4
 

G
e

a
ry

's
 

c 
=

 
Ic

*
-l

) 
+

 
1 

-0
.0

1
1

 
0

.0
8

 
-0

,0
0

4
 

-0
.0

1
9

 
0

.0
2

4
 

-0
.0

9
4

*
 

-0
.0

3
 

0
.1

2
1

 
-0

.0
5

2
 

0
.1

2
3

 

O
 

~q
 

bO
 

~n
 



1.15 

M.  L. Z e t f l e r  & A. Bick  

K 39 6 4 ~  52: 

H 2 4 [ 5 1 ~  5 6 ~  ~ 19 

F 44 48 6 9 ~  38 36 53 66 s9 53 
57 61 E 65 54165 58 47 49 37 26 

D 30 26152 52 s3 39 31 44 ,~3 46 
c 38 39111 49 49 41 33 4~ 4~ 40 
B ~0 28 ~6 :'~ 28 ~ ,~2 4~ 44 44 
A 21 37 65 16 17 37 20 46 35 49 

I 

1 9 4 1 ~  
581.60 5 4 ~  39 6rl 

38 
22 

56 
58 
5O 
43 
2O 

x 9112 9 ~ 1 o ~  
W 11 151 8 11 14 14 

v ~ loi 1314  l o  12 
Ul 10 1 1 1 ~  6 3 
U !15 13 14 13 5 8 

1 2 3 4 5 6 7 8 9 10 1 1 2 3 4 5 6 

~ > 7 0  ~ > 1 5  
Fig, 9. Distribution of the whole  M. viridis popula t ion  

.= 

1.05 

l,l 

1.0 

0.04 0.16 0.25 0.36 1 2.25 4 6.25 

276 

Area in m 2 

Fig. 10. Morisi ta 's  (1959) indices for the whole  M. viridispopulation ( 5  = small grid, �9 = large grid); 
solid characters  significant at the p < 0.05 level. For fur ther  information on significances, see Table 2 
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Table 5. Analysis of the Spearman rank correlations 

r~ z u( 1 - c~/2) p 

Adult and juvenile M. viridis 0.272 2~977 2.58 0.01 
Whole M. viridis population - chironomids 0.343 3.759 3.29 0.001 
Adult M. viridis - chironomids 0.051 0.559 1.96 n.s. 
Juvenile/v/.  v i r i d i s -  chironomids 0.424 4.642 3~29 0.001 

Rota t ion m e t h o d  (corre la t ion  b e t w e e n  a b u n d a n c e s )  

T h e  resul ts  a c h i e v e d  by this m e t h o d  are  s h o w n  in Tab l e  6. In a c o m p a r i s o n  of the  

adu l t  a n d  j u v e n i l e  M. v i r id i s  popula t ions ,  the  quo t i en t  m * / m  (the v a l u e  C) for the  rea l  

d i s t r ibu t ion  w a s  s igni f icant ly  l a rge r  t han  the  v a l u e  Cir ) for the  ro ta ted  dis t r ibut ion.  T h e  
cor re la t ion  b e t w e e n  the  two subpopu la t i ons  was  the re fo re  posi t ive.  

This  p r o c e d u r e  r e v e a l e d  no cor re la t ion  b e t w e e n  adul t  M .  v i r id i s  and  ch i ronomids ,  

but,  l ike  the  S p e a r m a n  rank  coeff icient ,  it d id  p rove  a pos i t ive  cor re la t ion  b e t w e e n  bo th  
j u v e n i l e  A/l. v i r i d i s  and  the  ent i re  M .  v i r i d i s  popu la t i on  on the  one  h a n d  a n d  c h i r o n o m i d s  

on the  other.  

Table 6. Results of the rotation test: C = m*/m for the real distribution; CIrb = m*/m for the rotated 
distribution; SD = standard deviation 

C mean (Cir,) SD 

Adult and juvenile M. viridis 1.131 
Whole M. viridis population - chironomids 1.124 
Adult M. viridis - chironomids 1.553 
Juvenile M. viridis - chironomids 1.105 

1.107 0.012 
1.106 0.010 
1.508 0.056 
1.082 0.009 

D I S C U S S I O N  

Analys i s  of spat ia l  d is t r ibut ion  pa t t e rns  and  the i r  s tabi l i ty  and  d y n a m i c s  fo rms  an 
i m p o r t a n t  bas is  for our  u n d e r s t a n d i n g  of the  e c o l o g y  of p lan ts  and  an ima l s  as w e l l  as the i r  

i n t e rac t ions  wi th  e n d o g e n i c  and  e x o g e n i c  factors  (Patil & Sti teler ,  1974; Pielou,  1977; 

C la rk  & Evans ,  1954; Trueb lood ,  1991). Ex is t ing  d is t r ibu t ion  pa t t e rns  a re  t he  resu l t  of the  
in te rac t ions  of o r g a n i s m s  wi th  the i r  e n v i r o n m e n t  (Lloyd, 1967; D a n k e r s  & B e u k e m a ,  

1981), for i n s t a n c e  t h r o u g h  compe t i t i on  (Jumars ,  i975;  Levin,  1981, 1984), r e p r o d u c t i o n  

and  co lon iza t ion  (Butman,  1987; J u m a r s  & E c k m a n ,  1 9 8 3 ) a n d  p r e d a t i o n  (Reise, 1991). 
T h e  s ta r t ing  po in t  for the  p r e s e n t  s tudy  was  an  i nves t i ga t i on  into the  co lon iza t ion  of 

i n l a n d  coas ta l  w a t e r s  of the  South  Balt ic  by  M a r e n z e l l e r i a  v i r i d i s  (Zet t ler  et  al., 1995). 

K n o w l e d g e  of the  smal l - sca le  hor izon ta l  d i s t r ibu t ion  of this sp ionid  is n e e d e d  for m o r e  
f a r - r e a c h i n g  s tud ies  into its m ig ra to ry  b e h a v i o u r  and  in t e rac t ion  wi th  t he  i n d i g e n o u s  

m a c r o f a u n a .  In his first descr ip t ion  of the  spec ies ,  Verr i l l  (1873) d r e w  a t t en t ion  to t he  

u n e v e n  d i s t r ibu t ion  of M .  ( S c o l e c o l e p i d e s )  v ir id is :  "It is so g r e g a r i o u s  tha t  in ce r t a in  spots  

h u n d r e d s  m a y  be  found  wi th in  a s q u a r e  foot, bu t  ye t  a f ew  yards  away,  on  t h e  s a m e  k ind  
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of ground, none wha tever  may be found." The considerable variation he observed  in M. 

viridis abundances  led us to suspect  that it would  be patchy, and our methods enab led  us 
to show that "patchiness" is indeed  characterist ic of its distribution. Brey (1989) and 

Eckman (1979) noted that other spionids (Pygospio elegans, Pseudopolydora kempi) are 

also patchily distributed. Levin (1981) repor ted  that the distributions of the spionids 
Pseudopolydora paucibranchiata and Streblospio benedicti are respect ively uniform and 

random and concluded that this was a result  of their territorial behaviour  (inter- and 

intraspecific competition). 
The spatial autocorrelation shows clearly that the distribution was i n d e p e n d e n t  of 

extreme values (Brey, 1989; Cliff & Ord, 1973, 1981; Sokal, 1979). The patch size was 

heterogenous.  The diameter  of the first one found was about  1 m (k=l) ,  while  the second 
was about 3 m (k=3). Studying the dispersion of intertidal communities on soft bottoms, 

Eckman (1979) in terpreted Chatf ield 's  autocorrelat ion for species such as Manayunkia 
aestuarina and Pygospio elegans as mean ing  that smaller patches are due to exogenous  

factors (sediment bars). 
The smallest patches of juveni le  M. viridis found had an area of 0.25 to 0.36 m 2. No 

patch of max imum size according to Morisita 's  (1959) method was found. 
Juveni le  M. viridis exhibi ted a significant spatial autocorrelation (Moran's I) up to a 

field distance of k=3.  However ,  Geary 's  c was no longer  significant at this field distance. 
Therefore, we may conclude that the patch size was be tween  4 and 9 m 2. However ,  it is 

also conceivable  that smaller patches merge  to form larger  aggregations.  

The results of our analysis of the whole  M. viridis populat ion were  similar to those for 
the juveni le  subpopulation: the populat ion was patchily distributed, but  Morisita 's  

method revea led  no particular "patch size". 
The spatial autocorrelation also yie lded a picture similar to that shown by juveni le  M. 

viridis. The patch size in this case was es t imated to be about 9 m 2. The chironomids were  

also found to be  patchily distributed with no specific max imum patch size. The  min imum 
patch size can be assumed to be about  0.25 m 2. Titmus & Badcock (1981) found no 

patchiness among  Chironomus spp., but repor ted  that the distributions of the chironomid 
genera  Polypedilum, Prodadius and Tanypus resembled  those we found. In our analysis 

of the spatial autocorrelation, significant relat ionships only for k=2  and k=6  were  found. 
The area of the patches was around 4 m 2, but  comparison with other methods  suggests  in 

this case, too, that smaller patches merge  to cover larger  areas. 
The variability in the spatial distribution of M. viridis is probably due to sediment  

structure (relief). The species was most commonly  found on slight elevations (5 to 10 cm) 
in the substrate and rarely, if at all, in "val leys".  There  are three possible explanat ions  for 

this. 
(1) The "hills" are a result of bioturbat ion and burrowing by M. viridis itself. These  

spionids line their burrows with slime and even  erect  a low wall around the ent rance  

(Zettler et al., 1994). For a density of 8000 ind . /m 2, a mean  burrow diameter  of 2 mm and a 
penetra t ion depth  of 30 cm, the amount  of sed iment  excava ted  would  be 7.5 1/m 2. Even  if 

it is less, burrowing activity can be expec ted  to have  some impact  on sediment  structure. 

(2) The activity of the animals could contribute to the compact ion and thus the 
"trapping" of sediment.  This would make  the patch less prone to erosion and encourage  

the accumulat ion of sediment.  Other  burrowing polychaetes  are known to increase 

sediment  s trength {Fager, 1964; Sanders  et al., 1962; Rhoads et at., 1978; Yingst & 
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Rhoads, 1978). Brey (1989), however, pointed out that Eckman et al. (1981) postulated a 
destabilizing effect of burrowing animals  on the sediment  as a result of purely  physical 
considerations. For large burrow diameters (> 1 ram) on the other hand, reduced  erosion 
can be observed due to a reduction in turbulent  flow (protruding burrow mouths). In 
contrast, Eckman et al. (1981), Brey (1989), and other authors believe that  bacteria, 
diatoms and fi lamentous algae producing slime that glues sediment particles together 
might  play a more significant role in this respect. The nutrients produced by burrowing 
macrofauna, from the sediment  (irrigation), may promote the growth of microfauna and 
microflora (Aller, 1980). Brey (1989) suspects that the burrows themselves may act as 
scaffolding or form slime-stabilized sediment.  "Hills" created in this way could therefore 
be centres of attraction for benthic suspension and  substrate-feeders. 

(3) Abiotic factors such as wave action can give rise to the formation of a substrate 
relief, the "hills" of which attract both polychaetes and chironomids. The "burial" of 
depressions due to sediment  transport  and redeposit ion would likewise affect coloniza- 
tion patterns (Maurer & April/, 1979). Naturally, interactions be tween  these factors are 
also possible. 

Various studies have shown that benthic  species show preferences for specific 
sediment  types (e.g.K.inner et al., 1974; Meadows & Campbell ,  1972). Sed iment  pre- 
ferences, besides salinity and competition, also inf luence the distribution of M. viridis 
(Zettler et al., 1995). Like Verrill (1873), Essink & Kleef (1993} and Atkins et al. (1987), we 
have observed that adult  specimens show an affinity for sandy substrates. In comparative 
studies, for instance, we counted mean  abundances  of around 2000 ind. /m 2 at Station C 
(mean grain size = 0.29 ram, organic content  = 1%, water content  -- 28 %) compared 
with only about  200 ind. /m 2 on the average in the muddy sediment  at Station B (mean 
grain size -- 0.23 ram, organic content  = 2 %, water content  = 35 %) only 10 m away. The 
highest  abundances  in our invest igat ion area were found on sandy substrates  (Zettler, 
1993; Zettler et al., 1995). 

The positive rank and abundance  correlations found in this present  invest igat ion 
indicate that attraction centres exist. The previously ment ioned affinity of M. viridis for 
sandy substrates is definitely the decisive factor because  the sediment  surface in the 
"valleys" is muddy  owing to the accumulat ion of detritus, and oxygen consumpt ion  may 
also be higher there. Apart from the inhibitory effect of colonization by burrowing 
animals  on set t lement by juveniles of other benthic  species, Gallagher et al. (1983) also 
drew attention to a positive effect. Studying patchy distributions of Hobsonia florida and 
Tanais spp., they found positive correlations with various organisms. Burrowing animals  
seemed to encourage the re-colonization of defauna ted  substrates. Sarda et al. (1995, and  
pets. comm.) referred to M. viridis as a cold-tolerant opportunist  which precedes  and  
encourages colonization of substrates by other benthic  evertebrates after defaunat ion  by 
ice action. Encouragement  of this k ind can actually be  expected in view of the positive 
correlation be tween  the distributions of M. viridis and  chironomids. However,  significant 
correlations with chironomids were found only for juveni le  5//. viridis. This would be 
explained by the previously men t ioned  production of nutrients,  by the burrower  M. 
viridis, from the sediment  which promote the growth of microorganisms serving as food 
for chironomids (Aller, 1980; Johnson,  1987). Kajak (1987) reported that faeces encourage 
chironomid growth, and faeces from M. viridis could be a good substrate for microorga- 
nisms. 
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Further, the positive patch correlations indicate principal suspension feeding, while 
surface deposit feeders have negat ive  correlations be tween  age groups or are territorial. 
According to Dankers  & Beukema (1981), the principal factors governing the distribution 
of benthic  organisms in estuarine systems are water motion, temperature,  tide, sediment  
type, salinity and  biotic factors. Correspondingly, the factors that might possibly explain 
the positive rank and abundance  correlations be tween  5//. vin'dis and chironomids, and 
the patchiness of the former could include: 

(1) centres of attraction (e.g. "hills") created by abiotic or biotic activity; 
(2) similar or identical  food requirements  (organic matter, particle size) for these 
suspension and  detritus feeders (Dauer et al., 1981; Polzin, 1988; Johnson,  1987; 
Reise, 1979; Sanders  et al., 1962); 
(3) predat ion by fish (Reise, 1991; Woodin, 1982); 
(4) mortality among senile M. viridis; 
(5) the possible emigration of adult  Nl. viridis due to poor living conditions (food, 
oxygen, mud  accumulation,  competition) or for reproduction. 
Essink & Kleef (1993) reported that adult and juveni le  worms prefer different 

sediments,  and our observations confirm this report. The highest abundances  of juve- 
niles, having be tween  15 to 40 segments,  were reached on muddy substrates (Zettler et 
al., 1995), and Reise (1991) observed that juvenile  Arenicola marina settled mainly  in so- 
called "nurseries" away from the adult  populations and did not move on to areas 
populated by adult  animals until  they had reached a certain size. Unfortunately, the 
juveni le  M. viridis specimens used in our dispersion studies had a mean  segment  number  
of 70 and  already exhibited an affinity for sand. 

It is not known  whether  adult M. viridis influence the set t lement of planktic larvae. 
However, Dauer et al. (1981) reported that respiratory currents caused by M. viridis draw 
the larvae of other spionids (Streblospio benedicti) into their burrows and thus negat ively 
affect settlement.  Tamaki  (1985) also reported that the spionid Pseudopolydora pauci- 
branchiata negat ively influences the set t lement of larval Armandia spp. and that ophelid 
larvae settle preferentially in areas where the spionid populat ion density is relatively low. 
Levin (1982) has observed interspecific aggression be tween  the spionids IVI. viridis, 
Polydora ligni and  Spio setosa. Other spionids (Polydora figni, P. ciliata) are known  to 
ingest  planktic larvae (Breese & Phibbs, 1972; Daro & Polk, 1973). In view of these 
reports, it seems quite possible that adult  M. viridis have a negat ive  intraspecific effect on 
set t lement by larvae and juvenile  benthic  forms; a report which we were unab le  to verify. 

Since only three taxa occur in our investigation area, we were unab le  to study the 
distribution of M. viridis in areas with a more diversified fauna. However, the effects of 
macrozoobenthos representat ives exhibit ing territorial and predacious behaviour  
(Hediste diversicolor) on the distribution of the spionids will be the subject of future 
investigations. 
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