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ABSTRACT 

Gul l iksen ,  Bjorn.  1974. The Ascidian fauna on l eve1  bottom 

a r e a s  i n  t h e  Borgenfjord,  1967-1973. K. norske Vidensk. 

SeZsk. Mus. Miscneu ( 2 1 ) :  1-18. 

H i t h e r t o ,  15 s p e c i e s  of a s c i d i a n s  have been re-  

corded from t h e  Borgenfjord a r e a .  Th i s  is 39% of t h e  t o t a l  

a s c i d i a n  spec ie s  recorded from t h e  Trondheimsfjord. 8 of 

t h e  s p e c i e s  from t h e  Borgenfjord a r e  p r i m a r i l y  found i n  arc-  

t i c  r eg ions .  

During t h e  i n v e s t i g a t i o n s  i n  1967-1971 us ing a 

Pe te r sen  g rab ,  s i x  s p e c i e s  were recorded i n  t h e  inne r  bas in  

of t h e  Borgenfjord,  e i g h t  s p e c i e s  on t h e  th re sho ld  between 

t h e  two b a s i n s ,  and n ine  s p e c i e s  i n  t h e  o u t e r  bas in .  The 

" a r c t i c "  tendency is  more pronounced i n  t h e  Borgenfjord 

proper  than  i n  t h e  a r e a s  j u s t  o u t s i d e .  

No r e l a t i o n s h i p  was found between s u b s t r a t e  par-  

t i c l e  s i z e  and a s c i d i a n  d i s t r i b u t i o n ,  bu t  subsequent in-  

v e s t i g a t i o n s  us ing  d iv ing  equipment have r evea led  t h a t  coa r se  

and s h e l l - r i c h  s u b s t r a t e s  con ta in  h igher  numbers o f  a s c i d i a n s  

than s o f t  s u b s t r a t e s  wi th  l e s s  S h e l l .  

Bj6rn GuZZiksen, BioZogical Stat ion,  N-7000 Trondheim. 
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INTRODUCTION 

I n v e s t i g a t i o n s  o f  d i f f e r e n t  a s p e c t s  o f  t h e  ecosystem,  i n -  

c l u d i n g  p h y t o p l a n k t o n ,  zoop lank ton ,  b e n t h o s ,  and t h e  f e e d i n g  h a b i t s  

o f  t h e  common t e l e o s t s  o f  t h e  B o r g e n f j o r d ,  have t a k e n  p l a c e  s i n c e  

1967 (Borgenfjordunders6kelsene 1969, 1970,  1971,  1 9 7 3 ) .  

The b e n t h i c  f a u n a  on l e v e l  bot tom a r e a s  i n  t h e  Borgenf jo rd  
2  

was i n i t i a l l y  sampled by means o f  t h e  0 . 1  m P e t e r s e n  g r a b .  I t  was 

soon r e a l i z e d  t h a t  p a r t s  of  t h e  f a u n a ,  e s p e c i a l l y  t h e  e p i f a u n a ,  was 

n o t  b e i n g  sampled e f f i c i e n t l y  w i t h  t h i s  equipment.  Being ve ry  com- 

mon i n  t h e  f j o r d ,  t h e  a s c i d i a n s  were t h e r e f o r e  p r i m a r i l y  c o l l e c t e d  

u s i n g  SCUBA-equipment ( G u l l i k s e n  1972,  1 9 7 3 ) .  A comparison o f  t h e  

q u a l i t a t i v e  and q u a n t i t a t i v e  compos i t ion  o f  t h e  samples  o b t a i n e d  

w i t h  t h e  P e t e r s e n  g r a b  and w i t h  a  d i v e r - o p e r a t e d  bot tom c o r e r  a l s o  

i n d i c a t e d  t h a t  f o r  a s c i d i a n s  l i v i n g  on s o f t  bot tom a r e a s  t h e  c o r e r  

on a v e r a g e  sampled 30 t i m e s  m o r e e f f i c i e n t  t h a n  t h e  P e t e r s e n  g r a b  

( G u l l i k s e n ,  unpubl .  ) . 
However, t h e  m a t e r i a l  c o l l e c t e d  w i t h  t h e  P e t e r s e n  g r a b  d i d  

c o n t a i n  many a s c i d i a n s ,  b u t  an e x h a u s t i v e  t r e a t m e n t  o f  t h e  q u a n t i t a -  

t i v e  a s p e c t s  seemed t o  b e  u n j u s t i f i e d ,  due  t o  t h e  low sampl ing e f f i -  

c i e n c y  o f  t h e  P e t e r s e n  g r a b .  

MATERIAL AND METHODS 

2 
The 0 . 1  m P e t e r s e n  g r a b  was used  between September 1 9 6 7 -  

November 1971 i n  t h e  Borgenf jo rd  and a  t o t a l  o f  1039 g r a b  samples 

were o b t a i n e d .  Hol the  (1973) g i v e s  an  o u t l i n e  o f  t h e  sampl ing  pro- 

gramme, methods used and s t a t i o n s  worked. 

Due t o  s e v e r a l  f a c t o r s ,  t h e  g r a b  sampl ing proqramme has  

been somewhat d i s c o n t i n u o u s ,  b o t h  w i t h  r e g a r d  t o  t ime  and sampl ing 

s t a t i o n s .  The most v a l u a b l e  c o n s e c u t i v e  p e r i o d  o f  o b s e r v a t i o n s  i s  

t h e  12  c r u i s e s  from May 1970 t o  October  1971  when f i v e  r e p l i c a t e  

samples were o b t a i n e d  a t  each  o f  t h e  11 s t a t i o n s  ( F i g .  1) .  (Three  

s t a t i o n s  were o m i t t e d  i n  February  1971 due t o  i c e . )  

Less  e x t e n s i v e  s t u d i e s  have a l s o  been c a r r i e d  o u t  u s i n g  

a  d i v e r - o p e r a t e d  bottom c o r e r  and o c c a s i o n a l  d r e d g i n g s  made wi th  a  

t r i a n g u l a r  d redge .  The r e s u l t s  f r o n  t h e s e  i n v e s t i g a t i o n s  a r e i n c l u d e d  



Fig .  1. Map o f  t h e  B o r g e n f j o r d  w i t h  t h e  l l s t a t i o n s  a t  which samp- 

l i n g  w i t h  t h e  P e t e r s e n  g r a b  t o o k  p l a c e  from May 1970 - 

Octobe r  1971.  



i n  t h e  s e c t i o n  on s p e c i e s  and d i s t r i b u t i o n s  i n  t h i s  p a p e r .  

AREA AND ENVIRONMENT 

Up t o  t h e  h i g h  w a t e r  mark, t h e  s u r f a c e  a r e a  o f  t h e  Borgen- 
L 

f j o r d  i s  1 9 . 3  km g .  l . I t  is  s e p a r a t e d  from t h e  Trondhe imsf jo rd  

p r o p e r  by a s h a l l o w  t h r e s h o l d ,  a b o u t  5-6 m deep  and 150 m wide .  T h i s  

l and locked  f j o r d  i s  i t s e l f  d i v i d e d  i n t o  two b a s i n s  by a  secondary 

t h r e s h o l d  a t  a  d e p t h  o f  14  m. The maximum d e p t h  o f  t h e  o u t e r  b a s i n  

( s o u t h e r n )  i s  n e a r l y  40 m ,  o f  t h e  i n n e r  ( n o r t h e r n )  b a s i n  a b o u t  30 m.  

I n f o r m a t i o n  concern ing  t e m p e r a t u r e ,  s a l i n i t y ,  and oxygen 

f o r  t h e  p e r i o d  September 1967 - November 1971 have been i n c l u d e d  i n  

o t h e r  p u b l i c a t i o n s  ( G u l l i k s e n  1972,  McClimans 1973) ; t h e  hydrography 

is  t r e a t e d  thorough ly  by McClimans ( 1 9 7 3 ) .  Accord ing ly ,  o n l y  t h e  

main p r i n c i p l e s  w i l l  b e  ment ioned h e r e .  

The w a t e r  masses  o f  t h e  B o r g e n f j o r d  o r i g i n a t e  from t h e  

s u r f a c e  l a y e r s  o f  t h e  Trondhe imsf jo rd  p r o p e r .  A t  t h e  e n t r a n c e  t o  

t h e  B o r g e n f j o r d ,  t h e  t i d a 1  c u r r e n t  may a t t a i n  a  s p e e d  o f  5  m/sec. 

I n  t h e  o u t e r  b a s i n  t h e  t i d a 1  c u r r e n t  p roduces  s t r o n g  t u r b u l e n c e  i n  

t h e  w a t e r  masses ,  which a r e  t h e r e f o r e  p r a c t i c a l l y  homogeneous 

t h r o u g h o u t  t h e  whole w a t e r  column. 

During t h e  s p r i n g  and autumn a  p y c n o c l i n e  i s  formed i n  t h e  

n o r t h e r n  b a s i n ,  a t  a b o u t  15-20 m below t h e  s u r f a c e .  Exchange th rough  

t h e  p y c n o c l i n e  i s  weak. Decomposit ion o f  o r g a n i c  m a t t e r  r e s u l t s  i n  

oxygen d e f i c i e n c y  below t h e  p y c n o c l i n e  and H2S i s  formed. An annua1 

renewal o f  t h e  w a t e r  i n  t h e  n o r t h e r n  b a s i n  s t a r t s  i n  t h e  autumn and 

c o n t i n u e s  t h r o u g h o u t  t h e  w i n t e r .  
O O 

Water t e m p e r a t u r e  u s u a l l y  r a n g e s  from 1 t o  20 C d u r i n g  
O o  

t h e  y e a r  and s a l i n i t y  from 20 t o  33 /oo.  Temperatures  above 20 C 
O 

and s a l i n i t i e s  below 20 /oo a r e  r a r e  i n  t h e  Borgenf jo rd .  

The main t y p e s  o f  s u b s t r a t e s  obse rved  w h i l e  d i v i n g  and 

from t h e  c o n t e n t s  o f  d r e d g e s  and g r a b s  a r e  r e p o r t e d  i n  Skjæveland 

( 1 9 7 3 ) .  A d d i t i o n a l  i n f o r m a t i o n  was g a i n e d  d u r i n g  a  c r u i s e  i n  J u l y  

1968, d u r i n g  which subsamples f o r  sed iment  a n a l y s i s  were c o l l e c t e d  

from 85  g r a b  samples .  The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  a r e  g i v e n  

i n  Hol the  (1972) and Stromgren (1974) . 



The f i n e s t  sediment  t y p e s  ( c l a y ,  s i l t )  a r e  found i n  t h e  

n o r t h e r n  h a s i n ,  e s p e c i a l l y  where t h e  w a t e r  i s  s t a g n a n t .  C o a r s e r  

sedinientc: ( s t o n e ,  g r a v e l ,  c o a r s e  m i n e r a l  sand)  a r e  found where t h e  

t i d a l  c u r r e n t  lias iliost i n f l u e n c e ,  i . e .  n e a r  t h e  e n t r a n c e  t o  t h e  

f j o r d ,  i n  a r e a s  s i t u a t e d  on t h e  w e s t  s i d e  of Rolsoy and on t h e  

t l iresl iold between t h e  two b a s i n s .  Medium t y p e s  of sediment  (mine- 

r a l  s a n d ,  s i l t )  a r e  found e a s t  o f  Rolsoy.  

SPECIES LIST AND DISTRIBUTIONS 

Hartmeyer (1922) r e p o r t e d  f o u r  s p e c i e s  o f  a s c i d i a n s  

(C. i n t e s t i n a Z i s ,  S .  r u s t i c a ,  M. o c u l a t a ,  E. a r e n o s a )  from t h e  

Borgenf jord .  Eleven more s p e c i e s  were r e c o r d e d  d u r i n g  t h e  i n v e s t i -  

g a t i o n s  made between 1967 and 1973, b r i n g i n g  t h e  t o t a l  number o f  

a s c i d i a n  s p e c i e s  up t o  15.  

Notes concerning s p e c i f i c  g e n e r a l  d i s t r i b u t i o n s  and t h e  

numbers found i n  t h e  g r a b  samples a r e  p r e s e n t e d  h e r e ;  specimens ob- 

t a i n e d  w i t h  t h e  d i v e r - o p e r a t e d  c o r e r  a r e  mentioned s e p a r a t e l y .  For 

syIionyms, s e e :  Hartmeyer (1923, 19241, Van Name (19451, B e r r i l l  

(1950) , M i l l a r  (1966) . 

Ciona i n t e s t i n a l i s  (Linnaeus  , 1767) 

Almost cosmopol i tan .  Very common i n  t h e  Trondheimsf jord .  

142 specimens from t h e  Borgenf jo rd .  

B o r e a l - l u s i t a n i a n .  Common i n  t h e  Trondheimsf jord .  Four 

specimens from t h e  Borgenf j o r d .  

Ascidia o b l i q u a  A l d e r ,  1863 

A r c t i c - b o r e a l .  North A t l a n t i c  Sea.  Common i n  t h e  Trond- 

he imsf jo rd .  One specimen from t h e  Borgenf jo rd .  



Dendrodoa grossu lar ia  (van b ene den, 1846) 

A r c t i c - b o r e a l .  Common i n  t h e  Trondheimsf jord .  93 s p e c i -  

mens from t h e  Borgenf jo rd .  The s o l i t a r y  form on ly  has  been found 

i n  t h e  Borgenf j  o r d .  

S t y e l a  coriacea (Alder  & Hancock, 1848) 

Mainly a r c t i c ,  b u t  a l s o  o c c u r r i n g  i n  b o r e a l  r e g i o n s .  

Common i n  t h e  Trondheimsf jord .  208 specimens from t h e  Borgenf jo rd .  

S t y e l a  r u s t i c a  (Linnaeus  , 1767) 

A r c t i c .  Circumpolar.  Common i n  sha l low w a t e r  a r e a s  o f  

t h e  Trondheimsf jord .  25 specimens from t h e  Borgenf jo rd .  

Pozycarpa pomaria (Saviuny , 1816) 

B o r e a l - l u s i t a n i a n ,  b u t  a l s 0  o c c u r r i n g  i n  a r c t i c  r e g i o n s .  

One o f  t h e  most common a s c i d i a n s  o f  t h e  Trondhe imsf jo rd ,  b u t  r e c o r -  

ded on ly  once i n  t h e  Borgenf jo rd  - one specimen was found. 

Cnemidocarpa rhizopus (Redikorzev,  1907) 

A r c t i c ,  b u t  h a s  been recorded  a few t imes  i n  t h e  b o r e a l  

r e g i o n  ( M i l l a r  1966, Lutzen 1 9 6 7 ) .  76 specimens from t h e  Borgenf jord .  

Pelonaia corrugata Forbes  & Goods i r ,  1841 

A r c t i c .  Circumpolar .  Not common i n  t h e  Trondheimsf jord .  

Three specimens from t h e  Borgenf jo rd .  

b.'oZguZa manhattensis (De Kay, 1843) 

Borea l .  Very common on t.hc Rrnerican A t l a n t i c  c o a s t ,  b u t  

has  a l s o  been recorded  f r e q u e n t l y  on t h e  European s i d e .  Four 



specimens were found i n  the  Borgenfjord, forming the  northernmost 

records so  f a r .  

Molgula occul ta  Kuppfer, 1875 

Boreal. Not recorded i n  the  grab samples. The records 

from the  Borgenfjord a r e  derived from the  fauna1 inves t iga t ions  

made i n  the  i n l e t  of the  f j o r d  (Lande & Ci~l l ikccn  1973) and fror, 

other  inves t iga t ions  ca r r i ed  out  with the  diver-operated bottom 

corer  i n  the  southern basin of the  Borgenfjord. 

Molgula oculata Forbes, 1848 

Boreal. ~ e c o r d e d  only once i n  the  Borgenf jord ,  by IIart- 

meyer (1922). Hartmeyer, however, d id  not  d i s t ingu i sh  between 

M. ocuzata and M. occul ta  ( B e r r i l 1  19501, and t h i s  record accor- 

dingly,  i s  somewhat uncertain.  Hartmeyer's o r i g i n a l  specimens from 

the  Borgenfjord has not  been located.  

Polgula s iphonal i s  M .  Sars ,  1859 

Primari ly a r c t i c .  Not comrnon i n  the  Trondheimsfjord. 

101 specimens from the  Borgenfjord. 

Eugyra g lu t inans  (Moller, 1842) 

Primari ly a r c t i c .  Not common i n  the  Trondheimsfjord. 

Only recorded i n  the  Borgenfjord i n  the  samples taken with the  bot- 

tom corer .  

Eugyra arenosa Alder & Hanrock, 1370 

Boreal. Not common i n  the  Trondheimsfjord. Three speci-  

mens were found i n  the  Borgenfjord. 



Of a l l  t h e  a s c i d i a n  s p e c i e s  found i n  t h e  Trondheimsf jord  

p r o p e r , 3 9 %  have been found i n  t h e  Borgenf jo rd .  The cor respond ing  

v a l u e  f o r  p o l y c h a e t e s  i s  41% (Hol the  1 9 7 3 ) .  

The wide ampl i tude  o f  t h e  w a t e r  t e m p e r a t u r e  i n  t h e  s o u t h e r n  

b a s i n  th roughout  t h e  y e a r  and t h e  l a c k  o f  a  v a r i e t y  o f  h a r d  s u b s t r a -  

t e s  f o r  s e t t l e m e n t  a r e  p r o b a b l y  t h e  two main r e a s o n s  f o r  t h e  lower 

p e r c e n t a g e  o f  a s c i d i a n s  found i n  t h e  Borgenf jo rd  compared t o  t h e  

Trondheimsf jord  p r o p e r .  The annua1 t e m p e r a t u r e  r a n g e  o f  t h e  whole 
O 

w a t e r  column i n  t h e  s o u t h e r n  h a s i n  i s  u s u a l l y  15-20 C.  The o n l y  r e -  

g i o n s  i n  which t h e  t e m p e r a t u r e  range  th roughout  d u r i n g  t h e  y e a r  i s  

low a r e  t h e  w a t e r  masses l y i n g  below t h e  t h r e s h o l d  d e p t h  ( c a .  14  m)  

i n  t h e  n o r t h e r n  b a s i n ,  b u t  h e r e  t h e  f o r m a t i o n  o f  H S i n  t h e  summer 
2  

exc ludes  n e a r l y  a l l  k i n d s  of  l i f e .  A l l  an imals  found i n  t h e  Borgen- 

f j o r d  which l i v e  f o r  more t h a n  one y e a r  a r e  t h e r e f o r e  p robab ly  a l l  

eu ry the rmal .  

Hol the  (1973) d i v i d e d  t h e  Borgenf jo rd  p o l y c h a e t e  f a u n a  

i n t o  two g r o u p s ,  " a r c t i c "  and " n o n - a r c t i c "  s p e c i e s ,  and he  found 

t h a t  t h e  " n o n - a r c t i c "  s p e c i e s  were u n d e r r e p r e s e n t e d .  T h i s  tendency 

i s  a l s o  found among t h e  a s c i d i a n s ,  q u a n t i t a t i v e l y  more t h a n  q u a l i t a -  

t i v e l y .  Nine o f  t h e  15  s p e c i e s  r e c o r d e d  i n  t h e  Borgenf jo rd  a r e  com- 

mon i n  a r c t i c  r e g i o n s .  The a s c i d i a n s  most  f r e q u e n t l y  r e c o r d e d  

(Tab le  l ) ,  w i t h  one a x c e p t i o n ,  t h e  cosmopol i t an  C. i n t e s t i n a l i s ,  

have t h e i r  main d i s t r i b u t i o n  i n  a r c t i c  s e a s .  The low numbers of  

a s c i d i a n s  found do n o t  a l l o w  a n  e x t e n s i v e  d i s t r i b u t i o n  a n a l y s i s  t o  

be  made, b u t  t h i s  a r c t i c  tendency seemed t o  be  more pronounced i n  

t h e  Borgenf jo rd  p r o p e r  t h a n  i n  a r e a s  s i t u a t e d  j u s t  o u t s i d e  t h e  f j o r d ,  

e . g .  a t  S t n  B 22 ( F i g .  1).  

Dybern (1.969) h a s  i n v e s t i g a t e d  t h e  a s c i d i a n  f a u n a  i n  two 

s m a l l  f j o r d s  o r  " p o l l s " ,  K v i t u r d v i k p o l l e n  and ~ å g s b o p o l l e n ,  n e a r  

Bergen ( a b o u t  300 s t a t u t e  m i l e s  SW o f  t h e  B o r g e n f j o r d ) .  However, 

o n l y  f i v e  o f  t h e  16  s p e c i e s  r e c o r d e d  i n  t h e s e  p o l l s  n e a r  Bergen 

(C. i n t e s t i n a l i s ,  C. parallt?logramma, D. g r o s s u l a r i a ,  S. r u s  tica, 

M. m a n h a t t e n s i s )  were found d u r i n g  t h e  B o r g e n f j o r d  i n v e s t i g a t i o n s .  

C. i n t e s t i n a l i s  was a l s o  t h e  dominant a s c i d i a n  i n  K v i t u r d v i k p o l l e n  

and Vågsbopol len .  

A s e p a r a t i o n  o f  t h e  a s c i d i a n s  r e c o r d e d  i n  Kvi tu rdv ikpo l -  

l e n  and Vågsbopollen i n t o  " a r c t i c "  and " n o n - a r c t i c "  s p e c i e s ,  p r o v i -  

ded a  t o t a l  o f  s i x  s p e c i e s  common i n  a r c t i c  r e g i o n s ,  and t h u s  t h e  
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" a r c t i c "  f e a t u r e s  a r e  more p ronounced  i n  t h e  B o r g e n f j o r d  t h a n  i n  t h e  

p o l l s  n e a r  Bergen.  

FAUPIAL COMPOSITION I N  RELATION TO SUBSTRATE 

The h i g h e s t  number o f  a s c i d i a n  s p e c i e s  w a s  r e c o r d e d  a t  S t n  

H 12  ( T a b l e  1 ) .  The H 12  o f  t h e  p e r i o d  May 1970 - November 1971  i s  

l o c a t e d  f a r t h e r  s o u t h  (on  t h e  t h r e s h o l d  be tween i n n e r  a n d  o u t e r  ba- 

s i n )  t h a n  t h e  i n i t i a l  H 12  r e p o r t e d  by H o l t h e  (1973)  and  S t romgren  

( 1 9 7 4 ) .  I n  situ o b s e r v a t i o n s  have  shown t h a t  t h e  bo t tom a t  t h e  May 

1970 - November 1971  s t a t i o n  c o n s i s t s  o f  g r a v e 1  a n d  c o a r s e  m i n e r a l  

s a n d  w h i l e  t h e  i n i t i a l  H 1 2  i s  q u i t e  s o f t .  

The h i g h e s t  numbers o f  spec imens  were  r e c o r d e d  a t  s t a t i o n s  

H 1 2 ,  G 1 7 ,  and  G 21. The s u b s t r a t e  o f  H 1 2  h a s  been  d i s c u s s e d  a- 

bove .  A t  G 1 7 ,  s u b s t r a t e  i s  q u i t e  c o a r s e ,  w h i l e  a t  G 21 ,  t h e  n a t u r e  

o f  t h e  bo t tom i s  somewhat u n c e r t a i n .  G 21 is  a l m o s t  i d e n t i c a l  t o  a 

s t a t i o n  a t  a d e p t h  o f  1 6  m o n  t r a n s e c t  1 i n  t h e  i n v e s t i g a t i o n s  made 

w i t h  SCUBA-equipment ( G u l l i k s e n  1 9 7 2 ) .  On t h i s  t r a n s e c t ,  p e b b l e s  

a n d  m o l l u s c a n  s h e l l s  were  common f rom 8 t o  1 6  m d e p t h ,  a l t h o u g h  b o t h  

H o l t h e  (1972)  a n d  S t romgren  (1974)  r e p o r t e d  t h e  bo t tom t o  b e  s o f t .  

Our d i v i n g  programme i n  t h e  B o r g e n f j o r d  h a s  shown t h a t  

a s c i d i a n s  a r e  t o  h e  found  more f r e q u e n t l y  i n  c o a r s e  s u b s t r a t e  areas 

t h a n  i n  s o f t  s u b s t r a t e  a r e a s ,  and  t h a t  t h e r e  p r o b a b l y  i s  a r e l a t i o n -  

s h i p  be tween a s c i d i a n  d e n s i t y  a n d  t h e  d i s t r i b u t i o n  o f  d e a d  s h e l l s ,  

p e b b l e s ,  a n d  o t h e r  c o a r s e  s u b s t r a t e : ~ .  The l a c k  o f  c l e a r  r e l a t i o n -  

s h i p  be tween s u b s t r a t e  a n d  f a u n a 1  c o m p o s i t i o n  i n  t h e s e  i n v e s t i g a t i o n s  

may t h e r e f o r e  b e  d u e  t o  t h e  s a r n p l i n ~  e f f i c i e n c y  o f  t h e  P e t e r s e n  g r a b :  

t h e  c o a r s e r  t h e  s u b s t r a t e ,  t h e  l e s s  e f f i c i e n t  t h e  g r a b .  
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