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O o s te n d e  Bol ' 1. N e w  t e c h n i q u e s  f o r  i d e n t i f y i n g  t h e  a v e r a g e  t a x o n o m i c  r a n g e  o f  s p e c i e s  a s s e m b l a g e s

w e r e  a p p l i e d  t o  a n  e x t e n s i v e  d a t a s e t  o f  b o t t o m - d w e l l i n g  f i s h  i n  t h e  c o a s t a l  w a t e r s  o f  

N W  E u r o p e .  T h e s e  t a x o n o m i c  d i s t i n c t n e s s  i n d i c e s  p r o v i d e d  m u c h  g r e a t e r  r e s o l u t i o n  

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

r e l a t i o n s h i p s  i n t o  a n  i n d e x  w h i c h  m e a s u r e s  s p e c i e s  d o m i n a n c e .  U n l i k e  s t a n d a r d  m e a ­

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

o f  s a m p l i n g  e f f o r t ,  a n d  t h i s  a l l o w s  o b j e c t i v e  c o m p a r i s o n s  t o  b e  m a d e  b e t w e e n  s a m p l e s  

f r o m  s t u d i e s  w h e r e  s a m p l i n g  e f f o r t  is  n o t  s t a n d a r d i z e d .

2 .  A  r e d u c t i o n  i n  t h e  a v e r a g e  t a x o n o m i c  r a n g e  b e t w e e n  t h e  f a u n a  o f  w e s t e r n  w a t e r s  

o f  t h e  U K  a n d  t h a t  o f  t h e  s o u t h e r n  N o r t h  S e a  w a s  c o n s i s t e n t  w i t h  t h e  g e n e r a l  d e c l i n e  

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

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

f i s h  o n  a  l o c a l  s c a l e ,  h o w e v e r ,  d i d  n o t  a l l  f i t  t h i s  t r e n d .

3 .  M u c h  o f  t h e  v a r i a b i l i t y  i n  t a x o n o m i c  d i v e r s i t y  w i t h i n  t h e  c o a s t a l  w a t e r s  o f  N W  

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

O f  a l l  t h e  f a m i l i e s  w h i c h  c o m p r i s e  t h e  f i s h  c o m m u n i t i e s ,  t h i s  g r o u p  h a s  l i f e - h i s t o r y  

c h a r a c t e r i s t i c s  w h i c h  m a k e  i t  m o s t  s u s c e p t i b l e  t o  i m p a c t  b y  c o m m e r c i a l  t r a w l  f i s h e r i e s .

4 .  T h e  u s e  o f  t a x o n o m i c  d i s t i n c t n e s s  m e a s u r e s  p r o v i d e d  a d d i t i o n a l  i n s i g h t s ,  o f  r e l ­

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

o t h e r  a q u a t i c  a n d  t e r r e s t r i a l  f a u n a .

K e y - w o r c l s :  t a x o n o m i c  d i v e r s i t y ,  g r o u n d f i s h ,  c o m m u n i t y  s t r u c t u r e ,  f i s h i n g  i m p a c t ,  

N W  E u r o p e .
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Introduction

E x p la in in g  th e  la rg e - s c a le  p a t t e r n s  in  s p e c ie s  d is ­

t r i b u t io n  a n d  a b u n d a n c e  o f  b o th  m a r in e  a n d  te r ­

r e s t r i a l  e n v i r o n m e n ts  r e q u i r e s  i n f o r m a t io n  o n  h a b i t a t  

e x te n t  a n d  c o m p le x i ty  ( M a g u r r a n  1 9 8 8 ; R o s e n z w e ig  

1 9 9 5 ), th e  r a te s  a n d  e ffe c ts  o f  d i s tu r b a n c e  a n d  leve ls  

o f  p r o d u c t iv i t y  (C o n n e l l  1 9 7 8 ; S o u s a  1 9 7 9 ; P e t r a i t i s ,  

L a th a m  &  N ie s e n b a u m  1 9 8 9 ; B a l tz  1 9 9 1 ), a n d  a ls o  th e  

im p a c t  o f  e n v i r o n m e n ta l  g r a d i e n t s  o n  s p e c ie s  r ic h n e s s  

( P i a n k a  1966 ; E k m a n  1 9 6 7 ; N e ls o n  1994). R a r e ly  a re  

th e r e  su ff ic ie n t e n v i r o n m e n ta l  d a t a  to  b e  a b le  to  fu lly
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e x p la in  p a t t e r n s  o n  a  s m a l le r  p r o v in c ia l  o r  re g io n a l 

s c a le ,  b u t  it  h a s  b e c o m e  in c r e a s in g ly  n e c e s s a ry  to  a t  

le a s t  u n d e r s t a n d  t h e  r e la t iv e  r o le  o f  n a t u r a l  a n d  

a n th r o p o g e n ic  p e r tu r b a t io n .

T h e  r e s p o n s e  o f  b e n th ic  m a r in e  a s s e m b la g e s  to  d is ­

tu r b a n c e  is  t h o u g h t  to  b e  m o r e  e a s i ly  d e te c te d  a t  

h ig h e r  t a x o n o m ic  le v e ls ,  b e c a u s e  o f  t h e  c o n f o u n d in g  

in f lu e n c e  o f  a b io t i c  f a c to r s  s u c h  a s  w a te r  d e p th  a n d  

t e m p e r a tu r e  w h ic h  w ill  a f fe c t  s m a l l- s c a le  d iv e r s i ty  a t  

th e  s p e c ie s  le v e l ( W a r w ic k  &  C la r k e  1 9 9 3 ). T h i s  h ie r ­

a r c h ic a l  r e s p o n s e  to  s t r e s s ,  f i r s t  p r o p o s e d  b y  P e a r s o n  

&  R o s e n b e r g  (1 9 7 8 ) ,  e x p lo i t s  th e  f a c t  t h a t  v a r io u s  

p h y la  d if f e r  in  t h e i r  s e n s i t iv i ty  t o  d is tu r b a n c e .  B e n th ic  

e n v i r o n m e n ts  w h ic h  h a v e  b e e n  p e r tu r b e d  a r e  g e n ­

e r a l ly  k e p t  in  a n  e a r ly  s u c c e s s io n a l  s ta g e  w i th  lo w  

s p e c ie s  d iv e r s i ty ,  a n d  o f te n  c o n s i s t  o f  s p e c ie s  w h ic h
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a r e  c lo s e ly  r e la te d ,  w h ile  u n p e r tu r b e d  b e n th ic  c o m ­

m u n i t ie s  in  a  la te  s u c c e s s io n a l  s t a g e  o f te n  c o n s is t  o f  a  

w id e r  r a n g e  o f  ta x o n o m ic a l ly  d is t in c t  s p e c ie s  ( W a r ­

w ic k  &  C la r k e  1 9 9 5 ). I t  is  n o t  c le a r ,  h o w e v e r ,  w h e th e r  

a ll  c o m m u n i t ie s  w h ic h  h a v e  a  s m a l l  n u m b e r  o f  s p e c ie s  

s h o u ld ,  b y  d e f in i t io n ,  h a v e  a  m o r e  l im i te d  t a x o n o m ic  

r a n g e  t h a n  th o s e  w i th  m a n y  s p e c ie s .  A s s u m in g  t h a t  

t a x o n o m ic  d iv e r s i ty  t r a n s la te s  i n t o  e c o lo g ic a l  d iv e r ­

s i ty ,  th e n  th e  t a x o n o m ic  r a n g e  o f  a n  a s s e m b la g e  m a y  

b e  c r u c ia l  in  m a in ta in in g  e c o s y s te m  s ta b i l i ty  d u r in g  

n a tu r a l  o r  a n th r o p o g e n ic  p e r t u r b a t i o n s  ( H u g h e s  

1 9 9 4 ;T i lm a n  1996 ).

O b s c u r in g  th e s e  p a t t e r n s  a r e  th e  u n d e r ly in g  b io ­

g e o g r a p h ic  p r o c e s s e s ,  s u c h  a s  r a te s  o f  s p é c ia t io n ,  

im m ig r a t io n  a n d  e x t in c t io n ,  w h ic h  d e te r m in e  to t a l  

s p e c ie s  r ic h n e s s  o f  a  p ro v in c e  (R o s e n z w e ig  1 9 9 5 ). T h e  

r e s u l t in g  s p e c ie s  d iv e r s i ty  g r a d ie n t s  a r e  la rg e ly  d e t e r ­

m in e d  b y  th e  in f lu e n c e  o f  e n v i r o n m e n ta l  f a c to r s  o n  

r a t e s  o f  d iv e r s i ty  g e n e r a t io n  a n d  e x t in c t io n .  F o r  m a r ­

in e  o r g a n is m s ,  th e  s p e c ie s  r ic h n e s s  b e tw e e n  th e  t ro p ic s  

a n d  p o l a r  r e g io n s  g e n e r a l ly ,  a l t h o u g h  n o t  a lw a y s ,  

s h o w s  c o n s is te n t ly  d e c r e a s in g  t r e n d s  ( F in d le y  &  F i n d ­

le y  1985 ; P a u ly  19 9 4 ) b u t  s ee  a l s o  G e e  &  W a r w ic k  

(1 9 9 6 ) .

T h e s e  o b s e r v a t io n s  in f lu e n c e  th e  w a y  w e  in t e r p r e t  

s p e c ie s  d iv e r s i ty  t r e n d s  in  m a r in e  e n v i r o n m e n ts ,  y e t  

t h e  c o n v e n t io n a l  in d ic e s  o f  c o m m u n i ty  d iv e r s i ty ,  

w h ic h  u s e  o n ly  th e  r e la t iv e  a b u n d a n c e  o f  s p e c ie s ,  d o  

n o t  d e s c r ib e  th e  d e g re e  o f  t a x o n o m ic  r e la te d n e s s  o f  

th o s e  s p e c ie s .  A s s e m b la g e s  w i th  th e  s a m e  s p e c ie s  r i c h ­

n e ss  m a y  e i th e r  c o m p r is e  s p e c ie s  w h ic h  a r e  c lo s e ly  

r e la te d  to  o n e  a n o t h e r  t a x o n o m ic a l ly ,  o r  th e y  m a y  

b e  m o r e  d i s t a n t ly  r e la te d  (L u d w ig  &  R e y n o ld s  1 9 8 8 ; 

W a r w ic k  &  C la r k e  1 9 9 5 ). T o  q u a n t i f y  s u c h  c h a n g e s  

in  t a x o n o m ic  re la te d n e s s ,  W a r w ic k  &  C la r k e  (1 9 9 5 )  

a n d  C la r k e  &  W a r w ic k  (1 9 9 8 b ) h a v e  d e f in e d  th r e e  

b io d iv e r s i ty  in d ic e s ,  w h ic h  q u a n t i f y  th e  t a x o n o m ic  

d iv e r s i ty  a n d  t a x o n o m ic  d is t in c tn e s s  o f  a  f a u n a l  

a s s e m b la g e  u s in g  t h e  p a t h  le n g th s  b e tw e e n  fish  g r o ­

u p e d  b y  t h e i r  t a x o n o m ic  r e la t io n s h ip s .  T h e y  s h o w  

t h a t  t a x o n o m ic  d iv e r s i ty  (A ) is  a  n a tu r a l  e x te n s io n  

o f  S im p s o n  d iv e r s i ty ,  in c o r p o r a t in g  in f o r m a t io n  o n  

ta x o n o m ic  r e la t io n s h ip s  w i th in  a  s a m p le  in to  a n  in d e x  

m e a s u r i n g  s p e c ie s  d o m in a n c e .  T a x o n o m ic  d i s ­

t in c tn e s s  (A * ) is  a  f o r m  o f  t a x o n o m ic  d iv e r s i ty  t h a t  

l im its  th e  in f lu e n c e  o f  p a t t e r n s  in  s p e c ie s  d o m in a n c e  

b y  d iv id in g  A b y  a  f o r m  o f  S im p s o n  d iv e r s i ty ,  th u s  

c o n s t r u c t in g  a  m e a s u r e  w h ic h  m o r e  n e a r ly  re f le c ts  

p u r e  t a x o n o m ic  r e la te d n e s s .  A  th i r d  in d e x ,  t a x o n o m ic  

d i s t in c tn e s s  (A ); c o n s id e r s  o n ly  th e  s p e c ia l  c a s e  w h e re  

a b u n d a n c e  in f o r m a t io n  is  n o t  a v a i l a b le  o r  is  ig n o r e d  

(i.e . p r e s e n c e /a b s e n c e  d a ta ) .  C la r k e  &  W a r w ic k  

(1 9 9 8 b )  s h o w  t h a t  th e s e  s ta t i s t ic s  a r e  la rg e ly  in d e ­

p e n d e n t  o f  s a m p l in g  e f fo r t ,  w h ic h  m a k e s  t h e i r  u se  

a t t r a c t i v e  in  s p a t ia l ly  e x te n s iv e  o r  lo n g  t im e -s e r ie s  

s tu d ie s  w h e r e  to t a l  s a m p l in g  e f fo r t  in  d i f f e r e n t  a r e a s  

o r  a t  d i f f e r e n t  t im e s  is  r a r e ly  s t a n d a r d i z e d .  S t a n d a r d  

d iv e r s i ty  in d ic e s  s u c h  a s  s p e c ie s  r ic h n e s s ,  S h a n n o n s ’ 

in d e x  a n d  e v e n n e s s  m e a s u r e s  c a n  b e  h ig h ly  in f lu e n c e d

b y  d if f e r in g  s a m p le  s iz e s , m a k in g  m e a n in g f u l  c o m ­

p a r i s o n s  im p o s s ib le  ( R o g e r s  e ta l .  1 9 9 9 ). I n  a d d i t io n ,  

th e  p re s e n c e  o f  a  s t a t i s t i c a l  te s t in g  f r a m e w o r k  f o r  th e  

A + in d e x  e n a b le s  a  c o m p a r i s o n  to  b e  m a d e  b e tw e e n  

a n  o b s e r v e d  t a x o n o m ic  d i s t in c tn e s s  m e a s u r e  a n d  its  

e x p e c te d  r a n g e  o f  v a r ia t io n .

T h e s e  m e a s u r e s  o f  t a x o n o m ic  d is t in c tn e s s  h a v e  

b e e n  a p p l ie d  t o  m a c r o b e n th o s  s a m p le s  f r o m  th e  E k o -  

fisk  o il- f ie ld  in  th e  N o r t h  S e a  ( W a r w ic k  &  C la r k e  

1 9 9 5 ). T h i s  s tu d y  id e n t i f ie d  a  h ig h  d e g r e e  o f  s e n s i t iv i ty  

to  s u b t le  e n v i r o n m e n ta l  im p a c t s  a t  th is  s i te ,  a l th o u g h  

th e s e  p a t t e r n s  h a v e  n o t  b e e n  s u p p o r t e d  b y  d a t a  f r o m  

o th e r  N o r t h  S e a  o il f ie ld s  (S o m e r f ie ld ,  O ls g a r d  &  C a r r

1 9 9 7 ). T a x o n o m ic  d i s t in c tn e s s  m e a s u r e s  h a v e  a ls o  

b e e n  a p p l ie d  t o  l i t e r a tu r e  d a t a  o n  m a r in e  b e n th ic  

n e m a to d e s  f r o m  v a r io u s  i n t e r t i d a l / s u b t id a l  a n d  c o a s -  

t a l / e s tu a r i n e  s i te s  in  th e  U K ,  a n d  a ls o  c o a s t a l  h a b i ta t s  

in  C h i le  ( W a r w ic k  &  C l a r k e  1 9 9 8 ). T h e s e  a n a ly s e s  

d e m o n s t r a t e  a  d e c r e a s e  in  t a x o n o m ic  d is t in c tn e s s  A + 

a t  p o l lu te d  s i te s ,  s u c h  a s  th e  U K ’s  C ly d e  E s tu a r y  a n d  

L iv e r p o o l  B a y , c o m p a r e d  w i th  t a x o n o m ic  d is t in c tn e s s  

a t  ‘c le a n ’ s ite s  in  th e  E x e  E s tu a r y ,  th e  S c illy  Is le s  a n d  

th e  N o r t h u m b e r l a n d  c o a s t .

T h e  m a jo r i ty  o f  p u b l i s h e d  s tu d ie s  in  w h ic h  th e s e  

in d ic e s  h a v e  b e e n  a p p l ie d  h a v e  u s e d  d a t a  f r o m  s o f t-  

s e d im e n t  m a c r o - a n d  m e io b e n th i c  f a u n a s ,  y e t  s o m e  

o f  t h e  m o s t  e x te n s iv e  m a r in e  d a t a s e t s  d e s c r ib e  th e  

t e m p o r a l  a n d  s p a t i a l  a b u n d a n c e  o f  fish . I n  t h e  o n ly  

k n o w n  a p p l i c a t i o n  o f  th e s e  in d ic e s  to  v e r t e b r a t e  p o p u ­

l a t i o n s ,  H a i i  &  G r e e n s t r e e t  (1 9 9 8 )  s h o w  t h a t ,  f o r  a  

lo n g  t im e -s e r ie s  d a t a s e t  f o r  b o t to m - d w e l l i n g  f is h  f r o m  

th e  n o r t h e r n  N o r t h  S e a ,  t r e n d s  in  t a x o n o m ic  d is ­

t in c tn e s s  a n d  d iv e r s i ty  w e re  id e n t ic a l  to  th o s e  s h o w n  

b y  c o n v e n t io n a l  in d ic e s .  T h e i r  o b s e r v e d  p o s i t iv e  c o r ­

r e la t io n  b e tw e e n  A * a n d  H il ls  N 1  a n d  N 2  d iv e rs i ty  

in d ic e s  s u g g e s ts  t h a t  a s s e m b la g e s  t h a t  a r e  m o re  

d iv e r s e  (s p e c ie s - r ic h )  a lw a y s  c o n ta in  s p e c ie s  t h a t  h a v e  

a  w id e r  a v e r a g e  t a x o n o m ic  r a n g e  th a n  a s s e m b la g e s  

w h ic h  a r e  le ss  d iv e rs e ,  b u t  th i s  h a s  y e t  to  b e  te s te d  a t  

a  r a n g e  o f  s p a t i a l  s c a le s .

I n  c o n t r a s t  to  th e s e  l a rg e - s c a le  p a t t e r n s  in  sp ec ie s  

d iv e r s i ty ,  l i t t le  is  k n o w n  a b o u t  th e  p ro c e s s e s  w h ic h  

s t r u c tu r e  th e  d iv e r s i ty  o f  s m a l le r  r e g io n a l  e n v i r o n ­

m e n ts .  I n  th is  p a p e r  w e  r e - e x a m in e  a n  e x te n s iv e  d a t a ­

s e t  d e s c r ib in g  th e  r e la t iv e  a b u n d a n c e  o f  b o t to m - d w e l l ­

in g  f is h  in  th e  c o a s ta l  w a te r s  o f  N W  E u r o p e  (R o g e r s  

e t  a l.  1 9 9 8 ,1 9 9 9 )  to  t e s t  w h e th e r  t h e s e  n e w  t a x o n o m ic  

d iv e r s i ty  in d ic e s  c a n  m i r r o r  c h a n g e s  in  s p e c ie s  d iv e r ­

s i ty  a t  d if f e r e n t  s c a le s ,  r a n g in g  f r o m  th e  e n t i r e  s tu d y  

a r e a  to  in d iv id u a l  s a m p le  s i te s .  U s in g  a  c o m p re h e n s iv e  

ta x o n o m y  o f  th e  b o t to m - d w e l l i n g  fish  f o u n d  in  th e  

N o r t h - e a s t  A t la n t ic ,  w e  f i r s t  c a l c u la te  in d ic e s  o f  t a x o ­

n o m ic  d iv e r s i ty  u s in g  fish  r e la t iv e  a b u n d a n c e ,  a n d  a lso  

u s in g  s im p le  p re s e n c e  a n d  a b s e n c e  d a t a .  W e  th e n  te s t 

w h e th e r  th e s e  t a x o n o m ic  d iv e r s i ty  in d ic e s  c o r r e s p o n d  

to  k n o w n  p a t t e r n s  o f  s p e c ie s  d iv e r s i ty ,  a t  in te r m e d ia te  

a n d  a t  s m a l l  s p a t ia l  s c a le s .  W e  a l s o  d e s c r ib e  h o w  lo c a l 

f a c to r s  w h ic h  m a y  s t r u c tu r e  t h e  c o m m u n i ty ,  s u c h  as  

th e  e f fe c t  o f  m a n  m a d e  d i s tu r b a n c e  o n  s e n s i t iv e  ta x a ,
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c a n  in f lu e n c e  th e  d iv e rs i ty  o f  th e  e n t i r e  d e m e rs a l  

f a u n a .

M ateria ls and methods

S U R V E Y S

A  s e r ie s  o f  i n t e r n a t io n a l  b e a m  t r a w l  s u rv e y s  o f  n o r t h ­

e a s t  A t l a n t i c  c o a s t a l  w a te r s  h a v e  s a m p le d  th e  a b u n ­

d a n c e  o f  c o a s ta l  (1 0 - 1 2 0  m  d e p th )  b o t to m - d w e l l i n g  

s p e c ie s  s in c e  t h e  l a te  19 8 0 s , u s in g  s a m p l in g  te c h n iq u e s  

d e s c r ib e d  in  d e ta i l  b y  R o g e r s  e ta l .  (1 9 9 8 ) . D if f e r e n t  

b e a m  t r a w ls  w e re  u s e d  d u r in g  th e  s u rv e y s ,  d e p e n d in g  

o n  th e  a b i l i ty  o f  t h e  d if f e r e n t  v e sse ls  to  d e p lo y  th e m ,  

a n d  th e  v a r y in g  n a t u r e  o f  th e  s e a b e d  in  d i f f e r e n t  p a r t s  

o f  th e  re g io n .  A ll  s a m p le s  w e re  c o l le c te d  d u r in g  th e  

t h i r d  q u a r t e r  o f  t h e  y e a r ,  a t  w h ic h  t im e  m o s t  f ish  w e re  

d is p e r s e d  a n d  n o t  u n d e r g o in g  m ig r a t io n s  to  o r  f r o m  

s p a w n in g  g r o u n d s .  I n  g e n e ra l ,  f is h in g  s ta t io n s  s a m ­

p le d  w e re  a t  f ix e d  p o s i t io n s ,  e x c e p t  in  D u tc h  a n d  G e r ­

m a n  s u rv e y s  w h e r e  t h e  s t a t i o n  p o s i t io n s  w e re  s t r a t i f ie d  

b y  I n t e r n a t io n a l  C o u n c i l  f o r  t h e  E x p l o r a t i o n  o f  th e  

S e a  ( I C E S )  r e c ta n g le  (1 d e g re e  o f  l o n g i tu d e  x  0-5 

d e g r e e  l a t i t u d e )  a n d  s e le c te d  a n n u a l ly  o n  a  p s e u d o ­

r a n d o m  b a s is .  I n  t h e  N o r t h  S e a , a l l  s t a t io n s  w e re  

g r o u p e d  b y  q u a r t e r  I C E S  r e c ta n g le ,  a n d  th e  c e n t r e  o f  

th is  u n i t  w a s  u s e d  a s  th e  n o m in a l  f ix e d  s t a t i o n  

p o s i t io n .  T h e  d u r a t i o n  o f  e a c h  to w  w a s  e i t h e r  15 o r  

3 0  m in .  A t  e a c h  s t a t i o n  th e  f in - f ish  c a t c h  w a s  id e n t i f ie d  

t o  s p e c ie s  w h e re  p o s s ib le ,  m e a s u r e d ,  a n d  th e i r  n u m ­

b e r s  r e c o r d e d  ( R o g e r s  e ta l .  1 9 9 8 ). M e a n  c a t c h  r a te s  

o f  e a c h  s p e c ie s  o r  t a x a  ( r a is e d  to  th e  n u m b e r  p e r  8 m  

b e a m  t r a w l  p e r  h o u r  to w )  a t  e a c h  f ix e d  s t a t i o n  p o s i t io n  

b e tw e e n  6  m  to  35  m  d e p th ,  a n d  f o r  th e  p e r io d  1990— 

9 6 ,  w e re  c a l c u la te d .  O n ly  th o s e  fish  s p e c ie s  w h ic h  w e re  

c la s s if ie d  a s  b o t to m - d w e l l i n g  s p e c ie s ,  a n d  w e re  th e r e ­

f o r e  w e ll s a m p le d  b y  b e a m  t r a w ls ,  w e re  u s e d  in  a n a l y ­

s e s  o f  c o m m u n i ty  s t r u c tu r e  ( R o g e r s  e ta l .  1 9 9 8 ). T h e  

I C E S  D iv is io n s  s u rv e y e d  w e re  s u b d iv id e d  in to  n in e  

c o a s t a l  s e c to r s  (F ig .  1).

T A X O N O M I C  D I V E R S I T Y  I N D I C E S

A  ta x o n o m y  o f  b o t to m - d w e l l i n g  fish  s p e c ie s  w a s  u s e d  

to  d e te r m in e  th e i r  r e la te d n e s s  (F ig .  2 ). W e  c o m p i le d  a  

c o m p o s i te  ta x o n o m y  b a s e d  p r im a r i ly  o n  N e ls o n  

(1 9 9 4 ) ,  w i th  a d d i t io n a l  i n f o r m a t io n  f o r  C h o n -  

d r ic h th y e s  b a s e d  o n  M c E a c h r a n  &  M iy a k e  ( 1 9 9 0 ) a n d  

M c E a c h r a n ,  D u n n  &  M iy a k e  (1 9 9 6 ) .  I n  a d d i t i o n  to  

th e  f iv e  t a x o n o m ic  le v e ls  s h o w n  in  F ig .  2 ,  w e  in c lu d e d  

s u b g e n e r a ,  t r i b e s ,  s u b fa m il ie s ,  s u p e r f a m i l ie s ,  s u b ­

o r d e r s ,  s e r ie s ,  s u p e r o r d e r s ,  a n d  s u b d iv is io n s  w h e re  

p o s s ib le .  T h r e e  b io d iv e r s i ty  in d ic e s  d e f in e d  b y  C la r k e  

&  W a r w ic k  (1 9 9 8 b )  w e re  th e n  c a l c u la te d  f r o m  th e  

b o t to m - d w e l l i n g  fish  a b u n d a n c e s :

A =  [ '£ Z i<jO )„xix j[l[n{n  -  l ) /2 ]  e q n  1

A * =  yx¡x]/[T .I,Ó i<jX  ¡Xj] e q n  2

A + =  [£ £ ,•< / co¡¡\/[s (s  — l) /2 ]  e q n  3

w h e re  x¡ d e n o te s  th e  a b u n d a n c e  o f  th e  i th  o f  s  sp ec ie s  

o b s e r v e d ,  n  (  — £ ,x ,)  is  t h e  t o t a l  n u m b e r  o f  in d iv id u a ls  

in  th e  s a m p l e  a n d  co,yi  s  th e  w e ig h t  g iv e n  to  th e  p a th  

le n g th  l in k in g  s p e c ie s  i  a n d  j  in  th e  t a x o n o m y .  T a x o ­

n o m ic  d iv e r s i ty  (A ) c a n  b e  t h o u g h t  o f  a s  th e  a v e r a g e  

p a t h  le n g th  b e tw e e n  a n y  tw o  r a n d o m ly  c h o s e n  in d i­

v id u a ls  f r o m  th e  s a m p le  ( in c lu d in g  in d iv id u a ls  o f  th e  

s a m e  s p e c ie s ) ,  w h e r e a s  t a x o n o m ic  d is t in c tn e s s  (A *) is 

th e  a v e r a g e  p a t h  l e n g th  b e tw e e n  tw o  r a n d o m ly  c h o s e n  

in d iv id u a ls ,  c o n d i t i o n a l  o n  th e m  b e in g  f r o m  d if f e re n t  

s p e c ie s .  W h e n  o n ly  p r e s e n c e /a b s e n c e  d a t a  a r e  u s e d  

( i.e . x ¡ =  1 f o r  a l l  s p e c ie s  p r e s e n t )  b o t h  e q u a t io n s  

r e d u c e  t o  a n  e v e n  s im p le r  f o r m  o f  t a x o n o m ic  d is ­

t in c tn e s s ,  A + , w h ic h  c a n  b e  t h o u g h t  o f  a s  th e  a v e r a g e  

p a t h  le n g th  b e tw e e n  a n y  tw o  r a n d o m ly  c h o s e n  sp ec ie s  

p r e s e n t  in  t h e  s a m p le .  A l l  th r e e  in d ic e s  w e re  c a lc u la te d  

f o r  th e  g r o u n d f i s h  d a t a ,  i n c lu d in g  a n  a d d i t i o n a l  m o d i ­

fied  f o r m  o f  e q n  2  in  w h ic h  th e  a b u n d a n c e s  w e re  

s q u a r e  r o o t  t r a n s f o r m e d ,  to  d o w n w e ig h t  th e  c o n ­

t r i b u t io n  t o  th e  in d e x  o f  th e  n u m e r ic a l ly  d o m in a n t  

sp ec ie s .

F o l lo w in g  W a r w ic k  &  C la r k e  (1 9 9 5 ) ,  th e  s im p le s t  

f o r m  o f  p a t h  le n g th  w e ig h t in g  w a s  a d o p te d  f o r  th e  

13 t a x o n o m ic  le v e ls  (T a b le  1), n a m e ly :  co =  0  fo r  tw o  

in d iv id u a ls  o f  th e  s a m e  s p e c ie s ; co — 1 f o r  tw o  in d i ­

v id u a ls  in  th e  s a m e  s u b g e n u s  b u t  o f  d if f e r e n t  sp ec ie s ; 

co — 2  fo r  s p e c ie s  in  t h e  s a m e  g e n u s  b u t  d if f e re n t 

s u b g e n e r a ;  co =  3  f o r  s p e c ie s  in  th e  s a m e  t r ib e  b u t  

d i f f e r e n t  g e n e r a ,  e tc .  W h e r e  f in e r  s u b d iv is io n s  d o  n o t  

e x is t  w i th in  s o m e  g r o u p s  o f  ta x a ,  th e  p a t h  le n g th  is  

d e f in e d  a s  t h a t  f o r  t h e  f i r s t  e x is t in g  l in k . F o r  e x a m p le ,  

i f  a  p a r t i c u l a r  g e n u s  d o e s  n o t  p o s s e s s  s u b g e n e r a  th e n  

a ll  l in k s  b e tw e e n  i ts  c o n s t i t u e n t  sp e c ie s  c a r r y  a  w e ig h t 

o f  co =  2.

T h e r e  is  a  d e g r e e  o f  a r b i t r a r in e s s  a b o u t  a  c o n s ta n t  

p a t h  le n g th  o f  o n e  u n i t  b e tw e e n  e a c h  t a x o n o m ic  leve l 

in  th e  h ie r a r c h y ;  f o r  e x a m p le ,  i f  a  w h o l ly  u n u s e d  leve l 

is  in s e r te d ,  th e  r e la t iv e  d i s t in c tn e s s  v a lu e s  f o r  th e  s e t  o f  

s a m p le s  w ill  c h a n g e .  W h e r e  th e r e  is  a  c o m p re h e n s iv e  

r e g io n a l  l is t  fo r  a  g r o u p  o f  s p e c ie s ,  i t  is  p o s s ib le  to  

re f in e  t h e  w e ig h t in g  t o  re f le c t  th e  r e d u c e d  n u m b e r  o f  

re p r e s e n ta t iv e s  a t  e a c h  t a x o n o m ic  le v e l. A n  a l t e r ­

n a t iv e  w e ig h t in g  a s s e s s e d  h e r e  ({ w 0}, T a b le  1) s e ts  th e  

p a t h  le n g th  f r o m  o n e  g r o u p  to  th e  n e x t  c o a r s e s t  c la s s i­

f ic a t io n  a s  p r o p o r t i o n a l  to  th e  p e r c e n ta g e  b y  w h ic h  

t a x o n  r ic h n e s s  d e c r e a s e s .  T h e  p a t h  l e n g th s  a r e  th e n  

s u m m e d  a n d  th e  f in a l  p a t h  le n g th s  s c a le d  s o  t h a t  th e  

t o t a l  w e ig h t  l in k in g  tw o  s p e c ie s  t h a t  b e lo n g  to  d if fe r ­

e n t  s u b d iv is io n s  ( th e  t o p  c a t e g o r y  o f  t h e  h ie r a r c h y )  is 

s e t  e q u a l  to  100 . I t  c a n  b e  s e e n  f r o m  T a b le  1 t h a t  

th is  a l t e r n a t iv e  w e ig h t in g  a c h ie v e s  th e  d e s i r e d  b a la n c e .  

F o r  e x a m p le ,  f r o m  g e n u s  (s3 =  7 2 )  to  t r i b e  (s4 =  67 ) 

n o w  a d d s  o n ly  3 -6  t o  t h e  p a t h  le n g th  w h e r e a s  t h a t  

f r o m  s u b o r d e r  (s8 =  3 3 ) to  o r d e r  (s9 =  14) a d d s  1 0 '5 , 

a n d  a d d i t io n  o r  d e le t io n  o f  a n  u n u s e d  c a t e g o r y  w ill 

n o w  h a v e  n o  e f fe c t a t  a l l .  T h e  r e la t iv e  t a x o n o m ic  d is ­

t in c tn e s s  in d ic e s  a r e  c o m p u te d  a n d  c o m p a r e d  fo r  b o th  

co a n d  co° f o r m s  o f  w e ig h t in g .

W h e n  th e  d a t a  a r e  r e d u c e d  s im p ly  to  p r e s ­
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Fig. 1. T h e  sh e lf seas o f  c o n tin en ta l N W  E urope, show ing  th e  50 m  d ep th  c o n to u r  a n d  th e  n in e  co as ta l sec to rs  used  in  these 
analyses: (1) =  B risto l C h an n e l; (2) =  W estern  Irish  Sea; (3) =  E a s te rn  Irish  Sea; (4) =  W estern  C h an n e l; (5) =  N o rth -ea s te rn  
C hannel; (6) =  S o u th -ea s te rn  C hannel; (7) =  S ou th -w estern  N o rth  Sea; (8) =  S o u th -ea s te rn  N o rth  Sea; (9) =  E ast C entra l 
N o rth  Sea.

e n c e /a b s e n c e ,  n o t  o n ly  c a n  d is t in c tn e s s  A + s till  b e  

c a l c u la te d ,  a n d  c o m p a r e d  a c r o s s  s a m p le s  o f  d if f e r e n t  

s iz e ,  b u t  a  s ig n if ic a n c e  t e s t  c a n  a ls o  b e  c a r r i e d  o u t .  

T h i s  te s t s  f o r  t h e  d e p a r t u r e  o f  A,„+ , th e  d is t in c tn e s s  

m e a s u r e  f o r  a n y  s a m p le  o f  m  s p e c ie s ,  f r o m  th e  o v e ra l l  

v a lu e  A + f o r  a  ‘g lo b a l ’ s p e c ie s  l is t  f o r  t h a t  re g io n .  T h e  

te s t  is  b a s e d  o n  th e  t h e o r e t i c a l  m e a n  a n d  v a r ia n c e  o f  

A ,„+ , v a lu e s  o b t a in e d  b y  r a n d o m  s a m p l in g  o f  m  sp ec ie s  

( w i th o u t  r e p la c e m e n t)  f r o m  th e  to ta l  l is t  o f  s  sp ec ie s  

( C la r k e  a n d  W a r w ic k  1 9 9 8 b ). A l th o u g h  th e  th e o r ­

e t ic a l  m e a n  r e m a in s  c o n s t a n t ,  th e  v a r ia n c e  n a tu r a l ly  

in c re a s e s  a s  m  d e c r e a s e s ,  a n d  so  th e  a p p r o x im a te  9 5 %  

c o n f id e n c e  in te r v a l s  t a k e  th e  f o r m  o f  a  ‘f u n n e l ’. T h e  

v a lu e s  o f  A + f o r  a n y  p a r t i c u l a r  s e t  o f  s a m p le s  c a n  th e n  

b e  r e la te d  to  th is  c o n f id e n c e  ‘f u n n e l ’, to  g a u g e  th e  

e x te n t  to  w h ic h  th e i r  t a x o n o m ic  d is t in c tn e s s  fa lls  s ig ­

n i f i c a n t ly  b e lo w  ( o r  a b o v e )  t h a t  e x p e c te d .  A s s u m in g  a  

n u l l  h y p o th e s i s  t h a t  e a c h  s a m p le  is  a  r a n d o m  s e le c t io n  

f r o m  t h e  t o t a l  s p e c ie s  l is t ,  a l l  v a lu e s  o f  A + s h o u ld  fa ll 

w i th in  th e  c o n f id e n c e  fu n n e l.

F r o m  its  c o n s t r u c t io n ,  th e  t a x o n o m ic  d is t in c tn e s s  

in d e x  A *  s h o u ld  b e  in d e p e n d e n t  o f  th e  S im p s o n  s p e c ­

ie s  d iv e r s i ty  in d e x ,  i .e . th e y  m u s t  b e  q u a n t i f y in g  

d i f f e r e n t  a s p e c ts  o f  d iv e r s i ty .  I t  is  th u s  in te r e s t in g  to  

s h o w  h o w  th e s e  tw o  c o m m u n i ty  a t t r i b u t e s  a r e  c o r ­

r e la te d  a c r o s s  t h e  a v a i la b le ,  s p a t i a l ly  d is p e r s e d ,  se ts  

o f  s a m p le s .  S im p le  s c a t t e r  p lo t s  a r e  u s e d  to  e x a m in e  

th is .

Results

T h e  t a x o n o m ic  d iv e r s i ty  o f  th e  u n t r a n s f o r m e d  fish  

a b u n d a n c e  m a tr ix  s h o w e d  s im i la r  p a t t e r n s  f o r  th e  

th r e e  d iv e r s i ty  in d ic e s  A , A * a n d  A + (F ig .  3 ). A l th o u g h  

m o s t  c o a s t a l  s e c to r s  s h o w e d  s im i la r  v a lu e s ,  th e  E a s t ­

e r n  C e n t r a l  a n d  S o u th - e a s t e r n  N o r t h  S e a , a n d  th e  

W e s te r n  I r i s h  S e a  h a d  lo w e r  m e a n  v a lu e s  o f  A  ( ta x o ­

n o m ic  d iv e r s i ty )  t h a n  o th e r s .  M e a n  v a lu e s  o f  A * ( t a x o ­

n o m ic  d is t in c tn e s s )  m a in t a in e d  th e  s a m e  g e n e r a l  p a t ­

t e r n  (F ig .  3 b ) .  T h e  u s e  o f  s q u a r e  r o o t  t r a n s f o r m e d
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CLASS ORDER SUBORDER FAMILY GENU S

Chondrichthyes

C archarh in ifo rm es

S q u a lifo rm es

T o rp ed in ifo rm es
R ajifo rm es

Teleostei

A nguilliform es

G a d ifo rm es

L ophiiform es
M ugiliform es^

Z eifo rm es

G a s te ro s te ifo rm e s

S c o rp a e n ifo rm e s

P erc ifo rm es

P le u ro n ec tifo rm es

T etrao d o n tifo rm es

 Scyliorhinus
I' —"Mustelus 
»—'■"Galeorhinus 

Squalus 
Torpedo 

— 'Raja
 Anguilla
 Conger
— Raniceps 
 Coryphaenoides

E Ciliata
Enchelyopus 
Gaidropsarus 

— Merluccius 
■Molva 
'Gadus
Melanogrammus 
•Merlangius 
■Trisopterus 
Pollachius 

— '— Lophius 
— ■Chelon 

-  Z eus
 Capros

.G asterosteus

E  Syngnathus 
Entelurus 
Hippocampus 

-Trigla 
-Aspitrigla 
■Eutrigla 
-Trigloporus

i Myoxocephalus
■ Taurulus

 Agonus
 Cyclopterus

Liparis 
—  -  Dicentrarchus 

Spondyliosoma
 Mullus

Cepola 
Labrus 
Ctenolabrus 
Crenilabrus 
Zoarces 
Chirolophis 
■Lumpenus 
■Pholis 
Echiichthys 

Trachinus 
•Blennius 
•Diplecogaster 
•Callionymus 
Gobius
•Lesuerigobius 
•Scophthalmus 
Lepidorhombus 
Phrynorhombus 
Zeugopterus 
Arnoglossus 
Hippoglossoides 
Hippoglossus 
Glyptocephalus 
Limanda 
Microstomus 
Platichthys 
Pleuronectes 
Buglossidium  
Microchirus 
Pegusa  
Solea  
Mola

E

Fig. 2. T he  tax o n o m y  com piled  fo r  th is analysis, sim plified to  show  five from  a  to ta l o f  13 levels o f  classification .
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Table 1. T he 13 levels o f  classification (k ) used  in  th e  b o tto m - 
dw elling fish tax o n o m y , w ith  the  n u m b er o f  e ach  type  {s*}, 
th e  ‘s ta n d a rd ’ w eigh ting  schem e {co*}, a n d  a n  a lte rn a tiv e  
version  {co*0} u tilis ing  a n  accu m u la tio n  o f  th e  p ro p o r tio n a l 
decrease  in  ta x o n  richness values {5*}. M ore  precisely , fo r a 
specific k ,  co* is th e  w eighted p a th  leng th  betw een species 
b e long ing  to  differing tax o n  g ro u p  k  b u t the  sam e g ro u p  
k  +  1

k Level Sk cu* cok°

1 Species 93 1 1-3
2 Sub-genus 89 2 6-9
3 G enus 72 3 8-9
4 T ribe 67 4 12-5
5 Sub-fam ily 59 5 2 1 4
6 F am ily 41 6 22-9
7 Super-fam ily 39 7 2 7 4
8 S u b -o rd e r 33 8 4 4 4
9 O rd e r 14 9 54-9

10 Series 9 10 61 4
11 S u p er-o rd e r 7 11 65-6
12 S ub-div ision 6 12 85-3
13 C lass 2 13 100

a b u n d a n c e  d a t a  fo r  th e  c a l c u la t io n  o f  A * , to  

d o w n w e ig h t  th e  c o n t r ib u t io n s  o f  d o m i n a n t  s p e c ie s , 

a g a in  id e n t i f ie d  th e  E a s te r n  C e n t r a l  a n d  S o u th e a s t e r n  

N o r t h  S e a  a s  t a x o n o m ic a l ly  d e p a u p e r a te ,  a n d  g e n ­

e r a te d  s im i la r  v a lu e s  fo r  a l l  o th e r  c o a s ta l  s e c to r s  (F ig .  

3 c ). U s in g  o n ly  p re s e n c e /a b s e n c e  d a t a ,  th e  p a t t e r n  in  

t a x o n o m ic  d is t in c tn e s s  A + b e tw e e n  s e c to r s  w a s  m a in ­

ta in e d  f o r  th e  E a s te r n  C e n t r a l  a n d  S o u th - e a s te r n  

N o r t h  S e a , b u t  th e  S o u th - e a s te r n  C h a n n e l  a l s o  h a d  

lo w  v a lu e s  o f  A + (F ig .  3 d ) . M e a n  v a lu e s  o f  A + f o r  a ll 

s e c to r s  e x c e p t  th e  B r is to l  C h a n n e l  fe ll  b e lo w  t h a t  o f  

th e  th e o r e t i c a l  m e a n ,  in d ic a t in g  t h a t  m o s t  o f  th e  in d i ­

v id u a l  s e c to r s  h a d  lo w e r  a v e r a g e  t a x o n o m ic  r a n g e  

t h a n  t h e  e n t i r e  s u rv e y  a re a .

C o m p a r i s o n  o f  t a x o n o m ic  d iv e r s i ty  A  a n d  t a x o ­

n o m ic  d i s t in c tn e s s  A * v a lu e s  d e te r m in e d  f r o m  fish  

s a m p le s  f r o m  a ll  f is h in g  s t a t i o n  p o s i t io n s  (F ig .  4 a ) ,  

s h o w e d  a n  u n d e r ly in g  p o s i t iv e  c o r r e la t io n ,  b u t  w ith  

c o n s id e r a b le  v a r ia b i l i ty  in  th is  r e l a t io n s h ip  to  th e  

lo w e r  r i g h t  h a n d  s id e  o f  th e  f ig u re .  H e r e ,  s o m e  s a m p le s  

w h ic h  w e re  h ig h ly  d o m in a te d  a n d  s o  h a d  lo w  v a lu e s  o f  

t a x o n o m ic  d iv e r s i ty  A , r e p r e s e n te d  a s s e m b la g e s  w h ic h  

w e re  ta x o n o m ic a l ly  b r o a d  (i.e . h ig h  v a lu e s  o f  A *). 

N o te  t h a t  t h e  c o n v e r s e  s i tu a t io n ,  i .e . t a x o n o m ic a l ly  

r e s t r i c te d  a s s e m b la g e s  w i th  h ig h  A , c a n n o t  o c c u r .  T h e  

e f fe c t  o f  d a t a  t r a n s f o r m a t io n  o n  th e  c a l c u la t io n  o f  A * 

w a s  l im i te d ,  a n d  th e  c o r r e l a t i o n  b e tw e e n  A * c a l c u la te d  

u s in g  t r a n s f o r m e d  a n d  u n t r a n s f o r m e d  d a t a  r e m a in e d  

p o s i t iv e  (F ig .  4 b ) .  In  c o n t r a s t ,  t h e  a p p a r e n t ly  p o o r  

c o r r e l a t i o n  b e tw e e n  A + a n d  A * c le a r ly  s h o w e d  th e  

in f lu e n c e  o f  s p e c ie s  a b u n d a n c e s  w h e n  c a l c u la t in g  

t a x o n o m ic  d is t in c tn e s s  A * (F ig .  4 c ) . F in a l ly ,  a l th o u g h  

th e  u s e  o f  a  m o r e  re f in e d  w e ig h t in g  to  re f le c t  t h e  q u a n ­

t i t a t i v e  r e d u c t io n  in  ta x o n  r ic h n e s s  o n  m o v in g  u p  th e  

h i e r a r c h y  s e e m s  lo g ic a l ,  in  f a c t  t h e  c o r r e l a t i o n  b e tw e e n

A

(a)

A '

(b)

11

10

A ’( / )

(0 )

JB

10

A +

( d )

rh

r+i rh

8 9

W e st UK C h a n n e l N orth S e a  

Fig. 3. F o r  th e  n ine co as ta l sec to rs  in  F ig . 1, th e  taxonom ic  
d iversity  A (a) an d  th e  tax o n o m ic  d is tin c tn ess  A*  (b ) o f  the 
u n tran sfo rm ed  fish a b u n d an ce  m atrix , a n d  th e  taxonom ic  
d istinc tness A* o f  sq u a re  ro o t tra n sfo rm ed  a b u n d an ce  d a ta  
(c), an d  the  tax o n o m ic  d is tinc tness  A + o f  presence/absence 
d a ta  (d). F o r  each  sec to r th e  m ean  value  w ith  95%  confidence 
lim its is show n . T he  theo re tical m ean  va lue  o f  A + calcu la ted  
by  ra n d o m  sam pling  o f  species from  th e  to ta l species list is 
m a rk e d  on  Fig .3d .

A + c a l c u la te d  w ith  a n d  w i th o u t  t h e  m o d if ie d  w e ig h ­

t in g  s h o w s  t h a t  th e y  a r e  h ig h ly  c o r r e la te d  (F ig .  4 d ) .

T h e r e  w a s  n o  r e la t io n s h ip  b e tw e e n  th e  t o t a l  n u m b e r  

o f  s p e c ie s  in  in d iv id u a l  s a m p le s ,  a n d  th e i r  t a x o n o m ic  

d i s t in c tn e s s  (A + ) c a l c u la te d  u s in g  p re s e n c e /a b s e n c e  

d a t a  (F ig .  5 ). M a n y  o f  th e s e  A + v a lu e s ,  h o w e v e r ,  w e re  

lo w e r  t h a n  th e  t h e o r e t i c a l  m e a n  d e te r m in e d  b y  r a n ­

d o m  s a m p l in g  f r o m  t h e  e n t i r e  b o t to m - d w e l l i n g  fish  

f a u n a ,  a  p a t t e r n  a l r e a d y  e v id e n t  f r o m  F ig .  3d . 

A l th o u g h  m o s t  s a m p le  v a lu e s  fe ll w i th in  th e  9 5 %  c o n ­

f id e n c e  l im i t  fu n n e l ,  a  p r o p o r t i o n  h a d  s ig n if ic a n tly  

lo w e r  v a lu e s  o f  A + t h a n  th e  th e o r e t i c a l  m e a n .

T h e s e  v a lu e s  o f  A + a v e r a g e d  o v e r  a  q u a r t e r  IC E S  

r e c ta n g le  s h o w e d  c o n s i s te n t  t r e n d s  in  t a x o n o m ic  d is ­

t in c tn e s s  f r o m  th e  E a s t e r n  C e n t r a l  N o r t h  S e a  to  th e
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9

8

7
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4

3

2

1

0

12

11

(a)
11

X

X

10

A*

( T )

A*
10 11 12

(b)

x xxx-

XX

X y  X \  X 
X X

A+10

(c)

5 6

( d )

9
A *

X'

i
XX X '

X

X
X

70

A+

(co;;

10 11 12

60

50

40

10 11 12

#

10 11 12

A* A+
Fig.4. A  co m p ariso n  using  all ca tch  d a ta  betw een (a ) tax o n o m ic  d iversity  A a n d  tax o n o m ic  d istinc tness A*, (b ) the  roo t 
tra n sfo rm e d  form  o f  A* ag a in st o rd in a ry  A*, (c) tax o n o m ic  d is tinc tness  A + again st o rd in a ry  A*, an d  (d ) A + u sing  a>k° w eights 
ag a in st A + using  o rd in a ry  cok weights.

c o a s t a l  w a te r s  w e s t  o f  th e  U K  (F ig .  6 ). T h e  E a s te r n  

C e n t r a l  a n d  S o u th - e a s te r n  N o r t h  S e a , a n d  S o u th - e a s t ­

e r n  C h a n n e l ,  s u p p o r t e d  a s s e m b la g e s  in  w h ic h  a v e r a g e  

t a x o n o m ic  d i s t in c tn e s s  w a s  le ss  t h a n  th e  th e o r e t i c a l  

m e a n .  A s s e m b la g e s  c lo s e  to ,  a n d  o c c a s io n a l ly  g r e a te r  

t h a n  t h e  t h e o r e t i c a l  m e a n ,  o c c u r r e d  in  th e  S o u th - w e s t ­

e r n  N o r t h  S e a , a lo n g  th e  s o u th  c o a s t  o f  E n g l a n d ,  in  

t h e  B r is to l  C h a n n e l  a n d  in  s o m e  p a r t s  o f  th e  w e s te rn  

I r i s h  S e a  (F ig .  6 ).

I t  is  h e lp fu l  w h e n  in te r p r e t in g  th e s e  r e g io n a l  d i f f e r ­

e n c e s  in  t a x o n o m ic  d is t in c tn e s s  to  id e n t i fy  w h ic h  fish  

t a x a  h a v e  c o n t r i b u t e d  m o s t  to  p a t t e r n s  in  A.+ T h e  

n u m b e r  o f  s p e c ie s  b e lo n g in g  to  e a c h  o f  th e  14  o r d e r s  

o f  b o t to m - d w e l l i n g  f is h  in  th e  d a t a s e t  w e re  id e n t i f ie d  

( T a b le  2 ) .  I n  t h e  E a s te r n  C e n t r a l  a n d  S o u th - e a s te r n  

N o r t h  S e a ,  w h ic h  w e re  th e  le a s t  ta x o n o m ic a l ly  d is t in c t  

a r e a s  o f  a l l  th o s e  s u rv e y e d ,  m o s t  s p e c ie s  b e lo n g e d  to  

t h e  o r d e r s  G a d i f o r m e s  (c o d - lik e  f is h e s) , P e rc ifo r m e s  

( b o t t o m - d w e l l in g  o r  b e n th ic  fish  p a r t i c u la r ly  d r a g -  

o n e t s  o f  th e  f a m ily  C a l l io n y m id a e  a n d  g o b ie s  o f  th e

fa m ily  G o b i id a e ) ,  P l e u r o n e c t i f o r m e s  ( f la t f is h e s )  a n d  

S c o r p a e n i f o r m e s  ( g u r n a r d s ,  T r ig l id a e ) .  T h e s e  g ro u p s  

c o n ta in e d  a lm o s t  a l l  t h e  s p e c ie s  t h a t  w e re  id e n tif ie d  

b y  R o g e r s  e t a l .  (1 9 9 9 )  a s  n u m e r ic a l ly  m o s t  a b u n d a n t  

in  th e  e n t i r e  c o a s t a l  d e m e r s a l  f a u n a ,  a n d  w h ic h  ty p i­

fied  c o a s t a l  s e c to r s  o r  d is c r im in a te d  b e tw e e n  th e m  

(T a b le  3 ). O n ly  tw o  e la s m o b r a n c h  o r d e r s  w e re  r e p ­

r e s e n te d  h e re ,  a n d  th e s e  o n ly  b y  a  fe w  s p e c ie s .  F r o m  

a  t o t a l  o f  14 o r d e r s  o f  f is h ,  o n ly  10 w e re  r e p re s e n te d  

in  th e  N o r t h  S e a , a l t h o u g h  th e  t a x o n o m ic  d is t in c tn e s s  

o f  th e  S o u th - w e s te r n  N o r t h  S e a  w a s  in c re a s e d  b y  th e  

p re s e n c e  th e re  o f  g r e a t e r  n u m b e r s  o f  m o r e  d is ta n t ly  

r e la te d  c a r t i l a g in o u s  s p e c ie s  ( C a r c h a r h in i f o r m e s ,  

R a j i f o r m e s  a n d  S q u a l i f o r m e s )  ( T a b le  2 ). T h e  b o t to m -  

d w e ll in g  fish  f a u n a  o f  t h e  C h a n n e l  w a s  b r o a d ly  s im i la r  

to  t h a t  o f  th e  N o r t h  S e a  in  te r m s  o f  th e  r e la t iv e  d is ­

t r i b u t io n  o f  s p e c ie s  a m o n g s t  p h y la ,  b u t  th e  in c re a s e d  

a b u n d a n c e  o f  c a r t i l a g in o u s  s p e c ie s  ( R a j i f o r m e s )  a n d  

s p e c ie s  f r o m  th e  o r d e r  P e rc ifo r m e s ,  t o g e th e r  w ith  

m e m b e r s  o f  a  m o r e  s o u th e r ly  f a u n a  (e .g . Z e ifo rm e s ,
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Fig. 5. T he d e p ar tu re  from  th e  th eo re tica l m ean  tax o n o m ic  
d istinctness A +, a n d  9 5 %  confidence funnel, o f  all ind iv idual 
sam ples o f  b o ttom -dw elling  fish species calcu lated  using 
p resence/absence d a ta . A ll values o f  A '1' shou ld  fall w ithin 
th e  confidence funnel assum ing  a  nu ll hypo thesis  th a t  each 
sam ple  co n ta in s  species ran d o m ly  selected from  th e  to ta l 
species list.

Z e u s  f a b e r  (L .) )  in c r e a s e d  th e  t a x o n o m ic  d is t in c tn e s s  

o f  th e  re g io n .  T h i s  p a t t e r n  c o n t in u e d  in t o  t h e  w e s te rn  

w a te r s  o f  th e  U K ,  w h e r e  a d d i t i o n a l  r e p re s e n ta t iv e s  

o f  th e  s o u th e r n  f a u n a ,  f o r  e x a m p le  th e  e le c tr ic  ra y  

( T o r p e d in id a e ) ,  m u l le t  s p e c ie s  (M u g i l i f o rm e s ) ,  a n d  

s u n  f is h  ( T e t r a d o n t i f o r m e s )  w e re  f o u n d .  T h e  m o s t  

d iv e rs e  f a u n a ,  r e p r e s e n t i n g  14  o r d e r s  o f  c a r t i la g in o u s  

a n d  b o n y  f is h e s , w a s  f o u n d  in  th e  B r is to l  C h a n n e l  

(T a b le  2 ).

Discussion

W e  h a v e  f o u n d  c le a r  s p a t i a l  p a t t e r n s  in  t h e  t a x o n o m ic  

d iv e r s i ty  o f  b o t to m - d w e l l i n g  fish  a s s e m b la g e s  in  th e  

c o a s ta l  w a te r s  o f  N W  E u r o p e ,  a t  b o th  r e g io n a l  a n d  

lo c a l  s c a le s .  T h e  r e d u c t io n  in  a v e r a g e  t a x o n o m ic  r a n g e  

b e tw e e n  th e  w e s te r n  w a te r s  o f  th e  U K  a n d  th e  s o u ­

th e r n  N o r t h  S e a  m i r r o r s  s im i la r  p a t t e r n s  in  th e  n u m ­

b e r  o f  t a x a  r e p r e s e n te d ,  a n d  th e  r e la t iv e  a b u n d a n c e  o f  

th e  s p e c ie s  w h ic h  c o m p r i s e  th e m  (F ig .  6 ; R o g e r s  e t a l .  

1 9 9 9 ). A l th o u g h  th is  s u g g e s ts  t h a t  t a x o n o m ic  d iv e rs i ty  

a n d  t r a d i t i o n a l  s p e c ie s  d iv e r s i ty  m a y  in d e e d  b e  p o s i­

t iv e ly  c o r r e la te d  w i th in  t h i s  l im ite d  l a t i t u d in a l  ra n g e ,

Fig.6. T ax o n o m ic  d is tinc tness  A + fo r  sam ples g rouped  by q u a rte r  IC E S  rec tang les. F illed  circles show  a re a s  w ith  m ean  values 
o f  A + ab o v e  th e  th eo re tica l m ean , a n d  o pen  circles iden tify  th o se  reg ions w ith  m ean  va lues below  th e  th eo re tica l m ean. 
Increasing  b u b b le  size reflects th e  m ag n itu d e  o f  d e p a r tu re  from  th e  m ean.



Ill T ab le  2. T he  m ean  n u m b e r o f  species o f  d em ersa l fish th a t  belong  to  the  sam e  o rd e r, in  eac h  o f  the  n ine  sectors sam pled
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O rder 1 2 3 4
S ec to r

5 6 7 8 9

R ajiform es 3.1 2.0 3.5 3.1 2.4 1.3 1.5 0.2 0.1
T orped in ifo rm es 0.1 0.2 0.2 0.6 0 0 0 0 0
Squalifo rm es 0.1 0 0 0 0 0 0.1 0 0
C archarh in ifo rm es 2.1 3.2 3.8 1.8 1.0 0.5 1.3 0.1 0.1
A nguilliform es 0.4 0.8 1.2 1.1 0.2 0 0.3 0.2 0.1
G ad iifo rm es 4.7 0 .2 0.5 0.3 2.3 1.8 3.6 2.7 2.9
L oph iifo rm es 0.6 0 0 0 0 0 0 0 0.1
G astero ste ifo rm es 0.4 0.3 0.5 0 .2 0.3 0.5 0.2 0.3 0.1
P erciform es 3.5 4 .4 7.2 5.3 3.8 4.2 2.3 2.6 1.9
P leuronectifo rm es 8.1 1.1 1.8 1.6 6.5 7.6 6.8 7.4 7.3
S co rpaen ifo rm es 2.8 0 0 0.1 3.1 3.5 3.5 3.1 3.0
Z eiform es 0.4 0 0 0 0.3 0.2 0 0 0
T e trad o n tifo rm es 0.1 0 0 0 0 0 0 0 0
M ugilifo rm es 0.1 1.7 2.2 2.5 0 0 0 0 0

a s  s u g g e s te d  b y  H a i i  &  G r e e n s t r e e t  (1 9 9 8 )  f o r  th e  

N o r t h e r n  N o r t h  S e a , t h e  te c h n iq u e s  u s e d  to  c a l c u la te  

th e s e  tw o  ty p e s  o f  in d e x  q u a n t i f y  d i f f e r e n t  a s p e c ts  o f  

b io d iv e r s i ty .  T h is  o b s e r v a t i o n  m u s t  t h e r e f o r e  b e  a  r e a l  

e f fe c t  r a t h e r  t h a n  a n  a r t e f a c t  o f  t h e  m e th o d o lo g y .  

R e c o r d s  o f  s a m p le s  w h ic h  w e r e  ta x o n o m ic a l ly  b r o a d  

b u t  h a d  h ig h ly  d o m in a te d  s p e c ie s  a b u n d a n c e s  (i.e . lo w  

t a x o n o m ic  d iv e rs i ty )  (F ig .  4 a ) ,  h ig h l ig h t  th e  a d d i t io n a l  

d e g re e  o f  r e s o lu t io n  t h a t  c a n  b e  a c h ie v e d  w h e n  c a l ­

c u la t in g  th e s e  n e w  in d ic e s  o n  in d iv id u a l  r a t h e r  t h a n  

r e g io n a l ly  a g g r e g a t e d  s a m p le s .  I t  a l s o  s h o w s  t h a t  c o r ­

r e la t io n s  o f  th e  ty p e  d e s c r ib e d  b y  H a i i  &  G r e e n s t r e e t  

(1 9 9 8 )  m a y  o n ly  a p p ly  a t  re la t iv e ly  l a r g e  g e o g r a p h ic a l  

s c a le s .

T h e s e  n e w  in d ic e s  i n c o r p o r a t e  in f o r m a t io n  o n  t a x o ­

n o m ic  r e la t io n s h ip s  in to  d iv e r s i ty  m e a s u re s ,  a n d  a ls o  

s u p p o r t  a  s ta t i s t ic a l  te s t in g  f r a m e w o r k .  T h e y  a re  

th e r e f o r e  a  v a lu a b le  a d d i t i o n a l  to o l  f o r  in te r p r e t in g  

a s s e m b la g e  s t r u c tu r e .  I t  is  r e a s o n a b le  to  a s s u m e  t h a t  

t h e  o b s e r v e d  p a t t e r n s  in  t a x o n o m ic  d iv e r s i ty  a n d  d is ­

t in c tn e s s  a re :  (i) th e  in e v i ta b le  c o n s e q u e n c e  o f  th e  

r e g io n a l  p a t t e r n s  in  n a t u r a l  p ro c e s s e s ,  o r  (ii) a  r e s u l t  

o f  n a t u r a l  o r  m a n - m a d e  d i s tu r b a n c e  a t  a  lo c a l  s ca le , 

o r  ( ii i)  a  c o m b in a t io n  o f  b o th .

N A T U R A L  P R O C E SS E S

A l th o u g h  n o t  u n iv e r s a l ly  t r u e ,  m a n y  t a x a  s h o w  a  c le a r  

d e c r e a s e  in  t h e i r  s p e c ie s  d iv e r s i ty  f r o m  th e  t r o p i c s  to  

th e  p o le s  ( P ia n k a  1 9 6 6 ; E k m a n  1 9 6 7 ). O n e  e x p la ­

n a t io n  f o r  th is  t r e n d  is  t h a t  t h e  t r o p i c s  a r e  l a r g e r  in  

a r e a  t h a n  te m p e r a t e  o r  t u n d r a  z o n e s ,  a n d  e x p e r ie n c e  

re la t iv e ly  h ig h  a n d  u n i f o r m  a n n u a l  m e a n  t e m ­

p e r a tu r e s  (R o s e n z w e ig  1 9 9 2 ). I n  m a r in e  a n d  f r e s h ­

w a te r  s y s te m s ,  th e  la r g e s t  n u m b e r  o f  fish  s p e c ie s  o c c u r  

in  th e  t r o p i c s  w i th  p ro g r e s s iv e ly  fe w e r  to w a r d s  p o la r  

a r e a s  ( N e ls o n  1994). W h i le  th is  ru le  c a n  b e  a p p l ie d  

u n iv e r s a l ly  to  g r o u p s  t h a t  o c c u p y  t h e  c o n t in e n ta l  

s h e l f  -  e .g . c o r a l  r e e f  f ish e s  ( F in d le y  &  F in d le y  1985)

a n d  f la tf is h  ( P a u ly  19 9 4 ) -  th e r e  a r e  s o m e  e x c e p tio n s .  

F o r  e x a m p le ,  t h e  d e e p  w a te r  f is h  f a u n a  o f  th e  r is e  a n d  

a b y s s a l  r e g io n s  o f  t h e  o p e n  o c e a n s  a r e  m o r e  in f lu e n c e d  

b y  th e  t e m p e r a tu r e  d if f e r e n c e  t h r o u g h o u t  t h e i r  d e p th  

r a n g e  t h a n  b y  t h e  l a t i tu d e ,  a n d  s o  f o r  th is  g ro u p ,  

s p e c ie s  d iv e r s i ty  d e c l in e s  w i th  in c r e a s in g  d e p th  (W h ite  

1 9 8 7 ). I n  th e  N o r t h - e a s t  A t l a n t i c ,  th e  w a r m  w a te r  

f a u n a  o f  th e  M e d i t e r r a n e a n  a n d  L u s i t a n e a n  re g io n s  

r e a c h e s  i ts  n o r t h e r n  b o u n d a r y  o n  th e  c o n t in e n ta l  s h e l f  

to  th e  w e s t  o f  th e  B r i t i s h  Is le s ,  c lo s e  to  th e  E n g l is h  

C h a n n e l  ( E k m a n  1 9 6 7 ). I n  a d d i t i o n  t o  t h e  n a t iv e  fish  

f a u n a ,  th e r e  a r e  a ls o  r e p r e s e n ta t iv e s  o f  t h e  m o r e  s o u ­

th e r ly  L u s i t a n e a n  f a u n a ,  p a r t i c u l a r ly  th o s e  f r o m  th e  

o r d e r  P e rc ifo r m e s ,  s u c h  a s  t h e  S p a r id a e ,  M u l l id a e  a n d  

L a b r i d a e ,  b u t  a ls o  s p e c ie s  f r o m  th e  f a m ilie s  Z e id a e ,  

M o l id a e ,  a n d  M u g i l l id a e  ( T a b l e  3 ). I n  m o s t  o f  th e  

N o r t h  S e a , th e r e  a r e  tw o  s p e c ie s  g r o u p in g s  d e l im ite d  

b y  th e  b o u n d a r y  b e tw e e n  s t r a t i f i e d  a n d  m ix e d  w a te r  

m a s s e s  a p p r o x im a te ly  a t  th e  4 0  m  d e p th  c o n to u r ,  a n d  

in  m u c h  o f  th e  r e g io n ,  g a d o id s  (c o d ,  G a d u s  m o r h u a  

(L .) ,  w h i t in g ,  M e r la n g iu s  m e r la n g u s  (L .)  a n d  p le u r o -  

n e c t id s  ( d a b ,  L im a n d a  l im a n d a  (L .) )  p r e d o m in a te  

( D a a n  e ta l .  1 9 9 0 ).

T h e  r o le  o f  lo c a l  e n v i r o n m e n ta l  d i s tu r b a n c e  a n d  

p r o d u c t iv i ty  is  p a r t i c u l a r ly  i m p o r t a n t  in  t h e  s o u th e r n  

N o r t h  S e a , w h ic h ,  u n l ik e  o th e r  r e g io n s  t h a t  w e  e x a m ­

in e d ,  is  re la t iv e ly  s h a l lo w  a n d  s u p p o r t s  a n  e x te n s iv e  

a n d  h o m o g e n e o u s  s a n d y  s u b s t r a t e .  T h e  b e n th ic  f a u n a  

o f  th i s  r e g io n  is  d o m in a t e d  b y  a n n e l id s ,  m o llu s c s  a n d  

c r u s ta c e a n s ,  a n d  i t  is  m a in t a in e d  in  a n  e a r ly  s ta g e  o f  

s u c c e s s io n  p a r t ly  b y  th e  in f lu e n c e  o f  s to r m  e v e n ts  a n d  

t id e s .  I n  a d d i t i o n ,  th e  n u t r i e n t - r i c h  f r e s h  w a te r  f ro m  

th e  R iv e rs  R h in e  a n d  E lb e  w h ic h  f lo w  in to  th e  G e r m a n  

B ig h t ,  h a v e  c r e a t e d  e x te n s iv e  e u t r o p h ic a t io n  in  

in s h o r e  w a te r s  w h ic h  h a s  c o n t r i b u t e d  to  th e s e  p a t t e r n s  

(H ic k e l ,  M a n g e l s d o r f  &  B e rg  1 9 9 3 ). T h e  a b s e n c e  o f  

e x te n s iv e  r e e f - f o r m in g  c o lo n ia l  in v e r te b r a te s ,  a n d  th e  

v a r ie d  f a u n a  w h ic h  c a n  b e c o m e  a s s o c ia t e d  w ith  th e se  

b io g e n ic  s t r u c tu r e s ,  h a s  r e d u c e d  th e  r a n g e  o f  n ic h e s
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T able  3. T h e  bo tto m -d w ellin g  fish tax a  caugh t d u rin g  the  beam  traw l su rveys, w ith  th e ir  tax o n o m ic  h ie rarchy . T hose  species 
show n  by  R ogers  e t al. (1998a) to  com prise  0 .4%  o r  m o re  o f  the  to ta l  n u m erica l a b u n d a n c e  o f  th e  bo ttom -dw elling  fish catch  
a re  m a rk e d  by  *. A m o n g s t th is g roup , th o se  w hich they  ad d itio n a lly  fo u n d  to  be  co n sis ten t in  typ ify ing  fish com m unities 
w ith in  secto rs, o r co n sis ten t in d iscrim ina ting  betw een them , a re  show n by **

C L A SS O R D E R F A M IL Y

C h o n d rich th y s R ajifo rm es R A JID A E b lo n d e  ray R aja  brachyura
th o rn b a c k  ray R aja  clavata*
sm all-eyed  ray R aja  m icroocellata
s p o tte d  ray R aja  m ontagu i
s ta r ry  ray R aja  radiata
cu ck o o  ray R aja  naevus
u n d u la te  ray Raja undulata

T o rped in ifo rm es T O R P E D IN ID A E m arb led  electric  ray Torpedo m arm orata
electric  ray Torpedo nobiliana

S qualifo rm es S Q U A L ID A E sp u rd o g Squalus acanthias
C arch arh in ifo rm es S C Y L IO R H IN ID A E lesser sp o tted  dogfish Scyliorh inus canicula*

nurse  h o u n d Scyliorh inus stellaris
C A R C H A R I I D A E to p e  shark Galeorhinus galeus
T R IA K ID A E sm o o th  h o u n d M u ste lu s  m ustelus

s ta r ry  sm o o th  h o u n d M u ste lu s  asterias
T  eleostei A nguilliform es A N G U IL L ID A E eel Anguilla  anguilla

C O N G R ID A E C o n g er eel C onger conger
G ad ifo rm es G A D ID A E cod G adus morhua*

h ad d o ck M elanogram m us aeglefinus
w hiting M erlang ius merlangus*
p o o r  cod Trisopterus m inutus*
bib Trisopterus luscus*
pollack Pollachius pollachius
com m on  ling M olva  m olva

P H Y C ID A E five-bearded  rock ling C ilia ta  m ustela
fo u r-b ea rd ed  rock ling Enchelyopus cimbrius
sh o re  rock ling Gaidropsarus m editerraneus
th ree -b ea rd ed  rock ling Gaidropsarus vulgaris
ro ck lin g  species Gaidropsarus spp.

R A N IC IP IT ID A E lesser fo rk b ea rd R aniceps raninus
M A C R O U R ID A E ro u n d h e a d  ra t-ta il C oryphaenoides rypestris
M E R L U C C IID A E hake M erluccius merluccius

L oph iifo rm es L O P H IID A E ang ler L ophius piscatorius
G aste ro ste ifo rm es G A S T E R O S T E ID A E stick leback G asterosteus aculeatus

S Y N G N A T H ID A E g rea te r pipefish Syngna thus  acus
N ilsso n ’s pipefish Syn g n a th u s  rostellatus
sn ak e  pipefish Entelurus aequoreus
sea ho rse H ippocam pus ramulosus
sh o rt sn o u ted  seaho rse H ippocam pus hippocam pus

C A P R O ID A E boar-fish C apros aper
P erciform es S P A R ID A E black  sea-b ream Spondyliosom a cantharus

M U L L ID A E red m ullet M u llu s  surm uletus
C E P O L ID A E red bandfish C epola rubescens
P E R C IC H T H Y ID A E sea bass D icentrarchus labrax

bass  fam ily D icentrarchus spp.
L A B R ID A E cu ck o o  w rasse L abrus  m ix tu s

ba llan  w rasse L abrus  bergylta
rock  cook C entrolabrus exo letus
go ldsinny C tenolabrus rupestris
co rk w in g  w rasse C renilabrus m elops

Z O A R C ID A E eelp o u t Z o a rces  viviparus
P H O L ID A E bu tte rfish Pholis gunellus
S T IC H A E ID A E Y arre ls  blenny Chirolophis ascanii

sn ak e  blenny L um penus lam pretaeform is
T R A C H IN ID A E g rea te r weever Trachinus draco

lesser w eever E chiich thys vipera**
B L E N N IID A E butte rfly  blenny B lennius ocellaris

to m p o t blenny B lenn ius gattorugine
G O B IE S O C ID A E tw o -sp o tted  clingfish D iplecogaster bim aculata

clingfish family Gobiesocidae
C A L L IO N Y M IID A E d ra g o n e t fam ily Callionym iidae**
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C LA SS O R D E R F A M IL Y

Pleu ronec tifo rm es

S co rpaen ifo rm es

Zeifo rm es
T e trad o n tifo rm es
M ugilifo rm es

G O B IID A E rock  goby G obius paganellus
b lack  g o b y G obius niger
Stevens goby G obius gasteveni
F rie s ’s goby Lesuerigobius fr ie s ii
goby  fam ily G obiidae*

S O L E ID A E sole Solea  solea**
so lene tte B uglossidium  luteum*
san d  sole P egusa lascaris
th ick  b a ck  sole M icrochirus variegatus*

P L E U R O N E C T ID A E plaice P leuronectes platessa**
flo u n d er P la tich thys fle su s
d a b L im anda  lim anda**
lem on  so le M icrostom us k itt*
w itch G lyptocephalus cynoglossus
long  ro u g h  d a b H ippoglossoides platessoides'
h a lib u t H ippoglossus hippoglossus

S C O P H T H A L M ID A E brill Scophtha lm us rhombus
tu rb o t S cophtha lm us m axim us
m egrim L epidorhom bus whiffiagonis
E k stro m s to p k n o t P hrynorhom bus regius
N o rw eg ia n  to p k n o t P hrynorhom bus norvegicus
to p k n o t Z e u g o p te iu s  puncta tus

B O T H ID A E scaldfish A rnoglossus laterna*
Im p eria l scaldfish A rnoglossus imperialis

T R IG L ID A E tu b  g u rn a rd Trigla lucerna*
red  g u rn a rd A spitrig la  cuculus*
grey  g u rn a rd E utrig lia  gurnardus*
s treak ed  g u rn a rd Trigloporus lastoviza

C O T T ID A E b u ll-ro u t M yo xo cep h a lu s  scorpius
sea sco rp ion Taurulus bubalis

A G O N ID A E h o o k -n o se A g o n u s cataphractus**
C Y C L O P T E R ID A E lum p  sucker C yclop terus lum pus
L IP A R ID A E sea snail Liparis  liparis

sea  snail genus Liparis  spp.
Z E ID A E Jo h n  d o ry Z e u s  fa b e r
M O L ID A E sunfish M o la  m ola
M U G IL ID A E th ick  lipped  m ulle t C helon labrosus

grey  m ulle t fam ily m ugilidae

1 2 3 4 5 6 7 8 9

West UK Channel North Sea
Fig. 7 . T ax o n o m ic  d istinc tness A + o f  th e  n ine co asta l sec to rs using  presence /absence  d a ta  (so lid  b a rs ) (show n also  in Fig. 3d), 
show ing  th e  effect o f  rem o v in g  all e la sm o b ran ch  species (tin ted  ba rs), a n d  all flatfish  (p leu ro n ec tid ae) (open  bars) on  the  
c alcu la tion  o f  th e  index.
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w h ic h  th e  re g io n  c a n  s u p p o r t .  T h i s  in  t u r n  h a s  l im ite d  

t h e  r a n g e  o f  fish  s p e c ie s  w h ic h  c a n  u s e  th e s e  e n v i r o n ­

m e n ts  f o r  f o o d  a n d  s h e l t e r ,  s u c h  a s  t h e  h e r b iv o r o u s  

m u lle ts  ( M u g il l id a e )  ( D a a n  e ta l .  1990 ).

H U M A N  I M P A C T S

T h e  N o r t h  S e a  h a s  a ls o  e x p e r ie n c e d  e x te n s iv e  m a n i p u ­

la t i o n  o f  i ts  fish  c o m m u n i t ie s  b y  c o m m e r c ia l  f is h in g  

a c t iv i ty ,  a n d  th e  e x te n t  o f  t h i s  d is tu r b a n c e ,  a n d  its  

p o t e n t i a l  im p a c t  o n  th e  b o t to m - d w e l l i n g  fish  a s s e m ­

b la g e ,  d e s e rv e s  p a r t i c u l a r  a t t e n t io n .  A s  o n e  m a y  

e x p e c t  f r o m  a  c o n s is te n t ly  h ig h  lev e l o f  f is h in g  a c t iv i ty ,  

th e  m o s t  o b v io u s  e ffe c ts  o f  t h e  r e m o v a l  o f  f ish  f r o m  

th e  h ig h e r  t r o p h i c  le v e ls  h a v e  b e e n  o n  th e  t e m p o r a l  

c h a n g e s  in  s iz e  s t r u c tu r e  o f  c o m m u n i t i e s  ( P o p e  1 9 8 9 ; 

G r e e n s t r e e t  &  H a ii  1996 ; R ic e  &  G is la s o n  1 9 9 6 ; R ic e  

&  K r o n lu n d  1 9 9 7 ). T h e  r e d u c t io n  in  th e  a b u n d a n c e  

o f  l a r g e r  fish  ( P o p e  &  K n ig h ts  1 9 8 2 ; R ic e  &  G is la s o n  

1 9 9 6 ; J e n n in g s ,  R e y n o ld s  &  M il ls  1 9 9 8 ) h a s  c a u s e d  

c h a n g e s  in  th e  d o m in a n c e  o f  th e  s m a l le r  t a r g e t  a n d  

n o n - t a r g e t  c o m p o n e n ts  o f  th e  a s s e m b la g e ,  a s  w e ll a s  

th e  s p e c ie s  c o m p o s i t io n  o f  th e  c a t c h .  A l th o u g h  s e v e ra l  

s tu d ie s  u n d e r t a k e n  in  t r o p i c a l  w a te r s  s h o w  t h a t  lo c a lly  

in te n s e  f is h in g  a c t iv i ty  c a n  c a u s e  r e d u c t io n s  in  s p e c ie s  

r ic h n e s s ,  th e r e  a r e  fe w  e x a m p le s  o f  th is  e f fe c t in  t e m ­

p e r a t e  w a te r s  ( G r e e n s t r e e t  &  H a i i  1996 ; R ic e  &  G is ­

la s o n  1 9 9 6 ); a n d  see  r e v ie w  b y  ( J e n n in g s  &  K a is e r  

1 9 9 8 ). Is  th e r e  a n y  e v id e n c e  t h a t  a n th r o p o g e n ic  

a c t iv i ty  h a s  c o n t r ib u t e d  to  t h e  lo w e r  t a x o n o m ic  r a n g e  

o f  p o p u la t i o n s  in  th e  s o u th e r n  N o r t h  S e a ,  c o m p a r e d  

t o  e ls e w h e re  o n  th e  c o n t in e n ta l  sh e lf?

T h e r e  a r e  s o m e  e x a m p le s  o f  c o m m e r c ia l  g ro u n d f is h  

sp e c ie s  in  th e  N o r th - e a s t  A t la n t ic  d i s a p p e a r in g  f r o m  

la r g e  p a r t s  o f  t h e i r  f o r m e r  r a n g e  (H e e s s e n  &  D a a n  

1 9 9 6 ; R i jn s d o r p  e ta l .  1 9 9 6 ; W a lk e r  &  H e e s s e n  1996). 

P e r h a p s  o n e  o f  th e  b e s t  k n o w n  in v o lv e s  th e  c o m m o n  

s k a te ,  R a ja  b a t is  (L .) ,  ( B r a n d e r  1 9 8 1 ). T h e  c o m ­

b in a t i o n  o f  l a te  a g e  a t  m a tu r i t y  (11  y e a r s )  la rg e  

m a x im u m  s ize  ( > 2 m )  a n d  a  lo w  p o te n t i a l  r a t e  o f  

p o p u la t i o n  in c re a s e ,  a r e  t h o u g h t  to  h a v e  b e e n  r e s p o n ­

s ib le  f o r  i ts  d e c l in e .  A  s im i la r  d e c l in e  h a s  r e c e n t ly  

b e e n  d o c u m e n te d  fo r  th e  b a r n d o o r  s k a t e  R a ja  la e v is  

(M itc h i l l )  (C a s e y  &  M y e r s  1 9 9 8 ). T h e  p re s e n c e  o f  

th e s e  l i f e - h is to r y  c h a r a c te r i s t i c s  w a s  a ls o  d ire c t ly  

l in k e d  t o  d e c r e a s in g  t r e n d s  in  a b u n d a n c e  o f  18 in t e n ­

s iv e ly  e x p lo i te d  fish  s to c k s ,  a f t e r  a c c o u n t in g  f o r  

d if f e r e n c e s  in  t h e i r  f is h in g  m o r t a l i t y  ( J e n n in g s  e ta l .

1 9 9 8 ). T h e  e la s m o b r a n c h s  h a v e  s o m e  o r  a l l  o f  th e s e  

c h a r a c te r i s t i c s ,  a n d  d o g f is h ,  a n d  s e v e ra l  s p e c ie s  o f  r a y  

( S q u a l i f o r m e s  a n d  C a r c h a r h in i f o r m e s ) ,  w h ic h  g e n ­

e r a l ly  h a v e  a  w id e s p r e a d  d i s t r i b u t io n  t h r o u g h o u t  th e  

N o r t h - e a s t  A t la n t ic ,  a r e  e x p lo i te d  b y  c o m m e r c ia l  

f is h e r ie s  ( H o ld e n  1 9 7 4 ; Q u e r o  &  C e n d r e r o  1 9 9 6 ; I C E S  

1 9 9 7 ; W a l k e r ,  H o w le t t  &  M il ln e r  1 9 9 7 ). I n  t h e  B a y  o f  

B is c a y , t h e  lo n g - t e r m  d e c l in e  in  a b u n d a n c e  o f  th r e e  

s p e c ie s  o f  r a y  ( R a ja  b a t is  (L .) ,  R a ja  b r a c h y u r a  ( L a f o n t )  

a n d  R a ja  c la v a ta  (L .) ) ,  a n d  o th e r  s p e c ie s  o f  la rg e  

b o d ie d  c a r c h a r h i n i f o r m  s h a r k s ,  w a s  a t t r i b u t e d  to  th e

lo n g - t e r m  e f fe c ts  o f  b o t t o m  t r a w l in g  t h r o u g h o u t  th e  

a r e a  ( Q u e r o  &  C e n d r e r o  1 9 9 6 ). O f  a ll  th e  fa m ilie s  

w h ic h  c o m p r i s e  th e  t o t a l  f is h  a s s e m b la g e  th e r e f o r e  th e  

e la s m o b r a n c h s  a r e  t h e  m o s t  l ik e ly  t o  s h o w  e ffe c ts  o f  

c o m m e r c ia l  a c t iv i ty ,  i f  i t  is  p re s e n t .

T o  w h a t  e x t e n t  d o  t h e  e la s m o b r a n c h s  in f lu e n c e  

th e  s p a t i a l  p a t t e r n s  in  t a x o n o m ic  d i s t in c tn e s s  t h a t  w e  

id e n t i f ie d  in  F ig .  6? T o  in v e s t ig a te  t h i s  f u r th e r ,  v a lu e s  

o f  A + w e re  r e c a l c u l a t e d  f o r  e a c h  s e c to r ,  b u t  u s in g  a  

re v is e d  d a t a s e t  in  w h ic h  a ll  e l a s m o b r a n c h s ,  i .e . m e m ­

b e r s  o f  th e  C h o n d r i c h th y e s  (T a b le  3 ) )  w e re  a s s u m e d  

to  b e  a b s e n t  f r o m  c a tc h e s .  T h e  r e s u l t  o f  th is  a n a ly s is  

d e s c r ib e s  th e  t a x o n o m ic  d i s t in c tn e s s  o f  th e  b o t to m -  

d w e ll in g ,  n o n - e l a s m o b r a n c h  f is h e s ,  a n d  s h o u ld  

e x c lu d e  th e  p o t e n t i a l l y  c o n f o u n d in g  e ffe c ts  o f  h u m a n  

a c t iv i ty  o n  th is  g r o u p  to  re v e a l  th e  u n d e r ly in g  b io ­

g e o g r a p h ic  p a t t e r n .  D if f e re n c e s  in  m e a n  A + b e tw e e n  

s e c to r s  u s in g  t h i s  re v is e d  d a t a s e t  w e re  le ss  s ig n if ic a n t  

( F  s ta t i s t ic  =  8 -4 ) t h a n  w h e n  p r e v io u s ly  c a lc u la te d  

u s in g  th e  fu ll d a t a s e t  ( F  =  4 2 -9 ) (F ig .  7 ). In  p a r t i c u la r ,  

m e a n  t a x o n o m ic  d i s t in c tn e s s  in  a l l  s e c to r s  o f  th e  

N o r t h  S e a  a p p e a r e d  o n ly  m a r g in a l ly  le ss  t h a n  th o s e  

w e s t  o f  th e  U K  (F ig .  7 ). T h i s  is  n o t  s im p ly  a  s c a le  

e f fe c t in  w h ic h  a  r e d u c e d  d a t a s e t  le a d s  to  r e d u c e d  

d i s c r im in a t io n .  W h e n  th e  c a l c u la t io n s  w e re  r e p e a te d  

b u t  w ith  a l l  th e  f la t f is h  ( P le u r o n e c t i f o r m e s ,  a  s im i la r ­

s iz e d  g r o u p )  e x c lu d e d  f r o m  th e  d a t a s e t  in s te a d  o f  th e  

e la s m o b r a n c h s ,  t h e  e f fe c t  w a s  b a r e ly  d e te c ta b le  (F ig .  

7 ). M e a n  v a lu e s  o f  A + r e ta in e d  t h e  s a m e  g e n e r a l  

r e la t io n s h ip s  b e tw e e n  s e c to r s ,  a n d  th e  d iffe re n c e s  

b e tw e e n  s e c to r  m e a n s  w e re  s t i l l  r e la t iv e ly  la rg e  

( F = 3 1 . 7 ) .  T h i s  a n a ly s is  c o n f i r m s  t h a t  th e  e la s m o ­

b r a n c h s  h a v e  a  m a jo r  in f lu e n c e  o n  th e  t a x o n o m ic  d is ­

t in c tn e s s  o f  th e  N o r t h - e a s t  A t l a n t i c  f a u n a ,  a n d  t h a t  

w h e n  th e y  a r e  a r t i f ic a l ly  e x c lu d e d  f r o m  th e  s a m p le s ,  

th e  r e m a in in g  s p e c ie s  h a v e  a  m o r e  u n i f o r m  t a x o n o m ic  

r a n g e  t h r o u g h o u t  th e  re g io n .  I n  s u c h  a  w id e ly  d is ­

t r i b u t e d  b o t to m - d w e l l i n g  g r o u p ,  th i s  e ffe c t is  s u r p r i s ­

in g .  O n e  p o s s ib le  e x p la n a t io n  is  t h a t  th e  a d v e r s e  

e f fe c ts  o f  h ig h  f is h in g  m o r t a l i t y  h a v e  in f lu e n c e d  th e  

d i s t r i b u t io n  a n d  a b u n d a n c e  o f  s o m e  e la s m o b r a n c h  

sp e c ie s  to  c r e a t e  a n  a r t i f ic ia l  p a t t e r n .  A l te r n a t iv e ly ,  it  

m a y  r e s u l t  f r o m  d i f f e r e n t  le v e ls  o f  f is h in g  a c t iv i ty  

w i th in  c o a s ta l  w a te r s .  F u r t h e r  a n a ly s is  o f  tim e -s e r ie s  

c h a n g e s  in  th e  d i s t r i b u t io n  a n d  a b u n d a n c e  o f  e la s m o ­

b r a n c h s ,  th e i r  l i f e - h is to r y  c h a r a c te r i s t i c s  a n d  th e i r  p a t ­

te r n s  o f  e x p lo i ta t io n ,  w ill  b e  n e c e s s a ry  to  c o n f i r m  th e  

e x te n t  o f  th e  r o le  o f  h ig h  f is h in g  e f f o r t  in  th e  d e c l in e  

o f  s o m e  o f  th e s e  s p e c ie s .

In  th e  e v e n t  o f  p e r t u r b a t i o n s  c a u s e d  b y  e i th e r  

h u m a n  im p a c t  o r  c h a n g in g  e n v i r o n m e n ta l  c o n d i t io n s ,  

T i lm a n  (1 9 9 6 )  c la im s  t h a t  th e  t a x o n o m ic  r a n g e  o f  

a n  a s s e m b la g e  w ill b e  i m p o r t a n t  f o r  m a in ta in in g  th e  

s ta b i l i ty  o f  th e  e c o s y s te m . I n  s o m e  m a r in e  in v e r te b r a te  

c o m m u n i t i e s  th e r e  is  c o n s id e r a b le  r e d u n d a n c y  a t  th e  

s p e c ie s  le v e l, s u c h  t h a t  s im i la r  p a t t e r n s  in  s t r u c tu r e  

c a n  b e  id e n t i f ie d  a t  a  h ig h e r  t a x o n o m ic  lev e l. T h is  

s u g g e s ts  t h a t  th e r e  m a y  a ls o  b e  s e v e ra l  s p e c ie s  w h ic h  

p e r f o r m  th e  s a m e  f u n c t io n a l  r o le  ( F e r r a r o  &  C o le
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1 9 9 2 ; C la r k e  &  W a r w ic k  1 9 9 8 a ). M a r in e  f is h  c o m ­

m u n i t ie s  w i th  lo w  le v e ls  o f  s p ec ie s  r e d u n d a n c y  a n d  

w h e re  fe w  s p e c ie s  fu lf il  k e y  fu n c t io n a l  ro le s ,  f o r  e x a m ­

p le  s o m e  c o r a l  r e e f  e c o s y s te m s ,  m a y  b e  le a s t  a b le  to  

w i th s t a n d  e n v i r o n m e n ta l  c h a n g e  ( H u g h e s  1 9 9 4 ; J e n ­

n in g s  &  K a is e r  1 9 9 8 ). T h e s e  in d ic e s  o f  t a x o n o m ic  

d iv e r s i ty  a n d  d is t in c tn e s s  c a n  th e r e f o r e  p r o v id e  v a lu ­

a b le  in f o r m a t io n  o n  t h e  e x te n t  to  w h ic h  fish  a s s e m ­

b la g e s  a r e  a b le  to  r e s is t  c h a n g e ,  a n d  th is  w ill b e c o m e  

in c r e a s in g ly  r e le v a n t  in  o u r  in te r p r e t a t i o n  o f  c h a n g e s  

in  a s s e m b la g e  s t r u c tu r e .
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